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Basic Study on Alkaline Phosphatase Produced
by Human Osteosarcoma Cells
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The exact significance of alkaline phosphatase (ALP) in osteosarcomas is not fully
elucidated still now. This basic study was performed to evaluate the validity of ALP as
a tumor marker, using three cultured human osteosarcoma cell lines, NOS~1, NOS-2 and
KSU, which were derived from conventional osteoblastic type osteosarcoma. The NOS-1
cell line had always the highest activity of ALP, while the KSU cell line had no detectable
activity. Both NOS-1 and NOS-2 cells produced ordinary bone-type ALP, but did not
produced any tumor-specific variants. The levels of ALP secreted NOS-1 or NOS-2 cells
in media were closely related to the cell number. Moreover, the serum levels in nude
mice bearing NOS-1 or NOS-2 cells also were closely related to the tumor weight. These
data indicate that ALP is useful as a marker in the serum to monitor therapeutic effect
for the patients with ALP-producing osteosarcoma. However, it was proved that an
antineoplastic agent, methotrexate, temporarily stimulated osteosarcoma cells to produce
ALP. Messenger RNA of bone type ALP was always reflected in the ALP activity in
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FTaHhY T+ ATy 2—+ (Alkaline phosphatase,
ALP) BEL< hOEER, Brakt@EcrAoEk
HEEZLRTEDY, BRI - TEEAZINRD
EBHEILRTWAY, EEMENEEREH LV ITEEY
L BHEE L EH SN2 FREY oBENEPE,
LiFLiIE ALP O ERERR SR, —iRic ALP SfEfH]
CHRTFERRRTHLEEDATWLEY ™S, LT
AP, EETHhEPEATES B0, LT LLERo &
AIEERERA - E S WF, 2F 0, ALP EETH
FEAROBNS -2 h, i ALP DLBZDOH O
EDLTVCBERABENE 2S5, ALP HEREME
EoTEDE I BBYNRNADLON, FioiE ALP ©
HENRBEOFH I OL > RBHEYBETHON, T
FEST 2 N BRI .

FCTERD, EROBREEAEL BRI S,
Bixd ALP BEH%ERT 3O e b BABENREKE
B L, EMESRUR—- VY ABERZHEVT, £
M ALP OB~ —h—& LTOERI W TE
2Lt FORER, ALP WEE~—H—D—D2& LT
BATE S EBOBEHERIMZ TOWAZ LA LLDOT
T 5.

I. 8 & F &%
1. EBHEMER
v FEEREERECE%ET 5 NOS-17, NOS-27,
KSUD® o 3EoE#EME% A1 (¥ 1. NOS-1

DM-170 (BEBIHE) 1w &~ 10 % OB & THBEMFE
(M.A. Bioproducts, USA) & 200 pg/ml O#iEEH
FA vy (BB inzlcboriEfgs L, 37
T, BE100%, 5%REHAEHEIOEKNHT THE
BEL.

2. ALS FHEOBFMEY

ALP #EMONXFERBZIR Burstone® 7 VERE
T, BEELZIE Mayahara 519 0 7 = VB
B TiT- e

3. ALP o9

ALP O : ML 5x107~1x10° {#% 0.9
% NaCl/0.2M Tris-HCl BE# T 2 EE&#%—80T
THREFEE L TV 0% AV, BERERRUXR
LR, TiEE, SURAREEY BRERIRE, 40%
(v/v) n-buthanol T/, FIHEEFHEREIT-1T
b D AW AELR.C (10,000 rpm, 204) L, TROEH
B#% 0.9% NaCl/0.1 mM MgCly/10 mM Tris-HCl
BEW IR L12RRENT Lo 0% ALP iR S L
Iz,

ALP FHORIE : ALP EHOBER, King-Armst-
rong ¥ Kind-King BHEITT- k.

THEAEER : Posen H1D) O FEKICHE U, EBHZ 50 mM
s B & o MgCly 2Nz icd O%65C1075HZME
L, ALP #EMAHE L1,

7 3 /EABEESER : Watanabe and Fishman ' O
i #¥ U, L-Phenylalanine, L-Homoarginine, L-
Leucine (LAEFH5145 A7) % 0.1mM, 1mM,
10mM, 100 mM OEE TRz, 37T T154H

& NOS-2 &3 RPMI-1640 (HKBE) &, KSU ik RIG&g -t ALP EHEZHE L1,
1 BEFOBRNYES
. Patient’ s age Tumor location |Preoperative level of

Cell line (yrs) and sex and histology serum ALP (IU/1) Follow up

NOS-1 16, M Lt. proximal tibia 25,000 Died, 6 months
Osteoblastic type after surgery

NOS-2 11, M Rt. distal femur 500 NED®, for 2 years
Osteoblastic type

KSU 15, M Lt. proximal tibia 82 Died, 1 year
Osteoblastic type after surgery

a) NED: no evidence of disease.
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BEAE): 1 %7 -2 vk, 50V T2H
R4k Eh# , 5-Brom-3-indolylphosphate p-toluidine salt
(Foeiide) cREIE.

4. MRRTEEL ALP GEM

Mg 2x10° @, 60mm BOTI AT« v I F 1 v
valck &, 2HEBCMRKE, BERLFHRO ALP
EEROMEHEED ALP IEiE23E L. FHEE
Bic kv ALP OfBHEME I n-buthanol B OH
ML EALEE Lishooicd, RERLIEMRA
ALP FEMOREDL, HSMEROCBEELELL T
B LR AV, EBIZT T duplicate TfT
W, NOS-1 & KSU Tk 2[E, NOS-2 Tl 3B
BERDI.

5. BHEE

5~6#4® BALB/c (nu/nu) FMEzx— K< %
(H&F 27 Vv7) OFHETCH 1x107 OMEBHEL,
BEFMEOKESCELLLIATY Y ALER,
HLLEBEOER S <7 A MEFO ALP HiELHEIE
L.

6. DNA KU RNA O

DNA LA TOff«- & -8 (L/K/B) 8 ALP &
ETFOHELR~L o0, BEWRL D EST DNA
i LY, HIBREEE EcoRl, BamHI # %\ Hind
1T TYEr#, Southern blot hybridization ' %47 -
fo. EEXREE LChighst DNA 2BV ®ic L/
K/B B ALP ® mRNA OZHE% B 279D Guanid-
inium-CsCl ¥ L0 E#EMiaL v RNA #HiH L,
total RNA % Fi\»T Northern blot hybridization
%ﬁ’)fc‘

JCRB X v4Eani: L/K/B & ALP @ cDNA®
i2, [a-32P] dCTP (Amersham, U.K.) B <
FTIALED CELOEH L. & b Bractin DAY
IR VAF K7 r—7 (Clontech, USA) 1 [y—2P]
ATP (Amersham) %\ T 5 REEH L1219,

7. ALP OFERE

TR TR EER Vitamin Dy T#% 1,25-dihy-
droxyvitamine Dj (1,25(0H):D;) O3IHEHE 4 BHE
EBRNAEM, ThbbIBEEmE-P, 1 %4FREm
W, ERER#URETOMEL VI &EC LY, BE
A (NaCl, 40mM), sodium butyrate (NaBT, 1
mM) (Fh545272), N8 O-dibutyryl adeno-
sine 3': 5" cyclicmonophospholic acid (dbcAMP,
1mM) (Sigma), 1,25(0OH).D; (107"M) (Hoffman-
RaRoche, Switzerland), IGF-I (1 ng/ml, 10 ng/ml)

(Collaborative Res., USA) # NOS-1 @ ALP %
iz 2 B SRR L. NOS-1 i, #2h,And
T1 %4 BRNECLRE LA RIS L5k -1
LOFFVE. RGT KSU 20T 1% &10% 0
HRARIMTE % &1 DM-170 BEHRR TROBORBEORE
BAafT- 7.

8. HEEH| Methortrexate LI

BREOBECELECHVHR S methotrexate
(MTX) (Lederle, USA) » NOS-1 ® ALP #EHK
5z A E e L.

Ml 5x10° @% 60mm BT FAF 1 /51 v va
I E, 4 BEERE MTX TIBMAEL, 20#%
ME» &% i SR T 2 EPE L. FUEBRERE
4, 6 HEO Milaf s MIEAR O BE EEFD ALP
WEHEARE L, SAEFFLLE L. MTX BER 5
pg/ml & 50 pg/ml &L, 3EORBOFEEY KD

. # £ S

1. ALP BHOHELEE

Y E NOS-1 ik ALP #t:, NOS-2 3%
BEtEER Lo, KUS Tk ALP BHIT4 <R
Bhish -l (B 1. BHESAE EHEN AR & 4
Bast~8E U 7c matrix vesicle B TH -7 (B 2).

2. ALP O

HEREBRE O 7 3 /HERROBRAYE 2 Wi,
NOS-1 & NOS-2 @ ALP @ZIFLvsHiLs ALP
ke B L - TR L, WEW L RTIaE
B OALP SREREN. ¥h7 3 BHEERRTL
NOS-1 ENOS-2 »biH L ALP @iFo ALP @
¥ L-Homoarginine 1= & 0 BEREMEICEEHE X
hi:h, L-Phenylalanine & & ABEITBRETH - 1.

1% 7 He—27r VESKE ©IL NOS-1 & NOS-2
O ALP (1B ALP CFFE ALP oficik@ s .

LLEDOEERIZ, NOS-1 & NOS-2 »igEAET %5 ALP

PWTFhIBAEORREIBLLOTHA Z L%,
3. MERRIEEEL ALP EHE

NOS-1 T, & EFEFO ALP 3, EEHMEIHET
T HEIEMETH - ont, TEEMAIREIN & 0 B
WinEamR L, — RO ALP &, B’
¥ CEMSCEN L (& 3).

NOS-2 i % EFRo ALP 1, flakomine
PR TN LT, TOEEENEL ©— VB0 LK
Tk NOS-1 o#11/3 Th -1, S LIl ALP
1T NOS-1 O34 L3R VERORHIL L 28T
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1 Efffao ALP XEEGLE

ALP FEMIT, NOS-1 #ila (A) B bM<, NOS-2 fila (B) wi#ADHDL
R4, KSU #ifa (C) T4 @wbhk\. (7 /A% Fast Red TR #,
AFATY - vHBYE, X170)

Fp

NOS-1
100_|
%
Growth Curve z ;
@ r
50, Q. o
c ~
3 c
= N
) 5 |2
X g |®
5 S 5
5 —— 60
®
%10“" — 400 80
(&)
k]
g 5 — 300 e
— 30
— 200
- 20
1 — 100 o
i Medium ALP
2 NOS-1 #ifap ALP BEEMILE RIETRTE Q o
ALP Wi, HIEAEE, ER Sk 0z & “C"“‘“ ‘D
PUNBEER GRS DT, MRECE T ulture Lays
HTRSLh. MARERLEL, THKM 3 NOS-1 Mifaoigm s ALP &k
F{b LTw ¢ matrix vesicle BRI H 15
HIZEDLR B,

N : Rz (x23,000)



No. of Cells / Dish (x10%

1178

FREYSMIE B106% $1285 T4 F128

% 2 EBRBABMRLORH L ALP OBR(LFINE

9% of activity ®

o]

NOS-1 | NOS-2 | Liver |Term placenta| Duodenum
I. Heat stability test
65C, 10 min 3.1 1.4 3.6 116.6 57.7
II. Amino acid
inhibition test
L-Homoarginine | 15.2 14.3 17.4 86.7 76.7
(100 mM)
L-Phenylalanine | 81.5 79.2 79.8 19.9 17.1
(100 mM)
L~Leucine 60.8 60.5 65.5 62.5 29.0
(100 mM)
a) MEBOBMEEHELEROBEGERCNT I ESRTRLE.
NOS§-2 ; 000 NOS-1
ga.ouo—
Growth Curve ;c;
2 3,000~
d
g y=1766.7x-27.8
22,000— (r=083)
2
©
O w
z @ 1,000~
g |z
c bl
3 - T I
r): c e 2 3
T 2 Tumor Weight (g)
= |9
€ |9 5 # NOS-1 Ef % — N~ ¥ 2o ALP
T oe
. 1,000 NOS-2
Cell ALP — 200 _
50 |2 3
— 100 i =63.9x 2
10 8 500 y-{r-o.;:‘)1
Medium ALP — 50 o
<
2 4 6 8 10 12 14 16 18 20 S_
Culture Days 3
4 NOS-2 #ilso#i s ALP g
o A ls

Tumor Weight (g )

6 #H NOS-2 EEx— N~ xlE+o ALP
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M, i LA BEOEMEIREN B TER AR L 2, KSU o+ _XTiEEMERE L/K/B Bo@ET
(E 4). KSU i, 0T hoRFickv»Th i DI, La L, Northern blot hybridization T,

& L, MRS S ALP el Ehkh -1 NOS-1 & NOS-2 i ALP @ mRNA ORBMNH
4. HEEX— FTIRMEFO ALP Bhich, KSU widiiceinsr-t (B .
NOS-1 #BH Ehizv 2DHH NOS-2 #BE X 6. ALP OF#
hicw o ZAX)IME ALP B, -0, mHEL b NOS-1 © ALP ##F# %7 1,25(0H)Ds DA
BEEER - mE ALP EL3BrEOMHBEERLE wHY, FH LMo EOFEFITL KSU ik ALP %
(X 5, 6).
5. DNA RU' RNA O
Southern blot hybridization =T, NOS-1, NOS- 1 2 3
3 B » ALP VRt 7 3
E3 ggggfma HEHE T 5 K EEA 288.
9% of ALP in cells® ‘
Agents NOS-1 KSU .- e €ALP
NaCl (40 mM) 121 N.D. " 18S% -
NaBT ( 1mM) 71 N.D.
dbcAMP ( 1 mM) 102 N.D. ,
1,25(01{2%)37 " 148 N.D. T ‘ Beta
IGF-1 13 N.D. “ . ' .Actin
(10 ng/ml) :

a) FHIMBH24MMOMBBPE ALP &M % K40

BROMEA ALP EWC ST 5 EH 5% CR B7 EREMERCETS L/K/B & ALP ©

Lt mRNA OZRH
b) N.D.: not detected (ALP %@ & 0 pi Northern blot 5#7. Lane 1: NOS-1,
TEM-T). Lane-2: NOS-2, Lane 3: KSU
Cell No. Medium ALP Cell ALP
1,000 % 1,000 % 750 %
500 % |
500 % |
100 % 500 %
—C —
%
50 '*:« 250 t
100 % 100 %
T ! ] T ! T 1
Tx 4 6 day Tx 4 6 day Tx 4 6 day

B8 #EEH MTX ik NOS-1 Ofifa¥iER U ALP SOt
O——O : EMIERREE, Fo— 1 5 pg/ml MTX AHEFEE,
@ —@:50ug/ml MTX AR
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123 4
@6 o = «ALP

, ; V Beta -~
e e ew w4 Actin

B9 MTX f¥#o L/K/BE ALP ® mRNA
DEAL
Northern blot Z##7. Lane 1@ MTX 4L
#1235/, Lane 2° AFH24K5R], Lane
3: JLFEHE48HEME], Lane 4 SMNENE
ALP mRNA I, 248HE Tl LR
R L, 48RS LT w5,

FHIXHL LA TERD o (D).
7. HEEH MTX [C&% ALP FHRURE
DEAL
MTX 5 pg/ml T4 50 pg/ml T, NOS-1 OIEHH
IMEAEFC B L TE LA SR, R L
oy ALP MR, MRREEL LTh3 bbb
59, 4HEE CREAERLRIEETH-T. EH
CHEREA ALP 3EME, SOER L DAL WT
LLAERLTW: (8. *4, L/K/B & ALP
® mRNA &, MTX MBE#H R zORBELHEL
Tz (8 9).

1. # £

ALP @7 WV MOEHETTY vBE/ 2 AT V%
kGRS AR TH Y, BLOBETEORELAD
bhTw5. i, MEDD ALP MERICHE-TE
T aplsEEmeh TRy, BERREOHTLEER
MEZED L8, ALP O4HENERCOVWTE, Fra
ser W& > THEShIE7 + A7 7 2 — LENBHBR
BEELES L O EREY D, ToROBRLDL, BN
B, e RREREC o BERSRVWE B bR Ty
520, In vitro DEBC BV TL, ALP EHEoBF X
DEFMROMERB I LELRBT S, ThbbE
WREEDEL £ bhTw A28, —r B3FHIRE
Bk BUHER &S0 Tw5 BABCENTY,
ALP @& < hbEEZh, BE~—»—&LTHAVD

hTEi2, LhLids, FAEOKERICK VT
% ALP © FARED LRIV &2, BFREC
B/ ALP variant BRI TORNWT EinEhb,
B <—Hh—&LTD ALP OFHEIILT L& i
ot SEERCE G CEREME,EET S ALP

LEWOBE ALP Thh, BBCHERNLEEBELLA
5 ALP IHiahich -, LaLl, ALP E4BH
B BT, BEEEFO ALP HIREED
s, X—Fv o alEho ALP HILEED
BB, thZhBofpEd s 2 L5 EoRBRcHMN
Lic. toZ&id, EFAMcmE ALP E% HET 5
ZERIMER S LI L TH, ALP B4 EFREEERES
T, REGRSER, BBOE= 20 YL LT
ALP ERBEEREE~Y—H— &7t 2 A2 RE
LTw5. MF ALP fE*EE~<—»—4& LT, KK
M EEIGAT 5 & i, nb#oroREd ¥
GHEDBHEEEDNEN, SHEIOEBEEY L L
ROBHLMC LT &Iz,

PABEE ALP #B\TiE, —#ic ALP UMM
B, ZhETEANGS OAf L4/ 7Ty tf P
VA LA BT A DY AT ARMRENRTI D -
fo. Lizhi-T ALP i, BMEEOFDLOORAH
ETAHOTRRS, BEBRESEET D LW THERE
LRTEL. ZOREOBEAR, BEREESHFTRL
BEUBEEINEDY, HHVIEALOLODEEMN
Pl O EESRWEBRIITERNZLEHB. ALP
O BREIC VTS, BERMiomBE kictt-
T ALP ODEAXOLDOHARMT B LD KD DM,
EOAABBRICREELEL, BRESEETREAVEAL
PERIE L B EDOhBRIhETHA LTk, SEOD
WRER»HIE, ALP EELFREBEMECIE ALP O
mRNA A Ehiy, 2%, ALP O£ L0
DHREC ERFRENRL. —, DNA LRATE,
BEARCEORER VW EME ALP OEEATI
BETFOBEFRERTORMCL>TRELCLICKD.
La L, fhoBREM?® -2 [ NOS-1 icd ALP
FHHETH 1,25(0H)D; #b->TLTh, Fifid
FEEOMBRCE LT ALP #FEH 322 L8860 T
V% hyperosmorarity 330 | NaBT 31732 dbe AMP 3V
)y LA LT LT, \MEAKR KSU & ALP %%
BT AL ERTERD T, 2D EIE ALP ORE
TS EM TR D SR BT S

&T, ALP EAFRBCRVTE, ALP 3EE~—
H—E LTBRETESAZERXMH UL, L L MTX
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RV ERER T, Mol -8l T ALP
ORFEH LMD T 20T, BREFHhrkBEsh
5 ALP OfEWIE, b LA—RNHENT 5 035
ot ZOBRE, HEEAC LS EREEO DI
B LA ALP 2358 BRI T oD g T
e <, #fako ALP ML EE - TwWBH 2 &, MTX
AR ALP © mRNA OBLHELTWB D
EfsEmb, ALP BAOEARENERTHS L E L
bBhb, MTX B#MEROMEM: ALP OEM4HHE
TEHZEPBEBESRTH A0, 0o b 44mE
OREEFEUBRICL - TR S ETE, Bk bEE
FHEAFT 5 280 ALP ORBELAA—OERIZ L »
TEELRZITWEI kb, Ll MTX K-
TE %, WELK KSU 7 ALP BHrETL I &2
L, MELOEROFMLMCEBLRNOEETHS.
SEOBEE, IME ALP % BV TR MTX ©
WRAVHET S E 2y, BERTHEDLCELHAL
FOMBEECCERTRETHEILERLTVS.
ALP #EME, BEOCMEA TR S hy
MR E - TR TR S hic. S Hicfifageisr b
HLERTHAELL T < matrix vesicle #EE LR
whhie, ZOFRIER, <R UAETHREI D
B OMENC BV MR NEE > bIEE SR S A
B3 ZEEHL RS, FREMBIC KT S ALP
DOFERERI, Thififakms» ofifatcsrs o &,
Dk DHIBEASWERLAE LTEETH LI EHNREE R
B, —4, BHY 0L, X—F< v aBHEEEBC
BT, NOS-1 OHBRIED, NOS-2 TIRERR
BonsnBHEIER<, KSU TREBVRLELT
HbH., COERPRLBCHEBLLS in vitro TOE
B AR OMRANBREHEEREDE TH - . NOS2
7 NOS-1 ¥ 1/30 ALP EME2E T3 bhhb
BT BHURARI RV 213, ALP & & B
L DL BRI S b T2 & 2Bk
T5. EHEESCETE, AR - TEES
5 ALP X matrix vesicle PeERE s, #aMtc
BHERE, 20 ALP 13, 525 T Esloig:%
BB 0, BR{OTELERBE BV CEELEEAE L
REEZLRTWS2, BERER R VTS matrix
vesicle W XIET % BENED R, FhikkdBEER
NOS-1 T2 — F= v ABEEBOFHEE & . L
M Lisih, in vitro THBO ALP #ELTLDL
b TEE IENBERMES LIFYH L, 251 osteor

calcin (bone y-carboxyglutamic acid containing

protein: BGP) # & EAEL S 5220 NOS-1 TX %,
%0 in vitro THEESEO 205243, B
bl o n & OB E LA ] s MEART] K it O E H
BB ERRETS. COWHPFETE S NI T
Bl kg s ALP OREOELRE\WEL LT b LB
bha,

Iv. & 3

1. b MEAREREMREE, NOS-1, NOS-2 2t
T5 ALP &, @EOFE ALP Thh, BABCE
Bt At LA % variant B RWHEERL -1

2. FABABCRVT, RiciEFMcmE ALP
FEMCHET S L TER VA, ALP EABRE
FEOBREOEA DEFICEVTIENE ALP ES
DR & S PEEMAEAY L, BRGSO
C—h—bile DA EHEBICR IR X5,
BFABOHBCHEAEINS MTX #, —RicEnE
filgo ALP EEAED 5 LwH LL,

3. ALP BE#AZD o ERBEMRE, Elrk<
REBADOEEPLRETFOLODORBILL - TELD
Titie <, ALP BETORBBEBOREC L ->TlRE
n, BHEOLDDOEENZ AR ENTL.

E i
RE#zbedich, HEE HMEBYEL
TFRAPEFTEMN BB EARmER ST b
O H B R E RS B L £ .
T, BEECHT AEMNERY BED S TT
- HBEDEVABTFHELEEE, WERE
T FREEEZEE, BRI ITCHEBER - o8
PP e RER B PR P R B i L L R %
7. X LT, AR BV UKISEEMEE, #%
AW E—REYEER LR -BEECO L
DHEAELET. ShHik KSU lars 51T
TEWE Uik, RREKFEREHIFEIBE 0FESE
S RFRESRPAFRIEI RS T BRI L
B, BB E—mEYRE0H
MBOF 2B HELHE L L ET
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