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BRECNT 2, HEAHHEEREOEERSEEHOMIIZEN L LT, £ M EBAEMROST iz
L, B BREOEEICE < A& L TWv % Methotrexate (MTX), Vincristine (VCR), Adriamycin
(ADM) 2 Uil A& b TIEA S ¥, HREEAOZE S flow cytometry (FCM), ARSIz,
REMREZ R L DL, AT ORER 2187, MTX 2 &ETFL TER S ¥/-05 VCR £7:13 ADM #/EH
BEIHEET, MTX 3 0ST flifld % G1-S BITHICHAFRER S ¢ 2 - o, MIREMENEIZIRSEETH -
7z, ADM 13FRA ¥ D OST #ifg%® G2 Hllc £ & ¢ 279, ADMEFE% MTX ® VCR 2EF &€ TH,
ADM BIER LR UBIERO & LB sk o7:. VCR 2 MTX, ADM 254083 TIER S ¢ -58&, &
H37 metaphase arrest X8 Shie o7z, UL, MTX 2/FER €% VCR 2 FHs¢3EFICE
VWi, metaphase arrest ARIRENICERL SN, T o6DER,S, IEITEMHARETIE MTX, 2
TWTVCR, k%2 ADM 28 572 JENERTHY, MEEEDIIE, A THRBENTHE L EL

sz,

Key words flow cytometry, osteosarcoma,combination chemotherapy
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EThorkh,

EERPEVERE LT, BEBRFEEOVIRET T
WA MRS AR L TWw A 2 B Z ST
248, FONEE L THRAREOEYESEIES
Tho, BREICHT 2EFREDPFEEENZ IO
woTEI.

BRBE T 2 EEEEORE & L Tid, & FHUE
HlD B 5 & L ¢, cyclophosphamide®, phenyl-
alanine mustard®, mitomycin C*, vincristine
(VCR)®, adriamycin (ADM)® % & 354 & L7293,
ADM D HIZH TR BB/ S NI LIS, BEA
EEIRIZHFTE R o, 1970 FERICA D, Jaffe
5713 Dierassi®s fifi & B & 2 xf L T{T 7% -7z high
dose methotrexate-citrovorum factor rescue %%,

BREMERREOBBRICEAL, b5 EEFEELRE

BICH E® L&k % 0% VCR % methotrexate
(MTX) 2B THRET 2 &, MTX OHIfENED A
AT 2 L OMEIHBH Y, VCR ¥R a3 &
I o7z, &5, Rosen 5943, VCR-high dose
MTX-citrovorum factor rescue HHZfE > TRE L7
#%, 23EHEIWC ADM 2BI&S5 T % 2 Lz &k - CTHEA
BETHEHE S N2 EEOMMELEEROMIEE &Y
2, BRIZIROBHEBB NI ERE L, 0%
Jaffe 5% { O#EE% T VCR, MTX R ADM @ 3
HFAZEMTRbA2 L3Ik, YHFCBLT
b 1977 #£LLI3k, Roswell Park Memorial Institute o
7o b anZ¥UT, RS 3IFNC X B HAKRS 2T
L, £FFEDOMLEAZICES> T3,

£ AT, — BRI T 3 HUER O L FIGE
FEI, BUYIESR DB 2 80 . R H & T IEA I,
bh3wid, BRUCHEAGbELTERL o7, L
L, Bruce 5%, Sinclair*¥ & Uf Wheeler 5512 & -
THERIOMRER I RZTRE RSN 3 k5

Abbreviations: ADM, adriamycin; FCM, flow cytometry ; HE stain, hematoxylin eosin
stain ; MI, mitotic index ; MTX, methotrexate ; VCR, vincristine.
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BT, Lr b RIFHE2ET 2 RADH - 122,

nE, MERACS T33O DNAHOER 218
e L, Feulgen B L MifaZ0EXEERE ST 2
2wk oT, BB A MEECEHIE T 5 BN
KB EENEE SR, &5 Dilla bz kb oy
Y a— —fFTEEE L ko 12, 2O flow cytometry
(FCM) »3pAZE & 1 TLAK, MlEREIOEE LR T
EMRiTabns X5k 0, FERIOMBEERICK
I EEPFERMCATEND LIk T &
7!:25]-32).

MEE T, 5390 Srid FHRERELNRET S
in vivo EBRT, FR¥H o3t MERESERR
OSTHENHF LT 5in vitoKE T, #h¥Fh
MTX, VCR RV ADM O 3 Rl A iz 3%
EEFCM IZL > THITLBREL T 3,

SEEFHEIE OST ek e L, MTX, VCR,ADM
O 3IFOBEIEF, HAEbe L CHERI O MiaE
A Rz 8 & BEIAIZIR 2, FCM 2 & > TH
L, FHRXEHAC BT 2 BHEESEOMEIZEN
&L TR E{TR 5 7.

MEB L UFE

I. XE&H

1. BAEM

WHEEOBESIC L DL h, DR ARER
nNTwat MEREEREEMEOST e EAL
fz. 2@ OST trikfhdBR MG 2 R L, BEICHEET
BEEEMTH D, %D generation time 1% 40 B TH
%38,

2. MmRakE

1) B

JE@L (56°C, 3043 v VERIRIME % 20% MR T
oL 7 RS A EEH RPMI 1640 (pH7.0—7.4) 2w
7z,

2) HEM

75 cn?4E#k3%E 7 7 A I (Corning £1) R U 8 cm? X
S4 KT AT & BBEER 7 7 A2 (Falcontt) %
L7z,

3) HEEAB

FEFYE 20 ml Fiz 5 X 105(E @ OST Hrififa % 4
37°C, 48 WHRIRASHAY I B ERE L, BBICHIEL -
faz C* RUMg"® &) VEBBEIREER

(PBS) o C 2 E¥EEL M, 0.25% ) 7¥ IR

q{

TR U, &I = 1 IR O FEEE %, 1000 rpm, 5
SyfhE L7 BT HIRE S 1.5—2.0 X10°/ml i2 4
& D IHIEORE BRI P I R L e,

3. Al

REHEHIF & L T, methotrexate MTX, AA&L 57
Y—) %, 7ihoq FHFNL vincristine (oncovin,
BFERAE) &, EVEENEYE 1, adriamycin
(adriacin, WFAIEREE) £EHL 2.

4 . FUEHIO1F R B R R MR

FIEF I EBRBKCERE L, TAZN 100
pug/mle10 gg/mle 1 gg/ml+0.1 xg/ml+0.01 gg/ml
WEREZHAM L 22, ZOBK 1m] ATEEEER 19 ml
iz, 5ug/ml, 0.5ug/ml, 0.05ug/ml R
0.005 ug/ml DEFIEEHZRZFAB L 72,

BEEREOSS, MREENEI2RD & i S5l
DEVEWNEELRBE:L, 20 0 S22 EBE L
LIz(R1), iz, 2BIRUIFIZEMHAOES, &
BEOEEIOMAS e 2{EBREMER, SBEOHA
BhEERBEEREL Lz, T4bbEBEMS,
ADM 0.054g/ml, VCR 0.0054g/ml, MTX 0.5xg/ml
EEEL, BBERRZAZN05ug/ml, 0.05ug/ml,
50ug/ml ThH-otz,

OST #rffa izt 3 5 FHI O E AR, —#iciile
@ generation time OFJFSFCELYT 5 24 B L L
AR

5. BIEMHIER

1) BAIERE

OST ##llfa % 48 i@ EE, |VUEHIZZh
FOHIRTC 24 RIRAMER S 0tk BRIEREL, Lk
96 HFH & THER DNA £ X b 75 ADOKRE, LR
BEZ o ICHIEGERR 1T - 7.

2) 2HRU 3HITEAERLE

OST ¥EilifE % 48 FERIMERIER, £ 1 0oVEH %
4 FERHFRE SR BIREAL, ROTE 20HES 2R
KR 24 FERIMER 2 v T S BRI RBREL, S 5 ICHaf
KR C 96 FERISEEE L 7. 2 O, —ER ko
KIFRHOBED L L EHB DLW THRE LA, %
7o, SFIEGHOBEE ICILE 2 OYUERI BRI R s o

Table 1. Dose levels of anticancer agents

Final concentration (ug/ml)
Anticancer agent
Low dose | High dose
Methotrexate (MTX) 0.5 5.0
Vincristine (VCR) 0.005 0.05
Adriamycin  (ADM) 0.05 0.5
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W28 3 OPUER £ 24 BIRIER S w0k, ERICAUE L
T L7z, %, BXIRUSEIGHAERRE L 6HTL T,
FRNFOPESF S S TOMIZ > v, B0
IBRERIT 0, T e nEEREE LT,

6. FCM fllE

FUBFIR I O BB I- DV TRET L 72, K538
MM & E LRI IS 50% £ ¥ — 1L 1.0ml %40
ZBEE L, KT Krishan &30 FiE 2V, 5 &R
@ propidium iodide ¥ (0.05mg/ml, 0.1% 2 >
B — V) T OST #ifas: & fefatk, Flow cyto-
meter (Instruments Cytograf System 50H) 1Z# A
L, LOX1EDOMIE %L T DNAER F 75 4
#187:. DNAER 75 A LHIREEEIZ BT 588
HWOBBRIER LizR L7,

7. EHRBEOWE

BE)MIK T 9 1 ¥ — (Coulter Electronics) 12 & -
TEMBEEREL, /b0 80 7 —HER eI
Lo THMBEBERHHIL T, £MEREEEL -,

8 . HilmiREige
PBHIRIIE 2 ALz Scm? A S 4 R4 5 A (T &
RIS EA 7 7 2 2 CEE L OST thillle %, &
SIUARZEBRMSE T CHIRLO BRI AL £ i 8

0 hr

48 hr
(Time after removal of MTX)

BL, 3S5ICHERERER, %y /AL TEE
L, HE % jiti L 7248412 D v T, mitotic  index
MI) OEE, MBEOREELL 2B,

Number of Cells
Ed ~

Channel Number (DNA contents/cell )

Go * G |S|G#M
—_— - y

Y
Non-Dividing Dividing
Compartment Compartment

Fig.1. DNA histogram by flow cytometry (FCM).

s et

CH - 188;CTS . 22347 INT . 1508250

Fig.2. DNA histograms of OST cell line treated with MTX iz pitro. A, no addition; B,

low dose of MTX ; C, high dose of MTX.
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1. xteEa

1.DNAER /T4
WABBE% T, 2C (GOHR U Gl HMIER)
¥ — 2 % b DEIEMIE Y — U ASHHER L 7208,
24 BRI X ERIMY A 2C & 4C (G2 BiR U' M HAfka
M) D2 IEE Ny —> 2L, 48EM, 96 Bk
HIEFEFEEOERA NI aMNabRE(E2). LeL
Kok 132 B 58412 4C DY HEED S, 168
H#% TR 4C D —2 13k L, 2C BIEMIZIT/Y
y—rnRENT,

2. AR
23 24 BRAE S &AM IERESNCEAL
7243, 120 BRI ERERE AR RET L, 182 FeRitk
Wi7o b—icizo7 (E3).

3. fHBEf (REER)

M & 72 3EATHOM 2 E T 5 it K& S
PhD, LECHEERRLER S, ML, 58
HEBRTIR, 1.0%TH - 7225, MlgoEine L bicd
S D, BRAME 1.6%ICE L. ZOBREBEENET &
YHREAL, 7T b=l oBATIZ1.0%ICE
Lz (BEE1).

EIZ

1I. EXIERR

1. MTX

1) DNAER NSS4
BREREEE L L ICERIOREER I, 4C 28
BA L7 2C BB ISR WS Y — U sHER L, bTh
12 3C (S HAMIBEsER % 3C & RH) DWMsTEH N
ToHSEEFIRR I 48 FERAMR I IE 4C 3B L, SE# O &
ANTIMTE ST —EEL (B2),

2) AR

MTX OREERMEBEFRET T, b¥»iE
PSS NS, BRIOKREL &b IR HIED
moehl (K3).

3) ifas

MI i 0.3% & BRICEE L HEA LT w325, #
A T EHEE IR a7 (BEEL).
2. VCR

1) DNAER IS A
BRERCEEBEERATC, BHKREERICESC
RO 4C OBIMER D & 1l 08, Bk 48 BER%IC
13 2C £ 4C D 2 IEMIZEV /88 — > 2R L, SIREER
BOER NS MTIEFETL: (4).

2) Erlas

BEHHEFT Tk, BENSIMRIZRTS - 7225,

(x10%)
ar (“cmmtra) - MTX = VCR r ADN
3 — - o
’
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7
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3 /’/ e
B L - 4 - -
-~ 2 e ~
2 V4 P
8 /f.'/ el /,.
A ) .
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Treatment Treatent Treatment
i bt —
NTX . VCR ADK
T S ! PR T S ! PR SN S ! PR T N 1
o 0 24 48 72 120 C 24 48 72 120 0 24 48 972 120 ‘o 24 48 72 120 (hr)
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Fig.3. Growth in culture of OST cell line treated with MTX, VCR or ADM.
Osteosarcoma cells 1.5—2.0 X 10°were inoculated into culture medium and incubated at
37°C for 48 hours. Anticancer agent was added to the cell culture at the stated doses and
then incubated. After 24-hours’ incubation the agent was washed out and the treated
sarcoma cells were incubated at 37°C after adding fresh culture medium.

(—, none; -+ , high dose ; —-—, low dose) .
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None
(control

MTX

VCR

ADM

H-E stain (X400) Phase observation (X150)

Photo 1. Microscopical findings of OST cell line treated in vitro with MTX, VCR and ADM
in each*.
*Photographed immediately after removal of anticancer agent.
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ADM OBBEERT T3, HEMEIZEHETH D,
FHFIRRE 24 AR & CAEMBERORBY BD 50, 96
RRRICE? £ CHEBERR E» -, BREFRAT

48 hr
(Time after removal of VCR)

SIZ

TiE, HEHERE 24 BE L VBEOERADS & SR
7, FOWEEEEbD TERTH-72 (E3).

3) AR

ADM OB BERCREEERTTO MIIZETL
TH Y, THEEFEHIZ IR L iF 5T O MRa R & EE
TR, OB, BEXL:-HABEESSHER
vont (EEL).

. 2 HBHA

1.1) MTX — ADM {ERIg¢

i) DNAERbMZ T4
HEREERDOBREFAMETIE,3COLR, ICO
ETH, ZEBERTIEICHEBED/ S — 2R
ST 48 BRI TR b 4C Bt X 2, 96
ERRIES E TRED S —rBRo 51, ADM
OTEFRZIRSHS MR Eh: (€6),

i) 4HERE

EE, REETERREE L CEROREAER, B
A SETEIEI A A S 1L, 96 BERIRICE % £ CAMIaH
B4 L, ADM BEER#EL D D X LIIHIZIR 0BG
st (E7).

iii) #kaig

96 hr

Fig.4. DNA histograms of OST cell line treated with VCR in witro.
A, no addition; B, low dose of VCR ; C, high dose of VCR.
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CH: 100,018 15320107 150858

JUCH U 10045CT8 “.’4311!” 150851 CH -1080:CTS STICINT. - 1589(7 15044

48 hr 96 hr
(Time after removal of ADM)
Fig. 5. DNA histograms of OST cell line treated with ADM in vitro.
A, no addition; B, low dose of ADM ; C, high dose of ADM.

CH 1005CTS | [592/INT 150058 CH 1005€TS 1592, INT 156058 CHi 100,0TS 1592, INT 11150058

CH: (08/ET5 12365 INT 158035 CH. 188:CTS 1185 150823 < 1ESINT 159813

T O0hr ‘ 48 hr 96 hr
(Time after removal of MTX and ADM)

Fig.6. DNA histograms of OST cell line after treatment with MTX, followed by ADM.
A, no addition; B, low dose of MTX and ADM ; C, high dose of MTX and ADM.
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BOREL, MEEOKL, SEEMEOREMEL &H
EEIT, ADM OEFIWER L EULIL - MR A
S, ZOREILY DX, 48 BRI IR
OFLEER S s BEL R > (BE2).

1.2) ADM —» MTX FFER

i) DNAEAMST A
ERE, EBEFEREL L ICEFIREER 4C B

H-E stain (X400)

qz

PeD /8y — > hid s, BIREERRETIZ 96 Rkt &
T 4C BIEME T H - 72Dk U, ERERETIE 96 B
H%IZ13 2C EAC O 2 My — B ST (B
8).

i) EHEE

BETEINEIEI SR 12 ADM BEFR OB E L REXR <,
BCEMNE e MTX 2 & 2 HIBIZIRIZIE & A R

Phase observation (X 150)

Photo 2. Microscopical findings of OST cell line after treatment with MTX, followed by

ADM in vitro*.

*Photographed immediately after removal of anticancer agents.

(x105)

4 NTX->ADN

Cell growth

ADM-NTX

Treatment Treatment
—— !
MTX ADM ADM MTX
L 1 1 1 1 ! ! ! 1 1 !
) ] 24 48 72 96 144 0 24 48 72 96 144 (hr)

Incubation time

Fig.7. Growth in culture of OST cell line after treatment with MTX and ADM.
(—, none ; ——, low dose ; -~ , high dose)
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Hoiginods (F7).

iii) ket

MI 1% ADM HEAEREE - IZIZRAMETH D, Hilag
T L HEOKREAL, MO A X2 A &4, ADM Bk
12 & AEMBUCEELIL TWie (F— 5 E08).

2.1) VCR » MTX {ER##

i) DNAER}Z5 A4

EHIREERCEBER L 12 4C DD, 3Co
RS HER L, EISEERE T, 48 BERETE £ T 3C DN
EEEV T2 AY, 96 BERIR I I BRSO E A b ST A
2R LT, IRIBREERETIE 48 BFRNEIC 4C OBE DM
HEO 1203, 96 AR I I3 BRI TV /S 7 — 218
L7 (K9),

i) MRl

THAEERE L b ICHERIBRRE R > BEOREIXA 5
t7zss, VCR BEIEARE L D BIESE LR CBRT
Ho1: (10,

iii) HHAEE

MIiZ b FICBEIIL TH D, mitosis DM & 1%
B RET 2 B A oM (F— 5 B,

CH 10eiCTS  1ser Nt isopss

346 CINT 158196 ¢

L tH (BBICTS  £S92.INT 156858

2.2) MTX — VCR fEf#

i) DNAER TS

EIREERBETE, BHREERC OEIED
SN, 24 BRI 2CRUTAC SR BB 2 IEH
N =i, BEFEKRICE2COE~ DA,
WML CRRERFRELEE—7 b D187 —>
Loz, Lal, 96EMBIEMBEOE R ST A
IR 2 et Ny — v icEE T 2 A s sz, &
WBEERABTE, BRREER2CRUPLREML L
AC D 2 MY — > Th-o7:h, BEOREBE L H i
4C IR L, WBBEOF UL -7 (K 11),

i) A

EHRAERMEENHIEEETHD, Z0B LKL
IR DA 2 B 5 1, 96 R T b WEREMER &
oo, MTX KU VCR 0 BAFIVEBRFIZ
Lo, SETEINAIZNRIIET & i B Tz (R 10).

iit) #AKH

MI i 20% & Bz & ¢, VCRIERBGA ST
mitosis BEDMIEMS KA D s, £, UHZEEM
FICLABETIE, RELREEELRES2RCT

| ew setrs rss2 it isesse

0 hr

48 hr 9 hr

(Time after removal of ADM and MTX)

Fig.8. DNA histograms of OST cell line after treatment with ADM, followed by MTX.
A, no addition; B, low dose of ADM and MTX; C, high dose of ADM and MTX.
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A
B
CH' 106:CT8 179 INT 158111 CH 100 6TS 10985 INT 158266 o 0e S 424 TN ‘15;332‘4
C
0 hr 48 hr 96 hr
(Time after removal of VCR and MTX)
Fig.9. DNA histograms of OST cell line after treatment with VCR, followed by MTX.
A, no addition ; B, low dose of VCR and MTX ; C, high dose of VCR and MTX.
(Xx105)

- MTX-VCR - VCR-MTX

Cell growth
™

Treatment Treatment
MTX VCR VCR MTX
! ! 1 ! ! ) 1 1 L 1 1 L
[} o 24 48 72 96 144 [} 24 48 72 96 144 (hr)

Incubation time

Fig.10. Growth in culture of OST cell line after treatment with VCR and MTX.
(—, none ; ——, low dose ; ------ , high dose)
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(Time after removal of MTX and VCR)

Fig.11. DNA histograms of OST cell line after treatment with MTX, followed by VCR.
A, no addition ; B, low dose of MTX and VCR ; C, high dose of MTX andVCR.
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H-E stain (X 400) Phase observation (X 150)

Photo 3. Microscopical findings of OST cell line after treatment with MTX, followed by
VCR in vitro*
*Photographed immediately after removal of anticancer agents.
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CH feeiCTS  1392.1NT1s6E5s | eH 10@iCTS. 1582.INT 158858

powt \‘\-._,,__M_
158146 i CHA @B 0TS 152 INT L 1eaag g

0 hr 48 hr 96 hr
(Time after removal of ADM and VCR)

Fig.12. DNA histograms of OST cell line after treatment with ADM, followed by VCR.
A, no addition; B, low dose of ADM and VCR ; C, high dose of ADM and VCR.

(x105)

« F ADM-VCR

VCR—~ADM

0 1 1 1 1 1 1 1 1 k1 1 1 1
0 24 48 72 96 144 [} 24 48 72 96 144 (hr)

Incutation time

Fig.13. Growth in culture of OST cell line after treatment with ADM and VCR.
(—, none; —-—, low dose; ------ , high dose) .
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i) AEHEREEK

T ER bz, ADM BEIERIC BT 2 BHED
HIENR L IFIZFEETH D, VCRIZE 2EIRIZIF LAY
oo Lhots (F13).

iii) #HAQG

12 L A OB ZORE L, MEOMABIEED
LMD &N iz, mitosis EOMTIZ E b T
kol (F—5 48,

3.2) VCR— ADM EFRE

i) DNAEA T T A

HEREERTIHEMBEEREL b, 2C »MEL
L AC 23 EIN¥ 3 2 g 8y — s eh, VCR RO
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%I IR E T, RELIZL T35 4C DN
oro>TE#EDH S, ADMEASRERT X b
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EHIREE R I &S N H08 2 BREINE i, 96 BER
HETHELTEY, VCREUADM 22 h ZFh i
M fFRAS 58T, HBIIHHRZE 2,
BT W (5 13).

iil) HHAE{GR

Ml RBEERETE%, BEEHTINLBE
W ERL T, &R TE, VCROERESS
N % mitosis RO HB =, ADM OER &« Ebih
IEREMOMESERTH 12 (BHE L),

V. 3Z3EMA

MTX — VCR — ADM @ & 3 1z 3 ¥ £ IERER &
WRBE, b o & b ERSEREIREIRE S v,

1. DNAER N/ T A

SEOPEA 2 TN ZThBRERERE CHEAS
b TIER S REE, ML bICEFREERY S
06 BERI#ICE B ¥ TACHIBED/ Y- ERL,
ADM OEBEEFERADEA N7 A EIFIZEETH -

LCWo18eiCTST 15920INT 150058

48 hr 96 hr

(Time after removal of VCR and ADM)

Fig.14. DNA histograms of OST cell line after treatment with VCR, followed by ADM.
A, no addition ; B, low dose of VCR and ADM ; C, high dose of VCR and ADM.



























