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Synopsis The cytotoxicity of methotrexate (MTX) and actinomycin-D (Act-D), and the influence of
Citrovorum factor on MTX-treated were analyzed in vitro, using two choriocarcinoma cell lines (BeWo and
SCH). HCG and B-HCG in medium were measured with a radioimmunoassay kit, and 3H-MTX,
—thyimidine, and—Uridine with a liquid scintillation counter. - The following results were obtained.

1. The MTX resistant cell of BeWo, named BeWo ®, was selected by continous exposure to increasing
concentration of MTX in culture medium. The resistant cell was 50 to 100 times as resistant to MTX as
the parent BeWo to the inhibition of cell growth and the development of resistance was accompanied by
two-third decrease in *H-MTX transport.

2. The cytotoxicity of MTX and Act-D were found to increase linealy with the drug dose for concentra-
tions between 10~° and 10~*M, 10-*° and 10~"M, respectively.

3. Act-D caused lethal damage in three choriocarcinoma cells (BeWo, SCH and BeWo ®) at one-thousan-
dths the concentration of MTX.

4, Cltrovorum factor given within twelve hours following the start of methotrexate administration
decreased in *H-MTX transport and inhibited MTX-induced growh.

Key words: Methotrexate « Actinomycin-D + Citovorum factor rescue Choriocarcinoma cell lines * MTX-

resistancef
& = BB IR ESTHN, MEREDI0—40% 1%
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factor (CF) oftfHic X 5 MTX kEEHF B L
THfR Y A ToRMEfTIR Ok,

HMRFH*E

1. BEMEEMARG

Hertz et alic X > CAMERE L Y BHIh
~aRE - HABE IR, 2 b Pattillo
et al2ic L o CEEEKIL Ehi BeWo ks, Kk
BN I o THNL I hic BT BIRAEME LKE
® SCH #k& vz,

BeWo iwx3 At tE Mg ik E5d MTX % #EAR
MEHORBER (BB w MTX il Ut
w MTX ZififacgEme Lo b o il > CfE
Bl 7=, MTX 1X10"° molar (M) BE CTIEEY
BtA L, MTX 107"M THk & HIERE R &
7B E TR A BRI E L R —4&H T &R
wiTisote, T OEBIEC I >TELI T BeWo ik
1, AREERCLHE BeWo ®& Lz,

2. BEEIE

B, RPMI 1640 (AZKELIR) whpE4-1m
% (GIBCO) #10%mzlcborFER L, &
%, 37C, 5% CO,#EE, ®E100% D incubator
(Hotpack Model 351920) Wiz CHEREY T/
iz,

BeWo, SCH, BeWo ®R3Zh7Zh LitEER
T0.5—1X10%%/3ml %50ml plastic flask (Lux
HEBD T A RKERICHE LT,

3. ERTGE

1D EHMTX (BARV £V —#), Act-D(HXK
A7), CF (Leucovorin, HALV £V —#) %

HEMmIE3DE 95

RPMI 1640 CHEABEMICER L BLEECHR
L7, MTX; 107, 10°°, 1078, 107, 10~¢, 107°,
10~*M, Act-D; 10-%°, 10-%, 10~%, 10-"M, CF ; 1078,
10-7, 107, 1075, 10~*M ZFB&F L7, B5ERR 4 B
B X b FEBEYZ T 24BN UL TR
L, EFRMIMAE% Day0 &L, LAFDayl
By S IERFIFETR RSB C2RRE & LA L e,

2) FEH OMEBMINCE L IETHE

MR IR R SR L, MERREC X DB L e,
RPMI 1640 12T 1 — 2 E#%40.2% Tripsin+
0.02% EDTA & CHiflg % ER L Biirker-Tiirk
tEgc2mU EEE L, MTX-CF &Ko
MTX ffaEE x4 % CF ©o%hRIx growth in-
hibition assay #% B\ CTHE L7z, CF RinAE
A) MTX & [, B) MTX HIN12ERT B 205,
C) MTX 241 B 225, D) MTX ¥sn48is
HH» D MTX IR E & RS v 224 TR
U Day 3 1ieRiJ 5EAPERIMBFL IR E L C,
oM T 5 Y EE L dose respose
curve Z{FHEL L 7z,

3) HE&Wh o hCG f-hCG EA DR

B & ¥ & o hCG ¥ X O B-hCG % Radioim-
munoassay ¥ (RIA) CHIE L TR L, &
BE L 7o BB A0 1,500rpm 5 20 REYE U HEIE 1%
FOEEERRE LAEH ET—40CIRTHREFL
7z, MBI B 7o > Tk duplicate sample 12 CTHT 75
“>7z, hCG X CIS # RIA-kit GUIEREE?2.0—250
miu/ml) £-hCG X CIS # RIA-kit (Bl & Bk &
0.2—50ng/ml) % F \ 7. intra-assay ¥ L O°
inter-assay D EBRFIT LTI F 8.5 13.5% T
BTz,

4) SH-MTX DHHIEPEL b 1A A

MTX i3 5t o BB o b &
CF © MTX DA ~DE D AHRIE LIET#
et Ure, *H-MTX (25Ci/mmol) (% Amer-
sham(USA) X » AF L7z, RBUEEH %107
B2 X10-1°M *H-MTX €6 B EBR * I
INUSEBRZBEIA L, B304, 604, 1204 KFc
MWpa%ELE L, cold phosphate buffered saline
(PBS) #inz CRIGHEIELZ, cold PBS 12T
5 E¥E%#, 1IN NaOH Iml 0%, 50CizT1
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BR#E L IN HCl Iml %0 Z T FRRa AR 1ml M2 Dose-response curves of the BeWo (@) and
BWitks v 5L —%— (Toluen 2L, PPD 12g, BeWo ® (O)

POPOP 0.3g, Triton-X 1000m1) 9ml &0z Bt
ElERWGhky v FL—vavay v a— (Par
kard Instrumental Model 2650) = CHIZE L 7z,
SH-MTX @ counting efficiency (355% TH o7z,
iR

1. MTX offfaiEc s L i3 #E

1) MTX ©50% 7% %hZ (median effective dose,
EDsoi3, BeWo;0.25X10-°M, SCH ;0.92x10"¢
M THoica3HlE O HEFEIH < & — VIR LL T
FefEEE R LR 1), MTX 107°M kO3 107107 107 107
B RIY, FERIE & AR R ERD DAt - A
Dot hy, 1077, 1078, 1075, 10-*M Fein CIEARINKE : '
EHREERZE (p<0.00DBFED b, ﬁlO*’M B 3 Effect of ACT-D on the cell growth by BeWo,

100

.50

Number of viable cells (%. of control)

YRINEE D BEFE < # — v 13, Day 0 DMBaS % 2 'SCH, and BeWo ® .
~ 3 HEMEB L Z0BEOE Y BB L7 0Y, . 1qobceu

10-%, 10-°M ¥incix Day 1 19509% i fifn s %

.U Day 4 tEb WK L7, 107M FRinCk

fHRa%E, Day 2 1250% LT & 72 b Day 3 it sk

FamgEnE L ERAMBERECIEECH O

e : administration on Day O

e BeWo® : MTX-Resistent cell
2) BeWo ®izxt4% MTX @ EDsl%0.72X = :

10~*M THo7=, MTX ¥inc X b dose depen- ‘ -

dent 7R EFEMEI BRI BZE S hics’, BeWo ®

10~°M ¥ pn e o> 38 FE #1461 13 I #k BeWo ©10-"M Loy BeWo
WO Zh EEUL TR 2)., Tbbig e 9 10-11M o 107M
FEINEISD R S 13, ik BeWo I T HI100£% |/
DS B ke, , .
2. Act-D Offifasgiiic & L e T HE 10°°M
X 1 Effect of MTX on the cell growth by BeWo
and SCH 107"M
108cell 1: 108 cell 107 .
101 10t M P 410’5 = Day
107"M
BeWo, SCH, BeWo ®zxt3 %, Act-D DHEFE
o 51 IR RN 3 1k/x Lz, Act-D; 107, 10719,
1M 10-°, 1078, 10-"M D &£ EEIC W) % dose depen-
dent 7 HEFEIHIZH RS 3 & (BeWo, SCH, BeWo
ol Day 0L "' Lttt Day @) KABEKT I, 10" F o¥sinc o

SCH FEINEIEERD BT, 10-CIX—RRY 7 BEFE I
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DI, MTX 107"M ¥R 0k o 5P 88
LLCwiz, LaxL10-M B ko EEE c il
EEHRIIBIENTH B, MTX L~ Act-D D
IR MR EEER IR 10~ D ERE T
MTX & ARBEORMIZIRIE LR,

3. MTX #nkE o hCG ¥ X O g-hCG E 4 D
R

3FWI BT B hCG kX O B-hCG 1%, 1ZIEFLT
LB ABEE IR MTX RN DB b2
MRB AT 5123 b H310° cell 49 D
BEBRPOEIEBRC LR L, Fohbix
MTX #hntk 2 HE Wk dose dependent 7¢ k5 23
B2z, Bz 10~M %inkF hCG ; 357455 miu/10°
cell B-hCG; 19+8ng/10° cell & FEHRINEF & Eb~
WTREOERR LI, —J5107°M Gk SCH o
hCG, B-hCG @ & & B %216 +43miu/10° cell,
15+3.9 ng/10° cell TIEFHRMEFDOR 4 EDEL T
L7. BeWo ®® hCG, 8-hCG HIz L BE TETF
DEHHRD b ileh, Bk BeWo &fifas & 0B
RIZBTREIFEOHEBRIBE I N,

4, Act-D ¥R hCG % X O B-hCG EE D

K4 Effect of MTX upon hCG and £-hCG by
BeWo cell
hCG mIU/10° cell

500} —m=1078M
—0— 10""M
400+ MTX —a— 107°M
~&— 107°M
300 4 —®— control
200t \A

100

ok
8-hCG ng/10°%cell

50
ok VT
30}
20}
10} —
X\ N

1 [ Day

HEREES%E 95

He®

Act-D iRIIEED Zh b oL, MTX Finks
DE R L RBEOEETH %, hCG 3 X O 8-
hCG BT L #B X /R L, % INEE I dose
dependent 7z EH T H D7, BeWo Ti& hCG 3

B5 Effect of ACT-D upon hCG and g-hCG by
BeWo cell
hCG mIU/108 cell
400

—— ~x—10"*M
—A=10""M
3001~ == 10710M
@ CONETO]
200}~ X
\x R
100} \BXA\S
X.

B-hCG ng/10%cell

ACT—-D
30
20
gl ;&g\

Ao A 0
5] A
1 I ><D Day
0 1 2 3 4 5

X6 Effect of ACT-D upon hCG and £-hCG by
SCH cell

hCG mIU/10% cell

-0 107"M
500 |~ ACT-D X 107*M
—A— 107°M
- 1071'M
400 e 1071 M
= control
x
3001 /
200 /
X
100 e —"

O -
B-hCG ng/10°8cell
40 o

301

20

10

Day
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R 7 Effect of ACT-D upon hCG and B-hCG by
"BeWo ® cell (MTX-resistent cell)
hCG mIU/108 cell

500

—0o— 107"M
—x— 107%M
- 10710M
-t 1071'M
—@== control

400 -
300
200 |-

100~

B-hCG ng/10%cell
50 | ,

Day

X U8 B-hCG D10~°*M % i ® B % f 12 hCG ;

207+54miu/10° cell, 8-hCG ; 17+ 6ng/10° cell
B 0 IR N 2 — 3 fEDfER R LI, SCH
i MTX ZRInes & £ 70 0 3REINE & RS E
hCG ; 345+42miu/10%cell B8-hCG ; 42+11ng/10°
cell L¥10fEDIEIBE I hiz, BeWo ®UIFEK
BeWo ® hCG 8-hCG D#HaR & LI L Turiz,

5, MTX & X % Mgl s & ' hCG, B-hCG

1645

X8 Effect of CF on MTX-induced growth inhibi-
tion : '

100 ——-s.i,kxg NA
50} Jr\\xc +\\x’é’

D

SCH BeWo 1

! { | o
1078 1077 107°
107 1074

Methotrexate (M)

[T
107 1077 107°
. 107 107

Number of viable cells (% of control)

A MTX and CF, B’ CF 12hr after MT
C ! CF 24hr after MTX, D :CF 48hr after MT

BB X IET CF R

BeWo, SCH ok, MTX L R%Er 0 CF
UM UCEA, DRI MTX B L 55
e lemnotz, A, B, Co&Eo MTX Mk
EXCFHACI VPO BHELE(E8). %
7z, BeWo ®1izxf L« MTX & CF % Ry
L& SRR MTX ofifaEEL2HER T 5
CF D#RENBE S hic, hCG % X U8 -hCG DR
A1k, MTX & CF OftHREE, MTX Bk
OWFETIO "M LRI L B A IERMEF & I
BB R ERABED bR, MTX-CF finks
TIH 45 TH b, MTX %bn CF IR C,
748 & Ho B & DB B o,

BeWo®
= 100 100 100|
ey
<
= \‘
, 5 50 50 \
@ ° 50f
g2
“— &
C O
5
,.g o
LS
Lol [ [
107107 107 107 107 107 107 107 107
107 107 1077 1078 : 107 107
MTX (M) MTX (M) MTX (M)

Effect of CF on MTX—induced growth
inhibition to BeWo, SCH and BeWo ®

broken line : MTX alone, Solid lines - MTX~+CF
vertical bars ! standard deviation
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% 1 Effect of folinic acid on the secretion of
hCG and 8-hCG by BeWo cell

hCG (mU/10%¢ell) | 3-hCG (ng/10%cell)
control 14.97% 5.83 0.27%£0.12
| MTX+CF. 10*M | 148.10%£32.17 2.09+0.76
1075M 55.53+ (.58 0.73£0.06
10-M 25.04% 1.36 0.42£0.03
10-"M 24.40%+20.6 0.26£0.10

MTX =Methotrexate, C.F.=citrovorum factor

10 Uptake of *H-MTX by BeWo, SCH and
BeWo ®

—0— SCH
3CPM/107 cell SC
10°CPM/10 ce N BeWo

—a— BeWo®

(@23

[ at 2X1071°M in media

10

L J | minute

INCUBATION TIME

6. *H-MTX OFEA~NDE Y AL -

BeWo, SCH 0 #5#304, 604, 1204 H® 3H-
MTX ORI ~DE Y AR HE THEE RZEX
OB DON, L L BeWo ®Tix BeWo,
SCH & H~£BE i TR2/3RRE o MBaP ~DEL b
AB UMD biehote, CF 28 H-MTX Off
FARNDE Y ABIE L IETHEY 2B & CF;

BEREEMREAT5MTX, Act-DofBEEDR

3H-MTX uptake (SCH cells)

HEMRE3S% 95

1010, 10-1'M OTFEEECH & poic SH-MTX IR
DA EREA R (K1),
z =

MTX ¥ ¥4 & £ 1% folic acid > & tetrahy-
drofolate (THF) ~o& %I L, % dehy-
drofolate (DHF) % THF ~0O B TES%E DHF
reductase &3 < fE 00 ¥ DNA AR & HET %
b Tnwa 2o MTX i3 5 ES
D¥EFF X DHF reductase D&y, BHIZ(LLH
BEOZE i X 5 MTX OB D IALAET & il
T EVIRHEE I T 5,

FFE X, MTX MEMER T 5 5B
BRILOMALO—BRR & U CHIRRFRI /L TE 2> b OBE
AT 5 7o MTX itk B s M e o 832 2 3K
Hte, EBEOEE L 7= MTX i i =6 Mg v
MTX AR 2R TRAGIERE L T o7 d ™R
BHR) mutant & LT E B 2 BRIV ER R
T, MTX 1 X % MR iisl o 42 % &, Fik
W HARIL006E Ot 2 EE L T 5, F 7 °H-
MTX O MREANDOE D AL TREED#2/3 LK
EThotk.

MTX ©# HE15—20mg/day # 5 C &
IS, #7EERTIZ10- —10°*M MR I h 5 0
T, ZORERKF S MTX it EE o fTHEkk:
BRE Ui, RS e 1 k4R R0 20 508 1 i
(BeWo, SCH) iiihn U7=2y, 10-°M &inbsic &3
WC L RFEEIIE b T — R 7o BEREIIH L
DRI TN EDRE i, MTX 1 X 5 /liag
EMHOBRERXLEATHHRT & L TR X

11

SH-MTX uptake (BeWo cells)

10° cpm/10° cell 10% cpm /10% cell
~—O=— MTX alone Qe MTX alone
201" g MTX+CF 10'M 201 @ MTX+CF 107'M

—X— MTX+CF 107°M —x— MTX+CF '«

1071°M /
X
X/

1 L | | | |
0 : 30 60 120 O 30 60 120

Incubation time Incubation time

X
e

minute
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BRI, BECE5ETRbLIENS B B
HIRIE & 3% MTX o dose dependent 7c#II%)
EORRD b, &0 Lk MTX 15—20mg/day
BECEHEEBOTEED DS & LB RBELT
W5, f |

Act-D 12 DNA o guanine & §& L T # &
IR L, %07 DNA KEHE RNA polymer-
ase fEA%ZEHE L, RNA EEAIFI I hb LS h
TW3Y, Act-D I X 34E® in vitro THOHKIE
BUMIRAEEL R MTX I P10 DEEE T
2BRTHED, 10°M M EomARE SRS h
hEB WA B TE s L Bbhi, $cs
|, BZEIhi Act-D OfMIBEEEERIZ, MTX
T AR IS L C % i o 70 B iR & A
EoRhRE R L T 5, BRI S &, primary
' chemotherapy DT D e b EBE 1L &R
RICTFHROE M B iz grading® 234RE X h, low
risk B3t LT MTX, Act-D D B 55317 7n
PRTID, KESEOAtD FEHLE & gD
FET A HH980% s H#I40% & TR Lic L #:
41 T# b, Osathanondh et al.'¥% Goldstein et
al.'2ix primary chemotherapy o first choice &
LTCAtDERAVWCHEBERERER T
94—100%, BB EMEMEIR B T67—80% D EMEH
Boni LWELTHS, Zhbin vitro & in
vivo DRE S B AT primai‘y chemotherapy ®
first choice & LC Act-D 3 E N eFHlo—o &
2B ENTES, ¥ high risk B L C
EIE 2 HEFIGEH, MTX KERE MTibh
Twb, 2hbicxt LT Nude mice ik 8175
BERHREOFHMUIR L OAFROMBAL <A TD
EEGRIBERIOATAtD 2 ERET 25
KIGtHBEENSBI OB I3 RETHS
5. S
—F, MTX KEBBE MTX OF L\ A%
FEEHRE & CF rescue DBIR LB STHE S h
T B, fEE, MTX A TIR L A EREI SR

BroEBEIhBEELLRT WA, T-0H

methotrexate, 2, 4, diamino N-10 methylpterioic
acid & 2, 4, diamino N-10 methyl poly (1)
glutamate DIHEM LR R I h, TOHEES

1647

BRI T WA, % i, Goldmann et al.'?
3 AEO MTX #51c X b MTX o EE Mk~
DELY AL A, B HAE30mg/m?*T péssive trans-
port ® & T H o e BN10°M Ll E o B <k
active transport 4% LHEL T\ 5, MTX
(IR SR 12 1T Blood-Brain-Barrier 23483
HIcHBTLE G EE X bR Tics50—100
mg/kg &5 CEHA NI M BEOBITIHRE
Th®, FERE & Ih b MEBERERC LG
RAARERC E2TRBTHLDOTH S, BRI
MTX KBS, BARESY, iRV Sk
TS TR RISR A S h T 52, WE
BEBIZE L CFOFEIIRE—F L ThRWD
DERTH 5792 v, MTX KEEE, 17k
520mg/kg Ll EOHE T LT MTX it
RECAEDTH DL 5 AOKE T, 107
M Ll E ok 8o MTX 1 MTX JEiif #: 40 e i
LT MTX it MR E X LT b Z 0 RIZSE
Ll nEWEEBbRhS, S5 MTX KEER
R EIERER Y BRI E LCHER S h % CFW
DEREBEXT5 MTX 0ERIED X 5 i
BTHEND BRLDE, BRI —RESEEE
XU C—iid MTX #5881k 05 CF 1%, 24KF
[ B 2 b I2RRE R 5 HEMTIsbh T b, &
ml, #5558 E LT MTX GnBEts s S 2485 L
Mo CF o fffx MTX O MRS E % 8 b b
HBE L5, Zhii, CF 2 active transport
DEEFAER L OBHEEME~NIA D #L,
BT E ORI~ D BENCRIAERS
LERDIN, MEBEMREMTX 5L T,
active transport DT Sz MTX O KEH
E&#f77e>C % CF o RO B R B
T5 MTX OfEAZEEEE LD, HTFLHHFEE
NBERFEN 2 DRIV D EHE I,
a2 Dbl b, HIEN L ERE Y Bk B
KEHBCDL L )RS5 & &b, EEEEEY I
Bl PR SR RS OEL S b L ¥ T,

T AT DE B X34 H AR AR L2 S
LB CRE L,

X R
1. BEAZB DI RERERBCRISBREERESR
Methotrexate Ifl & % X U' % % Pharmaco-
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12.

13.

14,

. BB, WTER, FR-FH, &

kinetics, HA/NERIEESEE, 84 1801, 1980,
E, A
D, BKEH [ SEENEEARC KT Sk
B8, hCG, B8-hCG 7¢ b Uz SP-1 DA BIRR I & 2
% Methotrexate D2, HERE R,

. REEAR, IREBLER, BHREx, JEIRE, BR

EFIE, Ml % E HEE X3 % Meth-
otrexate DAV BERIIF 5, HIcEIEHOBRE %
BEy& LT, HEWE, 16: 21, 1981,

MEETF, AEEE, I &K BREBS,
R, BHEHENE | BFEREEEERAR - F
<y A AV EREEE HERE 33:
2055, 1981,

. REE—, F¥E B, SHiE— TEZH, M4

o, EBHEE, tAA=Z . BEM LEREBEOBESRE
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BEF, B FF, 5HFAE, @B ES, K
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