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Effects of Anticancer Agents on Cell Cycle Kinetics and Sister
Chromatid Exchanges in Cultured Human Lymphocytes

In-Dam Hwang, No-Suk Ki, Won-Kihl Park, Young-Oh Kim and Jeong-Sang Lee

Department of Preventive Medicine and Public Health, College of Medicine Chonbuk National University

Sister chromatid exchanges (SCEs) observed by means of bromodeoxyuridine substitution and fluo-
rescence plus Giemsa (FPG) technique were proposed as a sensitive and quantitative assay for
mutagenicity and cytotoxicity in short-term cultures of phytohaemagglutinin (PHA)-stimulated
human lymphocytes.

Therefore, this study was carried out to investigate the relation between anticancer agents and
cytotoxic effects. Chromosomal analysis was performed on metaphase cells that had divided one, two,
or three or more times after treatment for SCEs, mitotic indices (MI) and cell cycle kinetics by FPG
technique.

The results indicate that anticancer agents led to a dose dependent increase in SCE frequency
except methotrexate. But, highly inhibited mitotic indices and delayed cell cycle kinetics were
observed except for cyclophosphamide.

The author suggest that the difference of SCE frequency is due to the differences in the cytotoxic
action of anticancer agents, but although the induction of SCEs has a correlation with cell cycle delay,
in some cases the induction of SCEs is not always related to cell cycle delay because of different
cytotoxic action of anticancer agents.

I. M =

A gL o At FAZL Lo a0l 9
of 34 |o]AH(Cohen & Shaw, 1964 ; Shaw, 1970 ;
Stevenson & Patel, 1973 ; Schinzel & Schmid, 1976),
}el) o A 24 .8 (SCE) (Latt, 1974 ; Perry & Evans,
1975 ; Raposa, 1978 ; Waalkens et al, 1984) % A=
$ <+ & # ¥ (Raposa, 1978 ; IARC monographs,
1981 ; Baltus et al, 1983) 5 A X EAH L do 7ok o}

2 Buzt gleh, =g AYd5So] HNe SCE ¢ |4
A o] A5 = A(Stetka et al, 1978 ; Huff et al,
1982 ; Wilmer et al, 1984) o} 442 <) i vivo SA4 A
7 (Littlefield et al, 1980 ; Nevstad, 1978 ; Musilova
et al, 1979) §ol FusiA APslo] ghod, '
Perry9} Wolff(1974)l &3 ALdd FPG(fluores-
cence-plus-Giemsa) %92 SCE(sister-chromatid-
exchange) 15+ E& A ZEAF7] WS 24 4
A #2244 (Morimoto & Wolff, 1980a, b) benzene

(Morimoto et al, 1980) = y-ray?} bleomycin



(Morimoto et al, 1984) 5ol 3] ML EIF7[7} Ao
HAoke A77F 22 =gdch, 2 gekAol o A2
¥o9z7 29 FEFA}E mitomycin C(Miura et al,
1983 ; %5, 1986b)2} cyclophosphamideol] i &
mouse A EZFLF7] HEFY AT 5 (Wilemer et al,
1984 ; Takeshita & Conner, 1984) %ol 33k5lo] 9]
o},

2 Aol HE(1986b) o ZAtlA 2ad #et
A mitomycin C o]}l 444 .2 Bol A-L5 L gle
cyclophosphamide, adriamycin, busulfan 3} meth-
otrexate® F7}3led Bt FH 9 5HA ol & Aol of
# SCEHE, AZRAA4 9 AZLdF7 HE5E 2
Apstod gokA| ot AZEA ] Sl 23] BA o
SCE #3 A 239437 A Aze] 353AE A0
2 dTE Al=shsls
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1. MZuje

siokg gk AL Al Pxie] AGAHoz B
heparin 2§ & HFFA7| & A P3|t ALug
£ Latt(1973) 9} 5 (1986a) 2] <& F=3t] o5
2} 7kol 3}, wllx| = RPMI 1640(GIBCO)ell 25 mM
HEPES buffer(GIBCO), 15% fetal bovine serum
(GIBCO), penicillin-streptomycin 100units-100 zg/
ml(GIBCO), 2% phytohemagglutinin-M(PHA-M,
GIBCO) £ 7}3ted Az3hdeh, AlZu]kd A7) wiz] 5
mlell 77} 0.2 mle] Ho8-8- AHEslm gFAjoke] 37C, 5
% CO, ¥|F7]oll Al 7247} vl oF5hodct,

2. gte e

FA] dekAl &= cyclophosphamide(Asta Werke AG
Chemische Fablick, West Germany), mitomycin C
(Kyowa Hakko Co. Ltd,, Japan), busulfan(The
Wellcome Foundation Ltd., England), adriamycin
(Farmitalia Carlo Erba Ltd., Italy) 7} methotrexate
(ABIC Ltd.,, Israel) °]%l2= RPMI 1640 ¥} x|l &3]
3 3 A3l 4ste] wlz] 5mid 50 x4 AHolste] 43
= F=7F =HA A= (E D).

Yol g 24417k vl okt ¥ StAlE A 7Lele] 4847 F
7k wjogstelet, g, A2 4E $shed 10 xMe) BrdU

(5-b romo-2’-deoxyuridine, Sigma) & 3}tAlol Al
A 7Fekadeh,

3. g o Aot AEEY

kA 2+ 1A 347kA | colchicine(0.5 pg/ml,
Sigma)o2 A3 F A4l¥-ested dgled, 0.075
M KC1 A #llof] 108-7F FA3sled ohA] 4l 42 d &
methanol=} acetic acid(3: 1) §of 3084 33 A
srt, A AZEL Selolsdets Slol Hojxe]
2 AAdRzAIA Perryst Wolff(1974) o} ol ulel
FPG 934¢ s19dch, %, Hoechst-33258% Bo| &40
5ug/ml 552 3| A3 Llol] 1587 AN 5 &
o] 42 PAl AH sl Felol=Fefs ol d4b
Z9(pH 7.0)% Hoj=al & A Zetads dn §3
(20 W, 10cm) 3ol A 6~104]2F B A g ohf who] &
ol 4 AW Fetead AAT F 60C2 2xSSC A (0.
M sodium chloride-0.03 M sodium citrate)oll 24|73
%<t AA§ 3 Soerensen’s buffer(pH 6.8)ol 34§
3% Giemsa &8 (Gurr’s R66)ol 3087 dAslgich,

o] Byt FE-L Soerensen’s buffer(pH 6.8)
2~33 A AEF¥ F AodAzA#  balsam
mountingsle] ksl et

SCE ¥ls+ 7 Fxuie}t 232 71425 1,000
wj AlofollA] Holx 3070 o] 4 A&H oz Zalsle] 1
HEAE SCEUlE 2 vfetigl ov] Al ZEdxa-& 100
v Aol A Hox 1,000/ o] Ate] A2 Al4dta ¥
AF MEFE Aol g HEFE JEPATE,

ZAg e EAEAHAM SCEulE #H3le tH AL 3%
ov], AZFAFI|HFTL *HAE et

<4 ot o

R w

m Z =

ot o] Fxol uhE SCEMlE, AEEAR4 g A
ZREAF T A AgAsE ¥ 19 2}

F 10X 9} o] dlzFe] SCEHlEE 7.4+2.80|
om 7t getAle] FEF ol whet fofd SCEul:F
718 ¥9l A ¥ E L+ adriamycin® mitomycin Coll 4]
Z+ZE 7.80X107°M3t 6.25X107°M  °]| gl e ri(P<L
0.01), busulfan®} cyclophosphamideol|Al= 7tz
8.00Xx 107 M3} 2.50X107*Me]| U} (P<0.05), =%+
o] & FEolA SCERl e+ 77t 11.9+5.2, 13.2+2.8,



Table 1.

The frequency of SCEs, mitotic indices, and proportion of metaphase cells in human lymphocytes treated
for 72-hour incubation with various concentration of anticancer agents

. . Mititic index Percent of metaphase cells
Concentration (M) SCEs per cell - (percent) X1 v Xor
Control 74%28? 4816 348145 383139 27.0%6.5
Adriamycin
7.80 X 107 11.9 £5.2%% 4710 38.0%34 42841 18.3 %31
1.56 X107 14.8 £52%% 42121 42,2 %51 428 %51 15.0%29
3.12 X107 17.7 £ 5.4%% 3.7%1.3 458137 46.4142 7813 7#4
6.25 X 107® 20.9 £8.8+* 3.3%1.5 75.7%25 21.3%+3.8 3.0.11.84.#
1.25 X 107 15.0 £ 8.2%%b 1.510.9 804145 14.0£25 5.6 £23#4#
2.50 X 10~ 12,2 £5.7*%*%p 0.6 £0,8° 84.5t49 9.5+21 6.0 £2.8##

Mitomycin C
6.25 X 107 13.2 £2.8%* 55%2.4 298128 49.8%1,5 204126
1.25 X107 23,9 £ 4.8%x 45%1.8 36.4%3.0 46.8 4.6 16.8 2.2
2,50 X 10°® 38.0 £4,7%x 3721 428%23 46.6 £5.3 10.6 £3.9#
5.00 X 10# 48.1 £ 6.8** 2.7%1.2 51.6 £8.2 39.0+8.1 9.8+t 244 #
1.00 X 107 75.8 £8.2%* 28%1.5 63.4%3.8 30.2%26 6413444

Busulfan
3.20 X107 6.2%2.3 43%1.6 36.6 £2.4 39.2%2.4 240133
1.60 X 107¢ 6.5%2,1 42115 36.6 £4.2 342170 292131
8.00 X 107 9.1 £4.4% 33%25 43.816.6 324 %11 23.8£2.7
4,00 X 107% 11.9 £4,7%* 1.8%£1.9 51.0%3.2 30.0%1.6 19.0£3.4
2.00 X 107 22.516,7%* 1.1 £0.3 67.0xX4.4 26.7%25 6.3%3.1##
1.00 X 1073 482 % 9.8?"-*b 0.6 £0.7¢ 85.5+t1.4 9.0t1.4 5.5%2. 1%

Cyclophosphaimide
2,50 X 10™ 9.1 +2,6* 40+1.4 38.2+31 43.2%1.5 18.6 £2.9
5.00 X 107 13.7 £4,1%* 44121 39.8 £5.3 352%7.2 ° 25.2%6.3
1.00 X 107 19.3 £4.4*% 3.6+2.1 408 t1.6 36.0%6.6 23.2%6.9
2,00 X 107 26.9 £ 6,6%* 3.3%0.,9 476 £3.6 38.6 £4.2 14.0 4.9

Methotrexate
8.00 X 107 8.0%29 3913 43.8%£3,0 39.2%2.4 17.0£3.3
4,00 X 10°° 6624 2.1%08 51.2+31 36.0+7.9 12.8 £3.2¢#
2.00 X10™* 8.41473 1.3£0.7 51.4%4.8 39.0%2.2 9.6 13 4# %
1.00 X 107 7.1 £4.2b 12111 54.6 £ 4.1 38.6 £ 7.2 6.6 £32##
5.00 X 1073 7.6 £2.7b 0.7%1.0¢ 57.6%2.1 36.5£2.1 6.0 £4.2# ¢

a  Mean 1SD.

*  Significant by Studensts’ test (P < 0.05) #* P <0.01

#  Significant by Chi-square test for trends ( P < 0,05) ## P.<0,01

b Below twenty cells were scored for SCEs because this concentration was highly cytotoxic

c Only few cells were scored because this concentration was highly toxic

X1, X2, and X3 + indicates the first, second, and third or more division cells which were determined by the fluore-
sence plus Giemsa (FPG) staining



r—e Mitomycin C 9
®----@ Busulfan @
90F A——-4 Methotreate -
- & ---4 Adriamycin @
o m-~—w Cyclophosphamide ©
O 80 w
w <
S T
© 70} o
5k <
T w
a
v 501 =
& 3
8 II =
L 40F ; o
o !
> [} S
g 30+ II —
w 7 uz_l 104
3 /
S 20t 3 ,* i’ Ij% 0 )
L # ST AP N
‘0‘§ s */% CONCENTRATION OF ADRIAMYCIN(log molarity)
0 —Lyp—t L L L L 1 J Fig. 3. The relative proportion of 1st (X1), 2nd (X2),
. g ;
et -8 -7 -6 -5 -4 -3 -2 and third (X3) division metaphase cells in cul-
CONCENTRATION OF ANTICANCER AGENTS tures exposed to various concentration of Ad-

(log molarity) riamycin {0* control)

Fig. 1. Dose-response curves for SCE frequency in hu-

man lymphocytes in proportion to concentration F
of five anticancer agents. (0* control) 3
& 80f
w -
@ 70 *—e xi
E 60 k- BAe--A X2
o—@ Mitomycin C < B—8 X3
@ ---9 Busulfan I 50
&——A Methotrexate = L
. ; 40
A ---A Adriamycin 2
6 ®---m Cycalophosphamide 5 so0r
& L 20F
S 5t { (@]
g I - 10|
< z
o S5 0 Ly ! i
o 4r o 0* -8 -7
z i
o g_J CONCENTRATION OF MITOMYCIN C
= 3r (flog molarity)
o]
=
= ot Fig. 4. The relative proportion of 1st (X1), 2nd (X2),
and third (X3) division metaphase cells in cul-
; tures exposed to various concentrations of Mito-
B mycin C (0* control).
0 i1 t 1 ! | L |

o -8 -7 -6 -5 -4 _3 _2
CONCETRATION OF ANTICANCER AGENTS 9.1+4.4 % 9.1+2.6%°]%c},
(log molarity) 3, busulfand] FE 1.60X107°M olahol A& ¥

Fig. 2. Mitotic index is markedly decreased in the higher 9 Aol Q1 A=A ¢kskow] methotrexateo|AE A=

concentrations of five anticancer agents except _ N
Mitomycin C, (0* control) M 1% SCE 1= WsHe 2ol &3t (P>0.05).



-
(o]
10

N WA N @ ©
© 0 0O O © o O O

-
o o

PERCENT OF TOTAL METAPHASE CELLS(%)

CONCENTRATION OF BUSULFAN{loog molarityl

Fig. 5. The relative proportion of Tst (X1}, 2nd (X2),
and third (X3) division metaphase cells in cul-
tures exposed to various concentrations of
Busulfan (0* control).

w e
@ z —e X1
T - A---4 X2
a = 50
<& —a X3
= O 40
w
= 3ot
w
o] 20+
Z
8 10
1 N . —t
& or -4 -3 2
o
CONCENTRATION OF CYCLOPHOSPHAMIDE
(log molarity)
Fig. 6. The relative proportion of 1st (X1), 2nd (X2),

and third (X3) division metaphase cells in cul-
tures exposed to various concentrations of
Cyclophosphamide {0* control).

adriamycin®] 5% 1.25X107"M o] Aol 4]+ &= SCE
W% (20.949.8)0l u]gle 2A| 74T (P<0.01)
ARG MZFEGA 2 AT 5 gle 23 T/ 344
2= 2070 =]gte}gl e m} methotrexated] 5 1.00X
10°M ol s 722 Axgct mitomycin C& 7}
3 733 SCEfuAlz Jelger 2dl SCE¥=
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tures exposed to various concentrations of
Methotrexate (0* control).

AZEAx4E gl 4.8+1.6% % el o]
oAl o FEFrtol et A A4 dAE v &
3], busulan, adriamycin % methotrexateol A 773 &
Aslged (28 2), 1FEAME 45 AZE A
o BAF 4 U rh(& 1), 4kHel cyclophosphamide
oA AA g AL FAAF 7R 4S HeA] B3k
AzEGF7] HEe 2Tl 13Xy, 22X |
3abo] AH(X,+) ) T HAAEL w[go] Z7t 34.8+
4.5, 38.3+3.9 ¥ 27.0+6.5%% ey},

Ax3gFzs1xd #4442 adriamycing 55 3.12X
10-*M (P<0.01), mitomycin C8 2.5X107*M(P<
0.05) % 5x107*M(P<0.01), busulfan®] 2X10™*M
(P<0.01) ¥ methotrexate®] 4X10-*M(P<0.05)
2X107*M(P<0.01) ol4+e] FxellA 13} 7| E2AZ
o] vl guct A5 Fr1E v 33 T EEA 2
vlge FASA Aa=HA (A 3,45 7)., 53
adriamycin, busulfan % methotrexate?| 5 %ol 4]
A4 AZEY JA2 32 5T BAAZFI)
20070 =iake| e,

23}, cyclophosphamideo] 41 2Xx 10°M-E A ¢
e (P<0.05) AQdazst vehdzxl fE}=HP>
0.05) (=% 6).

SCE @42 whall s} Eadwjoldl A Zol 744 §olst
3 wl7E A4(index)& e glon] (Perry &\



Evans, 1975 ; Bauknecht, 1977 ; Takehisa, 1982 ;
Carrano, 1978) AZFAA FA 734l de] 245
32 oH(Bradleys, 1979 ; Nishi%s, 1984 ; lijimas,
1984),

2+ 2A7 0 SCEHl == detA|el 55 Frlof ula}
F7ksdon ol2dt Ades BE ATE(Perry &
Evans, 1975; Carrano, 1978 ; Waalkens%, 1981 ;
Stetkas, 1978 ; Wilmerg, 1984 ; Nevstad, 1978 ;
Miurag, 1983 Takeshita & Conner, 1984 ; Na-
kanishis, 1979 ; Norppas, 1983 . Speits, 1985 ;
Morimotos, 1985) 3= & 4A3}x i},

Adriamycinoll Al 32 A £} o} SCE #%(20.9+
8.8)+ Nevstad(1978) o] 100 ng/mle] 552 484]7F A
2] sle] ol -& SCE ¥l .(24.5). 8. ¢} o7} dajut §AHgk A
Hgew #5(1982) % Nevstad(1978) 2] 200 ng/mlel]
A 2447 Az]ste & ) SCEHl s} dxd oz
Azt =3 Ao SCEHIEE Hql 2 o4 ¥
oM dAG AZEd oA DNAZY JAZ 9
Aol Erbsdlg e A} FEAR € FEFI Y A
2] A7k} vl dle] SCEMlE7} 715 ¢l el (Nevstad,
1978 . A%, 1982). methotrexated|l & A ZHFE
HA A A A7} GoZloll methotrexateo) =23
Littlefield5 (1979) & A A Aol 4 A3 SCERl=+ F
7hl Al ¥stet, ol A& ke detAlol vlsl AZEA o
LEHA 711E Aol ohet A Fgele 7 A
o]} of A A} (Musilova$s, 1979). =, LA <A
olw 7} 73 SCE f#Alal mitomycin Co}
busulfang &4 DNA2| 4z 3kt 2247 3 (crosslink)
o] Hodsln AA| adriamycin® DNA2} # &3l
RNA9| b a §4& gxsle24 SCEFA 4 34
Aol dell Zedghel, a2irt, methotrexated] 79+
folic acid §4-& JAstn24 22 DNA9 A+EA
A4S A5t 7k H o2 DNA Aol Hofsle] o
A A o] Ao]r} SCE vl 2ol 2| A o 8-& n| A #] o A
o2 AgHdg(DeVita, 1983),

AZEEAG Y AZEEF7] HEole Ay 9%
m2x %+ Ao A cyclophosphamideoi o3
SCE =+ microsomal activationo] S -3t} 2w
(Perry & Evans, 1975 ; Wilmers, 1984)¢} = =}
ez s Qlulgol AlZE45 eldo] SCER it
o ¥ 71 (Waalkens%, 1981 ; Norppas, 1983)7F 9l

6

zjat & 2 A4 7= cyclophosphamiderte 2 5 2] A 9
s}tof 2H-&-3ted SCEE f#Hdtete 329 s & 3w
Asted F3 9loh, busulfan® FEF7lel wa} 2
SCE7} 57} A4t in vivo F13 SCE Hl =+ #9314
Zrtsy Adige] dzFel SCEME HHjel= Ba
(Musilova¥®, 1979)% #etd = of @& 4771 2%
e,

Qo vl kA] ehlE M E o Al F7| EE A
29 £TUA L A Eo] £Z PHAo| s3] 32
2 DNA $4¢ AJ23 A1719 2odl A 7ql=lw 3}t
3 Aol o8] AXEAF7|71 2 A=) 13}, 23} 9
33k o] A AL ulgo] ZebAlth(Morimoto &
Wolff, 1980a, b), o]2{g A ERHIAAAL XAHxzA},
BrdU &= (Scott & Lyons, 1979), r-A7} bleomycin
(Morimoto%, 1984), A4 A3z} (Miuras, 1983)
) WA B394 ¥x997) ([*H]thymidine) (Mor-
imotos, 1983)50l oM Yepdd, 283, &
Al7)oll welA g r-Aof o3 Al ZEYGA G2 Go?
Bobe Golol ke H§ Ao, =3, Axp
GA AL Gl Bt S7oA G7] Abofoll AL AL
oA o 7 Aeg ¥3 =9 HMorimotos, 1984).

EAgAFAE MEEAF7] A9 SCE Yl xok9] 3
Aol A dubH oz ATREY A5 SCEUE F71 A
o of A#nBA 7 9lA 8 methotrexate 2F
adriamycin®] 7oA A4d-E ¥olz] egir}

ol gt A AXEGFI] Aol oA E ol B
€ SCE7 f=dcte Ad (Littlefields, 1980 ;
Morimoto & Wolff, 1980a, b ; Morimotos, 1985 ;
Littlefields, 1979)%} ¥xtd 0.2 AdA= 3 Qic}, a7
Y, S-9mixZ ¥A33 benzene FE Fvlol| ule}
AZEAF7] 2 A3 SCES F 7141712 2+ S-9 mix ] ¥
$olf ota} Pl HA SCEHL rxot ATiads
71219 557} 27| alfd SCES ¥osle g4 &
Az AMELAFIA Dol HAodle -l HZ & A
22 Z2As5 3 gl 94(Morimoto, 1983), =3
mitomycin Coll 2] Fanconi’s Anemia 3+z}2] wjj o}
Qb7 SCEMlEE A4 frAsht Alzdd A
£ A o) & Holn Yoh(Miuras, 1983). SCE
FU ALEAFA A A e A o2 E Yol e
AlAbs) F3 gl

gt A ZFAF| 293 SCE =919 A4S +

[+]
Ae



337 AsHE v GAPEZ SCENEE S48l A
ZRAFIA Ao 217 HF SCE BAAIZHE AA3l2
24 2 Ao} o] AAlol] AlE2E 4-A% AA
T AQAAE BAENA] XY AL v}, e in
vivooll A qdstvel 4, 4% B BRI 7(turnover
time)-& A2 24 Mo} gl Aol AT 4 9l
szta Aasd,

o Al H) o] A& pyrimidine dimer 84, o]FUATFZ
o] Ack(Palittis, 1983)% +¥7]"ol d=iA glon
SCE 34714 -& ota] 38431 DNA 4872 3 31
5 Aecz 4zt (Kato, 1974).

#29 47723 BrdU2 methylsulfonatesl] 23
A 47 DNAEAS] 45 344 445 DNAS
H.A4) 4 (replication fork) ©] BrdU2} methylsulfonate
o oA 47 gapol ol&w] gapel AMA=R A
(ligation) o] A A= =24 §41%F< DNA7 gape] 4
7} Z2] DNAs} 975 ¥ wi% DNA Absol Axts]
o] 3| A 5| o 24 Aclo| 4~8-51 DNAE T4l 93] gap
o] Ajzo] AR £2| DNAs dA =0 SCE7} YA d
oo 23 3¢l ct(Saffhill & Ockey, 1985),

22, SCER=7} 83249 FR/ol oet 2
£ A 7oty w) SCEZA/AL olAx =ojs]ojo}
g FAlolt},

{8, in vivoollA SCE Bl EE g AA o] Ael] ¢A A
FroME fi=Ee dUAdE HolxwH(latt &
Schreck, 1980) $HA|Zkoll cheke] ot & R F o
AA oz SCEMIEY} F7lsa Agko] A gol ube} 7}
&5]0] BT A 42419 7HA o] i sled & wdto] B
o (Huff%, 1982 ; Nevstad, 1978), =21}, qlE-Hql
b4 e 22y g ofol| A SCEMI =& F7HA7| 22
(Stetka%-, 1978) & AolA] ohfA] £3 G404
3} in vivo oA 8] SCE A& ¥ &dchd 7% 3t
Ae & 4F FF4, #9234 5ol A AAFA o
ol o Aol 74k ouldt A4t H Aoz o As
o, oAl x v|H A e gl SCE¥ A7 A 1 &5
3 o 9F T3] A% =3 339 A Als
e,

2

V. o}

gdA ot AL FATe] BAE dotrnAl ¥R

7

QubollA] SCEHLE, AlZEAAS B AZELF7|Y
& AR Age o 2

1) F¢A FEF7lel we} SCEdlE & dzFol ¥
& 9 3tA Fr1s9le (P<0.01), methotrexateol]
A folddel QA=A efgkel(P>0.05).

2) Al ¥39 x4+ cyclophosphamides- A 2] 3 F 4]
Aol ehsle} HASA FaENH,

3) ¥ty FEFrlol ol AXLAF7| = HAA 5
A Adslger n oM AR AXEE A2
AAA ] M i o)zl ¥ 4 glve ARFALSALAS
Lo

o] A3 A A 7}F ohE Ao vid 73t SCE

fukAl|o]w] SCE =) A2 E-dF7] 7‘]°4J+%:— e A4
4‘3 o] 914 =} x] 2k methotrexote 7-$-oll A& = 4244
+ AAY 4 9igich, ol& SCEf47 *ﬂl-\r%—rﬂ’q
de] Az g 7)Aol A ebdE AA T 9L
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