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Abstract — The present study was designed to evaluate the effecls of a recombinant human granulocyte-
colony stimulating factor (G-CSF) on leukopenia and tumor growth in mice trcated with DA-125, an adri-
amycin (ADM) derivative. In normal mice, single intravenous injection of DA-125 produced transient
leukopenia accompanied with weight loss and splenic atrophy in a dose-related manner. However, subcutane-
ous administration of G-CSF (5 ug/head) for 5 consecutive days after DA-125 resulted in a significantly
elevated nadir of leukocyte counts and facilitation of recovery from the leukopenia. To investigate the effect
of G-CSF on antitumor effects of DA-125, ADM (12 mg/kg) or DA-125 (40 mg/kg) was administered to
Colon-26 murine adenocarcinoma-bearing Balb/c mice with G-CSF. Regardless of treatment with G-CSF, DA-
125 and ADM markedly retarded the growth of implanted tumor, though they failed to increase mean survival
time of tumor-bearing mice. These results suggest that G-CSF is able to not only ameliorate, but reconstitute
DA-125-induced myelosuppression without affecting its antitumor potential.
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A8E3 DA-125(Lot No. DA-125-R-024)= Fo}xek
(F)RAT74 FADTA A Fgde}l A4l e, ADM
(Lot No. CDXB-20116)& 2 BRj4HIZE A F-guito} A}
$-3}9ir}. FodA] DA-125% 1 mM9] lactic acidel] &8 A]
A Abgslolon], ADME B2 oo LaAA AL
23t thG-CSF= dE Kirin Breweryol|4] A4l
Grasin(Lot No. 322G, 300 #g/12 ml /lample}s T-4]5}e]
ARg-shodct.
DA-1259| TEJ|=EM

DA-125 &3 w2 27|54 #7137 98 AF
A 0dell DA-125 0, 10, 20, 40, 60 mg/kg?] 422 10 ml/
kee] Azko 3 wlAwly] @3] Foidhy mid JakEAl 2
HabakshS JAstAct A1 Al 3,6, 9, 129 Aol 2zt F
e Agg ZAstn 2] seleelA el dEo g
e AL g s vAe A, $3E S48
ojck. A3 g P2 CBC bottled] & & A5 HF23]7)
(Minos Vet, Roche)E Al-43le] H7rg &Aslgon, &
T FEEL Giemsag4F FE )4 (BH-2, Olympus)s ©]
43led ARAF 1000708 TS TP A FSt] TFT-2
WMP-gs Fela, olF FwWEpel Fulo] TS
{absolute neutrophil count, ANCYZ- 4F&3lgth DA-1252]
L3 w2 /NS4 $EAAEE dAHE, A5, ¥
A5A L gt o] ZA-E £33t syt
DA-1250f 2|8t 87| SH0| 0|Xl= G-CSF| st

G-CSF7} DA-125¢)] &3k sl 77bFel v x| o35k
EA A= AE A 02 DA-125 40, 60 mgkes] £
22 7t 0vtee] ©E] Ao Fodzlednl. Fol g 1
g2Fo) 20mte] ol Al 247} 5 1g/0.2 ml/head®] G-CSFE 59
ded slslFedsielon, AlY A 3,6, 9, 126 AFL 2
Ashm 2k 7] ZF svie)llA] qrejEdo 2 ne) P
AF BzPAE YL Thst BYIRE o83 ANC
Tl e, W) AkS Belsle] I FEkg 245k
gleta ool CH8t G-CSFe| gt
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up9.~ 573j¢ka] Colon 26 Bdlolj4] DA-1252F ADM2]
gotaste] Xl G-CSFY Fa& AEstgct AF A
0ol A4 BALB/c Ph$-2~ wly-oslel] AAW AthF<l
2x2x 2 mm’ 27)9] A4 9kF2 (fresh tumor mass)S ¢4
atodct. 19%49) A3 Al 199 DA-125 40 mg/kg® ADM
12 mg/kg€ 10 mikg?] Heko 2z} 120)2el] ha] A=y
ozl on, s 53] AlAdsE T8l
t}. DA-1252} ADM%o]T9] 7} 6ote]olle A1 A 29#
Bl 597F A9 G-CSFZ S5 ug/0.2 ml/head] $-2Fo 2 3}
FAabslsict. ol A% 28] Fopyuls) AFL A
don, 7t 5 AALE 60U Ad Rasle] 4 FHEE
BaAEd-S AEsavh. A edat-&(increased life-span,
ILS, %)y (M7 HFAELd/zTe] FF4E2L-1)x
1002] Aoz Faigewn, Hokiale Fokol A4 (a3t
4 (b)ye digital caliper (Mitutoyo)2 23] 3}o] 1/2 ab’2.
2 zA3gd. FokAd Ao Al -&-(tumor inhibition rate, TIR
%y thE Aol o#) AlAbsked .

TIR(%)=(1-Vt/Vc) x 100,
@ Vie AP Ee] £, Vo damTe] FUHS

zF AA 29 detis Andzast S AE

o) &3 B e,

T 24 A= mean£S.D.Z vpeho] o], ddLA
Az ohen]a(Dunnett's test) = Student-Newman-
s
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DA-1252| ZEJ|5M

T4e7el DA-125 60 mgkgFol Tl FEFASE
2-45)¢)) 3vte]e] HAb ) BEE L, 1 9o STl
£ A7) godrt. 2851 DA-125 60 mgrkg 5o 7]
A FoiF 3dre] A Fe] haEe] 647 9dF7}A] of
ol vls) Folg g BAlF MAMF FEE= oM
< el gc(Table I). <¥3501% 3, 6, 9, 12 o] 228

Table I. Body weight change in mice treatcd intravenously with DA-125 (gram, Mean+S.1.)

Day after administration

Group 0 3 6 9 12

Control 30.6+2.8 20.6+1.7 30.6+1.5 30.14£3.0 311416
DA-125 10 mg/kg 30.7+1.5 303415 304+18 313423 329422
DA-125 20 mg/kg 30.642.0 29.8+2.3 207425 292+25 283+1.6
DA-125 40 mg/kg 313+2.1 29.142.1 29.5+2.5 30.14+2.0 29.6+3.1
DA-125 60 mg/kg 303+1.6 272412 24.0+3.0* 24.8+2.2* 2544323

Each value represents the mean body weight from at least 6 mice. *Significantly different from control (P<0.05).
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Table II. Spleen weight change in mice treated intravenously with DA-125 (mg, Mean+S.D.)

Day after adrninistration

Group 3 9 12

Control 108.119.4 112.6£17.7 11014143 11924222
DA-125 10 mg/kg 87.4110.5 113.0£23.7 193.0+33.8 186.4+67.8
DA-125 20 mg/kg 84.0% 8.3 106.0% 7.9 160.0:£22.6 165.4+45.8
DA-125 40 mg/kg 55.8+ 9.6+ 77.0£19.9 117.0£16.9 125.4+33.1
DA-125 60 mg/kg 43.0+ 9.1* 635+ 6.5 77.8442.3% 100.7+ 9.0

Each value represents the mean from of at least 6 mice, *Significantly different from control (P<0.05).

Table IIL. Changes in number of peripheral WBC in mice treated with DA-125 (X 1000 cell/mm’, Mean+S.D.)

Group

Day after administration

3 9 12
Control 5.90+0.78 6.21+0.82 5.88+0.66 6.17+1.10
DA-125 10 mg/kg 3.4840.57* 6.66+2.68 9.04+1.95* 8.10+0.99
DA-125 20 mg/kg 2.54+0.59* 4.64+1.31 8.52+1.52 6.45+1.11
DA-125 40 mg/kg 1.86-+0.62* 5.32+1.68 6.30+1.73 5.40+1.13
DA-125 60 mg/kg 1.06+0.29* 2.330.59* 5,98+2.01 5.64+0.54

Each value represents the mean from of at least 6 mice. *Significantly different from control (P<0.05).
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(P<0.05). 3 A2PRF REFeT FEFAST 34
SepolEr og A GedrolA frolshA ZhAE el 40 mg/
kg4 60 mg/kgfATAdE R BE 2zt
32%, 18% X2 7+4% $ek(Table HI, P<0.05). -2
ol 60 mg/kgdeFTol e Tl 6dolE 2T 38%
=R F3 245 dehiged, 9delF Aoz 3
Egich 2438 AT B FAFdME FIF 6-
94 ¥E FHE F AT da2Ts FosA
AF3]) 8= rebound4:7d o) 1A= TH(P<0.05). ¥ =23
g NG PHANA dEmETA e doTe 35T
9] w]-go] o 7:3 =g 21} DA-125 Fod ol = Fei
3ol DA-125 B $RkTella] SRl 257
Hl- g7 47} ekt DA-125¢) 93 wieptsae ANC
Zhazel 7)el8hs ZAE o F U Fig. 1). 283 60
mg/kg Fo17¢ ANCE 0.03X 1000/mm’e 2., W8 F52
FEF ¥go) 2.7% HEE FZA FHaEgloH, Jar
7t B MY T gl AR el Fo 3 9de]
ol AgurolA dE2T FARE X ANCe} ¢
o, 3572 ¥)E vhehliglent 218 rebound A7
AA =R gt
DA-1250]| 2§ =& 7|=40j O0|X|= G-CSF2| H3t
DA-1259) =875 gt G-CSF F A 325
DA-125 60 mg/kg §-8k7ollA &= & 200ke] % 20te] 71 4}

Heol 10%] HAAHEE el o) DA-125 60 mgkgs F
o3} & G-CSF 5 ugg 597 FA |3 Aol A & AL
EEo] ¢k DA-125 40 mgkg S2b ol A= G-CSF2)
Folel FAe] HA AP FEe] s AFwsdE
2E DA-125 Fofell A ASzae] Aeg vepligl ot
G-CSF ¥ &-FoTol|lx = AF7Has] AEr} ol Aoz
vtehigth(Table 1V). ¥ AE25A 243t 28 DA-125 Fof
TollA Fol 3 3o v|AEEY folgt A4S Bodvi)
o] F A ATl AAHLE 3| HE o] FolF 12¢o)=
A% 2ol |8 Fo 7 v S7HE el
(P<0.05, Table V). |2 &k oJp2 L2 A e 7w
o= $ALEA Lebdel(Table VI). DA-125 40 mg/kg
koA BodE 39)e]] 1.440.2X 1000/mm’ 7] E.2] ¥
722 el 27 (8.311.7X 1000/mm’)e]] w] s 2w
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Fig. 1. Effect of DA-125 on peripheral absolute neutrophil
count (ANC).
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Table IV. Body weight change in mice treated with DA-125 and G-CSF (gram, Mean+S.D.)

Group Day after administration
(mg/kg) 0 3 6 9 12
Contzol 33.8+2.5 34.7£23 345+2.0 35.6+2.0 35.9+1.7
DA-125 (40) 32.7+3.3 31.8£3.2 30.3+3.8 32.6+3.1 34.5+23
DA-125 (60) 33.4+3.6 31.1L£3.9 26.4+4.7 29.0+4.1 29.6+3.4
DA-125 (40)+G-CSF 343131 33.6+3.1 33.6x+3.8 36.71£4.0 36.914.5
DA-125 (60)+G-CSF 34125 31.9+2.6 28.1+3.0 30.9+3.4 32.0£3.1

ICR mice were treated i.v. with dose levels of 40 mg/kg or 60 mg/kg of DA-125 on day O and the half of them were injected s.c.
with 5 pg/mouse of G-CSF daily for 5 days (D1 - D5). Each value represents the mean from at least 6 mice.

Table V. Spleen weight change in mice treated with DA-125 and G-CSF (mg, Mean+8.D.)

Group Day after administration
(mg/kg) 3 9 12
Control 130.6+8.9 127.6+10.6 134.4£12.2 14724151
DA-125 (40) 56.01+9.8* 98.2+26.6 155.8+40.9 244.34+25.5%
DA-125 (60) 35.2+54¢ 62.0+27.4*% 70.5+12.6* 232.5+£48.3*
DA-125 (40y+G-CSF 67.3+4.8* 163.8+40.6 309.61+51.7* 271.4+57.4*
DA-125 (60)+G-CSF 44.6+1.7* 98.4+24.0 159.4+29.6 218.2+30.1*

Each value represents the mean from at least 6 mice. *Significantly different from control (P<0.05).

BF57t 20% o2 ZFaE 2w, 60 mgkg 3Tl 4]
= vz val o 7% AEZ SH44 HAE vehdsle
u} G-CSF "-goll s} 2t =7} okstA vieh} 3712
G-CSF o037} DA-125¢] 93} wiglpsee] A3} hns

B0 2 alukals 20 @ Puks|elnh. DA-125HHE o
‘3501]/1'] = P70 {25 rebound ¥ A}e] FAE =] ek
21}, G-CSF W40l A& DA-125 FoF 6%1-"’rE-l tH"
T3 DA-125 5l vl f2l3HA & HE7E

el o0 (P<0.05), 94 FHE| = AL Jehgld) ¢
Zgdlg 3575 (ANOHSIE %ﬂliﬁé%ﬂ-ﬂlr F-AH8HAl
vhehdri(Table VII). & DA-125 60 mgkg 55072
ANCEJ # A 2] (nadirye Fo3F 3o 0.0320.04 % 1000/
S vpehfglent G-CSF ¥goll4E 0.15+0.04%
1000/mm£ G234 2715 nadir® #AE 5= glodchP
<0.05). A1%] A 690 DA-125 60 mg/kg -0 F-oll 4] 2]
ANCE 0.6920.23 X 1000/mm’ & tf 2ol v]s] ]x13] §

Table VI. Changes in the number of peripheral WBC in mice treated with DA-125 and G-CSF

Group Day after administration
(mg/kg) 3 9 12
Control 8.3+1.7 7.6+1.5 6.8+1.9 8.2+1.7
DA-125 (40) 1.4+0.2% 5.1+09 6.8+1.1 6.1+1.4
DA-125 (60) 0.6+0.2* 24+009* 6.4+0.9 8.2+13
DA-125 (40)+G-CSF 1.6+0.3* 16.02.6%** 52+0.8 72422
DA-125 (60)+G-CSF 1.2E£0.2%=*= 18.4L£5.4%** 57420 6.5+0.8

Each value represents mean=+S.D. (X 1000/mm®) from at least 6 mice. *Significantly different from control (P<0.05). **Significantly

Table VII. Effect of DA-125 and G-CSF on absolute neutrophil count (ANC) in mice

Group Day after administration
(mg/kg) 3 9 12
Control 2314042 2.424+0.61 1.71+0.44 2.411£0.57
DA-125 (40) 0.14£0.09* 1.71+0.19 2.34+0.32 1.77+0.55
DA-125 (60) 0.03--0.04* 0.69+£0.23% 2391043 229+0.37
DA-125 (40)+G-CSF 0.22+0.12* 9.79£2.91% %+ 1.401+0.77 1.92+0.41
DA-125 (60)+G-CSF 0.15+0.04%** 10.90L1.69%** 217x0.55 1.74+0.37

Each value represents mean=S.1D. (X 1000/mm®) from at least 6 mice. *Significantly different from control (P<0.05). **Significantly

different from the group treated with DA-125 alone (P<0.05).
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Table VIII. Effect of G-CSF on antituimor potential of DA-125
or ADM against s.c.~-implanted Colon26 murine adenocarcinoma

Group MST LS TIR BW
(mg/kg) (days) (%) (%) change (g)
Control 3554 6.5 - - -0.3
ADM (12) 2734 3.9 -231 65 -1.3
DA-125 (40) 457+ 84 287 83 -3.3
ADM (12)+G-CSF 291+ 74 -180 80 -15
DA-125 (40)+G-CSF 44.3+10.7 248 81 -14

MST: Mean survival time, Mean X S.D.; ILS: Increase in life
span; TIR: Tumor inhibition rate on day 14; BW change: Body
weight change between day 7 and day 1 after chemotherapy.
Each value represents mean £ $.D. from at least 6 mice.

oJ3tA A EA 59l ) G-CSF 47 2%
7o B]&l 4-5u]2] =& ANCE vhehfigict
ot S jof| THSH G-CSFe| gt

Balb/cH] wh$-2%] 3}l ©]A]8t Colon26 adenocarcinoma
of it 7+ A9 ghekEa= Table VIS 7o) gokgl
29l om 7F -?qu Zok AT L Fig. 29} Zre}.

Al g+E oA dxzTolre] FFA4EY (mean
survival time, MST)}S- 35.5+£6.54 2 vlelydrl. ADM 12
mg/kg GE-Fo|Fol| A= MST7} 27343992 Jehg 2

AlgA AN FH8Fe R AgEl o, ADMI G-CSF
W8 BolFeol A e MST+ 29.1+74U 24 G-CSFel| £]4)
MST®] @dbo] Thaks)x] elgbch DA-125 40 mg/kg THE=
of Trol| A= MST7} 45.7£8.4% 2 ol vlaf] Agedzt
S(ILS)e] 28.7%=. vhelyt 1} G-CSF ®-8-of 2]t MST2]
AL TEER] ekghel. bo) Al 14+ A% 7 Foll
9] ZoFA Aol 2| &(TIR)4 ADMF G-CSF HL-TL
80%%] TIRS Ho] ADM ©-FFo]T(TIR 65%)8 T} Ak
B AR TN F eplgl o)t BAR fofxe g
A= 2] datrt. DA-1252) 79 G-CSF ¥ Lo B glo] oF
80% =2 TIRS viehict. ko)Al 73 19d7k9) A
FS}ol| 4] ADM @55 o473 G-CSF ¥ &5 27t
-1.3 g, -1.5 g5 vERlY] fAkg A= AFFAE Vel
Wl DA-1252] 78 = R0l ol|x 3308 &5
=9 AFAE vehlg o) G-CSF B4l -14
g} AFAtaeF vehdigic)

dMe g =

gk WP-P2hA 52 EA] $AL R

5 458 ol
9% %%ﬂ]‘é_ﬁ(dose lim-
iting factor, DLF)Z2] #hile|t}. 37| wl g 7zkiZel 23]
TFE o] FHkE 79 80% AT 2 Alugg el
9l 2L} (McCabe2} Jackson, 1962), F¥l$] A Al-&

7000 1
O Cantrol
. 6000 - 2 ApPM
(o] O DA-125
€ A ADM + G-CSF
£ 5000 B DA-125 + G-CSF
[14]
£ 4000
2
5 3000 -
£
=3
= 2000
1000 -
0 —

0 5 10 15 20 25 30 35 40
Day after implantation

Fig. 2. Effect of combined treatment with G-CSF and anthr-
acyclines on the growth of subcutaneously implanted Colon 26
murine adenocarcinoma.

Y RzA A5 we gnre) A$ 854 Dot 1
2} olzl®t A Bl B7sl 10% A=Y Fabs Al
ghrhy B wF o] elohPizzo 5, 1986). & Foraldrow
o o8l fUsEE FeolAe] o w= A2IHoe F
FATAZS 24 SR A RVAE O
T7t i) o|RA|E 9ler, o] GM-CSFS} G-CSFe
ofe] ApgEle] Akl T $-g4de] WEE T SITHGabr-
ilove 5, 1988; Crawford %-, 1991; Bronchud 5, 1989).
DA-125% FolAlekF)elA AeFE e qh=aial
o| ZE A kAR ] FEGF e fExde] glF
oo, EolAekEe) Bl Ralge AREMHT 27t
o] Jataztrl 7ldE = Eo|vh(Bak &, 1993). 2.7
Y DA-125 94 of2 52 sqhaxgAlel =k 2
7T vehde, B85 gade) YA Ed
75 DLES] shiel 402 5=z 9lrkRob 5,
1996). DA-1252) =8 7]%4 ¢ tgk G-CSF Q83 A%
7 3}ol| 4 DA-125 60 mg/kg 4-2F7-of| A= 10%2] HAME-S
hehiigl et DA-125 60 mekgd T & 1%E G-
CSF 5 g & 57 42 Hapabat AQFolale A
2ol fgen, viAEeke] ey zel 587w
DA-125%} 53 tt G-CSFH-87e] AL Aoz 1)eh}
G-CSF7} A1 =A% survival effectZ Jelf= 71 o2 AL
Flgjoh. 3k B A @A} G-CSF= DA-1259] 23 wiad
0] FH el 7AE Jubehe, 3 EBL 2REl Ao )
ehgr}, DA-125 60 mg/kg-8-kF-o) A= G-CSFH Lol 21 5]
nadirel| 48] Zwly el ANCZ) DA-125%FE7ol )3l
2z 2 B SWl2 S8l 5HA) EShor, DA12SEE R ol
696l ANCHE 0.694+0.23 % 1000/mm’E. o] 43| fxFR
o} e )5 eyl o v} G-CSFH£-A] o= 10.80+1.69
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X 1000/mm’E thzgoll <F 4m) 5
2718 vhehf 5l eh(P<0.05).

G-CSF| o484 FodA4RE= AT, 3p7AL 5o
o]-&5 3 AMFoe] A MANFRE T St
&kod 24470l H 12 E vehe o2 dEA o
(Morstyn 5, 1988), dutd o2 B FFTF= Fo 564
L AER L Fol gk v st} SbH A, 257 A
% G-CSF 7oA 257 ol = 5572 whgo] gt oF
Zb ZaEE 7o g HaEe] 9lch{Lindemann '.:., 1989).
G-CSF Fo4A] -9 &ajellA] 55 #4243
A gt Ax e T5xe] E5(bone pain)e] 7HE F
AElE ZAeE d={A glch Fuo)xe] thG-CSF (KRN
8601) A 274 AP AN = 2%, Aald F27h, 8
4, 55 59 gl BEEHged, HHEd BT
10% "o 2 7 AX+ WHO grade 1 o]3le] ZnlEl 7]
ol2}xz X 7= 9tk (Roh 5, 1993).

whodAlol o5l WME T A A gL G-CSFE A4
T 79 Ak 22 G-CSF Fodal ¥ 2447054} Al &
Fof8hA] Y=g HASkT glvh. ol FedAlr) vl A
o] 2 23 244 T 49 G-CSFe £¥
21 Al A AR B S EFA T A4S ez
B A9t G-CSFE FAIFe Al kAo 540 gt
ZH7|AI] o] o Fold 4 7] e A4E
th £ Aol A= ADMT DA-125 503 24478 G-
CSFE Fofstnont o] Al7]o] &3e] ofkgo] Awdwtk &
A= ety = A7 Q] Fepel A7t oFE2 ¥ E3ANT
2ol M 9] LS T vkt G-CSFY] Ayt 2efa
Ag AR Azt ainz detAle] o Hﬂfﬁ%}
AEE it e A58 EHo2 G-CSF 52| 282
UAME A AF HF E 2 x4 HEE § i
GA AA L] F5 - 2 -t} ol (ADMEYEA S $%
3] aE{ste] Abgsliol & Ao swhHct

Okabe 5(1991a)2 W& G-CSF¢l KW-22280] 3 F -2
84S FUH7IH, Colon-265H-2 o]Agh mhfcaol
4] cyclophosphamide<} nitrosourea (ACNU)®] TGI9} ILSS
Zo)A|ZIckz 2 78lsithOkabe 5, 1991b). 121} 2 A
) Az s AOuFola] HohiAgd43kd ADM 12
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