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2. COMBINATION EFFECT OF INTERFERON AND ANTITUMOR
AGENTS BASED ON CELL KINETIC ANALYSIS

Teruo Konawmi
From the Department of Urology, Shiga Universily of Medical Science
(Director: Prof. T. Tomoyoshi)

To establish a useful combination therapy of interferon (IFN) with antitumor agents, I investi-
gated the antiproliferative effect and change of DNA histograms in vitro after the IFN exposure ei-
ther alone or in combination with antitumor agents, simultaneously or sequentially, on NC-65 cells
derived human renal cell carcinoma. The IFN used was recombinant interferon a-2a (IFN-a) and
the antitumor agents selected were vincristine (VCR) and adriamycin (ADM).

IFN-a supressed the proliferation clearly in a dose dependent manner but not so apparently even
after the 96-hour exposure. Six to 12 hours after the exposure of IFN-a, accumulation of the cells
in the G, phase was observed at the higher concentration, and then increase of S phase cells up to
72 hours, suggesting a G,-S block at a short period and then prolongation of S-phase.

VCR combined with IFN-a suppressed NC-65 cell proliferation additively, whereas ADM com-
bined with IFN-a suppressed it rather less than additively. The sequential exposure of IFN follow-
ed by VCR induced the enhancement at a higher concentration but that followed by ADM did
not, suggesting that IFN-induced cell modification made the cells more sensitive to VCR.

Dose dependent accumulation in the G;-S boundary phase was observed after the combined ex-
posure of IFN-a¢ and antitumor agents, especially by sequential exposure, and then accumulation in
S and G»-M were observed. The delay of cell progression in the S phase was likely significant when

IFN-a was used with antitumor agents, such as VCR and ADM.
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Cell kinetics
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in vivo TORBRITIL, in vitro TIREEHIEES)
RORHMBEZ IR &5, line {L¥hice b HM
fax b b\, HIEITHZIRC/E AT oW T3 Tic
ERORENRZALR B, ZhbD 5, cell
cycle &k L FTEEw oWk, IFN FET T,
MIEEREZBIE IR Z LAMORT A, A
Nz & > phase THEIR B 2WTIL, WE
R—E LRI Esh oo —%, IFN off
RIS, Qi BHIE By v E EEEe
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WRBBHERCEWTD, BlRETOFHHE L L
AEOEMBEE T3 RCERTHL0THB L
hU1®, keEnigEssT bR TER. L, &
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BBBHZENRECHE LM ET D, HIEHE OMEY
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ERMES L UHE

1. #if

ERCDDWICHIERE 1 HRERL, v EBilas
HFD NC-65 #iET2.20, BEL3WRL Eagle’s MEM
(10% FCS) &b b\ i, Z DHIRID LWL
WL, HIRCBRELIEB D THB.

2., A VE—~T7 zm

AEEBIC S BV IFN-a 13, @Bz e r Ehi
A vE—7=nVvAGIFN-cA, BAr v . )T, #
O HiEHEL 4108 meg/mg BAHTHSH. IFN EE
R 30 5 ARE 2BE L, 4,0001U/ml
LEBFERUT, FH4BELD bWt x ek,

3. il

BT BHEHIE LTI, & 1 R CAMC AL
# % bhutke vineristine (JAT VCR). adriamycin
(LIF ADM) 22T, BICEhZFhigs0%
X M3 % VCR 1L6x10-2/ml. ADM 3 x 10-2/ml
DPREL S HTHRE L.

15 19874F

4. ERFE

EeE, JFEAE LTHEEMGET T triplicate £ 1,
3 EILL 4R DB LIT 78 » 7o, BEFIC X % BAEHIHIZIR
DR, #1#EFgeA—-RKEAERBREC X
DB X T B HEAELER (percent growth P.G)T
HBbL, D% Fleisher DHFFZERER DD
WAL (ArcsinyPG) L, HEOHER $ B\ 1.
FCM MefhnfEfiiait, # 1 HTRRLLFEL LD
Vv, #HEBAESAO KR, Baisch LD HHEICKETE
B, &&HTIEEYEL, ThEhOFEHETDH
bl L.

5. BFABRD LK

BRI L 5RO KB KDOFIE TR o 7. %7
IFN-a & X O A BIBAIBER COMBEHRYEHL. A
P U-fExRST. kic IFN ogE s FEds
FEDBRR X » THLNICHE]RRY bAER L
fEERDI. ZDfEE, B UHRIE L-&HER
BLO IFN-a ThZhBMCORRE O K —H14E
(expected effect )— & D ZE—BEHAZIEME (combinat-
ton value) —%¥EMEYH O TEEE Lic. ¥
£ BB O KBS O v t BER BV THA
> f.

EEY |

a. IFN-a BSCOMEINHRE

I1x104/ml OIS 6X6cm T35 RFy 7oy —
VICERRE LIciR, 48RRIk 4,000 IU/ml, 2,000 TU/
ml, 1,000 IU/ml, 5001U/ml, 250 IU/ml & IFN-a
ORI Uk, FEHEMAT X b B A 16KE O R —K i
R BERHRYE L, FHARBToMRKLox L v
FEREL, ThiAfigEbe e, b L, HEHE
BYERL LT,

b. IFN-a & X % ffEEROERNEL

Sx104/ml DMLY 7 I AFy 7 A MARERLE
%, 48RFHEIC BWEE D IFN-« 2L, 6 R,
12150, 2405, 36W5RE, 48RFfd, 72, FCM
TOMABMOE RN Lic.

RER 2

a. IFN-a & $liES o 6ER @ & % SR H e
(Fig. 1)

Fig. 1 @iRT X5k, IFN-ak, VCR »%\ iz
ADM L oftHZRIZOWT, 1) IFN-a & $imH
FRHEERE 2) IFN-a £ITRSEFHEHESED 2 7
G, FEOMMEERET 5 MR B L. T
bbbl R8BS I £ W E © IFN-« & VCR
(1.6x10-2/ml), H %\t ADM (3x10-2/ml)% 2 k%
HFRsEp S, TORRAMRED IFN-« LEHEM
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Fig. 1. Shedules of drug treatment to compare two experimental groups
Table 1. Relative growth rate (percent growth P.G.) estimated 144 hours
after cell seeding.
After 24 hrs; 1FN exposure 24 hrs after cell seeding
After 48 hrs; 1FN exposure 48 hrs after cell seeding
Arcsin  +/P.G=sin-! /PG
c'::‘c':mraﬁon 40001U/mQ 2000 1U/m2 1000 1U/m@ 500 1U/m@ 250 IU/ml
After P°'°a':_g)'°w'h 46.60£4.63 55.35+£3.91 62.584£6.75 75.86+5.36 91.23+9.30
2R presin /PG A3.0542.78 A8.07+2.31 52.28£4.05 60.57+3.15 72.76+5.67
After P"“Z;'_g)’“’"’ 49.49£3.72 56.536.91 62.83£7.13 75.2048.40 92.35+8.74
Bbr rcsin /PG 44.71£2.15 48.80£4.05 52.51£4.25 60.52+5.85 74.975.42
Lic 18, BEEURMAID, 00 LDERED
IFN-a ZEfMI L THE, IR 24BEMBCHIER
¥ oRSMEMS e, UBRRED IFN-« LikEm "
/I 2BRSV, FROHETEOENER B L
7.
b. IFN-« & HIERIOGREK L5, MmO %
Rzt
5x104/ml OMEfILERE Licth, EBR2Da LR
©, 1%, 2BORLMETRET S, FCM OMEFY o sontrl
Bk, HEAIEEARER 1205, 24RER], 36RSRE], 488F 1. om v
fa, 72ReREICRE L. 21000 U
a 2000 U
% % ® 4000 U
EE 1
a. IFN-a B CORMAEMEHLHE (Fig. 2, Table 1) Ty s s 6 7 e m

IFN-a {EfB#% 488 ¥ Tix, 5001U/ml LLF @
EREH TN B EOBIERYR Lch, 0%,
RERIR BT B & & Dl x RIBEE RIS 1

Hani- (Fig. 2).

HE1%24 B B 5 \ I X4BESRIHD & IFN-a At

seeding into Petri dishes.

Fig. 2. The effect of interferon-a on the
multiplication of NC-65 cells. Cells
were treated with interferon at sev-
eral concentrations 48 hours after

Dose

dependent inhibiton was observed.



18

B, R R 4N B EE Lo LEERI Table 1
IR T X 51z, IFN-a 4,000 1U/ml C46.6%, 49.5
% &, IFN-a {ERHBOIGHII X B5EFOE L B
oAy, WEMETT A oh, RIERAEOHMERY
ALt

b. IFN-a I & % fifaEHE DO #RHZE(L (Fig. 3)

IFN-a DOBBERBIC I TiE 6 Bl b 12K
EnTTRED Gl o, G2-M fioEd & s
L, IFN-a #4114 12850 C, 4,000 IU/ml % Gl
BB S HIRTEDET 2R Lic. 2486, s
DEEIMPRERAF IS D, SeRRHIBCIR b B
L b, TIREEETHETO S HOHME R L.
RER2

a. IFN-a & HlBH o 6FH w X % S5 mH 2R
(Table 2, 3)

VCR & IFN-a L OPER T, RRGEA, IFN-a
IR X A0EIRE T Y, IFN-a EBEOHINC

8hr

12hr

157.85%
122.76%
19.68%

Gy 36783
s inas

G2-M % 20.45%
Control

WRICE 33%

24 hr

166.31%
23.20%

18 19874%

PRGBS S h B, PHEL OETHLHEN
#combination value %% % &, IFN-a 4,000 IU/ml
i 5% VCREEM X EIBEIRE, REHEN
X BBMBOREIT & b h i k. IFN-a 1,000
TU/ml B ECi AR X IFN-a 2 ET&5
L BT SR 2R T0Y BROELRLE
D13 IFN-a 4,000 1U/ml (p<0.01), 1,000 IU/ml
(p<0.05) DHTH Tz (Table 2).

ADME IFN-a & Ot T3, FAREGATS IFN-
a EFRER XA HBrE VTS, ADMBMTOH
FEIEIRNE L ki3 dE, IFN-aDBERHML TS
BRSO RERT AR b s o, iz, IFNea O
WEROBER VTS, FRFEMEE IFN-a OEfT
BEPCHENHCAEZITEL, 2,0001U0/ml T
DOEE Tt LA REEGAOH 1 HELELEBE TH
~ 72 (Table 3).

b. IFN-a :HIEHEOBR X % Mle E&ED &

36 hr 48 hr

166.43%
121.94%

21.40% M 123.63%

160.30% £ 80.50% 150.27% 147.36% G 149.89% Gy 158.12%
1 22.37% 321.20% 138.36% $40.52% s 738.38% s 125.76%
17.24% 18.21% 13.37% 1212% G2-M%11.73% G2-M315.12%
IFN-« 4000 {U/ml
G 2 60.84% 260.30% 154.18% Gy 1831% G| 158.80% G 3 60.76%
s 122.75% 122.33% 334.28% s 3 36.08% s 331.92% s 124.89%
Gz-M 116.61% 17 37% 11.67% G2-M 110.81% G2-M 3 9.39% G:-M 3 14.35%
IFN-a 2000 1U/mi
150.17% G1 158.56% 150.01% G 155.25% G 1%6.31% Gy 760.33%
123.23% b 124.20% 26.66% s 133.20% S 1 31.55% s 323.19%
17.60% Gz-M $17.24% 13.42% G2-M 3 11.46% Gz M1 12.16% G.-M7I 16 48%
IFN-a 1000 1U/ml|
G 168.46% 1 58.28% [} 153.69% G 155.72% G T 48.82% Gy p6212%
s 126.12% 1 26.04% s 10.0% ) 129 19% ] T34 S a2
G2-M 1 18.43% 15.78% Gy-M317.10% Gz-M 315.00% Gz-M 11844 G, M5 16.09%

JEN-« 500 1U/ml

Fig. 3.

Changes of DNA histograms after the continuous exposure of IFN-a at several

concentration, 6 to 12 hours after the treatment, Gl cells were higher than the
control and Gl-S boundary phase was decreased at the concentration of 1FN
4,000 IU/ml. After 24 hours, accumulation of S phase was observed and continued

to 72 hours.
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Table 2. Comparison of combination effect of IFN-a and vincristine
between simultaneous and sequential exposure.

Drug combination

Pevcz'r:\’t <?.G)romh Arcsin /PG Expected Combination F

ratio Calc:laled

effect value

IFN-a 4000 1U/ng

¥ VCR 1.8x10-% mog/ag 4SVESTY BEII 2098 —15.06 ]
106 286 |*
'F'ti.‘:gul/:xm,, mog/ag PWEW WEIL 22 —ie
]FN': 2:'::0;U1/fxm-z mog/ag JTAEES SAELU 2w -1k
1.08 0.58
'Frti‘zzmuffxm_,mgm 36.9945.50 37.42£3.26  22.55  —14.87
'FN":_ '3?,.?‘/.':”0_, mog/ag TOSEAB ML30E2T0 e 1 e },*
lm;,_ﬁ"zoca;ullfxm_,mgm 574641 39.77£3.77 453 —15.24 ' ‘
'FN-i :?;U{fx‘n_, og/m MTEETO MmEe0 a0 164 o
IFN-a - 5001U/mk WINEG WMASELES AT -8z .

255, VCR 1.6X107? mcg/ml

*P<0.0l *%x0.01<P<0.05

Table 3. Comparison of combination effect of IFN-« and adriamycin
between simultaneous and sequential exposure.

Drug combination Perc(e; éi)rowth Arcsin VP.G E:F;fe::te d Con;:iz:ﬁon F ratio Calc:lated
IFN- 4000 1U/m@
46.59+9. 42.9945.32 21.05 —21.94
+ ADM 3X10~2mecg/ml 3.8 *
/ 2.97 0.95
IFN-o¢ 4000 1U/m
43.15+£53.32 41.05+3.09 20.27 —20.78
Zihr, ADM 3X 10 2mcg/né ! *
IFN-o¢ 2000 1U/m@
47.95+4.50 43.82+2.58 22.98 —~20.84
+ ADM 3X10"2mcg/md
1.07 0.80
IFN-a 2808 U,
a2 /at _ 49.60+4.40 44.7912.50 22.64 -22.1%
2L, ADM 3X 10 2meg/me
- 1 1
IFN-or 1000 1U)/nb 45.87+4.48 42.63%2.59 4.1 —17.90
+ ADM 3X10-2mcg/md
2.32 1.30
IFN-c 1000 1U/nt 49.47+6.82 44.63+£3.95 24.62 —20.07
24, ADM 3X 10 2mcg/md
IFN- 500 1U/u 52.90+4.76 46.67+2.74 28.50 —18.17
+ ADM 3X102mcg/m@
2.40 0.83
IFN-a 500 1U/nt 54.72+£7.37 47.73%4.26 28.52 —13.21

24hr, ADM 3X 10" 2meg/md

ker9%Eft (Fig. 4a, b, 5a, b)

VCR & IFN-a Z[EREM L, D% FCM o
Tlbxu b L, 128%Ic, IFN OBEE T VCR
B e, G1-S I FMoMme By, Gl o
xR T2, IFN-a ORENRET 35 k2oh Gl
B L, e G2-M Joslgs i L. & ¢
12 IFN-a OFBERIETIE Gl % 5 s M7

DD EREIRHHAT, SRR T
WET VCR BEBRCH LEETH -1, 2457 %
b G2-M MO HEIMET L, IO 6HFHTIXS
HADBEINASGEE L 7s o 7. % DHABKEEIN &7 28R
2T THBRERFET S P~ ER R AR LR (Fig.
4a),

IFN-a % BEE24EEMI LM TRE, 25
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72 hr

36 hr 48 hr

G :12077% £56.61% 1 61.22% 7 54.53% Gy 156.67%
s  32.45% +32.35% 1 24.01% 3 32.35% s 127.32%
Gz -M :46.78% $10.84% 2 14.77% 113.12% Gz2-M : 18.01%
VCR 1.6x10-2
meg/ml
G 122.07% 231.73% 138.71% Gy i32.18% SELTI%
S 14482% 137.90% 146.24% s ra2mx < 36.40%
G2-M 133.11% 31.18% 2 15.06% Gy-M 1 25.71% 11.89%
{FN-«u 4000 1U/m!
+
VCR 1.6x10-2
meg/mt
Gi 110.64% Gy 140.48% G 13670% G 144.60%
5 40.85% S 136.00% S 140.66% S 134.15%

IFN-« 2000 1U/mI
+
VCR 1.6x10-2
meg/ml

G2-M 1 48.51% 23.46%

.

G2-M :23.64% 21.27%

Gy 112.27%
142.83%
G2-M 1 4389%

G 147.83%
N 127.12%

IFN-« 1000 {U/mt 25.06%

+
VCR 1.6x10-2

Gi 133.40%
H 160.83%
16.77%

s
meg/mi
G 9.56% G 149.03% 1 40.55%
s 13 S 2403 44545
{FN-«c 500 1U/ml Gz-M 3 51,09% 26.00% 14.91%
+
VCR 1.6x10-2
meg/ml
Fig. 4, a  Changes of DNA histograms after the simultaneous exposure of IFN-a« and vincris-

tine, After 12 hours, Gl phase increased at higher concentration, and in contrast
decreased at lower concentration. Accumulation of GIl-S boundary was markedly

observed. After 24 hours, G2-M phase was decreased gradually showing the S phase

accumulation until 72 hours.

IZ24RFI I VOR Rl X2 5 &, 120:H#% TiiRE
RHEARIC LN GL B0 5 S D kAt & Byt L,
G2-M HiI~DERIBAT 5. U4BERIEZ TR, Gl %
oo S PR OINIFED B D OD, G2-MH~D
HEEAFRFEMICIL L, X DEEETH -7 36RERI
L8RS i Tk, [N EEAL & FRE S Bomma
Ak, T TIRE b S HIAMT AEAAYREL
%= (Fig. 4b),

ADM & IFN-a DF) K Bfh T, 120:M %
IFN-a O&WRE TGl JHEHH 6 S HFTde~ o 2K
2&ibh, IFN OFBEFIK T Gl iz ADMM
WML UbTh R SBIE TS - . 24IERIK T,
120 e L, G2-M IR E T L, 36T
X, IFN- a OKBETS MORMMERTH, ERE

THERIORR & & SIS D G2-M I~ =M
HiL T LR L (Fig. 5a).

IFN-a % &f785 L, ADM %24B5R 4 10 £ fh
SED &, 120 AR N, R GL#
Wt S I~oBEN AL, 24BHETIES,
G2-M HiHinL, 72854 ¥ TS oM, BE
TH -1 (Fig. 5b).

z 2
19604 Atanasiu & Chany?® X b IFN o %
JEBIERALG RIEINTLR, £ oWEELDE
DIECDWTHREIRTERLCY. DR, —
IFNBR RS RIIRE T, £DHRIL cytostatic
ERTHBE EHRELMER-TEE, & oA
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12hr 24 hr

Gt 12077% G 56.61%
s {32.45% s {32.35%
Gz -M 3 46.78% G2 -M 3 10.94%

VCR 1.6x10-2/m|

36 hr 48 hr 72hr

Gy 6.2
S 124018
Gz2-MI14.77%

G 3 64.63%
s 132.35%
G2 -M 1 13.12%

G :86.67%
s j27.3%
G2-MI16.01%

G  136.00% G 13394
S 130.18% s 132.37%

Gy 45.70%
5 T42.73%

Gy 14196%
s 1 34.80%

G 330.57%
s 138.34%

IFN-a 4000 1U/mi G,-M 1 24.72% G2-M § 34.40% G2-M 't 11.67% Gz-M 1 23.14% Gz-M 5 22.00%
§ 24br
VCR 1.6x10-2
meg/mi
G §2842% 61 §38.35% Gr  160.06% Gy 142.75%
S 14097% S 134.08% S 13324% S :37.63%
IFN-a 2000 1U/mi Gz-M 1 31L.21% Ga2-M §27.60% G2-M { 16.81% G2-M§ 14.50%
§ 24hr
VCR 1.6x10-2
meg/ml
Fig. 4, b  Changes of DNA histograms after the sequential exposure of IFN-a following the

exposure of vincristine 24 hours later. Increase of GI-S boundary phase was observed
more remarkable than the simultaneous treatment and S and G2-M phase accumul-

ation was seen longer.

HAEfE, 27 LS EEARRC BRI ER T 5
Feixiel, FREBHROERC LY LORIGIE
b, TOX SRS DXE T, MREED receptor
DEREFRTAEIRTVS. 20X 5 HlaEmD
receptor ILfEE Lic IFN @ X b X ¥ X & /cfifapy o
ECEAERE T DO TH B, HIRADEKHR
F{e LT DNAIO RNASID BHBEx vy
HAEROET? irL2@Edh, thbofERMRE
BErebhAbnog bk &L, MigsErmHIh
5bDEELBRTWS, dHooghe LI EFEER
BEEE LB, IFN I L 5540 SRR
&, generation time DEREH T, HF3, 4
EARBEZETHHZ EXBEBLME LT WA, Killa-
nder 5243 IFN Be oy 7wy 775 &
W Z kA bhithotc LTWS., Zhic L%
LOWREBZ LY Gl NS SHPOBTROPI® L,
ChiEHE{ SH, FHYPOERNHE IR T B30,
ThbnRROE X, KM IFN mE&ZHOoR-
BEMRY B, $Bkin chemostat BT/
JEz#<°, thymidine, colchitine 7z X\ X h FFAX
REHBRCHTETA Y b —=7OR YRR ERILD
ThBHN, D IFN w5 REZme, o=
ST X Ve LoRRE R, MR
AEMACOVWTIRERERIELR T &
S b b\ o NC-65 HIRIvL IS B R Ar 1 I

Rl h a2, REEREMC D 20vh &I
BERED IFN ¥ EL, HEHRZIHOBE -TECE
LTWwBEWZS. LA L, 20X 5 D EN
BT, Lr dIERAM s Td, FCM it X 5DN
Ae A+ 75 A0ELEARS L, BENRHTENZED
bhte F 1w, IFN BEfhgfnts 6 BERA & 12855
ChHAFTHERECEED Gl Hommy R L, #
fhi% 1285 ¢ FCM 4k 4,000 IU/ml Tit S8
TR MaNnEL Uiz, E-EBHE0 gt s\
Tix, 1285RD B24RERIC T C Gl % E 25 S i
REANOERNRLORICZ ETH 5. Sokawa b i,
confluent 7 fkRBE /e b Gl i FFE & iz xt
L, mEXMNL 5 EMBRTS IFN LEEETYH 128
D lag period 2%\~ T DNAFRI B IR B A,
IFN MEFH Tk DNA SO LENRDTE 2 s
t, IFN iz Gl #inb SHi~D&E A R (transition
probability) #{ETXRBEHLZETHZ ELRL

¥7 IFN ofEf&Iz Gl HicERENTch 5 L LT
W53 otk Creasey 520,
b Gl fins SEHADBAREN DT, %
DEHDO SPOER, FUMOEELTEDORBZ EM
REINTD, BEDHETIE, DNA AR HER
thymidine @ transport $5 X% uptake D{ETF %
RTZENKRBHE SN L b, IFN X b
DNA SR OBBHFEBET S LIZEED L5 ThHA.

Fuse, Kuwata??
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12 hr 24 hr 36 hr 48 hr 72 hr
G 138518 182.41% 1 65.50%
S 130% 121,048 1 21.48%
G2-M 122.19% 16.95% 22.08%
ADM 3x10-2
meg/ml
143.62% +58.48% Gy 146.39% G 147.08% 159.26%
126.82% +30.96% s 1a7.95% s 13.20% 1 25.99%
IFN-« 4000 JU/mI 2.56% 10.57% G7-M 2 15.86% Go-M 2 17.65% D 1481%
+
ADM 3x10-2
meg/ml
Gi  t40.84% Gi  146.58% 151338 Gy 15457% 156.73%
s 32.00% s 20.29% £30.08% s 127.45% 13170%
IFN-a 2000 1U/ml G2 -M13207% G2-M £ 30.14% 18.62% G2-M 1 17.98% M3 11.56%
+
ADM 3x10-2
meg/m!
G 5268% G 154Ba%
s 2% S 12681%
IFN-« 1000 1U/mI] G2-M: 24.07% Gz-M 3 18.55%
+
ADM 3x10-2

meg/ml

G 3 40.74%
S §30.45%

{FN-« 500 I1U/m O2-M7 2881%

Gy Y%
H 3 39.00%
G2-M 3 21.29%

1 51.03%
130.75%
18.21%

1 54.28%
* 31.83%
13.79%

+
ADM 3x10-2
mcg/ml
Fig. 5, a Changes of DNA histograms after the simultaneous exposure of IFN-a and adria-

mycin, Gl phase was slightly increased 12 hours after the exposure and accumulation
of G1-S boundary phase was observed. After 24 hours G2-M phase was decreased
gradually and then accumulation of S phase continued until 72 hours.
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Fig. 5, b

Changes of DNA histograms after the sequential exposure of IFN-a following the

exposure of adriamycin 24 hours later. Accumulation of GI-S boundary phase was
observed more remarkable : than simultaneous exposure.
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