Experimental Study on Chemosensitivity Test for
Anticancer Drugs Using Flowcytometry
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7a—HA A M) —DPIERIEZERBAD
TR IC DWW T D EERIIFSE

EIRKEFED AR - FAERS (EfF | B EHEHER)
B B =
(REFN634FE 8 A 16 BZ )

BEOTEFIBRSH KB Th 5 human tumor clonogenic assay (HTCA), Bk T A
(subrenal capsule assay, SRC) ® X — Fv v 2 REBHE S I & 5 Hikd, BEEHECET 2 K
BIETHBErE L, EEEROIIED & 37T LB E 8 2 OEFNE L - FURH OSBRI TH
b5 B, AFEE, 79—¥4 b X Y — (flowcytometry, FCM) i £ D IERE 2
BEEORITEE R L, RHOMSFRSERB OISR ENE L. FUBHI L 2 MRAMDOR
{bit Fried @ DNA Rt 2 AV THENCEITL, EAV SN T &L 2o = —BREORMRHR
rEERE L. AERCH Y oMlERE, b BEAREME (NCCnw), b M FESEMEKE (Hel-
a), t MITMRER (PLC) o 3#ifIseT, EFIRARMREEL SR TWLE T FY T <A ¥ (adria
myecin, ADR), =4 b <4 ¥> C (mitomycin C, MMC), ¥ 273 # > (cisplatin, CDDP) o 3 A
EEGT. EREEBEL, BHOGEENEELTOL L TREL L. HBHILBZOMRAROL L
i3, 128f% L D S+GM H#i~D DNA £/ L T@ED o, UFMEBETH Lo T2, PumFInE
§item FCM 2813 3 S+GM b (FiBHFILERE% S+GM/NMEHY% S+GM) &, BERE LIt
BN 2 A B o 7 ERKEBANBEICB TS S+GM & g o= ek & 2 BMERBRIEE
FOMBEESED SN —F, BAERZERR T ERVESGRBE T S+6M HL.3BET
B o HHERSHMIGE Z AT T, S+GM L. 3¥EOKEL Y 2B LEX. Inb D FRAE &
N FCM iz & 2 FUgHIAE%E D S+CM i 28a 5 2 L & 0, FUEFIRZERBRA OISH O T#
MR E N

Key words Flowcytometry, iz vitro chemosensitivity test, cell kinetics,
DNA analysis

19564 Puck & "»EEMMERA VT a0 = - 2, B 5% & 5 scintillation assay® 5% 1, Ih
B & AEHR O £ EEAER O E &1L SIERMICLELDE MREEZRALNLTVE. L
LTUE, ao=—BRERTEA O RBIERED »L, ZhoBED in vitro FEFRZEHRICE

EBZHCRAEN, PESFRECEERABLL
TRLAENTWD. X5 EE, B OBRAN
LgFloER % B, HEE OFERH—RRYE %
B HFEE L LT, 19774 Hamberger 522 & D
RENLZEEREBEETHEVL I —FREY
HW 2 human tumor clonogenic assay (HTCA)

Abbreviations: ADR, adriamycin; BLM, bleomycin;

WTRBSHHEE TWET 3EMH 7 B 5148
R, SHMEER SR ERAREERBROMRE
MEF N TS, 19694, M. Van Dilla &7 VT
vAF YV —F—rHukva—-¥A b AP
lowcytometry, FCM) # %&£ L Tk, @fifc®
< OB EIEENRES & U DNA JiE» e 2 D,

CDDP, cisplatin; DF-10,

Dulbecco’s modified Eagle’s medium contains 109% fetal bovine serum; DMEM,
Dulbecco’s modified Eagle’s medium ; EDTA, ethilendiaminetetraacetic acid; FBS, fetal
bovine serum; FCM, flowcytometry; 5Fu, 5-fluorouracil; HTCA, human tumor
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R R A O REAR A2 ¥ O EERERIRT IR IR & TR
x5 i, FCM OMESEL I DR invitro TO
SEFEAOMB RO ETIC fiE T2 R &
noobs. UEOBEEEEE 2, EH13 FCM 2H
wCEHEE O TRE L TUBRIRZ ERB O %
B e LT, PR X sMAROREL 2 HEN
CERL, EAvshTE Lo —FBREOR
MR LB L OORBRL TRLERICDVT
TiclRET 5.

MEE L UFE

1. ERAMRs & UEEE

HZEicHOHlEE, HETEILLE FBER
F# (NCCnu) ®, & hAFfHlELE (PLC), & bF
EEEH (HeLa) O SHIIMETH D, ThZhofs
JEFR I NCC-nu #RA827.4R50, PLC #iB830.20F
B, Hela #if@24.8RFM & #9250/ 2 5 30ER] T
Hote., FhELOMEKEDOFERZE (plating
efficiency) #F 1 I2RT. I oEBREOMHERE,
WUy T—FkA4 — 7 igEH (Dulbecco’s
modified Eagle’s medium, DMEM) (HA%%K, &=
) L10%FREIRIMEE (fetal bovine serum, FBS)
(Gibeo, Co., U. S. A.) X DB 8EEICHAER (&
Fv4 ¥y 100 g/dl, 7 7 F YV 01Cq/dD) 20
i (DF-10) %M, B aafmg (37
°C, B, 5% CO,) TiFo7tz. £, #(130.02%
IFVL YT I VRS (ethilenediaminetetraace-
tic acid, EDTA) £0.25% b YV 7+ > (Difco
Laboratories, U. S. A)) # A\ CTHIKIZER ¥ /ERK

L, 1:4%72i31:80&FRT4-—5H1E
Toi.
1. an=—FEEC L 2 AESIBERHENE
au = -k Puck® OFEICE L TITY, &
BEEEA L Y M3002 (E& 60mm) (Falcon, U. S.
A) AV, ElEOIo=—FBEERLID 0=~
HoOBENR ST, KI00ED 2 o= —BROHE
TED, £ VILd D 20080 NS 2
3ml BRI R L L CiERE S e b ) i 4
2%, 37TC, 5% CO, Fiz24BRABBRIC THE3E
%, BBEIVEAARULLENSEESERER
WU T2HFRE L k. DU THERERE L,
NV 7 AR T SEESHL, MBERABHZE 2V
BERCTTHERESERELL. fBELTOHE
BB EE D RO L BB ETo /. 7
BEHCEBEREREL, 1%7VAIALNN{F Ly
M THREHBE Y MOMBEHE0EU EL DL 3
T s—-HEEAUEBETCAEL .. SEBRIZ
UM B3I TITY, BROEE2 3@ DIEL
fIof: (H1). SBBECBTA24ER (survival
rate. S. R.) Z&koORL DEHLI:-.
S.R. (%) = (WLEBOD 2 o =—¥/M0E
BOoao=—#) x100
COREIVBonEE 7Oy MEWEHL,
ZNEFNOERBERL DU ORMRMRE % R T %
FIRE 2 00%FBIHILEEE (90% growth inhibit-
ory concentration, ICx &) & L TK® 7.
m, 2a—H A b xXp1)—
1. WAL

Table 1. Plating efficiency of NCC-nu, Hela and PLC cells

Plating efficiency (%)" in the inoculation

Kind of size (cells/dish) of

cell line 100 200 400
NCC-nu 52.34+4.9” 445+37 41.8+1.2
Hela 56.4+4.0 65.2+6.2 56.4+3.2
PLC 53.4+34 52.6+2.7 50.8+2.9

a) Dishes were inoculated with each number of cells and
incubated for 7 days under 5% CO; gass. Then number
of colonies formed were counted.

_ Number of colonies formed 100

Plating efficiency(%)
b) Mean = S. D. (n=09).

~ Number of cells inoculated

clonogenic assay ; ICw, 90% growth inhibitory concentration; LDs, 50% lethal dose; L.
L, labeling index ; M. L, mitotic index ; MMC, mitomycin C; MTX, methotrexate; S.
R, survival rate ; SRC, subrenal capsule assay.
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NCC-nu, HelLa, PLC @ 3 filatk = @& 7 7
A 23024 (Falcon) WHEZ A, HREE2HED
MECEER I, BRELVFAERLLABXEE
BERRETHRUT 2R L. DL THEERE
gk, N7 AW TI@BEL, UBIUER %
HEFROEERET 6, 12, 245HEEE L L.
Be L CHBRSAERLRBROE LIS BRTHR
2ITol:. HEREG6, 12, 24FH%k EDTA, +VY
Ty A THEBMRZERE Ltk 0% 5
J—=NMZTEZEL, 4°CCTRELL.

2. DNA 3+ L #la DNA 4 R N 77 48
TEHhE

0%y /=i TEE, ®RELRMERE, >
7 AT 2 EBE LT, —E#HO RNA SO
® 0.1% RNase (Sigma Chem. Co., U.S. A) #H
vy, 37°C, 30AMIME L. Z0HBANY 7 ATICTL
E#E0E, 50ug/ml 7OEF 4 AL F T A RO
(propidium iodide, P. 1) (Sigma Chem. Co.) 2T
4°C, 3053 DNA @ %217 ->7:. DNA R DM
kS TIERFEL, 2BRMANC7a—-% 4 b
A—%— CS-20 (BBFfIETL, ®X) #H8\wT DNA
AT 21T o 0. BEBUE A TITY, AROER%:
3@ HELIT-7:. DNA ffTic&krs#ig % 50
prAarAy vy K THRERBEVEMEREL:.

(& 2)

3. EAEACBRE

EERIHERALLERE, RCBEREERLE L
bE<A rw4yvC (mitomycin C, MMC), 7 F
V) 7=4 ¥ (adriamycin, ADR), ¥ 275 5>

Cultured cells

]%insed by 0.02% EDTA, X 2

I%etached with 0.25% trypsin and 0.02%6 EDTA
l%insed by 90% DMEM with 10% FBCS

Cell count by trypan blue

Inoculated with 200 cells/dish

(llultured for 24 hr at 37C

iinticancer drug contact for 2 hr at 37°C
Rinsed by Hanks' solution, X 3

(iultured for 7 days at 37C

Colony count by 1% crystal violet

mf

(cisplatin, CDDP) T# 2% . EXBE L, EKiLs
EOREEMHEED 1/10% BRNERNEE
EREL . K% S5 E % ADR 20mg, MMC
10mg, CDDP 100mg & ¥ 2 & EH|EE 3, ADR
0.4 2 g/ml, MMC 0.24 g/ml, CDDP 204 g/ml &%
D, COBEXEEL LTHEE L VE2HREr
TR EEEREFR L.

4 . HEN DNA 3t A b 75 LD

PRI BEOME R OMITIZ, #MAEN DNA
BREAMNSSLEEL1OE— 7% G MK, &2
NE—7% G, +M #ififgae L (M3), 20220
E—2v0M% S Mg REL, i DNA #o
ZYFREBRSMCMEDIHT S L LI Fried 0
DNA f#ifres®% Fu2fitic 5o % G, #ifk, S+
GM HMEOEE 2R 7. Bio, TUEHIMLEC %
S HIfE AR LD S+GM MO T 2 &L T 2
feib, PUBHILEED S+GM MO R - &40
HHED S+GM HHMEOLLER DL S+GM Hr L
TUTOHR W TERD .

S+GM =PuEHILEHEY% S+CM
/AR Y% S+GM

IV. #ist ke x

BREEIEFY (mean) F 7oid FHME -+ TR FE
(mean =S. D) THR=RL, 2D BIzR
Student @ t EER FH, 2EBEOMEBSH TR
Pearson OHE@EHEERD . wFhb p<0.05 %
FEE L.

59 #

1. HEAIIC L 2%RBBEHR
1. 20=—0#RS X CEREKFIRICOLT
JpZ—FERECBWT 12— LTHEEL

Cultured cells

Incubated with anticancer drug for 2 hr at 37C
Rinsed by Hanks’ solution, X 3

Cultured for 6, 12, and 24 hr at 37C
[l)etached with 0.25% trypsin and 0.02% EDTA
Ii‘Lixed with 709 ethanol

’Il‘reated with RNase for 30 min at 37C
Stained by 50 ug/ml propidium iodide
Analysis of cell cycle by FCM (CS-20)

Fig.1. Procedure of colony forming assay.

Fig. 2. Procedure of flowcytometry.
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1oz, B2 OMROEEOR S 2 w30 Eo
MR L D 2 S MRRERTH 2 A, PiEAILERE
Tk 1ED 30 = — %S 2 ko iR
wHh, JMELUTOMEIY 2 a0 =2 —nnLIFL
I e, &7z, BonBEREER (K4 —
a. b.c) & 3 FI & THEIL 7 exponential decreased
type TH 7.

2. ICw fE

FNFNORIFBHRE DR SN IC, HEFE 2
wabLtz. ICk fEiZ ADR Tid NCCnu #ifanis& b
E<, MMC Ti2 PLC #ifg2MEWEEZRL Tk,
CDDP Tt SHilMIc K& L ERRE LN, -
2.
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Fig.3. The schema of DNA histogram.
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Fig. 4. Dose-survival curve of cells treated with
drugs.The cells were exposed to different
concentration of the drugs in medium for 2hr.
After exposure, the drugs were removed and
cells were washed three times with Hanks’sol-
ution. Then the cells were cultured for 7
days. Survival rate of the cells was determi-
ned by colony forming assay. ® NCC-nu
cells; @, HeLa cells; A, PLC cells. (a) The
cells were treated with adriamycin (ADR). (b)
The cells were treated with mitomycin (MM-
C). (c) The cells were treated with cisplatin
(CDDP).
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3. HREEE L O

BRI ERT 2 EEAO 1 RS EEHET
128% ADR 20mg, MMC 10mg, CDDP 100mg %
BLTBY, ThZhOBREETOEBNESILF
BRI, TERNEE S 5L & L7845 ADR 4ug/
ml, MMC 24 g/ml, CDDP 20 g/ml £ EZ 5 5.
BEREE T ERNESLTRED 1 /108877 3
ranTsh, BERNEANEEEZh TR ADR
0.4, g/ml, MMC 0.2 g/ml, CDDP 2.0, g/ml T%
3. 2 TCHKREER L QLB O - » BRERA
WEL ICu EDLL CRARIEMMNBE/IC, H) %2iE
FREOE LTk (R3). HEFRKE NCCnu
T, ADR 1l 4t&H &<, 2w T CDDP
0.8, MMC 04 QOIET® - 7-. HeLa #Bf8 i3, ADR
1.1, CDDP 0.8, MMC 0.4 ®IET® b, PLC #ifat
%, CDDP 0.8, MMC 0.7, ADR 0.3 TH-7:. 2 &
D, BMEAKEML.0METH 2 NCCnu kT,
HeLa #ilE i3 ADR SR EOHBERSETRE
HHRERTILNRBEINL. —HF MMC,
CDDP Tiz 3#Ifa+~T»s, ADR Tix PLC #ifgss
BEAEL.0ORMTHY, BERBREHE VRT
ERWbDEEZ SN, 7 I TIHBEMAELL.0ME
OME A TEFERZNE, 1.ORBEERZEEL
7z.

. 7B8—HYA b X —ic & 2 ERAAO BT

Bt UREHISR N E

1. #MBEK DNA Sk R | 75 L ORERRZEL

1) ADR

3HIFIC BT 0.0254 g/ml TRBEEIZB T3
HFHAHOELtLRKERRDohiao k.
NCC-nu #ifETix, 0.1xg/ml A EDOBETHNIE 6
R & v GM A~ OHIfERB RS > WM ORE
Britic G FMlioRS, GM HAOMBER
SR L o7, HeLa M8 TI, 0.1xg/ml THLHE
1288R9% 12 GM Hi~O—BiE DML » B 72 b3
JLEE24RFR I I L L, B 02 g/ml DAET
BEIZB T GM HANOHIREERTD Shie.

Table2. In witro chemosensitivity of
NCC-nu, HeLa and PLC cells

1Cg0 value (u g/ml) of

Kind of

cell line ADR MMC CDDP
NCC-nu 0.27 0.36 2.61
Hela 0.37 0.36 2.44
PLC 1.21 0.29 2.45

PLC #MilETI20.18 X U 0.2ug/ml TXBEo mr s
fbxZDHF, 0.4 g/ml QI2EERILIZ L D GM #~
OMEREHED (M5—a, b, ¢).

2) MMC

3 MRfERRIC BT 0.05 g/ml, 0.1 4 g/ml TIxBE 5
»RELERED Lo, NCCnu #HEIC BTt
12855 D 0.24 g/ml T GM EINDHIIER» T
S, 851 04ug/ml DLETIRI2EERILLET S I
O —lEtERE O . HeLa MRRTIZ 01ug/
ml THLEI2EEM %I GM B~ DMEE LB 1
BS, ERARSHEBICE R D Lo BT 024 g/
ml DL ETIE&EET GM ~DMEERSTED &
n, 851 0dug/ml LETIX GM B~ DIl ER
whnz SH~0EREED . PLCHE BT
24ERITR 0.2 g/ml TEED GM B~ DM ER
EHoh, 04ug/ml UETIEH GM HA~OMIER
Wiz S EANDERE TS (M5 —d, e ).

3) CDDP

NCC-nu HBWZ BWTiE 2.0 g/ml THLFE]128ER]
®Bib S HEY GM H~OMBEER 2R, LB
24FFI%IIE GM HHOMBEER N ERLE 2o/,
HeLa #if8 T3 12f5M% D 054 g/ml, 1.0 g/ml T
—iEED GM HOMBEER R S 47zh, NEY
BRI IEED ST 2.0 g/ml, 4.0 g/ml TRAL
HMI2BRIB LD S iKY GM M~DMfaER 2=
Bz, PLC MBI 8V Tid 1.0 g/ml THLEE24KER
#wix GM HoMigEEs A s, 2.0 g/ml, 40
pg/ml TIHAAEI2BFEER LD SHRY GM A0
REERE # T (M5-g b, i).

2. HHEEAN DNA £t A k7 5 L0 KE R

1) S+GM %Ak L FEHIEE OBR

3HERatRic 2 S+GM BMBEOED BV (%
S+GM) #% Fried & DNA &4k % B T

Table3. Therapeutic index by anticancer
drugs on NCC-nu, HeLa and PLC cells

Therapeutic index® of

Kind of

cell line ADR MMC CDDP
NCC-nu 14 0.4 0.8
Hela 1.1 0.6 0.8
PLC 0.3 0.7 0.8

a) Clinical dose = regular clinical dose/

body blood volume (51). Regular clini-
cal dose: ADR, 20mg; MMC, 10mg;
CDDP, 100 mg. Therapeutic index =
Clinical dose/ICs.
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Fig. 5. Survival rate and time course of DNA/cell distribution histogram.
(a) NCC-nu cells treated with ADR.

(b) HeLa cells treated with ADR.

(c) PLC cells treated with ADR.

(d) NCC-nu cells treated with MMC.

(e) HeLa cells treated with MMC.

(f) PLC cells treated with MMC.

(g) NCC-nu cells treated with CDDP.

(h) HeLa cells treated with CDDP.

(i) PLC cells treated with CDDP.
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L, PEHEAERED % S+GM X { 2 JiEHl
LMD % S+GM D% S+GM e LTKR®
7o. PUBHIBE OBy S+GM Hid B InER
FRLTz.

i) ADR

NCC-nu #H52 Tix 0.025u g/ml & D S+GM LD
MmERD, a0 =—FBRECB L THS0%D S.
R. T % 0lpg/ml Tiz S+GM fhixl.31

(a)

15
14

1.3

01 0.2 0.4 08

(b)

Ratio of S+GoM

91 02 o3

(c)
1.5
1.4}
1.3}
1.2}
11k

1.0

0.5 1.0 50

Concentration (ug/ml

i

T, 10% AT D S. R, 2R3 EHMUHEBNEBECH2
0.4ug/ml TIX1.41TH-7:. PLCHIlETHEED
Bz SHGM HoBINEED 2%, 0dpg/
ml Ti1.158 NCC-nu fifgizxfL S+GM oz
gzt ot. —%, Hela HIE T 0025, g/
ml 9% 0.1xg/ml OEEBECBEVT S+GM Hig
LOBT A LTzas, 024 g/ml BLETIEEBERSN
L S+GM FLixiEmL , 044 g/ml Tixl.28T
bot: (B6—a).

ii) MMC
SR & b BB I S+HGM OBMER
o, BROBEBNBETHZ 024g/ml XBWE S
+GM Hiig, NCC-nu #ifg1.21, HeLa #ifgl.16,
PLC1.12TH -7 (K6—Dh).

iii) CDDP .

SRR B VL TEBEICHEY S+GM thons
b, HRNEBANEBETHZ 20ug/ml B3
S+GM [hid, NCC-nu #if@1.18, HeLa #fifg1.22,
PLC #ifal.12TdH -7 (K6—c).

2) S+GM HbrxFBHfaRIR 0BG

ZNFROBEE BT S S R & S+GM a7
7 kiemLli: (B7—a b c). BEOHERIEED
HEERL, ZAFhOBKEHHRIE ADR T
NCC-nu #ifgix Y=—0.003X+1.409 (r=-0.963),
Hela #Apgl: Y=—0.008X+1.674 (r=-—0.862),
PLC #f1 Y =—0.006X+1.475 (r=—0.995) Th»
72. MMC T NCC-nu fifgiz Y=—10.002X+1.318
—0.971), HeLa #ifziZ Y= —0.004X+1.318
—0.984), PLC #ifigix Y= —0.003X+1.248
—0.997) Th »7. CDDP T NCC-nu #ifgix
Y =—0.003X+1.244 (r=-0.990), HeLa #if2H
Y=-0.005X+1.298 (r=-—0.980), PLC fifg Y=

1l

r

(
(r
(

il

T

Fig.6. Dose-response curve of cells on flowcyt-
ometry (FCM) treated with drugs. The cells
were exposed to different concentration of the
drugs in medium for 24 hr. After exposure,
the cells were removed and cells were washed
three times with Hanks' solution. Then the
cells were cultured for 24 hr. The percentage
of S +GM on cell cycle was analysed by
Fried’s DNA analysis.

(a) The cells were treated with ADR.

(b) The cells were treated with MMC.

(c) The cells were treated with CDDP.

®, NCCnu cells; B, Hela cells; 4, PLC
cells.

The results are shown as mean+S. D. (n=9).
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—0.001X+1.154 (r=-0.967) T, 20=—ARE
wk3 S R & S+GM Hid@ic (p<0.001) i
goEEERLT.

NEDEBFERID Iu=——BRETERZNEL
LR, EREERANBEOFIESLEIZTY
0% FoBmEsRERL, FCM w3 % S+
GM 313 ETHo7:. DE D, FCM Z2RWIz
FEABZEABRTIERNEBNEBE TO S+
GM H, 1.3%E¥L L TEZHOHENTLE L&
P (R A
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10f
11 12 1.3 14 15
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100
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Ratio of S+GoM

* =

TRENC & 2 MRAOZE{ : DNA REED B
RIZDWLTIE, 197248, Tobey &8, HE F 3oy
RO ABBEDET & MR AH_E GM Hi~ ORISR
DERIZ DV TEHRELTB D, KT HEES V2F
BROMES 21T> T3, LrL, FCM 2 Bu 5
FIBZMRBRA DRI T 2 KA 2B 5 290 $§
EDHTHY , BHECRERFCH TR BRI
TOWRLOMBERTHSL . KFFERX L DEEE
BEEz, HUBAIC L 2SR - MBEABOZEL
DR LD, FCM O HBHIRZ L HEBRADISHE O T
REMEEBTED in vito FUESIBSHRR LD b
CWHRETL, B2 FCM % AW - HBsIR2 E s
DHEEDRE2HA T2 .

in vitro FH| BB U ZEMEIMEEY, a0
S—EE DRI ) —BCAVS ATV, Zh
5DI B, MBEOZWEINT L2 BREMEIE
Lo =—JlkizsB U LolEsmR, oo
Z—EEREE OB S IRV EEOB VS
HBEwzs. ZORMGEHLTE NERRZRLT
%k g, FEHENEBRIZHL: NCCnu i,
HeLa #fifid, PLC MifEiz ZD&RME 2+ 9EL T
DT, FEFHIOIu=—FBRETALHBL L.

FCM 2RO HERIC L 2 IERHOE{LOH
REMFELT, TEFBMRBEE 2ME L.
ZED in vitro FUEFIBZERBOREOT T, &
Fle DB 2 2280 5 b 00 2 BT

Fig. 7. Relationship between survival rate and
ratio of S+ GM. Survival rate of the cells
was determined by colony forming assay.
Ratio of S+ GM of the cells was determined
by Fried’s DNA analysis. The results are
shown as mean of data.

(a) The cells were treated with ADR.

®, NCC-nu cells, Y= —0.003X+ 1.409. (r= —
0.963, p<0.001); @, Hela cells, Y= —0.008+
1.374 (r=—0.862, p<0.05); A, PLC cells, Y=—
0.006X +1.475 (r=—10.995, p<0.001) ;

(b) The cells were treated with MMC.

®, NCC-nu cells, Y= —0.002X+ 1318 (r= —
0.971, p<0.001) ; B, HeLa cells, Y=—0.004X +
1.318 (r=-—10.984, p<0.001); A, PLC cells, Y =
—0.003X +1.248 (r=—10.997, p<0.001) ;

(c) The cells were treated with CDDP.

@®, NCC-nu cells, Y= —0.003X+ 1.244 (r= —
0.990, p<0.001) ; @, HeLa cells, Y= —0.006X+
1.298 (r=—10.980, p<0.001); A, PLC cells, Y=
—0.001X +1.154 (r=-0.967, p<0.001).
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LD RLEL, EERENNBE LaD
Z—BRET b 2 BHEEMTRF 2 BEKFHREN
Benik.

— i, REGER O in vitro BRI, TIL
& e by BB R (Ta ), BE
RIEERNME » DBSEEREE (1b &), HIRAR
FIkFEIERR (Ha 8Y), RERMEFEEFRR (b
B) 040K MFEINTED, 203 bSEFH
iz ADR, MMC iz Ia ®iz, CDDP i3 I b Bz
SEENTVIERTHS . BEKESREARCS
HEhnsons EHOFAKA S L UBRARC
RidEkeLT, la Bedzh2iBREDE
@ ADR™®, MMC"® {3, DNA #£&#& tEbh
DNA 2 Ef 1 REFEE"H 2 WIIMELTDNA &
R, 0WwTik RNA ElREERET L ahTw3.
% DFREFTA W G HMBEOERL L BHKA
MOETELBEZ D fIRERCEL LS T3,
—%, la 848 hTw3 CDDP AR #AdE
BAERMTH 25, ADR,MMC [E#ic DNA 2 584
EREHEME L DNA aREE 2%k L, MRARE.L
GM #, S HiMilRER L L (HEvoh 3.

—7%, ERLER LD FCM OWANE & TOR
M, D% DRIRKERFEE 6, 12, 24BR & L TREF
FHCRE L7, REBRTHEAEAM X 2 MR
DECRERYPD|ED T L { GM #, S #iM
BER:LTEHdoNE. LoL, EEORBT
T ) ORMEHROMB T 2 XHBE
BWTHL12MTE S, GM HOERIZEFRET
B, 4BMTCHLL LR OBEEL .
Yo, (AL 72 3 MfabR O EEINEERT I 925~ 3085/ ©
» D HREEO R S b 24 T OB E I F
YrEZEND.

U» L, BEMEETRERES SR THET, i
CERFIOBRERUSETCOHEIRMOBKRZ L ZATH
BH%, BN S99, MAIEREE L D o BEEME
TR B\ T b PUEFIALIR % 24~ 48 B Rl ¢ i A A
DOEDHESTRETHA LTS, &5k, &
HELREBROBRERME ZRAOTRE TR TH 3 28,
AT L 24T S+GM Hi~DHIFER 2R,
2 0= —FRE L OB R 24EEREB O S+GM Ho
= Tir-7z.

FERZEFIMEDOREIWB L Tk Van Hoff” O
WEHBERTFEB LYY AD LDo 2 5 DR
EBAVwLENTWS. FEH Van Hoff OEHICE
RS RORBMTEED 1 /10% ERIERA
BECIREL, ZOoBEEDPLE L CHIROBER

i

BEFREL. BHRHROEFELEAYEFETE 2L
BRETE, HortfilRRHOELIRD Sh ¥,
HRNEBNBENROELBET S+CGM Hn
HREER 2RO /2. £, NCCnu fifE 13 B
FEABPIIRE X 0 SlED MMC BT S i o —i&
HERzEL-. Zo—EHERCEL T
Krishan &', Ohara &5*2EBHOHREE L THY
EOXBBECTEMBRERZEOELEE R T L LT,
5. IOZ e s EEAMHORLERBT 2 h
feoTid, FIBHIBENERBECRMEEED &L
PERElL, MERBETRASMRESEG I HES R
STYHBECS W CEMREE > DRZEHE
WHREEEEZS. L LAERCA VL EEIBET
FRBETOMREEOEIEEED s hd, ERn
MBHBELPLE L ENBEORTFEIIEY L 2
25,

HiEEER e BT 5 S+GM H~DERICEL T
Barlogie 5**j3 ADR TRAF MM ZBZ2bDT, #
DOBMRIZTEICES £ L, G.+M Hi~OMlaER Iz
PERIOBMIESROEIEL 2D 2 2L LTWH5,
% 72, Krishan'®, Ohara &2 S Ei~D —I&HER
BEAOHEMHEERT ELTWE., &6
Tobey 5"t 7' v 4 <4 ¥ (bleomycin, BLM) i
&3 GM Hi~oMlERE *H + 2 v > 0E#%XD
BRIz DWTHRE L, GM #~ DD Bk
PRERTEL TS, BEXD S+GM HHk
ERIHREEE2RTEEzZ N, EF L S+CGM
HAOMmER e MR OEE L LTLs 2,
PERIRE M EICH . UL, DNA X R
5 ADTREHELD & TREENEENRETHD,
EREZ EBRERHOMBBOEE 2 M 2 LENH 5,
G, #AHERE, S HAMARE, GM HAMRT DBARE 2 X AlIE R
AEETHS. ZITEBRERPBOME S ER T
WWHEET 2 £ L7 Fried® ® DNA @ifE£BWTE
OIS+ EEL S+CM HoBE L ETE-
fo. BEMLEW & 2 HERMROELOBRELL T,
FRo®a7ryr 5 —A (BEMSHECRT S
WEEOMBEARL S+GM H T 2 #flafo
WROEE), 77275 —B (GREMMEARL S+
GM K TEFE L 7RSI g ¥ 2 it S+GM H
CHEET A MlEoEROEE) 2HRELRILT
W3, EESTIZ60-T0% DM E AT
BY, IOHEBEROZS I 7775 —AR
TR ERELELD. —F7 72 ¥ —B k#
IFHIMBE 2 B L T B 2 2R LTE
D, FBHIOMRHECEZ 7725 —B 8FERTH
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LTV, EEIREMREF L ERTH 2
AR D & E2MRE L TRETL 288, B
GRZERNE L THLEARORA & 1L 3 FEHL
R L EAEEDO S+CM HlROEEDOE S+
GM e LTHIECHERL .

S+GM i3 FEFNBED FFIfEGIBMT 3 2,
FNENOERNI BT 2 BROEBAEETD S+
GM Ltk 20 = — TR & 2 MR R 2R3 L
REZA, MEIEOMEELRL, BHAR2 R
~ADIEHOHEESES "B SNz, & 52 ADR okt
LTan=—BlECHRBREETH 5 NCCnu #ife
B & U Hela fHMEI EAMEBNEBETH 2 04y
g/ml TI%LL ORISR LT D S+GM iz
ZThZN1.9B L UL1.31THY, F7- NCCnu #ifg
Ti 0lpg/ml MBETH1.31THo7:. —H, an
Z—EET 3 EF L TERESHTH 2 PLC
ihg, MMC, CDDP &L CEREZSHTH 2
NCC-nu #if€, HeLa #il T3 BEREFUHEBMEBE "D
EHNET S+CM 122U T Thoz. BlEk
D, EREHEMPIEE OEFMET S+GM HoM
D135 HEHEL U CTHANIN T 2 BRBZMOHERH 2
BEMELEILOATL.

FCM 2RV HBAIBRZ SRR - EE D i
vitro BRUHBR 2 LB T 2 &, HERRKA HTC-
AP T14H, Scintillation assay® T 7 H £ £ DIk,
UT, AT 24050 & EREICHIEL AIEE T H 3 |
%7 HTCA % Scintillation assay & 7 v = —F5
BEET2HE, bW IO 20 BRS K E
THY, BEEBEBICED 50.0012—0.3530% 5D
HECDLIDAORF L E2 50 2. —F FCM
Rl DNA fIEE T, G ASo o
DNA RO RN TRETH 0, FUEHIIC X 240
REBOZES D, & £HITIC T 2 BHIRB O Y E
ERRT B EEZD. £ in vivo BEHRETH
BHET B4 (subrenal capsule assay, SRC) *
4H5 5 6 B & LB R O K E A
ETH B3, EHEORBEEE T Y A2 {EHT
S EOREEOMES, ABEE T4 EMKEE
HemaMBcE sz oh, ARG SENSb
DBRHEICRESBRS A TVED. ZDEERY 5 &
BHEOIEEACEEBLAVI—F oy 2 2B uE
BoBEAK T, MK OELELPLEbATL2
BOHEETICR Ly AN EORBEEEL, X—F
RVAHGBEMCEAECOMBELES . —F
HTCA® % Scintillation assay® & B ER%HE DM I
RLTRW b DLW AT, BEOMBEERT L 2

52TH%. FCM #HuEHNRZERBRL o0
= — R e ORI E VL, BEREDHEE
VELEREFTSBROBEL SN,

ERESCT T 2 LERETCOMBESR L LT, B
TR ST — iR\ ¥ L BB At60 — 70% % 5 T B
D, B PRI M ME < A R B e
BRE/BONZVORBRTHS . T OMEE WHk
TR E AR S s LB H
D, COREVBETHZ®. 2-BEsh-H
rRENOBVCHEAR BB ¢ 3 ONEHAT,
Pouillant® (3 EEE 1 5 \> T methotrexate (M-
TX) 2R3 ZicxVAFAREL S8, GM #H
CRENEE T ANBAERET I Ltk DR
BREOLNLELTVSE. EHELEEAC BV T
MTX-5-fluorouracil (5-Fu) sequential therapy® #%
SHLZOEE RS TS, FCM 2#H0n23 2 &
TEZ OISR EE, AREETREBE S
BIERMCHRITRE - £ 2 50, 9% FCM 2/
W HBRI BRI B R O s 2 5 T, B
ERER, HFHAEFOR 7 ) —= > S ~ORE»H
Fanz.

&

FCM %A UL EIBHRES SRR OLH * B
b L THBHLESOMLEHO L L& @iF L, o
0= — R & BRI L e L 2 iR,
LT Ot 287 _

1. 2o=—-®R%kicL 3 NCCnu #ijd, HelLa
8, PLC MFan#i## (ADR, MMC, CDDP) i1z
W AREHRHE LR ELRD, BRBSE L0
8 T4 ADR XL, NCCnu #if@, Hela biliakeN
BOEEEERLE.

2. FEHLEEOERY S+GM DML
BT L D, BRI L 2B B 02 b ¥ T
B % 24BSMI L Eh B & L ETRET B - 7

3. BARMEBAEETO S+GM Hrono—
PRI & 2 3Rk R I, &M 5 R LS FR
BURBADIGE QWS TE S h i,

4. SEHIB RS , R AERARE T S+
GM EEI21.300 1T, S+GM HD{EH]. 3% 5t &
U TR T 2 RBHMEORR L 20 2 5 L&
Z 1.

W

B ¥

e e, BiEE, HEMEH F UL BEEFE
BRSO S BB 2. S 5Lk KR0S,
HBE R L THE & LSiRKE S AR 7 1 v A SR
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Experimental Study on Chemosensitivity Test for Anticancer Drugs Using
Flowcytometry Toshihiko Suga, Department of Surgery, Cancer Research Institute,
Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 97, 812—824 (1988)

Key words: flowcytometry, iz vitro chemosensitivity test, cell kinetics, DNA analysis
Abstract

The determination of a chemosensitivity for an individual cancer patient is possibly
required within a short time, because suitable anticancer drugs should be given to the
patient immediately after surgery. However, well-known chemosensitivity tests, such as
tumor xenograft to athymic mice, human tumor clonogenic assay (HTCA) and subrenal
capsule assay (SRC), usually take more than 7 days. For this reason, the auther attempted
to establish a rapid chemosensitivity test using flowcytometry (FCM). Since the cell cycle
of tumor cells is changed after treatment with anticancer drugs, the sensitivity can be
determinedby a DNA histogram using Fried's DNA analysis. Three human tumor cell
lines, NCC-nu, HeLa, and PLC, were used in this assay, and mitomycin C (MMCQ),
adriamycin (ADR), and cisplatin (CDDP) were tested. The drug concentration used in
this assay was determined by the theoretical concentration of human tissues. The
accumulation of DNA in S- and G,M-phase was recognized 12 hours after drug exposure
and distinctively changed 24 hours after. The ratio of the accumulation of DNA in S- and
G,M-phase treated with drugs to that of control (ratio of S+G,M) was calculated. The
ratio of S-+G,M increased in proportion to the concentration of drugs. To compare the
ratio of S+G,M with cytotoxicity, the cytotoxic effect of the drugs in vitro was also tested
by colony forming assay according to the method of Puck and Marcus. There is a good
correlation between the ratio of S+G,M and cytotoxicity. When the ratio of S+G.M
exceeded 1.3 at the concentration of clinical dose, the cells showed high sensitivity to the
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drugs. However, low sensitivity cells did not exceed 1.3. These results showed that the
ratio of S+G.M exceeding 1.3 at the concentration of clinical dose might be available as a
criterion of chemosensitivity. This study indicates that DNA analysis using FCM offers
the possibility of a new chemosensitivity test.




