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Enhancement of Cytotoxicity by the Combination of Anticancer
Drugs in Human Lung Adenocarcinoma Cell Line (PC—14)

Choon—Taek Lee, M.D.

Department of Internal Medicine, Laboratory of Molecular Oncology,
Korea Cancer Center Hospital, Seoud, Korea

Background : No ideal combination chemotherapy for lung cancer has been established even though lots of
combination anticancer chemotherapies have been tried. For the combination of anticancer drugs, the interac-
tion of anticancer drugs is very important but unpredictable factor. In this experimert, we designed and tested
new experiment to measure the interaction of two anticancer drugs using MTT assay in an attempt to predict
clinical response of the combination regimen.

Methods : With human hing adenocarcinoma cell line (PC— 14), the cytotoxic effect of cisplatin, adriamycin,
mitomycin C and etoposide were measured by in vitro chemosensitivity test (MTT assay). The combined
cytotoxic effects of combination of two drugs were also measured in every combination of the drug concentra-
tions and analyzed the interaction by Anova analysis of two way factorial design.

Results © Four individual drugs showed cytotoxic effects on PC~— 14 by dose dependent fashion. Comparison of
two drug combinations revealed that mitomycin C + cisplatin and adriamycin -+ cisplatin combinations
showed stronger synergistic cytotoxic effects.

Conclusion : From this experiment, we suggest two combinations of mitomycin C + cisplatin and adriamycin
+ cisplatin as chemotherapeutic regimens for unresectable non—small cell lung cancer. Furthermore, this ex-

perimental design could be applied to other types of cancer requiring combination anticancer chemotherapy.
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B34, Welehy B4 wet vl Edgd AAE
Hgoz FEEEY BlaAEHqte] AAle] 70—80
% & A%t AAEsoIAY e A AL HA
Axoetel s WAMIAE @ gAsistage]
7 =3 o, vAAEH Y] slata ] de] o] &
5= gFokA| 2= cisplatin, adriamycin, mitomycin
—C, % etoposidedo] Ut} 2] HYe] F¢A
22 24 EBE 349 g4I BEHH R s
e & Egsistayie 298 AR A 1,
2, 3%%9] AHATE slejof stmg 29 AjFlo] ZHe]
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o 2ot gt e Bgsistaye AAsked o
o] Btk HZ dAASA Hl2E i A
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DiSCHAR Foz AdolA FetAle] SN Es %
& H1E ¢ A =HAo vel Bt ke &
Foll W2 ggavel wslg dgddoz 43 5
ATHA 7R G Ee] Aol dEse B
Fetsigta el 948 9 d45E § Y & =%
o] =gja} Aztgc}. ool ¥ AFoME A P
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Mz W YU
1La7z

B Apd AL PC—14+& Alge] ddgAzsz
RPMI—1640 + 10% fetal calf serum(FCS)
+ penicillin- 100U/ml, streptomycin 100ug/ml
o] vy o2 wigslgrh. Axe AEsgEStsa
We] Al xswd wel 3—-4del 198 A a3
t}h ARS-E FAAIQ cisplatin (FORI%F) S 0.5mg
/ml, adriamycin (Fop2F)€ 1mg/ml, mito-
mycin C (Hyowa—Hakko Kogyo Co.)& Img/
ml, etoposide (EoHAI%F)= 1mg/mie] AFEAE
atSo] —70°CY) Rudst 488 Mo RPMI—
FCSz Had ¥t H=s Mt ARSI
MTT&9% (Sigma, USA)£ phosphate buffered
saline 0.2 5mg/mle] ¥/t HEE sAdsid 74
ol Wo] 4°Cof BustHcizt Aol AMg-act.

2. Ay

7t Al ERfole] Fa)

PC— 145 4R eked A543V de
PC— 148 203 A% pipetting® &<} GAEREH
Ne wEUrt. MESFE hemocytometer 2 33}
gor oln trypan bluegddoz M¥o] AEgo|

95% oldd€ Fdsiudt-

Y. MTT assayel oj& Al 244359 53

MTT AAHz Mosmanne] Y& okzF widsio]
A3 & wellof] Eo1Z2 5X 1071 A¥EE &
SokgRojAlols 135uld]], 2A1FEFAAolE 120
ul7t =& RPMI—-FCSol 8143}le} 96well plate
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Table 1. Combination administration of cisplatin and adriamycin

Cisplatin
. > 0 0.1 0.3 1.0 30 10.0ug/ml
Adriamycin
0 v v v v v v
0.01 v v v v v v
0.03 v v v v v v
0.1 v v v v v v
0.3 v v v v v v
1.0ug/ml v v v v v v
A ¥ F 4A MiFFE 7 wellf cisplating #HE o) AEEE A3glon o ¥ L 33 WHEdo
F=7) 0.1, 0.3, 1.0, 3.0 2 10.0ug/ml7} == A A& e}
SEAlE 15ul Fo}8k3 adriamycin, mitomycin C
= &%) 001, 0.03, 0.1, 0.3 2 1.0ug/ml7}t v}, FAlA

HEE Bodllen etoposider HERE7F 0.3,
1.0, 3.0, 10.0 ¥ 30.0ug/ml/} H=S Soiaisit.
ERFAAelE 2717 SIS o] Fo3igict. oAl
Fo% 497t 5% CO? incubatorol A wokst g
MTTEY & & welld 15ul¥ P31 thA] 447 8)
¥, wgFE  acid (0.04N,
Merck, Germany)& zt wello]l 150ul ® €1 20
3 A=) 735 pipetting 0.2 formazand A& £
A% B3gwd  (Minireader II, Dynastech
Lab. USA)E ARZ3}e] 570nmojr Z3kex (0.
D)E &Asg. & F=oAM9 48e 3wellolA
A5t FEAE AEslgen RE e 33 i
Bl yiAjel REUAE Tt AR TY.

isopropanol

o} AlEAb 2] 97t
A2 se e Fehsrd dg A8 3
Hrxe vjgE Filo] %AFEE FAEYY 3
3] sl B 9 BEERE T
2 5 712 oRAle] B3] Rl A 54
F 279 HAIE 47 69Ale wEY ZE =3
A Fogte] PC—149 A&ELE MTTAM 24
223199t Table 1).

Z} welle] 23L& 32 AAst] BEAE G

SAS BAZ2IRE o83t oYY (two—
way factorial design) © 2 Anova analysis of var-
janceE o|&sd T QA (5 FFH FPANTY
A5 A4 (interaction) & 23313}
(A+B)=A)+ B+ (AXB)*+E
*(A X B) : interaction between A and B
** Positive interaction . synergism between A
and B
Negative interaction : antagonism between
Aand B
**xF (5, 25;0.05) = 2.62
F value > 2.62 : means presence of inter-
action (positive or nega-
tive)
F value < 2.62 . means absence of inter-
action (simple additive
effect)

2 3
1. oM BS TojAlel PC—140| YES

Cisplating @=FoA] PC—14% 0.lug/mielA]
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60.3% 9] AELE BT 0.3ug/mlolA= 39.8%,
1.0ug/mlol|AE 25.7%, 3.0ug/mlolME 15.1%
2 10.0ug/mldlAE 12.8% 9 AELEE BHIG
(Fig. 1).

Adriamycing& ©@E55FoAde PC—14% 0.01
ug/mlolA] 93.6%, 0.03ug/midlAE 81.2% 0.1
ug/mlolAE 39.2%, 0.3ug/mldAs 26.8% o
1.0ug/mle| A& 14.6% 9] BEEE& BArH(Fig. 2).

Mitomycin CE 95544 PC—14= 0.0lug/
mldA 59.6%, 0.03ug/miolME= 39.9%, 0.lug/
mloAE 30.4%, 0.3ug/mlolAE 22.3% 2 1.0
ug/mloME 14.1% o] HELE BYcH(Fig. 3).

Etoposide(VP—16)& @554 PC—-14& 0.
3ug/mloA 94.4%, 1.0ug/mlo|HE 86.1%, 3.0
ug/mlo Al 62.6%, 10.0ug/mloAl: 38.0% 2
30.0ug/mldlME 31.5% 2 &L B24t(Fig.
4).
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. 1. Antitumor effect of cisplatin on PC-14
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Fig. 2. Antitumor effect of adriamycin on PC-14

2. 2&Fe| gAAlE SEToAL Felant

Cisplatin, adriamycin, mitomycin C ¥ etoposide
L Ape] HUYME(PC—14)d) 2418 EFFEAA
positive interaction(synergistic effect) 2} 41X
Aalse] 2718 Bci(Table. 2). 1 % cisplatin
I mit- omycin C& EFA] 74 728 posi- -
tive interaction®& ¥sloew (Fig. 5), cisplatin®}
adriamycing EEFoiA] F AR 7 positive
interactiong B2.9c} (Fig. 6). 23y adriamycin
7} etoposideE EFFAA= positive interac-
tiong& Hgov 6FFe =¥F /M d8idd
(Fig. 7).
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Fig. 3. Antitumor effect of mitomycin C on PC-
14
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Fig. 4. Antitumor effect of etoposide on PC-14
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Table 2. Statistical analysis of interaction between two drugs

"Drug Combination DF.* F-—value Rank
Cisplatin+ Adriamycin 25 26.27 2
Cisplatin+Mitomycin C 25 36.51 1

Cisplatin-+Etoposide 25 13.50 5

Adriamycin+Mitomycin C 25 22.40 3
Adriamycin+ Etoposide 25 13.23 6
Mitomycin C+ Etoposide 25 14.72 4

*DF. : degree of freedom

SURVIVAL RATE(%) - A, C

\\
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Fig. 5. Three dimensional diagram of drug interaction between cisplatin (A) and mitomycin(C).
Z axis means survival of PC-14
Drug interaction can be estimated by the curvature of dose-survival curve surface. Flat surface

means no interaction. Convex surface means positive interaction(synergism). Concave surface
means negative interactin{antagonism).

— 529 —



NS

0.001

16.67

33.33

SURVIVAL RATE(%) - A. B

50.001
1.00
- 0.67

B 0.33

L10.00

6.67
A
3.33

0.00

0.06

Fig. 6. Three dimensional diagram of drug interaction between cisplation (A) and adriamycin (B)
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Fig. 7. Three dimensional diagram of drug interaction between adriamycin (B) and etoposide (D)
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