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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, Seoul, 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 experiment, 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 ling adenocarcinoma cell line (PC— 14), the cytotoxic effect of cisplatin, adriamycin,
mitomycin C and etoposide were measured by 7z 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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{2 50l FAUTY F7ket di7je g Atz A
o] Wajo] &3] Frlsted 1992 A &J5hd %
Zlel gl A o] Sk, Ul ool #3919
o] Fon” gF AL Fristelet A4 d
%L xIldle g FolAQ F4o] 9l i T
AGA] ZAFeo] 2715 Alllb 2 V7)o,
A} 7Vsstd 48 BUE BT ATo] Fol
oA F7) 2)=3] B oz geA Utk At 4
B34, ety EAd gt v EHgI 2AE
Hto g FEEEH vaAEAge] AAe 70-80
% & g A gAY e F A vk
AEALe g MR 2 FAsltae] F
7F 52 Aok, vlaAEHge] stgta e de] o4

£ WA 2= cisplatin, adriamycin, mitomycin
—C, ¥ etoposideso] Uct. FHIZel e FeHA|
B 24 B 349 PPAE BYFHo Fodia
A 3 Eslsta el a9E Bkt A 1.
2, 349 QAATE stk stnz o/ Alte] Z2g
I JFdde] Aolz FFF Hrpt g AR}
t} FA3p} get HAe] Egsstayg s dAsked o
ol Botth HZ FAARTA HEl dig A
7+ AEAA] MTTHA, clonogenic assay?,
DiSCAHAP Foz2 A eoA FoAle] GAEslF
< FrHg 5 A UG Yot BsRs oo F
Foll w}2 Prane] vzl APdHoE 458 &
Ackd A7) FAE e AR T B
Forzista glel a7E v &8 4 Yol € =&
o] slglgl Azdct. olo] ¥ AT LA H
AR MTT assay& o|83t] A EFqA 2
A B3raA] Fgate] WaE AEshs 2EE A
wetuz} ot

Mz 3 Y
1.8

£ A7 A8 PC—14+& Ao JAgAEF2
RPMI—-1640 + 10% fetal calf serum(FCS)
+ penicillin 100U/ml, streptomycin 100ug/ml
o] vjFoo g wjgslyet. MEE AEujiESetaz
el AEsz wel 3-4Yol 1A Aluislel
t}. A" A cisplatin (FolA|2F)-& 0.5mg
/ml, adriamycin (F<}A%F)S 1mg/ml, mito-
mycin C (Hyowa—Hakko Kogyo Co.)&= Img/
ml, etoposide (FoHIeF)E Img/mie] A3Fg-ol g
S0l —70Cd Bl 4¥3 A RPMI—
FCSz Had w=rt H=8 N3t AME3It
MTT&9 (Sigma, USA)L phosphate buffered

- salinee g Smg/mle] F=7) HEE 3]sl 24

Boll §ol 4ol B3It Aol A3

2, iy

7}, DA XNl e] Fu)

PC—14& H-A4HE Aeked AFAR7 e
PC—148 203 A= pipettingg 3} QA EH-F
dBe 9HEQith. MlE4= hemocytometerE £33}
gdon olgf trypan blue@Moz A|Xeo AEL]
95% o134 & Uit

1. MTT assayel] 93 A xA05<] 3

MTT ZAR= Mosmanne] W& ozt ¥Fslo
AHgE ATt @ welloll E0i2 5X 10709 A2E @
EofgFAlol= 135uld], 2AI4EFAAYE 120
ul7} =& RPMI-FCSd 343} 96well plate
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Table 1. Combination administration of cisplatin and adriamycin

Cisplatin

0 0.1
Adriamycin

0.3 1.0 30

10.0ug/ml

0
0.01
0.03

0.1
0.3
1.0ug/ml

< <4 < < < <
< < <€ <4 < <

< < < < < <
< < <€ < < <
< < € <« < <

< <€ 4 < < <

o] ¥ 5 4AI7 vlSE 2 wello) cisplatin H3
%71 0.1, 0.3, 1.0, 3.0 ¥ 10.0ug/ml7} H=E
FAlE 15ul 93} adriamycin, mitomycin C
+ #%%%7) 0.01, 0.03, 0.1, 0.3 ¥ 1.0ug/ml7}
HEE Eo3lgoen etoposides #HEEREVE 0.3,
1.0, 3.0, 10.0 ¥ 30.0ug/ml7} Ex& Fo319c).
BEHFAA = 271 FAIE 2ol Foatdnt. oA
A% 4U7F 5% CO? incubatorolA] wjoks ol
MTTE9E 3 welld 15ul¥ ¥ ohA] 447 bl
F3ldct. wiLFE  acid (0.04N,
Merck, Germany)€ 2z} wello] 150ul ¥ ¥ 20
3] Axe] 74 pipetting 2 2 formazanZd 3L &3
A% E33xA (Minireader II, Dynastech
Lab. USA)& AMg3le] 570nmollA Fshsx=(O.
D) & ZA3dv). ¢ FxolAe Ade 3welldA
A5l HFENE AMHSEon BE AL 33 vt
E3lo] AR} BEUAE T3l ARSI,

isopropanol

o AlziEe B}
M EZ L dZTe] Fe=d] d- ddTe] B
e HEE Tt %ATEE HASYeH 3
3 ¥hedle HF 3 RFEAE T
2k F 1A ol B3] skl 24 Ee 5
T F5Re AE 4 6DA o ZE 3|
A Fojdld PC—14¢] HEEE MTTHAL <&
ZA51¢cH(Table 1).

Zt welle] A¥e 3urE AASE A& GA

Zo) BEgE Aoon old AP 33 wEa
ERETES

ul, A€
SAS BAZ2IYE ol&3ste olWuiAH (two—
way factorial design) © £ Anova analysis of var-
iance® olg3atal £ QR (% FFHe A
A& 24 (interaction)g& £43}9c}.
(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
*** F (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)

4 o
1. getA| ChE FojAle] PC—-142| MES

Cisplating @EFoA] PC—14% 0.lug/mloA
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60.3% 9] BEEE BT 0.3ug/mlolME 39.8%,
1.0ug/mlold= 25.7%, 3.0ug/mlolAE= 15.1%
2 10.0ug/mlolAs 12.8% 2 AELE Ho
(Fig. 1).

Adriamycing 9EFdAdls PC— 14 0.01
ug/mlollA 93.6%, 0.03ug/mlolA= 81.2% 0.1
ug/mlolAE 39.2%, 0.3ug/mldA= 26.8% 2
1.0ug/mlo| M= 14.6% &) &8 ¥ HAch(Fig. 2).

Mitomycin C& ©5%FoA] PC~14& 0.01ug/
mldlA 59.6%, 0.03ug/mlo|A= 39.9%, 0.lug/
mlel e 30.4%, 0.3ug/mloNE 22.3% 2 1.0
ug/mlo A= 14.1% o] AEEE BHH(Fig. 3).

Etoposide(VP—16)& @55494] PC—14+ 0.
3ug/mlolA] 94.4%, 1.0ug/mloix+= 86.1%, 3.0
ug/mlollde 62.6%, 10.0ug/mlolXe 38.0% 2
30.0ug/mllME 31.5% 9 AEEE HH}(Fig.
4).
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Fig. 1. Antitumor effect of cisplatin on PC-14
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Fig. 2. Antitumor effect of adriamycin on PC-14

2. 2372 R StroiAe Satan

Cisplatin, adriamycin, mitomycin C 2 etoposide
t AR HYAE(PC—14)9] 2418 B354
positive interaction(synergistic effect)2] 9tA| ¥
Ao F1E Bgri(Table. 2). 2 % cisplatin
7} mit- omycin C& EHFAA 714 33 posi- -
tive interaction® X ow (Fig. 5), cisplatind}
adriamycing E}FAA] 5 HHZ g positive
interaction® B.Y} (Fig. 6). 23} adriamycin
7} etoposideE EFFJAl|y= positive interac-
tiong EHYou 6FFe =HF M BN
(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

*D.F. : degree of freedom

SURVIVAL RATE(%) - A. C

NS

0.00

16.67

33.33{

80.007 13.33

=0.00
0.00

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

Aay 2 FAsista o] F8 Xayel =z Jrh
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Ao E3ey 2 A2 A e ge 9
AWt Hasm glen FF & o] o 7
W2 . sigelMe] Fsittads o I
SR7IAE GAA e FARTRs 24 oldel &
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o] L YAAE Pty EFAolle F2go] HAA
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FE Q3 e JAENE B 4% Uk ok o
As] Ag71Hol o FAY 4 out AuAez
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Fig. 7. Three dimensional diagram of drug interaction between adriamycin (B) and etoposide (D)

=S QN EE iAoz 249 FLAE BT
A 47 JAAE GEo g FA3IQE dol viE &
&3] F okAle) ForErg-o] goznk Ayt et
UeA 32 F okAle] A3Age o Al
A5 B8 JAHEAE S48k o] Fasith 3
Adls AEHOoZ isobologram®'? & |83t
AFalg.ort Alzte] Yol ZHele Zlo] diyolqictt. &
AT e SASEAZ2IYL o83 oldAy
& o|gdte ZA3IUT. & 9A AW Bilsieta
Hel] ¥ =7 Bitslstaya oHAIE Y o
Fetavhe] 23 Aae Kol okAle] Mg 75
HFATH & A7 ZIAE BY HAATHAGNEE
gaoz ¥ Ag Foii BE oA FAate

Ao pgot 53 cisplatin® mitomycin C¢}
Z% 2 cisplatin®} adriamycine} g4 7§ 4

25718 Kol % obAle) 2o YA it

Z3to] HElghe AE AT F AU EE AT
AAZFAI AL Aol LFAYe] Zohet F dA
Foin & = fivk 22y @A vl &
St g da ol &H L 7MY B XA EE Ko
X MVP (mitomycin C + vinblastine &2
vindesine + cisplatin)'® 99} o|n] mitomycin C
¢} cisplatine] =L dal AHgEHzm e
cisplatin®} adriamycing] =Zg= o[v] CAP
(cytoxan + adriamycin + cisplatin)'® |4 o]

v AMEE T Qle] B d¥e) Aat dETet 94
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AP AF 38 JAE BY F o) ol &3}
717 ol Bch. & AFolAE MTT ZAHE ol gshel
T HHE 9y FrdA EFFAFE Hdelee WHilE
st
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Ao glAgMES PC— 145 o]83}od cisplatin,
mitomycin C, adriamycin 2 etoposide& ol#] %
ZoA @ T R A E B oy detate)
HSE MTT ZA2 $431a F oAl BFoi
335 780 AE oYX EE 0|48 Anova A
& olgale] 2Hako.

1t

212) vlFRe] o= BEFAA = vHshs o
AEAE TS BLIYT F FAE BT 28 =%
AA N EAHTe] AeanEs RYon 53
mitomycin C$} cisplatin @ adriamycin®} cisp-
lating E3HF-oiAl Agaazt 7284 dehsth

2 B:

A9 ARz vAAEHge] B3t aEAl mit-
omycin C9} cisplatin &£ adriamycin®}
cisplating o] AL ¢ gYotaztel IFvzte
4& & degat ZldEn. Yok} opi @3] Yzt
e B Ue 2 s RE $79 ¢
o H&Ho] NPUEAAE 4L F U FAHA
=89 g # ezt A
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