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=Abstract=
Resistance to Cisplatin Renders High Metastatic Potential
in Human Non-Small Cell Lung Cancer Cell Line

Dae-Won Cha, M.D.*, Jhingook Kim, M.D.*, Dong Suep Sohn, M.D.**, Dai Yoon Cho, M.D.**,
Ki Min Yang, M.D.x*

Background: Resistance to cytotoxic drugs such as cisplatin is an important cause of
treatment failure in lung cancer. The mechanisms are complex and have yet to be clearly
elucidated, but the acquisition of drug resistance possibly has resulted in poor survival. The
purpose of the study is to evaluate whether the resistant tumor cells would gain more
potential for metastasis. Material and Method: we examined the metastatic potential of a
cisplatin-reisistant cell line, H460/CIS, which was established from the human lung cancer
cell line H460 by in vitro selection with gradually increased concentration of cisplatin. The
parental cisplatin-sensitive cell line(H460) was used as the control and analysis on the
expression of angiogenesis or growth-related factors, gelatin zymographic analysis and in vivo
spontaneous metastatic experiment in nude mice were done. Result: Increased levels of
vascular endothelial growth factor(VEGF) and basic fibroblast growth factor(bFGF) were
found in H460/CIS. Gelatin zymographic analyses showed that proteinase A in the culture
medium of H460/CIS was processed from latent to activated form. The in vivo experiment
showed that H460/CIS cells spontaneously metastasized to the lungs but parental cells did
not. Conclusion: resistance to the chemotherapeutic agents may render the tumor aggressi-
veness and metastatic potential. Therefore, the risk, rather than benefit, from inadvertent
application of adjuvant or neoadjuvant chemotherapy to early-staged lung cancer should be
considered.

(Korean Thorac Cardiovasc Surg 2001;34:377-85)
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£ dFelde A7 v2AZSAGAEANA cisplatin WA
F7Hte Az aAE del7) Al FebsEte
Hell Alg & A2 ko] AETH A5 FANES
A AMEFHA60CIS)E A8 wiFste] BEUT} o] AlZ
FE ol&ste Al WAde A A2} G Aol
o) g o] FrksheA] Fopry] 3 Aol FAke Ld
& ARl 23, cisplatin WA AlEe] FEIA 5
247] A3 in vivo AFE A1t

CHA U iy
1. MZFb M Zufok

H460-2 wild type] p53& ZHe ¥] 54 5 Y(non-small cell
lung cancer, NSCLC)®] M| ¥FE American Type Culture
Collection(ATCC)ollA T 3tHc). o] HMEFE 10% fetal
bovine serum(FBS, GIBCO BRL, Eggenstein, Germany),
100units/ml  penicillin, 100 g/ml streptomycin(GIBCO BRL,
Eggenstein, Germany), 0.2% Fungizone(GIBCO BRL)®| .3
RPMI 1640(BIOWhittaker, Walkersville, USA)E AM&-8}e 37T
9} 5%9] COF A EE wiokr)ellA wiekstitt. Ha60/CIS
£ &kl cisplatin(E-o}A| 2k, Seoul, Korea)ol] WAle] 9l
AEFZE Ha60 A EF0| cisplatin 7o £ 370l A
001 pgml € 2 pgml 7kA] FHste] WAHMRE whE &
mhe 2ol Falste] ool gk SEAA ol Al wjopste]
SHE AEFoldh o MEF EF 9 FAT WP B
pehsick

2. MTT assay

H460 A Z.9} H460/CIS AlZo] cisplating H# 3 F WA
ARE wwdly, o2 kA gk waA AEE Fa
8l7] $Js}e] MIT colorimetric assayS 333}, Trypan
blueZ ©]£3lo) AT 5 ZA3 T 96well plates®] Z}- well
o 3x10° 719 AEE EFsch 24A]7ke] At F et
AE ofFst FE2 AP, 1A 3 AR WiAR &2
Bakglct. 48217 ¥ Smgmle] MIT -§-Y(Sigma, St Louis,
MO) 5015 7+ wellol]l 718k 37ToA 4A12F wioFatgl
o} WxE AAT F 5041 DMSO(Dimethylsulfoxide,
Amresco, Solon, OHIO, USA)E MTT-formazones =54
ol & 540 nm(with reference at 6350 nm)°llA microculture
plate reader(Becton Dickinson Labware, Lincoln Park. NDE A}
43l EF=E FAS5c
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3 etd Xl

H460 A E5} HAO/CISAE) 1 pgml, 5 xgml, 10 ¢ gml
9] cisplatin® Z-7F RPMI-1640 WAl o Yol & HE ¥ 5%
W2 z]sle 4A)17F 2ok wljok & uR| 2 cisplating 4|23}
I A iR 2 23 & RNASH whilAle] Felof ARgstgict

4. Plasmid &2l

QIAGEN Plasmid purification Kit(Valencia, CA, USA)E A}
£3}9 plasmidS #2]5tQ2c) SOLR cellS LB-ampicillin(50
pg/mi) brothel] 37°ColA} whA) Ak vkt & 15ml whe:

7% AAE stk o710 100419 buffer PIS Y3 &
ehgk 3 200 119 buffer P28 A71EtE 4L F icell WA
ek 12000 g4 5E 5ok AR 3 ASAE
colume2 2 &7 o 12000 golA ALY Imle
buffer QCE 23] A|A % 500119 buffer QFE colume® ¥
vl DNAZ} £ buffer QF<l 0.69] 5-2]2] isopropranol&
Arhste) AL T 13000g, 4TollA 308 F¢F AARE &
the AFEolS A A S L) DNA pelletE 1 ml®} 70% ethanol
S 93 AHZ F 13000 goll Al 307 AR e S

< u3 & DNA pelletd AxAA Hakeps) 74 &
A H o}
5. RNA £2]

100mm disho] ¥joFgt AEE 1mle TRIZOL Reagent
(GIBCO BRL)EZ 2o} £31g & -3 Y& 1.5ml wbe® &7
t} 02ml9 chloroforms 37}8 }1 3l Ege £ & A
2o A 587 A skg ol & 12000 gol Al 1587 4

AFEstr AEAE A wbeE A A 59

chloroforms 713l 42 % 4C, 12000g°1]*‘1 1587 44

2 3ok ASdE #Hg F 05ml9 isopropyl alcoholS

#7}sle] RNAS AAZTE ohA] 4T, 12000 gol A 1587F
3

%’3%3]3}04 }229] isopropyl alcoholS #A|AHZ & 75%
ethanol- % 1ml A7l pellets A 3lgich 47T, 12000 gol
A 15—3’:7\} ArEe] B ethanole AASIL pelletd 27 &
of AZxA7]l £ 0.1% diethyl pyrocarbonate(DEPC)E |t
F FHT 20010 Fo 70T BAsAt

6. Northen blot =44

TRIZOL Reagent(GIBCO BRL)Z ©l&3lo] #& 1019
RNA°ﬂ 10X MOPS 2 z1, formaldehyde 3.5 221, formamide 10 z
15 Y32 65CollA 1587F 7193} denaturedt 3 icedl] A 7
stk 2X roading dye?t EBr& gol 4L & 22M

Cisplatin tH4 $ HojsH
formaldehyde, 1X MOPSE X33l |
geloll 0VE #H7]%g5381ch

271953 RNAE nylon membrane(Hybond-N: Amersham
Pharmacia biotech, Buckinghamshire, England)l 20X SSCE&
0|43} capillary WO E 6A17F 59t AoJAZth RNAV}
Hol= membraned GS Gene Linker UV Chamber(BIO-RAD)
& AHgste] 150mifem’e] UVE RNAS 248tgw ARE-3)
71 ZA7}A] membranes  4Te] RASFTE  Probe
(angiopoietin-1,  brain  specific  angiogenesis  inhibitor-1,
CPP32, basis fibroblast growth factor, vascular
endothelial growth factor, thrombospondin-1)3= vector®]l cloning
%l B-E-2 restriction enzyme(angiopoietin-1:EcoR 1, caveolin-1:
Xho I/BamHI, CPP32 : EcoRI, bFGF : EcoRI/HindHIlI, VEGF:
BamHI/EcoRI, TSP-1: EcoRI/Smal)& o] 374 2412 &
oF uk-2-A1A 22 & 1% agarose gelol] A7) 9E3st #als)

I insert o] gl gels Aehlo] ZETSORB(GENOMED,
Germany)% o]&-3}o] elution 3}% T}, Elutiond DNA 2 pgs
100CNA 1087 7488 & iceol] A3 Denature®
DNA®} dATP, dGTP, dTTP(ZZ 0.5Mm, BM)E 27 1415
Y3 hexanucleotide 7} E&8E 2419 reaction mixture
(Boeringer Mannheim, BM)E 23t} &7]e] Klenow enzyme
U #1, BMyS 1 #1247)3k2 32p-dCTP(Amersham Pharmacia
biotech) & 5 p1 718kl 412 & 37T A 2417+ S-oF uk5-
AZek A4 probeS 10T 1087 7FE38}kaL iceoll A3
3+ & hybridization £ ¥ 4o} prehydridization 3 F9ks
membrane®l| 23 42°CoA ¥ wH3-AZT v HR3AIR
%l membranes 2% SSC, 0.1% SDS §-4o 2 Alojjr 30+
ZF AAEgEL 2 % 2% SSCE 0Tl 3087 Al-sad
t} A4 3% membrane®l| X-ray filmS @o] -70TollA 2447k
59 2FAFE developerE ©]838}9 Xray filmS #Als}
of RNA®] HHAAFEE Felstgich

1.2% agarose-formaldehyde

caveolin-1,

7. Protein &2

Proteine M X7} 90% Ax AE w ¥]3tAch plateol
A wAE AT = pBSE AHsdch AA E scarper®
AEE plateoﬂfﬂ 223 & 1 mie] PBSE #HESIY 15ml
tubeol] £71 % 13000 rpmo] A 527+ AR 3Gl LA
2 ¥ 459 PBSE A3} RIPA buffer(150 mM NaCl,
1% Nonidet P-40, 1% sodium deoxycholate, 0.1% SDS, 1000
g/ml phenylmethylsulfonyl fluoride) 10015 E1 iceol] ¥

FA726G)E AXE 73 T 13000 pmell A 157
QAR ASAg A mbeR 713 AHES) A7kA|
-70C ol ®#@stc)
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8. Western blot £2|

#2815 A& Bjo-Rad protein assay  kit(Bio-Rad,
Richmond, CA, USA)E- °©]&3}e] A% T 4X sample
buffer{100 mM  Tris-HC(pH 6.8), 4%(w/v) SDS, 2%(v/v)
2-mercaptoethanol, 20% glycerol, 0.2% bromophenol blue,
deionized distilled water]$} 4132 5% F9oF Z9 & HAilEe
3to] 10% SDS- polyacrylamide gelol|4] 80VE #H7|9% 5}
t} iAol Exleke BIO-RAD 2] prestained marker(Broad
range)E ARE-Sto] Eelatgict M7lgEo] it gel A &
WAL PVDF membrane(ImmobilionTM-P, MILLPORE)°l] 40V
2 247t 59k glycine buffer(20% methanol, 0.1% SDS, 48 mM
Tris base, 390 mM glycine)& ©|-&3} A °V\]ﬁ‘3¥. a7l o)
Zol® membrane 5% skin milkE Y2 £ TTBS buffer(50
mM Tris-Cl, pH 7.5, 0.5M NaCl, 0.05% Tween 20)= 2A} 7} &
ob Ar&oflA blockingdt ¥ 1% skin milkZ ¥ & TTBS
buffere] antibodyZ 1:500 &2 348} membranes ¥ &
1AZF E¢k w-e-XZick TIBSE 33] AlA % 1% skin milkS
g2 TTBSo| horseradish peroxidase-conjugated anti-mouse =
+ anti-rabbit immunoglobuling §-2 & 147+ <k uk-A)H
o} e T TTBSE 33 443 & ECL system(Amersharm
Life Science Co)& °|&3}%] Xeray filmol| =Z&A|A izl
bandE &<13}4lct.

9. Zymography

Miyagi 579 #hH& W33l zymographyE $-33te] A)
Z 32| gelatin ¥3 B4& 29385tk A EE scraperd ©]
431 wojWl & sample bufferol] &5} proteing 22|
% Bio-Rad protein assay kit(Bio-Rad)& ©j&3}e] A=Fsl1 20

©g] sampleo] gel loading buffer[4% (wjv) SDS, 125mM
Trls-CI(pH 6.8), 10% (v/v) glycerollE& 237 Img/ml2] gelating

Y& polyacrylamide gelol] 7}23}A) 932 samples 91 80V
2 A719%3kgek H7]9% F gelatin-polyacrylamide gel&
renaturation solution(2.5% triton X-100, 50mM Tris-Cl, pH 7.5
and 0.IM NaClell Wit AR2ollA 2417F F<F HHSAIZ L
metalloproteinase 2] FA& FA37] 93 geld
buffer[50 mM Tris-Cl, pH 7.6 and 02M NaCl, 5mM CaCl,,
02%(v/v) Brij-35]914 37TCelA 48A17F F<t wkS-AJFich
Gelatinase &A1& 91317] 98l gelS 50% methanol @} 10%
acetic acid®] %2l 0.5% Coomassie brilliant blue G-250% 14]
ZF &2 fAskglel a4 4L 479 sampleoll A &4
o] Yehd xe A deve AR s g
Q15 3L Bio-Rad molecular weight standards(Broad range)=.
AFE gtk

collagenase

g1 4]
2001:34:377-85

10. In vivo A"

In vivo ¥ e)| Charles River, Japan, Inc.o|4 913t 655
729 nude PR-A(BALB/C-nu-CriyE o439 w-dA
Zrgo) 2] 9= A4 (Samsung Biomedical Research Institute,
Seoul, Korea)HollA ARS-E e} bl fr =5 Aol 2l
AolE Falslr) At ML E wypsinA g 3}te] wojufo]
2 5 gerum®] P+ WA E A8} Hank’s balanced salt
solution(HBSS)ol| M| EE F-5-A1Zc}. Trypan blue exclution A

2 & single-cell suspension©] 90% ©]4 AL G55 &4l
g AZE ARSEIIT WA o] fEE Ae)E E]l)
28l H460, HAGUICISHIZE zH7 5x10° 78 0.1 ml9)
HBSSOl FA1AH nude w29 me] Ao Fapslgc)
Aol AR mRg-2E 47 10vE Gk 19 F cisplatin
25 mgkgE FARKICE 45 F vhe2E FHA4AA HE o
o] igich Wl #l= 25 burin solution®] A7 3§
Hog Rol= Aol AHe] oBZ 415191 paraffin block
< 9HE ¥ hematoxylin feosin(H/E) 2. & JAste] Ble]gha] o
2 Ao] J¥F g9 3lgivh =3 H460, H4O/CISH ZE 7+
ZF 1% 10°70% 0.1 ml¢} HBSS) *-8-3te] Filder et al.(1995)
bl w2} whg-2 o) ululche)) o] Alslgict. 77t 109
u-AE ARESEGITE o4 & aFT) Ad H wls-29
uhalele)] Foke) A IS Fokol 44 dEE
= to] 2712 A 65 F vlS-2E AAA HE
gojigict woldl sE e} T4 YHeR Azt &
94, We|gd Ado] 55 F]Isgict

lo, lo g

4 i
1. A5&E2 cisplatin M2l & WEMEZES &4

H460Kﬂﬁ°ﬂ cisplatin®] F5& HAFHow

3 & 1559 cispalting #E] g WA oA Aleh=

&1] % t} 3ttt In vitrool| A 85.E cisplatinel] ch3}e] Wi

9l HA60 cell?] WEIAHQ) ST Axe 4

4 % (doubling time)7t Z A Z(H460 o) 1]3le] 2.4 F7HH

oz AAEY) MEY 27| RAE B} 3w Ax 2
Al 2= gl ckFg. 1).

2. MTT assay& S LAl &tol

F7HA71EA 3

In vivool 4] 255 HA60/CIS A 22| WA F-E Ealsl7]
$)3}e] MTT assayS 5338tch. 2 A 29} Ha60/CIS A EE
96 well plateol] #53te] 24X 7k Sk wjoFst ¥ 77 o}
59 cisplating A3 F Az HFE v]EE MIT
solution®]] 2J3}e] BA sl T AFE 1C500] HA60 AT
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H460 H460/CIS

Fig. 1. The morphology of non small cell lung cancer cell
lines(H460, Cisplatin sensitive cell line; H460/CIS, Cisplatin
resistance cell line)

Cisplatin Etoposide

100 100!

90 90

- a0 = 80
g 70 g 70
s w0 S w
50 50

*® 40 ® a0
30 30

20 20

10 S~ 10

2 4 8 16 32 64 2 4 8 186 32 64

concentration —&— sensitiv concentration - sensitive

—® resistart -m-- fesistant

Fig. 2. MTT analyses for anticancer drug resistance in H460
and H460/CIS cell lines. (Concentration (ng/ml), Sensitive :
H460, Resistance : H460/CIS)

ol A% oF 075 gmlE Uehd kel Hae0/CIS A2 A%
45gmlE Yehgdth o] HA6CIS AE7 RAE B}
cisplatin®ll i3l 6¥ll A WS Zevhes S vt}
(Fig. 2). A2} €4S A o7& cisplatin} A 3FebA] o]
tiete] WS 71 4 Qv R1E 7|2 Eroposide® ©]
23t} MIT assayE A3 23 G2 HAO/ICISH Z A A =
<+ WS UehgichEFg. 2).

3 1ANA W3 M2 S8 o LAD Mo Y Eol

Angiopoietin-1(ANG-1)2 EZjs] AlLo] ARz F
AZF 25 oAl wES oY HAGCIS  AHZlA
cisplatin % Z7}ol| wel H460M|ER T o Wo] W=
thFig 3). Vascular endothelial growth factor(VEGF):= 9] A§
A Falo] F98k 843 Holo] 23} angiogenic factor
ldll H4eOM £l A VEGFE L@ glont cisplatin 2 2ol
2 Wk A glgleh ool uls Ha60/CIS A EeA =
H460M| £ Rt} VEGF 7} wo] 2= glen cisplatn $%7}
Z715ke] wgl o] £7lE|QvkFig. 3). Brain-specific
angiogenesis inhibitor(BAI-1)= angiostatic factor¥. Al ¥
P JASR: AL 3 842 HI0A Tl HEE

A4 9

Cisplatin LA & XMo|58

H460 H460/CIS . H460 H460/CIS
1 3 . 123 123
;U‘ ANG m '7 prGE

§+—TSP-1

TR 188
Fig. 3. Northern blot analyses for the expression patterns of
metastasis related genes in H460 and H460/CIS.

1. No treatment.

2. Treated with 1g/ml of cisplatin

3. Treated with 5g/ml of cisplatin

(ANG-1, angiopoietin—1;- bFGF, basic fibroblast growth factor;

VEGF, vascular endothelial growth factor;,  TSP-1,
thrombospondin—-1;  BAI-1, brain specific  angiogenesis
inhibitor-1)
H460 H460/CIS H460 H460/CIS
1 2 3
 VEGF ' MMP-2
bFGF

Fig. 4. Western blot analyses for the expression of

metastasis related genes in H460 and H460/CIS

1. No treatment.

2. Treated with 1g/mi of cisplatin

3. Treated with 5g/ml of cisplatin

(VEGF, vascular endothelial growth factorr MMP-2, matrix
metailoproteinase-2; bFGF, basic fibroblast growth factor)

3L HA60/CIS A|E ol A= Ha60 Al Eol v|3] A A L& =
t}. Basic fibroblast growth factor(bFGF)x= 9] AJAbe] g3k
84F  H460Z H46O/ICISHIE I FolA wd=gloy
cisplatin®] 527+ 2po]e} A EF7E Aol GlAThFg. 3).
Thrombospondm—l(T SP-1)- antiangiogenic factor®.  H460Z}
H460/CISO 4] 2.5 vlefslA] &= gl oy HA60/CISolA
H460 Ec} o] 73S chFig. 3).

5- (=]
CHf A 2 24

40

4

4. Mol H FHX

o] ## #3Ael VEGF, bFGF, Ma
2(MMP-2) : Type IV collagenaseS T} ‘éi HEg 53 gl
3}gick. VEGFE H460 AlZFollA o] = wlepsig v
cisplatin Fxof W& zto|E AT = gl H460/CISE

Matrix Metalloproteinase
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H460 H460/CIS

1 2 3 1 2 3

Fig. 5. Zymography for expression of type IV collagenase in

H460 and H460/CIS
1. No treatment.

2. Treated with 1g/m! of cisplatin
3. Treated with 5g/ml of cisplatin

VEGF7} H460) u]8| wro] W& =] 1 cisplatin ¥2] =0
wel f7ke] Z7HE RgrhFig 4). bEGFE H460A|Z9}
H460/CIS 504 9Hd =9l oy} H460/CIS Al EelA o T
o] ug=El g syl F MEF BF cisplatin =2 F
7bol) - Aol velbA| okeh(Fig. 4). MMP-2E H460A
T2 A 7)o wrEE R gk Ha60/CISO A= 5| gl
oU = gxa Aol Bo)z] ¢of

SYehFig. 4).

5. ZymographyE& £3F &4 &l

R cisplatin =0l wE

Zymography & 533} type IV collagenase®] &4A=F
2 A7} H60M ZolAE | mgmle) gelatin gelo] AL £3)
2] opo} wo) W= ob& BFAT 5 Y2 Ha6l
IS A& gelating H-315H= gelatinase?] S84 Ho wiof
Aol A proteinase A7} BAFEE FAY 5 Yk
Cisplatin 28] 550l w2} gelatinase@ A o] 2fo] 7} et
LA FtthFig. 5).

6. vivo HEg St Mol =l

SrE HolE &) $g Ao HA6O/CISHEE 4
g whe-x jovbe] Foll A gnte] ) soflA] Foko) FAFHA
ou}, H460AZE et o] A% 10uke] FellA 2vf el
At soll FoFo] A= ArckFig. 6).

Ak el Mol odr) $1% Aol HAO/CISHEE 2

vpgkef o]algk ulgA 10ulE] FollA] gufele] sofA Fof
o] A= on H4e0MZEE o|AEk # 1oulE]eAe FoF

o] A=A okkrkFig. 7) (Table 1).
Aol7} wAiEE soll A o] AA ] 7} Y- ghol #2914
02 A2 gopshs Ae Erhssigich

2] 2|
2001:34:377-85

H460/CIS

H460 H460/CIS H460

Sy
. :,f ‘. Lﬂgﬁrﬁ S
;‘ s
Subcutis Lung

Fig. 6. Induced metastasis of H460 and H460/CIS cell lines

{arrow indicate tumor growth)

Table 1. The resulis of induced and spontaneous metas-—
tasis

Celi line  Tumorigenecity Irrf;:?asis Spo;[:?;(::iss
H460 10/10(100%) 2/10(20%) 0/10(0%)
H460/CIS 10/10(100%) 9/10(90%) 8/10(80%)
Tumorigenecity : tumor growth at the subcutaenous tissue

LI

gke) Aol wi$- Hibsta AdA<l o3 SAE AAF
she] &3] vl s A AR T MEA 3 o) F
oAt Aole] ghAM AWAARE 2 vhe] 4 IS
AXA el 24 GAEE 27 Faldiffusion) s F3H
F9) A Bz ks FPTewA A SAE
A Ak o AR FF 2717F A4 1-2mm 7} e
Astr) Gaiae daage] ddejupef g ot ¥
BABE FPAES IR, AL, FAZ, 9ET
Sozny Puldt FASH o) chAsEd, orlele
FGF, VEGF, vascular permeability factor(VPF), platelet derived
growth factor(PD-ECGF), epithelial cell growth factor(EGF),
transforming growth factor- or, interleukin-8(IL-8), angiogenin
fibrin, nicotinamide 5©°] Qt}>¥. o)e} e g AaEe] &%
of oJsi Wbe] YAHT FAHRA dp FpEE
olzte] Hhdlo] ZAER 5A0) S wet A
235 WolA e Hu), o AEEE 24 &

928 5 EA AL 2k SR
£ 94 YA A oy +3
%%%H‘mﬂ4ﬁmﬂ%@~w%ﬂ
o pARA AL QRUSALS 7 At 32
Aok ¥ 3 FRAEE GYeld FANT $x
9 $ QB2 SEstel ZA5H ek o] ¥

amaﬁﬁm
5 3 e b om o

ol

ﬂ

5}

)

-L 3 2

14]

- 382 —



o-&-2]2)
2001;34:377-85

H460/CIS

Aehel 9]

Cisplatin tid % Mo|sd

H460/C1S

Fig. 7. Spontaneous metastasis of H460 and H460/CIS cell lines(A: Tumorogenesis of nude mouse, B: burin solution, H460: no
tumor nodule, H460/CIS: multiple tumor nodules, C: H/E stain, H460: no tumor growth, H460/CIS: tumor growth)
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