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Establishment and Characterization of a Small
Cell Lung Cancer Cell Line{JePa-1)

Mi Ja Lee, M.D., Ho-Jong Jeon, M.D. and Jong Hoon Chung, M.D.*

Department of Pathology and Internal Medicine®, College of Medicine, Chosun University

Lung cancer is the most common malignant tumor worldwide and its incidence continues to
rise each year. Recent development of molecular biologic method has led to advances in
determining the etiologic factors of lung cancer and the establishment of cell lines has provided
a lot of information on the through chemosensitivity, radiation biology studies, cytogenetics, and
molecular biologic studies, which permits improved treatment for lung cancer. We established
a small cell lung cancer cell line, designated JePa-1, obtained from malignant pericardial effusion
of small cell lung cancer patient and characterized its morphologic and molecular biologic features.
the JePa-1 cell line grew relatively slowly (doubling time 45hrs) as very loosely adherent floating
aggregates growing in small clu_mpﬁ with distinct cell outlines and intentwined cords. Also JePa-1
cell line secreted antidiuretic hormones. Electronmicroscopic examination revealed that JePa-1
cell line and xenografis contained clectron dense core granules, characteristic of being of
neurcendocrine origin. To investigate the mmorigenic capacity, the JePa-1 cell line was injected
mmio SCID and nude mice. Tumors taken from xenografis were observed in 3 out of 4 of the
SCID mice and 2 out of 4 of the nude mice. The histologic characteristics of the xenografis were
similar to those of the cell line and the original cvtologic finding of the pericardial fluid,
suggesiing small cell carcinoma. The resulis of immunohisiochemical markers showed reactivity
for Rb protein, c-myve, TGF-a, TGF-[, EGFR, keratin, NSE, chromogranin, and EMA. The DNA
ploidy and the index of the JePa-1 cells was tetraploid and 2.13, respectively. The positive rate
for the Rb, c-mye and K-ras proteins of the JePa-1 cell line were 98.9%, 99.3%, and 99.7%
respectively as determined by flow cytometry. Cytogenetic analysis using the G-banding tech-
nique showed 65 chromosomes with various numernical and structural abnormalities. On exami-
nation of the expression of TGF-0, TGF-fi, and EGFR by PCR, only the EGFR was positive
Through the establishment of JePa-1 cell line, we report in this paper the characterization of
a small cell lung cancer such as morphologic and immunocytochemical features, growth
characteristics in culture, hormone production, expression of oncoprotein and several growih
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factors, tumorigenicity, chromosomal abnormalities, and DNA ploidy and index. The JePa-1 cell
line will be valuable in vitro studies for the etiology, treatment and the prognostic factors in
small cell lung cancer. (Korean J Pathol 1997; 31: 695 ~710)
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Fig. 1. A huge and lobulated low density tumor{arrow) is
noted in hilar area of left lung.
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resinel] EvoljEled ZojHubAE S A3bEtn wranyl
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Hl o] NCI-HS22(KCLB 2581002} NCI-H3ISR(KCLB
25807 Aotgol] NCI-HI28(KCLB 30120), NCI-
H6NKCLE 3011912} NCI-HI46(KCLB 3017302 44|
Eqto|HcHTable 1). o] & ot HEZF =3 7
o WHeg JNE dAlget B el iy o
Apehall= R w4, comye <4, TGF-a, TGF-j, EGFR,
keratin, CEA, NSE, chromogranin, EMA®]gitHTable 2)
4) FHE BE4I|8 O0|Z8t Rb, c-mye U K-ras
S U5l 47 passage H|EFol4 Zhz}
10°02] MEE 0.25% saponin(Sigma, USA)T} 2% par-

Table 1. Lung cancer cell lines used in this smdy

Cell line Source Histology Year established Reference
JePa-1 Pericardial fluid s5C 1993 ~ 1996 present study
NCI-H522 Lung AC 1977 — 1984 8
NCI-H358 Lung AC 1981 14
NCI-HI128 Pleural fluid s5C 1977 — 1984 8
NCI-H&69 Pleural flud 5C 1977 — 1984 )
NCI-H146 Fleural flud 5C 1977 — 1984 8

SC: small cell carcinoma, AC: adenocarcinoma
Table 2. Primary antibodies uwsed in this smdy

Primary Ab Isotype/Clone Dilution Source
Rb protein [gG/G3-245(mouse) 1 : 10 BioGenex
C-myc IgG/IEID 1: 100 Oncogene Science
c-K-ras{Ab-1) MAb 1gG2a/F234-4.2 I @ 100 Oncogene  Science
TGF-a(Ab-2) MADb 1gG2a/213-4.4 117 Omncogene  Science
TGF-} rabbit 1gG 1 : 50 R&D systems
EGFR(Ab-1) MAb 1gG2a/528 1 : 17 Oncogene Science
Keratin IgG1, kappa/MNF116 1 : 50 DAKD
NSE IgGl, kappa/BBS/NC/VI-HI4 1: 50 DAKO
Chromogranin A IgG2b, kappa/DAK-A3 1 : 50 DAKO
CEA IgG1, kappa/ASBY 1 : 100 DAKO
EMA 1gG2a, kappa/E29 1 : 50 DAKO

Ab: antibodies, Rb: Retinoblastoma, TGF: transforming growth factor
EGFR: epidermal growth factor recepior, NSE: neuron-specific enclase
CEA: carcinoembryonic antigen, EMA: epithelial membrane antigen



olo|z} 2] 291 : A4EsG HEFIPa-1)2]) =HIt 54 699

Table 3. Primer sequences for DNA amplification of the TGF-a, TGF-i, EGFR by PCR.

. . . Genomic Le of o
Primer Sequence(5” o 37) location ampli ﬁal‘;g]-];” Albp) Tmi('C)
TGF-a ATG GTC CCC TOG GCT GGA CA i5— 54 182 66
CTG CAG GTT CCA TGG AAG CA 216 197 04
TGF-f GCC CTG GAC ACC AAC TATTGC T 1678 — 1699 161 68
AGC CTC CAA ATG TAG GGG CAG G 1838 - 1817 70
EGFR CGC TGC TGG CTG CGC TCT G 244 ~ 242 216 66
CCT CCT GGA TGG TCT TTA T

439 471 36

TGF: transforming growth factor, EGFR : epidermal growth factor receptor

aformaldehyde7} #5351 4°C PBSoll S57b 514 &)
A A Ee] (1000 rpmxs min)3t b PBSE 23]
M3l Rb thi, comye GHR} Kerasthwo] <l xpgla]
= T 404 3027 S2lAlF e AT
of| 4] f141ELa](1000 rpm <5 min)¥F & fluorescein iso-
thiocyanate(FITC)-conjugated goat amti-mouse  IgGiBio-
Source, 1 : 25)& 4°Cell4] 3047} 32 4= FACScan
(Becton-Dickinson, USA)el]4] Hdsieict SAlogi=5
2 JePa-14|ET0] PBSHF B A7 #H L2} FITC-
conjugated lgGa 5 A8 7§52 2h2d slglch

5) DNA Hi=d U X5 DNA w54l =25 3
AF Slvked s 60 passage AE 2x 10°HE
PBSol| 4 2% “3 F trypsin buffersd] 10574, irv-
psin inhibitor2} E§F5 RNaseol] 10570 4 &ofl 4] A
glal . propidium iodide® 1047} 4°C ghdolla] =
H&lo]  FACSCaliburi Becton-Dickinson, USA)E o]
sto] HAslgdon dzFoesdrs #HAole] gz
g chatE Agslgich

6) SHILMHUES 0|E§ TGF-a, B, EGFR
o] AY: FEAdHZe 2|8t TGF-a, B, EGFR
2 AL Y 53] passage H|EFE Gl G- 4)
FES el Heokuby AEFE EIHE E 69
M EFella F 5% qbE Aajwigdse 484 primers
Maxim Biotech, Inc. (MBI, USA) #|¥-o]% 2n] oligon-
ucleotide primer2| sequencey= Table 3o #7|&}glcl
PCRel] 4}£5] amplication £3}eH2 & 25 ple|gle
] 7ol HESFeH FEE DNA | opg, 50 pMe]
oligonucleotide primer 100.5 pl), primer 2(0.5 pl)y, 20 p
M2| dNTP{Bochringer Mannhein, Germany) 5 pl, 10X
reaction buffer(USB, Amersham, USA) 2.5 pl. 1.5 mM
MgCl(USB, Amersham, USA) 1.5 pl, 1.25 Unit Tag
DNA polymerase{USB, Amersham, USA) 1,25 pl& %

Table 4. Temperature and time in each steps in specific

primers
Temperature
Step Time
TGF-a TGF-f EGFR
Predenaturation 1 20sec 95°C  93'C  95°C
Annealing 45°C
O0see S0°C 55°C
’ (120sec)
Elongation 120sec 72°C 7°C 0 65°C

Blsec 95°C  95°C  05"C
420sec 72°C 72°C 65°C
40 cycle

Denaturation
Post-elongation
Cyele Mo,

TGF: transforming growth factor
EGFR: epidermal growth factor receptor.

graleict, o5 Edhedell K25 u)e] mineral oilE
Hrletsl e AHEE DNA F57]17]15 wbingth4 <]
UNO Thermoblock{ Biometra, Germany)S o] &}l ol
PCR cycless TGF-02] 7% DNAZ] predenaturation-=-
95'Cell 4] 1202 1%, anncaling-® 50°C 902el] 4] FE]
clongation 72°Ced|4] 1202, denaturation 95°Cel|4] 60
A= 393 #2kEdE 3 elongation 72°Cell 4] 12023,
post- elongation 72°Coll 4 42025 13 4 38e] F
40%] 5 HbElgck. TGF-p=] 715 DNAS] predenatu-
ration2- 95°Col|4] 120, annealing2 355°Cell4] 90,
elongation=- 72°Cef|l4] 1202, denawration 95'Cel]4]
602, 12l3t post-clongation® 72°Cel|4] 42025 4
sl cl. EGFR2] 75 annealing = 45°Cofl4] 1203,
elongation== 65'Coll4] 1202, post-elongation- 65°Col|
A 42025 sEalglen| 18] predenaturation®h de-



FINy  wghdeigd =] oA 31 F Als 1997

mlumliom] A2kt e EodilEduliTable 4. PCR
procuct®] 10 plE 2% asaroseof]Hd 7 g 52 ’5‘£]'
Hled ethidiom bromide(10 me/mlix} Feigl< =149F
(3l oin Dy 300 mbaA] 105 o8 3 oAeld S
(UV/DNA photographic system SL UL Vilber Lourmat
TFD-20M, Francc)ol| 4] &l elspeicl, =] =7 34

+— Hac HT-higesie] @XT74RF DNA Mragment{ibeo,
USAyE o S-ol9ch

7 EMA Ak TR 5 passage A|F2] <
AH oW g HAdal] Halo] wskEd] i
M Eef] eolcemid 0.05 peimls 14 TRk #|sbe]
alst & 0075 meoll potassium chlondeE 7|31 o} %
gt e w3 12 Piate] MET 33
datglel ofistde alusba Azist frelaihe] -
Flol MEEGE Heimal 3 21247 Clemsa]

B8 s goAn el gesg gelsn
W2 Al |
B BAYMSHY A olE @il i

PASSAES -Hli-'i‘ll "'-"G*ﬁ“f*“'—'ﬁi gelzlr] faled
ol A AE dupe]g] 458 el SOID vRiFox
Chetses .Efm'“. Ch- 1 7Ter cﬂ.sr_m, Charles
USA)IZF Nude rhFA~(SREYAF mouwse, Crii CD-1
(TOR -y, SEKYOQ, Jopan®l ShPol a7, Mg

free PBSell 2]aldh 510901 ml H TS o4 &£
pathogen free #Hol| 4] 7| 5chz) o4l F oF 3%

River,

# EAbsel SobildE /T E hTIL“L:-HiUr Wé*s
ST UEE FHeILR HY
dphakale]] ol A4

yroAEEEle AN

o] B4 hematoxylin-cosin®] 443 7ived = 2 a8)E7 o
ol o] gabglond s dulAL Az 4
J.H =.L 2] ,q--]_all_]_ .

7 HIZEFS =28 RHIHE: d4H2s =ahi=
S ArlE Kol ZEEAE ADHIWHD S22
obddsl el4Mle] REE JuldiE abv]sls) s
= [rimsiige aH]_.__T '_: "ﬂi LEL "‘U-]- "ﬂb]"'-""“ '-"']E] ﬂ'ﬂﬂ

= o}

1. JePa-1MZEF 55

Fhats] Alleqoeila] ok Er'i',f- wolete] afgks
A7 S99 49 194} AL Fel
dhals]gl ooy Sekgly o) -E4al® wzm]sla] gbekoh
FaldEe miE sl=A Fshke] i THA T
Az "y E FEAMERLSE Zelsbed A2 o
Qrislell g hakalele) ol2g mAL FHAE
g 2ol glo]Haima]l qldstdct, of gk S F
Fokbd xe Hu# AdEE s ToF A
| shdrn)e] [4HA passage L0 HH 0%
FESZ 10% 5 dp4bo] afabs)lod o) Hajst] Fob
AT 60 pussageS A0 AlEL] efFba] R 45
A7l es FEE AETE JePa- LA EE mindalodv]

2. EE=EE &4

1) ZEH0[A 47 EUE R Wrighe] 4737
TePa-14) 9] &R vl 2y Ear¥algioo] o

Fig. 3. Cytologic preparation of
calablished JePa-1 cell line. MNo-
tice fine chromatin patterned wu-
clel wilth inconapicuous small tu-
cleoli in cowdia) and papillary ar-
rangemcht{b). [ Wright)



o|v|at 2| 291

A =AM g FAS glwa #HaH= irol 4
HA wodeh ARG e ewel fals ford
W fHblglchFig 3) SCID wh28 Nyde o]-§-
Lzel] JePa-l M EF 5 o] Fel4dh 3 M) Fale] i
Haeldd S Az ks A2 A¥ER U
d slewy TRz #Av} Bubsle] 4lal o
= FEATEEe] ALAE A gedddq #E o
AR A d2 FE5 A gew wises 4 He)
A e AdEshfe A fRge] Ha s glch

(Fig. 4). o[&]3k 4d & 81z gl Adoel] g AL
4 FAEE A fawlelad S FShER)
ded shalel.

2y EAFEOE 23 FokEy & glay @il

DA Eg) AlETFeRR- 1R ) B4 T

Hold glglan] £ wtef] ghAlg s4E 2
= WEd] F{e] W3t glckFe 50 HEks] 4
dHr wlas Dde] vigksglon] gllea=
ATes] FHE HileKHg 6) o[t AL JePu-l
A FFt of ol Aol 4 FUald ),

3o EsEd Y

TePa-14 F-pof] ofak td E2 ¥ o] 740 Table 5
g b JePa-lA BT RE ST comwesi] 1,
TCGF-02F TGEEAl 2103} 34, keratinef] 20393,
EGEH, N3E, chromogrnin, CEA, EMAs] T £.4lalg
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Fig. 4. Histopathologic feamrcs of
the mousc xcnograft tumor. The
mmor is composed of relatively
small cells with scanty evwoplasm,
active mitoses and cenlral necro
sisfal and ftine chromarin maclei
wilh conspicuous mucleolifb)

Fig. 5. Eleclnn micrographs of
IePa-1 cells, Cytoplasm contains
scattered  ¢lecinm-dense, mem-
brane-bound structures consistent
with neuroscerceory  gramles(x

16,06},
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ekdeo]gl i CEAdl:E SAeo|glchFig 7-13). e|& AHERE £43FESF 9 490F MESF ZF4 Rb
o] 4% aB7] Foko] JePa-14| 5l vl okde] o <, c-mye, TGF-a2} TGF-fel] 9k4de|lil EGFRe|
AHAEI ] =3 JePa- 1M E3o| 4= 240l EGFR, Al HEE A|ESF<C NCI-358E Agss 25 2
NSE, chromogranin, EMAo] k41§ Halcii= e]  Aeldieh

Zpol7t qlgich = YA RS2 FoE

Table 5. Immunochistochemical staining of lung cancer cell lines and tumors from xemografis

R chromo-

protein c-myc TGF-z TGF-47 EGFR Keratin NSE eranin CEA EMA
Cell lines{Histology)
IePa-1(SCC) 1+ 1 2+ I+ 0 2+ 0 0 0 0
NCI-H522(AC) 2+ 1+ 1+ 24 0 ND MND ND ND ND
NCI-HI58(AC) 2+ 2+ 1+ I+ 1+ ND ND N ND ND
NCI-H128(SCC) 1+ 1+ 2+ it 0 ND ND ND  ND ND
NCI-H&69(SCC) I+ 3+ 3+ 34 0 ND ND ND ND ND
NCI-H146(SCC 1+ 2+ i+ 34 0 ND ND ND» ND ND
Xenografts
SM-1 1+ 2+ 3+ 14 0 ND ND ND ND ND
SM-2 1+ 2+ 3+ 0 0 34 I+ 1] 1] 2+
SM-3 2+ 34 LR 2+ 3+ 2+ (1] 1] 0 34
NM-2 3+ EES 3+ 2+ 2+ 3+ 1+ 1+ 0 1
NM-3 3+ 1+ A+ 1+ 1+ 2+ 0 0 0 1+

SM: S5CID mouse, NM: MNude mouse, SCC; small ¢ell carcinoma, AC: adenocarcinoma, ND: Not done, Rb:
Retinoblastoma, TGF: ransforming growth factor, EGFR: epidermal growth factor receptor, NSE: neuron-specific enolase,
CEA: carcinoembryonic antigen, EMA: epithelial membrane antigen.

Immunohistochemical siaining graded as follows: O=ncgative, 1+ =<25% positive stained wmor cells, 2+ =25 - 50%,
I+=2>50%,

Fig. 6. Electron micrographs of
JePa-1 cells. The microvillous for-
mation suggests glandular differ-
entiation, also Desmosome forma-
Hons are noted.(x 4,000).
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Fig. 7. Puosilive staiming of Rb prodein in senogralts,

Fig. X Positive staining ol c-mye profein in xenografis,

Fig., 9. Positive staining of mansfortming growth factor-u in xenografis.

Fig. H. Pesitive staming of cpidermal wrowih factor receptor in xenografis,
Fig. 11. Positive staining of ransforming growth factor-f in JePa-1 cell line.
Fig. 12, Positive staining ol keratin in xenografes.

Fig. 1. Positive ataining ol cluomogranin in xcnografis.,
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Fig. 14. IcPa-1 cell line grew in
culmre as packed aggregatcs
larger clumps with mixed adhbe-
rentftloadng cell line inm early
passagcial, and after  passages
very loosely floating aggregales
growing In small clumps and in-
tenwined cords(h).

Table 6. Growth characteristics amd tumorigenicity of JePa-1 cell lines

*Tumorigenicity n

Appearance In tissue culture Doublin ' Pladng !
. ' ) Time{h) efficicney SCIn Mude
Primary cultung Aller passape — I
WVery loosely adharant
Relatively floating ageregares
densely  packed growing in small
apgregates of clumps with distinet 43 135% 34 24
cells in larecr eell oylines and
clumps. mlcriwined cords.
Cental nocrosis was
absent.
SCIDY: severe combined immuonoedeficiency
“ Number of ¢lusters and eoloniesfmumber of cells plawsd > 100
= Wumber of wmor @akes! momber of mouse ingected.
4. MEHR LT} Plating Efficiency 5. HEZEE
JePu- | 4| 0] ol gk wlakalg] Alzbaksl o ofs]a] 2k FACSCaliburs o] 23 JePa- 1 E52 DNA 85

3} plating efficiencyel] olgt 32 2k JePu-lAE5 A2 AHl-delzlod DNAZ] <= 2 130]y H %
2] wir}A] I 454 7he)id plating officichey = 0.35% 42 GyGy, 58 GyMell e A 72%, 23%, 5%
o) glil ufsk4] Sl HSole wlu® WY o ik

AT WeldEeR Azl Fa swfaln A
PR 2 fele] WA Zes =2 FRdd
57 ARECHTable 6, Fig, 14),

b. FHIEEH?E 0|EF Eb. c-myc ¥ K-ras
Ehey 24

JePa-14 2-ref] %l RBb, c-mye 9 K-ras thef 2



ool #] 291 : AT algh HET(ePa-1)2] Sz 54 705

)m || i |l ls

i u ui l“ U e

o % N WK 34 ARGBAG
13 14 15

16 17 18

sxh wWEE are A2AN 'Ii
18 20 21 22

iné

1 3

Marker

15

Fig. 15. G-banded karvorype from JePa-1 cell line.

W AR 7z 9B9%, 99.3%, 90.7%el4 dgubsE o FE Agietelld Foks) Z4] 9l Frle] 4ol
Baic 4 F‘:]‘iiT-th 16).
7. EMA AR 9. SEELPHUSE 0|88 TGF-u, TGF-B,
EGFR2| 2{44

oA EA4 JePa- 1M EF = 6572 <A E
Eglew #¥Y g2 79, 2 od& Al JePa-1 4| E550f] &t TGF-qa, TGF-[, EGFR2| %] 44
(Fig. 15). ol & Z=lBql 65, XY, add(X)(pll), der(ly 4 EGFRel| 45} 216bpell 4l 2Z 5 DNA7L sols gl
(1 10iglo; ql0), —2, add(2)(g3T), —3, —4, addi4)  ©h 3 NCI-H522 HEZE 28k o]z Heka
(g35), —35, add(6)iq2l), —7, add(T)qd6), addi&)p23d), & 4/M2] M FEE(NCI-HISE, NCI-HI2E, NCI-He9,
add(9)(p24)x2, — 10, — 10, addi(11)g23), — 13, add(14) NCI-H46)oll 4] £ EGFRel| k4ol chFig. 17).
(pllx2, —15, —15, —16, del{l6)qlig24)x2, —17,

10, = HH| HE
+ 18, +18, + 18, del(22){gl1), +marl, +mar2, + mar3 MEF 228 |03

o] el o}, JePa-1 4| 5= wi%kA] ADHE 09 pgmlE Suls)
. el
8. SYHE=¥
nr%wﬂ SCID wh-$-# 4ulelst Nude vb§-2 4 a &

vla], & & Bula]Foll4] Sole|(SCID vl§-~ 3u}al
2} hude np§-2 2ubaljell 4] Fobd o] patEge e HEFE e 3 Balls|F e gxs



TG v b T ek = e

Al 31 % A % E 1907

Fig. 16. Xcoowansplanted JoPa-1 cells 0 nude mouse
showed tumor formation{arrow) in abdomen.

Fig. 17. PCR analysis of epidermal prowth factor recepor
pxpression in cell lincs, The hand is seen at 216kbpiarmow)
with EGFR in JePa-1, NCI-H338, NCI-HI28, NCT-HAY,
and NCI-H146 ecxeepl lor NCI-H322 cell line. Hae
TM-digested GX174RF TNA was used as a size marker,

w3, 2ATY AESA] oiEl 5=]e] o Feizlal’
ol T Bl AgAEe] YHEH SAFel TR
vh, ddagt RS e Ayad TRl
w7 Al Ak A% o I A agdelvt aldEg]
HEFF =yl 7% ol olFs) dmckE g
A glm|ut RS st HESF
ANmel gk B2 EE o Fep @Al Glebs ELL
oleb™, A FES ALFHEE 2ol DAIsA
ot Ahad R Rgelwal Al mt i%:— LTy
a7)e Dby Al ks s o el
T ®og AR falsbeE. 48 olE iE
B R B R R L = R B P L B = R
AEs Yl o dR LR MAEseld ths
cxlal#mel elibmbls chit cuielFTe] Arils)el’ s

MEg HE£37:5 24 FAR JFEE GET A
dedvk, A W% ARE AAehs dEET] A%
= AEe] e} dopa decarboxylase DDC,
bombesin, MSE, creatine kinase BRYES 44 417
W5 TAAEE vhekalA] THw L4 ESES] F
ZAEYHE il Pa®y L s i
“He| 8™ M E£E ok AFHEA] Fldel] DDC,
hombesinihS - B A-tra] H3s i A3aF Aels
FHol} 2al] o =L cloning effiviencyl-d T] w2
ol 7h2] 05 FhAE dhAAlelut ghgrayiel ARk
£ Liebdin. wpela) AsaEer HEF0T i e] i
THelg Hel Hep A4 s4qaEgh AEFE
HaRels dAHan daa] wkge] o el Al
T Hol g& 2les sel g’ elalile] £
AER) weks] Bobd AR o} E HeEq welo
2 Aaksls dBa gehE a4tk A48 #
ol Zath AEthd el o 25 sl £

ol gl Eo]E spale ] aldtel s A
Eae] it in virooll 4 2] A As of4E e
Haw s Hel AR Sl gt Adrrh A4
lefap gebm Az)ibed BTl H 7555 IcPa-
A2 o] 474 “heterogemeity™ = Hark &7
Fobd ¥ vAE o34 2T doje] Helz Al

o fabebed wepcdr] g@Rp edsEA A Fqels
48 delel Al Zemmdo R e M7
22 454 7h, plating efficiencys= 035% 2 oF 44
Fob AT=sel Hatst vz 4w HEFHE B
glek JePa-l AlEA AW T8 AR WY
ocli] NSESE chromograninel] Wo] =& 343 A4
*%} sbdo|n] ADHE Lulabs Aoy v|Fe A3

o) AdFEstd] F3cha g2 ¢ slch w4 7
%ﬂf} JePa-1H|£—Tr'-E'] A Aokal-% CarneyZoll 2]
A ESE AEFTE Bty L5el e TR
grd Al 33el &gl .

TR Sg MES F 24 SqEg b2
¥ okzs Aalgh dldEY 8 A9 HETEH
EAS 273E g wel wlmsed ol X
A2 rd o 3Fed 2o o|F AESEEE A
T AHEe g3a g "HdehE A5 2el5 3
AT 2 HERey Wiksle FIEE
ol T #gt MEFT B FEE R4 8%
 oAE gubEdlas Fasd o]g e 5=R
Carney '3 ol Saghdo] o2 FakAE Yl A
-2 olnjalAqu) e A2 olE 4iFe] HE
ve| FaAzta glchet A glae] S ARy



olulzl o] 241 : L4 Eallgt HAEF(JePa-1)2] iz 54 707

& FaEa dgohAd s oje|thea A= o
2% ke gldy cdibAHE of L4EG s
ol B 4 gle ety Hitel Fapsicka A2
gheh, B ool of| 4% Atm W JePa- 14| EF T Sl
a4 g wda=ies H494 LHAELFTeE
Aol Aoy A8 AF=se] Pilg AW
=7} glglow] o]l Duchesne$'o] Skt FTE 5
AEZE oulsls] @ MEHA o} HEHe
20| E#do] Wit a HzHgicl

Hile] =2 and w5 MEFL o]Fo] 45
ool A]e] =FHsE EAFS RaU5l gy
M| Z ol 27 JePa-1 | EFo]| A5 TUgdt.
HE HESL] FUP45EHE AHE o Nude v}
2ol 4] #HolFH-E e n|S4|E2sE A|lZ257 7
FE AT LM EG MEF A vp§2ol o] Fol
AlEl Foke] HEH9 9o o E H9Eo] Hel:
=8 7o g soldch '™ JePa- 14| EFE £ gule]
2] SCIDY Nude whg-F Svlelelld Foks s 4de)
A2 HER S AEkz]e] oE R8s
Holz Paslz] Falgdcl

sl AEF Fdes dmghAEel g ERbAE
A E3o| gl ot BeolsteiFH )l o4y 3
cheh(3p)e] ZEE AAEQH B v A Egbel 4
) sl #HEE shideln] dpel] HAE FH
A7t Hgle] BE AEHde] wHeldl Fad o
& % Ao Areigd'”. AdaHez Ao 2E
ofl9] Aa|ESa e n|LHEgtalla] odaa] 3
chgboll DNA4 9 el] 4t heterozygosity2] &48 8
o Fela o]yt AHE FaNe FAEol FFy A
A AlollA  flojyices Hat HEFHSHORE
Adel A4 3Hell H4 Aoz el&E 4
el T 2B PR o|RgdlA AHER AEY F
oF oA FHAS Fo e Faslcta YztEn
=5 wghe] wiele] glela] o] FAale] Aths F
Mt Heo] dHehE =)o Fckslm 2 Fali=d
EEE A3y Aolzlar Haghc.

Rb A= 13qldoll Fx]she 27 o176l A
of FHAH F=FH e|dbe] AMEZgd MEZTel4
oF 18%HST IE A wliAEgtd] e L2F
o|4te] ubHEx] gk Aen Raslgch v]io]
LA E5} AEFA 4= RBI mRNAZF 60%3 X0l 4]
db s]A]  gRA]gh wlassEQks] dlFREel 4= RBI
mRNA¥Hof| o]4o] gl Aog 43 qlo] AR
A Egke] wlalel] RB1 §#7A7} 4% 848 @
Aot Azhspgel”, zEu} £4|Egtel2 RBI

mRNA2} RB1 k2] UFE xefjsls RbFHAS]
B stz Eabrle s dAEAG LA £
He ob ol 7 JePa 1 4] E 2ol 4= RbTHM O] ubeE
o] Habs]glct

myc YFHAT2 c-mye, N-mye, L-mycgoll ot
A EG ddtelld Mol Hag]l Fokzs ef
AEFNA A2 ELEE ZZHM® o] double
minute chromosome, homogeneously staining region ==
+ abnormally banding regionz#} 2 FHA FE
o] MEFALH =A% Palo] Yok comye
FHAE 8l sdda Fhsqdel #xE wbd
N-mycit L-myed ZF7| 2p23-248} 1p32ef] 8] =gk}
c-myc2] G52 “tHo|H Foll 4 S FulEl= Ao
2 drsEe” o eleldt §HA %8 vl A
g #ate] =F e} MESHY 25 dehe
Hog A= Alckz) emyefHabe] 55 B
o= ¥tz Heolz] ¢+ gt o AEEe] #@
+ Aoz Hmsle] glov] dghe] AagFE A=
el c-mye A7} FE FHE 2HE &
Az FFol AHEzt Welodly vlad =A dh4
s 9 Aolzta shAEI.

rassH Zp e M|ETho]| HA AXE Hdsl=d F
8% oS efuted ML) A4S =A%) Keras
fAA g2 "HaghEels Fash o FEEA) g
o] Zuislglan® o] HHA AL 12, 13, =L 61
WA efu]ite] FEduie] 2 futEw o|F codon
120 4] 2] Sedwio|r} 7bak Eg ze R o] gk
olgigt HEgwlo]= AlHHEAA oF 30% F= I
| vl Eghe] ofE Yol 41082 =8
Al Py AMESY HEFME FEEA g2
Heg BaE g™ JePa- 1M EFE SHERHY
K-rasthis]] k4§ Heo Yiella] Hyze| 5235
Bz Kerasghie] qhel 5 edZbalH £ 57 9l
At .

Mabry 52} Faleo5"' & FAHZQ 24EA71 =
qrel walsh gtk 54 g Hilel Fadgh otk
€ & Zelgle AXHE g 53] Mabnys S
FY FHAEAe o] AP LAEgoZie
-4 Egke] o) #fs| Fadt Felel Agsialar, A4
Egh #abrt ZAEF AudwsldE S P8 ok

=0l 2o vl EgHE shalele ==gE 14
=+ Mooz AHEd4 w|LHEgo el o
o] gleid + lFE MAletwch =& 44 EQ)
AEFe Helgl o] FHAES 4Y4AH Habg
ol mye FHAEE PR gk HEH A 44



F08 ozl EbE =] oA 2P 8 E 1997

Eqt HMEFA Wolgl rasHHAT} It A
o AEEFHYe] HRE J2AY F gldoyd emye
B Nemyofrdzbe] apd# s Hell: 241FE5E 4
Eqol Hol ¥l rasfFHAE ARIHE diells dAE
nlEdere e o)sfE [ v} Yoty B
stelck. 2 A8lol4 rEld JePa-l 4 T3 FAE
4% c-myehl| 3 K-rasthl]§ ul¥isig] on} o4
dAgsigdce]l Ay=e] FEHE Mo|7] ufiell Mabry
%2 Ay AE e o AT LHEY A
Ex}t wldsEgte] dA¥H o ol = gla of
2|k ol HghHel Fokgdzig cheliZale|
2] GE Al 23] Yolgt Aolglm % 4= 9l
e},

HE4ahe] =4e| ghEle F23 7|HE o7
Adrarelabs2] #Hpos glwle] ol Aaxlkelalel
TEA7 FEFAAZ A s 49 «3E
& 7 glvke glA R gleled glaell A abalgh g)el)
# olEe Hutg Fulsly] $u «dFrl nzET
ok W+ didEel 9le ¢labEels EGF, TGF,
IGF(insulin growth factor)-15"e] glew o] 52 4
ZZAF AFEAY AT = 9k LAE5Y
sdtefl 4] olEigh labEe] o] AHAlEEdT Y,
EGFE: A4 Ee} FokiEe] Mdalg zdsls
polypeptide 241 olel] gl =27} 2t TF‘EEHJ--'—
#H|etoll 4] EGFRE] W& A B8k of Fofl 4 Ko
6% vlAMEY MITFF 5FolA EGFRE uhel
g oubal 11Fe] A EY M EFoAE shis u
HE| 7] geda gt oldd 44 #Hales o f
Aol M W] Sxabel o

HAARNATGF = 27| a2 p 2H"so
TGFav wi==, F4=23 agln oobsd Todza
A4 2lAEE Aoz dda g™ TGF-p: o
e Al =E A e S4n gE dalF o )
Tredsli= peptide Laj# glen] Fopulde] & o
e gy ez oA AT elo] 4zl oz,
= Tl Ey gl EStel| i Halda] &
L& e Aer Busedo® o|ejdt 42 e TGF
b MR AEFeA dfE wEEl= Ae g
E_T.’EJ'D‘l ,Sulul_d&.s-u_

of-thell 4 4k wlg}ile] st =z et Sal
W FoF At glol H% FokoldA Take
XEv A=t dclel] fagl BapHEey 2|AH
= 4 oldsls A EEidn B fHHes &2
wf JePa-14|EF2] S Sdef| gyl 2 d3ts=
el M EHE] o] oldE Fizdl o 2%

Zelela 7lagch

4 £

199313 481 199 5 E] 19961 69 2hA] 644 gt
b2l allell g wbAgE AsaEgle] dden FHe|Eof
nhAlgk qdel epd kadE Al eie] AaEHQ
HAEFE rHslgla olE JePa-1 4 EFe} wwlalq]
o} JePa-l M| EFE A A 60 passageol] alu
b 72 454]2), plating  efficiency = 0.35% ]9
ADH fol7t #hels)gich EokgAele 4qulg
SCID w}-§-2% 3ulz2} 4ulz] Nude vl§~3F 2u}e]
oA FE WAl diage 65ale|m A o
G w4, TR E iﬁtitl- Heey 5
A4 vz 2L AEo|s v o 4Ase] @5
A pell =HA g Hial, AEAY e gAIH
THE e iy BYHF2 SAEYF Pkl
U3 YR Htze Hix =g Rb
T <, comye F4 chef, TGF-a, TGF-B, EGFR,
keratin, NSE, chromogranin, EMAe]| ©le] ==}l
HA44d ckdelgln HFHE RA7E o)L Rb,
c-mye W Keras gheigbe gafdzt zbet 98.9%,
99.3%, 99.7%ellH FdYHE-& Mglch FH AL
Wbes-& =83 TGF-a, b, EGFR2] 344 EGFRefl4
7t %% DNAZL #2l=]gic). =8 JePa-1HEFE
Auflsr4de)gl o] DNAZ]SE 2.13¢]|2ic).

AT E Eebe] §hEel AMdE E9e] "Hefd
A 9 wozaAga 57, wigkde] 4454 9 ¥
EE SHled R, FoFRAA e of2] Aalelale}
o] A, FUYA SHAR g J o]4FL B
Helglen olF Eale] JePa- 1M EF7T 3¢ £
A E=L2] 191, A8 9 o FdAE weledl
T HEF7} Ei oy 7.

& 1 & #

|. Boring CC, Squires TS, Tong T. Cancer statistics,
1992, CA Cancer ] Clin 1992; 42: 19-38.

2. World Health Organization, The World Health Organi-
zation histological typing of lung tumors. 2nd ed. Am
] Clin Pathol 1982; 77: 123-36.

3. Cohen MH, Mathews MJ. Small cell bronchogenic
carcinoma: A distinct clinicopathologic entity. Semin
Oncol 1978; 5: 234-43.

4. Whang-Peng I, Kao-Shan CS, Lee EC, et al. Specific
chromosome defect associated ‘with human small cell



10,

11.

12,

134

ojul=z} ] 291 : A EaEg MEFSJePa-1)2] T 4 T

lung cancer: Deletion 3pi{14-23). Science 1982; 215:
181-2.

Pettengill 085, Sorenson GD, Wurster-Hill DH, et al.
Isolation and growth characteristics of continuous cell
lines from small cell carcinoma of the lung. Cancer
I980; 45: 906-18.

Gazdar AF, Camey DN, Russel EK, et al. Estab-
lishment of continuous, clonable cultures of small cell
carcinoma of the lung which have amine precursor
uptake and decarboxylation cell properties. Cancer
Res 1980; 40: 3502-7. '

. Carney DN, Gazdar AF, Bepler G, et al. Establishment

and identification of small cell lung cancer cell lines
having classic and variant features, Cancer Res 1985,
45: 2913-23.

Baillie-Johnson H, Twentyman PR, Fox NE, et al.
Establishmeni and characierization of cell lines from
patients with lung cancer(predominantly small cell
carcinoma). Br ] Cancer 1985; 52 495-504.
Duchesne GM, Eady IJ, Peacock JH, Pera MF. A
panel of human lung carcinoma lines : Establishment,
properties and common characteristics,. Br ] Cancer
1987; 56: 287-93.

Camey DN, Miichell 1B, Kinsella TI. In vitro radia-
tion and chemotherapy sensitivity of established cell
lines of human small cell lung cancer and its large cell
morphological variants. Cancer Res 1983; 43: 2806-
11.

Oboshi 8, Tsugawa 5, Seido T, Shimosato Y, Koide
T, Ishikawa 5. A new floating cell line derived from
human pulmonary carcinoma of oat cell type. Gann
1971; 62: 505-20.

Campling BG, Haworth AC, Baker HM, e al. Estab-
lishment and characterization of a panel of human
lung cancer cell lines. Cancer 1992; 69: 2064-74.
Stevenson H, Gazdar AF, Phelps R, et al. Tumor cell
lines established in vitro @ An independent prognostic
factor for survival in non-small cell lung cancer, Ann
Int Med 1990; 113: 764-70.

. Stevenson HC, Gazdar AF, Linnoila RI, er al. Lack

of relationship between in vitro tumor cell growth and
prognosis in extensive-stage small cell lung cancer, J
Clin Oncol 1989; 7: 923-31.

. Carney DN. Biology of small cell lung cancer. Lancet

1992; 339: 843-6.

. Camey DN, Broder L, Edelstein M, et al. Experimen-

tal studies of the biology of human small cell lung
cancer. Cancer Treat Resp 1983; 67: 27-35.

. Cole SPC, Campling BG, Dexter DF, Holden JIA,

Roder JC. Establishment of a human large cell lung

19.

21.

24.

25.

27.

29,

A0,

umor line(QU-DB) with metastatic properties  in
athymic mice. Cancer 1986; 58: 917-23.

. aharkey FE, Fogh J. Metastasis of human tumors in

athymic nude mice. Int J Cancer 1979 24: 733-8.

Kerbel RS, Man MS, Dexter D, A mode]l of human
cancer metastasis: Extensive spontaneous and artificial
denived variant sublines in nude mice. ] Nall Cancer
Invest 1984; 62: 93-101.

. Falor WH, Ward-Skinner R, Weygryn 5. A 3p deletion

in small cell lung carcinoma. Cancer Genet Cylogenet
1985; 16: 175-7.

Brauch H, Johnson B, Hovis J, et al. Molecular anal-
ysis of the short arm of chromosome 3 in small cell

and non-small cell carcinoma of the lung. N Engl J
Med 1987; 317: 1109-13.

. Maylor SL, Johnson BE, Minna JD, Sakagyvchi AY.

Loss of heterozygosity of chromosome 3p markers in
small cell lung cancer. Namre 1987; 329: 45]1-4,

. Brauch H, Tory K, Koiler F, et al. Molecular mapping

of deletion sites in the short arm of chromosome 3
in human lung cancer. Genes Chrom Cancer 1990; 1:
240-6,

Rabhits P, Bergh J, Douglas J, Collins F, Waters |
A submicroscopic homozygous deletion at the D353
locus in a cell line isolated from a small cell lung
carcinom. Genes Chrom Cancer 1990; 2: 231-8,
Harbour JW, Lai SL., Whang-Peng I, Gazdar AF,
Minna JD, Kaye Fl. Abnormalities in structure and
expression of the human retinoblasioma gene in
SCLC. Science 1988; 241: 353-8,

Rygaard K, Sorenson GD, Pettengill OS85, Cate CC,
Spang-Thomsen M. Abnormalities in structure and
expression of the Rb gene in small cell lung cancer
cell lines and xenografis in Nude mice. Cancer Res
1990; 50: 5312-7.

Hensel CH, Hsich CL, Gazdar AF, et al. Altered
structure and expression of the human retinoblasioma
susceptibility gene in small cell lung cancer. Cancer
Res 1990; 50: 3067-72,

Iohnson BE, Brennan JF, lhde DO, Gazdar AF. Mye
family DNA amplification in twmors and wmor ¢l
lines from patients with small cell lung cancer. J Natl
Cancer Inst 1992; 13: 3943,

Little CD, Nau MM, Camey DN, Gazdar AF, Minna
1D, Amphification and expression of the c-mve onco-
gene in human lung cancer. Nature 1983; 306: 194-
b.

Nau MM, Brooks B, Carney DN, et al, Human small
cell lung cancers show amplification and expression
of the N-mve gene. Proc Natl Acad Sci USA 1986,



TI0 oy elsrE =) oA 3191 A B E 1997

31,

32.

35,

36,

37,

33,

39,

40.

83 1092-6.

Nau MM, Brooks BJ, Battey J, et al. L-mye, a new
myc-related gene amplified and expressed in human
small cell lung cancer. Nature{ London) 1985; 315: 69-
73.

Brennan J, O'Commor T, Makuch RW, et al. My
family DNA amplification in 107 tumors and tumor
cell lines from patients with small cell lung cancer
treated with different combination chemotherapy reg-
imens. Cancer Res 1991; 51: 1708-12,

Mitsudomi T, Steinberg SM, Oie HK, et al. ras gene
mutations in non-small cell lung cancers are associ-
ated with shortened survival irrespective of treatment
intent. Cancer Res 1991; 51: 4999-5002.

. Slebos RI, Hruban RH., Dalesio O, Mooi W1, Of-

ferhaus GJ, Rodenhuis 5. Relationship between K-ras
oncogene activation and smoking in adenocarcinoma
of the human lung, J Natl Cancer Inst 1991; 83: 1024-
7.

Lehman TA, Bennett WP, Metcalf RA, et al. P53
mutations, ras mutations and p53-heat shock 70 pro-
tein complexes in human hng carcinoma cell lines.
Cancer Res 1991; 51: 4090-6.

Mabry M, Nelkin BD, Faleo IP, Barr LF, Baylin SB.
Transitions beiween lung cancer phenotypes : implica-
tions for tumor progresion. Cancer Cells 1991; 3: 53-8
Falco JP, Baylin SB, Lupu R, et al. V-rasy induces
non-small cell phenotvpe, with associated growth Tac-
tors and receptors, in a small lung cancer cell line,
I Clin Invest 1990; &5: 1740-3.

James R, Bradshaw RA. Polypeptide growth factors.
Amnu Rev Biochem 1984; 53; 259-92.

Sherwin 5, Minna JD, Gazdar AF, Todaro GI. Expres-
siom of epidermal and nerve growth factor receptors
and soft agar growth factor production by human
cancer cells. Cancer Res 1981; 41: 3538-42.
Moody TW, Russell E, O'Donohue T. Bombesin-like
peptide in small cell lung cancer: Biochemical charac-
terization and sccreted from a cell line. Life Science

41,

42,

43,

45.

47.

48,

49,

1981; 32: 487-91.

Carpenter G, Zendegm JG. Epdermal growth factor
its receptor and related protein. Exp Cell Res 1986;
1641: 10-4. :

Camey I, Bames DM, Hasleton P, Healy W, Barber
K, Gullick N. Expression of epidermal growth factor
receptor in human lung tumors. Br ] Cancer 1986; 54:
2659,

Gamou 5. Molecular evidence for the lack for epi-
dermal growth factor receptor gene expression in
small cell lung cancer cells. Cancer Res 1987, 47
2668-73,

. Anzano MA, Roberis AB, Smith IM, Spom MB,

Delarco JE. Sarcoma growth factor form conditioned
medium of virally transformed cells 15 composed of
both type a and type | TGFs, Proc Naill Acad Sci
1983; 80: 6364-8.

Driman DK, Kobrin MS, Kudlow JE, Asa S5L. TGF-a
in normal and neoplastic human endocrine tissues.
Hum Pathol 1992; 23: 1360-5.

. Pecur L, Kapitanovic S, Sonicki 1, Pavelic IP, Spavenii

5, Stambrook PJ. Prognostic significance of TGF-a in
human lung cancer: an immunohistochemical study.
Anticancer Res 1994; 14: 2839-43,

Moses HL, Branum EB, Proper JA, Robinson RA.
TGF production by chemically transformed cells.
Cancer Res 1981; 41: 2842-8

Moses HL, Yang EY, Pictenpol JA. TGF-[i stimulation
and inhibition of cell proliferation : New mechanistic
insights. Cell 1990; 63: 245-7.

Damstrup L, Rygaard K, Spang-Thomsen M, Poulsen
HS. Expression of TGF-[ receptor and expression of
TGF-p1, TGF-p2, and TGF-f3 in human small cell
lung cancer cell lines. Br J Cancer 1993; 67: 1015-
21.

. Norgaard P, Spang-Thomsen M, Poulsen HS. Expres-

sion and autorcgulation of TGF- receptor mRNA in
small cell lung cancer cell lines. Br J Cancer 1996;
T3 1037-43.




