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ABSTRACT

Ten cell lines were established from different biopsies from nine
patients with small cell lung cancer (SCLC). These were established from
mÃ©tastasesin the marrow (7), breast (1), pleural fluid (1), and spinal
cord (1) and had been in culture for periods varying from 1 to 11 months.
All cell lines exhibited typical cytological features of SCLC, and produced
neuron specific enolase. All lines examined (5) contained dense core
granules and were tumorigenic when injected intracranially into nude
mice. None of the six cell lines tested had an amplified oncogene (c-myc
or n-mir) previously reported to be amplified in SCLC.

Detailed chromosome analyses were undertaken and showed that a
structural abnormality of chromosome 3(pllp23) was a frequent (6 of
10) but not invariable finding. Our study and one other indicate that
there is not a unique chromosome abnormality present in all cases of
SCLC, although loss of chromosome 13 and structural abnormalities of
chromosome 3 were frequently found. A feature of these SCLC cell lines
established from metastatic deposits was the complexity of the kary-
otypes due to numerical and structural chromosomal abnormalities.

INTRODUCTION

Karyotypic analysis of leukemic cells from large numbers of
patients has led to the identification of specific structural and
numerical chromosomal abnormalities which appear to be
closely related to the development of the malignancy (1) and
are useful for the identification of subtypes (2). It has been
more difficult to study epithelial tumors because of the problem
in obtaining adequate chromosomal preparations from tumors
which are frequently necrotic or fibrotic. When karyotypes can
be examined, they are mainly complex with high modal num
bers making it difficult to determine which changes are primary
and which are related to progression of the disease. However,
some acquired and probable nonrandom chromosomal abnor
malities have been identified in adult solid malignancies and
include a partial deletion of the long arm of chromosome 1 in
malignant melanoma (3), a translocation involving chromo
some 6 and 14 in some ovarian cystadenocarcinomas (4), and
a partial deletion of the short arm of chromosome 3 in SCLC1
(5-7).

The ability to establish cell lines from SCLC has been the
major reason for the recognition of the chromosome abnor
malities in this malignancy (8, 9). SCLC cell lines have been
established by Oboshi et al. (10), Ohara and Okamoto (11),
Bergh et ai. (12), Fisher and Paulson (13), Gazdar et al. (14),
Goodwin and Baylin (15), and Pettengill et al. (16). There was
marked heterogeneity in the properties of these cell lines, such
as pattern of growth, whether floating or adherent, doubling
times, and expression of neuroendocrine markers (8, 9). This
heterogeneity of cell growth was not surprising since the clinical
behavior of SCLC is also heterogeneous. However, Whang-
Peng et al. (5, 6) and Whang-Peng and Lee (7) reported that
16 of 16 SCLC cell lines had a common chromosome abnor
mality, namely a partial deletion of the short arms of chromo
some 3. As the shortest region of overlap analysis, namely
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1The abbreviation used is: SCLC, small cell lung cancer.

3pl4-p21, was close to the locus of oncogene c-raf, it was
suggested that the partial deletion of 3p might have etiological
significance (7). On the other hand, Wurster-Hill and Maurer
(17) and Wurster-Hill et al. (18) reported a 3p- abnormality in

only 3 of 14 cell lines established from tumors in different
patients with SCLC.

In a study of SCLC in Australia, we have recently established
10 cell lines from 9 patients. In view of the controversy regard
ing a consistent chromosome abnormality in this tumor and
the implications of such a finding for the pathogenesis of the
disease, we now report on the characterization of these cell
lines and in particular on their karyotypes.

MATERIALS AND METHODS

Tumor biopsies were obtained either from patients undergoing rou
tine staging procedures or in relapse. These were undertaken according
to the ethical guidelines of the National Health and Medical Research
Council of Australia.

Cell Culture. Marrow specimens were separated using Ficoll-Hy-
paque (density, 1.077 g/cm3) and were placed in (a) RPMI 1640

supplemented with 10% fetal calf serum, (*) hydrocortisone, insulin,
transferrin, estradiol, and selenium with 2.5% fetal calf serum, and (c)
hydrocortisone, insulin, transferrin, estradiol, and selenium alone. The
culture methods were similar to those previously described (8, 9). Early
passage cultures were maintained at a heavy cell density. In some
cultures when debris formed, the cells were separated from the debris
by a repeat separation using Ficoll-Hypaque.

Characterization of Cell Lines. All specimens were obtained from
histologically proven SCLC as defined by WHO classification. The
cultures were examined for in vitro growth characteristics, cytological
appearance, tumorigenicity following intracranial injection of 10s cells
in nude mice, and secretion of neuron specific enolase using a radioim-
munoassay kit (Pharmacia, Uppsala, Sweden).

Electron Microscopy. The cell cultures were washed in phosphate-
buffered saline and fixed in glutaraldehyde. Cells were post fixed in 1%
osmium tetroxide and stained with saturated uranyl acetate. They were
then embedded, ultrathin sections cut, and examined with the Sieman's

electron microscope.
DNA Hybridization Analysis. Aliquots of 15 Â¿igof genomic DNA

were digested with Â£coRIand Hindlll, fractionated on a 1% agarose
gel, transferred to nitrocellulose, and hybridized to a "P-labeled nick
translated murine c-myc probe (19) by the method of Southern (20).
The c-myc probe was an approximately 2-kilobase Hindlll fragment of
the murine c-myc complementary DNA clone pMC-myc 54 (21), a gift
from Dr. S. Cory. For hybridization with an approximately 1-kilobase
EcoRl/BamHl insert of pNB-1 (human n-myc gene), the DNA was
cleaved with Â£coRI,and Southern blotting was performed.

Cytogenetics. Cell suspensions were harvested either 2-5 h after
transport or after synchronization according to the method of Webber
and Garson (22). Cultures harvested the same day were exposed to
Colcemid concentrations varying between 0.01 and 0.1 Â¿tg/mlfor 30-
60 min prior to harvest (23). Synchronized cultures were exposed to a
Colcemid concentration of 0.1 Â¿Â¿g/mlfor 30 min prior to harvest.

For synchronization, fluorodeoxyuridine (0.1 u\t) and uridine (4 *<M)
were added to the culture for approximately 16 h (2). The DNA
synthesis block was then released by the addition of bromodeoxyuridine
(20 Ã•Ã•M),and the cells were harvested 5-7 h later.

Following exposure to Colcemid, the cell suspensions were collected
by centrifugation for 10 min at 1000 rpm. The supernatant was dis
carded, and the cells were resuspended in hypotonie KC1 (0.075 M) at
room temperature. After 20 min exposure to KC1 the cultures were
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recentrifuged for 5 min at 1000 rpm. and the supernatant was discarded.
The cells were then lived in methanol:glacial acetic acid (3:1) and left
overnight at 4Â°C.Slides were prepared after three changes of fresh

fixative. G-banding was performed by a modification of the trypsin
method of Seabright (24). Standard nomenclature according to the
International System for Human Cytogenetic Nomenclature (1978) has
been used in describing the karyotypes (25).

RESULTS

Since April 1984,65 specimens were received and from these
10 cell lines were established from 9 patients, 6 of whom were
males. All cell lines were derived from specimens which were
histologically or cytologically involved with SCLC, 7 being
from marrow. Cell lines 95 and 107 were from 2 different sites
(spinal cord and marrow) in the same patient, taken 3 weeks
apart.

The characteristics of the cell lines are shown in Table 1. AH
grew as floating aggregates of cells and cytological preparations
of each cell line showed the typical features of SCLC. Electron
microscopy revealed the presence of neurosecretory granules in
the 5 cell lines studied. Fig. la shows the typical floating clumps
of cells and Fig. Ib shows the dense core granules in an electron
micrograph of LICM95.

Medium was collected from cells growing in the log phase
and assayed for neuron-specific enolase, and all cell lines se
creted significant amounts (Table 1). Using the radioimmu-
noassay, the medium alone was found to contain <2 Â¿ig/literof
neuron-specific enolase. All cell lines tested (5 of 5) produced
tumors after intracranial injection into nude mice, and the
histolÃ³gica! and electron microscopic appearance of these was
typical of SCLC.

Cytogenetics. The 10 SCLC cell lines contained many nu
merical and structural abnormalities involving almost all chro
mosomes. The full karyotypes are given in Table 2. Chromo
somes were considered to be gained or lost depending on the
deviation from the expected number of copies for the nearest
ploidy, for example, diploid or triploid. Five of the 10 lines
(LICM 44, 56, 107, 154, and 204) had at least 2 abnormal
clones; 4 of these (LICM 44, 56, 107, and 154) had hypotetra-
ploid clones and one line (LICM209) was hypotriploid. Five
lines (LICM 56,95,107,124, and 204) had major clones which
were pseudodiploid, while one line (LICM 158) had a mode of
47, and LICM 196 was hypodiploid.

The G-banded karyotype of 3 lines are shown in Fig. 2. The
karyotype of LICM 124 gives an example of the common 3p-

abnormality. Fig. 2, b and c shows the marked similarity be
tween the karyotypes of the 2 cell lines derived from different
metastatic sites in the one patient.

Fig. 3 shows the consistent structural and numerical abnor

malities present in the cell lines. No single chromosome was
consistently underrepresented or present in excess but in agree
ment with the findings of Wurster-Hill et al. (18); chromosome
13 was most frequently missing (6 of 10 cases). Chromosome
18 was present in excess in 4 of 10 cases, but in general
additional chromosomes were much less common than missing
ones. The chromosomes found to be most frequently involved
in structural abnormalities were 17 (8 of 10), 3 (7 of 10), 5 (5
of 10), 11 (5 of 10), and 1 (4 of 10 cases). A partial deletion of

Fig. 1. a, growth of LICM95 in hydrocortisone, insulin, transferrin, estradici,
and selenium supplemented with 2.5% fetal calf serum, ft, electron micrograph of
LICM9S demonstrating dense core granules.

Table 1 Specific characteristics of small cell lung cancer cell lines

CelllineLICM-445695107124154158196204209SexofpatientFFMMFMMMMMSourceofbiopsyBM"BMSBMBRBMBMBMBMPEBiopsy

obtainedatdiagnosis
or re

lapse after chemo
therapyDDDDRDDDDDNeuron-specificenolase

se
creted into me

dium (j.<c ml115,

1056,4028,3567,5232,

1538,
4450.6930,4040.4530,34Tumorigenicity

in nudemicefollowing
intra

cranial injec
tion+++++NTNTNTNTNT

" BM, bone marrow; S, spinal cord; BR, breast; PE, pleural effusion; D, diagnosis; R, relapse; NT, not tested.
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Table 2 Chromosomal characterization of cell lines

Cell
lineLICM44Mo

in
culture11No.

of cells
karyotyped
(G-banded)11No.

of
abnormal

clones2Abnormalities

present in allclonesMode79-81Numerical-4,

-4, -10,Structuraldel(5) (q 13), 6p+,CloneNo.1Additional

clonalabnormalitiesNumerical-2,

+8Structuraldel (1) [(q2Sqter): inv dup(qllq25)l,
-12,-13, t(18;?) (q23;?),
-13,-15, Markers (2)
-19,-20,
-22

LICM56 3 li 3

LICM95 l 9 l

LICM107
(same
patient)

LICM124

46/47/hypo- +18
tetraploid

del(l)(p32p35),
t(3;17)
(qll;pll), der

t(5;6;9;?)(ql3-
q35;p22;ql2;?),

46/84-87

46

-13, +18, -22

- 13, + 18, -22

17p+, E-size
marker

15, -16, +18 del(3)(pllp23),
+del (3)
(pllp23). del
(4) (ql2), del

17p+, small
marker

t(5;6;9;?) (q 13-
q35;p22;ql2;?),

LICM154 2 11

LICM158 2 8 l

LICM196 1.5 7 l

LICM204 1.5 8 2

LICM209 l 13 l

80-88/71-
73

47

41

46

66

del(17)(P12),
18p+

-7, -3, -4, markers (3), small
â€”4,â€”5,â€”5, ring
-8, -10,
-13, -14,
-14, -16,
-22, -22

+ 14 del (2) (q33), die
t(3;ll)
(pll;pll), del
(4) (q 12), del
(5)(qll),ring

-4, - 10, - 13, del (3) (p 11p25),
â€”15, â€”16, marker
-17, -22 (?der(17)),

marker

ins (3) (p21)
del(12)(pllpl3),

del (17)
(pl2pl3)

+1, +3,+4,
+5, -6, +7,
+7, -9,
-10,-11,
-12,-13,
-15,+18,
-21,-21

del(l)(p32p36).
t(2;5)
(q21;ql3), del
(3)(pl2p25),
del (4)
(pl4pl6), del

14p+, 15p+,
17p+, del (18)
(q21q23), 19p+,
G-size marker,
F-size marker

-8,-21,-22

1
2 +18
3 +18 (losses not

consistent)

marker, +double minute

del (1) (q25q42), del (9) (q22), mark
ers (variable in no.)

-3, -8, -10,
+ 18

Markers (variable in no.)

1 -6,+9

2 -l,-2,-11,
-15,-16,
-17,-18,
-21

t(l;3)(p36;p21), 17p+
del (3) (p21), del (6) (ql5), 7p+, inv

(12)(ql3q23),del(17)(pl2),dic
t(14;?) (pi2;?), markers (variable
in no.)

1 t(Y;?) (qter;?)
2 t(l;7)

(Pl2;q36)

the p arms of chromosome 3 (3p-) was present in 6 of 10 cases,
the most commonly involved region being pll-p23. Structural
abnormalities of chromosome 17 usually involved the p arm
and occurred as either 17pâ€”or 17p+. The specific region
17pll-pl3 was involved in at least 3 cases. Six of the 10 lines
contained unidentified marker chromosomes, 2 lines (LICM
44 and 209) displayed double minutes, and ring chromosomes
were present in 2 lines (LICM 154 and 158). Homogeneously

staining regions were not identified in any line.
Amplification of c-myc and n-myc. A DNA hybridization

analysis of genomic DNA was undertaken and the results are
shown in Fig. 4. It was apparent that cell lines NCI-H82E and
NCI-249 (gifts from D. Carney and A. Gazdar, National Cancer
Institute) exhibited significant gene amplification compared to
A431 (a squamous cell carcinoma line). However, no amplifi
cation of c-myc was found in our SCLC cell lines. In a parallel
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Fig. 2. G-banded karyotype of 3 SCLC cell lines, o, LICM124 showing del(3) (pi Ip23) and additional abnormalities; ft, LICM95; e, LICM107from 2 metastatic
sites in one patient showing no abnormality of chromosome 3 but several other abnormalities which are common to both cell lines.
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Fig. 3. Histogram of consistent structural and numerical abnormalities found in the cell lines. A consistent abnormality is denned as one present in at least 50%
of the metaphases examined from a cell line. in. minute: dm, double minute.

study it was found that n-myc was amplified in the cell line
NCI-H249, but there was also no amplification in any of the 6
LICM SCLC lines tested.

DISCUSSION

Our study reports on the establishment of 10 SCLC cell lines
from mÃ©tastasesin 9 patients. It confirms previous reports (8-
16) that these cell lines can readily be established and main
tained. The typical histological and cytological appearances of
the malignant cells in both the tissue from which the lines were
established and the cell lines show that these tumors are of
SCLC type, and their growth characteristics are similar to those
previously reported (8,9). Furthermore, all the lines tested were
tumorigenic when injected intracranially into nude mice, and
the histological appearance of these tumors was also that of
SCLC. Electron microscopic examination of 5 cell lines re
vealed dense core granules in cell processes, establishing that
these cells have features of neuroendocrine cells. It has been
suggested that amplification of myc occurs in variant cell lines
(9). An analysis of genomic c- and n-myc demonstrated that
these were not obviously amplified in any of the lines tested (6
of 6). Thus by this criterion, our lines are of the classic type.
Amplification of c-myc in NCI-H249 was not previously re
ported, and this may represent tumor progression (26).

Cytogenetic analyses of the 10 SCLC cell lines confirmed
their human origin and showed many and varied structural and
numerical abnormalities. A specific abnormality associated with
all lines was not found, but structural abnormalities of chro
mosomes 3, 17, 1, 5, and 11 were common. Whang-Peng et al.
(6) reported deletions of the p arm of chromosome 3 in 16 of
16 SCLC cell lines and suggested that this represented a specific
nonrandom abnormality of SCLC. Chromosome 3p deletions
were a common finding in our study but were not unique,
occurring in 6 of 9 cases. In a study by Wurster-Hill et al. (18)
abnormalities of chromosome 3 were found in only a minority
of cases (3 of 14). Recently Falor et al. (28) have reported 3
cases of SCLC with a 3pâ€”abnormality. Thus, including our
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Fig. 4. DNA hybridization analysis. Genomic DNA was cleaved with EcoRl

and ////ii/l 11.fractionated on a 1% agarose gel, and after transfer to nitrocellulose
hybridized to a murine c-myc complementary DNA fragment. ///nÃ/111-digested
phage DNA was used as a size marker, kbp, kilobase pair.

data, deletions of chromosome 3p have been found in 28 of 42
reported cases (67%). Table 3 shows a comparison of the
findings of Whang-Peng et al. (6) and Wurster-Hill et al. (18)
with our study. Apart from SCLC, partial deletions of the p
arm of chromosome 3 have been reported in many malignant
diseases including acute and chronic myeloid leukemia, mye-
lodysplastic syndromes, acute lymphocytic leukemia, multiple
myeloma, macroglobulinemia, adenocarcinoma, meningioma,
and both Hodgkin's and non-Hodgkin's lymphomas (27). How

ever, an abnormality of 3p is not a frequent finding in any of
these malignancies and the breakpoint is not always in the
region pllp23. If the 3pâ€”abnormality does represent a non-

random abnormality in SCLC, then there must be 2 subgroups
of this disease, one with and one without the abnormality. Only
further studies in which clinical, biological, and cytogenetic
studies are performed will confirm or deny this possibility.
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Table 3 Comparison of most common numerical and structural abnormalities

Whang-Peng et ai. (6) Wurster-Hill ff a/. (18) Present study

Chromosome Occurrence Breakpoints Chromosome Occurrence Breakpoints Chromosome Occurrence Breakpoints

Numerical
Most frequently

over repre
sentedMost

frequentlyunderrepre-sentedStructuralMost

frequentlyinvolved133p-11029X144/4

of thehy-podiploidlines16/16

(pl4-23)13/16
varied12/1611/1610/1610/169/1613

17/21cellpopulations6

9/14(q23-25)1
8/14varied11
5/14 (pll-12)18133p-1715113/95/96/97/94/94/94/9(pll-23)p

arm(6/7)varied(qll-13)varied

In the development of solid tumors, a major feature distin
guishing malignant epithelial cells from normal is the presence
of structural and numerical chromosomal abnormalities. That
these abnormalities arise early in the development of a malig
nancy, prior to metastasis, was illustrated by the marked simi
larity in the karyotypes of the 2 cell lines established from two
different metastatic sites in the one patient (LICM95 and
LICM107). The observation that an additional hypotetraploid
clone was present in the LICM107 line established from mar
row may be indicative of further tumor progression following
metastasis, or may be evidence of karyotype evolution and
selection proceeding in vitro with the passage of time (18). The
presence of multiple clones in some of the other cell lines also
raises these possibilities. In order to determine the relationship
between such findings and the situation in vivo, more studies
of cell lines from various metastatic sites together with direct
preparations from primary SCLC tissue will be necessary. How
ever, it does seem that a feature of SCLC cells, whether studied
in established cell lines or in tissue obtained directly from the
patient (6), is the presence of multiple and heterogeneous
structural and numerical abnormalities. These may be more
important to the progression of the malignancy rather than its
cause, or may be a function of the heterogeneity within the
disease itself.
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