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ABSTRACT

Amplification and expression of 16 protooncogenes were examined in
12 established small cell lung cancer (SCLC) cell lines. Seven of 12 cell
lines showed a 20- to 35-fold amplification of the c-myc oncogene, 3 cell
lines showed an 80- to 130-fold amplification of N-myc oncogene, and
one cell line had a simultaneous amplification of the c-myb and \-ni\c

oncogene. In this cell line both oncogenes were transcriptionally highly
active at the same time. A variant subpopulation of SCLC expressed an
8.5-kilobase \-fms homologous transcript at high levels but without
amplification of the c-fms gene. All cell lines examined had similar RNA
levels of the N-rav, Ki-ras, Ha-ras, and c-ro/1 oncogenes. DNA amplifi
cation, however, was undetectable. The protooncogenes c-fes, c-fos, and
c-erbB were expressed very weakly and the transcripts of the oncogenes
c-mos, c-sis, c-erb\, c-src, and c-ahl were not observed in any of the 12
SCLC-cell lines. From these data we conclude that beyond the oncogenes
myc and myh, oncogenes whose gene products are GTP binding proteins
and phosphokinases may also be necessary to develop and keep the
malignant state of SCLC. The \-fms homologous transcript found may
be involved in the transition of the classic cell type to the variant cell
type of SCLC.

tial role in controlling normal cell growth and development (7-
12). In activated forms, which one can lÃ¬miin many human and
animal tumor cells, cellular oncogenes may be involved in
neoplasmic transformation of cells and tumor establishment.
Point mutations, deletions, translocations, and gene amplifi
cation could be mechanisms that give quiescent protooncogenes
a transforming potency (13-22).

Beyond c-myc amplification, L-myc and N-myc amplifica

tions were found in SCLC cell lines with increased RNA
expression almost proportional to the corresponding gene. Am
plifications of L-myc and N-myc oncogenes have no constant
association with both cell types of SCLC. In all SCLC cell lines
examined, if at all, only one gene out of three wye-related
oncogenes was amplified (23, 24).

With regard to these findings and the results of Shimon et al.
(25), who found a number of transcriptionally active protoon
cogenes in 20 fresh human cancer specimens of different his-
tological types including lung cancer, we performed similar
analyses of 16 oncogenes in 12 permanent SCLC cell lines.

INTRODUCTION

Lung cancer has been classified clinically into SCLC1 and

non-SCLC, based on differences among tumor spread at the
time of diagnosis, response to applied treatment modalities,
and overall survival. SCLC accounts for about 20-25% of all
new cases of human lung cancer, and 2-year survival rates are
still within a 10-20% range, despite intensive clinical research.
Based on the expression of DDC, a key enzyme of the diffuse
neuroendocrine system ( 1), established SCLC cell lines can be
subclassified in vitro into a classic cell type with measurable
activity of DDC and a variant cell type without enzyme activity.
Beyond this feature other parameters differ between both sub
classes of SCLC cell lines: the classic cell type expresses bom-
besin-like immunoreactivity, has higher levels of neuron-spe

cific enolase, a longer population doubling time in suspension
culture, a lower cloning efficiency in soft agarose, and a longer
latent phase of nude mouse heterotransplants than the variant
cell type (2, 3).

As a rule, variant cell lines have a higher degree of DNA
amplification and a higher level of RNA expression of the c-

myc oncogene than do classic cell lines (4). This suggests a
possible function of the c-myc oncogene and probably other
cellular oncogenes in the transition of the classic to the variant
cell type and the malignant behavior of variant cell lines (4-6).

Cellular oncogenes, originally identified by their structural
similarity to oncogene sequences in the genome of acutely
transforming retroviruses and/or by their capability to trans
form NIH-3T3 cells in transfection assays, may play an essen-
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1The abbreviations used are: SCLC, small cell lung cancer, DDC, dihydroxy-
phenylalanine-decarboxylase; kb, kilobase(s); SSC, saline-sodium citrate ( 1x SSC
is 0.IS M sodium chloride:0.015 M sodium citrate); SDS, sodium dodecyl sulfate;
TPA, 12-O-tetradecanoylphorbol-l3-acetate; NCI, National Cancer Institute.

MATERIALS AND METHODS

Cell Lines. The SCLC cell lines used were established in our labo
ratory (SCLC-16H, SCLC-21H, SCLC-22H, SCLC-24H, SCLC-86M)
or were donated by Drs. Carney and Gazdar, NCI, Bethesda, MD (NCI-
H69, NCI-H82, NCI-HI46, NCI-N417, NCI-H526, NCI-N592) and
Drs. Pettengill and Sorenson, Dartmouth Medical School, Hanover,
NH (DMS-79). AH 12 cell lines grew as floating cell aggregates in
liquid culture, formed colonies in soft agarose, were tumorigenic in
athymic nude mice, were free of Mycoplasma contamination, and
expressed human isoenzymes distinct from HeLa cells. Their morpho
logical, biochemical, and chromosomal features have been described in
detail (2, 3, 26-28). Cell lines SCLC-22H, SCLC-24H, SCLC-86M,
NC1-H69, NCI-H146, and NCI-N592 expressed DDC activity and thus
belonged to the classic cell type of SCLC; all other cell lines (SCLC-
16H, SCLC-21H, NCI-H82, NCI-N417, NCI-H526, DMS-79) had

undetectable DDC activity and were subclassified as variant SCLC cell
lines (2, 3). The RNA expression and DNA amplification of c-myc and
N-m^c were previously analyzed by Little et al. (4) and Ã‘au et al. (23)
for the NCI cell lines H69, H82, H146, N417, H526, and N592. Griffin
and Baylin (5) could demonstrate c-myb transcripts in the cell lines
H69 and H82 but not in N417. These cell lines were included as
positive controls for these protooncogenes. All cell lines were kept
continuously growing in RPMI 1640 medium supplemented with 10%
v/v fetal bovine serum, designated R10 medium (both purchased from
G1BCO, Paisley, United Kingdom) in a well humidified atmosphere of
5% CO2/95% air at 37'C.

Purification of DNA. High-molecular weight cellular DNA was pre
pared from 1-2 x 10s cells obtained from logarithmically growing

culture. The cells were washed with phosphate-buffered saline and
resuspended in 10 ml lysis buffer (0.5% SDS, 0.1 M NaCI, 0.02 M Tris-
HC1, pH 7.4), 0.001 M EDTA, and proteinase K, 100 /ig/ml). This
solution was incubated overnight at 37Â°Cand extracted once with

phenol and twice with chloroform:isoamylalcohol (24:1). DNA was
precipitated with 0.15 M sodium acetate (pH 5.2) and 2 volumes of
cold 100% ethanol pooled off and dried under vacuum. DNA was
dissolved and stored in water at 4 ( .

Preparation of RNA. Logarithmically growing cells (10s) were lysed

in 5 ml cold lysis buffer, briefly vortexed, and cytoplasmic RNA was
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PROTOONCOGENES IN SCLC

separated from nuclei by a sucrose cushion. Cellular proteins were
hydrolyzed by proteinase K digestion (200 Mg/ml) for 30 min at 37Â°C.

The solution was extracted once with phenohchloroform:
isoamylalcohol (25:24:1), and the RNA was precipitated with 2.5
volumes ethanol and tested for integrity in a 1% glyoxal-agarose gel.
For preparation of polyadenylated RNA, cytoplasmic RNA was purified
by chromatography on oligodeoxythymidylate cellulose as described by
Aviv and Leder (29).

Southern Hybridization. Restriction endonuclease-digested DNA was
electrophoresed in 1% agarose gel, transferred to nitrocellulose by the
method of Smith and Summers (30), prehybridized [30-50% formam-
ide (dependent on homology between probe and DNA)-5x SSC-5x
Denhardt's solution 50 mM sodium phosphate buffer, pH 6.5-250 /jg/

ml denatured salmon DNA] and hybridized (30-50% formamide-5x
SSC-lx Denhardt's solution-20 mM sodium phosphate buffer, pH 6.5-

10% dextran sulfate-100 fig/ml denatured salmon DNA) to nick-
translated probes (Table 1). After hybridization the filters were washed
initially 4 times for 5 min in 2x SSC-0.1% SDS, at room temperature,
then 3 times for 20 min in 0.1 x SSC-0.1% SDS at 50Â°Cand exposed

to Kodak XAR-5 film for various periods.
Northern Hybridization. For Northern blots, cytoplasmic or poly

adenylated RNA was electrophoresed in glyoxal gel, transferred with
20x SSC to nitrocellulose, and hybridized in the presence of 10%
dextran sulfate and 50% formamide. Filters were washed essentially as
described for Southern hybridization. Twenty ng of cytoplasmic or 5
UKpolyadenylated RNA were loaded in each lane (31).

RNA Dot Blot Analysis. Cytoplasmic RNA was denatured in 6x
SSC-0.22 M formaldehyde for 15 min at 50Â°C,diluted serially, and

spotted on nitrocellulose equilibrated with 20x SSC. The blots were
prehybridized and hybridized as described for Southern hybridization
(32).

0 X XX XXX XXXX
H 1 1 1 1
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:

.15 .3 .6 14

MYC

FMS

MYB
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RESULTS

Protooncogene Expression in SCLC Cell Lines. Cytoplasmic
RNA was isolated from 12 established SCLC cell lines, the
same RNA batches were analyzed by the dot and Northern blot
techniques with 32P-labeled oncogene probes listed in Table 1
using a /3-actin probe as internal control probe, and the dot blot
autoradiographs were quantified by densitometer tracing (DU
6 Beckmann photometer). To simplify the evaluation of data
we estimated the intensity of hybridization corresponding to a
scale of hybridization signal intensities (Fig. 1.1). The scale
ranges from 0, i.e., no expression detected, to ++++ for high
level expression. A summary on the expression of 9 oncogenes
is given in Table 2. The weak hybridization signals of v-fes, v-
fos, and \-erbB were negative corresponding to the scale of
intensity given in Fig. \A. We could not detect transcripts
homologous to abl, mos, erbA, sis, and src probes. For the

Table I Oncogene probes

Plasmidc-mycp-mycp-\-fosp-erb/tp-N-roip-Ki-rojp-HaSV-BS9a*l-pK2c-mos

(pHM2A)N-myc(pNBl)v-fesv-fna\-srcV-Ã•ISc-rafl

(pHEl)p-myb/3-actinFragment

used as
probeClal-EcoRlPstl-PstlPstl-Pstlv-erb\:

Pvull-Sstlv-erbB:
//indll-PvuIIÂ£coRI-Â£coRIÂ£coRI-Â£coRIEcoR\-EcoRlEcoRl-EcoRlEcoR\-EcoRlEcoRl-BammPsl\-PsllPstl-Pst\Pvul\-Pvu\\Pst\-Pst\Â£coRI-Â£coRIBamm-BamHlBglll-EcoRlkb

pair1.31.51.10.80.91.11.00.41.62.71.00.51.50.81.21.81.00.5Ref.443444546474849SO515253545556

Cytopl RNA

SCLC- 16H

NCI-H526

NCI-H 592

er o

20 15 10 5 2.5 10 75

C-MYC

C-MYB

N-MYC

Fig. l. ,I, scale of intensity of hybridization. The relative intensity was deter
mined by making densitometer tracings (DU 6 spectrophotometer). B, dot blot
hybridization of the myc, myb, N-mjr./mi, and 0-actin probe as internal control.
The first dilution step (20 I<K)is given. C reduction of the spot intensity to
undetectable levels in cytoplasmic (cylopl.) RNA preparations preincubated with
RNase A and Tl. Integrity of the spot intensity after preincubation with DNase
1 demonstrates that the signal is due to hybridization of the oncogene probes to
RNA.

protooncogenes N-ros, Ki-ras, Ha-roj, and c-rafl we found
similar levels of this transcripts in all SCLC cell lines examined.
RNA expression related to the cellular oncogenes c-fms, c-myc,
c-myb, and N-myc, however, differed considerably among the

SCLC cell lines.
In order to exclude false-positive hybridization signals due to

soiling of RNA preparations with genomic DNA, we blotted
RNase Tl and RNase A digested probes from all cell lines
tested as negative controls. A representative example is shown
in Fig. 1C. We also digested RNA probes with DNase 1 to
demonstrate that the intensity of the signal does not change
thereby.

The sizes of transcripts homologous to protooncogenes c-
fms, c-myc, N-myc, and c-myb were determined by the Northern
blot technique (Fig. 2). We found one c-myc homologous tran
script of 2.3 kb with the human c-myc Clal/EcoRl probe and
one c-myb related transcript of 3.5 kb (Fig. 2, A and B). The
transcript sizes correspond to previously reported data from
SCLC cell lines (4, 5). The N-myc probe hybridized to a 3.5-kb

6237

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

7
/2

3
/6

2
3
6
/2

4
2
9
4
6
5
/c

r0
4
7
0
2
3
6
2
3
6
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



PROTOONCOGENESIN SCLC

Table 2 Summary of results on the expression ofprotooncogenes in SCLC cell lines

CelllineSCLC-16HSCLC-21HSCLC-22HSCLC-24HNCI-H69DMS-79NCI-H82SCLC-86MNCI-HI

46NCI-N417NCI-H526NCI-N592Cell

typeVariantVariantClassicClassicClassicVariantVariantClassicClassicVariantVariantClassicc-mycxxxx-xxxxXXXXXXXXXXXXXXXXXXXXXXXfmsXXXXXX00X0XXXXxxxxXXXmybXXXXXXXX0XXX0xxxxXXN-mycXXXXXXxxxxXXXX00XXxxxxxxxxN-rosXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKi-rosXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXHa-nuXXXXXXXXXXXXXXXXXXXXXXra/1XXXXXXXXXXXXXXXXXXXXXXXXXfes0X0XX0X000XX

x-xxxx, level of expression; 0, no expression detected.

I I K
Ã‡
Z

z i

KB

C-MYB

2.3Kb - -f

Fig. 2. A, B, C, Northern blot analysis
showing the sizes of mRNA transcripts de
tected in SCLC related to c-myc, N-myc, and
c-myb. The c-myb filter was boiled for 10 min
in twice-distilled water to remove the c-myb
probe and subsequently rehybridized to a .;
actin probe. The analysis was performed on 20
Â«igcytoplasmic RNA. D, Northern blot analy
sis of an 8.5-kb v-/ms-related transcript in cell
lines with high level of fms expression. Five MÂ£
poly(A+)RNA were loaded in each lane for
SCLC cell lines and 30 ,Â¡Ktotal cellular RNA
were used for TPA-induced differentiation
HL60 (3.3 x IO"' M for 30 h).

C-MYC
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Fig. 3. I. Southern blol analysis of DNA
from SCLC cell lines with 3!P-labeled \-myc,
\-myb, and pNBl oncogene probes (Table 1).
A 12.0-kb EcoRi fragment hybridized in all
SCLC cell lines with the v-myc probe, a 4.3-
kb /'Â«mill fragment with the v-myb probe, and
16.0-kb ///Â«[/III fragment with the pNBl
probe. In addition to the 16.0-kb fragment, a
14.0 kl. ///Will fragment of NCI-H526 also
hybridized with the pNBl probe. B, different
amounts of DNA were digested with EcoRl
for Southern blot analysis probed with \-myc
and pNBl probes and digested with /ion/Ill
for Southern blot analysis with the v-myb
probe. The appropriate J2P-labeled bands were

cut out and liquid scintillation was counted.

PROTOONCOGENES IN SCLC
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RNA from cell lines which highly expressed this oncogene
(SCLC-22H, NCI-H526, NCI-H69, NCI-N592) and to an ad
ditional transcript of 1.9 kb in the variant cell line NCI-H526

as recently described by Nau et al. (23) (Fig. 2C).
A \-fms related transcript of 8.5 kb was found in polyadenylic

acid RNA of the variant cell lines NCI-N417, SCLC-16H, and
SCLC-21H. The TPA-induced 5.0-kb v-fms homologous tran

script of the promyelocytic cell line HL 60 was detected by the
same \-fms probe (33) (Fig. 2D).

We also hybridized the RNA from TPA-induced HL60 cells
and the RNA from the SCLC cell line NCI-N417 to an EcoRl/
EcoRl fragment ofp-cfms 104 (5' end probe) obtained from A.

Ulrich which represents the extracellular domain of the c-fms
product (34). With this probe we could demonstrate the 5.0-kb
c-fms RNA from HL60 cells but not the 8.5-kb transcript from

SCLC cells (data not shown).
Amplification of Protooncogenes in SCLC Cell Lines. We

analyzed the copy number of cellular oncogenes which were
transcribed at elevated levels in SCLC cell lines by Southern
blot technique. Genomic DNA was extracted, digested with
restriction endonucleases, electrophoresed in 1% agarose gel,
blotted on nitrocellulose filters, and hybridized with the radio-

labeled oncogene probes listed in Table 1. DNA from cell lines
SCLC-16H, SCLC-21H, SCLC-22H, SCLC-24H, SCLC-86M,
NCI-H82, and NCI-N417 showed a more intense c-myc signal

in the autoradiographs than the remaining cell lines (Fig. 3).
With the c-myb probe, the variant cell line NCI-H526 had a

multiple stronger hybridization signal than in the other cell
lines. As described above, this cell line expressed the c-myb
transcript at high levels. Cell lines NCI-H69, NCI-H526, and
NCI-N592 showed an intense characteristic 16.0-kb Hindlll
digested N-myc fragment. Other oncogene probes revealed a

uniform labeling of all cell lines. These results suggest ampli
fication of the c-myc protooncogene in the cell lines SCLC-
16H, SCLC-21H, SCLC-22H, SCLC-24H, SCLC-86M, NCI-
H82, and NCI-N417, an amplification of the N-myc gene in
cell lines NCI-H69, NCI-H526, NCI-N592, and a c-myb am
plification in cell line NCI-H526. After EcoRl and Hindlll
digestion, we found an accessory amplified N-myc hybridization
band in NCI-H526, as described by Nau et al. (23). NCI-H69
also had an unamplified 4.0kb EcoRl fragment (Fig. 4). With

other oncogene probes we detected only the characteristic re
striction endonuclease fragments.

In order to estimate the degree of amplification, DNA was
cleaved by restriction endonucleases, diluted serially, electro
phoresed, blotted, and hybridized as described. Hybridization
signals were compared with those from cell lines with a known
degree of amplification (Fig. 3Ã„). A 25- and 47-fold DNA
amplification for c-myc of the cell lines NCI-H82 and NCI-
N417 and a N-wyc amplification of the cell lines NC1-H69,
NCI-H526, and NCI-N592 has been recently reported. The
degrees of N-myc amplification were specified at 85-fold in
NCI-H69 and at 115- (5.0-kb band) and 135- (2.0 kb) fold,
respectively, in NCI-H526 (4, 23).

The "P-labeled hybridization bands were cut out and meas
ured in a scintillation counter. The cell lines SCLC-16H and
SCLC-86M had a 30- to 35-fold and the cell lines SCLC-21H,
SCLC-22H, and SCLC-24H a 20- to 25-fold amplification of
the c-myc oncogene. Intensity of signals was compared with
NCI-H82 and NCI-H146 which is not amplified for c-myc (4).
The c-myb oncogene of NCI-H526 was amplified 20- to 25-
fold as compared to the unamplified cell line NCI-H82. In
order to estimate the degree of N-myc amplification in NCI-
N592, we used NCI-H69, which is supposed to have 85-fold
amplification (23). Our analyses showed 130- to 140-fold am
plification of N-myc oncogene in NCI-N592.

DISCUSSION

We could demonstrate a number of transcriptionally active
oncogenes in SCLC cell lines for which 4 patterns of expression
were observed: (a) five protooncogenes, c-myc, c-rafi, N-ras,
Ha-ras, and Ki-ras were expressed in all cell lines examined. C-
myc expression differed considerably in level from cell line to
cell line. The variant cell lines, excluding NCI-H526 and DMS-
79, expressed the c-myc oncogene at higher levels than did the
classic cell lines. Some classic SCLC cell lines (all established
in Marburg; SCLC-22H, SCLC-24H, and SCLC-86M) also
had a high degree of c-myc amplification. A uniform expression
pattern of Ki-ras, Ha-ras, N-ras, and c-rafl was found in all cell
lines; (b) the oncogenes c-myb and N-myc were expressed at
different levels in some cell lines without correlation between
the pattern of expression and the phenotype of SCLC; (c) 3 of
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Fig. 4. Southern blot analysis of DNA from NCI-H69, DMS-79, NCI-H526,
and NCI-N592 hybridized with "P-labeled pNBI DNA. In addition to the
amplified 2.0-kb 1-rnKl fragment an unamplified 4.0-kb fragment of NCI-H69
and an amplified 5.0-kb fragment of NCI-H526 also hybridized with the N-myc
specific probe pNBI.

6 variant SCLC cell lines expressed a strong 8.5-kb \-fms
homologous transcript; (d) for the oncogenes c-erb\, c-mos, c-
5Â«,c-abl, and c-src, we did not observe transcripts in SCLC.
The expressions of c-fos, c-fes, and c-erbB were weak because
of insufficient contrast with the background and thus were
valued as negative.

We also found a simultaneous amplification of 2 oncogenes,
c-myb and N-myc, in a single SCLC cell line (NCI-H526), both

of which were transcriptionally highly active. Nine of 12 cell
lines revealed amplification of one of the 2 wye-related onco
genes, N-mye and c-myc. L-myc was not amplified in these cell
lines.2

Our data on N-myc and c-myc agree with those of Nau et al.

2 B. Johnson, personal communication.

(23) who described amplification and elevated expression of
either N-myc or c-myc in most SCLC cell lines. We could not
find an exception to the rule expressed by these authors that
only one of the 3 wye-related oncogenes (N-myc, c-myc, L-myc)

is amplified in SCLC cell lines (24).
Amplification and elevated expression of the c-myc oncogene

may correlate with aggressive growth qualities of the variant
cell type of SCLC. Our results suggest that in particular the c-
myc expression may be associated with the subclassification of
SCLC into variant and classic cell types rather than DNA
amplification. All cell lines established in Marburg, including
classic lines, had a high degree of c-myc amplification. The
expression, however, was approximately 4 times higher in var
iant cell lines than in classic cell lines. The high level of c-myc
expression in variant cell lines cannot therefore be determined
only by the degree of amplification. Other factors, possibly
oncogene products and growth factors may control the c-myc
expression in classic cell lines so that the amplification does
not proportionally effect the c-myc expression (5, 10, 11, 35).
N-myc amplification did not show any association with the

SCLC subclassification.
One variant cell line (NCI-H526) was amplified simultane

ously for 2 oncogenes, c-myb and N-myc. Griffin and Baylin
(5) found v-myÃ©homologous transcripts in 7 of 8 SCLC cell
lines examined (5). We detected c-myb transcription in 10 of
12 cell lines. The quantity of c-myb transcription, however, was
obviously lower than the c-myc transcription. The only excep
tion was NCI-H526, which was amplified for the c-myo gene.
The c-myÂ¿>function and mechanisms of c-myZÂ»amplification in
SCLC still remain unclear because of little knowledge of nor
mal, cellular functions of c-myA and of the mechanisms involved
in its amplification.

In addition to myc-related genes and the c-myb oncogene, a
number of protooncogenes were transcriptionally active in
SCLC cell lines. C-rafl, Ki-, N-, and Ha-ros oncogenes were

expressed at high levels in all cell lines examined but not
amplified. Recent findings underline transforming potency of
ras oncogenes. C-Ha-ros from urinary carcinoma cell line T24
can transform rat embryo cells into cells which are capable of
forming tumors with high metastatic potential in nude mice
(36). The high expression levels of ras genes and the c-rafl

gene in SCLC suggest that these genes may play an important
role in tumor establishment (35, 37).

Three of 6 variant cell lines expressed high levels of a v-/ms
homologous transcript. The putative gene product of c-/ms is
the CSF-1 receptor (38). The Northern blot analysis showed an
8.5-kb transcript in polyadenylic acid RNA from SCLC-16H,
SCLC-21H, and SCLC-N417. This v-/ms-related transcript of
SCLC was thus considerably larger than the 5.0-kb v-fms ho
mologous transcript of the TPA-induced promyelocytic cell line
HL 60 or the 4.3-kb transcript found in human placenta (34).

Walker et al. (40) found in 3 of 5 cell lines derived from tumors
produced by neoplastic transformation of rat epithelial cells
high levels of a 9.5-kb v-/ms-related transcript. Also, the murine
myeloid leukemia cell line WEHI-3B expressed 2 v-/ms-related
transcripts, a smaller one of 4.1 kb which may correspond to
the 3.7-kb RNA found in human placenta! tissue (34) and a
larger 8.4-kb transcript which probably corresponds to the v-
/ms-related RNA seen in variant SCLC cells and neoplastically

transformed rat trachÃ©alcells.
With regard to the high sequence homology between v-/ms

and c-fms in the cytoplasmic region and the missing homology
of the SCLC RNA to the 5' c-fms probe, we suggest that the

gene expressed by SCLC cells is a member of an ./mi-related
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gene family but is not identical to the CSF-1 receptor encoding

gene.
The mechanism of the v-//ns-related gene activation in a

subpopulation of variant cell lines remains obscure. Neither the
Southern blot analyses of the 3 cell lines showed an amplifica
tion nor could we detect a rearrangement with the restriction
endonucleases used. Rearrangements that could possibly be
picked up by other restriction endonucleases cannot be ex
cluded. Of interest is that only those variant cell lines expressed
this \-fms homologous transcript which at an earlier point had
been classic cell lines. This holds true for SCLC-16H which
altered its phenotype after prolonged in vitro cultivation (28),
for SCLC-21H which supposedly altered its phenotype in vivo
(40), and for NCI-N417 which altered its phenotype after nude
mouse xenotransplantation (3, 40).

As the first step, the coherence between v-//ws-related expres
sion and the phenotypic transition of SCLC in vivo and in vitro
needs to be proved through other studies. In the next step the
gene product of the \-fms homologous transcript of SCLC cell
lines should be characterized, and experiments with in vitro
inductions of such a transition should be performed.
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