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Regulation of Nuclear Oncogenes Expressed
in Lung Cancer Cell Lines

Anita L. Sabichi, and Michael }. Birrer
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Rockville, Maryland 20850

Abstract Lung cancer is a major cause of mortality in the United States and accounts for the majority of all cancer
deaths in both men and women. It is hoped that through broadening our understanding of the mechanisms involved in
transformation of bronchial epithelial cells we will be able to improve methods of diagnosis and treatment of this
disease, with the ultimate goal of reducing on lung cancer mortality. A knowledge of the molecular mechanisms
involved in processes such as cell division and differentiation is paramount to this task, because it is known that aberrant
responses to growth factors or cytokines found in the normal cellular milieu can lead to abnormal cell growth and/or
transformation. Signals initiated at the cell membrane by tumor promoters, growth factors, or cytokines are transduced
from the cell membrane to the nucleus and are, in part, mediated centrally by transcription factors encoded by nuclear
protooncogenes. The transcription factor myc, jun, and fos have been characterized in both normal and transformed
lung epithelial cells through detailed studies using cell lines. In this manuscript, we review what is known about the
expression and regulation of these nuclear protooncogenes in normal and malignant epithelial cells of the lung, and

their role in the development of lung cancer.
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Transcription factors encoded by nuclear
proto-oncogenes control important cellular pro-
cesses such as cellular proliferation, differentia-
tion, and transformation by modulating the ex-
pression of certain genes. Transcription factor
activity is modulated by tumor promoters and
growth factors via signal transduction pathways
which transmit signals to the nucleus from the
cell membrane. Alteration or disruption of these
tightly regulated signal transduction pathways
can lead to uncontrolled cellular proliferation or
transformation. Several proto-oncogenes with
important functions in lung cancer have been
described and include myc, jun, and fos. Under-
standing the role of transcription factors in cel-
lular proliferation and transformation of the
bronchial epithelium has been facilitated by stud-
ies using lung cancer cell lines established at the
National Cancer Institute (NCI) and other cen-
ters. These cell lines have provided a means by
which to extensively examine the functions and
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regulation of transcription factors in lung can-
cer.

The first transcription factors extensively
characterized in these lung cancer cell lines were
members of the myc gene family. More recently,
the expression and regulation of other nuclear
oncogenes, such as the early response genes
c-jun and c-fos, have been defined in lung cancer
cells. In this manuscript, we review the roles of
the nuclear oncogenes c-myc, c-jun, and c-fos,
the responses of these transcription factors to
extracellular stimuli, and the mechanisms gov-
erning regulation of their expression in lung
cancer cells.

myc GENE FAMILY

Members of the myc gene family, c-myc,
N-myc, and L-myc, are the most fully character-
ized transcription factors in lung cancer cell
lines. Data from multiple experimental systems
have established that the myc genes play central
roles in cellular proliferation, transformation,
and differentiation pathways and that c-myc is
involved in the proliferation/differentiation
switch [1]. A strong correlation between the
up-regulation of c-myc expression and increased
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Fig. 1. Mechanisms of transcriptional regulation of the myc oncogene. myc expression is regulated by
several mechanisms which include transcriptional initiation (1), transcriptional attenuation (2), and an
altered rate of RNA degradation (3). Expression of the myc oncogene is under tight control by these

regulatory mechanisms.

rate of cellular proliferation has been well char-
acterized, and expression of c-myc has been
shown to increase early in the G¢/G; phase of
the cell cycle as part of the competence process
allowing the cell to progress into S phase. In
addition, c-myc may be necessary for S phase
traversal [for review see ref. 2]. Down regulation
of c-myc expression is associated with cellular
differentiation in several different cell types,
and constitutive expression leads to a block in
differentiation in other cell types [for review see
ref. 3].

The myc genes encode nuclear phosphopro-
teins that bind to DNA in a sequence specific
manner [4]. Initially, it was thought that Myc
proteins directly affected DNA replication [5].
However, more recent data suggest that these
proteins have an indirect role in DNA replica-
tion and RNA processing, and function as tran-
scriptional regulators of gene expression [6,7].
Structurally, Myc and its binding partners, Max
and Mad, contain leucine zipper and helix-loop-
helix motifs which are common to proteins that
function as transcription factors [8,9]. The Myc
protein binds as heterodimer with Max or Mad
to a specific core consensus sequence, CACGTG,
and is implicated in the control of proliferation
in normal cells as well as in transformation and
differentiation [10,11].

Recent work from several laboratories has
provided insight into molecular mechanisms in-
volved in the regulation of myc gene expression.
In most cell systems, c-myc expression is highly
dependent upon the growth conditions of the
cell. For instance, c-myc gene expression in-
creases with serum stimulation or exposure to a
variety of growth factors or mitogens in cell
culture [12,13]. Conversely, in other cell sys-
tems, c-myc expression levels decrease dramati-
cally with exposure to agents such as retinoic
acid which induce cellular differentiation [14].
These changes in c-myc gene expression are, in
part, dependent upon transcriptional and post-
transcriptional regulatory mechanisms includ-
ing transcriptional initiation, transcriptional at-
tenuation, or mRNA degradation (Fig. 1) {15].
Transcriptional initiation is a process where the
core polymerase complex binds (along with vari-
ous co-factors) to specific target sequences in the
gene’s promoter and begins RNA transcription.
In many cell types, this process is often the key
regulatory step for c-myc expression.

Transcriptional attenuation is another mech-
anism of gene regulation which has only re-
cently been characterized [16,17]. The biological
importance of transcriptional attenuation as a
regulatory mechanism is evident in cell systems
where c-myc expression is down regulated in
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Fig. 2. Possible alterations in myc transcriptional regulatory
mechanisms. Gene amplification leads to increased transcrip-
tional machinery (1); loss of attenuation leads to “transcrip-
tional read-through” (2); mutations in the promoter or its
flanking sequences can alter levels of transcriptional initiation

cells which have been induced to differentiate.
Transcriptional attenuation results from block-
age of elongation of nascent mRNA molecules at
the exon 1/intron 1 border of the gene. For
example, in undifferentiated HL60 cells, the ra-
tio of exon 1 to exon 2 transcripts is 3:1 reflect-
ing a decrease in the density of transcription
complexes as one proceeds 5° — 3’ down the
gene. In cases where these cells are induced to
differentiate with retinoic acid, c-myc gene tran-
scriptional attenuation is augmented, and the
exon 1/exon 2 ratio increases to 15:1, resulting
in a marked decrease in steady state mRNA
levels [16]. These results suggest that, at least in
this cell system, the major component of c-myc
transcriptional regulation occurs at the level of
elongation rather than at the level of initiation
[16]. Another commonly observed mechanism of
c-myc regulation is at the level of mRNA degra-
dation with modulation in the half-life of c-myc
mRNA. The regulation of mRNA degradation of
c-myc and other short-lived mRNAs involves
elements in both the 3’ untranslated and 5’
regions. Thus, the transcriptional regulation of
myc is indeed complex and clearly involves mul-

AN
,(\\
woadh 1 B

-

—
2. Loss of Attenuation

N

_osds

4. mRNA Stabilization

(3); and mutations in the destabilizing sequences found in the
3’ untranslated regions of myc genes lead to a decrease in
mRNA degradation (4). Each of these alterations results in
elevated steady state levels of myc mRNA and protein.

tiple cis- and trans-acting transcriptional regula-
tory elements [15].

Deregulated c-myc expression can result from
alterations in any one of the above-mentioned
regulatory mechanisms (Fig. 2). First, an in-
crease in gene copy number resulting from gene
amplification can provide for increased transcrip-
tional initiation and ultimately lead to elevated
steady state levels of mRNA. Second, a decrease
in transcriptional attenuation has been shown
to produce transcriptional ‘“‘read-through,” re-
sulting in elevated steady state levels of mRNA
and protein. Third, mutations in the promoter
region or its flanking sequences can have a pro-
found effect on the expression levels of these
genes by altering transcriptional initiation. Fi-
nally, mutation or deletion in the destabilizing
sequences found in the 3’ untranslated regions
of this gene can produce prolongation of mRNA
half-life and therefore enhance steady state lev-
els of mRNA [for review see ref. 15].

Lung cancer cell lines have proven to be an
excellent resource to delineate specific mecha-
nisms of overexpression and deregulation of the
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TABLE 1. Characterization of the myc Gene in NCI Lung Cancer Cell Lines*

Relative copy number

Relative mRNA level

of oncogene of oncogene [half-life (min)]
Cell line c-myc N-mye L-myc c-mye N-myc L-myc Reference
SCLC
H82 25 1 1 23 (50) — 1(153) [25]
H146 1 1 1 8 (36) — — [25]
H187 1 1 1 — 1 (ND) — [25]
H249 1 150 1 — 10 (72) — [25]
H209 1 1 1 — — 17 (90) [25]
H510 1 1 15 1 (ND) — 110 (130) [25]
N390 3.8 1 1 0.9 (ND) — — [20]
H60 38 1 1 35 (ND) — — [20)
N417 47 1 1 — — [20]
H446 20 1 1 — — [20]
NSCLC
H23 20 1 1 ND ND ND [20]
A549 1.4 1 1 ND ND ND [20]
H157 0.8 1 1 ND ND ND [20]
H125 14 1 1 ND ND ND [20]

*ND, not determined.
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Fig. 3. Mechanisms involved in tumor promotion of the tra-
cheobronchial epithelium. Malignant transformation of the re-
spiratory epithelium is a multistage process which involves the
steps of initiation (mutations in regulatory oncogenes), promo-
tion (clonal expansion of the initiated cells), and progression
(additional mutational changes in oncogenes by carcinogenic
insults). Tobacco smoke contains factors which act as promo-

myc gene family members in lung cancer. Exten-
sive work has demonstrated that the majority of
lung cancer cell lines express elevated levels of
myc [18,19). In general, only one member of the
myc gene family is overexpressed in any given
tumor specimen or cell line, and the mechanism
of dysregulation varies among cell lines. The
involvement of myc in the pathogenesis of lung
cancer was initially deseribed in small cell lung
cancer (SCLC) cell lines and gene amplification

tional agents on the respiratory epithelium. These substances
promote growth of initiated bronchial epithelial cells through a
network of cytokines and growth factor pathways which can
work via autocrine or paracrine mechanisms. Examples of growth
factors which work through these mechanisms include epider-
mal growth factor (EGF), transferrin, insulin-like growth factor
(IGF-1), and gastrin-releasing peptide (GRP).

was the first and the most common mechanism
of myc overexpression to be described [20]. Stud-
ies using lung cancer cell lines have demon-
strated that both SCLC cell lines and non small
cell lung cancer (NSCLC) cell lines display ampli-
fication of c¢-, L-, or N-mye. Amplification of
these genes ranges from 20 to 115 copies per
cell, and results in a proportional increase in
steady state mRNA and protein levels [21]. The
fraction of NCI lung cancer cell lines amplified
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Fig. 4. Serum stimulation of c-jun and c-fos expression in the
NSCLC cell line H125. Cells lines were grown to subconfluence in
RPMI-1640 supplemented with 2% fetal bovine serum (FBS). They
were starved in serum-free media for 18-20 h and then stimulated
by the addition of 2% FBS. Total RNA was harvested at the listed
time points and processed as previously described [29]. All lanes
contained equal amounts of RNA as determined by ethidium bro-
mide staining (data not shown). Northern blots were probed with
32P-Jabeled c-jun and c-fos probes prepared by random priming
technique [30]. Baseline levels of c-jun mRNA in these cells is
greater than c-fos mRNA. Upregulation of the expression of both
oncogenes is rapid and apparent within 15 to 30 min after serum
stimulation. Expression is transient, however, and mRNA levels
return to baseline levels within 2 h for c-fos and within 24 h for c+jun.

for an myc gene family member is 31% of SCLCs,
and 20% of NSCLCs [22]. Of interest, amplifica-
tion of myc gene family members has also been
studied in primary lung cancer specimens and
has been identified in approximately 18% of
primary SCLC tumor samples and in 8% of
NSCLC tumor samples [22]. The reasons for
this discrepancy in myc gene amplification be-
tween primary tumors and tumor cell lines re-
main unknown. Potential explanations are that
gene amplification is an artifact of cell culture in
that the amplification occurs in cell culture dur-
ing the establishment of the cell line, or cell
culture conditions select for a sub-population of
cells (already present in the primary tumor)
with myc gene amplification. More work will be
required to distinguish between these different
possibilities.

Regardless of the mechanism of myc
amplification, these data support the concept
that it is most likely a late event in the develop-
ment of SCLC. Biological and clinical data sup-
port this notion. Cell lines classified in the ‘““vari-
ant”’ phenotypic subset of SCLC cell lines which
overexpresses myc have more aggressive growth
characteristics than those cell lines in the “clas-
sic” group of SCLC which do not overexpress
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Fig. 5. Serum stimulation of c-jun and c-fos expression in
NSCLC cell line A549. A549 cells were grown and RNA har-
vested and processed as described in Figure 4. Similar to
NSCLC cell line H125, the NSCLC cell line A549 constitutively
expresses c-jun and c-fos mRNA (fos > jun mRNA levels).
These transcription factors are rapidly inducible to 11- and
9-fold baseline levels within 30 min of stimulation with serum.
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Fig. 6. Serum stimulation of c-jun and c-fos expression in the
SCLC cell line H209. H209 cells were grown and RNA harvested
and processed as described in Figure 4. Expression of the c-jun
and c-fos MRNA levels are rapidly upregulated in this SCLC cell
line to 3.5-fold baseline within 1 h, and to approximately 2-fold
baseline levels within 2 h, respectively, after serum stimulation.

myc [20]. The variant subtype is further charac-
terized by a larger cell size and less neuroendo-
crine differentiation compared to the classic
small cell lines which do not overexpress myc
[23]. In addition, myc family DNA amplification
occurs more frequently in tumor specimens from
patients who have been treated with chemother-
apy than in specimens from untreated patients,
and DNA amplification of c-myc in tumor cell
lines established from patients after treatment
with chemotherapy is associated with a short-
ened survival [24].

Of additional interest is the observation that a
substantial number of SCLC cell lines overex-
press myc mRNA while possessing only a single
copy of the gene. This suggests an alternative
molecular mechanism of myc overexpression and
offers a unique opportunity for further study of
the transcriptional regulation of myc as a tran-
scription factor. Closer examination of these cell
lines by Krystal et al. revealed that myc mRNA
half-life in various SCLC cell lines was essen-
tially unchanged from that found in other cell
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Fig. 7. Peptide growth factor stimulation of c-jun and c-fos expression in A549 bronchioalveolar cells.
Subconfluent A549 cells grown in RPMI were stimulated with the indicated growth factors after a period of
18 h of starvation. The results show that low baseline levels of c-jun and c-fos MRNA are expressed in the
bronchioalveolar cell line A549, and the expression of both of these nuclear oncogenes is rapidly
upregulated in the presence of TGF-B (100 pM), insulin (5 ng/ml), and IGF-1 (100 ng/ml).

lines and, thus, the elevated mRNA levels were
not due to a prolonged mRNA half-life (Table I)
[25]. This finding suggests that the elevated myc
mRNA levels in these lung cancer cells is most
likely the result of alteration in one of two
known regulatory mechanisms; that is, in-
creased transcriptional initiation or decreased
attenuation.

The nuclear runoff assay allows assessment of
nascent mRNA molecule density along a gene of
interest by measuring both the process of tran-
scriptional initiation and attenuation. Screen-
ing of several lung cancer cell lines has revealed
that the myc overexpression in these cell lines
results from abnormalities in both of these regu-
latory mechanisms. For instance, it has been
demonstrated that small cell lung cancer cell
line H146 contains a single copy of the c-myc
gene but expresses an 8-fold elevation of the
level of steady state mRNA (Table I) [25]. In
these experiments, the authors used a nuclear
runoff assay to demonstrate a 1:1 transeript
ratio of exon 1/exon 2 compared to other c-myc
expressing SCLC cell lines such as H82, which
has an amplified number of c-myc genes and
exhibits an exon 1/exon 2 transcript ratio of 5:1.
These results suggest that the block to elonga-
tion is not present in the H146 cell line, and that
loss of attenuation produces “‘read-through’ by
DNA dependent RNA polymerase resulting in
elevated steady-state levels of c-myc in the ab-
sence of gene amplification or prolonged mRNA
half-life [25].

Alteration of transcriptional attenuation as a
mechanism of deregulation has also been identi-
fied for the L-myc gene and was first described
in the NCI lung cancer cell lines. Small cell lung
cancer cell line H209, while possessing a single
copy of the L-myc gene, expresses high levels of

the gene (17-fold) relative to cell line H82 which
has a single copy of the gene but does not overex-
press L-myc [25]. Nuclear runoff assays demon-
strated that the ratio of exon 1l/exon 2 tran-
scripts in H209 is 1.6:1 while the normal ratio is
4.5:1 [25]. This demonstrates an alteration in
L-myc transcriptional attenuation leading to
overexpression. Transcriptional attenuation has
not been identified for the N-myc gene. Nuclear
runoff assays of single copy N-myc overexpres-
sion in lung cancer cell lines have revealed an
exon 1/exon 2 ratio of 1:1.1 [25]. This suggests
that increased N-myc gene expression occurs
primarily from an alteration in transeriptional
initiation [25].

JUN AND FOS GENE FAMILY MEMBERS

The members of the jur and fos gene families
are ‘‘early response’ genes whose protein prod-
ucts function as transcription factors and pro-
vide an immediate link between growth signals
originating from the cell membrane and gene
expression. These transcription factors contain
a leucine zipper motif which allows them to
dimerize to each other, forming the AP-1 tran-
scriptional complex. The AP-1 complex binds
DNA in a sequence-specific manner, and has
been shown to regulate the expression of a wide
number of genes. Genes which contain the AP-1
consensus sequence TGAG/CTCA in their pro-
moters are responsive to, and can be upregu-
lated by, the phorbol ester class of tumor promot-
ers.

Structure/function studies of the Jun and Fos
proteins have demonstrated that their transcrip-
tional activity is highly dependent upon expres-
sion levels and post-translational modifications.
The expression of these proteins is dramatically
increased after serum stimulation of cells and
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Fig. 8. Peptide growth factor stimulation of c-jun expression in
SCLC cell line H345. Subconfluent serum deprived cells (as
described above) were analyzed for c-jun mRNA responses after
stimulation with insulin (5 pg/ml), transferrin (10 pg/ml), or
gastrin releasing peptide (GRP) (100 nM) in the SCLC cell line
H345. c-jun mRNA is rapidly upregulated after stimulation with
each of these peptide growth factors.

the transition from G, to G;. In addition, phos-
phorylation of the transactivation domains of
these proteins increases their activity while phos-
phorylation of the DNA binding domain de-
creases activity [26]. Thus, minor changes in
post-translational state of these proteins can
result in dramatic changes in protein activity.
Studies of the expression of jun and fos gene
family members in lung cancer have only re-
cently been undertaken. The NCI lung cancer
cell lines have been instrumental in this task,
and have allowed analysis of cjun and c-fos
under various in vitro conditions. c-jun and c-fos
are expressed in normal bronchial epithelial cells
[27], and their expression is critically dependent
upon the cellular growth conditions. Under
stimulation by serum and/or various peptide
growth factors, the expression of these “early
response’’ genes increases dramatically [27]. The
rapid inducibility of these genes by serum sug-
gests that in normal bronchial epithelial cells
these genes serve as a critical conduit for many
signals originating at the cell membrane. Thus,
they may play a crucial role in mediating the
biologic effects of factors that function as tumor
promoters by stimulating cellular proliferation
during the development of lung cancer. Al-
though the nature and identity of tumor promot-
ing substances remain largely unknown for the
respiratory epithelium, it has been suggested
that these substances may function either di-
rectly by action at the cell membrane, or indi-
rectly via the production of growth factors in
order to induce cellular proliferation (Fig. 3).

20
[ Negative Control
Il 5x TRE-CAT
=
o
7]
o
w
=
=
o
(5]
R
TIME {Hours} O 12 24 0 12 24
| I | S PO

TPA FBS

..ﬁ..
- b ek

TIME (Hours) O 12 24 0 12 24 14C

TPA FBS

Fig. 9. TPA or serum induced AP-1 Transcriptiona! activity in
A549 cells. DNA was transfected into A549 cells using calcium
phosphate precipitation techniques previously described [31],
starved and then stimulated with TPA (160 nM) or serum (10%).
Cells were harvested, and protein extracts analyzed using CAT
assay as previously described [31]. Stimulation of A549 cells
with TPA or serum results in a 3- and 2.5-fold increase, respec-
tively, in AP-1 transcriptional activity as measured by the 5XTRE
driven CAT reporter construct. No increase in AP-1 activity is
seen using the negative control plasmid.

Expression of the proto-oncogenes c-jun and
c-fos has been described in the majority of lung
cancer specimens tested and can be rapidly in-
duced by serum stimulation (authors’ unpub-
lished observations). For instance, the NSCLC
cell line H125, which is an adeno-squamous
carcinoma, expresses low but detectable base-
line levels of c-jun and c-fos mRNA (c-jun > c-
fos) and both are rapidly induced by serum over
15-30 min (Fig. 4). Their expression is transient
in that c-fos is down regulated in 60—-120 min
while c-jun remains elevated beyond 120 min.
Another NSCLC cell line A549 (adenocarci-
noma) expresses baseline c-jun and c-fos mRNA
(c-fos > c-jun), which are induced by serum to
approximately 11- and 9-fold baseline levels,
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Fig. 10. Serum stimulation of c-jun and c-fos expression is blunted in SCLC cell lines containing c-myc
gene amplification. In the cell line H345 which contains a single copy of c-myc, c-jun, and c-fos mRNA
levels are rapidly inducible by addition of serum. However, in SCLC cell line H82 which contains 25 copies
of the c-myc gene, the serum inducibility of these transcription factors is lost. Cells were grown and RNA

isolated and processed as described above in Figure 4.

respectively, over 30 min (Fig. 5). Expression
patterns of cjun and c-fos in SCLC cell lines
have also been examined [28]. For instance, cell
line H209 expresses baseline c-jun and c-fos,
which transiently increase (3.5-fold within 1 h
for c-jun and 2-fold within 2 h for c-fos) with
serum stimulation (Fig. 6). The other members
of the jun and fos groups of nuclear transcrip-
tion factors include jun B, and jun D in the jun
family and fra-1, fra-2, and fos-B in the fos
family. These protooncogenes have not been
well studied in lung cancer cell lines, and their
role, if any, in the pathogenesis of lung cancer
remains to be elucidated.

The individual components in serum which
induce the expression of these genes remain
largely unknown, but they most likely include
peptide hormones. Treatment of lung cancer cell
lines with a variety of peptides including TGFB,
insulin, or IGF-I increases the expression of
both jun and fos. For example, treatment of the
NSCLC cell line A549 with TGFp results in an
induction of both c-jun and ¢-fos mRNA of 7- and
11-fold, respectively, at 30 min. Likewise, in-
creases in expression of these genes comparable
to that seen with serum stimulation (increases
of 11-fold for jun and 7.5-fold for fos), result
from stimulation of this cell line by either insu-
lin (10 ng/ml) or IGF-I (10 ng/ml) (Fig. 7). In
SCLC cell lines, expression of jun and fos is also
up-regulated when cells are exposed to a variety
of peptides. For example insulin, transferrin, or
gastrin releasing peptide applied to the SCLC
cell line H345 induces similar expression levels
of c-jun suggesting a convergence of indepen-
dent stimulatory pathways (Fig. 8). A more thor-

ough examination of the inducibility of these
genes has demonstrated that nanomolar concen-
trations of GRP can induce c-fos expression within
30 min [28]. In addition, treatment of the small cell
lung cancer cell line H345 with PMA results in
dramatic up regulation of c-fos after 1 h [28].

An increase in c-jun and c-fos expression in
lung cancer cell lines results in transcriptionally
active AP-1 complexes. Stimulation of quiescent
Ab49 cells with TPA (160 nM) or serum (10%)
results in an increase in transcriptional activity
of 3- and 2.5-fold, respectively, over 24 h. This
transcriptional activity is AP-1 specific, as shown
by CAT activity from a 5XTRE driven CAT
reporter construct but not the control plasmid
(Fig. 9).

The inducibility of c-jun and c-fos mRNA has
been shown to be related to the overall sensitiv-
ity of the cell to growth factors. For example, cell
lines such as the c-myc amplified SCLC cell line
(H82) are rapidly growing and relatively serum
independent. Treatment of H82 with serum re-
sults in a blunted or absent stimulation of c-jun
and c-fos expression. Conversely, in cell line
H345, which has a low level of myc expression
and is highly serum dependent, treatment with
serum results in high levels of c-jun and c-fos
expression (Fig. 10). These differences may re-
flect direct effects of myc expression on c-jun
and c-fos gene regulation or a loss of key growth
factor signaling pathways in cells which are
driven to grow rapidly by c-myc overexpression.

CONCLUSION

Tremendous progress in our understanding of
the molecular biology of neoplastic transforma-
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tion has emerged over the last several years. In
particular, the identification and characteriza-
tion of dominant and recessive oncogenes has
provided the beginning of a solid foundation for
understanding the transformed cell. Under-
standing of the regulation of nuclear oncogenes
and their function as transcription factors has
depended, in part, upon the extensive use of
transformed human cell lines. For lung cancer,
the NCI cell lines have served well in this re-
gard. They have provided a convenient medium
by which to test the activity of transcription
factors and perhaps, most importantly, an oppor-
tunity to characterize their regulation.
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