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ABSTRACT: Despite disappointing results In the treatment of small cell
lung cancer (SCLC), major progress In our understanding of SCLC
biology has occurred In the past decade. Advances in the technique for
culturing SCLC tumours in vitro have greatly facilitated the study of the
biological properties of this tumour. The major progress in our
understanding of SCLC Includes: 1) the availability of nonspecific
biological tumour markers such as neuron-specific enolase (NSE), the BB
lsoenzyme or creatine phosphokinase (CPKBB), bombesln/gastrln
releasing peptide (GRP) and chromogranln A; 2) the generation of
monoclonal antibodies raised against the neural and epithelial features or
SCLC tumours; 3) the Identification of several autocrine growth factors
such as bombesln/GRP, Insulin-like growth factor (IGF), transferrin and
physalaemin; 4) the close study of cytogenetic abnormalities leadlng to the
discovery of a unique chromosomal deletion of the short arm of
chromosome 3 (del 3p 1~21), and to changes In oncogenic expression, e.g.
c-myc, L-myc and N-myc, accounting for known biological and treatment
results. These data suggest that all lung cancers arise from a common stem
cell of endodermal origin. The Information derived from these biological
studies represents the most promising avenue towards new treatment
strategies In SCLC.
Eur Respir J., 1990, 3, 699-714.

Lung cancer remains the most common and lethal
human cancer in Western countries, showing a
continually rising incidence, especially among women
[1, 2].
Small cell lung cancer (SCLC) accounts for 20-25%
of all new cases of bronchogenic carcinoma, but differs
clinically and biologically from the other three major
histological types (squamous, adeno- and large cell
carcinomas), collectively referred to as non-SCLC. For
non-SCLC, surgery remains the treatment of choice
[1). Until 1970, surgery and radiotherapy were the
primary therapeutic modalities for SCLC, although
the cure rate was less than 1%. Since then, "combination chemotherapy" has become the cornerstone of
therapy for SCLC, with an objective response achieved
in almost 90% of SCLC patients [1, 2-{}J. However,
despite this progress in tumour response and the
resulting fivefold increase in survival duration, only 3- 5%
of these patients are cured by the current
chemotherapeutic regimens [1, 2-5].
Although few important advances in the management of SCLC patients have occurred in the past
decade, an explosion of new information on the basic
cellular and molecular biology of this tumour has
been discovered [7, 8). Much of this progress arises
from advanced cell culture methods leading to the
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establishment of a large number of human SCLC
cell lines [9- 12].
This review will focus on recent progress in the
biology of SCLC (table 1), and outline the potential
applications of these properties in the management
of SCLC patients. Indeed, at this time, information
derived from biological findings represents the most
promising avenue for a breakthrough in the treatment
of SCLC.

SmaU cell lung cancer lines
Establishment of SCLC cell lines
The studies on the biology of SCLC initially
necessitated the establishment of continuous cell lines
from tumour specimens [10]. The major difficulty in
culturing tumour cells is that normally they require
the presence of serum which frequently encourages
the overgrowth of non-malignant cells such as
fibroblasts.
Initial attempts to culture SCLC tumour cells
using conventional culture media, were rarely fruitful
with a success rate of approximately 10% [9].
Subsequently, a success rate of 50% was reported, by
using conditioned media from already established
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Table 1. -

Biological properties of SCLC and non-SCLC cell lines
Cell type

Characteristics

NON-SCLC

SCLC

Growth morphology
Cytology
Doubling time
Cloning efficiency
Radiation sensitivity
Blomarkers
Peptide hormones
LDDC
BN/GRP
NSE
CPKBB
Chromogranin A
Growth factor receptors
BN
IG!R
Transfe~

EGFR
Surface Ag.
HLA class I
Leu7
Intermediate filaments
Cytokeratin
Neurofllaments
Oncogene amplification
c-myc
N-myc
L-myc
Chromosome abnormalities
3p deletion

Classic

Variant

Tight aggregates
SCLC
±72 h
1-5%
Sensitive

Loose aggregates
SCLC!LC
±33 h
10-30%
Resistant

++

Adherent
Non-SCLC
±50h
0.5-40%
Resistant

+/-

++
++
++

+

++
+

++
+

+
+
+

+
+

+

+

+
+I-

+
+

?

+
+
++

No
Sometimes
Sometimes

+

Yes
Sometimes
?

+

+
Sometimes
No
No

+I-

This table summarizes the currently known biological properties of small cell carcinoma
(SCLC) in comparison with non-small cell carcinoma cell lines (non-SCLC). LDDC: L-Dopa
decarboxylase; NSE: neuron-specific enolase; BN/GRP: bombesin. gastrin releasing peptide;
CPKBB: creatine-phosphokinase; EGFR: epidermal growth factor receptor; IGF: insulin growth
factor receptor; HLA: histocompatibility locus antigen; SCLC!LC: small cell/large cell.

SCLC cell lines. This suggested that growing SCLC
cells produce necessary "mitogenic factors" absent
from conventional serum supplemented media [9].
The NCI group following the lead of Sato [13, 14]
studied the replication of an established SCLC cell
line: "NCI - H69" in serum free medium sequentially
supplemented with a large panel of "growth factors
and hormones". They were able to define the optimal
combination of factors permitting the most effective
continuous replication of this cell line over a 12 month
period [11]. This supplemented RPMI medium is
called HITES based on the added ingredients:
hydrocortisone (10· 8 M), insulin (15 Jlg·mi· 1 ),
transferrin (100 Jlg·ml' 1), 17 beta-oestradiol (10·8 M),
selenium (3·10· 8 M).
Subsequently, CARNEY et al. [14] demonstrated that
illTES medium can support proliferation of cells in
culture from both a fresh SCLC tumour specimen
obtained directly from patients or of heterotransplantcd
SCLC tumour cells removed from nude mice. Currently,

the establishment of SCLC cell lines has a success rate
of about 70% for all tumour containing specimens
prepared by experienced workers [15]. Nevertheless, after
selection of SCLC cell lines in HITES medium, the
established cell lines grow better when they are
maintained in conventional media containing 10% foetal
calf serum.
In most cases, the original tumour specimens
come from metastatic sites, including mainly pleural
effusions, bone marrow aspirates or lymph nodes.
Only a few cell lines have been derived from the
primary tumour itself (10%). This could reflect an
intrinsic difference in the properties of these different
tumoral locations [16], as well as the small number
of viable cells obtained from endobronchial biopsies
(Crushing specimen).
Usually, SCLC cell lines retain a morphological,
cytological and histological appearance similar to the
original biopsy specimens from which they were
established [9, 17].
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Characteristics of established SCLC cell lines
SCLC cell lines can be classified into two major
groups, called "classic" and "variant" cell lines.
Seventy percent of established SCLC cell lines retain
properties of differentiated neuroendocrine cells fr?m
the amine precursor uptake and decarboxylatiOn
(APUD) system . This incl udes the presence of
cytoplasmic dense core "neurosecretory granules" and
the expression of elevated levels of 4 biomarkers
including the key APUD enzyme L-Dopa
decarboxylase (LDDC), the APUD enzyme neuronspecific enolase (NSE), the peptide hormone bombesin
(gastrin-releasing peptide) (BN), and the BB
iso-enzyme of creatine phosphokinase (CPKBB) [9].
With few exceptions, these markers are not expressed
in non-SCLC cell lines. In addition , light
microscopy demonstrates that SCLC lines retain
typical intermediate subtype morphology, they grow
as tightly packed floating cellular aggregates, with
lengthy doubling times and low colony forming
efficiency in soft agar. These cell lines also remain
tumorogenic in nude mice.
The above characteristics defined the so-called
"classic SCLC cell lines" [ 17]. In contrast, 30% of
established SCLC cell lines have discordant expression of the biochemical markers and growth
characteristics, and are thus called "variant SCLC cell
lines" [18, 19]. They have significantly lower concentrations of NSE, lack LDDC and bombesin immunoreactivity but retain high concentrations of CPKBB.
Morphologically. they resemble large cell
undifferentiated carcinoma and grow as loosely
attached floating aggregates with short doubling
times and high cloning efficiencies. Finally. they
are radioresistant in vitro and express a high level
of the c-myc oncogene [20, 21].
Taken altogether, these data suggest a more
malignant behaviour for the variant SCLC cell line,
maybe, in part, related to c-myc amplification in these
cells (see below).
Clinically, the variant phenotype probably
represents the large cell-type in SCLC tumours
whose presence is associated with a worse prognosis
[22, 23]. A gradual change in tumour morphology from small cells to large cells has been
observed both in tissue culture and in vivo [24, 25].
This transformation to large cells is accompanied
by a loss of APUD properties. This in vilro
transformation mimics the histological changes
observed in as many as 35% of patients relapsing
with SCLC who become resistant to both radio- and
chemotherapy [20, 24].

Tumour markers
Clinically. the first application to come from
the biology of SCLC was in the identification of
useful tumour markers. Although abnormal levels of
the peptide hormones produced by SCLC tumours,
such as adrenocorticotrophin (ACT), arginine

701

vasopressin (AVP), and calcitonin, may be detected
in the serum of approximately 50% of untreated SCLC
patients, the level of these substances in the blood has
never been correlated with either the stage of disease or
the histological subtype [26, 27].
In recent years, co nsiderable interest has
been generated in screening patient body fluids for
those biological markers frequently detected in
SCLC cell lines or their culture supernatants.
These markers would be useful for identifying,
staging, monitoring treatment or predicting relapse
of SCLC patients [28]. However, none have been
shown to be either sensitive or specific enough to
use for screening asymptomatic patients [28]. Among
"potentially useful markers", the four that have
been most extensively tested are NSE
(neuronspecific enolase), CPKBB (creatine
phosphokinase), GRP (gastrin releasing peptide) and
chromogranin A [29].

NSE
Enolase is a glycolytic enzyme that is widely
distributed throughout mammalian tissues and is
composed of three distinct subunits alpha, beta and
gamma. Three combinations of dirners have been found
in the central nervous system (CNS) (alpha-alpha,
alpha-gamma, gamma-gamma) [30], and NSE was
identified as iso-enzymes gamma-gamma. Large
amounts of NSE have been detected in neuroendocrine tumours (Apudome) including SCLC by
immunostaining and radioimmunoassay [31]. Serum
levels of NSE are potentially a biological marker of
SCLC [32-37].
In agreement with others, we found elevated levels
of serum NSE (> 15 j.l.g·/' 1) in 61 out of 95 patients
(64%) with SCLC, including 45% with limited
disease (LD) and 90% with extensive disease (ED).
However, only 8 out of 60 patients (13%) with
non-SCLC and 0 out of 71 (0%) with benign
pulmonary disease had elevated levels of serum
NSE [38].
The level of NSE has also been strongly correlated
with tumour burden and the number of metastatic sites
[34]. OsTERLIND et al. (39] demonstrated that
NSE is one of the most sensitive prognostic indicators
for SCLC. A good correlation has been drawn
between the initial decline in plasma NSE
concentra tion and response to treatment [40]. A
persistent rise in serum NSE as much as 12 weeks before
clinical identification of a relapse has also been
demonstrated [34].
Recently, VIAU.ARD et al. (41] have suggested that
the ratio of NSE/NNE (NNE represents the
non-neuronal enolase) is a more specific index for
SCLC than NSE alone.
CPKBB

In 1981, GAZDAR et al. [42] showed that both SCLC
tumour specimens and their cells in continuous
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culture are characterized by high levels of the BB
isoenzyme of creatine phosphokinase. Creatine phosphokinase is an enzyme which reversibly catalyses the
transfer of a high energy phosphate from creatine phosphate to ADP. CPK levels in clinical specimens and
established SCLC cell lines are 10-100 times higher
than in either normal lung tissue and non-SCLC
tumours or cell cultures. Furthermore, "variant" SCLC
cell lines that lose LDDC activity retain high levels
of CPKBB [18}.
In two recent clinical studies, CPKBB was found to
be elevated in about 41% of untreated SCLC
patients with extensive disease, but in only 2% of
limited disease patients [42, 43]. There was also a
correlation between the number of metastatic sites
and the level of serum CPKBB. Furthermore, elevated
levels of serum CPKBB had a significantly adverse
impact on survival, i.e. elevated levels at diagnosis
were associated with significantly shorter survival
times (5 months) compared to patients with normal
levels (13 months) [42, 43].
More recently, BoRK et al. [44] found frequent
elevation of CPKBB levels among untreated SCLC
patients, with abnormal levels in 82% of extensive
disease and 50% of limited disease patients. These
differenceS can be explained by the use of different
assays and reference limits.
Recently, CPKBB levels in cerebrospinal fluid
(CSF) have been shown to be useful for distinguishing between meningeal carcinomatosis (MC)
and parenchymat metastases [45].
Bombesin/GRP

Bombesin (BN) is a 14-amino-acid peptide factor
first isolated from the skin of the frog Bombina
bombini [46]. Gastrin releasing peptide (GRP) is the
mammalian counterpart of bombesin, characterized
by its ability to release gastrointestinal hormones. A
bombesin-like immunoreactivity has been found in
normal human tissues including the brain, peripheral
nerves and pulmonary endocrine cells of the bronchial
tree [47-49].
Bombesin and GRP share homologous carboxyterminal regions and the same cellular receptor.
BN/GRP was found to be mitogenic for 3T3 mouse
fibroblasts, normal human bronchial epithelial cells
and SCLC cell lines [50- 52]. Clinical interest in
BN/GRP resides mainly in its potential use as a
"growth factor for SCLC" (discussed below), although
it appears to be of little use as a serum tumour
marker because it is quickly degraded in the peripheral
blood [53]. In fact, patients with high amounts of
BN/GRP in their tumour tissue have undetectable concentrations in their plasma [49]. Elevated levels of
BN/GRP have been found in the CSF of 75% of SCLC
patients suffering from meningeal carcinomatosis,
regardless of cytologically positive analysis of the
cerebrospinal fluid [54]. Recently, PEDERSEN et al.
[54] showed that by using both calcitonin and

AL.

BN/GRP, the overall detection rate of patients with
central nervous disease approaches 93%.
Therefore, these markers are a useful aid for the
diagnosis of CNS metastases in SCLC, while
conventional methods are capable of diagnosing
approximately 20-50% of CNS dissemination.
Chromogranin A

Chromogranin A is a 68,000 dalton protein found
in the neurosecretory granules of normal and
malignant APUD cells, including small cell lung
carcinomas [55- 59]. Elevated concentrations of
serum chromogranin A have been detected in 53%
of patients with LD and 72% with ED [55].
In the study of SosoL et al. [55], 4 patients
originally classified as having non-small cell lung
carcinoma with elevated chromogranin A levels were
subsequently found to have mixed SCLC and nonSCLC tumours. Further serum radioimmunoassays
for this protein in the serum have demonstrated the
same results [56].
Several other less specific tumour markers have
been suggested for the evaluation of SCLC such as
LDH and CEA [60, 61]. The latter is mainly a
potential prognosis factor, while ScuLIER et al.
[61] demonstrated a negative correlation between
survival time and the serum level of CEA. Finally,
BoRK et al. [44] suggested using a panel of tumour
markers.
However, at the present time, the level of NSE in
the serum remains the most sensitive and accurate marker
for the management of SCLC, with only a small
improvement on adding CEA [62] .
Monoclonal antibodies
The development of monoclonal antibodies raised
considerable enthusiasm about their potential for
providing tools for the diagnosis, staging and
treatment of lung cancer as well as helping elucidate
the origin of this tumour. Currently, more than 100
monoclonal antibodies reacting with SCLC have
been reported, but intercomparison of this data is
difficult due to the variety of methods and the range
of target tissues tested [63, 64]. Therefore, in 1986,
SouHAMI et al. [65, 66] organized the first SCLC
antigen workshop, modelled after the leucocyte
differentiation antigen workshops which have successfully introduced order into the organization of human
leucocyte antigens.
Fifty one monoclonal antibodies (MoAbs) were submitted from 17 laboratories studying SCLC. From the
results presented, 60% of the submitted MoAbs were
classified into six clusters based on their pattern of
reactivity:
Cluster 1 included eleven MoAbs and another two
associated (l-A) with the cluster. They recognize an
antigen of 124-165 kDa which has strong "neural
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reactivity" and is expressed on the majority of SCLC
cancers as well as neuroblastoma, carcinoid, renal
carcinoma, and only weakly on non-SCLC. These
antibodies also react with large granular lymphocytes.
For example, anti-Leu-7 staining is positive, both on
SCLC and on natural killer cells [67].
Cluster 2 contains four monoclonal antibodies
recognizing a 35-40 kDa antigen present on many
"epithelial" malignancies including SCLC, non-SCLC,
and carcinoid tumours but not neuroblastoma.
Cluster 3 antibodies appear to recognize an intracellular antigen, that is associated with proliferation.
Cluster 4 antibodies show wide reactivity with both
renal and epithelial tissues, including both SCLC
and non-SCLC.
Cluster 5 antibodies stain an antigen of 95-110 kDa,
abundant on SCLC, breast adenocarcinomas,
melanoma and neuroblastoma.
Cluster 6 antibodies react with selected neural tissue
SCLC, non-SCLC and weakly with neuroblastoma
and melanoma.
However, no evidence was presented to suggest that
these antigens are specific for SCLC, or universally
present on all the SCLC specimens examined. This
indicates that there is considerable heterogeneity in the
expression within and between SCLC tumours
[66, 68, 69].
Obviously, the clinical use of monoclonal
antibodies against lung tumour antigens is only in its
infancy. We will discuss three major applications of
MoAb technology in SCLC, including the immunodetcction of micrometastases in bone marrow, the
expression of histocompatibility locus antigen (HLA) on
the SCLC surface and the study of intermediate
filament proteins by those tumour cells.

Detection of micrometastases
Detection of SCLC micrometastases in bone marrow
specimens and purging contaminated bone marrow
of tumour cells was potentially one of the first
clinical uses for monoclonal antibodies raised against
SCLC.
Our group and others have shown that nearly
30-50% of patients who otherwise have limited
disease exhibited bone marrow micrometastases
detectable only through immunodetection with one
or, better, a panel of anti-SCLC monoclonal antibodies that do not react with haematopoietic cells
[70-73]. Although immunodetection with monoclonal
antibodies markedly increases the detection of bone
marrow micrometastases, particularly in limited
disease patients, its prognostic importance is still
unknown. However this data could have considerable
impact in the management of this group.
Only truly limited disease patients are considered to
possibly benefit from either additional local treatment
such as radiotherapy or surgery, or from late intensification chemotherapy with autologous bone marrow
transplantation (ABMT) rescue [74]. Recently, in a
randomized study, our group demonstrated that late
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intensification chemotherapy with ABMT rescue
increased the complete response (CR) rate and resulted
in a statistically significant increase in relapse free
survival, but had little impact on the overall survival
[75]. The reinoculation of clonogenic tumour cells
with autologous marrow is one potential cause of
relapse. We and others have recently reported
successful in vitro purging of bone marrow SCLC
micrometastases using a panel of complement
mediated cytotoxic monoclonal antibodies used with
or without cytotoxic drugs [76-80].
Nevertheless, the long-term impact of this purging
remains to be defined in prospective clinical studies.

HLA expression
Another class of antigen evaluated in lung cancer
cells includes the class I major histocompatibility
complex antigens (HLA - A, B, C).
Recently, DOYLE et al. [81] demonstrated that
HLA class I antigens and beta1-microglobulin are
expressed at very low levels in ~CLC as opposed to
non-SCLC. They demonstrated that the gene coding
for class I molecules remains intact but that the
corresponding messenger ribonucleic acid (mRNA) is
expressed at low levels. However, our group and others
have reported that incubation of SCLC cell lines with
low doses of gamma interferon lead to the expression
of HLA class I antigen at the same level as that expressed
on a B cell line [81, 82].
Based on the role that these molecules play in immune
recognition, we have shown that SCLC cells can
be lysed by allogenic cytolytic T -cells (CTL),
provided that they were previously treated with gamma
interferon (IFN) [82]. Based on these results, it seems
worthwhile to stimulate an autologous CTL response
against SCLC cell lines treated with gamma IFN, and
to test further the in vivo relevance of the immunemodulating effects of gamma IFN in CR SCLC
patients. Results obtained with several mouse
tumours have shown that tumour specific antigens
often fail to elicit a rejection response in vivo due to
insufficient class I molecule expression [83-85].
By raising the level of class I expression, it becomes
possible to elicit an immune response against
tumour associated antigen (TAA). Currently, several
co-operative groups in the USA are considering
randomized trials of recombinant interferon treatment
in responding SCLC patients.

Intermediate cell filaments
Another possible application of monoclonal
antibodies comes through the large panel of MoAb
raised against intermediate filament proteins (IFP).
All nucleated cells have a complex cytoplasmic
network of filamentous structures including
microfilaments, microtubules and intermediate
filaments, which are collectively called the
cyto-skeleton.
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IFP are unique in that biochemically and immunologically they include a highly heterogeneous
family of proteins. Furthermore, their expression is
remarkably cell and tissue-type specific, and this
specificity is retained after neoplastic transformation
[86]. However, because of differences in fixation
techniques and antibody selection or specificity,
conflicting results were reported for lung cancer.
For instance, BERGH et al. [86] claimed that SCLC
contains neurofLlaments while BRoERs et al. [87] found
cytokeratin but not neurofilaments. Others identified
both neurofilaments and cytokeratins in the same
SCLC cells [88]. BROERS et al. [87] went further to
show that classical SCLC cell lines contain cytokeratin proteins but not neuroftlaments, while variant
SCLC cell lines partially express neurofilaments but
not cytokeratin [88- 90]. Recently, they used a large
panel . of monospecific anti-cytokeratin antibodies,
and claim that it is possible to distinguish between the
main subtypes of lung carcinoma as well as to detect
the degree and type of heterogeneity within each
tumour [91]. For instance, in both SCLC and adenocarcinoma, cytokeratin 18 is preferentially expressed
while cytokeratin 10 is detectable in squamous
carcinoma only [90].
Taken altogether, these data suggest a common
epithelial cell origin for SCLC and are consistent
with a common stem cell for all lung cancers (see
below). The potential clinical relevance of this
immunohistological classification system remains to
be established.
At this time, the role of monoclonal antibodies
specific for lung cancer remains to be identified and
several problems must still be overcome. Problems
that could diminish or hamper the effectiveness of
monoelonal antibodies include: the presence of free
circulating antigen, antigenic modulation, immunogenicity caused by the foreign mouse monoclonal
antibodies, the ability of the monoclonal antibody to
reach the tumour and the finite capacity of humoral
effector cells inside the tumour tissue.
Certainly the use of antibodies coupled to cytotoxic
agents, radioactive substances or toxins is now
being explored in addition to imaging of SCLC
tumours with radiolabelled monoclonal antibodies,
and the effectiveness of antibodies against growth
factors such as bombesin. Clear therapeutic uses
have not emerged for monoclonal antibodies, but the
preliminary data merit carefully controlled
clinical trials and have strong potential for a role in
the future SCLC strategy [92-94].
Autocrine growth factors
The ability of cancer cells to produce, secrete
and respond to growth factors has become a central
theme in studying the mechanisms of growth regulation in human tumour cells [95]. Furthermore, it is
also likely that many oncogenes function in
malignant cells by altering the production or receptor
binding of autocrine growth factors (see below).

The production of peptides is a hallmark of SCLC
[27] and the fact that conditioned medium from
established SCLC lines was able to support the growth
of SCLC cells in otherwise serum free medium,
suggests that SCLC cells secrete self-mitogenic
growth factors [9]. Some of them have already
been identified and molecularly cloned.
Bombesin/GRP
The predominant member of this group is gastrin
releasing peptide (GRP, mammalian bombesin)
[96, 97]. Bombesin/GRP fulfils the requirements of
an autocrine growth factor for SCLC lines: 1) SCLC
secrete GRP into their culture medium [98]; 2) they
express high affmity receptors for GRP on their cell
surface [98, 99]; and 3) their growth in culture can be
stimulated by adding GRP to the culture medium
[100, 101].
CUTIITIA et al. [53] confirmed these observations
by showing that a monoclonal antibody (2All)
with specificity for the carboxy-terminal portion
of bombesin blocks the binding of bombesin-GRP to
its receptor and inhibits clonal growth of SCLC cells
in vitro. Also, the growth of some SCLC xenografts
in athymic nude mice can be significantly inhibited
by this monoclonal antibody [53]. Molecular genetic
studies demonstrated that three different mRNAs
are produced by the prepro GRP gene, giving rise to
three different GRP gene-associated peptides,
expressed in SCLC cells and human foetal lung
[50, 102).
In addition to its autocrine action, GRP can also
stimulate growth of normal bronchial epithelial
cells, suggesting a secondary role as a paracrine
growth factor [51]. Recently, AouAYo et al. [103]
reported high levels of bombesin-like immunoreactivity in the bronchoalveolar lavage of smokers.
This observation implies a role for this growth
factor in the early pathogenesis of lung cancer.
Insulin-like growth factor I and /I (/GF /-//)
The effect of insulin-like growth factor I (IGF I) on
the growth of SCLC cell lines has recently been
studied. The IGF-1 precursor molecule has been
detected by Western blot analysis of SCLC medium,
by specific IGF-1 receptor binding on SCLC cell
lines, by IGF-1 mediated growth stimulation and by
inhibiting basal cell growth with a monoclonal
antibody to the IGF-1 receptor. Taken altogether,
this suggests that an IGF-1 like molecule functions as
an autocrine growth factor for human SCLC cell lines
in vitro [104]. Furthermore, IGF-I can be mitogenic
for many types of cells, both in vitro and in vivo,
including human tumour cell lines such as cultured
human fibroblasts and breast carcinomas.
On the other hand, a related member of the IGF
family, IGF-11, binds with lower affinity to the IGF-1
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receptor and is therefore less potent in stimulating
the biological events mediated through that
receptor [104).
Unlike bombesin/GRP, which is not synthesized by
fast growing variant SCLC lines, IGF-1 is mitogenic
for both classic and variant SCLC lines [1 05].
MACAULY et al. [106] measured serum IGF-I
concentrations from 42 SCLC patients, and concluded
that IGF-1 levels do not correlate with tumour bulk,
or Lhe therapeutic responsiveness of SCLC patients.
This is probably due to low concentrations of this
potent peptide being secreted by tumour cells to
insure that they have only a local effect (autocrineparacrine) [106].
Transferrin

Recently, VosTREns el al. [107] described an
SCLC cell line that produces a transferrin molecule
with immunological and biochemical characteristics
similar to serum transferrin. This molecule apparently
acts as part of an important autocrine mechanism,
allowing continued proliferation of the cells in
transferrin-free culture conditions. Transferrin is the
major iron transport protein and is essential for cellular
proliferation [108-110). The use of specific agents that
affect iron metabolism, including MoAb against
transferrin or transferrin receptors as well as gallium
nitrate, could provide new str-ategies for the treatment
of SCLC.
Physalaemin
BEPLER et al. [Ill] used a soft agarose clonogenic
assay to evaluate the influence of several neuroendocrine peptides (closely related to SCLC cells) on
the in vitro proliferation of SCLC cell lines. All of
them failed to influence SCLC growth except
"physalaemin" which inhibits the clonal and mass
culture growth of SCLC lines. First isolated in 1962,
physalaemin is a peptide of the tachykinin family.
It was extracted from the skin of the frog Physalaemus
fuscuma.culatus [1 12, 113). This molecule can apparently
act as a negative regulatory factor for SCLC cells.
At present, therapies targeted to interfere with
growth factOr-mediated tumour proliferation are
beginning their clinical evaluation. The first antigrowth factor the rapies utilizing monoclonal
antibodies have recently begun at the National
Cancer Institute, and involve a monoclonal antibody
to GRP. To date, none of the treated patients have
demonstrated a significant tumour response [114,
ll5]. One explanation could be that a particular
tumour produces and responds to more than a single
growth factor. This point was recently emphasized
by studies on the classical SCLC ceU line, NCI B-345.
This line has been shown to produce and respond to
three different autocrine growth factors, including
GRP, insulin-like growth factor, and transferrin
[114-116].
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The possibility that combinations of molecules
mediate the observed autocrine effects has increased
the complexity of successful therapeutic intervention
[114, 117].
Genetic analysis
Recent advances in molecular biology have allowed
the study of molecular events involved in the
development of transformed cells. For SCLC, the
successful establishment of permanent cell lines has
greatly facilitated cytogenetic analysis and uncovered
series of genetic aberrations includ ing numerical
abnormalities, chromosomal rearrangements, deoxyribonucleic acid (DNA) deletions and gene amplifications.
Analysis of the DNA by flow eytometry has revealed
considerable heterogeneity in DNA content, ranging
from hypodiploid to tetraploid in most cases. However,
unlike other tumours, a correlation has not been shown
between DNA content and response to therapy and
survival of SCLC patients, with the exception of one
study [118-120).
Chromosomal and DNA deletions

Loss of DNA sequences on the short arm of Chr 3
is the most common chromosomal abnormality
reported for SCLC [121]. This deletion has been
observed by karyotype analysis [122- 124] and DNA
restriction fragment length polymorphism analysis
(RFLP). Although this d e letio n has variable
breakpoints, it usually includes chromosomal bands
3p 14-3p23. However, despite the loss of alleles at 3p
observed in bolh classic and variant SCLC cell lines
[123] and in tumour samples obt.alned either before or
after chemotherapy [125), it is not always found in all
SCLC cell line specimens [126-129]. Further more, 3p
deletion has also been observed in other malignancies
including non-small cell lung cancer, and sporadic renal
carcinomas [125, 130].
The fact that changes in 3p21 (the shortest region
or overlap analysis) are found in all types of lung
cancer, suggests that this area is central in the
development and pathogenesis of lung cancer [121125). In addition, increased fragility of this region is
seen in the normal cells of cigarette smokers [131].
A deletion can lead to tumorogenesis by one of
two mechanisms: 1) a change in the location of a
gene so that it becomes adjacent to a strong promotor
[132]; or 2) the unmasking of a mutated gene on the
allelic chromosome [133, 134]. This finding raises
the possibility that the fragments of DNA that are
deleted reflect the loss of a putative tumour suppressor
gene. It is thought that this suppressor gene, called
also "antioncogene" controls other genes which
if uninhibited (uncovered by the deletion) may
contribute to malignant transformation [135].
Recently, DNA losses have been reported for
other chromosomes including Chr 13 - 17 - 11
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[136, 137]. For Chr 13, the DNA loss is restricted to the
rb locus, suggesting that SCLC have absent or
dramatically reduced expression of the rb gene
product [138].
Future advances in molecular genetic biology
could permit us to correct the defect by introducing
into the lung cancer cells a normal copy of the gene
[139, 140]. This has already been demonstrated for
Wilms tumour and retinoblastoma [141, 142].
Chromosomal and DNA amplification

In addition to chromosomal deletions, double-minute
chromosomes (DM) and homogeneous staining regions
(HSR) have been observed in both fresh specimens and
SCLC cell lines. These cytogenetic abnormalities are
thought to represent amplified DNA associated with
drug resistance [143] or with the increased expression
of specific proto-oncogenes.
It is generally accepted that viral oncogenes arise
from a group of normal cellular genes (protooncogenes) during the passage of retroviruses through
the host cell. Proto-oncogenes play a major role in
normal cellular proliferation and differentiation.
However, several lines of evidence link protooncogenes to the induction or maintenance of cancer
[144]. When they are altered by any insult
(e.g. radiation, chemical carcinogens, chromosomal
alterations, point mutation or translocation), the
genes become active in the pathogenesis of abnormal
cell growth. Currently, more than 40 proto-oncogenes
have been identified [145].
Oncogenes from the myc family have been found
to change genetically in SCLC tumours, through
gene amplification and/or overexpression. The myc
family includes a minimum of three closely related
genes, called c, N and Lmyc genes, respectively, all
encoding nuclear proteins with DNA binding
properties involved in the regulation of the cell cycle
[146]. These oncogenes have been mapped to
chromosome 8 for c-myc, Chr 2 for N-myc and very
near or within band p32 on Chr 1 for L-myc
[147-150].
The c-myc amplification has been described for a
variety of cancer cell lines and tumour specimens
including leukaemia, colon cancer, breast cancer,
gastric cancer, glioblastoma, small and non-small cell
lung cancer [151]. The c-myc amplification has been
found in SCLC cell lines with the variant phenotype
only [18, 19, 21, 152]. The c-myc amplification is
also more common in tumour cell lines established
from treated relapsing patient tumours rather than from
untreated patient tumours, 44% to 11%, respectively
[153]. Furthermore, c-myc amplification found in
treated patient tumour cell lines was associated with
shortened median survival, 33 weeks versus 53 weeks,
respectively [153].
To investigate whether or not the amplified c-myc
gene directly causes the "variant" phenotype, with
its more aggressive behaviour, JoHNSON et al.

[154] transfected a classical SCLC cell line with an
amplified c-myc gene. The c-myc transfectant
acquired some characteristics of the variant phenotype
including resistance to radiation, growth and
morphological changes, but did not lose neuroendocrine markers like L-Dopa decarboxylase or
bombesin/GRP immunoreactivity.
On the other hand, the N-myc oncogene has been
shown to be amplified in tumours and cell lines with
neuroendocrine phenotypes, such as neuroblastoma,
retinoblastoma, SCLC and more recently in a primary
adenocarcinoma with some neuroendocrine properties
[155, 156]. In contrast to c-myc, N-myc amplification
was demonstrated in both classic and variant SCLC
cell lines [156]. FuNA et al. [157], used in situ
hybridization to demonstrate that increased expression
of N-myc in primary biopsies from 15 untreated
SCLC patients was strongly associated with poor
response to chemotherapy, rapid tumour growth and
short survival. They suggested that SCLC patients
with increased N-myc expression in their primary
biopsies should be considered for more aggressive
therapy due to the more aggressive phenotype of
these tumours. WoNG et al. [155], studying both the
N-myc and c-myc gene amplification in fresh human
tumour specimens, demonstrated that patients did
not display both N and c-myc overexpression in the
same tumour, suggesting that expression of these
oncogenes is independent.
Finally, a more recent study identified a third
member of the myc family, called "L"-myc because
of its initial discovery in a lung cancer [150]. Its
overall structure appears similar to the c and N-myc
genes. NAu et al. [150], screening SCLC cell lines
with an L-myc specific probe, demonstrated amplification and overexpression of the oncogene; however,
some non-SCLC were also shown to express L-myc
although there was no apparent amplification [138].
Recently, certain L-myc haplotypes have been
implicated in the metastatic behaviour of lung cancer
of several histological types [158].
Given the structural and sequence homology between
the three members of the myc gene, it is likely that
they have similar functions in lung cancer cells.
GEMMA et al. [159] demonstrated that lung cancers with
myc family gene amplification were more tumorogenic
in nude mice than lung cancer cells without this
abnormality. Furthermore, myc-family oncogene abnormalities are more frequently observed in cell lines
compared with fresh biopsy specimens, and in both groups
are usually observed in specimens obtained at relapse
from prior therapy. These data suggest that myc family
oncogenes may contribute to the more aggressive growth
behaviour observed at relapse but are not important in
early events in the pathogenesis of SCLC [160--161].
Finally, GRIFFIN and BAYLIN [162] recently reported
that the oncogene c-myb is differentially expressed in
SCLC, emphasizing the increasing evidence that cell
transformation may require two or more oncogenes
acting in cancer [163]. Based on this evidence, we
must consider that new prevention and treatment
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strategies should be directed against the deregulated
expression of the SCLC nuclear proto-oncogenes.
Although not immediately notable, new insights
into the pathogenesis of lung cancer resulting from
the discovery of these "cellular proto-oncogenes",
should ultimately help in the treatment of SCLC patients.
In addition, study of alterations in proto-oncogenes
may aid in the (sub)classification of lung cancer
and yield new prognostic information [151].
Histogenesis of SCLC
In the past, it has been proposed that SCLC lung
carcinoma was of neural crest origin and belonged to
the APUD system of endocrine cells [164] which
accounted for the many differences observed both
clinically and biologically in the behaviour of SCLC
and non-SCLC lung cancer [56]. More recently,
based on the positive staining of two SCLC cell lines
with macrophage-associated antibodies, RUFF and PERT
suggested that SCLC arises from bone marrow
macrophages [165]. However, these hypotheses have
been challenged by substantial data suggesting that
lung cancer consists of a continuum of cancer types,
and that the different histologically recognizable
groups represent preferentially expressed differentiation
pathways originating from a common endodermal
stem cell [24, 166]. In fact, it is now generally
accepted that lung cancer is a heterogeneous cancer
in which the incidence of different subtypes is the rule
rather than the exception. This is especially true when
extensive sampling of the entire tumour is studied
instead of only a small biopsy specimen [167, 168].
Using conventional light microscopic analysis,
about 15% of SCLC tumours contain non-SCLC
subtypes at diagnosis whereas 13 to 28% of autopsy
specimens from SCLC patients previously treated by
cytotoxic therapy demonstrate a mixed histology
[168-172] . GAZDAR et al. [24] reported that 6% of
the untreated primaries displayed histologically
mixed characteristics; however, following therapy,
39% of the cases revealed histological features that
differed markedly from those of their own primaries.
Furthermore, morphological transition between
SCLC to non-SCLC may occur in vitro where
tripartite differentiation has been reported [7, 173].
TERASAKI et al. [174] recently reported that changes
of the culture medium may, in some cases, induce
changes in SCLC morphology from small cells to
squamous cells and vice versa. In addition, some SCLC
cell lines may lose their neuroendocrine features
over time [17, 18].
At this time, the widespread development of
immunohistological analysis using poly- and
monoclonal antibodies, as well as ultrastructural
analysis, has revealed many hitherto unsuspected
relationships between SCLC and non-SCLC lung
tumours [175, 176]:
1) A dual ancestry for SCLC was suggested by
ultrastructural analysis; on the one hand findings of
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neuro-microtubules and neuroendocrine granules
indicated neural characteristics, and on the other hand,
the presence of tonofibrils, desmosomes and junctional
complexes indicated epithelial features [8]. In another
ultrastructural study, GouLD et al . [177] reported
convincing evidence of squamous and glandular
differentiation in about 30% of previously untreated
surgically removed neuroendocrine carcinomas of all
types.
2) The reactivity of SCLC with antibodies to
epithelial-related antigen was similar to that found in
non-SCLC [178, 179].
3) The neuroendocrine (NE) differentiation state of
SCLC tends to disappear during the course of the
disease, whereas the epithelial differentiation state
remains expressed [179].
4) The predominant intermediate filament protein in
SCLC is "cytokeratin", which is a common feature of
epithelial cells [87, 180].
5) Conversely, neuroendocrine differentiation is
demonstrated using immunohistological markers, in
up to 20% of both primary tumours and cell lines
from non-SCLC subtypes [181]. However, NE
markers were most commonly expressed in adenoand large-cell carcinomas and rarely in squamous
cell carcinoma.
6) Finally, embryological studies strongly suggest
that the bronchial mucosa is composed entirely of
cells of endodermal origin [182].
7) Genetic studies using c-DNA probes specific for
cytogenetic deletions demonstrated that the 3p 14-23
deletion previously related with SCLC only is
common to most lung cell types [125].
At this time, further studies are underway for
clinicopathological evaluation of the relevance of a
common stem cell ancestry. For instance, if SCLC has
a mixed histology, cytotoxic therapy could eliminate
the bulk of sensitive SCLC cells leaving behind the
few insensitive non-SCLC cells which could then be
removed by surgery. Indeed, recent data indicated a
71% three year survival for this subgroup of patients
[183]. In any event, the possibility of morphological
transition toward the non-SCLC subtype underscores
the need for new biopsies of all patients relapsing
in their primary SCLC tumour. One other clinically
relevant aspect of a common stem cell ancestry
comes from recent studies suggesting that non-SCLC
sharing NE features has the same behaviour as
SCLC, including a responsiveness to chemotherapy
[181, 184, 185].
Finally, it has been shown that lung cancer can be
subtyped not only by histological criteria but also by
immunohistological and ultrastructural analyses. A
new classification may eventually emerge from
the application of these new techniques, particularly
for adeno- and large-cell undifferentiated subtypes [181,
186]. However, the clinical relevance of any new
classification must be carefully established. Recently
changing concepts and terminology have led to a new
histopathological classification for SCLC as proposed
by the IASLC (International Association for Study
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of Lung Cancer) [187]. Indeed, the following classification for SCLC is now recommended:
1) Small cell lung cancer includes small cell and
intermediate subtypes and represents more than 90%
of untreated SCLC.
2) Mixed small cell/large cell carcinoma. This subtype
may be associated with a poor prognosis and response
to therapy and contains a spectrum of cell types
ranging from typical SCLC to larger cells resembling
large cell carcinoma.
3) Combined small cell carcinoma, where typical
SCLC elements are intimately mixed with areas of
differentiated squamous cells or adenocarcinoma
Conclusions
We have discussed the advances in understanding
the biology of SCLC lung cancer and their progress
over the past decade. However, all of this information,
including biomarkers, genetic abnormalities, antigen
expression, as well as the concept of lung tumour
heterogeneity has yet to be applied in the clinic
in careful and well planned studies for defining
new treatment strategies for small cell lung
carcinoma. The information derived from biological
studies appears to be the most promising avenue
toward more effective control of small cell lung
carcinoma [5].

Acknowledgements: The authors thank K.
Gallo-Willard for reviewing the manuscript and
M.P. Heylens for her excellent secretarial assistance.

References

1. Minna JM, Higgins GA, Glastein EJ. - Cancer of the
lung. In: Cancer: Principles of Oncology. V.T. De Vita,
S. Helleman, S.A. Rosenberg eds, Lippincott, Philadelphia,
1985, pp. 506-597.
2. Silverberg E, Lubera JA. - Cancer Statistics CA.
Cancer J Clin, 1988, 38, 5-22.
3. Iannuzzi MC, Coggin CH. - Small cell lung cancer.
State of art. Am Rev Respir Dis, 1986, 134, 593-608.
4. Hansen HH. - Chemotherapy of small cell carcinoma:
a review. Quart J Med, 1987, 63(240), 275-282.
5. Klastersky J. - Therapy of small cell lung cancer:
anything new? Eur J Cancer Clin Oncol, 1988, 24,
107-112.
6. Humblet Y, Weynants P, Bosly A, Majois F, Duprez P,
Francis C, Beauduin M, Machiels J, Gailly C, Delaunois L,
Rodenstein D, Doyen C, Longueville J, Michel C, Schallier D,
Prignot J, Symann M. - Carboplatin in association with
etoposide and either adriamycin or epirubicin for untreated
small cell lung cancer: a dose escalation study of carboplatin.
Med Oncol Tunwr Pharmacother, in press.
7. Camey DN. - Recent advances in the biology of small
cell lung cancer. Chest, 1986, 89, 253S-257S.
8. Shimosato Y, Nakajima T, Hirohashi S, Morinaga S,

Terasaki T, Yamaguchi K, Saijo N, Suemasu K. - Biological,
pathological and clinical features of small cell lung cancer.
Cancer Letters, 1986, 33, 241-258.
9. Gazdar AF, Camey DN, Russell EK, Sims HL, Baylin
SB, Bunn PA Jr, Guccion JG, Minna JD. - Establishment
of continuous, clonable cultures of small-cell carcinoma of the
lung which have amine precursor uptake and decarboxylation
cell properties. Cancer Res, 1980, 40, 3502-3507.
10. Pettengill OS, Sorenson GD, Wurster-Hill DH, Curphey
TJ, Noli WW, Cate CC, Maurer LH. - Isolation and growth
characteristics of continuous cell lines from small-cell
carcinoma of the lung. Cancer, 1980, 45, 906-918.
11. Simms E, Gazdar AF, Abrams PG, Minna ID. - Growth
of human small cell (oat cell) carcinoma of the lung in serumfree growth factor-supplemented medium. Cancer Res, 1980,
40, 4356-4363.
Replacement of serum by
12. Hayashi I, Sato GH. hormones permits growth of cells in a defmed medium. Nature,
1976, 259, 132-134.
13. Bames D, Sato G. - Serum-free cell culture: a unifying
approach. Cell, 1980, 22, 649-655.
14. Camey DN, Bunn PA Jr, Gazdar AF, Pagan JA, Minna
ID. - Selective growth in serum-free hormone-supplemented
medium of tumor cells obtained by biopsy from patients with
small cell carcinoma of the lung. Proc Natl Acad Sci USA,
1981, 78, 3185-3189.
15. Camey DN, Brower M, Bertness V, Oie HK. - Selective
growth of human small cell lung cancer cell lines and clinical
specimens in serum-free medium. In: Methods for serum-free
culture of epithelial and fibroblastic cells. A.R. LISS Inc.,
1984, pp. 57-71.
16. Postmus PE, De Ley L, Van Der Veen AY, Mesander G,
Buys CHCM, Elema JD. - Two small cell lung cancer cell
lines established from rigid bronchoscope biopsies. Eur J
Cancer Clin Oncol, 1988, 24, 753-763.
17. Camey DN, Broder L, Edelstein M, Gazdar AF, Hansen
M, Havemann K, Matthews MJ, Sorenson GD, Videlov L. Experimental studies of the biology of human small cell lung
cancer. Cancer Treat Rep, 1983, 67, 27-35.
18. Gazdar AF, Carney DN, Nau MM, Minna JD. Characterization of variant subclasses of cell lines derived
from small cell lung cancer having distinctive biochemical,
morphological, and growth properties. Cancer Res, 1985, 45,
2924-2930.
19. Carney DN, Gazdar AF, Bepler G, Guccion JG,
Marangos PJ, Moody TW, Zweig MH, Minna JD. Establishment and identification of small cell lung cancer
cell lines having classic and variant features. Cancer Res,
1985, 45, 2913-2923.
20. Camey DN, Mitchell JB, Kinsella TJ. - In vitro
radiation and chemotherapy sensitivity of established cell
lines of human small cell lung cancer and its large cell
morphological variants. Cancer Res, 1983, 43, 2806-2811.
21. Little CD, Nau MM, Carney DN, Gazdar AF,
Mirma JD. - Amplification and expression of the c-myc
oncogene in human lung cancer cell lines. Nature, 1983,
306, 194-196.
22. Radice PA, Matthews MJ, lhde DC, Gazdar AF,
Carney DN, Bunn PA, Cohen MH, Fossieck BE,
Makuch RW, Minna JD. - The clinical behaviour of
"mixed" small cell/large cell bronchogenic carcinoma
compared to "pure" small cell subtypes. Cancer, 1982, 50,
2894-2902.
23. Hirsch FR, Osterlind K, Hansen HH. -The prognostic

BIOLOGY OF SMALL CELL LUNG CANCER

significance of histopathologic subtyping of small cell
carcinoma of the lung according to the classification of the
World Health Organization. A study of 375 consecutive
patients. Cancer, 1983, 52, 2144-2150.
24. Gazdar AF, Carney DN, Guccion JG, Baylin SB. Small cell carcinoma of the lung: cellular origin and
relationship to other pulmonary tumors. In: Small cell
carcinoma of the lung. F.A. Greco, R.K. Eldham,
P.A. Bunn eds, Grune and Stratton, New-York, 1981, pp.
145-175.
25. Bepler G, Jacques G, Havemann K, Koehler A, Johnson
BE, Gazdar AF. - Characterization of two cell lines with
distinct phenotypes established from a patient with small
cell lung cancer. Cane Res, 1987, 47, 1883-1891.
26. Hansen M, Hansen HH, Hirsch FR, Arends J, Christensen
JD, Christensen JM, Hummer L, Kuhl C. - Hormonal
polypeptides and amine metabolites in small cell carcinoma
of the lung, with special reference to stage and subtypes.
Cancer, 1980, 45, 1432-1437.
27. Sorenson GD, Pettengill OS, Brinck-Johnsen T, Cate CC,
Maurer LH. -Hormone production by cultures of small-cell
carcinoma of the lung. Cancer, 1981, 47, 1289-1296.
28. Hansen M, Pedersen AG. - Tumor markers in patients
with lung cancer. Chest, 1986, 89, 219S-224S.
29. Hansen HH, Hansen M. - Tumor markers in small
cell lung cancer. Eur J Cancer Clin Oncol, 1987, 23,
1585-1587.
30. Marangos PJ, Zomzely-Nevrata C, York C. Determination and characterization of neuron-specific
protein (NSP) associated enolase activity. Biochem Biophys
Res Commun, 1976, 65, 1309-1316.
31. Tapia FJ, Barbosa AJA, Marangos PJ, Polak JM,
Bloom SR, Dermody C, Pearse AGE. - Neuron-specific
enolase is produced by neuroendocrine tumours. Lancet,
1981, i, 808-811.
32. Camey DN, Ihde DC, Cohen MH, Marangos PJ,
Bunn PA, Minna ID, Gazdar AF. - Serum neuron-specific
enolase: a marker for disease extent and response to therapy
of small-cell lung cancer. Lancet, 1982, i, 583-585.
33. Ariyoshi Y, Kato K, Ishiguro Y, Ota K, Sato T, Suchi
T. - Evaluation of serum neuron-specific enolase as a tumor
marker for carcinoma of the lung. Gann, 1983, 74, 219-225.
34. Johnson DH, Marangos PJ, Forbes IT, Hainsworth JD,
Van Welch R, Hande KR, Greco FA. - Potential utility of
serum neuron-specific enolase levels in small cell carcinoma
of the lung. Cancer Res, 1984, 44, 5409-5414.
35. Esscher T, Steinholtz L, Bergh J, Nou E, Nilsson K,
Piihlman S. - Neurone specific enolase: a useful diagnostic
serum marker for small cell carcinoma of the lung. Thorax,
1985, 40, 85-90.
36. Cooper EH, Splinter TAW, Brown DA, Muers MF,
Peake MD, Pearson SL. - Evaluation of a radioimmunoassay for neuron specific enolase in small cell lung cancer.
Br J Cancer, 1985, 52, 333-338.
37. Splinter TAW, Cooper EH, Kho GS, Oosterom R,
Peake MD. - Neuron-specific enolase as a guide to the
treatment of small cell lung cancer. Eur J Cancer Clin
Oncol, 1987, 23, 171-176.
38. Weynants P, Bauduin M, Majois F, Moens D,
De Nayer P. - Dosage serique de la neurone specifique
enolase: interet comme marqueur tumoral du cancer
microcellulaire bronchique. Acta Clinica Belgica, 1989, 44,
161-168.
39. Osterlind K, Jorgensen LGM, Hansen HH, Cooper EM.

709

- Neuron Specific Enolase (NSE). A sens1t1ve prognostic
factor in small cell lung cancer (SCC). Lung Cancer, 1988,
4, A48.
40. Akoun GM, Scarna HM, Milleron BJ, Benichou MP,
Herman DP. - Serum neuron-specific enolase: a marker for
disease extent and response to therapy for small-cell lung
cancer. Chest, 1985, 87, 39-43.
41. Viallard JL, Caillaud D, Kantelip B, Molina C, Dastugue
B. - Enzymatic determination of serum neuron-specific
enolase in small cell lung cancers. Utility of the serum
neuron-specific enolase/serum nonneuronal enolase ratio.
Chest, 1988, 93, 1225-1233.
42. Gazdar AF, Zweig MH, Camey DN, Van Steirteghen
AC, Baylin SB, Minna ID. - Levels of creatine kinase and
its BB isoenzyme in lung cancer specimens and cultures.
Cancer Res, 1981, 41, 2773-2777.
43. Carney DN, Zweig MH, lhde DC, Cohen MH,
Makuch RW, Gazdar AF. - Elevated serum creatine kinase
BB levels in patients with small cell lung cancer. Cancer
Res, 1984, 44, 5399-5403.
44. Bork E, Hansen M, Urdal P, Paus E, Hoist JJ,
Schifter S, Fenger M, Engbaek F. - Early detection of
response in small cell bronchogenic carcinoma by changes
in serum concentrations of creatine kinase, neuron specific
enolase, calcitonin, ACTH, serotonin and gastrin releasing
peptide. Eur J Cancer Clin Oncol, 1988, 24, 1033-1038.
45. Pedersen AG, Bach FW, Nissen M, Bach F. - Creatine
kinase BB and beta-2-microglobulin as markers of CNS
metastases in patients with small-cell lung cancer. J Clin
Oncol, 1985, 3, 1364-1372.
46. Anastasi A, Erspamer V, Bucci M. - Isolation and
structure of bombesin and alytesin, two analogous active
peptides from the skin of the European frogs Bombina and
Alytes. Experientia, 1971, 27, 166-167.
47. Wharton J, Polak JM, Bloom SR, et al. - Bombesinlike immunoreactivity in the lung. Nature, 1978, 273, 769-770.
48. Polak JM, Ghatei MA, Wharton J, et al. - Bombesinlike immunoreactivity in the gastrointestinal tract, lung and
central nervous system. Scand J Gastroenterol, 1978, 13,
148 (Suppl.).
49. Yamaguchi K, Abe K, Kameya T, et al. - Production
and molecular size heterogeneity of immunoreactive
gastrin-releasing peptide in fetal and adult lungs and primary
lung tumors. Cancer Res, 1983, 43, 3932-3938.
50. Lebacq- Verheyden AM, Trepel J, Sausville EA,
Battey JF. - Bombesin and gastrin releasing peptide:
neuropeptides, secretogogues and growth factors. Handbook
of Exp. Pharm., 1990, 95, 71-124.
51. Willey JC, Lechner JF, Harris CC. - Bombesin and the
C-terminal tetradecapeptide of gastrin-releasing peptide are
growth factors for normal human bronchial epithelial cells.
Exp Cell Res, 1984, 153, 245-248.
52. Weber E, Evans CJ, Samuelsson SJ, Barchas JD. High levels of intracellular bombesin characterize human
small-cell lung carcinoma. Science, 1981, 214, 1246-1251.
53. Cuttitta F, Carney DN, Mulshine J, Moody TW,
Fedorko J, Fischler A, Minna ID. - Bombesin-like peptides
can function as autocrine growth factors in human
small-cell lung cancer. Nature, 1985, 316, 823-826.
54. Pedersen AG, Becker KL, Bach F, Snider RH,
Gazdar AF, Sorensen S, Bunn PA, Hansen HH. Cerebrospinal fluid bombesin and calcitonin in patients with
central nervous system metastases from small-cell lung
cancer. J Clin Oncol, 1986, 4, 1620-1627.

710

P. WEYNANTS ET AL.

55. Sobol RE, O'Connor T, Addison J, Suchocki K,
Royston I, Deftos U. - Elevated serum chromogranin A
concentrations in small-cell lung carcinoma. Ann lnJern Med,
1986, 105, 698-700.
56. Carney DN, De Ley L. - Lung cancer biology. Semin
Oncol, 1988, 15, 199-214.
57. O'Connor DT, Bernstein KN. - Radioimmunoassay of
chromogranin A in plasma as a measure of exocytotic
sympathoadrenal activity in normal subjects and patients
with pheochromocytoma. N Engl J Med, 1984, 311, 764-770.
58. Wilson BS, Lloyd RV. - Detection of chromogranin
in neuroendocrine cells with a monoclonal antibody. Am J
Pathol, 1984, 115, 458-468.
59. O'Connor DT, Burton D, Deftos U. - Immunoreactive
human chromogranin A in diverse polypeptide hormone
producing human tumors and normal endocrine tissues.
J Clin Endocrinol Metab, 1983, 57, 1084-1086.
60. Doll DC. - Serum lactate dehydrogenase and bone
marrow involvement in small-cell carcinoma of the lung.
N Engl J Med, 1985, 313, 1262.
61. Sculier JP, Feld R, Ev ans WK, Shepherd FA,
Deboer G, Malkin DG, Malkin A. - Carcinoembryonic
antigen: a useful prognostic marker in small-cell lung
cancer. J Clin Oncol, 1985, 3, 1349-1354.
62. Jorgensen LGM, Hansen HH, Cooper EH. - Neuron
specific enolase, carcinoembryonic antigen and lactate
dehydrogenase as indicators of disease activity in small cell
lung cancer. Eur J Cancer Clin Oncol, 1989, 25, 123-128.
63. Mulshine JL, Cuttitta F, Minna ID. - Lung cancer
markers as detected by monoclonal antibodies.
In: Monoclonal antibodies in cancer. S. Sell, R.A. Reisfeld
eds, Human Press, 1985, pp. 229-246.
64. Rosen ST, Mulshine JL, Cuttitta F, Fedorko J,
Carney DN, Gazdar AF, Minna ID. - Analysis of human
small cell lung cancer differentiation antigens using a
panel of rat monoclonal antibodies. Cancer Res, 1984, 44,
2052-2061.
65. Souharni RL, Beverley PCL, Bobrow LG. - Antigens of
small-cell lung cancer. Lancet, 1987, ii, 325-326.
66. Souhami RL. - The first international workshop on
small cell lung cancer antigens. Lung Cancer, 1988, 4, 26.
67. Bunn PA Jr, Linnoila I, Minna ID, Carney D,
Gazdar AF. - Small cell lung cancer, endocrine cells of the
fetal bronchus, and other neuroendocrine cells express the Leu7 antigenic determinant present on natural killer cells. Blood,
1985, 65, 764-768.
68. Cuttitta F, Rosen S, Gazdar AF, Minna ID.
Monoclonal antibodies that demonstrate specificity for several
types of human lung cancer. Proc Nail Acad Sci USA, 1981,
78, 4591-4595.
69. Olsson L, Sorensen HR, Behnke 0. - lntratumoral
phenotypic diversity of cloned human lung tumor cell lines and
consequences for analyses with monoclonal antibodies.
Cancer, 1984, 54, 1757-1765.
70. Bernal SD, Speak JA. - Membrane antigen in small cell
carcinoma of the lung defmed by monoclonal antibody SMl.
Cancer Res, 1984, 44, 265-270.
71. Stahel RA, Mabry M, Skarin AT, Speak J, Bernal SD.Detection of bone marrow metastasis in small cell lung
cancer by monoclonal antibody. J Clin Oncol, 1985, 3,
455-461.
72. Lebacq-Verheyden AM, Neirynck A, Ravoet AM,
Humblet Y, Oie H, Linnoila I, Gazdar AF, Minna ID,
Symann M. - Monoclonal antibodies for the in vitro

detection of small cell lung cancer metastases in human bone
marrow. Eur J Cancer Clin Oncol, 1988, 24, 137-145.
73. Canon JL, Humblet Y, Lebacq-Verheyden AM,
Manouvriez P, Bazin H, Rodhain J, Prignot J, Symann M. lrnmunodetection of small cell lung cancer metastases in bone
marrow using three monoclonal antibodies. Eur J Cancer
Clin Oncol, 1988, 24, 147-150.
74. Livingston RB. - Small cell lung cancer. Whether late
intensification. J Clin Oncol, 1986, 4, 1437-1438.
75. Humblet Y, Symann M, Bosly A, Delaunois L,
Francis C, Machiels J, Beauduin M, Doyen C, Weynants P,
Longueville J, Prignot J. - Late intensification chemotherapy
with autologous bone marrow transplantation in selected
small-cell carcinoma of the lung: a randomized study.
J Clin Oncol, 1987, 5, 1864-1873.
76. Okabe T, Kaizu T, Keiya 0, Urabe A, Takaku F. Elimination of small cell lung cancer cells in vitro from
human bone marrow by a monoclonal antibody. Cancer Res,
1985, 45, 1930-1933.
77. Bernal SD, Mabry M, Stahel RA, Griffin ID,
Speak JA. - Selective cytotoxicity of the SM1 monoclonal
antibody towards small cell carcinoma of the lung. Cancer
Res, 1985, 45, 1026-1032.
78. Bernard J, Bettan-Renaud L, Gavoille A, Pico JL,
Beaujean F, Lopez M, Riou G. - In vitro chemical
eradication of small cell lung cancer: application in
autologous bone marrow transplantation. Eur J Cancer Clin
Oncol, 1988, 24, 1561-1566.
79. Humblet Y, Sekhavat M, Feyens AM, Symann M. Cytotoxicity of workshop monoclonal antibodies in the
presence of complement. Lung Cancer, 1988, 4, 90-91.
80. Humblet Y, Feyens AM, Sekhavat M, Agaliotis D,
Canon JL, Symann M. - Immunological and pharmacological
removal of small cell lung cancer cells from bone marrow
autografts. Cancer Res, 1989, 49, 5058-5061.
81. Doyle A, Martin WJ, Funa K, Gazdar A, Carney D,
Martin SE, Linnoila I, Cuttitta F, Mulshine J, Bunn P,
Minna J. - Markedly decreased expression of class I
histocompatibility antigens, protein, and mRNA in human
small-cell lung cancer. J Exp Med, 1985, 161, 1135.
82. Weynants P, Wauters P, Coulie PG, Van Den Eynde B,
Symann M, Boon T. - Cytolytic response of human T cells
against allogeneic small cell lung carcinoma treated with
interferon gamma. Cancer lmmunol lmmunother, 1988, 27,
228-232.
83. Hui K, Grosveld F, Festenstein H. - Rejection of
transplantable AKR leukaemia cells following MHC
DNA-mediated cell transformation. Nature, 1984, 311, 750.
84. Tanaka K, Isselbacher KJ, Khoury G, Jay G. - Reversal
of oncogenesis by the expression of a major histocompatibility complex class I gene. Science, 1985, 228, 26.
85. Kawano YL, Taniguchi K, Toshitani A, Nomoto K. Synergistic defense system by cooperative natural effectors
against metastasis of B16 melanoma cells in H-2-associated
control: different behavior of H-2• and H-2· cells in
metastatic processes. J lmmunol, 1986, 136, 4729.
86. Bergh J, Nilsson K, Dahl D, Andersson L, Virtanen I,
Lehto VP. - Expression of intermediate filaments in
established human lung cancer cell lines. Lab Invest, 1984,
51, 307-316.
87. Broers J, Huysmans A, Moesker 0, Vooijs P,
Ramaekers F, Wagenaar S. - Small cell lung cancers
contain intermediate filaments of the cytokeratin type.
Lab Invest, 1985, 52, 113-115.

BIOLOGY OF SMALL CELL LUNG CANCER

88. Blobel GA, Gould YE, Moll R, Lee I, Huszar M,
Geiger B, Franke WW. - Coexpression of neuroendocrine
markers and epithelial cytoskeletal proteins in bronchopulmonary neuroendocrine neoplasms. Lab Invest, 1985, 52,
39- 51.
89. Broers JLV, Carney DN, De Ley L, Vooijs GP,
Ramaekers FCS. - Differential expression of intermediate
filament proteins distinguishes classic from variant small-cell
lung cancer cell lines. Proc Narl Acad Sci USA, 1985, 82,
4409-4413.
90. Broers JLV, Ramaekers FCS, Rot MK, Oostendorp T,
Huysmans A, van Muijen GNP, Wagenaar SS, Vooijs GP. Cytokeratins in different types of human lung cancer as
monitored by chain-specific monoclonal antibodies. Cancer
Res, 1988, 48, 3221-3229.
91. Broers JLV, Rot MK, Oostendorp T, Huysmans A,
Wagenaar SS, Wiersma-Van Tilburg AJM, Vooijs GP,
Ramaekers FCS. - Immunocytochemical detection of human
lung cancer heterogeneity using antibodies to epithelial,
neuronal, and neuroendocrine antigens. Cancer Res, 1987,
47, 3225- 3234.
92. Mann BD, Cohen MB, Saxton RE, Morton DL,
Benedict WF, Kom EL, Spolter L, Graham LS, Chang CC,
Burk MW. - Imaging of human tumor xenografts in nude
mice with radiolabeled monoclonal antibodies. Limitations
of specificity due to nonspecific uptake of antibody. Cancer,
1984, 54, 1318- 1327.
93. Zimmer AM, Rosen ST, Spies SM, Polovina MR,
Minna JD, Spies WC, Silverstein EA. - Radioimmunoimaging of human small cell lung carcinoma with P 31
tumor specific monoclonal antibody. Hybridoma, 1985, 4,
1-11.
94. Mulshine JL, Keenan AM, Carrasquillo JA, Walsh T,
Linnoila RI, Holton OD, Harwell J, Larson SM, Bunn PA,
Weinstein JN. - Immunolymphoscintigraphy of pulmonary
and mediastinal lymph nodes in dogs: a new approach to
lung cancer imaging. Cancer Res, 1987, 47, 3572-3576.
95. Spom MB, Roberts AB. - Autocrine growth factors and
cancer. Nature, 1985, 313, 745- 747.
96. Moody TW, Pert CB, Gazdar AF, Carney DN,
Minna JD. - High levels of intracellular bombesin
characterize human small-cell lung carcinoma. Science,
1981, 214, 1246-1248.
97. Moody TW, Russel EK, O'Donohue TL, Linden CD,
Gazdar AF. - Bombesin-like peptidcs in small cell lung
cancer: biochemical characterization and secretion from a
cell line. Life Sci, 1983, 32, 487-493.
98. Moody TW, Bertness V, Carney DN. - Bombesin-like
peptides and receptors in human tumor cell lines. Peptides,
1983, 4, 683-686.
99. Moody TW, Carney DN, Cuttitta F, Quattrochi K, Minna
JD. - High affinity receptors for bombesin/GRP-like
peptides on human small cell lung cancer. Life Sci, 1985, 37,
105-113.
100. Erisman MD, Ilona Linnoila R, Hernandez 0,
Diaugustine RP, Lazarus LH. - Human lung small-cell
carcinoma contains bombesin. Proc Natl Acad Sci USA,
1982, 79, 2379-2383.
101. Camey DN, Cuttitta F, Moody TW, Minna JD. Selective stimulation of small cell lung cancer clonal growth
by bombesin and gastrin-releasing peptide. Cancer Res,
1987, 47, 821-825.
102. Sausville EA, Lebacq-Verheyden AM, Spindel ER,
Cuttitta F, Gazdar AF, Bahey JF. - Expression of the gastrin

711

releasing peptide gene in human small cell lung cancer;
evidence for alternative processing resulting in three distinct
mRNA's. J Bioi Chem, 1986, 261, 2451- 2457.
103. Aguayo SM, Kane M, Schwartz MI, King T, Grauler L.
Mienhart D, Bunn PA, Miller GE. - Bombesin-likc
immunoreactivity in bronchoalveolar lavage from smokers and
interstital lung disease. Clin Res, 1987, 35, 530A.
104. Nakanishi Y, Mulshine JL, Kasprzyk PG, Natale RB,
Maneckjee R, Avis I, Treston AM, Gazdar AF, Minna JD,
Cuttitta F. - Insulin-like growth factor-1 can mediate
autocrine proliferation of human small cell lung cancer cell
lines in vitro. J Clin Invest, 1988, 82, 354-359.
105. Macauly VM, Tealc JD, Everard MJ, Joshi GP,
Smith IE, Millar JL. - Somatomedin-C/insulin-like
growth factor-1 is a mitogen for human small cell lung
cancer. Br J Cancer, 1988, 57, 91- 93.
106. Macauly VM, Teale JD, Everard MJ, Joshi GP,
Millar JL, Smith lE. - Serum insulin-like growth factor-1
levels in patients with small cell lung
cancer. J Cancer Clin Oncol, 1988, 24, 1241- 1242.
107. Vostrejs M, Moran PL, Seligman PA. - Transferrin
synthesis by small cell lung cancer cells acts as an autocrine
regulator of cellular proliferation. J Clin Invest, 1988, 82,
331- 339.
108. Aisen P, Brown EB. - Structure and function of
transferrin. Prog Hematol, 1975, 9, 25-56.
109. Tormey DC, Meuller GC. - Biologic effects of
transferrin on human lymphocytcs in vitro. Exp Cell Res,
1972, 74, 220-226.
110. Hayashi I, Sato GH. - Replacement of serum by
hormones permits growth of cells in a defined medium.
Nature (Lond), 1976, 259, 132-143.
111. Bepler G, Camey DN, Gazdar AF, Minna JD. - In
vitro growth inhibition of human small cell lung cancer by
physalaemin. Cancer Res, 1987, 47, 2371-2375.
112. Lazarus LH, Diaugustine RP, Jahnke GD,
Hemandez 0. - Physalaemin: an amphibian tachykinin
in human small-cell carcinoma. Science, 1983, 219, 79- 81.
113. Erspamer V, Bertaccini G, Cei JM. - Occurrence of
an eledoisin-like polypeptide (physalaemin) in skin extracts
of Physalaemus fuscumaculatus. Experientia, 1962, 18,
562- 563.
114. Mulshine JL. - Therapeutic applications of growth
factors. Lung Cancer, 1988, 4, 29.
115. Mulshine J, Cuttitta F, Avis I, et al. - Phase I
evaluation of an antigastrin releasing peptide (GRP)
monoclonal antibody (MoAb) in patients with advanced
lung cancer. Proc Asco, 1988, 7, 213.
116. Nakanishi YF, Cuttitta PG, Kasprzyk I, A vir SM,
Steinbcrg AF, Gazdar AF, Mulshine JL. - Growth factor
effects on small cell lung cancer using a colorimetric
assay: can a transferin-like factor mediate autocrine growth?
Exp Cell Bioi, 1988, 56, 74-85.
117. Betsholtz C, Bergh J, Bywater M, Pettersson M,
Johnsson A, Heldin CH, Ohlsson R, Knott TJ, Scott J,
Bell GI, Westermark B. - Expression of multiple growth
factors in a human lung cancer cell line. lnt J Cancer, 1987,
39, 502- 507.
118. Vindelov LL, Hansen HH, Gersel A. Hirsch FR,
Nissen NI. - Treatment of small-cell carcinoma of the
lung monitored by sequential flow cytometric DNA
analysis. Cancer Res, 1982, 42, 2499-2505.
119. Bunn PA, Carney DN, Gazdar AF, Whang-Peng
J, Matthews MJ. - Diagnostic and biological implications

712

P. WEYNANTS ET AL.

of flow cytometric DNA content analysis in lung cancer.
Cancer Res, 1983, 43, 5026-5032.
120. Abe S, Makimura S, ltabashi K, Nagai T, Tsuneta Y,
Kawakami Y. - Prognostic significance of nuclear DNA
content in small cell carcinoma of the lung. Cancer, 1985,
56, 2025-2030.
121. Minna ID. - Genetic events in the pathogenesis of
lung cancer. Chest, 1989, 96, 17s-23s.
122. Whang-Peng J, Kao-Shan CS, Lee EC. - Specific
chromosome defect associated with hwnan small-cell lung
cancer: deletion 3p (14-23). Science, 1982, 215, 181-182.
123. de Leij L, Postmus PE, Buys CHCM, Elema JD,
Ramaekers F, Poppema S, Brouwer M, van der Veen Y,
Mesander G, Hauw The T. - Characterization of three new
variant type cell lines derived from small cell carcinoma of
the lung. Cancer Res, 1985, 45, 60~33.
124. Zech L, Bergh J, Nilsson K. - Karyotypic characterization of established cell lines and short-term cultures of
hwnan lung cancers. Cancer Genel Cytogenet, 1985, 15,
335-347.
125. Brauch H, Johnson B, Hovis J, Yano T, Gazdar A,
Pettengill OS, Graziano S, Sorenson GD, Poiesz BJ,
Minna J, Linehan M, Zbar B. - Molecular analysis of the
short arm of chromosome 3 in small-ceii and
non-small-cell carcinoma of the lung. New Engl J Med, 1987,
317, 1109-1113.
126. Wurster-Hiii DH, Cannizzaro LA, Pettengill OS,
Sorenson GD, Cate CC, Maurer LH. - Cytogenetics of
small cell carcinoma of the lung. Cancer Genet Cytogenet,
1984, 13, 303-330.
127. Falor WH, Ward-Skinner R, Wegryn S. - A 3p deletion
in small cell lung carcinoma. Cancer Gene Cytogenet,
1985, 16, 175-177.
128. Morstyn G, Brown J, Novak U, Gardner J, Bishop J,
Garson M. - Heterogeneous cytogenetic abnormalities in
small cell lung cancer cell lines. Cancer Res, 1987, 47,
3322-3327.
129. Kok K, Osinga J, Carritt B, Davis MB, van der
Hout AH, van der Veen AY, Landsvater RM, de Leij
LFMH, Berendsen HH, Postmus PE, Poppema S, Buys
CHCM. - Deletion of a DNA sequence at the chromosomal
region 3p21 in all major types of lung cancer. Nature,
1987, 330, 578-581.
130. Zbar B, Brauch H, Talmadge C, Linehan M. - Loss
of alleles of loci on the short arm of chromosome 3 in renal
cell carcinoma. Nature, 1987, 327, 721-724.
131. Kao-Shan C, Fine R, Whang-Peng J, Lee E, Ghabner
B. - Increased fragile sites and sister chroma1id exchanges
in bone marrow and peripheral blood of young cigarette
smokers. Cancer Res, 1987, 47, 6278-6282.
132. Wiener F, Ohno S, Babonits M, et al. - Hemizygous
interstitial deletion of chromosome 15 (band D) in three
translocation-negative murine plasmacytomas. Proc Natl
Acad Sci USA, 1984, 81, 1159-1163.
133. Lee WH, Bookstein R, Hong F, Young U, Shew JY,
Lee EY-HP. - Human retinoblastoma susceptibility gene:
cloning, identification, and sequence. Science, 1987, 235,
1394-1399.
134. Friend SH, Bernards R, Rogelj S, et al. - A
human DNA segment with properties of the gene that
predisposes to retinoblastoma and osteosarcoma. Nature,
1986, 643-650.
135. Klein G . - The approaching era of the tumor
suppressor genes. Science, 1987, 238, 1539-1545.

136. Yokota J, Wada M, Shimosato Y, Terada M, Sugimura
T. - Loss of heterozygosity on chromosomes 3, 13, and 17
in small cell carcinoma and on chromosome 3 in adenocarcinoma of the lung. Proc Natl Acad Sci USA, 1987, 84,
9252-9256.
137. Shiraishi M, Morinaga S, Noguchi M, Shimosato Y,
Sekiya T. - Loss of genes on the short arm of chromosome
11 in hwnan lung carcinomas. lap J Cancer Res, 1987.
138. Harbour JW, Sali S, Whang-Peng J, Gazdar AF,
Minna JD, Kaye FJ. - Abnormalities in structure and
expression of the human retinoblastoma gene in SCLC.
Science, 1988, 241, 353-357.
139. Friend SH, Dryja TP, Weinberg RA. - Oncogenes
and turner-suppressing genes. New Engl 1 Med, 1988, 318,
618-622.
140. Kleirt G. - Oncogenes and tumor suppressor genes.
Reviews in Oncology, 1988, 1, 427-437.
141. Weissman B, Saxon P, Pasquale S, Jones G, Geiser A,
Stanbridge E. - Introduction of a normal hwnan chromosome
11 into a Wilm's tumor cell line controls its tumorigenic
expression. Science, 1987, 236, 175-180.
142. Huang H, Yee J, Shew J, Chen P, Bookstein R,
Friedmann T, Lee EY, Lee W. - Suppression of the neoplastic
phenotype by replacement of the RB gene in hwnan cancer
cells. Science, 1988, 242. 1563-1566.
143. Curt GA, Carney DN, Cowan KH, Jolivet J, Bailey
BD, Drake JC, Kao-Shan CS, Minna ID, Chabner BA. Unstable methotrexate resistance in human small-cell
carcinoma associated with double minute chromosomes.
New Engl J Med, 1983, 308, 199-202.
144. Slamon DJ. - Proto-oncogenes and human cancers.
New EngJ 1 Med, 1987, 317, 955-957.
145. Bishop JM. - The molecular genetics of cancer.
Science, 1987, 235, 305-311.
146. Minna JD, Battey JF, Brooks BJ, Cuttitta F, Gazdar
AF, Johnson BE, lhde DC, Lebacq-Verheyden AM,
Mulshirte J, Nau MM, Oie HK, Sausville EA, Seifter E,
Vinocour M. - Molecular genetic analysis reveals
chromosomal deletion, gene amplification, and autocrine
growth factor production in the pathogenesis of human
lung cancer. In: Cold Spring Harbor Symposia on
Quantitative Biology. Cold Spring Harbor Laboratory, 1986,
vol. Ll, 843-853.
147. Taub R, Kirsch I, Morton C, Lenoir G, Swan D,
Tronick S, Aaronson S, Leder P. - Translocation of
the c-myc gene into the immunoglobulin heavy chain
locus in human Burkitt lymphoma and murine
plasmacytoma cells. Proc Natl Acad Sci USA. 1982, 79,
7837-7841.
148. Nee! BG, Jhanwar SC, Chaganti RSK, Hayward WS. Two human c-one genes are located on the long arm
of chromosome 8. Proc Natl Acad Sci USA, 1982, 79,
7842-7846.
149. Schwab M, Varmus HE, Bishop JM, Grzeschik KH,
Naylor SL, Sakaguchi AY, Brodeurs G, Trent J. Chromosome localization in normal human cells and
neuroblastomas of a gene related to c-myc. Nature, 1984,
308, 288-291.
150. Nau MM, Brooks BJ, Battey J, Sausville E,
Gazdar AF, Kirsch IR, McBride OW, Bcrtness V, Hollis
GF, Minna JD. - L -myc, a new myc-related gene
amplified and expressed in human small cell lung cancer.
Nature, 1985, 318, 69-73.
151. Slebos RJC, Rodenhuis S. - The molecular

BIOLOGY OF SMALL CELL LUNG CANCER

genetics of human lung cancer. Eur Respir J, 1989,2,461-469.
152. Sakse1a K, Bergh J, Lchto VP, Nilsson K, Alitalo K. Amplification of the c-myc oncogene in a subpopulation of
human small cell lung cancer. Cancer Res, 1985, 45,
1823-1827.
153. Johnson BE, lhde DC, Makuch RW, Gazdar AF,
Camey DN, Oie H, Russell E. Nau MM. Minna JD. Myc family oncogene amplification in tumor cell lines
established from small cell lung cancer patients and its
relationship to clinical status and course. J Clin Invest,
1987, 79, 1629-1634.
154. Johnson BE, Battey J, Linnoila I, Becker KL,
Makuch RW, Snider RH, Carney DN, Minna JD. Changes in the phenotype of human small cell lung cancer
cell lines after transfection and expression of the c-myc
proto-oncogene. J Clin Invest, 1986, 78, 525-532.
155. Wong AJ, Ruppert JM, Eggleston J, Hamilton SR,
Baylin SB, Vogelstein B. - Gene amplification of c-myc
and N-myc in small cell carcinoma of the lung. Science,
1986, 233, 461-464.
156. Nau MM, Brooks BJ, Camey DN, Gazdar AF, Battey
JF, Sausville EA, Minna JD. - Human small-cell lung
cancers show amplification and expression of the N-myc
gene. Proc Natl Acad Sci USA, 1986, 83, 1092-1096.
157. Funa K, Steinholtz L, Nou E, Bergh J. - Increased
expression of N-myc in human small cell lung cancer
biopsies predicts lack of response to chemotherapy and poor
prognosis. Am J Clin PaJhol, 1987, 88, 216-220.
158. Kawashima K, Shikama H, Imoto K, Izawa M,
Naruke T, Okabayashi K, et al. - Close correlation
between restriction fragment length polymorphism of the
L-myc gene and metastasis of human lung cancer to the
lymph nodes and other organs. Proc Natl Acad Sci USA,
1988, 85, 2353-2356.
159. Gemma A, Nakajima T, Shiraishi M , Noguchi M,
Gotoh M, Sekiya T, Niitani H, Shimosato Y. - Myc
family gene abnormality in lung cancers and i ts
relation to xenotransplantability. Cancer Res, 1988, 48,
6025-6028.
160. Camey DN. - Oncogenes and genetic abnormalities in
lung cancer. Chest, 1989, 96, 25s-27s.
161. Kok K, Osinga J, Schotanus DC, Berendsen HH,
De Leij LFMH, Buys CHCM . - Amplification and
expression of different myc-family genes in a tumor
specimen and 3 cell lines derived from one small-cell
lung cancer patient during longitudinal follow-up. lnt J
Cancer, 1989, 44, 75-78.
162. Griffin CA, Baylin SB. - Expression of the c-myb
oncogene in human small cell lung carcinoma. Cancer Res,
1985, 45, 272-275.
163. Land H, Parada LF, Weinberg RA. - Cellular
oncogenes and multistep carcinogenesis. Science, 1983,
222, 771-778.
164. Pearse AG . - The cytochemistry and ultrastructure
of polypeptide hormone-producing cells of the APUD
series and the embryologic, physiologic and pathologic
implications of the concept. J Histochem Cytochem, 1969,
17, 303-313.
165. Ruff MR, Pert CB. - Small cell carcinoma of the
lung: macrophage-specific antigens suggest hemopoietic
stem cell origin. Science, 1984, 225, 1034-1036.
166. Yesner R. - Classification of lung cancer histology.
New Engl J Med, 1985, 312, 652-653.
167. Roggli VL, Vollmer RT, Greenberg SD, McGavran MH,

713

Spjut HJ, Yesner R. - Lung cancer heterogeneity: a blinded
and randomized study of 100 consecutive cases. Hum
Pathol, 1985, 16, 569- 579.
168. Hirsch FR, Ottesen G, Podenphant J, Olsen J. - Tumor
heterogeneity in lung cancer based on light microscopic
features. A retrospective study of a consecutive series of 200
patients, treated surgically. Virch Arch (Pathol Anal), 1983,
402, 147-156.
169. Matthews MJ. - Effects of therapy on the morphology
and behavior of small cell carcinoma of the lung. A
clinicopathologic study. In: Lung Cancer: Progress in
Therapeutic Research. F. Muggia, M. Rozencweig eds,
Raven Press, New York, 1977, pp. 155-165.
170. Brereton HD, Mathews MM, Costa J, Kent CH,
Johnson RE. - Mixed anaplastic small cell and squamouscell carcinoma of the lung. Ann Intern Med, 1978, 88,
805-806.
171. Abeloff MD, Eggleston JC, Mendelsohn G, Ettinger
DS, Baylin SB. - Changes in morphologic and biochemical
characteristics of small cell carcinoma of the lung. Am J
Med, 1979, 66, 757-764.
172. Sehested M, Hirsch FR, Osterlind K, O!sen JE. Morphologic variations of small cell lung cancer. A
histopathologic study of pretreatment and posttreatmenl
specimens in 104 patients. Cancer, 1986, 57, 804-807.
173. McDowell EM, Trump BF. - Pulmonary small cell
carcinoma showing tripartite differentiation in individual
cells. Hum Pathol, 1981, 12, 286-294.
174. Terasaki T, Shimosato Y. Nakajima T, Tsumuraya M,
Ichinose H, Nagatsu T, Kato K. - Reversible squamous
cell characteristics induced by vitamin A deficiency in a
small cell lung cancer cell line. Cancer Res, 1987, 47,
3533- 3537.
175. Goodwin G, Shaper JH, Abeloff MD, Mendelsohn G,
Baylin SB. - Analysis of cell surface proteins delineates
a differentiation pathway linking endocrine and nonendocrine human lung cancers. Proc Natl Acad Sci USA, 1983,
80, 3807-3811.
176. Fargion S, Camey D, Mulshine J, Rosen S, Bunn P,
Jewett P, Cuttitta F, Gazdar A, Minna J. - Heterogeneity of
cell surface antigen expression of human small cell lung
cancer detected by monoclonal antibodies. Cancer Res, 1986,
46, 2633-2638.
177. Gould VE, Memoli VA, Dardi LE. - Multidirectional
differentiation in human epithelial cancers. J Submicros
Cytol. 1981, 13, 97.
178. Moss F, Bobrow LG, Sheppard MN, Griffiths M,
Rowe D, Beverley PCL, Addis B, Souhami RL. Expression of epithelial and neural antigens in small cell
and non small cell lung carcinoma. J Pathol, 1986, 149,
103- 111.
179. Berendsen HH, De Leij L, Postmus PE, Poppema S,
Elcma JD, Sluiler HJ, The TH. - Small cell lung cancer:
tumor cell phenotype detected by monoclonal antibodies
and response to chemotherapy. Chest, 1987, 91, 11S- 12S.
180. Banks-Schlegel SP, Gazdar AF, Harris CC. Intermediate filament and cross-linked envelope expression
in human lung tumor cell lines. Cancer Res, 1985, 45,
1187-1197.
181. Linnoila RI, Mulshine JL, Steinberg SM,
Funa K, Matthews MJ, Cotelingam JD, Gazdar AF. Neuroendocrine differentiation in endocrine and
nonendocrine lung carcinomas. Am J Clin Pathol, 1988,
90, 641-652.

714

P. WEYNANTS BT AL.

182. Gazdar AF, Bunn PA, Minna ID, Baylin SB. - Origin
of human small cell lung cancer. Science, 1985,229,679-680.
183. Baker RR, Ettinger OS, Ruckdeschel ID, Eggleston JC,
McKneally MF, Abeloff MO, Woll J, Adelstein DJ. -The
role of surgery in the management of selected patients with
small-cell carcinoma of the lung. J Clin Oncol, 1981, 5,
697- 702.
184. Gazdar AF. -Clinical value of recent developments in
the biology of hmg cancer. Lung Cancer, 1988, 4, 33.
185. Mulshine J, Thde D. Linnoila RI. et al. - Preliminary
report of a prospective trial of neuroendocrine (NE) marker
analysis and in vitro drug sensitivity (IVDS) testing in
patients (PTS) with non-small cell lung cancer (NSCLC).
Proc Am Soc Clin Oncol, 1987, 6, 181.
186. Harnmond ME, Sause Wf. - Large cell neuroendocrine tumors of the lung. Clinical significance and
histopathologic definition. Cancer, 1985, 56, 1624-1629.
187. Hirsch FR, Matthews MJ, Aisner S, Carnpobasso 0,
Elema ID, Gazdar AF, Mackay B. Nasiell M, Shirnosato
Y, Steele RH, Yesner R, Zettergren L. - Histopathologic
classification of small cell lung cancer. Changing concepts
and terminology. Cancer, 1988, 62, 973-977.

Biologie du cancer pulmonaire a petites cellules. Revue
genera/e. P. Weynants, Y. Humblet, JL. Canon, M. Symann.
RESUME: Malgre les resultats decourageants du traitement

du cancer pulmonaire a petites cellules, les progres
importants dans notre connaissance de sa biologic ont ete
realises pendant la dcmiere decennie. Les progres dans
!'obtention des !ignes cellulaires de SCLC, ont facilite
la.rgement par !'etude des proprietes biologiques de cette
tumeur. Les progres principaux dans notre comprehension du
cancer a petites cellules comportent: 1) !'obtention de
marqueun lllrnOrau biologiques non sp&:i.fiques, comme la NSE,
CPKBB, bombesin/GRP et chromogranin A; 2) la production
d'anticorps monoclonaux contre les aspects neuraux et
epitheliaux des rumeurs a petites cellules; 3) !'identification
de plusieurs facteurs de croissance autocrine, comme la
bombesin/GRP, le facteur de croissance insulin-like (IGF),
la transferrine et la physalaemine; 4) !'etude approfondie
des anomalies cytogenetiques conduisant a la decouverte
d'une deletion chromosomique specifique du bras court du
chromosome 3 (del 3p 14-21). et a celle des modifications
de l'expression oncogCnique, par exemple c-myc, L-myc et
N-myc, rendant compte des rcsultats connus dans le domaine
biologique et celui du traitemenL Ces donnees suggerent que
tous les cancers pulmonaires proviennent d'une cellule souche
commune d' origine endodermique. Les informations
provenant de ces etudes biologiques representent la voie la
plus prometteuse vcrs de nouvelles strategies de traitcment du
cancer pulmonaire a petites cellules.
Eur Respir J., 1990, 3, 699- 714.

