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Abstract. Shirley Wright-Perkins.

Characteristics and Interrelationships of Cell Lines Derived from an
Undifferentiated Bronchial Carcinoma.

The aim of this project was to study the characteristics of cell lines - 1PT, VARIANT
A and VARIANT C - derived from an undifferentiated bronchial carcinoma, and to
investigate their interrelationships by using clonal lines.

The characteristics studied included morphology, cultural, ultrastructural and antigenic
features, and tumorigenicity in nude mice. In stationary culture all the lines consisted
of cells which grew both attached to a substratum and in suspension. The substrate-
adherent cells resembled those seen in lines derived from non-small cell lung
carcinomas (NSCLC) and the morphological variant subgroup of small cell lung
carcinomas (SCLC); the clusters of floating or loosely adherent cells in the 1PT
cultures were similar to those seen in lines derived from squamous and
adenocarcinomas, while the more organised three dimensional floating or loosely
adherent structures in the VARIANT cultures were similar to those seen in SCLC lines
with morphology types II and III. The 1PT Parent and Clone, VARIANT A Parent and
VARIANT C lines had population doubling times within the ranges reported for
NSCLC and variant-SCLC lines; the VARIANT A Clonal line had a biphasic growth
curve. The 1PT Parent and VARIANT A Parent lines had colony-forming efficiencies
(CFEs) within the ranges reported for NSCLC and variant-SCLC, while the
VARIANT C line had CFEs as low as or lower than those reported for classic-SCLC
lines. The DNA content, measured by flow cytometry, differentiated between the 1PT
and VARIANT lines, the former having 1.38 - 1.44 times and the latter having 2.31 -
2.39 times the normal human diploid DNA content. Chromosome counts supported
these general trends, the median numbers of chromosomes being 51 for the 1PT Parent
and Clonal lines, and 75.5, 79.5 and 77.5 for the VARIANT A Parent, VARIANT A
Clone and VARIANT C respectively. All of the cell lines were tumorigenic.
Histologically the xenografts, like the original tumour from which the lines were
derived, were undifferentiated, and the largest xenografts derived from the 1PT Parent
and Clone and VARIANT A Parent lines further resembled this in showing local
invasion. The cell lines and their xenografts were shown to be heterogeneous with
regard to the general and specific ultrastructural features of neoplasia; the xenografts
had fewer of these features. Immunocytochemistry, with a panel of intermediate
filament, neuroendocrine and epithelial markers, showed antigenic differences not only
between the original tumour and the cell lines, but also between the cell lines and their
respective xenografts. Two antigenic features distinguishing between the IPT and
VARIANT lines were the expression of NCAM by the 1PT but not the VARIANT
lines, and the expression of desmoplakin by the VARIANT but not the 1PT lines. With
respect to these two markers it could be shown that the morphologically VARIANT-
like colonies which appeared in the 1PT Parent and Clonal cultures within four weeks,
in both serum-free and serum-supplemented conditions, were also antigenically
VARIANT-like. Even after sixteen weeks in similar cultural conditions, the reverse
conversion of VARIANT A Parent or Clonal cells to 1PT-like cells was not evident.
Thus, an apparently irreversible interconversion of 1PT to VARIANT-like cells had
occurred. These results are discussed in relation to current models for the histogenesis
of the epithelial lung tumour subtypes.
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1.0 Introduction.

1.1  Epidemiology.

Lung Cancer remains one of the most common cancers worldwide (Parkin ef
al., 1988; Parkin, 1989; Mabry et al., 1991), accounting for more than 600,000
deaths per year, over 30% of which are in developing countries (Stanley and
Stjernsward, 1989). In 1985, the latest year for which cancer registration data are
available for England and Wales, malignant neoplasms of the trachea, bronchi and
lung were reported to be the most common cancer in men, accounting for 25%, and
the third most common cancer in women, accounting for 10% of all new cancer
cases. The incidence rates were shown to increase steeply with age and, due to very
low survival from this disease, were very similar to mortality rates; over 35,000
people died from the disease in 1985 in England and Wales (HMSO Cancer
Statistics Registrations, 1985). The registration data, calculated as the standardized
registration ratios (SRR1; HMSO Cancer Statistics Registrations, 1985) to take into
account the specific rates for each age group, show that there has been a decline in

males and an increase in females presenting with this disease (Figure 1.1).

A recent report (Youngson ef al., 1991) presenting Mersey Regional Cancer
Registry incidence data for the years 1983 - 1987, shows that malignant neoplasms
of the trachea, bronchi and lung have a relatively high incidence rate (SRR of 130
in men and 139 in women) and are the most prevalent cancer in this region,
accounting for 26.2% and 11.2% of all malignant neoplasms in men and women

respectively.

Thus lung cancer remains a major health problem, especially in the Mersey region,

and continued research is therefore essential.

1 SRR = 100 x registration of cancer of the trachea, bronchi and lung in 1985

Sum of age group [Pnpulatinn at each age, 1985 x registration rate for cancer ]

of the trachea, bronchi and lung for that age in 1979

16
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Figure 1.1: Standardized registration ratios
(SRR) of neoplasms of the trachea, bronchi and
lung per year for England and Wales
(Data from HMSO Cancer Statistics
Registrations, 1985).

Note the decline in males and the increase in
females presenting with these neoplasms.
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1.2  Development of the normal lung.

Lung neoplasms may show one or more features of the cell types of the
normal foetal and/or adult tracheobronchial epithelium (TBE) or of cell types that
appear in response to bronchial injury. Therefore, the process of lung development

provides information relevant to neoplastic transformation.

During foetal development, at about four weeks gestation, the lung bud epithelium
arises as a ventral diverticulum of the embryonic fore gut which grows into the
adjacent mesenchyme, branching in a dichotomous fashion to form the future
bronchial tree (Weston, 1984; Cutz, 1987) (Figure 1.2). The mesenchymal cells
condense around the primitive bronchial tubes, which are lined by a columnar
epithelium, and give rise to cartilage, smooth muscle, blood vessels and other

connective tissue elements (Weston, 1984; Cutz, 1987).

The human adult TBE is ciliated, pseudostratified and columnar. It has four distinct
cell types - basal, ciliated, mucous and neuroendocrine - of which all abut on the
basal lamina but not all extend to the lumen (Figure 1.3). This pseudostratification
persists throughout the major bronchi, the epithelium in more distal airways

becoming simple cuboidal (Reid and Coles, 1984; Jeffery, 1987).

The basal cells lie on the basal lamina with no access to the lumen (McDowell et
al., 1978; Reid and Coles, 1984; Jeffery, 1987); they are small and wedge-shaped,
with sparse electron-dense cytoplasm often containing bundles of tonofilaments
(Schlegel et al., 1980, Blobel et al., 1984). The intercellular spaces, which are
wide and irregular, are crossed by cytoplasmic bridges joined by desmosomal
junctions. The neurosecretory cells (synonyms: dense core granulated, endocrine,
Kultchitsky, Feyrter cells) lie on the basal lamina and rarely reach the bronchial
lumen; they are flask-shaped, with club-shaped microvilli and electron-lucent
cytoplasm with an abundance of neurosecretory dense-core granules (DCG)

(McDowell et al., 1976, 1978; Reid and Coles, 1984; Jeffery, 1987). Innervated

18
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A W LUNG BUD
OESOPHAGUS
B TRACHEA
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BRONCHIAL BIFURCATION
D

Figure 1.2: Human lung development.
At about four weeks gestation, the lung bud epithelium arises as a
ventral diverticulum (A) of the embryonic fore gut which branches
dichotomously (B) to produce successive generations of primitive
bronchial tubes (C, D), lined by a columnar epithelium (Modified
from Weston, 1984).
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Figure 1.3: Ultrastructural characteristics of cells in the human
adult TBE (Modified from Weiss, 1988).
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clusters of these neuroendocrine cells - neuroepithelial bodies (NEB), which extend
from the basal lamina to the lumen, have also been observed (Cutz ef al., 1984).
Both NEB and single neuroendocrine cells are rarely present in adult airways; their
greater number in the foetal lung (Cutz and Conen, 1972; Hage, 1973) is thought to
indicate that they have a role in neonatal growth and development. In adult airways,
NEB are thought to function as intrapulmonary chemoreceptors, sensitive to hypoxia
and hypercapnia (Gould ef al., 1983). The ciliated cells, which are the most
common cell type of the adult TBE, extend to the lumen and are tall and columnar,
with abundant apical cilia and microvilli and an electron-lucent cytoplasm
containing numerous mitochondria (McDowell et al., 1978; Reid and Coles, 1984;
Jeffery, 1987). The mucous cells also span the width of the epithelium; they are tall
and columnar, and taper towards the cell base, with numerous apical microvilli and
electron-dense cytoplasm containing a well-developed Golgi apparatus and
endoplasmic reticulum. They present either as cells with few, small secretory
granules or as goblet cells distended with varying amounts of mucus (McDowell et
al., 1978; Reid and Coles, 1984; Jeffery, 1987). Other cells, termed 'indifferent’ or
'intermediate’, are also present in the human adult TBE (McDowell ef al ., 1981).
These have a reduced degree of specialization and are believed to be stimulated by

injury to differentiate into the other cell types which constitute the adult TBE.

During foetal development, differentiation of the primitive undifferentiated cells
lining the tracheobronchial tree to the cell types of the adult lung follows a
centrifugal pattern, starting in the trachea and progressing distally into the
intrapulmonary airways (Jeffery and Reid, 1977). After the embryonal stage (the
first seven weeks following ovulation), the development of the foetal lung has been
traditionally divided into three main stages: the pseudoglandular, canalicular and
saccular (alveolar) periods (Loosli and Potter, 1951; Cutz, 1987). In the
'pseudoglandular’ stage (8 - 16 weeks of gestation; Figure 1.4), the process of

cytodifferentiation begins in the proximal airways after pseudostratification
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(Figure 1.4) of the primitive columnar cells into those which reach the lumen
(surface cells), and those with basally located nuclei without luminal contact
(basally-located cells). Both surface and basally-located cells show a loss of
glycogen, an increase in cellular organelles and immunoreactivity for cytokeratins
characteristic of simple epithelia (Cutz, 1987; Broers et al., 1989; see Section
1.4.2.3). This process does not involve all of the cells simultaneously and two
populations of cells emerge, one still relatively immature, containing large amounts
of glycogen and few organelles and the other containing little glycogen and
abundant organelles (Figure 1.4). Subsequently, the process of cytodifferentiation
progresses, and partially differentiated cells, which have some features of those of
the adult lung, appear. These differentiate from the primitive epithelium in the
order: preneuroendocrine, preciliated, presecretory and prebasal cells (Cutz, 1987).
The preneuroendocrine and prebasal cells differentiate from basally-located, and the

preciliated and presecretory from surface cells (Figure 1.4).

The preneuroendocrine cells, the first type to differentiate (at 8 weeks gestation),
are distributed singly or in pairs and exhibit immunoreactivity for neuroendocrine
markers such as serotonin (Cutz, 1982; Cutz et al., 1984) and neuron-specific
enolase (Sheppard et al., 1983). They also show immunoreactivity for cytokeratins
characteristic of simple epithelia but not for those of stratified epithelia, although
cytokeratins characteristic of stratified epithelia are expressed in mature basal cells
(Schlegel et al., 1980; Broers et al., 1989). Their cytoplasm is usually glycogen-
free and contains moderate numbers of organelles including bundles of intermediate
filaments and one or more, single or clustered, DCG scattered through the
cytoplasm. These neurosecretory granules vary considerably in size and shape

(Track and Cutz, 1982; Cutz et al., 1987).

By week 10 of gestation NEB also begin to develop (Cutz et al., 1984) and,
together with the single neuroendocrine cells, begin to exhibit immunoreactivity for

bombesin (Cutz et al., 1984).
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Differentiation of the primitive epithelium into preciliated, presecretory and
prebasal cells occurs between weeks 11 and 16 of gestation (Cutz, 1987). The
development of the tracheobronchial tree is completed during this period, the
epithelium becoming clearly pseudostratified with immunoreactivity for the
cytokeratins characteristic of simple epithelia becoming more apparent. The mature
ciliated cells develop from preciliated cells which have centrioles, short surface
cilia and sparse or absent cytoplasmic glycogen (Cutz, 1987). The presecretory
cells, which differentiate just after the preciliated, have glycogen, numerous
organelles and secretory granules. Mucous cells are rare in the foetal lung

(Jeffery and Reid, 1977).

The basal cells, the last type of airway epithelium to differentiate, develop from the
prebasal cells which have differentiated from basally located, glycogen-rich
undifferentiated cells. These prebasal cells have well developed desmosomes and
bundles of tonofilaments; some express a weak immunoreactivity for cytokeratins
characteristic of stratified epithelia (Broers ef al., 1989; see Section 1.4.2.3). Fully
mature basal cells, with a strong immunoreactivity for these cytokeratins, are
observed only towards the end of the canalicular or in the saccular stage of lung

development (Broers et al., 1989).

During the 'canalicular' stage (17 - 24 weeks gestation) the structure of the lungs
become more complex with the appearance of peripheral airways, increased
vascularisation and the development of the first air-blood barriers in the lung
periphery (Cutz, 1987). At the outset of this stage the morphology of the epithelium
in the proximal airways approaches that of the postnatal lung, and it has a strong
immunoreactivity for the cytokeratins characteristic of simple epithelia (Broers et
al., 1989; see Section 1.4.2.3). The cytodifferentiation in more distal parts of the
lungs occurs during the canalicular stage in a pattern similar to that seen in the
proximal airways during the pseudoglandular stage: neuroendocrine cells (including

NEB) first, followed by ciliated and then secretory cells. No basal cells are present
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in the peripheral airways (Cutz, 1987). In the 'saccular (alveolar)' stage (from 25
weeks onwards) the number of neuroendocrine cells, including NEB, increases
significantly until birth, especially in the peripheral airways, and decreases
postnatally. It has been suggested that these cells, with their amine and peptide
products, may have a role during foetal development and neonatal adaptation (Cutz
et al., 1984; Cutz, 1987). A reduction of vimentin-immunoreactivity with
increasing gestation has also been reported; at birth there are few vimentin-positive

cells (Broers et al., 1989).

The remainder of the saccular stage is characterised by further differentiation and
maturation of peripheral lung structures which will not be discussed because this

project concerns a carcinoma of the bronchial epithelium.
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1.3  Classification of lung tumours.
The World Health Organisation (WHO) produced a classification system in

response to the demand for an accurate and defined morphological classification
system for lung tumours (Kreyberg, 1967). This classification, revised in 1981
(World Health Organization, 1981), is histological and descriptive and is based
upon morphologically identifiable cell types and growth patterns seen by light
microscopy (LM). It divides lung carcinomas into four main histological types:
squamous cell, adenocarcinoma and large cell (collectively referred to as non-small
cell lung carcinoma - NSCLC) and small cell lung carcinoma (SCLC), together with
several subtypes and rare forms. Each of the four main types of lung cancer has
some of the phenotypic features of the epithelial cell types present in the normal

bronchial mucosa or during repair of bronchial injury.

Squamous (epidermoid) carcinoma cells are arranged in nests or in a pseudoductal
pattern, are stratified and show intercellular bridge formation. Individual cell
keratinization, cell nesting, whorling and keratin pearl formation are characteristic
of moderately and well-developed tumours. By electron microscopy (EM),
neoplastic squamous cells are shown to have distinct plasma membranes and dense
tonofilament bundles dispersed throughout the cytoplasm or abutting on some of the
numerous desmosomes. In poorly differentiated tumours both light and electron
microscopic features of squamous differentiation may be difficult to identify (Sidhu,
1982; Matthews et al., 1983; Dunnill and Gatter, 1986, 1987; McDowell, 1987;
Bitran et al., 1988).

There is no squamous epithelium in the normal tracheobronchial tree, and squamous
carcinomas are preceded by many years of progressive mucosal changes including
squamous metaplasia (a common reaction to injury), dysplasia and carcinoma in

situ. Carcinoma in situ is characterised by an intact basement membrane and
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multiple layers of highly pleomorphic cells through the full epithelial thickness
(McDowell, 1987).

Adenocarcinomas are identified using LM by the presence of glands, papillary
structures and/or production of significant amounts of mucin. Classic well-
differentiated tumours have mucin-secreting cells whereas poorly-differentiated
tumours may have cells with only a few mucin vacuoles. Individual neoplastic cells
tend to be cuboidal to columnar and form glandular structures. By EM, the
distinctive features of an adenocarcinoma include mucin granules, well developed
endoplasmic reticulum and Golgi complexes, and the presence of intracellular

lumina (Sidhu, 1982; Matthews et al., 1983; McDowell, 1987; Bitran et al., 1988).

Large cell carcinomas have quite large to giant sized cells, with prominent nuclei
and nucleoli and abundant cytoplasm, which may form sheets and nests arranged in
lobules. With EM there may be evidence of glandular, squamous and/or small cell
differentiation, not apparent using LM. It is commonly thought that, as methods of
diagnosis become more sophisticated and routinely used, large cell carcinoma may
become a small group of tumours which are truly undifferentiated, rather than a
convenient group in which to place carcinomas which do not appear, by LM, to fit
into the other categories (Churg, 1978; Sidhu, 1982; Matthews et al., 1983;
McDowell ef al., 1981; McDowell, 1987; Bitran et al., 1988; Mooi ef al., 1988a).

Small cell carcinomas have cells which measure 2 to 3 times the size of
lymphocytes, and which tend to appear separated or only loosely connected, with
minimal amounts of intervening stroma. Some, however, are more adhesive, and
may show pallisading. They have a high nuclear to cytoplasmic ratio; their nuclei
are oval or polygonal with finely granular chromatin, and their nucleoli are absent
or indistinct. By EM, these neoplasms are shown to have small, poorly-developed

desmosomes joining adjacent cells and some of the cells may have small, sparse
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dense-core neurosecretory granules (DCGs) (Sidhu, 1982; Matthews et al., 1983;
McDowell, 1987; Bitran et al., 1988).

The histological type of lung tumour greatly influences the clinical presentation,
choice of treatment and survival (Sheppard ef al., 1987; Watanabe ef al., 1987).
Clinically, the most important distinction is between SCLC and NSCLC. The
former accounts for 20 to 25% of all cases of primary pulmonary malignancies
(Carney et al., 1983a; Berendsen et al., 1988) and is one of the most malignant
neoplasms in man, metastasising widely and early; the median survival time for
SCLC, if untreated, rarely exceeds 35 weeks (Berendsen ef al., 1988) from
diagnosis. Of all the lung cancer types it is the most responsive to chemotherapeutic
agents: its overall median survival with current combination chemotherapy is 12
months and three year survival is reported in 3 to 10% of patients (Linssen ef al.,
1986; Weynants, 1990). Radiation can also be used to treat this disease (Linssen ef
al., 1986). NSCLC accounts for 70 to 80% of all cases of lung cancer. Surgical
resection is the treatment of choice for localised NSCLC but only 10 to 15% of
these tumours are resectable at the time of diagnosis; the five year survival rates for
those patients with operable disease ranges from 28 to 40% (Soukop, 1984).
NSCLC are generally more refractory than SCLC to chemo- and radiotherapy
(Gralla and Einhorn, 1989).

A complication of tumour classification is the presence of more than one cell type
in a single tumour, although one will usually dominate. SCLC tumours have been
found to contain mixtures of cells with SCLC and NSCLC morphologies: Brereton
et al., (1978) have reported the presence of discrete squamous nests and evidence of
tubular or glandular formation in up to 1% of primary SCLC biopsies; Gould ef al.,
(1981) have reported ultrastructural evidence of squamous and glandular
differentiation in about 30% of previously untreated, surgically removed
neuroendocrine tumours; and Gazdar ef al (1981a) have observed that

approximately 6% of primary SCLC contain populations of cells with NSCLC,
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especially large cell, morphologies. At autopsy the incidence is much higher with
over one third of previously 'pure' SCLC containing NSCLC morphologies, and in
a few cases the residual tumour is of a completely different histological type
(Abeloff et al., 1979; Gazdar et al., 1985b). This transition from SCLC to NSCLC
is particularly apparent after treatment with radiotherapy and/or chemotherapeutic
agents (Gazdar et al., 1981a; Gould et al., 1981; Duchesne ef al., 1988).
Furthermore, individual tumour cells can express features of both SCLC and
NSCLC phenotypes simultaneously (McDowell ef al., 1981; Saba ef al., 1981). It
is not clear whether patients with the subgroup of SCLC showing a mixed small
cell/large cell histology are less responsive (Radice ef al., 1982) or equally
responsive (Aisner et al., 1990) to treatment than those with tumours of pure SCLC
histology. Some workers (Graziano et al., 1989) have found that patients with
NSCLC tumours containing SCLC-related markers are more responsive to
chemotherapy than patients with typical NSCLC. Other workers have demonstrated
neuroendocrine markers, including dense core granules, in histologically
undifferentiated large cell carcinomas, giving rise to terms such as: "atypical
endocrine tumours', 'large cell neuroendocrine tumours', and 'large cell carcinomas
with neuroendocrine features' (Gould and Chejfec, 1978; McDowell ef al., 1981;
Linnoila et al., 1988; Mooi et al., 1988a).

These findings suggest that lung cancer presents a continuous and changing
spectrum of interrelated tumour types rather than distinct entities. This supports the
hypotheses of lung tumour histogenesis which suggest that all bronchial mucosal
cells and tumours which arise from them have a common endodermal cell of origin,
which can proliferate along one or more lines of differentiation (Gazdar ef al.,

1981a; Mabry ef al., 1991; see Section 1.5).
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1.4  Biological characteristics of SCLC and NSCLC.

The classification of lung tumours into SCLC and NSCLC is not always easy
because there is a considerable overlap between their clinical and biological
properties. Much information on the biology and interrelationships of the lung
tumour subtypes has been obtained from the study of cell lines derived from biopsy
specimens of both SCLC and NSCLC.

Numerous SCLC cell lines have been established over the past twenty years from
primary lung biopsies, a variety of metastatic specimens and malignant effusions
(Oboshi et al., 1971; Pettengill et al., 1980b, 1984; Carney ef al., 1981, 1985a,
1985b; Baillie-Johnson et al., 1985; Gazdar ef al., 1985b; Bepler ef al., 1987b;
Duchesne et al., 1987; Hay et al., 1991). Initially the SCLC lines were mainly
derived from tumour cell-rich specimens from pretreated, relapsing patients (Gazdar
et al., 1980); if serum-supplemented media were used, lines could be established
from 10% of these clinical specimens, and from 50% with SCLC-conditioned
media. Stromal cell co-cultures were also used (Gazdar et al., 1980). The
introduction of chemically defined media such as HITES (Roswell Park Memorial
Institute Medium (RPMI) 1640 supplemented with hydrocortisone, insulin,
transferrin, oestradiol and sodium selenite; Simms ef a/ ., 1980), modified HITES,
designated SCCL-2 (HITES supplemented with bovine serum albumin, arginine,
vasopressin, bombesin and ethanolamine/phosphorylethanolamine; Oie et al.,
1984), and SIT (RPMI 1640 supplemented with sodium selenite, insulin and
transferrin; Bepler et al., 1987b), with or without serum supplementation, has led
to the establishment of SCLC lines from 70 - 75% of all tumour-containing
specimens from a wide range of metastatic sites and from heterotransplanted SCLC
tumour cells removed from nude mice (Carney ef al., 1985a). These defined media
are selective for tumour cell growth but the lines are reported to grow better, once

established, in serum-supplemented 'undefined’' media (Weynants ef al., 1990).
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