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Summary. Our recent studies in a heterotopic
model of non-small cell lung cancer in dogs (sub-
cutaneous bronchial autografts treated with 3-
methylcholanthrene) have provided evidence that
alveolar type II cells may newly arise during initial
phases of bronchial carcino-genesis. In the light of
these novel findings, which are in agreement with
our observations in human non-small cell lung cancer,
and in view of present insights into embryonic
lung differentiation, we discuss evidence that favours
a new, oncofoetal concept of bronchogenic carcinoma
development. According to this concept, the primary
cells of origin for these tumors are undifferentiated
primordial-like cells that derive from bronchial
epithelial cells present in major bronchi or their
divisions by retrodifferentiation. Such primordial-
like cells of origin undergo novel ditferentiation into
the potential (alveolar, bronchial or primordial)
tumor stem cells, which occupy the dividing cellular
layers of the (pre)neoplastic lesions and constitute
the actively dividing and invading part of the neoplasm.
Examples of tumors that may originate from alveolar
tumor stem cells are carcinomas of the bronchiolo-
alveolar, papillary, acinar, and adenoid-cystic types.
Squamous cell carcinomas could possibly belong
to this group as well, but much more evidence is
required to reach conclusions regarding this type of
cancer.

We suggest that epithelial retrodifferentiation
followed by novel differentiation (oncofoetal
mechanism) is fundamental in bronchial carcinogenesis.
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Introduction

Expanding knowledge about the cells of origin of
bronchogenic carcinomas, and the changes in phenotypic
and molecular properties during tumor progression, may
contribute to earlier tumor detection and better insight
into their clinical behaviour and response to therapy.
More knowledge in this area may also provide the basis
for insight as to mechanisms of chemoprevention.

At present, there are two different concepts
concerning the developmental pathway of the two
varieties of bronchogenic carcinomas, namely non-small
and small cell lung cancers (NSCLC:; SCLC). One of
these concepts starts from the idea that bronchogenic
carcinomas arise from specific bronchial epithelial cells
that are capable of division (McDowell, 1987). In the
adult bronchial epithelium, the cells which divide are
mucous cells and basal cells (Mc Dowell et al., 1979:
Plopper et al., 1986; Inayama et al., 1988, 1989), and
possibly also dense-core granulated 'endocrine’ cells
{(McDowell, 1987). Mucous (McDowell, 1987) or basal
(Nasiell et al.. 1987) cells would therefore be the major
progenitors for NSCLC in humans. The role of
‘endocrine’ cells in the development of SCLC in humans
is less clear (McDowell, 1987). According to the same
principle. carcinomas of the small peripheral airways
would arise from the dividing cells in the distalmost
airways, i.e.. the columnar secretory (Clara) cells and
cuboid alveolar type II cells (Reznik-Schiiller and
Reznik, 1979; Schiiller, 1987).

The second concept, which is frequently put forward
in discussions and sometimes also reported (Ten Have-
Opbroek et al., 1990a, 1993b), attributes a primary and
specific role in bronchogenic carcinoma development to
undifferentiated cells that are capable of differentiating
in multiple directions. The origin of such cells is not
clear. In fact, there are two possibilities: (1) the un-
differentiated multipotential cells are residual primitive
endodermal cells of the lung anlage, which remain
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present in normal bronchial epithelium (Ten Have-
Opbroek, 1981); or (2) the undifferentiated multi-
potential cells appear during conversion (via metaplasia)
of normal bronchial epithelium to bronchogenic
carcinoma (Ten Have-Opbroek et al., 1990a, 1993b).

The following is a consideration of altered concepts
of bronchogenic carcinoma development in the light of
studies that have provided new insights into embryonic
lung differentiation (Ten Have-Opbroek. 1981, 1991;
Ten Have-Opbroek and Plopper. 1992) and in view of
observations in a canine model of NSCLC that have
shown that alveolar type II cells may newly arise during
initial phases of bronchial carcinogenesis (Ten Have-
Opbroek et al., 1990a, 1992, 1993b). There is now
reason to suspect that these cells differentiate from
undifferentiated cells of origin (see Definitions, below)
and function as potential stem cells (see Definitions,
below) at least for some varieties of adenocarcinomas
(Ten Have-Opbroek et al., 1990a, 1992, 1993b). In this
context. we will also discuss the possible significance of
observations by us and others regarding the occurrence
of type II cells in adenocarcinomas and squamous cell
carcinomas in humans and in other species (reviewed by
Ten Have-Opbroek et al., 1993b: see also Broers et al.,
1992; Linnoila et al., 1992a.b; Ten Have-Opbroek et al..
1993a; Tsutahara et al., 1993). We shall suggest the
possibility of an oncofoetal mechanism in bronchial
carcinogenesis, and we will present a few explanatory
illustrations and a potential oncofoetal pathway of
bronchogenic carcinoma development.

Definitions; canine model of NSCLC; cell markers

We reserve the term "cell of origin” to indicate the
very first undifferentiated (primordial-like) tumor
progenitor cell that appears during conversion (via
metaplasia) of normal bronchial epithelium to
bronchogenic carcinoma. We use the term "stem cell” to
indicate the major epithelial cell type that occupies the
dividing cellular layers of the (pre)neoplastic lesions and
constitutes the actively dividing and invading part of the
neoplasm.

To gain insight into the mechanisms that lead to
bronchogenic carcinoma development. we developed a
heterotopic mode! of NSCLC in dogs (Hammond et al.,
1986: Derrick et al., 1988; Benfield and Hammond,
1992). In this model, varieties of NSCLC that resemble
human NSCLC (Stiinzi et al., 1974; The WHO, 1982)
are induced in multiple subcutaneous bronchial
autografts derived from major bronchi (SBAs) by
exposure to 3-methylcholanthrene (MCA) contained in a
silicone polymer sustained-release implant. This model
allows serial sampling of epithelium during the
sequential progression of carcinogenesis from normal
bronchial epithelium to invasive NSCLC that
metastasizes in autochthonous hosts and in xeno-
transplant recipients. The canine model was used to get
information about a possible stem cell role of alveolar
type II cells in bronchial carcinogenesis (Ten Have-

Opbroek et al., 1990a, 1992, 1993b). The materials
studied were derived from control and treated SBAs. and
included normal bronchial epithelium, preneoplastic
lesions, early invasive carcinomas, and overt carcinomas
of bronchiolo-alveolar, acinar, and adenoid-cystic types.
We also studied transplants of these tumors in nude
mice.

For alveolar type I1 cell detection, use was made of
our antibodies to SP-A (indirect immunofluorescence.
using a fluorescein-conjugated secondary antibody) and
H&E staining in adjacent, formalin-fixed 6 um sections
(Ten Have-Opbroek et al., 1990a, 1992, 1993b), and of
transmission electron microscopy (Ten Have-Opbroek et
al., 1993b). As will be further explained below. our
antibodies to SP-A recognize both mature and immature
type II cells in foetal and adult mammalian lungs. based
on a highly characteristic staining pattern in pheno-
typically distinctive type II cells. In this context, it is
important to emphasize that SP-A is a very good marker
for type II cells. Confusion about its usefulness for type
IT cell identification has resulted from SP-A mRNA and
protein studies in developing and adult lungs that have
not sufficiently or not at all considered the morphology
of the reactive cell types (Ten Have-Opbroek et al..
1991; Ten Have-Opbroek and Plopper, 1992; Ten Have-
Opbroek and De Vries, 1993). These studies have
assigned positive SP-A reactivity in bronchiolar
epithelium to "Clara cells” without considering that this
epithelium contains two categories of secretory cells
(Clara, 1937), namely columnar Clara cells and cuboid
alveolar type 11 cells (Ten Have-Opbroek, 1986, 1991;
Ten Have-Opbroek et al., 1991; Ten Have-Opbroek and
Plopper. 1992; Ten Have-Opbroek and De Vries, 1993:
Plopper and Ten Have-Opbroek, 1994). In fact (see
below), the presence of SP-A in true Clara cells is
limited in terms of species, localization, and age (Ten
Have-Opbroek et al., 1991; Ten Have-Opbroek and
Plopper, 1992; Ten Have-Opbroek and De Vries. 1993).

Conclusions concerning the cell types of the various
lesions were drawn based on the following data. Type /I
cells, irrespective of species, localization (bronchiolar:
parenchymal), and stage of lung development (early or
late foetal: postnatal; adult) are characterized by an
approximately cuboid shape, a large and roundish
nucleus, and staining of the entire cytoplasm with
antibodies to surfactant protein A (SP-A) (Ten Have-
Opbroek, 1975, 1979, 1981, 1991: Otto-Verberne and
Ten Have-Opbroek, 1987; Otto-Verberne et al., 1988:
Oomen et al., 1990; Ten Have-Opbroek et al., 1991: Ten
Have-Opbroek and Plopper, 1992; Plopper and Ten
Have-Opbroek, 1994). At the ultrastructural level, such
cells also display multilamellar bodies (MLB) or their
precursory forms (Otto-Verberne et al., 1988; Ten Have-
Opbroek et al., 1988, 1990b; Oomen et al., 1990; Ten
Have-Opbroek et al., 1991; Brandsma et al., 1993:
Plopper and Ten Have-Opbroek, 1994). Type I cells.
which derive from type II cells, lack SP-A when they
exhibit their mature (squamous) form (Ten Have-
Opbroek, 1981, 1991; Ten Have-Opbroek and Plopper,
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1992). Bronchial epithelium is pseudostratified or simple
columnar with ciliated and nonciliated secretory
(mucous) cells, and basal cells (Ten Have-Opbroek,
1986 Ten Have-Opbroek et al., 1991; Mariassy, 1992).
Columnar secretory (Clara) cells present in distal
bronchioles, which are first described by Clara (1937),
differentiate much more slowly than type II cells and
acquire their specific phenotype and functions after birth
(Plopper et al., 1983, 1992; Massaro et al., 1984; Ten

>

Have-Opbroek and De Vries, 1993). In rodents, postnatal
and adult Clara cells stain for SP-A, although only
apically; the basal cytoplasmic domain, where the rough
endoplasmic reticulum is located, is negative (Ten Have-
Opbroek, 1991; Ten Have-Opbroek and De Vries, 1993).
This staining pattern suggests that SP-A may have been
internalized from the air spaces (Ten Have-Opbroek,
1991: Ten Have-Opbroek and De Vries, 1993). In some
larger mammals such as dogs, Rhesus monkeys, and

Fig. 1. Immunodetection of alveolar type Il cells in apparently normal (untreated, A,B) bronchial epithelium and in abnormal (carcinogen-exposed, C,D;
E.F) surface epithelium with early invasive carcinomatous lesions (E,F). The lesions arose from segmental bronchi treated with 3-methylcholanthrene in
a heterotopic bronchogenic carcinoma model in dogs. H&E (left) and antibodies to surfactant protein A, SP-A (right; indirect immunofluorescence) in
adjacent sections. Formalin fixation. Cells with type Il cell characteristics (i.e., cuboid shape: large, roundish nucleus; cytoplasmic staining for SP-A) are
never present in normal bronchial epithelium (A,B). After carcinogen exposure, such cells occur in the transformed surface epithelium, i.e., in the
hyperplastic basal layer of atypical squamous metaplastic epithelium (C,D arrow), and its early invasive glandular outgrowths (E,F). Nonspecific
fluorescence is present in blood vessels (B,D,F) and (adluminal) squamous metaplastic cells (D,F). A,B, x 280; C, x 320; D, x 340; E, x 50; F, x 160
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humans, the corresponding columnar cells do not contain
SP-A at all (Ten Have-Opbroek et al., 1991, 1993a: Ten
Have-Opbroek and Plopper, 1992: Plopper and Ten
Have-Opbroek, 1994) but appear to be mucous cells
from their ultrastructure (Tyler and Plopper. 1985; Ten
Have-Opbroek et al.. 1991) and immunoreactivity to
anti-mucins (Ten Have-Opbroek et al.. 1991; Plopper
and Ten Have-Opbroek, 1994).

A representative selection of light microscopic and
immunofluorescence findings during bronchial
carcinogenesis in the canine NSCLC model is shown
below.

Bronchogenic carcinoma development and Alveolar
type Il cells

As illustrated (Figs. 1A.B). bronchial epithelium from
control SBAs never contained cells with morphological
and immunocytochemical type II cell characteristics (see
above). either when it looked completely normal or
displayed some basal hyperplasia. Such cells were also
absent from normal bronchial glands (not shown). The
fluorescence in capillaries and larger blood vessels in
underlying connective tissue was nonspecific (formalin
fixation).

Cells with type II cell characteristics (Figs. 1C.D)
did, however, occur in the abnormal surface epithelium
that had differentiated from normal bronchial epithelium
after exposure to MCA in the major bronchi of SBAs.
They were found locally in the hyperplastic basal layer
of epithelium that was otherwise mildly or moderately
atypical squamous metaplastic. These basally located
cells (Fig. 1D) showed specific staining for SP-A (apple-
green), which was delicate and included the relatively
thin cytoplasmic rim. Their nuclei (Fig. 1C) were
relatively large, round to ovoid, lightly to moderately
basophilic. and contained one or sometimes more
nucleoli. Squamous metaplastic cells (Figs. 1C,D)
frequently showed a nonspecific (yellowish)
fluorescence, which was solid cytoplasmic, superficially
localized, and also present in negative immunohisto-
chemical controls. Cells with type II cell characteristics
(Figs. 1E,F) could also be observed in early invasive
lesions. They occurred locally in the basal epithelial
layers and were the only cells to constitute the invasive
glandular lesions. The cytoplasmic staining for SP-A
was more intense in lesions that were located further
down in the connective tissue (not shown). which
suggests cellular maturation. Cells with type Il cell
characteristics were also found in overt carcinomas
arising from SBAs (Fig. 2 A-D). They constituted the
lesions of bronchiolo-alveolar carcinomas (Figs. 2A,B).
They were also present in acinar adenocarcinomas (Figs.
2C.D) and adenoid-cystic carcinomas (not shown),
where they occupied the basal (possibly dividing)
epithelial layers of all the tumor lesions in the sections
and frequently also upper layers as far as the lumen,
singly or in clusters. These findings are consistent with
the concept that these kinds of carcinomas are type 11

cell carcinomas of varying glandular (bronchiolo-
alveolar, acinar or adenoid-cystic) growth patterns. This
view is supported by ultra-structural findings (MLB or
their precursors) concerning the major cell types in the
latter two tumors (Ten Have-Opbroek et al., 1993b).

In humans (Ten Have-Opbroek et al.. 1993a). our
immunocytochemical and ultrastructural studies also
detected type Il cells in bronchogenic carcinomas. The
type II cell distribution pattern in bronchiolo-alveolar,
papillary, and acinar adenocarcinomas in humans
corresponded to that seen in their canine counterparts
(Ten Have-Opbroek et al., 1990a. 1993b). Other
investigators also mention the presence of type II cells in
some adenocarcinoma varieties in humans and other
species, although usually only locally (review, Ten
Have-Opbroek et al., 1993b; see also Broers et al.. 1992:
Linnoila et al., 1992a.b; Tsutahara et al., 1993). That we
detect type II cells in larger numbers and at earlier stages
of NSCLC development (Ten Have-Opbroek et al..
1990a. 1992, 1993b) and normal mammalian-lung
development (reviewed in Ten Have-Opbroek and
Plopper, 1992) suggests that our antibodies identify
tumor and embryonic type II cells based on a higher
affinity to SP-A. Another possibility is that such
immature type II cells possess a foetal type II cell-
specific antigen that may be related or not be related to
SP-A, but is specifically recognized by our antibodies
based on cross-reactivity (Ten Have-Opbroek et al..
1993b). In addition, we use very sensitive methods for
SP-A detection, namely immunofluorescence and
selective pre-absorption of sera with early-embryonic
homogenate (reviewed in Ten Have-Opbroek and
Plopper, 1992).

Studies in humans by us (Ten Have-Opbroek et al..
1993a) and others (Linnoila et al., 1992ab; Mc Dowell
et al., 1978b) detected type Il cells also in squamous cell
carcinomas, although less frequently. The cells occurred
in tumor areas that were immediately contiguous with
fields of keratinizing cells as well as in lymph node
metastases of these tumors (Ten Have-Opbroek et al.,
1993a). These surprising findings open new perspectives
to study the relationship between adenocarcinomas and
squamous cell carcinomas, especially from a
developmental standpoint (see below).

Discussion

a. First appearance of alveolar type Il cells during
bronchial carcinogenesis

That the gene activation for type II cell expression
can already take place at an early time-point during
bronchial carcinogenesis is supported by the finding of
SP-A-reactive cuboid cells in the basal layer of slightly
abnormal surface epithelium of major bronchi. as
described above (see also Ten Have-Opbroek et al.,
1992, 1993b). It is evident that these SP-A-reactive
cuboid cells are not identical to basal cells as found in
normal bronchial epithelium; these have a difterent
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morphology and never contain SP-A. Neither are they
identical to or derived from pre-existing alveolar type II
cells. because there are no alveolar epithelial cells in the
adult segmental bronchus from which the lesions arose.
Furthermore, they were first seen within the transtormed
surface epithelium near the bronchial lumen and not in
the surrounding connective tissue, which is more
adjacent to the pulmonary parenchyma. Unquestionably,
they are newly-formed type Il cells that differentiated
locally in the preneoplastic surface epithelium of the
segmental bronchus and were capable of invading the
underlying connective tissue.

It is clear that the carcinogen used (MCA) affects
bronchial epithelial cells very effectively. Exposure to
this carcinogen leads not only to tumor development but
even to tumors of a different cell type (i.e.. type II cells).
The fact that second to seventh generation nude mouse
transplants have patterns of type 11 cells similar to those
found in the original adenocarcinomas from canine

SBASs suggests that the tumor type 1l cells represent an
active but yet stable type Il cell population (Ten Have-
Opbroek et al.. 1990a. 1993b). Very likely, our
observations in the canine SBA model may be relevant
for further insight in bronchogenic carcinoma
development in humans, because tobacco smoke
contains numerous polycyclic aromatic hydrocarbon
compounds, of which MCA is an example.

b. First appearance and origin of alveolar type Il cells
during normal lung morphogenesis

In the embryo, alveolar type II cells first appear
during the pseudoglandular period of lung development
(Ten Have-Opbroek. 1979, 1981, 1991: Ten Have-
Opbroek and Plopper, 1992). They differentiate from the
undifferentiated columnar epithelium of the pulmonary
primordial system. Type II cells never arise from
bronchial epithelial cells (Ten Have-Opbroek, 1979).

Fig. 2. Immunodetection of alveolar type Il celis in overt carcinomas. The carcinomas arose from segmental bronchi in the same canine bronchogenic
carcinoma model. H&E (left) and antibodies to surfactant protein A, SP-A (right; indirect immunofluorescence) in adjacent sections. Formalin fixation.
Type Il cells are present in all the lesions of bronchiolo-alveolar carcinomas (A,B) and acinar adenocarcinomas (C,D), where these cells occupy the
basal (dividing) epithelial layers and frequently also upper layers. This supports the concept that such carcinomas are type Il cell carcinomas of varying

glandular growth patterns. A, x 240; B, x 340; C, x 185; D, x 255
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The primordial lung epithelium plays a basic role in
the generation of different cell lineages (Ten Have-
Opbroek, 1981) and it does so over a remarkably long
period of prenatal lung development (primates: 22-25%;
rodents: 48-49%: Ten Have-Opbroek and Plopper,
1992). Depending on the localization in the prospective
respiratory tract (i.e., proximal or distal). the primordial
epithelium differentiates in an either bronchial or
alveolar direction, the choice depending largely on
unknown factors. Initially, the alveolar epithelium
consists only of approximately cuboid type II cells,
which contain SP-A; at later stages, particular type Il
cells transform to squamous type I cells, which
eventually lack SP-A. In fact, type II cells are actively
dividing pluripotential cells in normal mammalian lung
morphogenesis; they generate the entire pulmonary
acinus and also maintain it in adulthood (Ten Have-
Opbroek, 1981, 1991; Ten Have-Opbroek and Plopper,
1992; Ten Have-Opbroek et al., 1991).

Figure 3 gives a survey of the major steps in normal

SCHEMATIC REPRESENTATION OF
MAMMALIAN LUNG DEVELOPMENT
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Fig. 3. Diagram of mammalian lung development proposed by Ten
Have-Opbroek (1981; reviewed in Ten Have-Opbroek, 1991; Ten Have-
Opbroek and Plopper, 1992). In the embryo, the two lung buds arising
from the primitive foregut develop into the primordial systems of the right
and left lungs. The undifferentiated columnar epithelium of these
systems, termed primordial epithelium (Ten Have-Opbroek, 1981), gives
rise to the epithelia of the bronchial and respiratory systems. The
prospective bronchial epithelium is columnar with oblong (cigar-shaped)
nuclei and is always devoid of SP-A. The prospective alveolar
epithelium consists initially of type Il cells (cuboid shape; large, roundish
nucleus; cytoplasmic staining for SP-A; precursory forms of MLB). At
later stages, there are also type | cells, which originate from type Il cells
but become squamous and devoid of SP-A and MLB.

mammalian lung morphogenesis.

¢. Oncofoetal mechanism in bronchial carcinogenesis,
Impact upon concepts of bronchogenic carcinoma
development

[t secems reasonable to assume that general
embryologic principles of lung differentiation may apply
to bronchial carcinogenesis, whether the latter process is
induced by exogenous or endogenous factors, and
whether or not it eventually leads to NSCLC or SCLC.
This oncotfoetal standpoint has the following
consequences for our insight into the process by which
alveolar type II cells with malignant potentials can arise
in preneoplastic bronchial epithelium, as in (a) above.
Firstly, such alveolar type Il tumor cells cannot
differentiate from bronchial epithelial cells of larger or
smaller conducting airways. Secondly, they can arise
only from primordial-like epithelial cells. It is evident
that these conclusions are in conflict with the first
concept of bronchogenic carcinoma development, that
assigns a progenitor role to specific bronchial epithelial
cells. On the contrary, however, they clearly favour the
second concept, which postulates that undifferentiated
epithelial cells are the cells of origin for bronchogenic
carcinomas.

The origin of the primordial-like cells in pre-
neoplastic bronchial epithelium is not clear. As
mentioned in the Introduction, there are two
possibilities. The cells may be identical to or originate
from residual primitive endodermal cells of the lung
anlage, which in principle may still occur locally in
normal bronchial epithelium (Ten Have-Opbroek, 1981).
However, to date, there is no evidence for the existence
of such undifferentiated cells. The conclusion that they
are present in normal adult human bronchial epithelium
(McDowell et al., 1978a) is disputable; the material was
derived from patients who were heavy smokers and was
not usually completely normal (McDowell et al., 1978a).
In some animal species, including dogs (Pavelka et al..
1976; Breeze and Wheeldon, 1977; Becci et al.. 1978),
cells otherwise resembling undifferentiated cells were
found to display early signs of ciliary or mucous
differentiation. In contrast, however, there is some
support for the second possibility, i.e., primordial-like
cells of origin appear during conversion (via metaplasia)
of normal bronchial epithelium to bronchogenic
carcinoma (Ten Have-Opbroek et al., 1990a, 1993b),
although this support comes from non-cancer studies
(Lane and Gordon, 1974; McDowell et al., 1979). After
mechanical injury of tracheal epithelium in rats (Lane
and Gordon, 1974) and hamsters (McDowell et al.,
1979), undifferentiated cells (also termed indifferent, or
immature preciliated or presecretory, cells: see Mc
Dowell et al., 1979, 1985) were found to occur in the
surface layer of the regenerating squamous metaplastic
epithelium before this epithelium was fully differentiated
into mucous and ciliated cells and indistinguishable from
normal epithelium. The data presented (Lane and
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Gordon, 1974; McDowell et al., 1979) suggest that such
undifferentiated cells are derived from division of
metaplastic mucous and basal cells, and subsequently
differentiate into mucous or ciliated cells. These
observations support our view (Ten Have-Opbroek et al.,
1990a. 1993b) that existing normal bronchial epithelial
cells such as mucous or basal cells may undergo retro-
differentiation during metaplastic stages of bronchial
carcinogenesis.

d. Oncofoetal concept of bronchogenic carcinoma
development

In view of the above considerations, we hypothesize
(Table 1) (Ten Have-Opbroek et al., 1990a) that
neoplastic progression for bronchogenic carcinoma
development implicates local retrodifferentiation in
existing bronchial epithelium, which results in the
appearance of undifferentiated primordial-like cells.

Table 1. Oncofoetal concept of bronchogenic carcinoma development!.

BRONCHIAL EPITHELIUM
via local retrodifferentiation
(by endogenous/exogenous factors)

PRIMORDIAL-LIKE CELLS OF ORIGIN2
novel differentiation

(by growth, genetic, environmental factors)

TUMOR STEM CELLS?
’

~
A

~
.

’ .
Alveolar Bronchial Primordial

I

| i i

| 1 1

| 1 1

1 1] 1

i X4 X4

|

ALVEOLAR TYPE Il CELL TUMORS
a. (ADENO)CARCINOMAS:
bronchiolo-alveolar; papillary;
acinar; adenoid-cystic
b. SQUAMOUS CELL CARCINOMAS (?)

': based on studies of non-small cell lung cancer in a canine model
(subcutaneous bronchial autografts treated with 3-methylcholanthrene)
(Ten Have-Opbroek et al., 1990a, 1992, 1993b) and in humans (Ten
Have-Opbroek et al., 1993a), and on new insights into embryonic lung
differentiation (Ten Have-Opbroek, 1981, 1991; Ten Have-Opbroek and
Plopper, 1992); 2: undifferentiated omnipotential cells first appearing in
preneoplastic surface epithelium of major bronchi or their divisions;
3; major epithelial cell types that occupy the dividing cellular layers of
(pre)neoplastic lesions and constitute the actively dividing and invading
part of the neoplasm; 4: X, data about tumor types derived from these
newly-appearing bronchial or primordial tumor stem cells are not yet
available.

These cells. which may occur in any layer of the
transforming bronchial epithelium, are the cells of origin
for three tumor stem cell lineages. These are in principle
either of the alveolar, bronchial or primordial kind; the
choice may depend on multiple (growth, genetic,
environmental) factors. However, it is possible that
retrodifferentiation may sometimes affect existing
bronchial epithelial cells only incompletely or occur
simultaneously with novel differentiation in those cells.
If that is the case, the primordial-like cells of origin and
their tumor stem cell lineages may display either
predominantly bronchial or mixed (primordial,
bronchial, and/or alveolar) cell properties. We expect
that our further analysis of this process will show
whether or not such progenitor cell varieties exist.

Examples of tumors (Table 1) that may originate from
alveolar tumor stem cells are carcinomas of the
bronchiolo-alveolar, papillary, acinar, and adenoid-cystic
types. These tumors may be better considered as
members of a family of embryonic type II cell
carcinomas of varying glandular growth patterns, rather
than as unrelated entities.

As shown in Table 1, squamous cell carcinomas have
also been assigned to the group of embryonic type Il cell
carcinomas. We fully recognize that much more
evidence is required to confirm this conclusion, but it is
our view that there is a common cell-biological pathway
for adenocarcinoma and squamous cell carcinoma
development. This viewpoint is based on the following
arguments. Firstly, in humans, we and others have
detected type II cells in squamous cell carcinomas
(McDowell et al., 1978b; Linnoila et al., 1992a,b; Ten
Have-Opbroek et al., 1993a) and lymph node metastases
of these tumors (Ten Have-Opbroek et al., 1993a).
Secondly, time studies in foetal monkey lungs (Chi et al.,
1985), using electron microscopy and cytokeratin
immunocytochemistry, demonstrate that differentiation
and maturation of type Il cells are related to intermediate
filament expression. In older type II cells, the filaments
may even form bundles or aggregates. Thirdly, when
cultured (Oomen et al., 1990), and during embryonic
lung morphogenesis (Ten Have-Opbroek, 1979, 1981,
1991; Ten Have-Opbroek and Plopper, 1992). cuboid
type Il cells are capable of phenotypic squamous
differentiation. Finally, studies in a lung-tumor
transplantation system in the mouse (Williams and
Nettesheim, 1973) show that squamous cell carcinomas
may transform to tumors composed of large,
undifferentiated cells with little or no evidence of
keratinization (=retrodifferentiation to primordial-like
epithelial cells?). At 3 weeks and beyond. the centre of
these tumors may differentiate to "acinar” structures,
many of which show squamous cell differentiation and
signs of Kkeratinization. Based on these arguments, we
speculate that the influence of aging or other factors on
tumor type 1l cells (e.g., change of nutrients by poor
vascularization) may lead to the development of type II
cell-derived squamous cell carcinomas instead of type [l
cell-derived adenocarcinomas. On the contrary, any
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evidence that large or small cell varieties of broncho-
genic carcinomas or other pulmonary carcinomas may
originate from the newly arisen alveolar, bronchial or
primordial tumor stem cells (Table 1) is not yet
available.

At this moment, the available experimental evidence
supports only the type 1l cell route in our postulated
pathway of bronchogenic carcinoma development
(Table 1). The activity of this cell type in bronchial
carcino-genesis is new and impressive but not really
surprising, in view of its major role in embryonic
lung morpho-genesis. That squamous cell carcinomas
also frequently display mucous differentiation
(McDowell et al., 1978b) suggests that individual
primordial-like cells of origin may follow a different
(either alveolar or bronchial) route, which results in the
occurrence of a mixed type of tumor. If in the latter case
such cells of origin also display mixed cell properties
(see above). there may even be a broad mix of partially
differentiated epithelial cells within a single tumor. Our
future studies may show whether or not, and to what
extent. the bronchial and primordial routes for
bronchogenic carcinoma development (i.e., via newly
arisen bronchial or primordial tumor stem cells) actually
exist.

We believe that the mechanism of carcinogenesis
proposed in our oncofoetal concept of bronchogenic
carcinoma development, namely "epithelial retro-
differentiation followed by novel differentiation”, may
be a more general principle in the development of
carcinomas than unidirectional transformation. More
insight into the oncofoetal mechanism postulated here
may come from studies of the regulation of epithelial
expression (Jetten, 1991), especially under conditions
which produce tumors.

Prospects

Our studies of bronchogenic carcinomas have
opened exciting perspectives for study of the
mechanisms that control the phenotypic expression
of one potential tumor stem cell, the alveolar type II
cell, at preneoplastic stages. This pluripotential
cell. which may give rise to several varieties of
bronchogenic carcinomas, first appears in mildly
to moderately preneoplastic epithelium. Nothing is
yet known about the differentiation of type II cells
from their progenitors, the "primordial-like" cells
of origin. Expanding knowledge of phenotypic and
molecular aspects of this differentiation process may
contribute to early detection of bronchogenic
carcinomas. Furthermore, this knowledge can be used
to seek links between the phenotypic expression
of these tumors and their clinical behaviour and
response to therapy. This approach may also have
bearing on tumor classification. Finally. the combined
phenotypic and molecular data may possibly
contribute to chemoprevention of bronchogenic
carcinomas.
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