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The APUD concept has postulated that pulmonary carcinoids and small cell carcinomas
arise from the neural crest. Its development from hypothesis to tautology is traced, and
evidence is presented that all pulmonary epithelial tumors arise from the primitive endoderm.
Morphologic studies show that a dynamic spectrum exists. Not only do various cell types ap-
pear within a single section, but cell types may change from biopsy to autopsy with or without
chemotherapy. The spectrum is sustained at the ultramicroscopic level in regard to organelles
such as desmosomes, tonofibrils, and dense core granules. Secretory products such as ACTH
and L-dopa decarboxylase also show that all lung cancers are related. Epidemiologic evidence
indicates that small cell carcinomas in uranium miners occur after prolonged squamous cell
dysplasia, and that carcinoids occur independently of external carcinogens, but show transi-
tions to other tumors. Finally, experimental evidence indicates that the K cells, to which car-
cinoids are most closely related, are of local origin.

The airways of the lung are formed from an endodermal bud, which grows into a
tube lined by a single layer of endodermal cells. These cells give rise to all of the lin-
ing cells of the respiratory tract (ciliated cells and Type I pneumonocytes) and all of
the secretory cells (goblet cells, Clara cells, and Type II pneumonocytes) [1,2].
Bensch et al. [3] in 1965 described the presence of other cells in small numbers in the
bronchial tree. They are found adjacent to the basement membrane, are attached to
adjacent epithelial cells by scanty but well-developed desmosomes, and have long
cytoplasmic processes interposed between adjacent epithelial cells and also reaching
the surface. They are well illustrated by Tateishi [4]. Their most striking charac-
teristics are the presence of membrane bound electron-dense granules, generally less
than 120 nm in diameter, and with a narrow space between granule and membrane;
and argyrophil properties like the Kultschitzky cells (K cells) of the bowel and the
beta cells of the pancreatic islets. An Alcian-blue PAS stain of bronchial mucosa
shows the goblet cells, ciliated cells, intermediate cells, and basilar cells, but not the
K cells, which require silver staining. It has been postulated that they have a sensory
function, responding to oxygen levels by regulating airflow. It has also been
postulated that these cells are of neuroectodermal origin, having migrated from the
neural crest in embryonic life. This is an important concept because of the common
properties which these cells have with carcinoids and small cell carcinomas of the
lung, i.e., the APUD concept.
The APUD concept was introduced by Pearse in 1966 [5], when he suggested that
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the corticotrophs and melanotrophs of the pituitary, the ,B cells of the pancreas, and
the C cells of the thyroid were all derived from a common neural cell. In 1968, he
added the endocrine cells of the gastrointestinal tract [6], temporarily assigning the
parent cell to the endoderm, but then he and Polak concluded in 1971-72 [7,8] that
they were all derived from the neural crest, after LeDouarin and LeLievre [9] had
demonstrated that the C cells of the thyroid were of neuroectodermal origin. By
1972 then the APUD concept stated that all the endocrine and paraendocrine cells of
the body, tied together by the commonality of amine precursor uptake and decar-
boxylation properties, i.e., polypeptide secreting, and by the ultramicroscopic
presence of dense-core granules, commonly called neurosecretory, were derived
from neural crest, and were really modified nerve cells. Since all carcinoids and
many small cell carcinomas of the lung display these characteristics, they have been
considered "apudomas," of neurocristal and K cell origin, and separate from all
other lung cancers. Indeed, the oat cell carcinoma is often regarded as the malignant
counterpart of the carcinoid. The suggestion that they have a common ancestral
home in the neural crest is enhanced by bronchial biopsy appearances, in which they
are commonly found beneath the mucosa rather than in it, and by the occurrence of
multiple endocrine tumor syndromes. The highly malignant behavior of small cell
carcinomas and their greater sensitivity to chemotherapy and irradiation have
helped strengthen the idea of "separateness" of these tumors.
Over the past 24 years I have examined about 15,000 lung cancers histopathologi-

cally, including special stains, and for the past 12 years have done routine electron
microscopy on lung tumors. I have also carried out certain epidemiologic and hor-
monal investigations. The evidence, which is outlined below, has convinced me that
all lung cancers, including carcinoids and small cell carcinomas, are derived from
the primitive endoderm and that the attractive neural crest hypothesis is wrong.
Skrabanek [10] has pointed out that since the cytochemical criteria are inconsistent
and since the orign from the neural crest cannot be proved, the APUD concept is of
little value, and is only a tautological description of a hormone-producing cell.

LIGHT MORPHOLOGY

The presence of tubules and squames in small cell carcinomas have been recog-
nized for over 50 years. There may be true combinations of small cell and squamous
cell carcinoma [11], small cell and adenocarcinoma [12], and in fact all three tumor
expressions may exist in a single lesion [13]. In addition, transitions exist between
small cell carcinomas and carcinoids and between carcinoids and adenocarcinomas
in the lung as well as in the colon [14]. Not only do such combinations occur in
about 2 percent of primary tumors [12], but either individual type or the same com-
bined pattern may be repeated in the metastases [13]. In fact, tumors which present
as pure small cell carcinoma on biopsy may show admixtures of small cell carcinoma
with other cell types at autopsy [15,16]. Such evidence strongly points to a common
cell of origin for all lung tumors. Figure 1 illustrates a combined small cell-
squamous cell carcinoma in the adrenal, metastatic from a similar tumor of the lung
in a 40-year-old man. The squamous cell component alone extended to the chest
wall. The oat cell component alone metastasized to the brain. Figure 2 illustrates a
combined small cell-bronchioloalveolar carcinoma of the lung (case contributed by
Dr. R. Tateishi, The Center for Adult Diseases, Osaka, Japan).

ULTRAMICROSCOPIC MORPHOLOGY

In 1968, Bensch et al. [17] demonstrated similar dense core granules in both car-
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FIG. 1. Combined small
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cinoids and oat cell carcinomas. They noted their development from vesicular Golgi
components, found they were more numerous than in K cells, and had a wide range
of size from 70 to 500 nm. In oat cell carcinoma, the granules were fewer in number,
smaller in size (50 to 240 nm) and present in 1/6 or fewer cells. Since then, the
granulation of small cell carcinomas has been studied extensively. In an examination
of 47 oat cell carcinomas, Fisher et al. [18] found exceedingly sparse granules
measuring 100 to 130 nm, in contrast to the abundant granules in carcinoids.
Mackay et al. [19] found only a few small granules, measuring up to 170 nm. Sidhu
[20] has studied 43 small cell carcinomas and found scanty granules in about 30 per-
cent of the tumors, with or without a submembranous halo. My experience with 200
small cell carcinomas is similar, and I have also found occasional dense core
granules in all types of lung cancer. Geller and Toker [21] and Raikhlin et al. [22]
have found dense core granules in association with adenocarcinomas. I have found
dense core granules in squamous cells as have Sidhu and Freska [23] and all the
ultramicroscopic features of small cell, squamous cell, and adenocarcinoma have
been found within individual cells [24,25]. Figure 3 is an electron micrograph of a
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nodule in the lung of a 67-year-old man, illustrating membrane-bound dense core
granules with submembranous halos. By light microscopy this was a mucin-positive
adenocarcinoma. Microvilli projecting into acinar spaces typical of adenocarcinoma
were also present in electron micrographs. Figure 4 is an electron micrograph of a
cavitated, keratinized, squamous cell carcinoma from the lung of a 54-year-old man.
Both well-developed desmosomes with tonofibrils and dense core granules are il-
lustrated. Figure 5 is an electron micrograph of a lung tumor nodule, in which in-
dividual cells had moderately abundant cytoplasm, indistinct borders, and promi-
nent nucleoli. The histopathology was interpreted independently by Drs. M. Mat-
thews and R. Yesner as large cell carcinoma. Well-developed desmosomes and dense
core granules are illustrated. Dense core granules are largest, most numerous, and
most consistent in carcinoids. Figure 6 is an electron micrograph from a peripheral
lung tumor in a 51-year-old man. Numerous mitoses were present and liver
metastases occurred subsequently. Illustrated are numerous small and large dense
core granules measuring up to 500 nm in diameter. This is considered to be a malig-
nant carcinoid. They may appear in combination with mucin granules in carcinoids
and in adenocarcinomas, and also in squamous cell carcinomas. Figure 7 is an elec-
tron micrograph from a 3 cm nodule in a 60-year-old man, who had a chest film
because of hemoptysis. By light microscopy, the tumor was a peripheral carcinoid
with a discrete nesting pattern, abundant granular cytoplasm, and prominent nucle-
oli. Illustrated are abundant dense core granules, well-developed desmosomes with
tonofibrils, and numerous multilamellar bodies such as are seen in Type II
pneumonocytes. Tonofilaments are found in carcinoids [17,19] and tonofibrils in
small cell carcinomas [23]. It is clear that dense core granules are not a mark of sepa-
rateness. It is also of interest that the K cells are attached to the adjacent secretory
cells by scanty but well-developed desmosomes, whereas melanocytes, which are
known to be derived from neuroectoderm and to migrate to the skin, are not so at-
tached to adjacent cells. No neural connections to K cells have been established. It
would appear that the K cell is of local origin.

ARGYROPHILIA

Argyrophilia is related to cells which demonstrate dense core granules. Blondal,
Grimelius, et al. [26] found that 46 of 49 tumors diagnosed as carcinoids, were

FIG. 3. Mucin positive
adenocarcinoma of the
lung. Electron micrograph
shows numerous dense core
granules with submem

x 7: ~~~~~~~~branous halos (arrows) and

other granules which may
be lysosomes. x 54,000.
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Grimelius (argyrophil) positive. The three non-argyrophil tumors were later
reclassified as mucoepidermoid carcinoma, cylindroma, and epidermoid carcinoma.
Tateishi [27] found large numbers of argyrophil granules in three carcinoids. I too
have found a dozen carcinoids positive, but Fisher [18] found only half of 13 carci-
noids positive. On the other hand, there is generally less success with small cell car-
cinomas. Fisher [18] found a positive argyrophil reaction in 15 percent of his oat cell
carcinomas. Tateishi [27] found no argyrophilic granules at all in three of four
lymphocyte-like (oat cell) small cell carcinomas, but those of fusiform type had
more numerous granules. In our hands, the fusiform pattern of small cell carcinoma
frequently occurs as a focal change or in a metastatic site of what is otherwise an oat
cell carcinoma, and represents a common pattern with many peripheral carcinoids.

HORMONAL

Gewirtz and Yalow [28] have shown that all lung carcinomas produce big ACTH.
I [29] have demonstrated the ACTH content of lung tumor to be highest in oat cell
carcinomas (average 27.5 ng/gm), less in intermediate small cell carcinomas (15

4 FIG. 5.. Large cell carci-
noma of the lung. Electron
micrograph shows well-de-
veloped desmosomes with

4 ~~~~~~~~~~~~~tonofibrilsand typical dense
core granules (Contributed

(4 1~~~~~~~~~~~~~~~byDr. R.N. Rao, Medical
College of Georgia, Au-.
gusta). x 48,000.
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FIG. 6. Malignant pe-
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ng/gm), still less in large cell carcinomas (6 ng/gm), and least in differentiated
squamous cell and adenocarcinomas (2 ng/gm). Tateishi et al. [27] have found no
correlation between the number of argyrophil cells and the number of granules or
the amount of either ACTH or serotonin in tumor extracts. Calcitonin is also pro-
duced by all cell types but most abundantly by small cell carcinomas [30]. Inap-
propriate antidiuretic hormone also occurs most frequently with small cell car-
cinoma but also occurs with other cell types [31]. Baylin et al. [32] have found that
L-dopa decarboxylase, an enzyme essential in the APUD concept, is not restricted to
small cell carcinoma. Again, the hormonal evidence is strong that all lung car-
cinomas are related.

EPIDEMIOLOGY

It has been known for half a century that there is an exceptionally high rate of
small cell carcinomas among miners exposed to radioactivity [33,34]. I have re-
viewed slides provided by Saccomanno from the Colorado miners and confirmed
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that 66 percent of them were small cell carcinomas. Yet Saccomanno [35] has
demonstrated, by serial pulmonary cytology studies, that the miners had gone
through stages of squamous dysplasia and carcinoma-in-situ previously. This is
striking evidence of the relationship of small cell carcinomas to the bronchial
epithelium. It is inconceivable to me that so many small cell carcinomas could have
arisen from the few K cells scattered through the adult human bronchus. It is also of
great interest that the percentage of small cell carcinomas has fallen to the average
(approximately 20 percent) encountered among non-uranium miners since good pro-
phylactic procedures have been installed [36]. Although not as potent as uranium
daughters, amount of cigarette smoking alone may increase the percentage of small
cell carcinoma. Yesner et al. [37] and Auerbach et al. [38] have found that heavy
smokers have more small cell carcinomas than light smokers. Huhti et al. [39] have
found that age of onset is important, i.e., that more small cell carcinomas occur
among those who start smoking at a younger age. Weiss [40] has not found any rela-
tionship between cell type and amount smoked. No carcinoma-in-situ stage of small
cell carcinoma is known to exist. Saccomanno's careful work seems to indicate that
the small cell carcinomas which have been so prevalent in uranium miners are
preceded by dysplasia and carcinoma-in-situ indistinguishable from that which oc-
curs in squamous cell carcinoma. Furthermore, this seems more likely to occur with
the greater degree of carcinogenicity in exposure to uranium daughters and heavy
smoking. The epidemiologic relationship of carcinoids to small cell carcinomas is
quite different. Carcinoids are less than half as numerous as small cell carcinomas,
occur in a younger population, and have no known relationship to cigarette smok-
ing, uranium mining, asbestos, or other industrial agent. In the past, the
female/male ratio has been higher than in other lung tumors, and they are
peripheral as often as central. Their capacity for metastasis is low. Blondal et al.
[26] reported 4 percent dying of metastases, but none after lobectomy, and an
overall ten-year survival rate of over 90 percent. This is in sharp contrast to the over
90 percent metastatic rate of small cell carcinomas with a negligible ten-year survival
rate. The carcinoid appears to be essentially an adenoma of K cells in its biologic
behavior. A small number show transitions to small cells by light microscopy and
ability to metastasize. These have been referred to as malignant carcinoids.

EXPERIMENTAL

The origin of K cells in bronchi from neuroectoderm is totally unproven. Neural
connections to the surface of these cells have not been found [3]. On the other hand,
it has been proved by Fontaine and LeDouarin [41] that at an early stage, when it is
possible to recognize colonization of the enteric ganglia from the neural crest, no
such colonization occurs in the bowel endoderm. They did this by the use of quail-
chick chimaeras in which quail and chick cells can be separately recognized. Argen-
taffin cells are found in polypoid adenomas and adenocarcinomas of the bowel in
both humans and experimental animals, and in their transplants [42,431 indicating
common precursors with other epithelial cells. This is strengthened by the presence
of focal collections of argentaffin cells at the free surface in some adenomas [43].
These cells are found only at the base of the crypt in normal colonic epithelium and
their migration has never been demonstrated [44]. The argentaffin cells of the pan-
creatic islets (f cells) have also been shown to arise from the local ductular cells by
Pour [45] who treated Syrian hamsters with the carcinogen N-nitrosobis (2 ox-
opropyl) amine. Bonikos et al. [46] exposed segments of rabbit bronchial mucosa in
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organ culture to uranyl acetate. After nine weeks the explants showed a continuous
lining of normal-appearing ciliated cells on the mucosal surface and underlying basal
cells two or three layers thick. In these proliferating basal cells were found dense
core cytoplasmic granules of the "neurosecretory" type. All of these pieces of
evidence indicate strongly that cells containing "neurosecretory" granules in the lung
and gut are of endodermal and not of neuroectodermal origin.

SUMMARY

The morphologic, ultramorphologic, hormonal, epidemiologic, and experimental
evidence indicate that all of the cells normally found in the bronchial tree, including
the K cells, are of endodermal origin, i.e., originate from the endodermal stem cells.
The evidence also indicates that all of the tumors derived from bronchial epithelium
are related, i.e., form a spectrum which is dynamic; that is, may evolve toward or
away from the oat cell, the squamous cell, or the adenocarcinoma, dependent on
therapy, host response, etc. This constitutes the basis of the Y-construct, in which
the oat cell carcinoma is at the base, the large cell carcinoma at the fork, and the
squamous cell and adenocarcinomas at either arm [29]. Combined cell types involv-
ing small cells are relatively unstable, and overlapping cell types are common. Ex-
amination of respiratory epithelium shows that mitoses are equally prevalent in the
basal cell and intermediate cell layers, which may contain mucin granules. These
cells are the genitors of all lung tumors. Clonal heterogeneity of small cell car-
cinomas of the lung has been demonstrated by flow-cytometric DNA analysis. In the
tumors of 29 evaluable patients, only one cell line could be detected in 23 (79 per-
cent) by Vindelov et al. [47]. Evidence of the presence of two tumor cell clones with
different ploidy was obtained in six (21 percent). Actual heterogeneity is probably
much higher. Other evidence of clonal heterogeneity has been obtained by Netter-
sheim [48] in cultured tumors derived from a single cell. Ten clones were made from
each of four adenosquamous carcinomas. After reinjection, six were clearly com-
bined and two were clearly squamous, demonstrating the phenotypical instability of
the tumor stem cells. One can therefore expect movement along the spectrum depen-
dent on host, degree of insult, and therapy.
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