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Summary. The cell source of peptide hormone production and the mor-
phological differentiation were investigated in 18 adenocarcinomas of
the lung by immunohistochemistry and/or by electron microscopy. These
tumors were found by radioimmunoassay of tumor extracts to contain
either one or more of 7 peptide hormones, i.e. adrenocorticotropin
(ACTH), f- and y-melanocyte stimulating hormones (MSH), somatosta-
tin (SS), vasoactive intestinal polypeptide (VIP), gastrin releasing peptide
(GRP) and calcitonin (CT). In a combined adeno- and small cell carcino-
ma, a considerable number of small tumor cells were positively stained
for ACTH, f- and »-MSHs and GRP. In a poorly differentiated adeno-
carcinoma with mucin and CT production, these products were localized
in some single cells. Electron microscopy revealed secretory granules
indistinguishable from exocrine or endocrine types. In another mucin-
positive adenocarcinoma with high SS and CT contents, some tumor
cells were stained for SS and/or CT. Two distinct exocrine and endocrine
type secretory granules were found in the same cells. In tumors with
100 ng or less of the peptides/g tissue, most tumor cells were not stained
for the peptides but a small number showed morphological endocrine
differentiation. In conclusion, a considerable proportion of the adenocar-
cinomas of the lung may show heterogeneous differentiation in both
endocrine and exocrine directions.
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Introduction

Significant amounts of adrenocorticotropic hormone (ACTH) and calcito-
nin (CT) were reported to be present in a high proportion of lung carcinomas
including tumors classified by conventional histology as adenocarcinomas,
squamous cell carcinomas and undifferentiated small cell carcinomas (Gew-
irtz and Yalow 1974; Bloomfield et al. 1977; Abe et al. 1977). Gewirtz and
Yalow (1974) showed the presence of immunoreactive ACTH in almost
all lung tumors examined. To our knowledge, however, there has been little
morphological evidence that the tumor cells of lung cancer can produce
and/or store peptide hormones, although circumstantial evidence based on
the detection of argyrophil cells and dense-core small secretory granules
in tumor cells of oat cell carcinomas and carcinoids has been presented
(Bensch et al. 1968; Hattori et al. 1972). A previous study by two of the
authors (T.K. and Y.S.) provided direct evidence of CT production by
tumor cells in a case of small cell carcinoma (Kameya et al. 1977). The
cell source of the production of peptide hormones by adenocarcinomas
of the lung has never been investigated. This study reports direct evidence
of peptide storage in tumor cells of adenocarcinomas of the lung and their
morphological characterization at histochemical and ultrastructural levels.

Materials and methods

Eighteen tumors of 30 histologically proven adenocarcinomas of the lung were found by
radioimmunoassay (RIA) to contain either one or more of 7 immunoreactive peptide hormones,
i.e. adrenocorticotropin (ACTH), f- and y-melanocyte stimulating hormones (- and y-MSHs),
somatostatin (SS), vasoactive intestinal polypeptide (VIP), gastrin releasing peptide (GRP)
and calcitonin (CT). Of these 18 adenocarcinomas 17 were resected surgically and 1 was
obtained at autopsy. Details of the methods of extraction and RIA for the measurement
of content of the peptide hormones have been described previously (Abe et al. 1977; Yanaihara
et al. 1977; Yamaguchi et al. 1980a and b) and detailed results are presented in another paper
(Yamaguchi et al. 1983 in press).

Tumor sections cut out from more than one routinely formalin-fixed paraffin embedded
block were stained with haematoxylin-eosin, Alcian blue alone or combined with periodic
acid-Schiff (PAS), Grimelius silver (Grimelius 1969), and immunohistochemistry for hormone
localization by an unlabeled peroxidase-antiperoxidase procedure (Sternberger 1979).

Anti-ACTH, -$-MSH, and -CT were prepared in our laboratory (Abe et al. 1977). Anti-y-
MSH (Tanaka et al. 1980) was a gift from Dr. H. Imura, Kyoto University, Kyoto, and
anti-SS, VIP (Yanaihara et al. 1977), and anti-GRP (Yanaihara et al. 1981) from Dr. N. Yanai-
hara, Shizuoka College of Pharmacy, Shizuoka. A batch of antiserum to secretory component
of immunoglobulin A, an antigenically distinct portion of the secretory immunoglobulin A
found in external secretions, was purchased from Dakopatts, Ltd., Copenhagen, Denmark
(Code No. A187). The second layer of anti-rabbit immunoglobulin and the third layer of perox-
idase-antiperoxidase complex were also purchased from the same company and used in 1:50
and 1:200 dilutions, respectively. Specificity was confirmed by the immunostaining of normal
tissues of known localization and an absorption test for each antiserum. In immunohistochermni-
cal analysis of adjacent paired sections for simultaneous localization of two hormones, each
antiserum of working dilution containing excess counterpart antigen (more than 100 pg/ml
diluted antiserum) was used to ensure the absence of possible cross-reaction with each other.
Nuclear counterstaining was performed as needed by veronal-acetate buffered methylgreen
(Barka 1962).
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Tumors from 16 of the 18 cases were fixed in 2.5% glutaraldehyde followed by 1%
osmium tetroxide and processed for routine electron microscopy. Two or three epon-embedded
sections from each tumor were observed by an electron microscope 100U, JEOL Ltd., or
H-600, Hitachi Ltd., Japan.

In Case 3, the original tumor was transplanted to nude mice (BALB/c nu/nu) (Shimosato
et al. 1976) and passaged up to the 3rd generation. Tumors of every passage were observed
by light and electron microscopes.

Results

The 18 tumors consisted of one combined oat cell carcinoma, and 5 well
differentiated, 5 moderately differentiated and 7 poorly differentiated adeno-
carcinomas according to the revised WHO histologic typing (WHO 1981).
The evaluation of differentiation was based on the degree of tubular and
papillary configuration. In poorly differentiated cases, mucin revealed by
Alcian blue-PAS (AB-PAS) was also a hallmark of adenocarcinoma, which
could thereby be differentiated from undifferentiated large cell carcinoma.
No small cell or carcinoid tumor component was found by routine histologi-
cal examination in any case except the single combined oat cell carcinoma
(Case 1 of this paper).

Tumor cells of 7 cases were immunohistochemically positively stained
for either one or more peptide hormones, but only 4 tumors which were
found by RIA to contain more than 100 ng of the peptides/g wet tissue
showed numerous positive cells. The findings of 3 of the 4 cases are described
in some detail. Aspects of Cases 1 and 2 were described briefly elsewhere
(Kameya et al. 1982a and b).

Case 1. The patient showed typical Cushing’s syndrome with a tumor of
the right upper lobe bronchus. The histological sections of the lung tumor
and metastatic foci obtained at autopsy (kindly supplied by Dr. S. Yoda,
Yokohama City Hospital, Yokohama) showed undifferentiated small cell
carcinoma of oat cell type accompanied by numerous tubules. The tubules
were formed predominantly by cuboidal cells with vesicular nuclei, cytologi-
cally different from oat cells and occasional mucin in cytoplasm and rarely
mixed with oat cells (Fig. 1). Their tubule lumina were filled with mucin
stained by AB-PAS. ACTH, f-, and y-MSH-, GRP-immunoreactive cells
were present in the tumor. Positive cells were often found in foci and clusters
(Figs. 2 and 3), while sparsely scattered elsewhere. Punctate and fibrillar
staining was considered due to characteristic cytoplasmic processes of tumor
cells, as shown in electronmicrographs of small cell carcinomas (Bensch
etal. 1968; Hattori etal. 1972; Shimosato et al. 1979a; Kameya et al.
1982a). Grimelius silver stain revealed a similar positive pattern. Paired
adjacent immunohistochemical sections occasionally revealed the presence
of immunoreactivity to both anti-ACTH and anti-3-MSH (or anti-y-MSH)
in identical cells (Fig. 4). No cross-reaction was shown in paired sections.
Positive reaction was rarely seen in tubule-forming cells. No CT- or VIP-cells
were found. Coexistence of mucin and the immunoreactive peptides in ident-



Fig. 1. Combined adenocarcinoma and oat cell carcinoma (Case 1) showing oat cell prolifera-
tion with a mucin-containing tubule. (Alcian blue and periodic acid-Schiff, x 300)

Fig. 2. Combined adenocarcinoma and oat cell carcinoma (Case 1) showing numerous cells
positive for ACTH. (Immunoperoxidase stain for ACTH. x 300.)

Fig. 3. Combined adenocarcinoma and oat cell carcinoma (Case 1) showing numerous cells
positive for GRP. (Immunoperoxidase stain for GRP. x 300)

Fig. 4a, b. Combined adenocarcinoma and oat cell carcinoma (Case 1) showing the same
cell (arrow) positively stained with both anti-ACTH and anti-y-MSH. (a) and (b) are from
adjacent sections, showing the same area. (Immunoperoxidase stain for ACTH, a y-MSH,
b x1,500)
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Table 1. Tumor peptide hormones in Case 1 (combined adenocarcinoma and oat cell carcinoma)

ACTH S-MSH y-MSH B-EP GRP CT VIP
Primary tumor 1,714 3,370 n.m. 812 n.m. n.d. n.d.
LN metastasis 1 696 1,920 10,800 287 101 n.d. n.d.
LN metastasis 2 32,000 26,000 115,000 9,870 241 n.d. n.d.

Values shown as ng/wet g tissue measured by RIA, LN: lymph node, ACTH: adrenocorticotro-
pin, MSH: melanocyte stimulating hormone, EP: endorphin, GRP: gastrin releasing peptide,
CT: calcitonin, VIP: vasoactive intestinal polypeptide, n.m.: not measured, n.d.: not detectable

Fig. 5a—c. Poorly differentiated
adenocarcinoma (Case 2) showing the
: presence of CT (brown in a) and mucin (blue
. in b) in two tumor cells and the coexistence
of both substances in some other cells
(mixtures of brown and blue in ¢). (Double
" staining by immunoperoxidase for CT and
P Alcian blue for mucin. x 1,000)

ical cells was not found. Electronmicrographs of the autopsy material re-
vealed numerous endocrine type granules (250 440 nm) in some tumor cells.
RIA data of tumor extracts shown in Table 1 confirms an approximate
coincidence of peptide hormone contents with immunohistochemical data.

Case. 2. This tumor, which was diagnosed as poorly differentiated adenocar-
cinoma, was found to possess a high content of CT (166 ng/g wet tissue),
which was comparable to that of medullary carcinoma of the thyroid (Ka-
meya et al. 1977). Immunoreactive CT and AB-positive cells were scattered
in the tumor (Fig. 5). Argyrophil cells were occasionally revealed by Grime-
lius stain. In some areas, CT-positive cells were predominant while, in other
areas, mucin-positive cells were more frequent. However, double staining
of immunoperoxidase and mucin showed the coexistence of both substances
in some tumor cells (Fig. 5). No tumor cells stained for other peptide hor-
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mones. Electron microscopy revealed that tumor cells contained a variable
number of secretory granules measuring 150 to 400 nm in diameter on one
side of some cells, and showing hetrogeneous matrix (Fig. 6). These granules
probably contained mucin. No definite endocrine type cell containing small
dense-core granules and thus resembling neoplastic C-cells of the throid
was seen. Direct submicroscopic evidence of what cell type contained mucin
and/or CT was not available.

Case 3. This was a poorly differentiated adenocarcinoma with cribriform
and solid pattern, possessing occasional mucin and argyrophil cells (Fig. 7).
Antiserum against secretory component (SC) without crossreaction to IgA
also stained some tumor cells (Fig. 8). Preliminary studies disclosed that
most endocrine cells did not stain for SC, while various types of exocrine
cells are known to produce SC. Numerous cells were immunohistochemically
positive for CT and SS. In some areas, practically no positive cells were
encountered. In one area, CT-cells were far more numerous than SS-cells,
and almost all the SS-cells were CT-positive, while not all the CT-cells
were positive for SS as confirmed by paired adjacent sections (Fig. 9). In
other areas, there was a mixture of cells positive for either of the two
hormones. Most cells positive for the hormones were argyrophilic. Very
few cells were found to be positive for ACTH and f-MSH. Some cells
were revealed by the use of paired adjacent sections to be positive for both
substances. Although EM specimens of the original tumor were inappropri-
ate for examination, mouse-transplanted tumors were studied. Many tumor
cells possessed both exocrine and endocrine type secretory granules. The
former were membrane-bound, electron-dense and homogeneous. They
measured from 280 to 700 nm (mean: 490+ 90 nm) in diameter. The latter
were smaller granules, resembling endocrine type granules measuring from
100 to 350 nm (mean: 160+ 30 nm) in diameter (Fig. 10). Some cells pos-
sessed well-formed microvilli on their apical surface. However, the evidence
that the larger exocrine type granules were not of lysosomal nature remains
to be determined.

In spite of intensive immunohistochemical studies of the other 14 adeno-
carcinoma cases, in which any one or more peptides measured by RIA
were detected but less than 100 ng/g, only a very few cells in 3 cases and
none in 11 cases were positively stained for the peptide hormones examined.
Positive results detected by immunohistochemistry and RIA did not coincide
in 2 cases. For example, a very few cells were positive by immunostaining
for VIP in a case of well differentiated adenocarcinoma, while the hormone
was not detected by RIA. However, the hormones were, in general, more
frequently detected by RIA than by immunohistochemistry. Cells which
located in lung parenchyma outside the tumor were invariably negative
for the hormones in this series.

In electron microscopic examinations of 11 cases in which the peptide
contents were less than 100 ng/g, occasional clusters of either tumor cells
or non-neoplastic cells, which might have been incorporated into tumor,
possessed small dense granules similar to endocrine type granules (Fig. 11a),
while most tumor cells possessed larger exocrine type granules (Fig. 11b).



Fig. 6. Electron micrograph of a poorly differentiated adenocarcinoma (Case 2) showing a
cluster of secretory granules on one side of a tumor cell. ( x 22,500)

Fig. 7. Poorly differentiated adenocarcinoma (Case 3) showing argyrophil cells. (Grimelius
silver stain. x 150)

Fig. 8. Poorly differentiated adenocarcinoma (Case 3) showing clustered or solitary cells posi-
tively stained for secretory component. (Immunoperoxidase stain for secretory component.
x 150)

Fig. 9. CT (a) — and SS (b) — positive cells in two identical cells (arrow) of two adjacent
sections of Case 3. (Immunoperoxidase stain for CT and SS. x 450)
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11b

Fig. 10. The electron micrograph of a transplant of the poorly differentiated adenocarcinoma
of Case 3 to a nude mouse showing two types of small (1) and large (11) secretory granules.
(% 22,500)

Fig. 11. Well differentiated papillary adenocarcinoma, showing two cells containing endocrine
type dense granules in the basal region (a) and cells containing exocrine type granules in
the apical region (b) of the papillary configuration. BM indicates basement membrane.
(x 11,300)
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Discussion

The present study disclosed that cells of adenocarcinoma of the lung were
capable of producting peptide hormones. In Case 1, although it was a rare
case of combined oat cell carcinoma, immunohistochemical demonstration
of ACTH, -MSH, y-MSH, and GRP in tumor cells indicated that tumor
cells were the source of hormone production. The evidence that immunore-
activity to ACTH, g-MSH and y-MSH was present in the same tumor
cells was consistent with the evidence that these hormones are processed
from a common big precursor of about 30,000 molecular weight in the
normal pituitary gland (Nakanishi et al. 1979), and that these hormones
were located in the same cells in the normal mammalian pituitary glands
(Phifer et al. 1974; Bugnon et al. 1974; Saint-Guillain et al. 1974). A newly
recognized peptide hormone, gastrin releasing peptide (GRP) with 27 amino
acid residues (McDonald et al. 1979; Yanaihara et al. 1981) is a counterpart
of amphibian bombesin, a peptide with 14 amino acid residues, and possess-
ing a striking homology with GRP in the carboxyl terminal region, which
was originally isolated from the skin of a frog Bombina bombina (Erspamer
et al. 1972). It was noteworthy that immunoreactive GRP was localized
in many tumor cells of Case 1 with a high content of the hormone because
bombesin-like immunoreactivity has been found in the epithelium of the
human fetal lung (Wharton et al. 1978) and small cell carcinomas of the
lung (Moody et al. 1981; Wood et al. 1981).

In our Case 2, simultaneous storage of mucin and CT in some same
cells indicates bidirectional differentiation in function of individual cells.

In Case 3, non-small cell and non-carcinoid tumor was demonstrated
to harbor numerous endocrine type cells and morphologically “mixed”
or “hybrid” (Sidhu 1979) type cells showing differentiation in both endo-
crine and exocrine directions as revealed by ultrastructure and the presence
of polypeptide hormones CT and SS and the secretory component (SC)
of IgA which is characteristically produced by exocrine cells such as nongob-
let cells of the gastrointestinal tract, salivary gland ducts and breast lobules
and ducts (Rossen et al. 1968; Brandtzaeg 1974). However the distinction
of endocrine from exocrine differentiation in terms of morphology alone
is, in reality, often arbitrary and presumptive. Simultaneous synthesis and
storage of CT and SS by single C-cells of the thyroid has been reported
(Noorden et al. 1977). An analogy was demonstrated with our Case 3 tumor
and with a case of medullary carcinoma of the thyroid (Sano et al. 1980).
Interpreptation of this phenomenon remains to be established at the molecu-
lar level since CT and SS do not possess homologous amino acid chains.

In a study of 7 non-small and non-carcinoid type malignant peripheral
lung tumors that were diagnosed by light microscopy as large cell carcino-
mas or as epidermoid or adenocarcinomas (McDowell et al. 1981a), tumor
cells were demonstrated to possess dense-core granules in 7, mucrosub-
stances in 4, argyrophilia in 5 and serotonin in 6 cases. Almost concurrently
with the above report, two adenocarcinomas of the lung were reported
to contain high levels of CT and dopa decarboxylase (Berger et al. 1981),
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the latter being an enzyme known to be clevated in small cell carcinomas
of the lung (Baylin et al. 1980) and supposed to be a key enzyme of the
APUD cell system (Pearse et al. 1977). These tumors reported by the two
groups seemed to resemble our cases 2 and 3.

The present study based on detection of some specific substances such
as peptide hormones, mucin and SC, rather than on morphology, confirmed
multidirectional and heterogenous cell differentiation in adenocarcinomas.
This has already been elucidated and discussed by many pathologists in
regard to histogenesis of tumors of the lung (Azzopardi 1959; Willis 1961 ;
Matthews 1976; Yesner 1979; Sidhu 1979; Shimosato et al. 1979a and b;
McDowell and Trump 1981a; Kameya et al. 1982) as well as of other or-
gans, especially in the gastrointestinal tract (Bates and Belter 1967; Hernan-
dez and Reid 1969; Klein 1970; Goldenberg and Fisher 1970; Tahara et al.
1975; Ratzenhofer 1977; Sidhu 1979; Matsuyama et al. 1979; Gould et al.
1981; Lyss et al. 1981). The coexistence of cells with endocrine, exocrine
and/or epidermoid differentiation severely challenges the conventional con-
cepts on the cell origin of each histological type of lung cancer as well
as neoplasms of other organs.

For example, small cell carcinomas and carcinoid tumors of the lung have been considered
to derive from K-cells (or presumptive endocrine cells) based on electron microscopic findings
and endocrine nature such as argyrophilia, serotonin and/or peptide hormone production
in both these tumors and K-cells of normal bronchial epithelium (Bensch et al. 1968; Hattori
et al. 1972). However, the presence of “mixed” or “hybrid” cell tumors poses questions the
tumor histogenesis previously proposed. Also, there is no evidence that neoplastic transforma-
tion can occur in most fully differentiated cells such as K-cells. Therefore, the following recently
proposed hypothesis (McDowell and Trump 1981a; McDowell et al. 1981b; Gazdar et al.
1981) seems more attractive; that is that all pulmonary tumors, including tumors with endocrine
characteristics can arise from “indifferent” cells or “stem” cells, which can arise, under appro-
priate stimuli, from divisions of any cell in the normal adult epithelium, that is, basal cells,
mucous cells, and possibly also endocrine cells. They may multiply, leading to malignant
transformation into various histological types. Were this the case, mixed forms of cancer
could naturally occur. Needless to say, however, no definite evidence of the cell origin of
any given neoplasm has been presented.

Discrepancies in the detection of peptide hormones by RIA and immuno-
staining in the present series of 18 adenocarcinomas of the lung may be
explained by 1) difference in detection thresholds inherent in each method,
2) sources of tissue materials examined, suggested by markedly heteroge-
neous or uneven distribution of immunostained cells for hormones in a
given tumor, 3) possible differences in the antigenic sites recognized by
antisera used. However, it must be stressed that all tumors containing more
than 100 ng of the hormones/g tissue measured by RIA revealed numerous
immunostained cells on routine paraffin sections. In tumors which contained
lesser amounts of immunoreactive hormones and were weakly reactive to
antisera on paraffin sections, another possibility exists, that such tumor
cells have receptors for peptide hormones and that they are capable of
adsorbing the hormones which are of pituitary or other endocrine cell origin,
rather than being responsible for their synthesis. However, we have not
obtained any specific immunostaining of normal target cells for any peptide
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hormone by using routinely processed tissue specimens and the same anti-
sera as in the present study; for example, adrenal cortical cells for ACTH
and gastric G cells for GRP.

The demonstration of significant amounts of ACTH in the non-tumor
lung tissue which correlated with tumor levels led to speculation (Gewirtz
and Yalow 1974; Bloomfield et al. 1977) that such ACTH synthesis could
represent a ““field” neoplastic or dysplastic change of endocrine cells, which
are known to be present throughout the normal lung (Bensch et al. 1968;
Hage 1972; Tateishi 1972). However, in the present series, “normal” or
non-neoplastic areas around tumor did not contain any appreciable number
of hormone-producing cells.
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