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Summary. In  a series of 79 cases of primary esophageal carcinoma reseeted at The Center 
for Adult Diseases, Osaka, there were six tumors with specific histopathologic features valid 
for the diagnosis of argyrophil cell carcinoma. Of the 6 tumors, 3 were studied electron micro- 
scopically and assay for ACTI-I content was performed on 4 tmnors. 

Clinically, the ages of the 6 patients ranged from 56 to 71 years; two were women and 
four men. Four of the 6 patients died with widespread tumor recurrences within 9 months of 
operation. 

Microscopically, the 6 tumors were composed largely or almost entirely of small, spindle- 
shaped cells resembling those of oat cell carcinoma of the lung, and were characterized by the 
arrangement of tumor cells in solid sheets or anastomosing cords, the presence of argyrophil 
tumor cells, and the deposits of amyloid. Electron microscopically, the three tumors contained 
neuroseeretory-type granules. Using bioassay or radioimmunoassay ACTI.I activity in the 
tumor tissues was detected in 3 out of the 4 tumors determined. 

From the light and electron microscopic characteristics and the assay evidence, it seems 
reasonable to conclude that  the 6 tumors are endocrine polypeptide producing tumors 
(apudomas) that  arise from argyrophil cells normally found among the basal cells of the eso- 
phageal mueosa, and that  they represent a distinct histopathologie entity clearly distinguishable 
from other types of esophageal carcinomas. 

Key words: Carcinoma of the esophagus - -  Apudoma - -  Oat cell carcinoma - -  Amyloid - -  
Argyrophil cells. 

It has only recently been appreciated that oat cell carcinomas of the lungs 
are derived from argyrophil cells (APUD cell) distributed throughout the bron- 
chial trees (Benseh et al., 1968; Ilattori et al., 1972 ; Tateishi, 1973 ; Lauweryns 
and Goddeeris, 1975), and that they are a type of apudoma, the endocrine poly- 
peptide producing tumors that arise from the cells of the APUD series (Pearse 
and Polak, 1974; Smith, 1975). 

Small cell carcinomas identical in microscopic appearance to pulmonary oat 
cell carcinomas may occur wherever argyrophil cells are present. Extrapulmonary 
sites are the salivary glands (Koss et al., 1972), the thyroid glands, the thymus 
(Cohen et al., 1960), the esophagus (MeKeown, 1952), the pancreas (Corrin et al., 
1973) and the uterine cervix (Tateishi et al., 1975). Although clinically the majo- 
rity of sma l l  cell  c a r c i n o m a s  in  t he se  si tes  a re  h o r m o n a l l y  i nac t i ve ,  we feel  t h a t  

t h e y  shou ld  be r e g a r d e d  as an  e n d o c r i n e  p o l y p e p t i d e  p r o d u c i n g  t u m o r  ( apudoma)  
t h a t  ar ise f r o m  t h e  a r g y r o p h i l  cel ls  in these  sites. 
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A second t y p e  of ep i the l ia l  cell, the  argyrophi l  cell  has been descr ibed in the  
h u m a n  esophagus (Tateishi  et  al., 1974). Since a rgyroph i l  cells are no rma l ly  
found in the  esophageal  mucosa,  the  occurrence of oa t  celled carc inoma m a y  well  
be an t i c ipa ted  at  t ha t  site. I n  1952 McKeown first  r epo r t ed  two examples  of oa t  
cell carc inoma of the  esophagus.  Since the  f irst  descr ipt ion,  there  have been only  
sporadic  repor ts  of such cases (Taniguchi  et  al., 1973; Turnbul l  et  al., 1973; 
W a t a n a b e  et  al., 1974; l~osen et  al., 1975; Matsusaka  et  al., 1975), and  the  
existence of oa t  cell carc inoma in the  esophagus as a d i s t inc t  en t i t y  has no t  
gained widespread  recognit ion,  pa r t i cu l a r ly  outs ide  J apan .  This  paper  is con- 
cerned with  the  l ight  and  e lec t ron microscopic character is t ics  of a group of eso- 
phageal  ca rc inomata  t ha t  we bel ieve or ig ina te  from the  a rgyrophi l  cells of the  
esophageal  mucosa.  

Materials and Methods 
In the 5-year period between January, 1971 to December, 1975, 79 patients had undergone 

resections for carcinomas of the esophagus at The Center for Adult Diseases, Osaka. Sixty of 
the patients were male and nineteen female. For light microscopy three or more blocks of all 
primary tumors and of metastatic lesions were available. FormMin-fixed, paraffin embedded 
sections of each block were stained with hematoxylin and eosin, and the Grimelius (1968) 
silver impregnation method. 

Of the 79 tumors 6 were found to have tumor cells with argyrophil granules, and these 
6 tumors form the subject of this paper. Two (Cases 2 and 3) of the 6 tumors were previously 
reported (Taniguchi et al., 1973; Imura et al., 1975). Additional sections were prepared from 
all 6 tumors and were stained by the periodic acid-Schiff reaction (PAS), and Fontana- 
Masson argentaffin reaction. Alkaiin Congo red stain (Puchtler et al., 1962) with dichroism 
was employed for demonstrating amyloid. 

Electron microscopic study was carried out in three cases (Cases 3, 4 and 5). Tmnor tissue 
obtained at the operation was fixed in 2.5 % cold glutaraldehyde (cacodylate buffer, pH 7.4), 
washed in the buffer, and post-fixed in 1% buffered osmium tetroxide. The tissue was then 
embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead nitrate. 
The 6 patients received neither radiotherapy nor chemotherapy prior to the operations. 

Four (Cases 1, 2, 3 and 4) of the 6 patients came to necropsy and in these 4 cases the 
content of ACTH in the tumor tissue was determined by bioassay or radioimmunoassay. The 
methods for the determinations of ACT]:I were described in a previous paper (Imura et al., 
1975). 

Results 

The clinical  and  pa thologic  fea tures  and  assay  d a t a  of the  6 tumors  are  
summar ized  in Table  1. 

L igh t  microscopic fea tures :  The tumor  cells in th is  series of 6 tumors  presented  
a grea t  va r i a t ion  in size, shape and  appearance ,  bo th  wi th in  the  same and  in dif- 
ferent  tumors .  The p r edominan t  t u m o r  cell t ype  g rea t ly  resembled  t ha t  of oa t  
cell carcinoma of the  lung. I t  showed small ,  sp ind le -shaped  nucleus f i l led wi th  
evenly  d i s t r ibu ted  ehromat in  and  scanty ,  pale  cy top lasm with  ind is t inc t  cel lular  
borders  (Fig. 1). Numerous  mi to t i c  figures were present .  Four  of the  6 t u m o r s  
conta ined  areas composed of t u m o r  cells wi th  larger,  less chromat ic  nuclei  and  
more p rominen t  cytoplasm,  wi th  spindle-shaped,  oval  or polygonal  outl ines.  The 
cy top lasm var ied  in amoun t  from scan ty  to  abundan t ,  and  in s ta in ing  charac-  
ter is t ics  from water-c lear  to  eosinophi l ie  g ranu la t ed  (Fig.s 2 and  3), Cells inter-  
media te  in appearance  be tween  these two types  were r ead i ly  encountered .  
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Table 1. Clinical and pathological features and ACTH contents of the six tumors 

Case Age at 
No. onset 

a n d  sex  

Loea- Gross findings Amytoid Distant metastasis ACTH in Post- 
tion deposi- at autopsy tmnor tissue operative 

tion course 

1. 

2. 

3. 

4. 

5. 

6. 

58, 

57, 

Middle Fungating tumor -- Pleura, liver, 0.83 ng/g Died, 4 Mo. 
third with an ulcerated left lung (I/.adio- postop. 

surface, immuno- 
5.5 • 3.0 cm assay) 

Lower Slightly raised -6 Bilateral supra- 0.08 mU/g Died, 81/2 Mo. 
third tumor with a small clavicular, hilar (Bioassay) postop. 

ulcer in the center, and mediastinal 
1 • 1 em lymph nodes, 

vertebral bone 

62, ~ Lower Fungating tumor -6 R-supraclavicular 3.2 mU/g Died, 31/2 Mo. 
third with multiple and mediastinal (Bioassay) postop. 

polypoid lymph nodes, 
excrescences, peritoneum, pleura, 
1 • 1 em liver, l.lung, 1-kidney 

58, ~ Middle Ulcerating tumor § Hepatic gastric not Died, 8 Mo. 
third with a raised and mediastinal detectable postep. 

margin, lymph nodes, liver, 
2.5 • 2.0 cm kidneys, pleura, 

diaphragma, skin 
spleen 

71, ~ Lower Fungating tumor. -- Alive, 24 Mo. 
third 3.0 • 2.0 cm postop. 

56, ~ Lower Fungating tumor -- Alive with 
third with an ulcerated tumor recur- 

surface, fence, 14 No. 
3.5 • 3.0 cm postop. 

The histologie pa t t e rn s  of the  tumors  also var ied  great ly .  The basic p a t t e r n  of 
g rowth  was t h a t  the  t u m o r  cells were a r ranged  in i r regular  sheets  or nests  wi th  a 
del icate ,  f ib rovaseular  s t roma  (Fig. 1). Wi th in  most  of the  cell nests  the  spindle-  
shaped eells were a r ranged  in whorls or in in ter lac ing  bundles  present ing  a s t ream- 
ing pa t t e rn .  On oeeasion the  t u m o r  cells a t  the  pe r iphery  of the  nests  showed a 
pa l i sad ing  a r rangement .  When  the  nests  or sheets were composed p r e d o m i n a n t l y  
of polygonal  cells, microscopic s imilar i t ies  to t hy ro id  medu l l a ry  carc inomas were 
s t r ik ing (Fig. 3). Ano the r  s t ruc tura l  fea ture  presented  by  three  tumors  was the  
a r r angemen t  of the  cells in para l le l  or anas tomosing  cords (Fig. 4). 

A conspicuous fea ture  observed in each t u m o r  was the  focal accumula t ion  of 
pro te inaeeous  ma te r i a l  t ha t  occurred in va ry ing  q u a n t i t y  between the  t u m o r  cells 
and  in the  s t roma.  In  Cases 2 and  3, in te rspersed  wi th in  the  cell nests  or be tween 
the  cell eords, g loboid  and  t r abecu la r  masses  of the  pro te inaceous  ma te r i a l  were 
observed  (Figs. 5 and  6). The mater ia l ,  mos t  p rominen t  in Case 2, appea red  
eosinophilie,  amorphous  or f ibr i t lar  in hema toxy l in  and  eosin s ta in ing  and  purp le  
in P A S  stain.  When  s ta ined  with a lka l in  Congo red  method ,  most  of the  prote in-  
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Fig. 1. Predominant pattern of argyrophil cell carcinoma. Solid sheets are composed of small, 
spindle-shaped cells arranged in a streaming pattern. Case 4, tI.E. stain, • 300 

Fig. 2. Broad, anastomosing cords of tumor cells with clear cytoplasm. Case 3, I-I.E. stain, • 720 

aceous material  appeared pale and failed to exhibit  dichroism. In  Cases 2, 3 and 4, 
the material  contained small, densely stained areas tha t  showed dichroism. 
I n  Case 4, some cell nests showed a broad, hyalinized s troma in which small 
deposits of amyloid were found. 

Two tumors  showed the formation of intercellular gland-like lumina tha t  
contained varying amounts  of the proteinaceous material.  A gland-like lumen 
has been defined as a space lined by tumor  cells tha t  are not  surrounded by  a 
support ing s t roma (Tateishi et al., 1975). True rosette formation was detected in 
none of the 6 cases. 

Foci of in situ carcinoma were found in the esophageal mucosa immediate ly  
adjacent  to the tumors  and they  could be interpreted as lateral intraepithelial 
spreads from the main  tumors.  

The histologic appearances of the metastat ic  lesions were basically similar to 
those of the pr imary  tumors.  

With  the Grimelius silver impregnat ion method,  all the 6 tumors  were observed 
to have tumor  cells with intracy~oplasmie argyrophil  granules. The argyrophil  
cells occurred only in those areas where the tumor  cells were arranged in solid 
sheets or nest, and they  usually appeared with a pa tchy  distribution. The numbers  
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Fig. 3. Tumor cell nests composed of polygonal cells. Fibrous septa divide the masses of tumor 
cells into irregular cell nests. Multinucleated cells are scattered. Case 1, H.E. stain, • 760 

Fig. 4. Tumor cell cords separated by connective tissue septa. Cords are composed of small 
cells closely packed in several layers. Case t, H.E. stain, • 700 

of such cells varied considerably from tumor  to tumor  and in different areas 
within the same tumor.  Tumors  ot Cases 1, 3, 4 and 6 contained moderate  numbers  
of the cells, while the remaining 2 tumors  contained them in smaller numbers.  
In  Case 2, they  were found after a prolonged search in several sections. The 
argyrophil  cells were oval, fusiform or t r iangular  in shape, and frequently exhibited 
a non-branching, dendrite-like, cytoplasmic process tha t  extended for a consider- 
able distance among other  tumor  cells (Figs. 7 and 8). Wi th  the Fontana-Masson 
method,  no argentaffin tumor  cells were detected in the 6 tumors.  

Electron microscopic features:  The electron microscopic features of the 
3 tumors  were sufficiently similar to allow a composite description. Tmnor  cells 
were usually elongated or polygonal  in shape with an irregular outline. Adjacent  
tumor  cells frequently showed interlocking cytoplasmic processes forming an 
irregular intercellular space (Fig. 9). The spaces on occasion contained finely 
granular substance, but  no fibrillar material  was observed in the spaces examined 
(Fig. 10). Desmosome-like thickenings between adjacent  cells were few. 

The tumor  cell nuclei were fusiform or irregularly shaped with identations of 
the nuclear membranes  and irregular chromation clumpings. Some cells showed 
oval nuclei with evenly distr ibuted ehromatin. The cytoplasm was relatively 
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Fig. 5. Tumor cell nests in which globoid and trabecular masses of amorphous, proteinoid 
material are interspersed. Small parts of the material show a positive reaction for amyloid 

with alkaline Congo red stain. Case 2, H.E. stain, x 1,200 

Fig. 6. Solid sheets of tumor cells with clear cytoplasm. Spherules and trabeculae of amyloid 
are present between the tumor cells. Case 3, H.E. stain, • 1,150 

electron-transparent. This could be accounted for by the relative sparsity of 
rough surfaced endoplasmic reticulum, and moderate numbers of free ribosomes. 
The rough surfaced endoplasmic reticulum was often dilated. Golgi apparatus 
was not prominent. Mitochrondria at times were swollen and exhibited dissolution 
of the cristae. They were oval to elongated, relatively few in number, and irregu- 
larly distributed. Microfilaments and microtubules were abundant, the former 
being particularly numerous adjacent to the plasma membranes. 

A distinguishing feature of the 3 tumors was the occurrence of neurosecretory- 
type granules that were present in small numbers in about half of the tumor 
cells of the 3 tumors. They were often found within the cytoplasmic processes 
(Figs. 9 and 12). The granules were round, oval or pleomorphic and had an 
electron-dense core which was usually enclosed by a limiting membrane (Figs. 9 
through 12). In Cases 3 and 4, the granules showed round or oval dense cores 
from 90 to 700 m~ in diameter, while in Case 5, the granules showed pleomorphic 
cores, being round, oval, dumbbell or teardrop in shape, and varying from 70 to 
750 m~x in greatest diameter (Fig. 12). 
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Fig. 7. Tumor cells with argyrophil granules. Some of them show a long cytoplasmic process. 
Case 1, Grimelius stain, • 720 

Fig. 8. Area of streaming pattern showing spindle-shaped cells tend to lie with their dendrite- 
like, cytoplasmic processes in a parallel fashion. Case 3, Grimelius stain, • 1,200 

Discussion 

On the basis of the light and electron microscopic findings and the assay 
evidence provided, we consider that  the 6 tumors presented here are endocrine 
polypeptide tumors (apudomas) that  arise from argyrophil cells normally found 
among the basal cells of the esophageal mucosa, and that  they represent a distinct 
histopathologic enti ty clearly distinguishable from other types of esophageal 
carcinomas. Instead of the term "oa t  cell carcinoma",  we used "argyrophil  cell 
carcinoma" to designate this specific type of esophageal carcinoma, since 4 of 
the 6 tumors showed a considerable cellular variation, though they were composed 
predominantly of small cells. 

Histologically, the 6 tumors were characterized by the arrangement of the 
tumor cells in solid sheets and anastomosing cords, the presence of argyrophil 
secretory granules, and the deposits of amyloid. Deposits of amyloid are consist- 
ently associated with calcitonin producing thyroid medullary carcinomas (Hazard 
et al., 1959; Williams et al., 1966) and also have been reported in other endocrine 
polypeptide producing tumors that  include pancreatic islet cell tumors (Porta 
et al., 1962), bronchial carcinoid tumors (~t~rba, 1968) and oat cell carcinoma of 
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Fig. 9. Electron raicrograph showing interlocking cytoplasmic processes of adjacent cells. 
Two round secretory granules are wesent. Case 4, • 26,000 

the lung (Kozlowsky et al., 1970). Further,  an accumulation of amyloid may  
occur in polypeptide-hormone producing tissues in old ages. I t  appears likely that  
the production of polypeptide hormone(s) by neoplastic or non-neoplastic cells 
may  be responsible for the deposits of amyloid. The accumulation of the protein- 
aeeous substance as well as amyloid observed in the tumors presented in this 
paper might result from the presence of polypeptide hormone(s) secreted by the 
tumor cells and deposited in the intercellular spaces or in the stroma. In  our 
cases only the concentration of ACTH was determined, but there remains the 
possibility that  the tumors could have been responsible for the production of 
polypeptide hormone(s) other than ACTH. 

At present the function of the argyrophil cells in the esophagus and in the 
bronchial trees remains undetermined. If  the argyrophil cells of the esophageal 
mueosa secrete a polypeptide hormone that  play a significant role in the regulation 
of the peristalsis of the esophagus, then one might expect to find argyrophil cells 
in every esophageal mueosa. In  a series of 50 esophaguses of Japanese, however, 
argyrophil cells were found in only 14 (Tateishi et al., 1974). The failure to 
demonstrate esophageal argyrophil cells in a lalge proportion of the Japanese 
suggests that  such ceils represent vestiges of fecal life. 

In  general, argyrophil cells in the bronchial tree in the fetus and newborn of 
mammals (including man) are found more extensively than in adults. Moosavi 
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Fig. 10. Electron micrograph showing tmnor cell with a cluster of secretory granules. Some 
granules show eccentric electron-dense cores. Adjacent cells show interlocking cytoplasmic 
processes forming irregular intercellular spaces filled with finely granular material (arrow). 

Case 4, • 13,000 

and co-workers (1973) have shown in rat  lungs, there is a steady decline in the 
number  of argy~ophil cells during the first month of postnatal life. Stiller and co- 
workers (1975) regarded the argyrophil cells of the bronchial trees as rudimentary 
being important  only as the site of origin for bronchial carcinoids and oat cell 
carcinomas. A similar view can be taken of the histogenesis of argyrophil cell 
carcinomas of the esophagus. We feel that  argyrophil cells of the esophageal 
mucosa can be regarded as neural crest derivatives that  retain their growth 
potential. They may  later form tumors with the possible expression of multiple 
endocrine functions. 

Of interest in this series of esophageal carcinomas is the presence of argyrophil 
tumor cells with a dendrite-like cytoplasmic process that  extends for a long 
distance among other tumor cells. The demonstration of these dendritic ceils and 
their resemblance to those found in carotid body tumors (Costero and Barroso- 
Moguel, 1961) or in thyroid medullary carcinomas (Ljungbcrg, 1970; Tateishi 
et M., 1972) provide an additional support for the contention tha t  argyrophil 
cells (APUD cells) arc derived from the cells of the neural crest (Pearse, 1969; 
Pearse and Polak, 1974). 

In  this s tudy the criterion for the diagnosis of argyrophil cell carcinoma was 
the presence of argyrophil tumor cells. The diagnosis of argyrophil cell carcinoma 



Fig. l l. Electron micrograph shows a tumor cell containing a large number of secretory 
granules of varying electron density-. Case 3, • 8,400 

Fig. 12. Electron micrograph shows pleomorphie secretory granules accumulated in the 
cytoplasmic processes. Intercellular spaces contain finely granular material. Case 5, • 13,000 
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mus t  be considered when a given t u m o r  of the  esophagus is composed l a rge ly  of 
smal l  cells. It, is then  necessary  to demons t r a t e  a rgyroph i l  granules  in t u m o r  cells. 
Among  several  a rgyroph i l  react ions,  the  Grimel ius  me thod  tu rned  out  to be especi- 
a l ly  sui table  for de tec t ing  a rgyroph i l  granules  wi th in  t u m o r  cells of smal l  cell 
carc inomas in the  lung, the  pancreas ,  the  esophagus and  the  u te r ine  cervix.  
Clinically,  i t  is also i m p o r t a n t  to consider  a rgyrophi l  cell carc inoma separa te ly ,  
because i t  poss ib ly  differs f rom o ther  types  of esophageal  carc inoma in the  
na tu ra l  h i s to ry  and  the  response to di f ferent  t he rapeu t i c  approaches .  

The authors are grateful to Prof. H. Imura and Dr. Y. Hirate, Department of Internal 
Medicine, Kobe University School of Medicine for their interest and performing the assays 
for ACTH on the tumor tissues. 
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