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Summary. The authors studied electron microscopicMly a cMcitonin secreting tumor, 
giving special attention to the typology of tumor cells and the origin of amyloid. Two types 
of neoplastic cells were observed. The first type formed most of the tumor and corresponded 
to the thyroidal C-cells, in agreement with previous ultrastructural investigations on medullary 
carcinomas. The secretory granules accumulated at one pole of the cell facing intercellular 
microfollicular-like spaces filled with extruded granules. The second type of cells showed 
larger and denser granules which never exhibited patterns suggesting their extrusion. The 
relationship between these cells and the appearance of an ectopic Cushing's syndrome is 
discussed. Both hypotheses of the origin of amyloid, namely the tumoral and the stromM 
received some ultrastructural evidence. The peculiar type of stromal cell, already reported 
by Lietz and Donath, probably represents a modified fibroblast. 

Zusammen/assung. Es wird eine ultrastrukturelle Untersuchung über einen CMcitonin- 
sezernierenden Tumor speziell im Hinblick auf die verschiedenen Zelltypen und den Bildungs- 
ort des Amyloid vorgelegt. Dabei werden zwei Tumorzellformen unterschieden. Die über- 
wiegende Zellform stellen C-Zellen dar, wie sie in früheren elektronen-mikroskopischen 
Untersuchungen von medullären Schilddrüsencarcinomen beschrieben worden sind. Die 
Sekretgranula sind an einem Zellpol angeordnet. Die intercellulären l%äume sind mit ausge- 
schleusten Granula angefüllt. Der zweite Zelltyp besteht aus Zellen mit größeren und dichteren 
Granula. Die Beziehungen zwischen diesen Zelltypen und dem Auftreten eines ektopischen 
Cushing-Syndroms werden diskutiert. Hinsichtlich der Entstehung des Amyloids ergeben 
sich aus den elektronenmikroskopischen Befunden sowohl Hinweise dafür, daß das Amyloid 
in den Tumorzellen gebildet wird, als auch dafür, daß hierfür die Stromazellen in Frage 
kommen. Die früher von Lietz und Donath beschriebene Stromazelle wird als modifizierter 
Fibroblast angesehen. 

Medullary carcinoma of the thyroid, the cMcitonin-secreting tumor first 
identified by IIazard et al. in 1959, has been extensively investigated (Alboores-- 
Saavedra et al., 1964; Williams et al., 1966; Ibanez et al., 1967 ; Bertoli et al., 1967 ; 
Cunhffe et al., 1968; Block et al., 1967; Steiner et al., 1968; Milhaud et al., 1969). 
Despite the large n u m b e r  of studies, however, several questions have still to be 
fully explMned (Bordi et al., 1972). 

The purpose of this communica t ion  is to present  the u l t ras t ruc tura l  f indings 
from a case of a calcitonin-secreting carcinoma, with special reference to the 
typology of t umor  cells and  the mechanism of amyloid deposition. This report  
provides electron microscopic evidence of the occurrence of two types  of secre- 
tory  granules in  the cells of medul la ry  carcinom~. 

* Dr. Anversa is now at the New York Medical College, Department of Pathology, New York, 
N.Y., U. S.A. 
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Materials and Methods 

Case Report. The patient ,  a 12-year-old boy, was seen because of an enlargement of the 
r ight  laterocervical lymph nodes which first was noted ten months  before. Serum calcium 
and phosphorus as well as other routine studies were normal.  At  surgery several firm nodes 
grouped in a mass measuring about  3 X 5 cm were removed. Histology reveMed a medullary 
carcinoma with abundan t  amounts  of amyloid. The thyroid was carefully examined by means 
of a scan with lalI and arteriography, bu t  no findings suggesting pr imary tumor  were found. 
During the next  9 months  two relapses developed in the laterocervical or supraelavicular 
regions and were bo th  removed by  surgery. Histological pat terns  corresponded to previous 
ortes, bu t  the amount  of amyloid was greatly decreased. The liver was enlarged and a massive 
metasta t ic  involvement  was disclosed by a laparotomy. Diarrhea, consisting of 5-6 daily 
liquid stools, appeared. After a fur ther  7-8 months  the pat ient  developed a typicM Cushing's 
syndrome including moon face, cutaneous striae rubrae, hypertension, high levels of urinary 
17-chetosteroids (ranging from 13.4 to 14.8 mg/24 h;  normal values: 3.8-5.8 mg/24 h) and 
17-hydroxycorticosteroids (85-100 mg/24 h;  normal vMues: 7-14 mg/24 h) and of plasma 
free 11-hydroxycorticosteroids (93-124 y/100 cc; normal values: 12-18 y/100 cc). The thyroid 
has been repeatedly examined up till today and another  scintigram with 181I has been per- 
formed, bu t  symptoms of pr imary tumor  were not  found despite the three years period 
elapsing from the first recovery. No fur ther  reeurrences in the lateroeervical or supraclavi- 
cular regions have been seen. Diarrhea and Cushing's syndrome still persist. The plasma 
level of calcitonin is 11721 taU/1 (95% confidenee limits: 6761 and 23496); i t  corresponds 
to 40-60 times the  normal vMue (154-300 mU/1, Mazzuoli et al., 1971). Tests for pheochromo- 
cytoma gave negative results. No evidence of familial incidence was observed. This case was 
included in an earlier clinico-pathologic report  (Bordi et al., 1969) as case 3. 

Light Microscopy. Speeimens were fixed in 10% formalin. Paraffin sections were stained 
wi th  hematoxyl in  and eosin, Congo Red, thioflavin T, Grimelius' silver n i t ra te  method 
(1968) and  Masson-Hamperl  argentaffin reaction modified by Singh (1964). Congo Red stained 
slides were also examined under  polarized light. 

Electron Microscopy. Small specimens were taken from lateroeervical neoplastic tissue 
during the  th i rd  operation and were quickly fixed in 2.5 % glutaraldehyde in phosphate buffer 
(pH 7.4), post-fixed in buffered 1% osmium tetroxide (pH 7.4) and embedded in Dureupan 
Fluka. Thiek sections were cut with a glass knife on a LKB 3 microtome and stained with 1% 
Toluidine blue. Selected thiek sections were also stained with the argentaffin reaction; controls 
were obtained from sections of duodenum mucosa. Thin seetions were stained with uranyl 
acetate and lead citrate and were examined in a Siemens Elmiskop I electron microscope. 

Statistical Study o] Secretory Granules. The measures were performed on electron micro- 
graphs taken at  a magnification of 30000 (calibrated by  a Ful lam grating replica). The dia- 
meter  of the granules was measured including the limiting membrane and the  largest dia- 
meter  was used for those granules t h a t  deviated from a sphericM shape. The frequency 
distr ibution of the granule diameters was determined for three types of granules (see the 
Results) with  class intervals of 17 m~z. In  order to compare the  means of diameter measures 
between different granule types the  Student ' s  two-sided tes t  was used. 

Results 

Light Microscopy 

The histological examinat ion of biopsy specimens revealed a typical pa t t e rn  of medullary 
carcinoma of the  thyroid (Fig. 1). Clusters, sheets and cords of polyhedral and rather  uniform 
cells were separated by  an irregular t rabecular  s troma of variable density. Miteses were 
infrequent.  Amyloid was bo th  interspersed among the  neoplastic cells or located within 
stromal septa. The intercellular amyloid was composed of small globoid masses which orten 
coalesced; the  stromM one was grouped in larger and irregularly rounded clumps. Both  inter- 
cellular or stromal amyloids were markedly stMned by  Congo Red, showing a bri l l iant  green 
to yellow-pink dichroism under  polarized light (Fig. 2) and were fluorescent after thioflavin 
T. A moderate number  of small argyrophilic granules were present in the cytoplasm of many  
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Fig. 1. Low power micrograph showing the histology of the tumor. Large masses of amyloid 
(A) are present both in stromal septa and in neoplastic cell clusters. Hematoxylin-Congo Red, 

× 50 

Fig. 2. Dichroism of amyloid substance under polarized light. Collagen fibers between neo- 
plastic clusters also shown birefringence. Hematoxylin-Congo Red, × 75 

Fig. 3. In the stroma surrounding the clusters of tumor cells amyloid substances (A) and 
numerous spindle stromaI cells showing thin and long cytoplasmic processes are seen. Thick 

section, toluidine blue, × 450 

but not all tumor cells following Grimelius' method. Cells showing positive argentaffin reac- 
tion were not seen. 

Electron Microscopy 
The u l t r a s t ruc tu r a l  s t u d y  revealed  two types  of t u m o r  cells (Figs. 4-6) .  The 

f irst  t y p e  cells had  modera t e  amoun t s  of cy top lasm;  the  nuclei  f r equen t ly  showed 
a w a v y  out l ines  wi th  smal l  c lumps of chromat in ,  aga ins t  the  nuclear  membrane .  
The  rough  endoplasmic  re t icu lum was a b u n d a n t ;  in the  per inue]ear  a reas  i t  was 
charac te r ized  b y  a para l le l  a r r a y  of several  (up to 10) cis ternae (Figs. 4, 6-8 ,  
and  10) ly ing toge ther  wi th  numerous  free r ibosomes and  polysomes  and  rare  
sec re to ry  granules.  Microf i laments  and  microtubules ,  were of ten seen in the  ecto- 
p lasmic  regions. The f i laments  were a r ranged  in an i n t i m a t e  ne twork  and  were 
p rominen t  near  the  cell-to-cell  contacts .  The Golgi a p p a r a t u s  consis ted of f l a t t ened  
sacs, vacuoles and  vesicles and  was no t  p rominent .  Mi tocondr ia  were short ,  
r ound  or navieu lar ,  wi th  few er is tae  and  dense granules  ; the  m a t r i x  was somet imes  
clarified. 



Fig. 4. Cluster of tumor  C-eells ~ppearing " l i g h t "  a n d "  d a r k "  ; the rough endoplasmic retieulum 
is arranged in a lamellar fashion (arrow). Micro-follicular like spaces (S) are present between 
~djacent eells and are surro~mded by pat terns  of granule accumulaiton. A seeond type of 
eell, with large donse granules, appears in the  upper left corner. A vaeuolated tumor eell is 
present in the peripheral layer of the  eluster (lower left corner). C eollagen fibers. × 4000 

Fig. 5. Unusu~l high number  of seeond-- type  eells intermingled with the C-type ones. The 
eells adjacent  to the s troma show marked dilatation of the endoplasmie retieulum. In  the 
strom~ long and th in  eytoplasmie proeesses ~rising from fibroblastie-type eells lie parallel 

with the neoplastie eluster (arrow). × 4000 
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Fig. 6. The two cell types of the neoplasm are illustrated. C-type cells (on the left) show small 
and sparse secretory granules, parallel lamellae of rough endoplasmic reticulum (ER) and 
well developed Golgi apparatus (G). - -  The second type cell is characterized by large, numerous, 
uniformly dense round granules. The rough endoplasmie reticulum profiles are scattered. 

× 13000 
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8 Figs. 7- -9  9 
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Secretory granules were observed in all cells. They usually exhibited round, 
uniform, eleetro-dense cores surrounded by a definite double membrane closely 
applied or separated by a thin elear halo (Fig. 6 and 9a). The diameter (including 
the membranes) varied between 85 and 250 m~, (mean 1344-26 m~). These 
granules were spread out through the cytoplasm but  were more abundant  in the 
ectoplasmic regions, without a discernible polarity. Furthermore in each cell a 
large portion of cytoplasm, facing intercellular follicular-like spaces, was filled 
by a large amount  of secretory granules, which differed from the ones previously 
described because of their shape, density and volume (Fig. 4, 7, and 9b). The 
shape was orten oval or elongated with a slightly irregular profile; the matrix of 
eores varied from strong and uniform to moderate and granular density; the 
diameters increased, ranging from 85 to 390 m~ (mean 183 4- 49 m~). The difference 
between the diameter means of scattered and accumulated granules was signifi- 
cant (P ~ 0.001). Near the accumulated granules the Go]gi apparatus was orten 
seen (Fig. 7 and 9b); irregular lysosome-like structures were more large and 
numerous than in other portions of the cytoplasm (Fig. 7). The membrane of both 
types of granules sometimes appeared to fuse with the plasma membrane. 

The plasma membrane was slightly undulating and showed smallrare june- 
tional complexes. The intercellular space, 250 Ä thick, was orten enlarged to 
form micro-follicular-]ike cavities (Fig. 4, 7, and 10), such as described by ~ e y e r  
(1968). These cavities were defined by several (up to 4) adjacent eells and their 
lumen was filled with extruded and fragmented granules. In  the large peri- 
pheral pseudofollicular spaces collagen fibers and networks of amyloid fibrils were 
intermingled with the extruded granules (Fig. 11). 

The tumor cells disp]ayed pronounced changes in the density of their eyto- 
plasmic matrix, so tha t  they could be divided into " l i gh t "  and " d a r k "  ones 
(Fig. 4). Moreover the cells loeated at the periphery of the neoplastic clusters 
often underwent marked modifications of their structure. The matrix of the 
cytoplasm beeame elarified, the mitochondria appeared swollen and degenerate, 
the nucleus was deeply indented with marked clumpings of chromatin (Fig. 4 
and 5). The seeretory granules exhibited changes similar to, but  more pronouneed 
than, those observed when they aeeumulated. The most important  finding was 
represented by the marked dilatation of the endoplasmic retieulum. Cellular 
limits were poorly distinguishable and the cells often displayed a syncithium- 
like appearance. The basement membrane, whieh was well preserved elsewhere, 

Fig. 7. C-type cells: the secretory granules accumulate at one pole of the cells adjacent to 
intercellular pseudofollicular spaces (S). The size, shape and density of these granules differ 
from those sparse ones. Near the accumulated granules large lysosome-like structures (L) and 
the Golgi apparatus (G) are present. E R  parallel lamellae of rough endoplasmic reticulum. 

× 11000 

Fig. 8. Perinuclear area showing the typical lamellar fashion of the rough endoplasmic reticu- 
lum. Numerous vesicles of the Golgi apparatus (G) and scattered small granules are present. 

× 14000 

Fig. 9 A--C. Comparison among different patterns of secretory granules. A Sparse granules of 
C cells; B accumulated granules of C cells; C granules of the second type cells. X 25000 

11 Virchows Arch. Abt. A Path .  Anat.,  Bd. 357 
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Fig. 10. Large microfollicular like space filled with extruded and fragmented granules. The 
long and narrow cytoplasmic fragment of a tumor cell interposed between an enlarged inter- 
cellular space and the basement membrane mimics the cytoplasmic processes of the stromal 

cells. E R  parallel lamellae of rough endoplasmic reticulum. × 13000 

d i sappea red  in these  areas  so t h a t  the  vacuol ized cells were kep t  in touch  with  the  
s t roma  and  cy top lasmic  f r agmen t s  were somet imes  observed  among the  bundles  
of col lagen f ibers  and  the  a m y l o i d  c lumps  (Fig. 13). 

The  second t y p e  cells, which were in te rposed  be tween the  f i rs t  t y p e  ones, 
were in f requen t ly  seen; only  in one block d id  t h e y  appea r  to  be ve ry  numerous  
(Fig. 5). The  shape of these  cells was regula r  a n d  oval.  The  nucleus  a p p e a r e d  to  
be large a n d  inden ted  wi th  f inely d i s t r i bu t ed  ehromat in .  The  cy top l a sm ex- 
h ib i t ed  a dense m a t r i x  wi th  a large n u m b e r  of microf i laments ,  microtubules .  
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Fig. 11. Pseudofollicular space (S) in which amyloid fibrils (A) are present together with 
collagen fibers and extruded granules. × 12000 

Fig. 12. Particular of Fig. l l  showing the intimate network of amyloid fibrils interspersed 
with the collagen fibers. × 39000 

Fig. 13. Vacuolated tumor cell (above) keeping in touch with the collagen fibers mixed with 
amyloid fibrils (below). The basement membrane (Bin) is interrupted (arrow). × 34000 

11"  
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14 

Fig. 14. Peculiar type of stromal cell. In the body the rough endoplasmic reticulum is abun- 
dant. The long cytoplasmic process is filled with sheaths of microfitaments and intercalated 
dense bodies. A portion of another more dense process is present on the right. Thickening of 
cxtracellular fibrillar material resembling basement membrane can be seen (arrows). × 6500 

15 

16 
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free ribosomes and polysomes (Fig. 6). The endoplasmie retieulum was usually 
rough and eonsisted of vesieles and tubules: a lamellar fashion was never seen. 
The Golgi apparatus was small and the lysosomes were rare. The eharacteristie 
feature was represented by the abundanee and appearanee of seeretory granules, 
whieh were round and large with diameters ranging from 85 to 485 m~z (mean 
222± 85 mB). This mean signifieantly differed from those oI both types of gra- 
nules observed in the first eell-type (P < 0.001). 

The very dense and homogenous eore was defined by a elosely apphed mem- 
brane (Fig. 9e). These granules were eoneentrated in the perinuclear region; 
findings suggesting their extrusion out of the eell were not observed. 

The stroma eonsisted of bundles of eollagen Iibers, elumps of amyloid 
fibrils, fragments ol degenerated tumor eells and several types of eonnective 
tissue cells. Stromal eells usuMly belonged to a peeuliar eell-type, already 
deseribed by Lietz and Donath (1970). In  the toulidine blue-stained thiek seetions 
these eells were deeply basophihc and appeared to lie around the cluster of tumor 
cells and near the amyloid elumps (Fig. 3). They were eomposed of a body, and 
by two or more thin eytoplasmie proeesses whieh extend very far from it (Fig. 14). 
In  the body abundant  rough endoplasmie retieulum eomposed of eisternae filled 
with amorphous and slightly densë material, well developed Golgi apparatus  and 
several navicular mitoehondria with few cristae were present (Fig. 15). The nueleus 
exibited a round elongated shape with an irregular outline, finely distributed 
ehromatin and a large nueleolus. The eytoplasmie proeesses appeared to be more 
heavily dense than the body and were composed of sheaths of closely packed 
mieroIilaments, rare mitoehondria, smooth vesicles and glyeogen granules. The 
mierofilament sheaths with interealated dense bodies were disposed along the 
longitudinal axis of the proeesses and were orten more abundant  beneath the 
plasma membrane. In  the distal part  of the proeesses the plasma membrane was 
orten diseontinued and the microßilaments spread out of the eell mixing with the 
amyloid fibrils (Fig. 16). On the outer side of the plasma membrane oceasional 
apposition of a basement membrane-like material and eollagen fibers were seen 
(Fig. 14). Beeause of their eonsiderable length and irregular pa thway the eonnee- 
tion of the eytoplasmie proeesses with the body of the cells was laeking on a 
single seetion. I f  present the limit between body and proeesses was sharply de- 
fined and was eharaeterized by the disappearanee of the rough endoplasmie 
retieulum and by a strong inerease and sheat disposition of mierofilaments. 
Mierofilaments were orten present in the eellular body as well, particularly in the 
eetoplasmie region. When they beeame numerons the nucleus showed elumping 
of the ehromatin, and the endoplasmie r e t i euhm deereased. Stromal eells were 
sometimes joined together by means oI small desmosomes (Fig. 15) whieh were 
observed both in the eellular body or in the cytoplasmie proeesses. Other types 

Fig. 15. Cells of the sume type as in Fig. 14 joined together by me~ns of small desmosomal 
junetions. × 12500 

Fig. 16. App~rent origin of amyloid fibrils from the peripherM proeess of a stromal eell: the 
eytoplasmie mierofilaments spread out through diseontinuities of eellular membrane, mixing 

with the amyloid fibrils interspersed among the eollagen fibers. X 38000 
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of stromal cells were occasionally eneountered. They were represented by mast 
eells, plasma cells and macrophages and were usually loeated around the blood 
eapillaries. The amyloid eonsisted of fibrils 100 Ä thick, usually single and mixed 
to the eollagen fibers (Fig. 11-13, und 16); more seldom they were grouped in 
short sheaths or networks. Amyloid fibrils appeared to be abundant around the 
cytoplasmie processes of the elongated stromal cells, whilst no relationship to 
other stromal cells was observed. 

Diseussion 

The first question in our study concerns the origin of the tumor we have 
investigated. In the present case no thyroidal involvement was seen despite a 
three year follow-up after the first remova] of neoplastie tissue. However the 
diagnosis of medullary eareinoma was substantiated by several lines of evidenee. 
The histological patterns was extremely elose to that  of medullary eareinomas 
arising in the thyroid, espeeially beeause of the large amyloid masses. The very 
high level of caleitoninemia (20 to 40 times the normal values) is known to 
oecurr only in medullary careinoma patients (Sturtridge et al., 1969; Tashjian 
et al., 1970). Some aspects of the clinieal behaviour of the tumor, represented 
by the occurrence of hepatic metastases, diarrhea and Cushing's syndrome, is 
characteristic of ealcitonin-producing tumors (Williams et al., 1966; Williams, 
1969). We are not able presently to stute if this tumor originated from 
extrathyroidal C-cells or if it is a metastasis from an occult primary thyroid 
neoplasm. Medullary careinomas of the thyroid are sometimes silent for some 
years after the discover of lymph nodes metastases (Tubiana et al., 1968). 

Typo logy  o / T u m o r  Cells 

The ultrastruetural findings of the greater number of tumor cells were 
consistent with those of parafollicular (o1: C) cells in the normal human thyroid 
(Teitelbaum et al., 1971). This was in agreement with previous reports of medul- 
lary carcinoma (Meyer, 1968; Braunstein et al., 1968; Gonzales-Lieea et al., 1968; 
Grimley et al., 1969; Lietz and Donath, 1970). Neoplastic C-cells in our investi- 
gation exhibited marked polarity of seeretory granules. These usually aceumula- 
ted in the portion of the cytoplasm facing the pseudo-follicular spaces occupied 
by extruded granules. I t  is interesting to note that  the granules displayed 
important  changes in their morphology when they were grouped at the secre- 
tory pole of the cells. These changes were probably related to the meehanism 
of secretion. Furthermore, an important  role may be played by lysosomes as 
suggested by their number, volume and close apposition to the accumulated 
granules. 

Between the cells showing the aforementioned findings variations occured with 
sufficient regularity to receive notice. A difference in the density of cytoplasmic 
matrix resulted in cells appearing " d a r k "  and " l ight" .  According to previous 
reports (Mc Dermott  and Hart,  1970; Hachmeister and Zimmerman, 1971), this 
finding cou]d be related to the different functional states of the cells. Moreover 
the appearance of the rough endoplasmic reticulum underwent important  
changes from cell to cell. The cisternal lumens, which were usually narrow, 
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orten beeame markedly dilated in the eells loeated at the periphery of the 
neoplastie elusters. This change, previously reported by Braunstein et al. (1968) 
and by Benatre et al. (1971), was aecompanied by margination of nuclear 
chromatin and by modifications of secretory granules similar to, but  more 
pronouneed than, those seen during the aeeumulation phase. According to 
Benatre et al. (1971), these findings represent regressive ehanges, probably 
related to the formation of amyloid. 

Besides the different pat terns of neoplastie C-cells a second type of tumor 
cell was found. These cells differed from the others because of the morphology 
of their seeretory granules, which were larger, uniformly dense and round and 
appeared to lie in the perinuelear region without pat tern  suggesting their 
extrusion out of the eell. Furthermore the shape of the cells was oval and regular, 
the eytoplasm was less abundant  and the rough endoplasmic retieulum never 
showed lamellar fashion. 

The oeeurrence of eells eontMning different types of seeretory granules is 
now a well known eharaeteristic of several endocrine neoptasms, including bron- 
chiM (Hosoda et al., 1970) and duodenal (Weiehert et al., 1971) careinoids, insu- 
lomas (Tardini and Bordi, 1968; Heitz et al., 1971) and earotid body-glomus 
jugulare tumors (Capella and So]cia, 1971). In  the oase of medullary earcinoma 
the study of different ce]l-types appears to be very important  in view of the 
unusuM number of humora] agents other than ealcitonin secreted by this tumor. 
These agents include 5-hydroxytryptamine (Moertel et al., 1965), prostaglandins 
and callierein (Williams et al., 1968), ACTH (Donahower et al., 1968) and histami- 
nase (Baylin et al., 1970). As rar as we are aware, the occurrence of two types 
of tumor cells has been previously reported only by Ljungberg (1970) on the 
basis of an histochemical s tudy performed on a series of fami]ial medullary 
carcinomas of the thyroid. The second type of cell, whieh were mLxed with the 
eMcitonin producing ones, was characterized by positive argentaffin, chromaffin 
and iodate and negative diazo-coupling and ninhydrin reactions. These results 
suggested tha t  the argentaffin-chromaffin ce]ls contMned noradrenMine or its 
precursors (DOPA, dopamine). Several lines of evidence point to the fact tha t  
the second cell-type we observed with the electron microscope did not corres- 
pond to the second cell-type demonstrated by Ljungberg (1970) on light micro- 
scopy. In  our study argentaffin reaction gave negative results both in paraffin 
sections and in thiek sections from resin-embedded tissue. The cells observed 
by us exhibited an ultrastructural pat tern strongly different from tha t  of cells 
containing noradrenaline or other monoamines 1 and never showed cytoplasmic 
processes such as the Ljungberg's ce]ls did. We were not able to perform 
biochemicM or immunohistochemicM investigation on neoplastic tissue. There- 
lore we cannot draw any conclusion abont  the nature of the second cell-type. 
ttowever, it ean be recalled tha t  the patient  developed a typical Cushing's 
syndrome. The appearance and distribution of secretory granules in our second 
type-eells close]y resembled those seen in a pituitary ACTIt-secreting tumor 
(Bergland and Torack, 1970) and are in agreement with the present knowledge 
of the cytology of the pituitary ACTH cell (Azzali, 1971). Cushing's syndrome 

1 (Kobayushi et al., 1970; Brown et al., 1971 ; Toner et al., 1971). 
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was not evident when specimens of tumor tissue were removed for ultrastruetural 
study; it  beeame manifest only severM months later. This may aeeount for the 
smM1 number of cells of the seeond type we found. Any specifie role ascribed 
to these eells must awMt eonfirmation by the fine-strueture loeMization in the 
granules of appropriately labelled antibody to ACTH. 

Origin o[ Amylo id  

The meehanism of amyloid deposition in medullary eareinoma of the thyroid 
is still unknown. The diffieulty lies in determining whether this substanee 
originates from neoplastie rather than from stromal eells. 

Albores-Saavedra et al. (1964) and Beskid (1964), on the basis of histoehemieal 
studies, suggested that  the formation of amyloid results from the produetion 
of a preeursor substanee, mMnly eonsisting of mueopolysaeeharides and glyco- 
proteins, within the tumor eells. Ibanez et al. (1967) pointed out also the 
plasmaeytoid appearanee of the neoplastie eells whieh leads one to suspeet tha t  
the entire eytoplasm is converted into amyloid. Ultrastruetural findings support- 
ing an origin of amyloid from tumor eells have been also reported. They inelude 
the elose relationship between the extruded seeretory granules and amyloid 
(ttuang and MeLeish, 1968 ; Mëyer, 1968), the very rare fine fibrils similar to the 
amyloid ones deteeted within the eytoplasm of neoplastie eells (ttuang and 
MeLeish, 1968; Gonzales-Lieea et al., 1968; Meyer, 1968; Amouroux et al., 1970) 
and the abnormalities in limits between tumor eells and stromal amyloid, eon- 
sisting of absenee of the basement membrane and interruption and ill-definition 
of the eytoplasmie membrane (I-Iuang and MeLeish, 1968; Meyer, 1968; 
Amouroux et al., 1970). 

However reeent studies had drawn attention to the role of the tumor stroma 
in the produetion of amyloid (Grimley et al., 1969; Koslowsky et al., 1969; 
Lietz and Donath, 1970). Partieular interest wcs pMd to the oeeurrenee of a 
peeuliar type of stromal spindle eell, whieh wcs found to eontMn large amounts 
of fine fibrils similar to the amyloid ones (Grimley etal.,  1969; Lietz and 
Donath, 1970). These eells appeared to be closely applied to the amyloid as well 
as to the tumor eell elusters and were regarded as responsible for amyloid 
produetion (Lietz and Donath, 1970). 

In our study both hypotheses reeeived some ultrastruetural evidenees. Argu- 
ments supporting the origin of amyloid from the neoplastic eells were as follows: 
1. the oeeurrenee of amyloid fibrils near the degenerated peripheral tumor eells 
where the basement membrane wcs absent and 2. the oeeurrenee of amyloid in 
the pseudofollieular eavities filled with extruded seeretory granules, eren though 
this finding was evident only in the presenee of eollagen fibers. Conversely, ultra- 
struetural data suggesting the amyloid nature of the intereellular fibrils were not 
avMlable. These fibrils probably belonged to the mierofilament system whieh 
is a normal eomponent of several types of cells (Buekley and Porter, 1967). 

The role of stromal eells in the genesis of amyloid was emphasized by the 
large amount of fibrils filling the long eytoplasmie proeesses. These fibrils were 
ultrastrueturMly similar to the amyloid ones, in agreement with the results 
of Lietz and Donath (1970), and were orten observed to spread out of the eells, 
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mixing  with  the  sur rounding cx t race l lu la r  amyloid .  The na tu re  of this  pecul iar  
t y p e  of s t romal  cell is controversial .  I n  our opinion i t  represents  a modif icd  
I ibroblas t .  This a s sumpt ion  is based  upon  the  spindle  shape,  the  close re la t ionship  
wi th  collagen fibers wi thou t  any  per ivascu la r  a r r angemen t  and  the  abundance  
of the  rough endoplasmic  re t ieulum.  The oecurrence of mierof i l ament  sheaths ,  
dense bodies and  defeet ive basemen t  membrane  were all reminiscent  of mio- 
epi the l io id  or smooth  muscle cells, (Lietz and  Dona th ,  1970). However  these  
f indings were also deser ibed in modif ied  f ib rob las t s  such as the  ones involved  
in the  g ranu la t ion  t issue (Gabbian i  et al., 1971) or in D u p u y t r e n ' s  disease 
(Gabb ian i  and  Majno,  1972). 

Finally~ u l t r a s t r u e t u r a l  s imilar i t ies  were no ted  be tween  the  long, na r row cyto-  
p lasmic  f r agmen t s  of neoplas t ic  cells ly ing  on the  inner  side of the  basement  
m e m b r a n e  and  the  s t romal  eells (Fig. 10). However  neoplas t ic  eclls in t rans i t ion  
to  s t romal  cells, such as observed  b y  Gr imley  et al. (1969) in t issue culture,  
were never  seen. 
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Note Added in Pro@ Since the manuscript was submitted for publication, the patient 
died, 3 years and 4 months after his first admission to the hospital. At post-mortem examina- 
tion the final cause of death was purulent peritonitis subsequent to severe perforating di- 
verticulities of the right colon. A small tumor, weighing 8 grams, was found adjacent to the 
inferior surface of the thyroid without infiltrating the gland. Metastases were present in the 
liver, lungs, mediastinal and peripancreatic lymphnodes. 
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