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Universit~t di Torino, Italy 

Summary. 10 cases of thyroid medullary carcinoma (TMC) have been studied 
ultrastructurally and histochemically. Well differentiated calcitonin-produc- 
ing C cells were present in all turnouts, being prevalent in 9 cases. 5-Hydroxy- 
tryptamine (5HT) storing cells were found in two cases, somatostatin immu- 
noreactive cells in at least 5 cases and ACTH-immunoreactive cells in 4 cases. 
Ultrastructurally, at least 3 types of apparently non-C cells were observed. 
Type 1 cells with large, poorly osmiophilic granules resembling those of 
gastroenteropancreatic D cells, were present in 6 cases; they appeared to 
correlate well with somatostatin immunoreactive cells. Type 2 cells with large 
osmiophilic granules were found in 5 cases; they resembled ACTH-MSH 
cells of the human pituitary and may correspond to the ACTH-immunoreac- 
tive cells of light microscopy. Type 3 cells with small granules and an un- 
known function were found in 6 cases, always in scarce number. It is con- 
cluded that TMC, although mainly made up of C cells, usually contains 
large proportions of other endocrine cell types. 

Key words: Thyroid medullary carcinoma - Calcitonin cells - Somatostatin 
cells - ACTH cells - 5HT cells. 

Introduction 

The discovery that thyroid medullary carcinoma (TMC) produces calcitonin 
(Cunliffe et al., 1968; Melvin and Tashjian, 1968) and reproduces histochemical 
and ultrastructural findings of thyroid C cells (Williams, 1966; Gonzales-Licea 
et al., 1968; Meyer and Abdel-Bari, 1968; Bussolati et al., 1969; Solcia et al., 
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1970) l ead  m a n y  A u t h o r s  to c o n c l u d e  tha t  th is  t u m o u r  is to be i n t e r p r e t e d  
as a C cell  n e o p l a s m .  H o w e v e r ,  bes ides  ca l c i t on in ,  o t h e r  h u m o r a l  agen t s  a re  

k n o w n  to  be  p r o d u c e d  by  the  t u m o u r ,  i n c l u d i n g  A C T H  ( D o n a h o w e r  et al.,  

1968; W i l l i a m s  et  al.,  1968 b), c o r t i c o t r o p i n - r e l e a s i n g  f ac to r  ( C R F )  (B i rkenhf ige r  

et al.,  1976), p r o l a c t i n  p r o d u c t i o n - s t i m u l a t i n g  m a t e r i a l  (B i rkenhf ige r  et al.,  1976), 

5 - h y d r o x y t r y p t a m i n e  ( M o e r t e l  et al.,  1965), p r o s t a g l a n d i n s  ( W i l l i a m s  et al.,  
1968 a), ka l l i k r e in  ( W i l l i a m s  et al . ,  1968 a) a n d  h i s t a m i n a s e  (Bayl in  et al.,  1970). 

M o r e o v e r ,  h i s t o c h e m i c a l  a n d  u l t r a s t r u c t u r a l  f ind ings  r e p o r t e d  in o c c a s i o n a l  tu-  

m o r s  ( L j u n g b e r g ,  1970; B o r d i  e t a l . ,  1972; Busso la t i  et  al., 1973) sugges t  t ha t  

m o r e  t h a n  one  cell  t ype  m i g h t  be  p r e s e n t  in such  t u m o u r s .  
In  this  p a p e r  we  h a v e  sys t ema t i ca l ly  i nves t i ga t ed  the  h i s t o c h e m i c a l  a n d  u l t ra -  

s t ruc tu ra l  p a t t e r n s  o f  10 T M C s .  U l t r a s t r u c t u r a l  a n d / o r  h i s t o c h e m i c a l  e v i d e n c e  

fo r  the  p r e s e n c e  o f  o t h e r  e n d o c r i n e  cell  types ,  bes ides  C cells, has  been  g a i n e d  

in 9 cases.  

Material and Methods 

Specimens of 10 thyroid tumours showing histological patterns diagnostic for TMC were studied. 
The main clinico-pathological findings of the 10 cases are reported in Table 1. 

For light microscopy investigations tumour specimens were fixed with 10% formol, 4% parafor- 
maldehyde in 0.1 M phosphate buffer pH 7.3, Bouin's fluid or Zamboni's buffered picric acid- 
formaldehyde mixture. Paraffin sections were stained with haematoxylin-eosin, Congo red, Grime- 
lius' silver (1968), lead haematoxylin with and without mild acid hydrolysis (Solcia et al., 1969a), 
HCl-toluidine blue (masked metachromasia) technique (Solcia et al., 1968), the Masson-Fontana 
argentaffin reaction and diazonium, xanthydrol and yellow fluorescence reactions for 5-hydroxytryp- 
tamine (Solcia et al., 1969 b). Samples from tumour 8 were frozen in liquid nitrogen, then freeze-dryed 
with a thermoelectric apparatus (Edwards-Pearse), fixed with formaldehyde vapours according to 
the technique of Falk and Owman (1965) and embedded in paraffin. Sections were examined 
with a Leitz Orthoplan fluorescence microscope equipped with an XBO75 lamp and Ploem illumina- 
tor; fluorescent cells were analyzed with a microspectrofluorimeter (by Dr. G. Prenna, Histochem- 
istry Center of the National Research Council, Pavia, Italy) and the emission curve recorded. 

An indirect immunoflnorescence procedure (Coons et al., 1955) using rabbit anti-human calcito- 
nin serum (from Dr. Mary Clark, Royal Postgraduate Medical School, London), rabbit anti- 
somatostatin serum (from Drs. L. Orci and M.P. Dubois; see Rufener et al., 1975) or rabbit 
anti-ACTH serum (Wellcome) followed by goat antirabbit y-globulin serum (Hyland) or pig antirabbit 
7-globulin serum (Dakopatts) has been applied to paraformaldehyde- Bouin- or Zamboni-fixed 
sections. Controls were performed a) by absorbing the specific antihormone sera with excess purified 
hormone, b) by substituting non-immune serum for the specific serum, and c) by omitting the 
first step of the indirect test. 

Other sections, after incubation with the immune serum were treated first with swine anti-rabbit 
serum IgG, then with peroxidase-antiperoxidase (P.A.P.) immune complex (Dakopatts, Denmark) 
and finally with 3,3'-diaminobenzidine-H202 mixture (Sternberger, 1974). Controls were done as 
for immunofluorescence. 

For electron microscopy small specimens of tumour tissue were fixed in 2.5% glutaraIdehyde 
or in a mixture of 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M phosphate buffer 
at pH 7.3. Specimens of all cases were post-fixed in 1% osmium tetroxide, dehydrated in ethanol 
and embedded in Epon or in Durcupan ACM. Sections were stained with uranyl acetate and lead 
citrate. Some specimens of cases 1, 2, 3 and 10 were cut with a Smith-Farquhar tissue sectioner 
(Sorvall); 100-150 nm sections were stained by the Masson-Fontana and Grimelius silver techniques 
(Vassallo et al., 1971a). They were then dehydrated and embedded in Epon. Sections of silver 
impregnated blocks were observed in the electron microscope with and without uranyl acetate 
counterstaining. 
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Table 1. Clinico-pathological data of 10 thyroid medullary carcinomas 
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Case N. Sex, Famil- Thyroid Metastases 
years iarity tumor(s) 

Associated 
tumors or 
changes 

Functional 
signs 

1. 43595PV d', 22 yes Multiple a Liver a 
L.N. 

2. 548PV74 9, 52 no Single a - 

3. 3394VA74 9, 43 no Single a L.N. a 
and 
3714VA74 

4. 60393PR c~, 12 no Single L.N? 
and Lung 
66761 PR b Liver 

5. 79664PR 3', 28 no Single a Bones 
Skin 

6. 94374PR 9, 61 yes Multiple a 

7. CC2022TO ~, 48 no Single a L.N. 

8. CC2062TO 9, 60 yes Single a - 

9. CC2720TO <?, 53 no Single a 

10. 9225VA76 9, 61 no Single a 

Multiple 
mucosal 
neuromas 
Megacolon 

Right 
colon di- 
verticuli 

m 

m 

Severe watery 
diarrhea 
Hypokaliemia 
Hypertension 
Flushing 

Watery diarrhea 
Cushing's 

Mild diarrhea 
Alcohol indu- 
ced flushing 

Mild diarrhea 
Alcohol indu- 
ced flushing 

Diarrhea, 
cured by 
tumour surgery 

L .N .=  Lymph nodes 
Material on which ultrastructural studies have been done 
See: Bordi et al. (1972) and Bussolati et al. (1973) 

Homogenates of tumour 8 were examined (by Dr. L. Valzelli, Mario Negri Research Institute, 
Milano) with a spectrofiuorimetric method for the evaluation of 5-hydroxytryptamine (5HT) and 
5-hydroxyindolacetic acid (5HIAA) (Giacalone and Valzelli, 1969). 

Results 

Light Microscopy 

Al l  t u m o u r s  i n v e s t i g a t e d  s h o w e d  s o l i d  p a t t e r n s  o f  g r o w t h  a n d  a m y l o i d  d e p o s i t s .  

S o l i d  n e s t s  o r  t r a b e c u l a e  o f  m e d i u m - s i z e d  p o l y g o n a l  ce l l s  p r e d o m i n a t e d  in  8 t u -  

m o u r s ;  a d i f f u s e  g r o w t h  o f  s p i n d l e  ce l l s  w a s  p r o m i n e n t  in  c a s e  5;  a p a r a g a n -  

g l i o m a - l i k e  p a t t e r n  w a s  p r e s e n t  in  a r e a s  o f  c a s e  2 ;  o c c a s i o n a l  m i c r o a c i n i  w e r e  

n o t e d  in  t h e  l y m p h  n o d e  m e t a s t a s i s  o f  c a s e  1. C e l l s  r e a c t i n g  w i t h  G r i m e l i u s '  
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Fig. 1. Case 7 : cords and nests of calcitonin cells stained with immunofluorescence, x 280 

Table 2. Endocrine cells identified histochemically 
in 10 TMCs 

The amount of reactive cells has been graded from 
10 (100% of the whole tumour cell population)to 0. 
1 =less than 10%. 
? Results not conclusive 

Case 5HT Cal- Soma- ACTH 
cells citonin tostatin cells 

cells cells 

1 0 6 3 1 
2 3 6 2 0 
3 0 7 1 1 
4 0 6 0 4 
5 0 8 0 ? 
6 0 4 5 0 
7 0 9 0 0 
8 2 7 1 0 
9 0 9 0 1 

10 0 6 ? 0 

silver,  l e a d - h a e m a t o x y l i n  o r  m a s k e d  m e t a c h r o m a s i a  t e c h n i q u e s  were  f o u n d  

in all  t u m o u r s ,  a l t h o u g h  v a r i o u s  p r o p o r t i o n s  o f  r eac t ive  cells  a n d  v a r i o u s  degrees  
o f  r e ac t i v i t y  w e r e  f o u n d  in d i f f e ren t  t u m o u r s .  T u m o u r  cells  r eac t ing  w i t h  an t i -  
c a l c i t o n i n  a n t i b o d i e s  in i m m u n o h i s t o c h e m i c a l  tests  were  f o u n d  in all cases  inves t i -  

g a t e d  (Fig .  1). A l t h o u g h  the  p r o p o r t i o n  o f  r eac t ive  to  n o n - r e a c t i v e  cells  v a r i e d  

w ide ly  in d i f f e ren t  cases  ( T a b l e  2), in gene ra l  C cells a c c o u n t e d  for  the  m a j o r i t y  

o f  t u m o u r  cells. 
Cel ls  r eac t ing  w i t h  a n t i s o m a t o s t a t i n  a n t i b o d i e s  were  f o u n d  in 5 cases  (Fig.  2). 

S o m e t i m e s  they  f o r m e d  so l id  nes ts  o r  c o r d s  o f  t u m o u r  cel ls ;  in o t h e r  ins tances  
t h e y  w e r e  sca t t e r ed  as s ingle e l e m e n t s  a m o n g  n o n - r e a c t i v e  t u m o u r  cells, m o s t  
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Fig. 2. Somatostatin cells scattered in tumour tissue of case 2. Immunoperoxidase. • 450 

Fig. 3. Case 1 : groups of ACTH immunoreactive cells scattered in non reactive tumour tissue. 
Immunoperoxidase. x 700 

of which reacted with anti-calcitonin antibodies in the same or consecutive 
section. Cells reacting with anti A C T H  antibodies were found in 4 cases. They 
were scattered as single cells or small groups among largely prevalent non- 
reactive cells (Fig. 3). They were more numerous in case 4, associated with 
Cushing syndrome, and proved to be distinct from calcitonin cells. 
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Fig. 4. Lipofuscin bodies heavily reactive with Masson's argentaffin reaction in a tumour cell 
of case 2. x 14,000 

Cells reacting with diazonium, argentaffin and formaldehyde-induced fluores- 
cence reactions for 5HT were present in 2 cases. Microspectrofluorimetric anal- 
ysis of  the emission spectra of  fluorescent neoplastic cells from case 8 showed 
a peak at 535 mla, corresponding to that of  5HT. Tumour  tissue from the 
same case was found to contain 16,2 7/gr of  5 H T  and 0.1 7/gr of 5HIAA. In 
case 2, besides weakly reactive 5HT cells, a few cells laden with heavily 
argentaffin and strongly fluorescent coarse granules were found; the latter cells 
also stained with Ziehl-Neelsen acid-fast technique while failing to react with 
diazonium technique. The reactivity of such cells was attributed to lipofuscins. 
Corresponding cells in haematoxylin-eosin sections showed yellow-brown gran- 
ules in their cytoplasm. 

Electron Microscopy 

Most turnout cells showed endocrine granules. Poorly granular or non-granular 
cells occurred infrequently. Some of the latter showed well developed endoplas- 
mic reticulum and Golgi complex, and possibly represented active turnout cells 
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Fig. 5. C cell granules of case 3. x 28,000 

with defective ho rmone  storage mechanism. Some cells of  case 2 were filled 
with large, irregular, osmiophilic bodies which were strongly argentaffin (Fig. 4); 
these were interpreted as ceroid lipofuscin bodies. N o  secretory granules were 
identified in such cells. Ceroid bodies were found  occasionally in granular tu- 
m o u r  cells. 
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Fig. 6. Slightly argentaffin (5HT storing) secretory granules in a tumour cell of case 2. x 28,000 

Most tumours showed prevalence of endocrine cells filled with medium-sized 
(150~50 nm), moderately osmiophilic, round granules with or without a very 
thin clear space in between the core and the membrane; such granules showed 
a slight diffuse reactivity with Grimelius' silver and no reactivity with Masson's 
argentaffin reaction (Figs. 5, 8). These cells were considered to be calcitonin 
C cells, since 1) there was a close resemblance of their granule size, structure 
and argyrophilia to those of the normal human (Chan and Conen, 1971; Teitel- 
baum et al., 1971; Hill et al., 1973) or animal C cells (Vassallo et al., 1971a) 
and 2) there was a close correspondence with an apparently predominant popula- 
tion of calcitonin cells found in light microscopically examined specimens of 
the same tumours stained immunohistochemically. 

Cells with medium-sized (197+_47 nm), round or sligtly elongated granules 
with a fairly osmiophilic, intensely argyrophil and slightly argentaffin content 
enveloped by an evident membrane, were numerous in case 2 (Figs. 6, 7). Owing 
to their argentaffinity, these cells were interpreted as the ultrastructural equiva- 
lent of the 5HT-storing cells observed in light microscopy specimens. Their 
granules resembled those of C cells in size but were more osmiophilic and 
argyrophil. Similar cells were found by conventional electron microscopy of 
case 8, also showing 5HT cells in light microscopy specimens. 

In all tumours, some cells where found whose granules were so different 
from C cells with regard to size, shape, osmiophilia, inner structure or silver 
reactivity, as to suggest their separation from C cells, even allowing for some 
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Fig. 7. Case 2: conventional electron microscopy of a cell likely corresponding to the argentaffin 
cell of fig. 6. x 28,000 
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Fig. 8. Large granules of  a type 1 cell (D cell?) and medium-sized granules of  a C cell (top right) 
in tumour  case 3. x 28,000 
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Fig. 9. Type 2 cell (ACTH-MSH cell?) in tumour 4. x 30,000 
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Fig. 10. Case 3: type 2 cell granules with inner osmiophilic bodies and part of a type 3 cell with 
few small granules in the lower right corner, x 28,000 
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Fig. 11. Type 3 cell with small granules; type 1 cell with large granules in the top right corner. 
Case 6. x 30,000 
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polymorphysm, occasionally shown by tumour C cells. Among these non-C 
cells of TMC, cells with large poorly osmiophilic granules (type 1), cells with 
large dense granules (type 2) and cells with small granules (type 3) were dis- 
tinguished. Type 1 cells showing large (250-350 nm), poorly dense, granules 
with tightly, fitting membrane were found in 6 cases, being abundant in 3 cases 
(Figs. 8, 11). They closely resembled the D cells of human gastrointestinal mu- 
cosa and pancreas (Vassallo et al., 1971 b and 1972), known to store somatostatin 
(Polak etal. ,  1975; Rufener etal. ,  1975; Canese and Bussolati, 1977). As a 
whole the number and distribution of type 1 cells corresponded well with those 
of somatostatin immunoreactive cells. 

Type 2 cells with large (200-350 nm), electron dense, round to fairly irregular 
granules were found in 5 cases (Fig. 9). Their number and distribution cor- 
responded roughly to those of ACTH immunoreactive cells; they resembled 
ultrastructurally the ACTH-MSH cells of the human pituitary (Solcia et al., 
1977). Large granules of case 5 and some of case 3 showed double inner structure 
with a dense body immersed in a less dense matrix (Fig. 10). 

Type 3 cells with small granules (100-150 rim) occurred in 6 tumours, but 
were always scarce. Their fairly argyrophil non-argentaffin granules often showed 
a thin halo of less osmiophilic material in-between the core and the enveloping 
membrane (Figs. 10, 11). The cytoplasm showed well developed Golgi complex 
and reticulum, filaments and microtubules. 

As a whole, amyloid deposits were more frequently and intimately associated 
with C cells than with " n o n - C "  cells. 

Discussion 

In keeping with previous histochemical (Bussolati etal. ,  1969; Solcia et al., 
1970) and ultrastrnctural findings (Gonzales-Licea et al., 1968 ; Meyer and Ab- 
del-Bari, 1968) our results show that calcitonin C cells are a prominent and 
distinctive feature of TMC. In our opinion the histochemical and ultrastructural 
demonstration of C cells should be considered a fundamental diagnostic tool 
for TMC, to be added whenever possible to the study of histological structure, 
amyloid deposits and reactivity with granule staining techniques like Grimelius' 
silver, lead haematoxylin or masked metachromasia. 

The histochemical findings described above suggest the occurrence of at 
least two types of non-C endocrine cells in TMC, storing somatostatin and 
ACTH or closely related molecules. Ultrastructural findings suggest the presence 
of at least three types of endocrine cells likely to be interpreted as non-C 
cells: type 1 cells, probably corresponding to somatostatin immunoreactive cells, 
type 2 cells possibly corresponding to ACTH immunoreactive cells, and type 3 
cells with no histochemical counterpart. In contrast with C cells, not one of 
these cells was represented in all cases studied. In some instances they accounted 
for a small minority of the whole tumour cell population; in case 7 they were 
absent. However, as a whole they formed an important tumour cell population 
in at least half of the cases investigated. 

The identity of type 1 cells and somatostatin immunoreactive cells is 
suggested by their parallel distribution in different tumours and by the close 
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ultrastructural similarity of type 1 cells with the D cells of the gut (Vassallo 
et al., 1971 b) which are known to store somatostatin (Rufener et al., 1975 ; Canese 
and Bussolati, 1977). Moreover, somatostatin immunoreactive cells have been 
detected in the rat (H6kfelt et al., 1975) and rabbit thyroid (Fontana et al., 
1977) and cells resembling D cells ultrastructurally have been found in the 
rabbit thyroid (Fontana et al., 1977). ~t seems noteworthy that the largest number 
of somatostatin immunoreactive cells and type 1 cells were found in two multiple 
tumouvs with familiar incidence (cases 1 and 6). No distinctive functional signs 
were noticed in patients bearing such turnouts. 

Type 2 cells have been found in 5 cases. They resembled ultrastructurally 
the ACTH-MSH cells of the human pituitary and pituitary adenomas associated 
with Cushing syndrome (Landolt, 1975; Racadot et al., 1975; Solcia et al., 1977). 
These cells are probably related to ACTH immunoreactive cells, detected histo- 
chemically in at least 4 of the 5 TMCs. Only one of our TMCs showed large 
numbers of both ACTH immunoreactive cells (case 4; see also Bussolati et al., 
1973) and cells resembling ultrastructurally the ACTH-MSH cells; it seems 
interesting that only this tumour was associated with Cushing syndrome. Accord- 
ing to a recent review (Bordi et al., 1976), Cushing syndrome has been reported 
in only. 30 cases of TMC; however, increased plasma levels of cortisol have 
been found in several TMC patients lacking the Cushing syndrome (Hill et al., 
1973). These patients may well correspond to our cases with low numbers 
of ACTH cells in tumour sections and no Cushing syndrome. Moreover, some 
TMC may produce biologically inactive ACTH immunoreactive peptides, as 
found in a recent case (Birkenh~,ger et al., 1976). 

Type 3 cells we found in TMC resembled, ultrastructurally, some cells with 
small haloed granules described in human bronchial mucosa (Bensch et al., 
1965a; Lauweryns et al., 1970; Capella et al., 1977a) and many bronchial carci- 
noids (Bensch et al., 1965 b; Hage, 1973 ; Gabrielli et al., 1977), in human carotid 
body and some related turnouts (Capella and Solcia, 1971 ; Capella et al., 1977b) 
and in human adenohypophysis and some related tumours (Solcia et al., 1977). 
The function of such cells remains obscure. Comparable cells were present 
in a thyroid tumour- in terpre ted  as a non-chromaffin paragangl ioma-which 
lacked amyloid and C cells and was associated with bilateral carotid body 
turnouts (Haegert et al., 1974). 

The endocrine cells storing 5HT we found in two TMCs, must be dis- 
tinguished from heavily argentaffin cells filled with lipofuscin granules and 
lacking secretory granules, also observed in one such TMC. The latter cells 
might correspond to the heavily argentaffin and chromaffin cells described by 
Ljungberg (1970, 1972) in TMC and non-tumour thyroid tissue of TMC bearing 
patients; similar cells have been found in some carotid body turnouts (Grimley 
and Glenner, 1967; Capella and Solcia, 1971). Despite the presence of 5HT- 
storing endocrine cells we failed to detect in the two TMCs cells which fully 
reproduced the ultrastructure of enterochromaffin (EC) cells, the usual 5HT 
cells of the gut and gut related tissues (Solcia et al., 1975). 

Besides calcitonin, C cells of the sheep, goat, horse and bat store 5HT 
(Falck et al., 1964; Solcia and Sampietro, 1968; Gershon and Nunez, 1970). 
Although C cells of human non-tumour thyroid lack 5HT (Solcia and Sampietro, 
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1968), the  C cell na tu r e  o f  5HT-s to r ing  cells in our  two T M C s  canno t  be 
ent i rely ruled out. Secre t ion  o f  5HT by these t u m o u r  cells might  con t r ibu te  
to the d i a r rhea  and  f lushing found  in some T M C  pat ients .  I t  seems no t e w or thy  
tha t  the  t hy ro id  t u m o u r  r e p o r t e d  by  H o r w a t h  et al., (1972), which showed 
cells r ep roduc ing  the u l t ras t ruc tu re  o f  gut EC cells, a ppa re n t l y  lacked  a m y l o i d  
and  C cells and  showed m a n y  g lycogen-r ich  non-endoc r ine  cells resembl ing  
those  of  u l t i m o b r a n c h i a l  cell rests in n o n - t u m o u r  t hy ro id  (Stoeckel  and  Por te ,  
1970). 

A n  he te rogeneous  p o p u l a t i o n  of  g r anu la r  cells has  been found  by D e  Lellis 
et al. (1977) on u l t r a s t ruc tu ra l  examina t i on  o f  h u m a n  thyro ids  wi th  " C  cell 
h y p e r p l a s i a " .  Cells resembl ing  our  C, type  1 and  type  3 cells were shown in 
the mic rographs .  However ,  only  two types  of  cells were recognized  by the 
au thors ,  who in te rp re ted  them as two var ian ts  o f  ca lc i tonin  cells;  they d id  
no t  invest igate  the occur rence  o f  soma tos t a t i n  cells, which  have been recent ly  
de tec ted  in the h u m a n  t hy ro id  by  Y a m a d a  et al. (1977). 

In  conclus ion ,  a l t hough  the presence of  C cells is to be cons idered  as the 
mos t  d is t inct ive  fea ture  o f  T M C ,  n o n - C  cells occur  of ten and  m a y  be so impor -  
tan t  bo th  quan t i t a t ive ly  and  func t iona l ly  tha t  to cons ider  T M C  merely  as a 
" c a l c i t o n i n o m a "  or  " C  cell t u m o u r "  seems an overs impl i f ica t ion  o f  the  mat te r .  
The  more  comprehens ive  and  less c o m m i t t a l  t e rm " t h y r o i d  medu l l a ry  carci-  
n o m a "  seems preferab le  in m a n y  cases. 

References 

Baylin, S.B., Beaven, M.A., Engelman, K., Sjoerdsma, A. : Elevated histaminase activity in medullary 
carcinoma of the thyroid gland. New Engl. J. Med. 283, 1239 1244 (1970) 

Bensch, K.G., Gordon, G,B,, Miller, L.R. : Studies on the bronchial counterpart of the Kultschitzky 
(argentaffin) cell and innervation of bronchial glands. J. Ultrastruct. Res. 12, 668-686 (1965a) 

Bensch, K.G., Gordon, G.B., Miller, L.R.: Electron microscopic and biochemical studies on the 
bronchial carcinoid tumor. Cancer (Philad.) 18, 592-602 (1965b) 

Birkenhfiger, J.C., Upton, G.V., Seldenrath, H.J., Krieger, D.T., Tashjian, A.H. : Medullary thyroid 
carcinoma : ectopic production of peptides with ACTH-like, corticotrophin releasing factor-like 
and prolactin production-stimulating activities. Acta endocr. 83, 280-292 (1976) 

Bordi, C., Anversa, P., Vitali-Mazza, L.: Ultrastructural study of a calcitonin-secreting tumor. 
Typology of the tumor cells and origin of amyloid. Virchows Arch. Abt. A Path. Anat. 357, 
357, 145 161 (1972) 

Bordi, C., Jemmi, G., Banchini, E., Costa, A.: Problemi attuali del carcinoma midollare della 
tiroide. Rec. Progr. Med. 60, 289-334 (1976) 

Bussolati, G., Foster, G.V., Clark, M.B., Pearse, A.G.E. : Immunofluorescent localisation of calcito- 
nin in medullary (C cell) thyroid carcinoma, using antibody to the pure porcine hormone. 
Virchows Arch. Abt. B Zellpath. 2, 234 238 (1969) 

Bussolati, G., Van Noorden, S., Bordi, C.: Calcitonin- and ACTH-producing cells in a case of 
medullary carcinoma of the thyroid. Immunofluorescence investigations. Virchows Arch. A Path. 
Anat. 3611, 123-127 (1973) 

Canese, M.G., Bussolati, G.: Immunoelectroncytochemical localization of the somatostatin cells 
in the human antral mucosa. J. Histochem. Cytochem. 25 (1977) (in press) 

Capella, C., Solcia, E. : Optical and electron microscopical study of cytoplasmic granules in human 
carotid body, carotid body turnouts and glomus jugulare turnouts. Virchows Arch. Abt. B 
Zellpath. 7, 37-53 (1971) 

Capella, C., Hage, E., Solcia, E., Usellini, L.: Ultrastructural similarity of endocrine-like cells 
of the human lung and some related cells of the gut. Cell Tiss. Res. (1977a) (in press) 



Multiple Endocrine Cells in Thyroid Medullary Carcinoma 127 

Capella, C., Solcia, E., Buffa, R., Usellini, L. : Cytology of human carotid body and related tumours 
(1977b) (in preparation) 

Chan, A.S., Cohen, P.E.: Ultrastructural observations on cytodifferentiation of parafollicular cells 
in the human fetal thyroid. Lab. Invest. 25, 249-259 (1971) 

Coons, A.H., Leduc, E.H., Connolly, J.M.: Studies on antibody production. 1. A method for 
the histochemical demonstration of specific antibody and its application to a study of the 
hyperimmune rabbit. J. exp. Med. 102, 49 63 (1955) 

Cunliffe, W.J., Black, M.M., Hall, R., Johnston, I.D.A., Hudgson, P., Shuster, S., Gudmusson, 
T.V., Joplin, G.F., Williams, E.D., Woodhouse, N.J.Y., Galante, L., Mac-Intyre, I. : A calcitonin- 
secreting thyroid carcinoma. Lancet 1968II, 63-66 

Donahower, G.F., Schumacher, O.P., Hazard, J.B. : Medullary carcinoma of the thyroid-A cause 
of Cushing's syndrome: Report of two cases. J. clin. Endocrinol. 28, 1199 1204 (1968) 

Falck, B., Larson, B., Mecklemburg, C. von, Rosengren, E., Svenaeus, K.: On the presence of 
a second specific cell system in mammalian thyroid gland. Acta physiol, scand. 62, 491-492 
(1964) 

Falck, B., Owman, C.: A detailed methodological description of the fluorescence method for 
the cellular demonstration of biogenic monoamines. Acta Univ. Lurid. Sectio II ~ 7, 1-23 (1965) 

Fontana, P., Buffa~ R., Capella, C., Solcia, E.: Somatostatin ceils in the rabbit thyroid (In 
preparation) (1977) 

Gabrielli, M., Capella, C., Bordi, C., Buffa, R., Solcia, E.: Bronchial carcinoid. Ultrastructural 
characterization of different types. Virchows Arch. A Path. Anat. (1977) (in preparation) 

Gershon, M.O., Nunez, E.A. : Histochemical and radioautographic studies of serotonin and parafol- 
licular cells in the thyroid gland of the prehibernating bat. Endocrinology 86, 160-166 (1970) 

Giacalone, E., Valzelli, L.: A spectrofluorometric method for the simultaneous determination of 
2-(5 hydroxyindol-3-yl) ethylamine (serotonin) and 5-hydroxyindol-3-yl-acetic acid in the brain. 
Pharmacology 2, 171 175 (1969) 

Gonzales-Licea, A., Hartmann, W.H., Yardley, J.H.: Medullary carcinoma in the thyroid. Ultra- 
structural evidence of its origin from the parafollicular cell and its possible relation to carcinoid 
tumors. Amer. J. clin. Path. 49, 512-520 (1968) 

Grimelius, L.: A silver nitrate stain for a2 cells in human pancreatic islets. Acta soc. Med. upsalien. 
73, 243-270 (1968) 

Grimley, P.M., Glenner, G.G. : Histology and ultrastructure of carotid body paragangliomas. Com- 
parison with the normal gland. Cancer (Philad.) 20, 1473-1488 (1967) 

Haegert, D.G., Wang, N.S., Farrer, P.A., Seemayer, T.A., Thelmo, W. : Non-chromaffin paragan- 
gliomatosis manifesting as a cold thyroid nodule. Amer. J. clin. Path. 61, 561-570 (1974) 

Hage, E. : Histochemistry and fine structure of bronchial carcinoid tumours. Virchows Arch. Abt. 
A Path. Anat. 361, 121-128 (1973) 

Hill, C.S., Ibanez, L.M., Samann, N.A., Ahearn, M.J., Clark, R.L.: Medullary solid carcinoma 
of the thyroid gland: an analysis of the M.D. Anderson Hospital experience with the tumor, 
its special features and its histogenesis. Medicine 52, 141 171 (1973) 

H6kfelt, T., Efendic, S., Hellerstrom, C., Johansson, O., Luft, R., Arimura, A. : Cellular localization 
of somatostatin in endocrine-like celIs and neurons of the rat with special references to the 
Al-cells of the pancreatic islets and to the hypothalamus. Acta endocr. (Kbh.) 80, Suppl. 
200, 1-41 (1975) 

Horvath, E., Kovacs, K., Ross, R.C.: Medullary cancer of the thyroid gland and its possible 
relations to carcinoids. Virchows Arch. Abt. A Path. Anat. 356, 281-292 (1972) 

Landolt, A.M. : Ultrastructure of human sella tumors. Acta Neurochir. Suppl. 22 (1975) 
Lauweryns, J.M., Peuskens, J.C., Cokelaere, M.: Argyrophil, fluorescent and granulated (peptide 

and amine producing?) AFG cells in human infant bronchial epithelium. Light and electron 
microscopy studies. Life Sci. 9, 1417 1429 (1970) 

Ljungberg, O.: Two cell types in familial medullary thyroid carcinoma. A histochemical study. 
Virchows Arch. Abt. A Path. Anat. 349, 312 322 (1970) 

Ljungberg, O. : Argentaffin cells in human thyroid and parathyroid and their relationship to C-cells 
and medullary carcinoma. Acta Path. Microbiol. Scand. Section A80, 589 600 (1972) 

Meyer, J.S.,-AbdeI-Bari, W.: Granules and thyrocalcitonin-like activity in medullary carcinoma 
of the thyroid gland. New Engl. J. Med. 278, 530-533 (1968) 

Melvin, K.E.W., Tashjian, A.H. : The syndrome of excessive thyrocalcitonin produced by medullary 
carcinoma of the thyroid. Proc. nat. Acad. Sci. 59, 1216-1222 (1968) 



128 C. Capella et al. 

Moertel, C.G., Beahrs, O.H., Woolner, L.B., Tyce, G.M. : "Malignant carcinoid syndrome" asso- 
ciated with noncarcinoid tumors. New Engl. J. Med. 273, 244~48 (1965) 

Polak, J.M., Pearse, A.G.E., Grimelius, L., Bloom, S.R., Arimura, A.: Growth-hormone release- 
inhibiting hormone in gastrointestinal and pancreatic D cells. Lancet 1975I, 1220 1222 

Racadot, J., Vila-Porcile, E., Olivier, L., Peillon, F.: Electron microscopy of pituitary tumours. 
Progr. Neurol. Surg. 6, 95-141 (1975) 

Rufener, C., Amherdt, M., Dubois, M.P., Orci, L. : Ultrastructural immunocytochemical localization 
of somatostatin in D-cells of rat pancreatic monolayer culture. J. Histochem. Cytochem. 23, 
866 869 (1975) 

Solcia, E., Sampietro, R.: New methods for staining secretory granules and 5-hydroxytryptamine 
in the thyroid C cells. In: Calcitonin: Proceedings of the symposium on thyrocalcitonin and 
the C cells (S. Taylor, ed.) pp. 127-132. London: Heinemann 1968 

Solcia, E., Vassallo, G., Capella, C.: Selective staining of endocrine cells by basic dyes after acid 
hydrolysis. Stain Technol. 43, 257-263 (1968) 

Solcia, E., Capella, C., Vassallo, G. : Lead-haematoxylin as a stain for endocrine cells. Significance 
of staining and comparison with other selective methods. Histochemie 20, 116 126 (I969a) 

Solcia, E., Sampietro, R., Capella, C. : Differential staining of catecholamines, 5-hydroxytryptamine 
and related compounds in aldehyde-fixed tissues. Histochemie 17, 273-283 (1969b) 

Solcia, E., Capella, C., Sampietro, R., Vassallo, G.: The distribution of human C cells and their 
relationship to osteopetrosis and medullary carcinoma of the thyroid. In: Calcitonin 1969. 
(S. Taylor and G.V. Foster, eds.), p. 220, London: Heinemann 1970 

Solcia, E., Capella, C., Vassallo, G., Buffa, R.: Endocrine cells of the gastric mucosa. Internat. 
Rev. Cytol. 42, 223 286 (i975) 

Solcia, E., Capella, C., Buffa, R., Frigerio, B., Fontana, P., Usellini, L. : Tumori dell'adenoipofisi: 
diagnosi morfologica e classificazione. Pathologica (Genova) 69, 333 346 (1977) 

Sternberger, L.A.: Immunocytochemistry. London: Prentice-Hall I974 
Stoeckel, M.E., Porte, A. : Origine embryonnaire et diff+rentiation s+cr~toire des cellules fi calcitonine 

(cellules C) dans la thyroide foetale du rat. Etude au microscope 6lectronique. Z. Zellforsch. 
106, 251-268 (1970) 

Teitelbaum, S.L., Moore, K.E., Shieber, W.: Parafollicular cells in the normal human thyroid. 
Nature 230, 334-335 (1971) 

Vassallo, G., Capella, C., Solcia, E.: Grimelius' silver stain for endocrine cell granules, as shown 
by electron microscopy. Stain Technol. 46, 7 14 (1971 a) 

Vassallo, G., Capella, C., Solcia, E.: Endocrine cells of the human gastric mucosa. Z. Zellforsch. 
118, 49-67 (1971 b) 

Vassallo, G., Solcia, E., Bussolati, G., Polak, J.M., Pearse, A.G.E.: Non-G cell gastrin-producing 
tumours of the pancreas. Virchows Arch. Abt. B Zellpath. 11, 66-79 (1972) 

Williams, E.D.: Histogenesis of medullary carcinoma of the thyroid. J. clin. Path. 19, 114-118 
(1966) 

Williams, E.D., Karim, S.M.M., Sandler, M.: Prostaglandin secretion by medullary carcinoma 
of the thyroid. A possible cause of the associated diarrhoea. Lancet I, 22-23 (1968a) 

Williams, E.D., Morales, A.M., Horn, R.: Thyroid carcinoma and Cushing's syndrome. J. Clin. 
Path. 21, 129 135 (1968b) 

Yamada, Y., Ito, S., Matsubara, Y., Kobayashi, S. : Immunohistochemical demonstration of soma- 
tostatin-containing cells in the human, dog and rat thyroid. Tohoku J. Exp. Med. 122, 87-92 
(1977) 

Received July 19, 1977 


