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Summary. The histological, histochemical and ultrastructural features of six careinoid 
tumours of the larger bronchi are described. Electron microscopy and methods known to 
stain endocrine cell granules selectively allowed differentiation of three types of endocrine 
cells. Electron microscopy revealed that two of these cell types were similar to endocrine 
cells normally found in the pulmonary epithelium of human foetuses. These cells had small, 
round membrane-bound secretory granules of uniform size and shape, or much larger, round 
secretory granules, tightly surrounded by a membrane and almost homogeneous in appear- 
ance. The secretory granules of the third cell type were characterized by large polymorphic 
secretory granules, vesiculated or tightly surrounded by a membrane. These cells were 
reactive to staining with the argentaffin silver method and were quite similar to the entero- 
ehromaffin cell known from the digestive tract. Scattered mastocytes which reacted to 
some of the granule staining methods were easily identified by electron microscopy. 

For  long it  has been known tha t  carcinoid tumours  of the in tes t inal  t ract  are 
derived from endocrine cells in the intes t inal  mucosa (Gosset et al., 1914). Feyr ter  
(1954) suggested the origin of carcinoid tumours  of the lung to be endocrine cells 
in the bronchial  epithelium. This was supported by  electron microscopic investi-  
gations of Bensch and  his group (Bensch eta l . ,  1965a, b;  Gmelich et al., 1967). 
The present  invest igat ion was under t aken  in order to ascertain whether there are 
cytochemical or u l t ras t ruc tura l  resemblances between endocrine cells in the pul- 
mona ry  epithel ium of h u m a n  foetuses (Huge, 1972, 1973 in press) and  the cells 
of 6 bronchial  earcinoid tumours.  

Material and Methods 

The material comprised surgical specimens of 5 bronchial carcinoid tumours and a biopsy 
from 1 bronchial carcinoid tumour; from the latter case material was obtained at autopsy, too. 

The standard method of preparation was fixation in 10% formaldehyde followed by 
paraffin embedding. Additional material from all tumours was fixed in: 1) glutaraldehyde 6 %, 
2) Bouin's fluid, 3) g]utaraldehyde-picric acid (Soleia et al., 1968). 

For routine examination sections were stained by haematexyline-eosin. The following 
techniques for endocrine cell granules were applied: lead haematoxyline, Pb-H (Solcia et al., 
1969b) ; ~Cl-teluidine blue (Soleia et al., 1968) 1 N HC1, 60 ° C, 3hr and toluidine blue at pH 2 
and 5 was used; Grimelius' silver method (Grimelius, 1968); Masson-ttamperl's silver method 
(Singh, 1964); zanthydrol and diazonium reaction (Solcia et al., 1969a). Human duodenum 
served as control-tissues. For identification of amyloid, congo red and methyl-violet were 
applied. In order to differentiate between various cell types sections were stained by one 
method, decelerated, and restained by another method; or the various methods were per- 
formed on alternative sections from serial sections of a single block. 

Five bronchial carcinoid tumours were examined by electron microscopy. Blocks of 
tissues (about 1-2 mm 8) were fixed in ice-cold 3 % glutaraldehyde in 0.2 M eacodylate buffered 
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sucrose, post-fixed in osmium fetroxid 1% for 2 hours and embedded in epon. The sections 
were cut on a Reichert OM U2 ultramicrotomc. One tzm thick sections were stained with 
toluidine blue and examined in light microscope in order to locate areas to be trimmed for 
thin sections. The latter were stained with Zn-uranylacetate 4% and Pb-citrate 0.4% prior 
to examination in a Hitachi HS-8 electron microscope. Argentaffin silver reaction for electron 
microscopy was performed (H~kanson et al., 1971). After conventional fixation, embedding 
and sectioning ultra-thin sections were placed on nickel grids and were exposed to an ammo- 
niacal silver nitrate solution in the dark for 1/2 hour at 60 ° C (Singh, 1964). The grids were 
then rinsed in rcdistilled water and air dryed before examination. 

Results 

All  the  tumours  were loca ted  in larger  bronchi  (Table 1). I n  case number  
I ,  I I ,  I V  and  VI  t u m o u r  p r o t r u d e d  into  the  bronchia l  lumen causing obs t ruc t ion  
and  atelectasis .  On cut  surface t h e y  were all homogenous,  p ink  or greyish.  I n  ease 
number  I V  and  VI  regional  l y m p h  nodes were invaded .  B y  l ight  microscopic  
examina t ion  all t umours  were loca ted  to the  submucous  layer  of the  bronchi  wi th  
a d i s t inc t  separa t ion  f rom the  bronchia l  surface ep i the l ium b y  a l ayer  of f ibrous 
tissues. I n  case n u m b e r  I V  squamous  metap las t i e  changes of the  surface ep i the l ium 
were observed;  u lcera t ion  was never  seen. Invas ion  of the  lung was no ted  in case 
number  I I ,  IV,  V and  VI.  

The  histological/eatures of the  t u m o u r  var ied  from case to  case and  even in 
di f feIent  areas  of the  same case. Turnout  cells migh t  be a r ranged  in solid sheets 
of va ry ing  shape and  size, su r rounded  b y  f ibrous t issue (alveolar  pa t te rn) .  The  
cells migh t  be a r ranged  in anas tomos ing  cords wi th  two or  more  rows of ceils 
a long th in  bridges of vascu la r  s t roma  ( t rabecular  pa t te rn) .  Rose t te - l ike  figures 
and  nuclear  pa l i sad ing  were of ten found  in t umours  wi th  t r abecu la r  pa t t e rn .  

Turnout  cells were of un i form cyl indro-cuboidal ,  po lygonal  or  sp indle-shape 
wi th  round,  oval  or t r i angu l a t ed  nuclei.  I n  sections s t a ined  b y  haematoxy l ine -  
eosin the  cy top lasm was b r igh t  acidophi l ic  or water-clear .  A few mul t inuc lea t ed  
g ian t  ceils were observed  in case number  I I .  A mode ra t e  cellular  po lymorph i sm  
was observed  in case n u m b e r  IV,  V and  VI.  Mitot ic  figures were few except  in 
case number  V. 

The h is tochemical  resul ts  are summar ized  in Table  1. I t  mus t  be a d d e d  t h a t  
on ly  some of the  t u m o u r  cells were reac t ive  to  the  var ious  me thods  appl ied.  All  
t umour s  w i thou t  case number  VI  conta ined  more t h a n  one endocr ine  cell type .  
I n  case n u m b e r  I and  I V  g lu t a r a ldehyde  f ixed sections were s t a ined  b y  P b - H ,  
subsequen t ly  dece l e ra t ed  in d i lu te  tIC1 and  res ta ined  b y  d iazonium technique.  
Some of the  P b - H  reac t ive  cells were no t  s t a ined  b y  d iazonium technique,  mos t  
in case n u m b e r  I .  B y  using serial  sections of a single block f ixed in fo rmaldehyde  
a l t e rna t ive  sect ions were s t a ined  b y  d iazonium and  argentaf f in  (Masson-Hamper l )  
techniques ,  b y  d iazon ium and  a rgyroph i l  (Grimelius) techniques  or b y  argentaf f in  
and  a rgyroph i l  techniques .  I t  was observed t h a t  all cells reac t ive  to s ta in ing  wi th  
a rgentaf f in  and  d iazonium techniques  were argyrophi l ic ,  too, b u t  mos t  cells were 
a rgyrophi l ic  only.  F u r t h e r m o r e  some argentaf f in  cells were no t  reac t ive  to s ta in ing 
wi th  d iazon ium technique.  A t t e m p t s  to  use P b - H  and  a rgyrophi l  t echnique  on 
the  same or a l t e rna t ive  sect ions of blocks f ixed b y  g lu ta ra ldehyde ,  fo rma ldehyde  
or Bouin ' s  f luid were no t  successful. S ta in ing  w i th  to luidine blue af te r  acid hydro-  
lysis revea led  a small  number  of ceils some of which were red-viole t ,  some blue- 
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Table 1. Age, sex and macroseopicallydescriptions of six cases of bronchial carcinoid tumours 

Case Age in years Site of Size of Gross up- 
number tumour tumour pearance 

3 

I 25 right middle 2 × 11/2 × 2 globoid lobulated 
lobar bronchus firm greyish 

I I  85 left main bronchus polypodoid soft pink 

I I I  65 left lower lobe, 21/2 × 2 × 2 globoid lobulated 
segmental bronchus firm greyish 

IV 62 right middle 41/2 × 4 × 4 globoid smooth 
lobar bronchus firm pink 

V 35 right lower lobe apical 1 x 2 × 2 infiltrating 
segmental brochus growth firm greyish 

VI 28 right lower lobar 2 × 2 × 21/2 globoid lobulated 
bronchus soft pink 

violet. At  p t I  2 of the toluidine blue solution only few metachromat ic  cells were 
observed probably  mastocytes.  The HOl-toluidine blue method could not  in m y  
hand  tolerate association with the other techniques but  using diazonium reaction 
and HCl-toluidine blue on alternative sections of glutaraldehyde fixed blocks the 
number  and distribution of blue-violet cells corresponded to the number  and 
distribution of cells reactive to diazonium technique. 

I n  case number  I I ,  I I I  and V endocrine cells were stained only by  the argy- 
rophil silver method and Pb-H.  In  case number  VI  argyrophilic but  otherwise 
unreactive cells were demonstrated.  

By  electron microscopic examination the tumours  were found to be made up of 
polygonal cells some of which with several long cytoplasmic processes (Fig. 1). 
Plasmamembranes  of neighbouring cells were separated from one another  by  
narrow clefts and were only occasionally interdigitating. Desmosomes were never 
observed. A basement  membrane  paralleled the cell membranes  adjacent  to con- 
nective tissue (Fig. 2). Microvilli-like projections from the cell surface were occasio- 
nally observed (Fig. 3). I n  most  cases light and dark cells were observed (Fig. 4). 
The dark appearance was not  caused by  organelles bu t  seemingly by  a quali ty of 
the hyaloplasm. The cytoplasm contained round or elongated mitochondria,  often 
a prominent  Golgi complex, stacks of rough endoplasmic ret iculum and free 
ribosomes. I n  m a n y  cells lysosome structures were observed, in particular residual 
bodies with ul t rastructural  features suggesting lipofuscin could be recognized 
(Fig. 4). 

Most tumour  cells contained secretory granules. The number  and appearance 
of these granules was variable between and within tumours,  but  within single 
cells all granules had the same morphology.  Only few granules were found in 
tumour  cells of case number  VI. On basis of the morphology three types  of secre- 
to ry  granules could be distinquished (Table 2). I n  some cells the secretory granules 
were characterized by  their small size, almost uniform, round shape and the 
homogenous appearance of their central dense core. These granules were t ight ly 
surrounded by  a membrane,  a l though sometimes a narrow clear space could be 
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Fig. 1. Electron micrograph of bronchial carcinoid tumour case number I (× 3150). Light 
and dark cells with small, round secretory granules and cytoplasmic extensions 

Fig. 2. Electron micrograph of bronchial earcinoid turnout case number V ( x 4350). Cell with 
small, round secretory granules (S), and polymorphic secretory granules P. A basement 

membrane paralleled the cell membranes adjacent to connective tissues 
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Fig. 9 12. Electron micrographs of bronchial carcinoid tumour case number I (X 4350). 
Masson-Hamperl argentaffin silver technique performed directly on ultrathin sections. Cells 
with polymorphic P, small, round S and large, round L secretory granules. Mast cell 21I. 

Lipofuscin bodies Li  

observed be tween the  centra l  dense core and  the  membrane  (Figs. 1, 5). The 
granules  seemed to be concent ra ted  in the  cy toplasmic  extensions.  I n  the  cell body  
some d i sp lacement  t oward  the  pe r iphery  could be noted.  Other  cells conta ined  
larger  round  granules  of uniform size and bound  b y  a d iscont inuous  membrane .  
Thei r  content  var ied  between l ight  g ranu la r  and  homogenous e lect ron opaque.  The  
granules of these cells were evenly  d i s t r ibu ted  in the  ceil body  (Figs. 4, 6, 7). 
F ina l l y  some cells conta ined  po lymorphic  granules,  polygonal ,  ovoid- or k idney  
shaped,  ves icu la ted  or t i gh t ly  sur rounded  b y  a membrane  (Figs. 2, 6, 8). These 

Fig. 3. Electron mmrograph of bronchial carcinoid tumour case number VI (X 11150). Micro- 
villi-like structures 

Fig. 4. Electron mlcrograph of bronchial carcinoid tumour case number I ( x 5850). Cell with 
large, round secretory granules and lipofuscin bodies Li 

Fig. 5. Electron mlcrograph of bronchial carcinoid tumour case number I ( x 3150). Cells with 
small, round secretory granules 

Fig. 6. Electron mmrograph of bronchial carcinoid tumour case number I ( X 3150). Cells with 
polymorphic P, and large, round L secretory granules 

Fig. 7. Electron micrograph of bronchial carcinoid tumour case number I (× 5 850). Cell with 
large, round secretory granules 

Fig. 8. Electron mlcrograph of bronchial carcinoid tumour case number IV (x  5850). Cell 
with polymorphic secretory granules 
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Table 2. Morphology and 
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staining characteristics of endocrine cell granules of six bronchial 
carcinoids 

Case Morphology 
number of granules 

Argent- Argent- Diazoni- Argyro- Lead HCl- 
affin affin um b phil haema- HCluidine 
silver; silver silver toxyline blue 
thin- 
sections a c b d 

I polymorphic -t- + + + + blue-violet 
large round -- --  --  -{- ? + ? red-violet ? 
small round --  -- --  + -- - -  

I I  - -  - -  + + - 

I I I  large round --  - -  --  @ ? + ? red-violet ? 
small round - -  - -  - -  + - -  - -  

IV polymorphic + + + + + blue-violet 
small round --  --  -- + --  --  

V polymorphic + --  -- + + blue-violet 
small round --  -- --  + -- -- 

VI small round --  --  -- + -- --  

Fixative of choice: a = formaldehyde; b = glutaraldehyde; c = Bouin's fluid; d = glutaralde- 
hyde-pieric acid. 

g ranu les  were  r e a c t i v e  b y  a p p l i c a t i o n  of a m m o n i a c a l  s i lver  ( a rgen ta f f in  r eac t ion )  

to  g l u t a r a l d e h y d e  f ixed  spec imens  whi le  g ranu le s  of t h e  o t h e r  cell t y p e s  were  

u n r e a c t i v e  (Figs. 9-11) .  Bes ides  t he se  granules ,  l ipofusc in  bodies  (Fig.  ]1) a n d  

g ranu le s  of s c a t t e r e d  m a s t o e y t e s  (Fig. 12) were  r e a c t i v e  to  t h e  a r g e n t a f f i n  s i lver  

m e t h o d .  

D i s c u s s i o n  

T h e  cells of o r ig in  of ca rc ino id  t u m o u r s  are  k n o w n  to  be s c a t t e r e d  endoc r ine  

cells in t h e  ep i the l ia l  l in ing  of t h e  d iges t ive  a n d  r e s p i r a t o r y  t r ac t .  I t  m a y  be sup- 
posed  t h a t  a ca rc ino id  t u m o u r  f o u n d  in  a g iven  p lace  ref lec ts  t h e  m o r p h o l o g i c a l  

f e a tu r e s  of t h e  endoc r ine  cells n o r m a l l y  f o u n d  in t h a t  region.  T h e  s i m i l a r i t y  

b e t w e e n  t h e  t u m o u r  cells a n d  t h e i r  p a r e n t  cells is bes t  r e f l ec t ed  b y  t h e  cyto-  
chemica l  a n d  f i ne - s t ruc tu rM cha rac te r i s t i c s  of t he i r  s ec re to ry  granules .  

T h e  c y t o c h e m i c a l  cha rac te r i s t i c s  of endoc r ine  cells in t h e  p u l m o n a r y  epi- 

t h e l i u m  of h u m a n  foe tuses  were  desc r ibed  b y  H a g e  (1972). U s i n g  G r i m e l i u s '  

s i lver  n i t r a t e  m e t h o d  a rgy roph i l i c  cells were  o b s e r v e d  s ing ly  or  in  g roups  of t w o  

or  m o r e  cells. :By a p p l i c a t i o n  of P b - t t  a n d  H C l - t o l u i d i n e  b lue  o n l y  few, o f t en  
s ing ly  a p p e a r i n g  cells were  r eac t ive .  L a t e r  (Hage,  1973 in press) t h e  f ine  s t r u c t u r e  
of a t  l eas t  3 t y p e s  of endoc r ine  ceils, each  of wh ich  possessed cha rac t e r i s t i c  
s e c r e t o r y  granules ,  were  obse rved .  Cells desc r ibed  as t y p e  1 c o n t a i n e d  smal l  

r o u n d  m e m b r a n e - b o u n d  g ranu le s  w i t h  a dense  core  s e p a r a t e d  f r o m  t h e  s u r r o u n d i n g  

m e m b r a n e  b y  a n a r r o w  clear  space  a n d  l a rge r  b u b b l e - s h a p e d  g ranu le s  con t a in ing  

smal l  eccen t r i c  a c c u m u l a t i o n s  of  h i g h  e l ec t ron  d e n s i t y  r e a c t i v e  to  a r g e n t a f f i n  
s i lver  m e t h o d  p e r f o r m e d  d i r e c t l y  on  u l t r a t h i n  sect ions.  Cells desc r ibed  as t y p e  2 
c o n t a i n e d  smal l ,  round ,  m e m b r a n e - b o u n d  g ranu les  of u n i f o r m  shape  a n d  size, 
a n d  cells de sc r ibed  as t y p e  3 c o n t a i n e d  l a rge r  g ranu les  of r o u n d  shape  a n d  homo-  
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genous appearance, t ightly surrounded by a membrane. All three cell types were 
reactive to argyrophil silver method performed directly on ultra-thin sections. 
Most cells were of type 1 and 2, often found together in groups, whereas cells 
of type 3 were few, similar in number and distribution to those reactive to Pb-I-I 
and IICl-toluidine blue. 

Cells with fine-structural characteristics of type 1 cells in foetal bronchial 
epithelium were not found in the present tumour material. However, in a study 
of Black (1969) comparing the fine-structure of one pulmonary oneocytoma with 
the fine-structure of one typical bronchial eareinoid, he described cells in the 
oncoeytoma not present in the earcinoid. The cells were characterized by large 
vesieulated granules admixed with smaller, round granules almost t ightly bound 
by a membrane, gam pe r l  (1937) described two bronchial eareinoid turnouts 
containing cells which he termed oncoeytes. He described by light microscopy 
these cells as large cells containing abundant  eosinophilic, granular cytoplasm 
and small pyknotie nuclei. Electron microscopic studies of oneocytomas in other 
tissues disclosed large mitochondrie packed cells without specific secretory gran- 
ules. Supposing pulmonary oneocytomas are variants of bronchial eareinoid 
tumours their progenitor cell could be cell type 1 observed in the pulmonary 
epithelium of human foetuses. 

Cells with fine-structural characteristics of type 2 cells in foetal bronchial 
epithelium could be observed in all eareinoid tumours examined by me. In ease 
number VI this cell type was the only granulated cell type observed. That  part  
of tumour used to eytochemistry was unreaetive to all methods applied except 
argyrophil silver technique. Unfortunately argyrophil silver method could not 
be used directly on ultra-thin sections because of improper fixation. Cells with 
fine-structural characteristics of type 3 cells in foetal bronchial epithelium could 
be observed in two eases, although a wider range in size of the granules and a 
greater variation in electron density of the granules was noted. These cells were 
in ease number I and I I I  scattered among great numbers of the other granulated 
cell types described and are supposed to be identical with the red-violet cells 
observed in case number I and I I I  after acid hydrolysis and staining by toluidine 
blue p i t  5. 

A ee]l type not observed in the bronchial epithelium of human foetuses was 
found in ease number I, IV and V. These cells contained polymorphic granules 
of varying size reactive to argentaffin silver method applied directly on ultra-thin 
sections. In  parts of these tumours preserved for argentaffin and diazo tech- 
niques, reactive cells were observed in ease number I and IV but not in case 
number V. I t  was shown that  these cells were argyrophilie too, and that  they were 
stained by Pb-I t .  They are supposed to be identical with the blue-violet cells in 
Base number I and IV by use of IICl-toluidine blue technique. The origin of the 
relatively large number of these cells in some bronchial carcinoids requires explana- 
tion. Gloor, Campiehe and Banmann (1972) pointed out the importance of distin- 
guishing between silver reducing meta- or orthoehromatie mastoeytes and silver 
reducing endocrine cells. In  the present study scattered mastoeytes reactive to 
argentaffin silver method were observed in all cases but they were easily distin- 
guished from a much greater number of argentaffin, polymorph-granulated endo- 
crine cells in case number I, IV and V. IIowever, the fine-structure and the 
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s taining pa t t e rn  of these polymorph-granula ted  endocrine cells are quite similar 
to those of enterochromaffin cells of the h u m a n  gastrointest inal  t rac t  (Pearse 
et al., 1970). The occurrence of this cell type  in bronchial  carcinoids migh t  be 
explained in two ways:  they  might  arise from single preexist ing endocrine cells 
in the bronchial  epi thel ium or parabronehial  glands no t  yet  identified, or they 
could arise by  modificat ion of those endocrine cells which are normal ly  present.  

Transformat ion  of one type  of endocrine cells into another  type  has no t  been 
observed bu t  is discussed by  Polak etal.  (1971) related to the occurrence of 
gastrin-cells in the fundic mueosal glands in  pernicious anaemia.  

I am grateful to professor Hans Rahbek Sorensen, ~ .  D., chief surgeon for the tumours 
kindly placed at my disposal. 
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