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Summary. Electron microscopic examination of the human fetal and adult adenohypo- 
physis reveals a cellular network eomposed of epithelial stellate cells. These eells have no 
secretory granules. Their cytoplasm extends multiple processes and composes a supporting 
framework. The stellate cells are connected to each other or to adjacent granulated secre- 
tory cells by distinct junctional complexes. In the early stage of the fetus, these cells 
frequently form follieles and ductule-like intereellular spaces. In the adult such structures are 
rarely observed. The agranular stellate cells exhibit more cytological activity and possibly 
play some metabolic role. In two out of 18 cases of pituitary adenoma, these cells constitute 
a part of the tumor tissue. The stellate cells are interpreted as undifferentiated pituitary cells 
by some investigators. However, the marginal cells of l~athke's pouch and the primordial cells 
of the primitive adenohypophysis in the human embryo exhibit still more immature cytological 
characters and are thought to differentiate inte granulated and agranular stellate cells. 

Zusammen]assung. Elektronenoptische Untersuchungen der Adenohypophyse von mensch- 
lichen Foeten und Erwachsenen decken ein zelluläres Netzwerk auf, das von sternförmigen 
Epithelien, den sogenannten agranulären Sternzellen gebildet wird. Diese Zellen haben keine 
sekretorischen Granula, weisen jedoch multiple cytoplasmatische Fortsätze auf und formen 
auf diese Weise eine Art Stützgerüst. Die sternförmigen Zellen verbinden sich untereinander 
oder mit benachbarten granulierten sekretorischen Zellen mittels deutlichen Verbindungs- 
apparaten. In foetalen Frühstadien bilden diese Zellen oft Follikel und Ductulus-ähnliche 
Intercellularräume. Beim Erwachsenen sind solche Strukturen jedoch selten. Die agranulären 
Sternzellen zeigen eine ausgeprägte celluläre Aktivität und haben möglicherweise eine gewisse 
metabolische Bedeutung. In zwei von 18 Fällen mit Hypophysenadenom bilden diese Zellen 
einen Teil des Tumorgewebcs. 

Die Sternzellen werden von einigen Autoren als undifferenzierte ttypophysenzellen an- 
gesehen. Die marginalen Zellen der Rathke'schen Tasche und die primordialen Zellen der 
primitiven Adenohypophyse menschlicher Emhryonen weisen jedoch andere cytologisch un- 
reife Strukturen auf. Wahrscheinlich können sich diese Zellen einerseits in granuläre sekreto- 
rische Hypophysenzellen und andererseits in agranuläre Sternzellen ausdifferenzieren. 

Introduetion 

The ut i l izat ion of the  electron microscope and immunohis tochemica l  methods  
made i t  possible to different ia te  f ive types  of hormone-producing cells in the  adeno- 

hypophysis  (Nakane, 1970). These cells have  characteris t ic  secretory granules in 

thei r  cy toplasm and from thei r  sizes, nature,  and dis t r ibut ion one can ident i fy  

each cell type.  However ,  a small number  of par t icular  cells have  no secretory 
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granules. Fa rquhar  (1957) found agranular  follicle-composing cells, so-cMled 
"follicular cells", in the adenohypophysis  of the rat  and considered them to be 
ACTH-secret ing cells. Similar eells were recognized in various speeies of animals, 
such us the dog (Kagayama,  1965), dolphin (Harrison und Young,  1969), hamster  
(Dubois und Girod, 1970), and cat  (Olivier, 1971), but  systematic invest igation 
was rarely performed on human  pituitaries. 

I n  the course of electron microscopie studies of normal  und pathologieal 
tissues of h u m a n  pituitaries, the author  found some morphologieal characteristies 
of agranular  eells, und comparat ive  studies wert  performed between these and 
marginM cells of Ra thke ' s  pouch und primordiM cells of primitive adenohypo-  
physis. 

Materials and Methods 

Materials employed were the hypophyseal tissues of 2 human embryos belonging to 
Streeter's stage XI I I  (27 ± 2 days after ovulation) and stage XX (41 ± 1 days) (Streeter, 
1945, 1951), of 4 fetuses obtained in the 16, 17, 24, and 28th weeks of gestation by spontaneous 
or legal abortionl and of 2 adults, resected from female patients with mammary carcinoma. 
The tumor tissues of 18 cases of pituitary adenoma were also examined. For the comparative 
morphology the pituitaries of two rhesus monkeys (macaca malutta) were investigated. 

Small blocks of these tissues, taken within 10 minutes postmortem or immediately after 
resection, were fixed in a mixture of 2% glutaraldehyde and 2% formaldehyde and then 
in 1% osmium-tetroxide with sucrose added. The tissue was embedded in Epon 812 after Luft's 
technique or in Araldite. Ultrathin sections were doubly stained with uranyl acetate and 
Reynold's lead and observed with a JEM-100B electron microscope. 

0bservations 

A«ranular Stellate Cell8 (So-Called Follicular Cells) 

I n  the early stage of the fetus, follicles composed of agranular  cells were 
f requent ly  found in the adenohypophysis  (Fig. 1). These cells were shaped like an 
elongated triangle and connected to  each other  by  junctional  complexes, such as 
zona oecludens and zona adherens. Apar t  f rom these seMing structures of the  
follicles, severM distinct desmosomes with tonofi laments were found between 
follicular cells and between follicular cells und adjacent  granulated secretory cells. 
Multiple microvilli were projected from the frec surfaces into the follicular lumen. 
The nuclei were round to oval und the scanty  cytoplasmic rim contMned a moderate  
amoun t  of free ribosomes, tonofilaments,  mitochondria,  small amounts  of endo- 
plasmic reticulum, und lysosome-like membrane-bound particles. Golgi appara tus  
was generMly indistinct. 

Similar agranular  spindle-shaped cells were distr ibuted between the paren- 
chymal  cells around the  follicles, projecting their narrow cytoplasmic processes 
towards  the periphery. Between two or four of the cells, narrow intercellular 
ductule-like spaces were occasionMly observed (Fig. 2). They  were surrounded by  
microvilli and seMed up by  junctionM complexes. Al though they  looked like 
small follicles, no colloid-]ike materials nor  any  amorphons  content  was seen. 

I n  the later stage of the fetus, follicles became inconspicnous and agranular  
cells formed a reticular f ramework between the granulated secretory cells. These 
cells were stellate in shape and were connected to euch other  or to adjacent  granu- 
lated cells by  distinct desmosomes (Fig. 3). Their nuclei were angular or wrinkled 



Fig. 1. A follieular eavity in the adenohypophysis of a human  fetus, 16th week of gestation. 
The colloid-containing lumen is delineated by  agranular cells, which are connected to each 

other by  junctional emnplexes. × 5000 

Fig. 2. A ductule-like intercellular space in the adenohypophysis of a human  fetus, 16th week 
of gestation. The empty  sp~ce is se~led, by  dist inct  junctional complexes and  microvilli are 

protruded into the lumen. × 6200 
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Fig. 3. An agranular stellate cell in the adenohypophysis of a human fetus, 24th week of gesta- 
tion. The nucleus is angular and the cytoplasm extends narrow processes. The stellate cells 
are connected to adjacent granulated secretory cells by a distinct desmosome (arrow). X 16000 

and their  scanty  cytoplasm extended multiple narrow processes between other  
pa renchymal  eells. Mitoehondria, endoplasmic reticulum, and free ribosomes were 
more  numerous than  in the early stages, and several large vacuoles, lipid droplets, 
were found in the cytoplasm. Occasionally, a single cilium was observed in the  
eytoplasm without  any  conneetion to  the lumen. At  the per iphery of the acini, 
nar row eytoplasmic processes or cytoplasmie bodies were in contact  with base- 
ment  membrane  but  no hemidesmosomes were seen. 

i n  the adults, follicles were more ineonspicuous but  agranular  stellate eells 
with junctional  complexes were easily recognized (Fig. 4). They  were connected 
to  each other  by  desmosomes or zona adherens and sometimes showed int imate  
interdigi tat ion (Fig. 5, 6). Desmosomal connections with adjacent  granulated 
secretory cells, however, were rare and rud imenta ry  in nature.  The nuelei were 
extremely wrinkled, and it was easy to differentiate these eells f rom granulated 
secretory cells. The cytoplasm was more abundan t  in organelles than  in the  fetal 
stages. Golgi appara tus  bec~me distinct and polyribosomes, small cisternae of 
endoplasmic reticulum, and numerous minute  vesicles up to  150 m~ in diameter  
occupied the whole cytoplasm. Multivesicular bodies and large lysosome-like 
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Fig. 4. An agranular stellate cell (surrounded by arrows) in the adenohypophysis of a human 
adult. The cytoplasm is abundant with organelles and a cytoplasmic process makes contact 

with the basement membrane (bin). X 14000 

granules were more f requent ly  observed. These features seemed to indicate t h a t  
in  adults,  agranular  stell~te cells in the hypophysis  p lay  a more active metabolie 
role t h a n  in  the fetal stages. 
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Fig. 5. Agrunular stellate cells (ASC) in the udenohypophysis of u human udult. They exhibit 
prominent interdigitation and compose distinct junetiõnal complexes with euch other. × 12000 

In  only two out of 18 cases of ehromophobe adenoma of the pituitary gland, 
similar agranular stellate eells, roughly 30% and 10% of the eell population 
respeetively; were intermingled among the granulated tumor cells (Fig. 7). These 
eells had wrinkled nuelei and a narrow eßoplasmie rim extending multiple 
proeesses. They were eonnëeted to eaeh other or to adjaeent granulated tumor 
eells by distinet desmosomes. The organelles were seareer than in normal eells but 
abund~nt with ffee ribosomes and tonofilaments. The stellate eells were somewhat 
atypieal, and binueleated giant eells were oceasionally eneountered. 

In  the adult rhesus monkeys, agranular stellate eells similar to those of human 
adults were more ffequently eneountered than in the human fetus. They formed 
intercellular spaees, surrounded by mierovilli and sealed up by junetional eom- 
plexes. Eren  among primates, thëre are big differenees between animal and human 
pituitaries, animals having more distinet follieles or intercellular spaees. 

Marginal Cells o/Rathke's Pouch 

At Streeter's stage X I I I  (27 ± 2 days after ovulation), Rathke's pouch was 
composed of three to four layers of spindle-shaped cells. The cells directly ]ining 
the lumen, so called "marginal cells", projected irregular microvilli and a few 
cilia from their free surface and were attached to each other by junctional com- 
plexes at the vicinity of the lumen (Fig. 8). The other eells of the outer portion 
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Fig. 6. Agr~nular stellate cells in the adenohypophysis of a human adult. The cytoplasm is 
abundant with vesieles, free ribosomes and tonofilaments. Distinet desmosomes are found 

between two adjaeent eell membranes. × 22000 

were polygonal  or spindle in shape and t r i angu la r  in tercel lu lar  spaces of various 
sizes were formed be tween two or three  of them.  No sealing s t ruc ture  no t  miero- 
villi  were observed in  these  spaces a l though desmosomes were oeeasional ly  seen 
be tween two ad jaeen t  eells These eells had  large oval  nuclei  wi th  one or two 
d i s t inc t  nueleoli  and  the  sean ty  ey top lasm eonta ined  numerous  free r ibosomes,  
s ingly  or in roset tes ,  and  a modera t e  amoun t  of tonof i laments ,  minu te  vesieles, 
and  lysosomal  granules  oB var ious  sizes. Golgi a p p a r a t u s  was re la t ive ly  d i s t inc t  
and  l ipid drople ts  and  mul t ives ieu lar  bodies were oecasional ly  observed.  

Primordial Cells o/the Primitive Adenohypophysis 

A t  S t ree te r ' s  s tage X X  (41 ± 1 days)  contac t  of the  p r imi t ive  adenohypo-  
physis  and  neurohypophys i s  became d is t inc t  bu t  still  no g ranu la ted  cells were 
observed,  a l though marg ina l  cells as well as o ther  p r imord ia l  cells exh ib i ted  more  
ac t ive  cytologicM features  (Fig. 9). In te rce l lu la r  spaces wcre no longer observed.  
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Fig. 7. Two types of tumor cells found in a case of pituitary adenoma. One tumor cell (G) 
contains granules of 50 to 100 m~ in diameter in the cytoplasm, but the other cell (ASC) 
resembles an agranular stellate cell and composes a desmosomal connection with the other. 

X 12000 

The nuclei were oval and in the cytoplasm the number of mitochondria was greatly 
increased in the supranuclear region. The mitochondrial cristae tended to be dilated 
forming a clear intracristal space. Free ribosomes, partieularly polysomes, in- 
creased their size and number. Golgi apparatus became more prominent and wert 
eomposed of flattened eisternae and minute vesicles. The eisternae of the rough 
surfaeed endoplasmic retieulum beeame elongated and paired eisternae, whieh 
seemed to be a charaeteristic feature of the fetal cells (Fukuda, 1972), appeared 
at this stage. The most distinet feature was the presence of glycogen granules 
aggregated in eertain areas of the cytoplasm. These eytological features seemed 
to be quite different from those of agranular stellate cells. 

Diseussion 

In human pituitary glands one ean identify partieular cells which are different 
from other granulated seeretory cells. They eompose follicles in the early fetal 
stages, but with progressing differentiation they beeome stellate and make a 
retieular framework throughout the adenohypophysis. They are connected to 
eaeh other or to adjacent granulated cells by distinet junetional complexes, but 
no such eonneetions are observed between the granulated seeretory eells. Oollieles, 
intercellular spaces, and perivaseular channels which were deseribed in dolphins 
(Harrison and Young, 1969) were not observed in the hypophysis of human adults. 
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Fig. 8. The marginal cells of 1Rathke's poueh in a human embryo of Streeter's stage XIII. 
Irregular microvilli and a cilium extend from the Iree surfaces. The cytoplasm is abundant 

with free ribosomes. × 25000 

I t  therefore seems better to call these cells agranular stellate cells, at least in the 
human pituitary, 

In two out of 18 human pituitary adenomas, tumor cells quite similar to 
agranular stellate cells of the fetal stage were found. In  normal adults these cells 
do not form distinet junctional eomplexes with granulated seeretory eells, but in 
tumors desmosomes were frequently observed between agranular and granulated 
cells as in fetal pituitaries. 

The agranular stellate eells somewhat resemble palisade and type I I  cells 
described in the intermediate lobe of the cat and ferret by Bargmann et al (1967) 
and Vincent und Kumar (1969). Palisade eells form follieles but no network. There 
are no junetional complexes between palisade cells and granulated cells. 

Sinee Farquhar's (1957) first description, these agranular stellate cells of the 
adenohypophysis were investigated in various species of animals and their ex- 
istence seems to be eonfirmed. 

Because of the particular distribution und the absenee of secretory granules 
the stellate eells were interpreted us follows: 
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Fig. 9. Primordial cells of the primitive adenohypophysis in a human embryo of Streeter's 
stege XX. The cytoplasm is abundant with glycogen p~rticles (g). The mitochondrial cristae 

rend to be dilated, lorming a clear intracristal sp~ce (arrow). × i6000 

1. ACTH-Secreting Cells (Farquhar, 1957; Foncin and Le Beau, 1964; Berg- 
land and Torack, 1969). Using the peroxidase-labelled antibody method and elec- 
tron microscopy, Nakane (1970) confirmed tha t  ACTtt-secreting cells have a 
moderate amount  of secretory granules with a diameter of about 200 m~ at the 
periphery of the cytoplasm. The anti-ACTH antibodies were attached only to 
such granules of a particular type of cells but  not to any other granules ; therefore, 
only one type of cells was considered to produce ACTH. In  experiments of bi- 
lateral adrenalectomy, Siperstein (1970) failed to demonstrate cytological changes 
in agranular stellate cells. However, another type  of granulated cells which was 
considered to be ACTH-secreting cells showed distinct changes. He called them 
adrenalectomy cells. Therefore, agranular stellate cells are probably not respon- 
sible for ACTH production. 

2. Immature or Undifferentiated Cells. Dubois and Girod (1969» 1970) considered 
these agranular cells to be residue of embryonic cells and Kurosumi (1968) and 
Yoshimura (1965) considered them to be ~mmature or undifferentiated cells tha t  
can differentiate to ACTH-secreting cells whenever ACTH is in demand. However, 
the agranular stellate cells are more differentiated cytologically compared with 
primordial cells of the primitive adenohypophysis or marginal eells of Rathke 's  
pouch. The primordial cells show an extremely high nucleocytoplasmic ratio and 
have more abund~nt polysomes than agranular stellate cells. Glycogen granules 
which are abundant  in primordial cells are lacking in the stellate cells. The pri- 
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mord ia l  cells of the  p r imi t ive  adenohypophys i s  seem to d i f ferent ia te  not  only  to  
g ranulu ted  seere tory  cells bu t  also to  agranu la r  s te l la te  cells. 

3. Colloid Seereting Cells. I n  most  animals ,  the  agranu la r  s te l la te  cells fre- 
quen t ly  form eolloid follicles, and  K a g a y a m a  (1965) found several  small  granules  
of 150 to  200 reiz in d iamete r  sub jacen t  to  the  foll icular  surface considering t hem 
to be p r o b a b l y  d ischarged into  the  fo]licular ]umen. E x c e p t  in an ear ly  s tage of the  
fetus, colloid follicles were no t  observed in out  h u m a n  p i tu i ta r ies  and  no secre tory  
granules  were encountered  in agranu la r  s te l la te  cells. The per ivascular  channels 
deser ibed in dolphins  (Harr ison and  Young,  1969) could not  be demons t r a t ed  in 
h u m a n  pi tu i tar ies .  

4. Supporting Cells (Kagayama ,  1965; Salazar,  1968). As a rare  except ional  
f inding in epi thel ia l  t issues, there  are no junc t iona l  complexes be tween the  granu- 
l a ted  secre tory  cells of the  adenohypophys i s ;  however,  ag ranu la r  s te l la te  cells are  
connected  to  euch other  or to  ad jacen t  secre tory  cells so t h a t  secre tory  cells seem 
to be f ixed b y  these suppor t ing  cells. Such a re la t ionship  be tween two k inds  of 
epi thel ia l  cells in an endoerine g land corresponds to  t h a t  of Sertol i  cells and  sper- 
matogonias  in the  test iele.  

A p a r t  from these suppor t ing  funetions,  the  s te l la te  cells p r o b a b l y  have  some 
metabol ie  role. Cytoplasmic  organe]les are more  a b u n d a n t  in the  s te l la te  cell of 
the  adu l t  t h a n  in the  corresponding cells of the  fetus. I n  addi t ion,  lysosomes,  par-  
t ieu  la r ly  phagosomes,  are found under  var ious  condi t ions (Yamashi ta ,  1972). 
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