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ABSTRACT

The usefulness and limitations of electron microscopy (EM) in pituitary 
tumor diagnosis are review ed and illustrated with clinical examples. The 
traditional classification of chrom ophil and chromophobe adenomas is often 
inconsistent with the hormonal activity of the tumors. Virtually all pituitary 
adenomas contain some secretory granules w hen view ed with EM. Endo
crine inactive chromophobe adenomas contain 150 nm granules with no 
demonstrable hormone function. Typical growth hormone (GH) secreting 
eosinophil adenomas contain large 375 nm granules which dominate the cell 
cytoplasm. GH secreting chromophobic tumors pontain secretory granules 
of abnormal size and concentration which are invisible to the light micro- 
scopist. The variability in granule size may indicate the production of ab
normal granules or reflect the stage of the cell in a secretory cycle. Because of 
this wide range in granule size, the identification of tum or cell type or 
hormone produced is not reliable by granule m easurem ent alone. Some neo
plasms in the sella turcica may be so bizzare or undifferentiated as to defy 
classification. In such instances, EM can reveal ultrastructural details which 
identify their origin from pituitary tissue. M alignant pituitary tumors may 
contain m inute secretory granules, and rare pituitary oncocytomas are 
packed with abnormal mitochondria.

Introduction

The pathology and natural history of 
p itu ita ry  tum ors have b een  w ell d e 
scribed since the early part of this century 
w hen Dr. Harvey Cushing pioneered the 
neurosurgical techniques for the treat
m ent of these lesions. In the traditional
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classification, three important types were 
listed: chromophobe adenomas, eosino
philic adenomas and basophil adenomas. 
Each was thought to be derived from a 
separate cell line seen in normal pituitary 
tissue. A variety of special stains was de
veloped to distinguish betw een cell types 
and to identify the secretory product.

In this schema, a distinct clinical syn
drome corresponded to each category of 
p itu ita ry  tum or. T he ch rom ophobe
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adenomas were hormonally inactive and 
produced symptoms of hypopituitarism  
by compressing normal hypophyseal tis
sue. E osinophil adenom as caused  ac
romegaly by the overproduction of growth 
hormone (GH), and basophil adenomas 
secreted excess adenocorticotrophic hor
mone (ACTH) with resultant Cushing’s 
disease.

The early findings of electron micros
copy (EM) tended  to support this class
ification. In endocrinologically  active 
cells, the cytoplasm was seen to contain 
large n u m b ers  o f m em brane  bou n d , 
electron dense secretory granules, i.e., 
packages of horm one ready for secre
tion. M easurements of granule diam eter 
seem ed to indicate that the size of the 
secretory granules varied with the cell 
type and consequently with the hormone 
produced.22 If this were the case, simple 
m easurem ents of granule size could be 
used to identify the hormone contained 
within normal and neoplastic cells. Care
ful analyses indicated, however, that such 
an identification was difficult.

In the first place, w ithin normal cells of 
the same type there was a wide range of 
granule size which varied w ith different 
phases of cell rest and secretory activity.6 
In the case of pituitary tumors, the picture 
was even more confusing. Separate au
thors reported a wide variety of granule 
sizes in adenomas of the same histologic 
type. Consequently, there is a concensus 
am ong patho log ists tha t g ranule  size 
alone cannot reliably be used to identify 
the secretory product in pituitary tumors.

Given the sim plicity and success of 
rou tine  h isto log ic  and  h istochem ica l 
methods, and given the limitations of EM, 
an expensive cumbersome tool, what role 
can u ltrastructural studies play in the 
diagnosis of pituitary tumors? The answer 
to that question lies with the failure of 
many pituitary tumors to conform to the 
simple classification of chromophobe and 
chrom ophil p rev iously  ou tlined . F re 
quently , the  pathologist encounters a

“chrom ophobe” adenoma associated with 
acromegaly, and some tumors with granu
lar, eosinophilic cytoplasm show no evi
dence of hormone production. In addi
tion, tumors in the sella turcica can be so 
bizzare and anaplastic as to defy classifi
cation; in these cases, the EM may reveal 
u ltra stru c tu ra l de ta ils  id en tify in g  the 
origin and nature of these lesions.

This communication will illustrate the 
u sefu lness o f EM in several o f these  
instances.

Materials and Methods

Specimens of pituitary tumors were ob
tained  at the tim e of trans-sphenoidal 
hypophysectomy. Tissue for light micro
scopic examination was fixed in 10 per
cent formalin and processed by the usual 
m ethods. Sections w ere s ta ined  w ith  
hem atoxalin -eosin  (H& E), O range-G - 
periodic acid-Schiff (OG-PAS) and Wild
er’s reticulin. Specimens for EM were 
fixed in 4 percent gluteraldehyde, post
fixed in 4 percent osmic acid, dehydrated 
in g raded  alcohols and  em b e d d e d  in 
Epon-12. Sections were cut on a LKB-III 
ultramicrotome using a diam ond knife, 
stained with lead citrate and uranyl ace
tate and examined with a Philips electron 
microscope using an acceleration voltage 
of 80 kV.

Non-functioning Chromophobe 
Adenoma

Chromophobe adenomas are reported 
to be th e  m ost com m on o f p itu ita ry  
tumors, accounting for up to 79 percent in 
older series.19 They usually present no 
diagnostic problem  to the pathologist. 
Typically, the normal architecture of the 
gland is replaced by cells in a diffuse or 
sinusoidal pattern with ill defined agranu
lar cytoplasm and no affinity for special 
stains. A chromophobe adenoma from a 69 
year old man with a two year history of 
reading difficulty is illustrated in figure 1. 
A bitem poral hem ianopic visual field de-
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F ig u r e  1. Endocrine 
inactive pituitary aden
oma. Sinusoidal pattern. 
The cytoplasm is agran
ular and chromophobic 
(H&E x 250).
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feet was found on neurologic examination. 
Polytomograms showed enlargem ent of 
the sella turcica. No endocrinopathy was 
dem onstrated by clinical laboratory tests. 
The histologic pattern is sinusoidal; the 
cytoplasm is agranular and unstained.

An electron micrograph from this tumor 
is illustrated in figure 2. The nuclei are 
lobulated and pleomorphic, and promi
nent nucleoli are present. The cell mem
branes are closely applied and interdigi- 
tated , b u t no desm osom es are noted. 
There is a rich assortment of cytoplasmic 
organelles including num erous oval or 
e longated  m itochondria  and stacks of 
rough en d o p lasm ic  re ticu lu m . Sm all 
dense granules are scattered throughout 
the cell sap, especially along the plasma- 
lemma. These granules m easure 100 to 
150 nm in diam eter and are surrounded by 
a unit membrane. They are similar in size

and d is tr ib u tio n  to g ranu les seen  in 
“ c h ro m o p h o b e” c e lls  of th e  norm al 
pituitary gland.18

At one time it was believed that the 
chromophobes of the anterior pituitary 
w ere non -func tion ing , m u ltip o ten tia l 
stem cells waiting in reserve; eventually 
they would become active chromophils as 
the latter were lost by attrition or in re
sponse to some metabolic demand. It is 
now known that this notion is too simple. 
With careful attention to the technical de
tails of fixation it can be shown that virtu
ally all chrom ophobe adenom as have 
some degree of granulation seen by both 
light microscopy and EM .15 Furtherm ore, 
a combination of immunohistochemistry 
and EM revealed that chromophobes in 
the anterior pituitary were actively secret
ing a variety of hormones. Most are re
sponsible for ACTH production, but other
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chromophobes may secrete thyrotropin or 
gonadotrophic hormones.6

The natu re  and significance of the 
granules in chromophobic tumors are the 
subject of much interest and speculation. 
In terms of their size and configuration, 
they  are s im ila r to g ranu les seen  in 
ACTH, thyrotrophic hormone, follicule 
stimulating hormone and leuteotrophic 
hormone producing cells.4,11 N everthe
less, most patients w ith chrom ophobe 
adenomas have clinical signs of hypo
pituitarism  rather than those of excess 
hormone secretion. Olivier et al have re
viewed some of the theories accounting

for the problem of secretory granules in 
tumors with no evident endocrine func
tion.17 It is possible that the tumor pro
duces a secretory granule which is ab
normal and, therefore, has no biological 
activity. Alternatively, the granules are 
not secreted but destroyed in situ. The 
latter possibility is unlikely, since there 
are several convincing demonstrations of 
exocytosis of these  granu les into the 
extracellular and perivascular spaces.4,25

Acidophil Adenoma With Acromegaly
Tumors producing acromegaly account 

for 10.7 to 32 percen t of all p itu itary

F ig u r e  2. Endocrine inactive adenoma. A few dot-like secretory granules are concentrated along the 
cell membranes (x  13,000).



ELECTRON MICROSCOPY IN DIAGNOSIS OF PITUITARY TUMORS 279

4P f f
F i g u r e  3. Growth 

hormone secreting pitui
tary adenoma. D iffuse  
pattern. The cytoplasm  
is granular and stains
brilliantly w ith eosin  r,‘ W *  A
and orange-G (H&E 
x 400). ‘ ’ **

Æw »v i

#

neoplasms depending upon the series, the 
higher figures coming from referai centers 
w ith active neurosurg ical services.8,11 
Several reviews of their light microscopic 
and EM characteristics have already been 
published.12 Typically, tumor cells have 
abundant cytoplasm filled with brilliant 
eosinophilic granules which can be dem
onstrated to contain GH by a variety of 
te c h n iq u e s  in c lu d in g  im m unofluo 
rescence and imm unohistochem istry.16,24 
Such a tumor is shown in figure 3 from a 
45-year-old woman with a two year course 
of amenorrhea, coarsening of facial fea
tures and enlargem ent of the jaw, tongue 
and hands. The serum GH level was 162 
ng per ml (normal is less than 10 ng per 
ml). Tumor cells seen by light microscopy 
are arranged in a diffuse pattern (figure 3). 
The individual cells are large and oval 
with some nuclear pleomorphism. The 
cytoplasm is densely granular and stained 
intensely with eosin and Orange-G.

There is good correspondence betw een 
the light microscopic and ultra-strucutral

characteristics of the lesion. In figure 4, 
EM shows considerable nuclear infolding 
and lobulation. The cytoplasm is domi
nated  by large prom inent osm iophilic 
granules to such an extent that the other 
cytoplasmic organelles are obscured. This 
is in marked contrast to the scattered dot
like granules seen in the “non-secreting” 
■chromophobe adenom a. The granules 
measure up to 600 nm with an average 
diam eter of 375 nm. These values corre
spond well to granule size m easurem ents 
m ade in normal hum an som atotrophic 
cells and in other GH secreting eosinophil 
adenomas.

It is appropriate at this point to inteiject 
a note of caution. Similar size ranges are 
found for secretory granules in other types 
of pituitary tumors, including those pro
ducing  ACTH and p ro lactin .3,13 C on
sequently, there is nothing unique about 
granule size in neoplastic cells, and the 
identification of cell type or hormone by 
granule m easurem ent is unreliable w ith
out other ancillary data.
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Chromophobe Adenoma With 
Acromegaly

How the traditional classification of 
pituitary tumors frequently breaks down 
is illustrated in the following example. A 
26-year-o ld  w om an p re se n te d  at the 
emergency room of the Downstate M edi
cal Center w ith complaints of persistent 
headache and blurred vision following a 
head injury sustained four weeks previ
ously. A routine skull x-ray revealed en 
largement of the sella turcica with ero
sion of its floor.

G eneral physica l and neu ro log ica l 
examination were unrem arkable, but on

careful questioning the patient admitted 
to an increasing shoe size over the last few 
years. Endocrinological evaluation dem
onstrated elevated GH levels (101 ng per 
ml), and radiographic studies showed al
terations in the m andible and extremities 
consistent w ith acromegaly. A pituitary 
tumor was rem oved by a trans-sphenoidal 
approach. A light microscopic view of the 
lesion is seen in figure 5.

The tumor destroyed the floor of the 
sella turcica and bulged into the sphenoid 
sinus. The bony wall is completely gone, 
and only a thin rim of connective tissue 
separates the tumor from the respiratory

F i g u r e  4. Growth hormone secreting pituitary adenoma. Large, electron dense secretory granules 
dominate the cytoplasm. They measure 375 nm in average diameter (x 14,000).
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epithelium  of the sphenoid sinus. This 
case illustrates the well-known invasive 
te n d e n c ie s  of h isto lo g ica lly  b en ig n  
pituitary tumors. With H&E and special 
s ta ins, the  cy top lasm  is d e fin ite ly  
chromophobic.

In this instance, the pathologist and the 
clinician were faced with an anomaly: a 
chrom ophobe adenom a with high GH 
levels and the clinical features of incip
ient acromegaly. EM, however, dem on
strated tha t the tum or cells contained 
large numbers of electron dense secretory 
granules (figure 6). The ultrastructural 
picture is similar to the previously dis
cussed  eosinoph il adenom a but with 
som e n o tab le  excep tio n s . F irs t, the 
granules are not as numerous in this case, 
and the granules are smaller, averaging 
120 mm in diameter.

Harvey Cushing was the first to observe 
that pituitary tumor in acromegalics were 
not necessarily eosinophilic but might 
show the same histology as chromophobe 
adenomas.1 The advent of EM revealed 
that virtually all of these GH producing 
tumors contained cytoplasmic granules. 
Two size ranges have been reported : 
300 to 500 mm diam eter granules occur 
m ost com m only in typical eosinophil 
adenom as, w hereas ch rom ophobe or 
mixed tumors causing acromegaly con
tained sm aller and fewer granules.11,12 
In either event, the hormone produced 
is the same, and the size difference is 
independent of the methods of fixation.

In figure 7 is illustrated the size dis
tribution in two cases of acromegaly. The 
curve on the right represents the size dis
tribution in the case described previously,
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FIGURE 6. Growth hormone secreting chromophobe adenoma. The secreting granules are smaller and 
fewer than in the eosinophil adenom a in figure 4 (x  21,000).

200 300
Diameter of Granules ir

Fig u r e  7. Com parison o f secretory granule  
s iz e  in  tw o  GH secretin g  p itu itary adenom as. 
T he curve o f  the left from the chrom ophobe is 
typically narrower and steeper.

a typical eosinophil adenoma. The curve 
on the left is from the case under discus
sion, a chrom ophic tum or causing ac
romegaly. The proportion of granules is 
represented along the ordinate. Both are 
basically bell shaped, normal distribu
tions. Typically, the chromophobe has a 
steeper curve with a narrower range.

Thus, GH producing tumors may ap 
pear chromophobic because the granule 
size and concentration is so small as to be 
invisible by ordinary light microscopic 
techniques. Many explanations have been 
advanced to account for this phenomenon. 
In some reports, the highest serum GH
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levels are associated with tumors having 
the smallest and fewest granules. This in
verse relationship betw een  granularity 
and hormonal activity may simply reflect 
the timing of the surgical procedure and 
the phase of tumor activity. Therefore, the 
h igh ly  g ran u la ted  tum ors may be in 
“ storage ph ase ,” w hile  chrom ophobe 
tum ors may be in  an “ ex haustion  
phase.” 13 Another possibility is that the 
granules have no p rede term ined  size: 
they simply grow until they are extruded.

In some adenomas they tend  to enlarge 
and accum ulate because o f continuing, 
slower growth.11 The latter possibility 
suggests an inverse relationship betw een 
granularity and the rate of hormone pro
duction . T hese  specu la tions are sup
ported by a high degree of correlation 
betw een morphologically defined “ sec
retory indeces” and pre-operative serum 
GH levels.20

M alignant Pituitary Adenomas

Pituitary tumors are frequently so un
differentiated that they defy recognition 
and classification by light microscopy. It 
is in this area that EM is a particularly 
useful diagnostic tool, as illustrated by the 
following example. A 40-year-old woman 
had a two year course of asthenia, fatigue 
and  vague h ead ach es . An en d o crin e  
evaluation revealed mild panhypopitui
tarism. There were no significant general 
physical or neurological findings, bu t 
radiographic studies dem onstrated a huge 
pituitary mass w ith erosion of bone and 
extension into the middle cranial fossa, 
sphenoid sinus and nasopharynx. Routine 
histology shows a m alignant epithelial 
neoplasm  w ith nuclear pleom orphism  
and numerous mitotic figures (figure 8). 
The cytoplasm is am phophilic and gives 
no reaction with special stains for secre
tory granules.

A conservative diagnosis of “poorly dif
ferentiated carcinoma” was rendered, but 
it was not possible to identify the lesion as 
definitely  of pituitary origin. Electron

photomicrographs of this tumor, however, 
show a very familiar picture (figure 9). 
The cytoplasm contains an admixture of 
organelles including mitochondria, rough 
endoplasm ic reticulum  and Golgi cister- 
nae. In addition, there are several mem
brane bound secretory granules of the sort 
seen in most endocrine inactive pituitary 
chrom ophobe adenomas. They provide 
sufficient morphologic evidence to estab
lish  the  d iagnosis of an hypophyseal 
tum or and to enable the physicians to in
stitu te a plan of therapy.

This lesion raises the issue of what con
s titu te s  m alignancy  in  a p itu ita ry  
neoplasm . The m edical literature indi
cates that it means different things to dif
ferent people.23 Clinicians in general and 
some pathologists call m alignan t any 
pituitary tum or which spreads beyond the 
confines of the sella turcica and invades 
n e ig h b o rin g  s tru c tu re s  such  as the  
sphenoid  sinus and cavernous sinus.7 
O ther authors insist upon nuclear atypia, 
m itoses and d istant m etastases before 
using the term  “ pituitary carcinom a.” 2 
Som e have suggested  that th e  term s 
“m alignant” and “carcinoma” be aban-

TABLE I

Electron Microscopic Findings in Pituitary Adenomas

Histopathology EM Features

Endocrine inactive 
chromophobe adenoma

Eosinophil adenoma 
causing acromegaly

Chromophobe adenoma 
causing acromegaly

Malignant adenoma

Oncocytoma

100 - 150 nm secretory 
granules arranged along 
plasma membrane of cell.

Densely packed, large 
granules filling cyto
plasm, obscuring other 
organelles; broad size 
range averaging 375 nm.

Secretory granules 
smaller and fewer; 
average diameter 120 nm; 
narrow distribution 
curve.

Scattered secretory 
granules identify 
pituitary origin of 
tumor cells.

Tumor cells filled with 
mitochrondria having 
branching christae and 
matrix inclusions.
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F i g u r e  8. M alignant 
pituitary adenoma. There 
is nuclear pleomorphism 
and scattered m itoses 
(H&E x 250).

doned altogether, substituting “ invasive” 
or “aggressive” in their stead.14 Regard
less of this semantic controversy, it should 
be recognized that the natural history of 
pituitary tumors is often unpredictable, 
and that they  com m only destroy sur
rounding structures, infiltrate brain and 
disseminate throughout the subarachnoid 
space.

Pituitary Oncocytoma
Another example of the usefulness of 

EM is in the diagnosis of the rare on
cocytoma of the pituitary gland. An oppor
tunity was available to examine a lesion of 
this nature in a 47-year-old woman who 
had severe headaches, amenorrhea and 
subarachnoid hemorrhage two years pre
viously. Later, she developed personality 
change, w eight loss and a bloody dis
charge from her nose and mouth. Physical 
examination revealed loss of pubic and

axillary hair and a b item pora l h em i
anopsia. Serum GH levels and urinary ste
roids were depressed.

C o m p u te rized  axial tom ography  
demonstrated a soft tissue mass extending 
into the cavity of the sphenoid sinus, ex
panding the pituitary fossa, and reaching 
into the region of the th ird  ventricle . 
Routine histology in figure 10 shows cells 
in a diffuse pattern with abundant pink 
cytoplasm . The nuclei are vescicular, 
hyperchromatic and pleom orphic. Dark 
pigment granules were noted in several 
fields. Because of the pink cytoplasm, the 
diagnosis of an eosinophil adenoma was 
entertained, but not supported, by special 
stains for secretory granules. O ther diag
nostic considerations, including granular 
cell tum or, m elanom a and m alignant 
astrocytoma, were excluded by a variety of 
special stains for lipofuscin, m elanin and 
glial fibrils.
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At las t  EM  d e m o n s t r a t e s  d e n s e ly  
packed abnormal m itochondria often with 
b ra n c h e d  tu b u la r  ch r is tae ,  f i l l ing  the 
cytoplasm of tum or cells (figure 11). E lec
tron dense  inclusions are p resent in the 
mitochondrial matrix.

This tum or meets the light microscopic 
and  EM criteria for the diagnosis of  an 
oncocytoma, i.e., its composition by cells 
with plump, eosinophilic granular cyto
plasm almost com pletely  filled with mito
chondria. Oncocytes are normally p resen t 
in several organs including the thyroid, 
parathyroid and salivary glands. Tumors 
of oncocytes, both benign  and malignant, 
are known to occur in these  and other or

gans. Oncocytes were once be l ieved  to 
comprise a distinct system of cells b u t  are 
no t th o u g h t  to be  d e r iv e d  from  p r e 
existing parenchym al cells by some d e 
generative processes, perhaps the result 
of ce llu lar  sen escen ce  or the m an ifes
ta tion  of som e o b scu re  m ito ch o n d ria l  
disorder.5

O ncocytes in hum an  p itu itary  g land 
were first described  in 1970 by Paiz and 
H enn igar who examined serial sections 
by light microscopy and EM. Oncocytic 
tumors of the pituitary gland were not rec
ognized until fairly recently.9,10 Scattered 
case reports  ap peared  in the li terature 
until 1975 w hen  a systematic EM  study of

F ig u r e  9. Malignant pituitary adenoma. The small secretory granules identify the pituitary origin of 
the neoplasm (x 12,000).
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F i g u r e  10. Pituitary 
oncocytom a. The cyto
plasm is eo sin op h ilic  
and fin ely  granular. 
N uclei are bizarre and 
pleomorphic (H&E x 250).

FIGURE 11. Pituitary oncocytoma. Cells are filled with abnormal mitochondria having branched and 
tubular christae and electron dense inclusions (x 33,000).
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a large series of pituitary tumors indicated 
that the incidence m ight be as high as 16 
percent of all pituitary neoplasm.21 It now 
appears that many pituitary oncocytomas 
have been misdiagnosed as chromophobe 
or eosinophil adenomas. It is evident from 
this example that the diagnosis and iden
tification of these neoplasms require EM 
techniques.

Summary

The usefulness and limitations of EM in 
pituitary tumor diagnosis have been re
v iew ed  and i l lu s tra te d  w ith  c lin ic a l 
examples. The light microscopic classifi
cation of chromophobe, eosinophil and 
basophil adenoma is often inconsistent 
w ith the hormonal activity of the tumor. 
Virtually all pituitary tumors contain some 
secretory granules, even those with no dem
onstrable hormonal activity. Chromophobe 
adenom as associated  w ith acrom egaly 
contain GH granules of abnormal size and 
concentration. Because tum or cells may 
produce abnormal size granules, the iden
tification of tumor cell type of hormone by 
granule m easurem ent alone is not reli
able. U ndifferen tia ted  neoplasm s may 
defy classification by light microscopy. 
Ultra-structural studies can identify the 
pituitary origin of these lesions by the 
demonstration of secretory granules. The 
definitive diagnosis of p itu itary  onco
cytomas requires EM, which will show 
large num bers of bizarre m itochondria 
distending the cytoplasm of tumor cells.
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