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Ultrastructural Classification of Pituitary Adenomas

SUMMARY: Forty-eight surgically re-
moved pituitary adenomas have been in-
vestigated by electron microscopy. Dis-
tinct differences in fine structural ap-
pearances permitted their separation

into 5 classes: 1) Growth hormone, *

(GH)-cell tumors; 2) Prolactin cell
tumors; 3) Mixed adenomas composed
of GH and prolactin cells; 4)
Adrenocorticotrophic-Melanocyte

stimulating hormone (ACTH-MSH) cell
tumors; 5) Undifferentiated cell
adenomas. Densely and sparsely granu-
lated tumors were distinguished within

RESUME: 48 adénomes pituitaires en-
levés par chirurgie ont été examinés au
microscope électronique. Des diffé-
rences distinctes de structure ont permis
une classification en 5 groupes: 1)
tumeurs a cellules ‘‘Hormone de crois-
sance’’ (HC); 2) tumeurs a cellules-pro-
lactine; 3) Adénomes mixtes composés
de cellules HC et a prolactine; 4) tu-
meurs & ACTHIMSH; 5) Adénomes a
cellules non différenciées. Des tumeurs
densément granulées ou peu abondantes
furent observées dans les groupes I, 2 et
4. De plus, quoique ces deux formes
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classes 1, 2 and 4. Although these two
Sforms appeared to represent well defined
entities, they may be variants of the
same tumor differing only in pace of
hormone production andlor release.
Number and size of secretory granules
varied considerably among tumors com-
posed of the same cell type indicating
that pituitary tumor classification can-
not be based solely on granule morphol-
ogy. This classification takes into ac-
count morphogenesis with emphasis on
clinical features and structure-function
relationship.

semblent représenter des entités bien dé-
finies, elles pourraient étre des variantes
de la méme tumeur différant seulement
dans la vitesse de production de I'hor-
mone etlou sa libération. Le nombre et
la dimension des granules sécrétrices
varie considérablement chez les tumeurs
de méme type, indiquant que la classifi-
cation des tumeurs pituitaires ne peut
étre basée uniquement sur la morpho-
logie des granules. Cette classification
prend en considération la morpho-

- génese, les faits cliniques et la relation

structure-fonction.
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INTRODUCTION

“Ordo est anima rerum.”’

About 50% of pituitary adenomas
are ‘‘chromophobe’, i. e. they do
not exhibit well defined tinctorial
properties by light microscopy
which would serve as a basis for
their histologic diagnosis. Even if a
few small secretory granules can be
detected in the tumor cell cytoplasm
by using special staining methods
(McCormick and Halmi, 1971) this
does not allow for their identifica-
tion. Thus, in a large number of
pituitary tumors the cell type from
which they arise cannot be iden-
tified. By electron microscopy cer-
tain fine structural differences have
been detected among various
chromophobe adenomas by several
investigators (Schelin, 1962;
Kuromatsu, 1968; Zambrano et al .,
1968; Schechter, 1973a; Tomiyasu et
al., 1973; Lewis and Van Noorden,
1974). These studies, however,
failed to result in a satisfactory clas-
sification of chromophobe tumors by
light microscopy. In recent years a
few workers have dealt with the ul-
trastructural cytology of
adenohypophysial adenomas on a
broader basis (Mosca and Vassallo,
1970; Foncin, 1971; Pelletier, 1971;
Doniach, 1972). No attempts were
made, however, to establish a clas-
sification of pituitary adenomas by
clearly defined fine structural fea-
tures and to assign them to distinct
cell types for diagnostic purposes.

On the basis of detailed light and
electron microscopic investigations
of 48 adenomas and the correlation
between structure, clinical history
and hormone determinations, as well
as of the study of the pertinent litera-
ture, we herewith propose such a
classification. Qur system is based
upon the recognition of two general
principles: a) neither the light mic-
roscopic agranularity of an adenoma
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TABLE I
CLASSIFICATION OF PITUITARY ADENOMAS
Adenoma Type Tinctorial Properties Clinical Manifestations No. in Incidence
by Light Microscopy Present (Per Cent)
Material in Present
Material
L. Densely granulated Acidophil 9 19
GH-cell adenoma
Acromegaly
L. Sparsely granulated Partly acidophil 7 15
GH-cell adenoma with or chromophobe
fibrous bodies
1. Densely granulated Acidophil, positive 1 2
prolactin-cell adenoma with erythrosine and
carmoisine Amenorrhea, galactorrhea
or
11. Sparsely granulated Chromophobe, may be asymptomatic 9 19
prolactin cell adenoma partly positive with
with misplaced erythrosine and
exocytosis (PAME) carmoisine
1. Mixed adenoma Any combination of Hyperprolactinemia with 4 8
composed of GH and Groups 1. 1-11. 2 or without acromegaly
prolactin cells
IV. Densely granulated Amphophil, PAS- Hypercorticism, hyper- 4 8
ACTH-MSH cell adenoma  positive pigmentation (Cushing’s
syndrome), increased blood
V. Sparsely granulated Not investigated ACTH and MSH levels, — —
ACTH-MSH cell adenoma hyper-pigmentation
(Nelson’s syndrome)
V. Undifferentiated Chromophobe or 9 19
cell adenoma partly acidophil No known
endocrine
V. Oncocytoma Acidophil or function 5 10
chromophobe

nor the absence of clinical signs of
hormonal hypersecretion necessar-
ily indicate the lack of secretory ac-
tivity of the tumor; b) various pituit-
ary cell types may give rise to de-
nsely as well as sparsely granulated
adenomas. The cells of the sparsely
granulated variants differ from their
densely granulated counterparts not
only in the number but also in the
size of secretory granules. They may
have additional fine structural fea-
tures, sometimes making it difficult
to disclose the cell type from which
they derive. The various types of
chromophobe adenomas are ultras-
tructurally distinguishable, not only
from the corresponding densely
granulated tumor, but from each
other as well. Thus, it is almost in-
variably possible to diagnose and
classify them by means of electron
microscopy even without clinical
and laboratory data.

10 - FEBRUARY 1976

MATERIALS AND METHODS

The material which serves as the
basis of the present study consists of
48 pituitary adenomas removed by
transsphenoidal hypophysectomy.
All specimens were fixed rapidly
after removal in 2.5 per cent
glutaraldehyde in 0.15M Sorenson’s
buffer. The tissues were postfixed in
1 per cent 0s0s in Millonig’s buffer,
processed through graded ethanol
and propylene oxide and embedded
in Epon 812. Sections 0.5 M thick-
ness were cut with a porter-Blum
MT-2 ultramicrotome, stained with
toluidine blue and examined by a
light microscope to select material
for electron microscopic study. The
ultrathin sections were stained with
uranyl acetate and lead citrate and
examined with a Philips 300 electron
microscope.

RESULTS
The proposed tumor classification

https://doi.org/10.1017/50317167100025944 Published online by Cambridge University Press

is shown in Table I. The details will
be discussed in order of individual
classes.

I. GROWTH HORMONE
CELL ADENOMAS.

1. 1. Densely granulated growth hor-
mone (GH)-cell adenoma (9 cases).

Hypersecretion of GH is one of
the most common pituitary disorders
resulting in the characteristic clinical
syndrome of acromegaly. In typical
cases the diagnosis hardly ever con-
stitutes a problem and the morphol-
ogy of the adenoma is the most
widely studied among hypophyseal
neoplasms. In a considerable
number of cases acromegaly is as-
sociated with a densely granulated
acidophil adenoma in which the
cytoplasmic granules exhibit bright
staining with eosin, phloxine, light
green, orange G or other acid dyes.
The electron microscopic features of

Ultrastructure of Pituitary Adenomas
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this adenoma are dealt with in sev-
eral earlier studies (Schelin, 1962;
Lewis and Van Noorden, 1972;
Robert, 1973; Saeger, 1973a; Schech-
ter, 1973b; Kinnman, 1973), thus, a
concise summary will suffice here.
The pure form of densely granu-
lated GH-cell adenoma consists
mainly of spherical or oval cells ex-
hibiting uniform fine structural fea-
tures. The nuclei are round or oval
with light chromatin substance; the
cytoplasm is relatively lucent. The
well developed rough surfaced en-
doplasmic reticulum (RER) appears
as parallel cisternae situated mainly
at the periphery of the cytoplasm.
Free ribosomes are numerous. Well
granulated cells usually possess only
a moderate number of oval to rod-
shaped mitochondria with a medium
dense matrix and lamellar or cleft-
like cristae. The sacculi of the prom-
inent crescent-shaped Golgi com-
plex may show a slight dilation and
regularly contain a few immature
secretory granules. In the rest of the
cytoplasm the secretory granules are
always spherical with a closely ap-
posed limiting membrane and exhibit
an even high electron density. Their
longest diameter varies between
300-600 nm, the majority of them
measuring 350-450 nm (Fig. 1).
Although  many acidophil
adenomas answer this description,
several may contain a varying
number of cells possessing less
and/or smaller (100-250 nm) secret-
ory granules. In such cells the shape
of the nuclei might be less regular,
the RER tends to be more dispersed
and dilated and occasionally a fibr-
ous body may appear in the Golgi
region. For the sake of simplicity, we
classify these tumors as densely
granulated GH-cell adenomas, pro-
vided that the majority of cells show
the ultrastructural characteristics of
the densely granulated tumor type.

I. 2. Sparsely granulated GH-cell
adenoma with fibrous bodies (7
cases).

By light microscopy, some cases
of acromegaly are associated with
chromophobe adenoma of the pituit-
ary. These tumors are characterized
by the presence of globular fibrous
bodies (Schochet et al., 1972;
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Kovacs et al., 1974b) which may be
detected by using the PAS-
hematoxylin-Orange G-light green
technique.

In contrast to densely granulated
GH-cell adenomas, the cells of this
tumor do not show much similarity
to normal GH-cells by electron mic-
roscopy. They vary considerably in
shape and size. The nuclei are strik-
ingly pleomorphic, many being
crescent-shaped with multiple inden-
tations. Large multinuclear cells
with eccentrically arranged nuclei
are common. In the majority of cells
the RER is abundant and is likely to
appear in the form of short profiles
exhibiting varying degrees of dila-
tion. Cells possessing several paral-
lel arrays of RER, somewhat similar
to Nebenkerns, may also occur.
Contrary to the cells of the non-
tumorous pituitary and various other
hypophyseal adenomas the cells of
sparsely granulated GH-cell tumors
contain an appreciable amount of
tubular smooth surfaced endoplas-
mic reticulum (SER), consistently in
close association with fibrous
bodies. Transition between RER
and SER was seen regularly which
seems to indicate the RER as the
probable source of smooth walled
tubules. Free ribosomes and poly-
somes are present as well.
Mitochondrial morphology shows
more variation here than in the cells
of densely granulated GH-cell
adenoma. Most cells contain oval
rod-shaped mitochondria with lamel-
lar or cleft-like cristae. Spherulation
and swelling, however, also occur,
and oncocytic transformation, evi-
dent in a variable number of cells in
different cases, is not rare in this
type. The membrane system of the
Golgi apparatus usually is exten-
sively developed taking the shape of
a crescent or a flattened ring. The
sacculi are mostly flat except for the

sites of immature secretory
granules. Fibrous bodies frequently
interfere  with the normal

localization of Golgi complex. Parts
of the Golgi system may be inter-
mingled with microfilaments, or the
Golgi sacculi may encircle the fibr-
ous bodies.

The most distinguishing feature of
the sparsely granulated GH-cell
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Figure 1—Portions of cells of a densely
granulated GH-cell adenoma posses-
sing parallel cisternae of RER, a large
number of spherical secretory
granules and prominent Golgi ap-
paratus (x 9,400)

adenoma is the occurrence of globu-
lar fibrous bodies (Fig.2), located
near the concave side of the indented
or crescent-shaped nucleus and
composed of Type Il microfilaments
with an average width of 115 A

Figure 2—Sparsely granulated GH-cell
adenoma with fibrous bodies. The
type Il microfilaments are interming-
led with mitochondria, ER profiles and
secretory granules. Note the sharply

reduced size and number of secretory
granules (x 8,850)
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(Kovacs et al., 1974b). Cytoplasmic
organelles may be intermingled. The
incidence of these filamentous
aggregates varies from one case to
another, but they are usually numer-
ous. They were evident in approxi-
mately 10 per cent of the cells in one
sparsely granulated GH-cell
adenoma; in three others, however,
they were present in almost every
cell. Another characteristic mark of
this tumor type is the frequent oc-
currence of centrioles (Fig. 3) usu-
ally situated near or within the fibr-
ous bodies. A pair of centrioles (with
or without a cilium) can be found in
numerous cells of the normal or
adenomatous human pituitary.
However, the puzzling accumulation
of 2-3 pairs of centrioles, so com-
monly seen in sparsely granulated
GH-cell adenomas, is unparalleled in
other tissues of adenohypophyseal
origin. To our knowledge, similar
accumulation of centrioles may
occur only in some chief cell
adenomas of the human parathyroid
gland (Polyzonis, 1970). Centrioles
and cilia are regular components of
embryonic cells and are also known
to develop and multiply under cer-
tain experimental conditions
(Milhaud and Pappas, 1968). We
cannot offer any explanation, how-

Figure 3—Sparsely granulated GH-cell
adenoma with fibrous bodies. Two
pairs of centrioles are situated in the
Golgi region, encircled by the type II
microfilaments of a fibrous body (x
17,100.
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ever, for their increased number in
this particular pituitary tumor.

The spherical, dense secretory
granules, invariably present in every
adenoma cell, are small, measuring
only 100-250 nm. Cells possessing a
few larger granules (up to 450-500
nm).are rare or absent.

At present it is difficult if not im-
possible to assess the relative fre-
quency of the two types of GH-
secreting tumors, since no systema-
tic studies of this kind have been un-
dertaken. In previous studies, Lewis
and Van Noorden (1972) have the
largest collection of material (110
cases of acromegaly) examined by
electron microscopy. Among the 110
adenomas only 23 ‘‘poorly granu-
lated”’ tumors were found. Their
published pictures, however,
seemed to indicate that under the
term ‘‘poorly granulated’’ adenoma,
the authors referred to a partially
degranulated form of densely granu-
lated GH-cell adenoma and they did
not describe tumors corresponding
to our ‘‘sparsely granulated’’ GH-
cell tumor with fibrous bodies. In
our relatively small collection of
material the two classes showed a
similar frequency.

It is even more difficult to esti-
mate the incidence of fibrous bodies
in GH-secreting adenomas. They
were first described by Cardell and
Knighton (1966) in a case of ac-
romegaly. Six years later Schochet
et al. (1972), by means of light mic-
roscopy and a special staining
method, detected three pituitary
tumors with fibrous bodies out of
140 acidophil adenomas. Electron
microscopy was performed only in
the three positive cases. Since
loosely built or small fibrous bodies,
especially if they are not numerous,
can easily be overlooked by light
microscopy, several such tumors
might have remained undetected in
their series. In an ultrastructural
analysis of 110 GH-secreting
adenomas, Lewis and Van Noorden
(1972) did not mention the existence

of fibrous bodies. )
Our collected material is not large

enough to estimate the percentile
occurrence of fibrous bodies. The
fact, however, that they were de-
tected in all sparsely granulated
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tumors and in two of the densely
granulated ones, shows that they are
not uncommon. Fibrous bodies were
not detected in other types of pituit-
ary adenomas and we assume that
their occurrence indicates derivation
of the tumor from GH-cells.

II. PROLACTIN-CELL
ADENOMAS.

1. 1. Densely granulated prolactin-
cell adenoma (1 case).

The application of a specific and
highly sensitive prolactin-
radioimmunoassay in recent years
resulted in a rapidly growing interest
in prolactin secreting tumors. It be-
came possible to demonstrate ele-
vated blood prolactin levels not only
in cases of Forbes-Albright syn-
drome but also in an appreciable
number of ‘‘clinically non-
functioning’ chromophobe adeno-
mas (Boyar et al., 1974; Tolis et
al., 1974; Zimmerman et al.,
1974). Prolactin secreting tumors are
more common than was previously
assumed and as many as 20-25 per
cent of all pituitary adenomas might
arise from prolactin cells.

The densely granulated prolactin
cell tumor occurs infrequently and
exhibits acidophilia by light micros-
copy. The secretory granules also
stain by using Herlant’s tetrachrome
or Brookes’ carmoisine techniques.

. £
Figure 4—Densely granulated prolactin
cell adenoma with secretory granules
measuring up to 800 nm (x 14,500)

Ultrastructure of Pituitary Adenomas
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By electron microscopy, the cells of
the densely granulated prolactin
cell adenoma show a close resem-
blance to the normal resting prolac-
tin cells of the non-tumorous pitui-
tary (Fig. 4). The oval or oblong cells
have an oval, or not uncommonly,
pleomorphic nucleus. The parallel
cisternae of the well developed RER
are usually situated at the periphery
of the cytoplasm. The Golgi ap-
paratus is prominent, containing
some dense immature pleomorphic
secretory granules. The distinguish-
ing marks of this tumor are the size
and morphology of the secretory
granules. They invariably exhibit
high electron density and measure
up to 1200 nm in diameter, averaging
about 600 nm or over in diameter.
Contrary to densely granulated
GH-cells, many of the granules are
oval or pleomorphic. Some
pleomorphic granules, especially
those near the Golgi region, have
loosely fitted limiting membranes
with an irregular lucent space bet-
ween them and the electron dense
core. The plasma membranes of the
adenoma cells are closely apposed
with occasional intercellular junc-
tions (zonulae adherentes).

1. 2. Sparsely granulated prolactin
cell adenoma with misplaced ex-
ocytosis (PAME) (9 cases).

This adenoma is not uncommon
and may occur in association with
galactorrhea-amenorrhea syndrome.
Especially in male patients, it may
behave as a ‘‘clinically non-
functioning’’ chromophobe adeno-
ma. The tumor appears to be
‘“chromophobe’” by conventional
histologic stains. By applying Har-
lant’s tetrachrome method or
Brooke’s carmoisine stain, small
bright red secretory granules may be
detected in some cells, usually only
by using oil immersion lens. The im-
munoperoxidase technique, using
specific antisera, may provide posi-
tive results (Zimmerman et al., 1974;
Kovacs et al., 1975). The highly
characteristic fine structural features
of this adenoma have recently been
described in detail (Horvath and
Kovacs, 1974; Kovacs et al ., 1975),
thus a concise summary of diagnos-
ticaily important aspects will suffice

Horvath and Kovacs
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here. The PAME is composed of
closely apposed polyhedral cells
with oval or pleomorphic nuclei
(Fig. 5). The main cytoplasmic fea-
tures are: 1) extensively developed
RER, composed of several parallel
rows of ribosome-studded cisternae,
occupying large parts of the cytop-
lasm. Formation of Nebenkerns
(concentric whorls of RER) is fre-
quent and free ribosomes are usually
numerous. 2) the prominent Golgi
complex may occupy as much as
one-third of the cytoplasmic area. Its
sacculi are slightly or moderately di-
lated and regularly contain a variable
number of dense immature secretory
granules. 3) the dense spherical or
pleomorphic secretory granules are
not numerous and their longest
diameter is only 130-500 nm, averag-
ing about 250 nm. 4) extrusion of
secretory granules on the lateral cell
membranes into the intercellular
space distant both from perivascular
spaces and intercellular extensions
of basement membrane, are readily
observed (Fig. 6). This phenomenon
was called misplaced exocytosis in
previous studies (Horvath and
Kovacs, 1974). The extruded
granules have fuzzy outlines and are
located in a membranous pit, formed
by the fusion of cell membrane and
the limiting membrane of the secret-
ory granules.

The densely granulated prolactin
cell adenoma, which appears to be
uncommon, is easy to identify both
by light and electron microscopy due
to its close tinctorial and ultrastruc-
tural similarity to normal prolactin
cells (Peake et al., 1969; Guinet et
al., 1973). The cells of the
‘‘chromophobe’’ sparsely granu-
lated PAME, however, are similar
not to the normal resting prolactin
cells of the non-tumorous pituitary,
but to the stimulated prolactin cells
seen in the non-tumorous or
adenamatous hypophyses of
oestrogen-treated animals (Lundin
and Schelin, 1962; Schelin et al.,
1964), as shown by electron micros-
copy.

Sparsely granulated cells answer-
ing the description of the cells of
PAME have been detected in prolac-
tin secreting ‘‘chromophobe’’
adenomas (Mirouze et al., 1969;
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Racadot et al., 1971). Because of
marked differences between these
cells and normal prolactin cells, they
were not identified as mammot-
rophs.

Previous authors (Fukumitsu,
1967, Kuromatsu, 1968; Foncin,
1971; Tomiyasu et as., 1973) dealing
with the ultrastructure of ‘‘non-
secreting”” chromophobe adenomas
disclosed and documented some of
the striking fine structural features
of PAME without apparently linking
them with prolactin cells.

We have foungd that the set of fea-
tures described above are constant
and characteristic in cases of
sparsely granulated PAME making
the electron microscopical diagnosis
of this adenoma relatively easy as
well as reliable.

I1I. MIXED ADENOMAS
COMPOSED OF GH AND
PROLACTIN CELLS.

(4 cases).

Somatotrophs and prolactin cells
not only share cytoplasmic
acidophilia, but they have ultrastruc-
tural similarities such as well de-
veloped lamellar RER, prominent
Golgi apparatus and large electron
dense secretory granules as well.

Figure 5—Sparsely granulated prolactin
cell adenoma with misplaced ex-
ocytosis (PAME). Note the irregular
nuclei, extensive RER, large Golgi
areas and the small partly pleomorphic
secretory granules (x 5,700)
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The molecular structures of the two
hormones secreted by the two cell
types are close to each other. In re-
cent years it became evident that in
some cases of acromegaly hyperse-

cretion of GH is accompanied by
hyperprolactinemia. This finding
does not necessarily mean that a
tumor is capable of secreting both
hormones. Other pathologic proces-

ses involving the stalk, median emi-
nence and the hypophysiotropic area
of the hypothalamus can interfere
with the production, release and/or
transport of prolactin inhibiting fac-
tor (PIF) and subsequently result in
increased prolactin secretion from
the non-tumorous gland (Tolis et al.,
1974), provided that there is enough
functioning adenohypophyseal tis-
sue present. Ultrastructural analysis
is the only reliable way to separate
prolactin producing pituitary tumors
from those associated with an en-
hanced prolactin production from
the non-tumorous part of the gland.

The rare occurrence of pituitary
adenomas composed of well-
granulated prolactin and GH-cells
has already been reported (Peillon et
al., 1970; Guyda et al., 1973). The
real incidence of this tumor type
cannot be assessed with certainty at
present. After having classified the
sparsely granulated prolactin tumors
with misplaced exocytosis (PAME)
we analyzed our material for the
presence of mixed tumors. In addi-
tion to a densely granulated GH-cell
adenoma containing several densely
granulated prolactin cells, we found
four adenomas which were consi-
dered to represent mixed GH-
prolactin cell tumors. Light micros-
copically these adenomas contained
groups of cells in which the secret-
ory granules stained positively with
Herlant’s erythrosine and Brookes’
carmoisine techniques. Ultrastruc-
turally, in one tumor clinically as-
sociated with acromegaly, the GH-
cells were partly degranulated,
whereas the prolactin cells were well
granulated. In another case, the ac-
romegaly was accompanied by a
sparsely granulated GH-cell
adenoma with fibrous bodies which
contained several foci of densely
granulated prolactin cells (Figs. 7
and 8). Two further adenomas were
composed exclusively of foci of
sparsely granulated GH-cells with
fibrous bodies and of sparsely granu-
lated prolactin cells with misplaced
exocytosis. One of these cases had
multiple endocrine adenomatosis
(MEA) type I syndrome including
acromegaly. The other patient was
known to have a high prolactin level

Figure 6—Portions of cells of a PAME exhibiting all characteristic features including

misplaced exocytosis (arrow) (x 14,250) and exhibited some acromegaloid
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Figure 7—Detail of a mixed adenoma
depicting a prolactin cell (P) adjacent
to sparsely granulated GH-adenoma
cells with a fibrous body (GH) (x
10,600)

features. The ultrastructural charac-
teristics of the GH or prolactin cells
were identical with those already de-
scribed under the corresponding
headings. These findings indicate
that every ultrastructural variant
may occur in mixed GH-prolactin
cell adenomas, and in some cases an
an intimate knowlege of various cell
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Figure 9—Densely granulated ACTH-
MSH producing adenoma from a case
of Nelson’s syndrome (x 5,500).
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types is indispensable in order to
recognize these neoplasms. Our ob-
servations also suggest that the
simultaneous occurrence of GH- and
prolactin cells within the same neo-
plasm is not a matter of chance and
the close relationship between the
two cell types which was shown in
animals (Schelin and Lundin, 1971)
may exist in the human pituitary as
well.

IV. MELANOCORTI-
COTROPH (ACTH-MSH)
CELL ADENOMAS.

1V. I. Densely granulated ACTH-
MSH cell tumors (4 cases).

Adenomas arising from ACTH-
MSH cells are associated either with
hypercorticism or develop in pa-
tients who have been adrenalec-
tomized because of pre-existing
Cushing’s syndrome (Nelson’s syn-
drome) (Nelson et al., 1958). By light
microscopy, the densely granulated
form of the neoplasm exhibits well
defined PAS-positivity distinguish-
ing this type from all other pituitary
adenomas. In addition to PAS-
positivity, the cytoplasmic granules
may take up acid dyes as well, show-
ing tinctorial properties similar to
those of prolactin granules (Herlant
and Pasteels, 1967), thus, ACTH-
MSH cells may behave as true am-
phophils.

Ultrastructurally many cells in
these tumors show a close similarity
to the ACTH-MSH cell of the non-
tumorous gland (Moriarty, 1973)
(Fig. 9). The spherical, oval or angu-
lar cells have a round or slightly
elongate nucleus and relatively
dense cytoplasm. The RER is
abundant in most cells, represented
either by scattered short profiles or
parallel stacks. A slight to moderate
dilation of ER is common. Both
membrane bound and free ribo-
somes are usually numerous ac-
counting mainly for the electron
opacity of the cytoplasm. The prom-
inent Golgi complex regularly con-
tains a few immature secretory
granules. All adenoma cells possess
spherical or slightly ‘“‘dented” sec-
retory granules measuring 250 - 450
nm in diameter. There may be con-
siderable differences in the electron
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Figure 8—Electron micrograph of a
mixed adenoma showing part of a pro-
lactin cell next to a sparsely granulated
GH-cell with fibrous body (x 14,150).

density of secretory granules (Fig.
10). Tt is not clear whether or not
these variations are attributable to
different phases of maturation
and/or secretion, or whether they
indicate the presence of two sepa-
rate granule populations. Partially
degranulated cells containing smal-
ler granules (av. 250 nm) may occur.

Figure 10—Same case as Figure 9. The
adenoma cells contain well developed
RER, numerous free ribosomes and
secretory granules with strikingly dif-
ferent electron density (x 11,450)
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Lining up of secretory granules
along cell membranes is very com-
mon. Although granule extrusions
were never observed. The
mitochondria are generally not
numerous, have moderately dense
matrix and lamellar cristae. Some
cells, however, showing different
degrees of oncocytic transformation
were encountered as well.

ACTH-MSH cell tumors develop-
ing in the presence of functioning ad-
renals are reported to contain a con-
siderable amount of fine cytoplasmic
microfilaments with an average
diameter of 70 A (Racadot et al.,
1973; Saeger et al., 1973b; Kovacs
and Horvath, 1974) (Fig. 11). The
size and electron microscopic ap-
pearance of this microfilamentous
substance is identical with that of
Crooke’s hyalin found in the non-
tumorous ACTH-MSH cells of
glucocorticoid-treated patients (De-
Cicco et al., 1972; Kovacs et al.,
1974). On the other hand, it appears
that ACTH-MSH secreting tumors
developing in cases of Nelson’s syn-
drome contain few or no microfila-
ments in the cytoplasm (Saeger,
1973b).

IV. 2. Sparsely granulated ACTH-
MSH cell adenoma.

On the basis of conventional his-
tologic stains it was found that a
considerable number of ACTH-
MSH cell tumors belong to the
category of ‘‘chromophobe’
adenomas (Nelson and Thorn, 1960;
Rovit and Berry, 1965). Although
the real incidence of chromophobe
(or more correctly, sparsely granu-
lated) adenomas might be lower than
it was assumed earlier, their exis-
tence cannot be doubted. Sparsely
granulated ACTH-MSH cell
adenomas did not occur in our mat-
erial, and in the literature available
to us we found only one report deal-
ing with the fine structure of such a
neoplasm (Foncin, 1963). Detailed
study of further cases is needed in
order to achieve an appropriate clas-
sification of this tumor type.

Specific techniques, such as hor-
mone radioimmunoassays, im-
munofluorescent and immunoperox-
idase methods, as well as the ultra-
structural study of pituitary tumors
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on a large scale are relatively recent
procedures. Only a few cases have
been studied with these sophisti-
cated techniques and the available
information is not sufficient to as-
sess the incidence of ACTH-MSH
secreting adenomas among all pituit-
ary tumors. It also is not possible to
determine the relative frequency of
densely and sparsely granulated var-
ieties occurring in association with
Cushing’s and Nelson’s syndromes.
It might be purely coincidental , but
it is impressive that all four
adenomas associated with Nelson’s
syndrome reported by Saeger
(1973b) and two of our cases were
well granulated.

A controversy related to the
ACTH-secreting cells of the pituit-
ary gland also should be elucidated
here. When Farquhar (1957) first de-
scribed the follicular cells in the rat
pituitary, she suggested that these
cells might be involved in corticot-
rophin production. Efforts to prove
this hypothesis (Rennels, 1964;
Yamashita, 1972) remained essen-
tially fruitless. Bergland and Torack
(1969) observed follicular structures
in an ACTH-MSH tumor associated
with Cushing’s disease and consi-
dered this finding as evidence sup-
porting the assumption that follicular
cells are in fact producing ACTH in
the human pituitary. In this laborat-
ory it was recently shown (Horvath
et al., 1974) that pituitary follicles
are not permanent structures, and
they are formed around ruptured
granulated cells by different glandu-
lar cells undergoing marked cytolog-
ical alterations. The participation in
this process is not limited to a single
cell type and GH cells, gonadot-
rophs as well as cells regarded as
ACTH-MSH cells on the basis of
specific immunoperoxidase techni-
que (Moriarty, 1973), were seen to
be involved in follicle formation.
These structures do not seem to be
related to hormone production in
any way. It appears that the ability
of pituitary granulated cells to form
follicles is retained in the adenomat-
ous cells as well. Follicles, occurring
with variable frequency, were seen
in various tumors, including
ACTH-MSH cell adenomas (unpub-
lished observations). Remarkably,
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Figure 11—ACTH-MSH-cell adenoma
from a case of hypercorticism. The
prominent Golgi region contains sec-
retory granules with varying electron
opacity as well as bundles of type I
microfilaments (arrows) (x 17,500)

follicular cells in the adenomatous
pituitary do not necessarily undergo
those marked cytological changes
seen in the non-tumorous pituitary.

|

Figure 13—Golgi region of an undif-
ferentiated adenoma cell lodging a
certriole and numerous radially
oriented as well as randomly scattered
microtubules (x 23,500)

Ultrastructure of Pituitary Adenomas
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V. ADENOMAS COMPOSED
OF UNDIFFERENTIATED
CELLS.

V. I. Undifferentiated cell adeno-
mas (9 cases).

By light microscopy these tumors
are chromophobic. A number of
cells might exhibit varying degrees
of cytoplasmic acidophilia due not to
the presence of stainable secretory
granules but to mitochondrial abun-
dance commonly seen in this
adenoma type. Clinically, no signs of
hormonal hypersecretion are evi-
dent. Electron microscopy reveals
the features of an undifferentiated
adenoma, quite characteristic in a
way. The relatively small polyhedral
cells are closely apposed. The nuclei
usually are strikingly irregular with
multiple deep indentations. Mitotic
figures may occur. The majority of
cells have a scanty cytoplasm of low
electron density containing short
scattered profiles of poorly de-
veloped RER, clusters of free ribo-
somes and a modest number of
small, dense, rod-shaped mitochon-
dria (Fig. 12). Despite the relative
scarcity of other cytoplasmic or-
ganelles, the crescent or ring-shaped
Golgi complex is usually quite prom-
inent. The sacculi, however, infre-
quently contain forming secretory
granules. Cytoplasmic microtubules,
situated mainly in the Golgi region,
but also at other sites, are usually
numerous in this adenoma type (Fig.
13). The secretory granules, found in
every tumor cell, are small (100-250
nm in diameter) and uncharacteris-
tic. Many of them have a clear halo
between the dark core and the limit-
ing membrane. Larger granules (up
to 500 nm in diameter) occur occa-
sionally. In the majority of cells the
secretory granules line up along the
cell membrane without any evidence
of granule extrusions.

A marked increase in number and
volume density of mitochondria, i.e.
oncocytic transformation, is clearly
evident in a varying proportion of
cells in all of these tumors (Fig. 14).

In some of the undifferentiated
cell adenomas, cells possessing well
developed RER, in the form of paral-
lel stacks heavily studded with ribo-
somes, can also be observed. Annu-
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late lamellae, a specially organized
ER, not known in non-tumorous

cells of the human pituitary, were
also seen in two undifferentiated

Figure 12—The typical appearance of an undifferentiated cell adenoma composed of
cells with pleomorphic nuclei and light cytoplasm poor in organelles and secretory
granules (x 11,700)
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Figure 14—Field from an undifferen-
tiated cell adenoma showing acellina
phase of advanced oncocytic trans-
formation (x 9,600)

adenomas (Kovacs et al., in press)
(Fig. 15). Unusually long intercellu-
lar junctions (zonulae adherentes)
are found frequently in this tumor

type.

V. 2. Oncocytoma (5 cases).

By light microscopy, these
adenomas are either chromophobe
or they show cytoplasmic
acidophilia. The intensity of

Figure 16—Portions of several cells of a
pituitary oncocytoma (x 7,200)
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acidophil coloration appears to de-
pend on the proportion of ‘‘dark”
and ‘‘light’” oncocytes in the tumor.
Clinically, none of the five tumors
were associated with any sign of
hormonal hypersecretion. Electron
microscopy revealed that the cells of
this tumor are larger than those of
the non-tumorous pituitary, but
much smaller than the oncocytes of
other glands such as Hiirthle cells,
salivary gland oncocytes or even the
oxyphils of parathyroids. This fact
might explain why this tumor has
never been recognized by light mic-
roscopy. Ultrastructurally, the ir-
regular, indented nuclei have the
same appearance as those of undif-
ferentiated cell adenomas. The
cytoplasm is almost filled with
closely packed mitochondria (Fig.
16). These organelles are rod-shaped
with fine granular matrix and closely
spaced lamellar cristae in the
“dark’’ oncocytes and are spheru-
lated with cavitations and loss of
cristae in the “‘light”’ oncocytes (Fig.
17). Signs indicating mitochondrial
division are occasionally apparent.
The scanty RER is represented by a
few scattered short profiles. Free
ribosomes are present among the
mitochondria. The Golgi complex is
well recognizable and it may even be
prominent in some cells. Cytoplas-
mic microtubules are seen fre-
quently in and around the Golgi reg-
ion. The secretory granules are
small (100-250 nm in diameter), but
are consistently present in every on-
cocyte.

Oncocytomas may contain cells
which can be considered transitory
forms between cells possessing
normal amounts of mitochondria and
oncocytes. The fine structural ap-
pearances of these cells are identical
with those seen in the cells undergo-
ing oncocytic transformation in un-
differentiated cell adenomas.

Undifferentiated cell adenomas
account for approximately 20 per
cent of all adenomas in our material.
The fine structural features are well
known and well documented under
the term of chromophobe adenomas
(Schelin, 1962; Fukumitsu, 1967;
Kuromatsu, 1968; Zambrano et al.,
1968, Schechter, 1973a; Tomiyasu et
al., 1973; Lewis and Van Noorden,

https://doi.org/10.1017/50317167100025944 Published online by Cambridge University Press

Figure 15—Annulate lamellae in an un-
differentiated adenoma cell (x 23,500)

1974), usually along with well recog-
nizable examples of PAME, the
other frequently occurring
‘*chromophobe’’ adenoma. Not-
withstanding their distinguishable
features, undifferentiated cell
adenomas and sparsely granulated
prolactin cell tumors have not previ-
ously been clearly separated. It is
known that undifferentiated cell
tumors might result in hyperprolac-

Figure 17—"'Dark’ and ‘‘light’’ onco-
cytes from a pituitary oncocytoma (x
14,000)

Ultrastructure of Pituitary Adenomas
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tinemia by interfering with the re-
lease of PIF, most probably due to
suprasellar extentions of the tumor
and involvement of hypothalamus
(Tolis et al ., 1974). Thus, distinction
between these adenomas has
theoretical as well as clinical signifi-
cance. At present only fine struc-
tural analysis can help to elucidate
the nature of the tumor and the pos-
sible source of prolactin.

Because of lack of characteristic
cytoplasmic features, undifferen-
tiated cell adenomas cannot be
linked to any known pituitary cell
type. It is readily evident, however,
that the present classification covers
the adenomas arising from GH, pro-
lactin and ACTH-MSH cells but
does not include tumors originating
from the so-called ‘‘mucoid’ cell
series secreting FSH, LH or TSH.
The existence of such tumors was
doubtful earlier. There is some re-
cent data, however, indicating that
pituitary tumors producing gonado-
troph hormones or thyrotrophin do
occur (Hamilton et al., 1970; Woolf
and Schenk, 1974). The fine struc-
ture of such neoplasms, to our know-
ledge, has not as yet been reported,
but it would not be surprising to find
them belonging to Class V. Scattered
cells exhibiting a higher degree of cy-
toplasmic differentiation in undiffer-
entiated cell tumors resemble either
LH or TSH-cells of the non-
tumorous pituitary. In addition, in
two of our undifferentiated cell
tumors we observed markedly
hypertrophied ring-shaped Golgi
complexes which are most likely to
be found in the castration cells
(hypertrophied FSH gonadotrophs)
of the pituitary of gonadectomized
subjects. The molecular structure of
the hormones secreted by the pituit-
ary basophils are most closely re-
lated as well. The A-chains are iden-
tical in their molecules and there are
differences only in their B-chains
(Moriarty, 1973). Thus, it is
reasonable to assume the existence
of a common precursor of pituitary
““mucoid”’ or basophil cells which
might give rise to the undifferen-
tiated cell adenomas. This sugges-
tion, however, can be substantiated
or disproved only by detailed clini-
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cal, biochemical and ultrastructural
studies of several such cases.

Pituitary oncocytomas are not ex-
ceedingly rare although they have
not been described until recently
(Kovacs and Horvath, 1973; Landolt
and Oswald, 1973). Oncocytic trans-
formation of hypophyseal glandular
cells occurs frequently in non-
tumorous as well as in adenomatous
pituitaries (Kinnman, 1973; Kovacs
et al., 1974a). We found that pituitary
cells, as in Hiirthle cells, parathyroid
oxyphil cells or salivary gland duct
epithelium, do retain some fine
structural characteristics even in ad-
vanced phases of oncocytic trans-
formation, which renders it possible
to link them with their cellular
source. The cells of the pituitary on-
cocytomas examined so far showed
features (nuclear morphology,
granule size, distribution and mor-
phology, abundance of micro-
tubules, etc.) shared by the undif-
ferentiated cell adenomas. Inter-
mediary cells, being in different
stages of oncocytic transformation
in these two adenomas, are indistin-
guishable from each other. Thus, it
appears that many, if not all, pituit-
ary oncocytomas represent an ex-
treme form of oncocytic transforma-
tion usually evident in undifferen-
tiated cell adenomas.

Recently, Schochet et al. (1974)
put forward the hypothesis that
salivary gland rests, present in the
posterior lobe, might give rise to
pituitary oncocytomas. The de-
velopment of tumors of such origin
cannot be excluded. We wish to
point out, however, that the oncocy-
tic tumors observed by us (Kovacs
and Horvath, 1973), as well as by
Landolt and Oswald (1973), ap-
peared to be of adenohypophyseal
origin with typical secretory
granules and not showing glandular
arrangement of cells and the typical
intercellular junctional complexes
(terminal bars) characteristic of
salivary gland structures which
should be retained in salivary gland
tumors.

DISCUSSION
This electron microscopic clas-
sification has already proved useful
in identification of pituitary
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adenomas, a goal that often cannot
be achieved by means of light mic-
roscopy. The proposed system,
based on present knowledge in this
field, is an open one permitting fu-
ture changes if hitherto unknown en-
tities (e.g. FSH, LH or TSH produc-
ing tumors) should be disclosed.
This classification is not suitable
to assess the possible malignant na-
ture of certain tumors and obviously
cannot be used to follow-up
therapeutic effects. On the other
hand, proper identification of
adenohypophyseal neoplasms will
help to elucidate several yet unans-
wered questions. A greater collec-
tion of material will enable us to de-
termine the incidence of various
pituitary adenomas, as well as to
evaluate the effect of various factors
such as sex, age and hormonal influ-
ences on their occurrence. Systema-
tic fine structural studies will also
clarify the relationship between the
densely and sparsely granulated
forms of adenomas. At present we
do not have enough data to provide a

definite answer to the questions: a)
do these variants transform into
each other? b) is the transformation
reversible? ¢) are there qualitative
differences between densely and
sparsely granulated adenomas and if
so, what is their significance?
Another important question is the re-
lationship between fine structure
and functional activity. At present
we only know that both densely and
sparsely granulated tumors may be
associated with high or low secret-
ory activity clinically. Thus, granu-
larity of a tumor per se is obviously
not a reliable indicator of hormonal
activity. Careful and critical selec-
tion of more criteria and thorough
investigation of further clearly iden-
tified cases will be necessary to es-
tablish the relationship between the
fine structure and hormonal activity
of pituitary adenomas.

It has long been known that cer-
tain adenohypophyseal tumors ex-
hibit a faster rate of growth than
others. Some of them show a ten-
dency to recur as well. At present it
is impossible to predict the probably
behaviour of any pituitary neoplasm.
The identification of these tumors,
based on well defined criteria, and
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follow-up of cases for a longer
period of time (10-15 years) will ren-
der it possible to determine whether
or not some characteristics, such as
higher growth rate, recurrence, etc.
are linked to certain types of
adenomas or rather represent indi-
vidual variations.
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