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Abstract Three cases of a composite sellar tumour com-
posed of a gangliocytoma and an adenoma are presented.
Two patients who showed acromegaly and hyper-
prolactinaemia had a gangliocytoma and a growth hor-
mone (GH)-prolactin cell adenoma in close proximity.
The gangliocytoma contained growth hormone-releasing
hormone (GHRH) by immunohistochemistry. At the
electron microscopical level, the gangliocytoma was
characterized by numerous synaptic vesicles. The third
patient, a child with Cushing’s disease, presented a corti-
cotropin-releasing hormone (CRH)-positive gangliocy-
toma in close contact with an adrenocorticotropic hor-
mone (ACTH) secreting adenoma, the latter a typical
densely granulated ACTH cell adenoma. Ultrastructural-
ly, the gangliocytoma revealed synaptic vesicles and
sparse secretory granules. The results suggest that gang-
liocytomas may promote the development of pituitary
adenomas by hypersecretion of releasing hormones.
Whereas 20 cases of sellar GHRH producing gang-
liocytomas in acromegaly are reported in the literature,
the combination of a CRH-positive gangliocytoma and
an ACTH cell adenoma in Cushing’s disease is apparent-
ly the first case.
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Introduction

The pathogenesis of pituitary adenomas is unclear. Local
factors of the pituitary cellular level such as irradiation,
genetic mutations or viral infections may play a role
[11]. Increased secretion of brain peptides from the hy-
pothalamus is thought to promote the development of ad-
enomas [11]. In 6.3% of unselected post mortem pituitar-
ies we found small nodules representing border-line le-
sions between focal hyperplasia and small adenomas
[21]. Factors that promote focal hyperplasia to adenoma
can be postulated but have been traced only in very rare
cases, in which a “secondary” increase of hypothalamic
hormones due to insufficiency or destruction of peripher-
al endocrine organs, especially of the adrenal and thyroid
glands was assumed or demonstrated. In such cases, rare
and mostly small ACTH cell adenomas [27] or TSH cell
adenomas [28] have been described.

Primary hyperfunction of hypothalamic releasing hor-
mones may be the cause of the development of a pitu-
itary adenoma from the target cell system [25], but re-
ports so far describe 20 cases of a growth hormone-re-
leasing hormone (GHRH) producing sellar tumour in
combination with a growth hormone (GH) secreting pitu-
itary adenoma (for review see [17]).

Corticotropin-releasing hormone (CRH) producing
sellar tumours are extremely rare. Only three cases of
gangliocytomas in Cushing’s disease have been reported:
a CRH-positive gangliocytoma and an ACTH cell hyper-
plasia [2], a CRH-negative gangliocytoma in combina-
tion with an ACTH cell adenoma [6, 9, 15] (Table 2) and
a CRH-positive gangliocytoma without concomitant ade-
noma {14] (Table 2).

As our files contain three sellar gangliocytomas in
combination with active pituitary adenomas (2 in ac-
romegaly, 1 in Cushing’s disease) we wish to present
their light microscopical and ultrastructural features and
the immunochistological data. Some morphological find-
ings of two cases (Cases 2 and 3) have been mentioned
in a review [17] and in a case report (Case 3) [16] but
many details, especially the ultrastructure of gang-
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liocytomas and the morphology of the concomitant ade-
nomas have not been described.

Case reports
Case 1

A 27-year-old woman with acromegaly and elevated
GH- and prolactin-plasma levels underwent trans-
sphenoidal surgery for a large intra-, para- and suprasel-
lar tumour in another hospital. Post-operatively GH- and
prolactin-plasma levels did not normalize. Because her
elevated GH- and prolactin-plasma levels responded well
to bromocriptine, medical therapy was continued. How-
ever, at radiological examination 2 years after the opera-
tion, progressive recurrent tumour growth into the left
parasellar and retrosellar region and into the sphenoidal
sinus was seen. Since the patient felt well at that time,
she refused any further therapy. The patient was lost to
follow-up.

Case 2

A 28-year-old woman suffering acromegaly for 4 years,
was operated on a large intra-, para- and suprasellar tu-
mour. As extremely high GH-plasma levels persisted de-
spite treatment with octreotide, multistage therapy was
performed with transcranial resection of the suprasellar
tumour (mainly gangliocytoma tissue) resulting in a de-
cline of GH-plasma levels from 170 ug/l to 99 ug/lL
Eleven months later trans-sphenoidal resection of the in-
tra-sellar tumour (mainly adenoma tissue) was carried
out resulting in a decline of GH-plasma levels from 90
ug/l to 15 pg/l. A further year later radiotherapy resulted
in normalization of GH-plasma levels (2.9 pg/l).

Case 3

A 10-year-old girl suffered from Cushing’s disease for at
least 2 years. An intrasellar and suprasellar tumour mea-
suring 2x2x1 cm and invading the right cavernous sinus
was resected trans-sphenoidally. The macroscopical as-
pect was atypical for an adenoma showing large amounts
of fibrous tissue and a greenish colour. Frozen section
examination revealed tumour tissue not typical of a pitu-
itary adenoma. Further exploration showed a small inva-
sive intrasellar adenoma. Post-operatively ACTH-hyper-
function ceased. There is no evidence of recurrent dis-
ease 9 months after surgery. Substitution of cortisol is
still necessary.

Material and methods

For intra-operative tumour diagnosis frozen sections from very
small specimens were performed. The remaining parts were fixed
in glutaraldehyde, post-fixed in buffered formalin and embedded
in paraffin. For electron microscopy (only cases 2 and 3) small
pieces of tissue were fixed in glutaraldehyde, post-fixed in osmi-

um tetroxide and embedded in Epon 812. Ultrathin sections were
studied with a Zeiss EM 9S2 electron microscope. Immunohistol-
ogy on paraffin sections was carried out with the following mono-
clonal (mc) and polyclonal (pc) antibodies: anti-GHRH (pc, gift of
Dr. Schulte, Essen and Kiel) [30], anti-CRH (pc, Milab, Malmg,
Sweden, 1:50), anti-GH (mc, Biogenex, San Ramon, Calif., USA,
prediluted), anti-prolactin (mc, Immunotech, Marseille, France,
1:100), anti- adrenocorticotrophic hormone (ACTH) (pc, Dako,
Hamburg, Germany, 1:300), anti- thyroid stimulating hormone
(TSH) mc, Immunotech, 1:100) anti-follicle stimulating hormone
(FSH) (mc, Immunotech, 1:200), anti-luteinising hormone (LH)
(mc, Immunotech, 1:200), anti-a-subunit (mc, Immunotech,
1:500), anti-S100-protein (pc, Dako, 1:800), anti-keratin KL1 (mc,
Immunotech), anti-vimentin (mc, Dako, 1:10), anti-neuron specif-
ic enolase (NSE) (mc, Dako, 1:200), anti-synaptophysin {(mc,
Dako, 1:20), anti-glial fibrillary acid protein (GFAP) (mc, Dako,
1:80), anti-neurofilament protein (me, Dako, 1:200) and anti-
chromogranin A (mc, Boehringer, Mannheim, Germany, 1:100).

For the second layer biotinylated anti-IgG and for the third lay-
er the avidin/biotinylated peroxidase complex was used. Chromo-
gen was diaminobenzidine. For the hypothalamic hormones
GHRH and CRH normal human hypothalamus from autopsy was
used as positive control. The omission of primary antibody served
as specificity control.

Results
Case 1

Histology revealed two tumours: a larger tumour with a
diffuse pattern composed of medium-sized moderately
pleomomorphic cells. Their nuclei appeared to be of me-
dium size. Their chromatin was poorly developed and
their nucleoli were medium-large. The cytoplasm was
broad, acidophil and partly elongated. Some necrobiotic-
ally shrunken cells were intermingled. Connective tissue
was sparsely developed around the capillaries. Immuno-
histologically, there was positivity for GH in about 50%
of cells and for prolactin in about 20% of cells. No other
pituitary hormones were expressed. Keratin was demon-
strable in a globular perinuclear pattern indicating fi-
brous bodies. This lesion was classified as a mixed
GH/prolactin cell adenoma.

The other, smaller tumour was irregularly outlined
(Fig. 1) and revealed ganglionic cells of slightly variable
size with large oval nuclei, distinct large nucleoli and
broad cytoplasm with Nissl’s substance. Some harboured
two nucleoli. The cells were embedded in an eosino-
philic fibrillar matrix with sparse cells of glial type.

Case 2

Histology presented two different relatively sharply de-
marcated parts. The larger, centrally located, was com-
posed of adenoma tissue with very similar structures to
case 1. Immunohistologically (Table 1), 50% of tumour-
cells were positive for GH and 20% for prolactin. The
other pituitary hormones, S-100-protein, releasing-hor-
mones, GFAP and neurofilament were not immuno-
stained. Keratin was demonstrable in a globular perinu-
clear pattern indicating fibrous bodies. An electron mi-
croscopic analysis was not possible as this tumour part
was not included in Epon embedded tissue.
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Table 1 Clinicopathological

data in sellar gangliocytomas Case Age/Sex  Hyperfunction Immunostaining Adenoma
combined with pituitary - ., classification
adenomas Gangliocytoma Pituitary adenoma
1 27y F Acromegaly, Not done GH+, Prolactin+ GH/Prolactin
hyperprolacti- other pituitary cell adenoma
nemia hormones negative
2 28y F Acromegaly GHRH ++, CRH (+) GH ++, GH/Prolactin
GFAP +2, —; Prolactin +, cell adenoma
Neurofilament +, other pituitary
Synaptophysin -+, hormones negative
NSE ++, Keratin +,
Vimentin?
3 10y F Cushing’s CRH +, GFAP —, ACTH +++, Densely
disease S100-Protein —, other pituitary granulated
Synaptophysin +, hormones negative, ~ ACTH cell
NSE + Keratin ++, adenoma

S100-protein neg.

2 Not in tumour cells but in associated glial tissue

Table 2 Hypothalamic-sellar

Hypothalamic-sellar
tumour (classification
and immunostaining)

Pituitary lesion

tumours and pituitary lesions in Authors and year Age and
Cushing’s disease sex
Asa et al. 1984 58y F
Nawata et al. 1990 53y M
Jakumeit et al.
(1974) (case 3) 31y F
Olivier et al.,
(1975) (case 4)
Lietal., (1989)
(case 3)
Nishio et al., 58y F
1987
Present case 10y F
(Table 1)

gangliocytoma
CRH +, glucagon (+),
pituitary hormones neg.

neuronal tumor (?)2

ACTH cell hyper-
plasia (no adja-
cent pituitary)

metastasizing

pituitary carcinoma

with distinct cell
populations:

one CRH +2, one ACTH +,
one CRH and ACTH +

Gangliocytoma ACTH cell adenoma
CRH —, ACTH +, adjacent pituitary
somatostatin +, not mentioned
BLPH +

Emax

Gangliocytoma ?

CRH +

Gangliocytoma ACTH cell adenoma
CRH + Very sparse com-

pituitary hor-
mones negative

pressed adjacent
pituitary without
ACTH cells

2 Presumably representing a hypothalamic neuronal tumour

As in case 1, the tumour was classified as a mixed
GH/prolactin cell adenoma.

The smaller tumour portion showed ganglionic cells
in a fibrillar matrix with sparse glial cells. Within this tu-
mour dense fibrous tissue of collagenous type with gran-
ulation tissue was observed and appeared to be connect-
ed with previous surgery. Immunostaining (Table 1)
showed GHRH in the ganglionic cells and also NSE,
synaptophysin, chromogranin A and neurofilament.

The sparse glial elements were partly positive with
anti-GFAP and with anti-S100-protein. Pituitary hor-
mones were not demonstrated in this tumour.

Electron microscopically the slightly lobated nuclei
revealed condensed chromatin, small partly doubled nu-
cleoli and a dilated nuclear membrane. The rough endo-
plasmic reticulum was sparsely developed and partly di-
lated. Secretory granules were sparse, small to medium-
sized and partly oval. Mitochondria were numerous, oval
or slightly irregular and harboured numerous slightly ir-
regular cristae. Microvesicles as synaptic vesicles were
strongly developed. The cellular membranes appeared
slightly winding.
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Fig. 1 Gangliocytoma and
GH/Prolactin cell adenoma
(case 1). Adenoma with
relatively small, densely
arranged cells (left) and
GHRH-gangliocytoma with
large cells (right).
Haematoxylin-eosin, 160x

Fig. 2a CRH-gangliocytoma
(case 3): large cells of gang-
liocytic type, positive for CRH.
Anti-CRH, 450x. b (Case 3)
CRH-gangliocytoma: sparse
glial cells. Anti-GFAP, 280x

Case 3

Histology revealed a large cell tumour adjacent to a tu-
mour with smaller cells. There was no sharp border be-
tween the two lesions (Fig. 3).

The smaller cells corresponded to adenoma cells
showing oval nuclei with medium amounts of chromatin
and distinct nucleoli and a PAS-positive granular cyto-
plasm. The larger cells resembled ganglionic cells with
medium-sized oval nuclei and distinct nucleoli. The cy-
toplasm was broad, acidophilic and slightly granular.

Immunostaining (Table 1) revealed CRH- (Fig. 2a),
NSE- and synaptophysin-reactivity in the gangliocytic
tumour, which was negative for GHRH, S100-protein,
keratin and pituitary hormones. Sparse small foci of glial
cells expressing GFAP (Fig. 2b) were found at the pe-

riphery. The adenoma was positive for ACTH (Fig. 3)
and keratin, and negative for the other pituitary hor-
mones, GFAP, S100-Protein and releasing hormones.
Electronmicroscopically (Fig. 4), the adenoma cells dis-
played oval or slightly lobated nuclei with small nucleo-
li, a moderately developed rough endoplasmic reticulum,
medium-sized Golgi complexes, numerous secretory
granules of medium size, sparse small lysosomes with
much pigment, sparse oval mitochondria and focally
densely arranged cytofilaments. The ganglionic cells
(Fig. 5) contained slightly lobated nuclei with condensed
chromatin at the periphery and medium-sized nucleoli.
The rough endoplasmic reticulum was sparsely devel-
oped and partly dilated. The Golgi complexes were small
and showed partly dilated cisterns. Secretory granules
were rare and small. Some larger granules resembled



Fig. 3 CRH-gangliocytoma
and ACTH-cell adenoma (case
3): CRH-gangliocytoma (upper
right and left) (G) and adenoma
(A), positive for ACTH, with
indistinct border and intermin-
gled adenoma cells (upper
part). Anti-ACTH, 400x

Fig. 4 CRH-gangliocytoma
and ACTH cell adenoma (case
3): Adenoma cell (A) with
many secretory granules and
cytofilaments and gangliocy-
toma cell (G) with mitochon-
dria and synaptic vesicles. Ura-
nyl-acetate-lead citrate, 7200x

lysosomes. Mitochondria were numerous, oval or circu-
lar and showed tubular cristae. Rarely, they were com-
bined with lamellar bodies of equal size. Also numerous
were vesicles of synaptic type (Fig. 5). Some lamellar
structures were found which resembled myelin sheaths.
The contact zone between both tumours (Fig.4) was
characterized by very narrow intercellular spaces and de-
smosomal complexes. Typical synapses were not ob-
served.

Discussion

In three patients, two with acromegaly and one with Cu-
shing’s disease, we found a composite sellar lesion con-
sisting of a gangliocytoma and a pituitary adenoma.
Apart from the neoplastic tissue there were also some
rare glial elements in the gangliocytomas of cases 2 and
3 which appeared to be reactive rather than neoplastic
proliferations. Therefore we did not use the terms “gang-
lioglioma” [5], [“hamartoma” [1, 29, 31] or “choris-
toma” [26, 33], but called the neuronal lesions gang-
liocytoma [19]. In a first brief communication of our
third case in a review [23], the gangliocytic tumour was
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Fig. 5 CRH-gangliocytoma
(case 3): gangliocytoma cell
with many synaptic vesicles
(arrows), mitochondria and
lysosomes. Uranyl acetate-lead
citrate, 14300x

named a choristoma, i.e. a tumour-like growth of hetero-
topic tissue, according to the definition of Ziilch [34].
Such choristomas, some with acromegaly [18, 33] had
already previously been published. Our electron micro-
scopic examinations and immunostaining for neuronal
and glial markers, however, revealed only sparse glial
cells between and particularly around the gangliocytoma
cells (Fig. 2b). These cells appeared to be comparable
with the S100-protein-positive satellite cells in phaeo-
chromocytomas [8] and the folliculo-stellate cells in pi-
tuitary adenomas [10] which are regarded as remnants of
normal tissue or as reactive proliferations, but not as an-
other tumour cell type.

In the gangliocytoma we demonstrated GHRH and
CRH, respectively, while in the pituitary adenomas
GH/prolactin and ACTH, respectively, were found. The
distribution of the hormones to the various tumours sug-
gests that the gangliocytomas may have triggered the de-
velopment of pituitary adenoma via paracrine secretion
of the hypothalamic releasing hormones. The resulting
pituitary adenomas were then the source of the elevated
hormones responsible for the hormonal syndromes.

Only in the second patient, were the gangliocytoma
and the adenoma sharply demarcated. In the other two
patients the tumours had blurred outlines and appeared to
invade each other. This combination of a gangliocytoma
and an adenoma is very rare. Only 28 cases have so far
been published (for review see [17]). Most cases with ac-
romegaly and a GHRH-positive gangliocytoma revealed
similar findings. [17].

Our third case, the patient with Cushing’s disease,
seems to be unique (Table 2); the case reported by Asa et
al. [1] did not show an adenoma but an ACTH cell hy-
perplasia beside the gangliocytoma; the case of Li et al.
[9] — also published by Jakumeit et al. [6] and Olivier et
al. [15] — was not immunoreactive for CRH but positive
for ACTH in the gangliocytoma part; and the case of Na-

wata et al. was a CRH- and ACTH-secreting carcinoma
of the pituitary.

A few extra-hypothalamic and extra-sellar GHRH-
producing tumours, were also reported mainly in the
pancreas and lung [12, 22], for review [24]. In these tu-
mours the histology differs from that of the gang-
liocytomas, showing aspects of a typical neuroendocrine
tumour, with some similarities to paragangliomas. Ultra-
structurally [22] secretory granules measuring 100-250
nm or about 600 nm, microtubules, microfilaments, Ne-
benkerne, short or medium-long rough endoplasmic re-
ticulum, oval mitochondria with lamellar cristae in vary-
ing numbers and abundant free ribosomes were found.
Despite the same product being secreted, GHRH, the
structure of the tumours is thus very different. CRH was
identified in extra-hypothalamic tumours [3] mainly in
small cell carcinomas of the lung and in carcinoids of
bronchus or thymus. Again, these tumours failed to show
any similarities to CRH producing gangliocytomas. The
accompanying adenomas do not differ from those with-
out gangliocytomas. All were reported to be sparsely
granulated adenomas harboring GH immunoreactive
cells [4, 7].

In cases with extra-sellar GRH-secreting tumours no
GH-cell adenomas but GH-cell hyperplasias were identi-
fied. It is unclear why oversecretion of the same releas-
ing hormone induces an adenoma if it comes from a
sellar gangliocytoma, or only hyperplasia, if originating
from extra-sellar sources. It may base on the type of se-
cretion (paracrine versus endocrine) or on the concentra-
tion or level of the releasing hormones from the gang-
liocytoma; or else further agents, especially neurotrans-
mitters or other hormones [20] are expressed in sellar
gangliocytomas and responsible for the development of
pituitary adenomas.
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