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A b s t r a c t  A pituitary tumour composed of well-differ- 
entiated corticotrophs and adrenocortical cells is report- 
ed. Sections of the tumour revealed a mixture of small 
round cells with amphophilic or basophilic periodic acid- 
Schiff (PAS)-positive cytoplasm and large spherical and 
oval cells with abundant, granular, partly vacuolated 
PAS-negative cytoplasm. The small cells contained type 
1 cytokeratin-positive microfilaments, numerous 
250-500 nm endocrine-type secretory granules immuno- 
reactive for adenocorticotropic hormone (ACTH) and ~- 
lipotropin. The large cells possessed ample cytoplasm 
filled with abundant vesicular smooth endoplasmic retic- 
ulum, numerous mitochondria possessing tubulovesicu- 
lar cristae and frequent dense bodies. They lacked the 
features of pituitary endocrine cells or folliculostellate 
cells and were found to contain a panel of steroidogenic 
dehydrogenases and hydroxylases. The tumour was clas- 
sified as a choristoma, in which two distinct cells types, 
corticotrophs and adrenocortical cells, were mixed. We 
suggest that, under continued ACTH stimulation, un- 
committed stem cells may differentiate into adrenocorti- 
cal cells. Alternatively, the presence of adrenocortical 
cells may be the result of heterotopia. 
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Introduction 

Heterotopic adrenocortical cells are found in the retro- 
peritoneal space, the broad ligament, and the male or fe- 
male gonads [5]. Aberrant adrenocortical rests or adreno- 
cortical adenomas have also been identified in a wide va- 
riety of other non-steroidogenic tissues, including kidney 
[4], lung [3], the spinal canal [9] and, exceptionally, on 
the leptomeningeal surface in the cranium [12, 22]. 
However, the emergence of adrenocortical cells in the 
sellar region has not previously been reported. 

Our case, a pituitary tumour composed of well-differ- 
entiated corticotrophs and adrenocortical cells, located in 
the sella turcica, might be classified as a pituitary choris- 
toma, and neither this nor a teratoma with a combination 
of corticotrophic and adrenocortical cells is found in the 
literature. The histogenesis of this unusual composite le- 
sion is obscure. We suggest that, under continued adre- 
nocorticotropic hormone (ACTH) stimulation, uncom- 
mitted stem cells or mesenchymal cells in the pituitary 
gland may differentiate into adrenocortical cells, or alter- 
natively, the presence of adrenocortical cells may be the 
result of misplacement to an abnormal location during 
embryonic life. 

Case report 

A 16-year-old man was admitted to the Kitasato University Hospi- 
tal with growth retardation of 3 years' duration. There were no 
hormonal disturbances (acromegaly, Cushing's disease, or impo- 
tence), and visual disturbances were not evident. Preoperative en- 
docrinological testing revealed slightly low serum levels of pituita- 
ry hormones including growth hormone (GH; 0.3 ng/ml), follicle 
stimulating hormone (FSH; 1.7 mIU/ml), luteinizing hormone 
(LH; 0.5 mIU/ml) and thyroid stimulating hormone (TSH; 0.1 
gU/ml). Free T3 (2.2 pg/dl) and free T4 (1.2 ng/dl) were within 
the normal range. Blood cortisol and testosterone levels were also 
normal. Plain CT scans showed isodensity, and contrast-enhanced 



614 

CT showed an enhancement effect. MRI demonstrated a tumour 
measuring approximately 1.5 cm with low signal intensity on T1- 
weighted images, and mixed (iso and high) signal intensity on T2- 
weighted images. Slight suprasellar extension was apparent. The 
diagnosis of pituitary adenoma was made and the tumour was re- 
moved by the trans-sphenoidal approach. Growth retardation was 
improved by 2.5 years of GH administration after surgery. 

Materials and methods 

The surgically removed tissue consisted of 5-6 soft fragments, 
which were divided and fixed in 10% formalin, freshly prepared 
4% paraformaldehyde and Bouin's solutions for light microscopy. 
Five-micrometre-thick sections were stained with haematoxylin 
and eosin, periodic acid-Schiff (PAS) and Watanabe's silver im- 
pregnation technique for the demonstration of the reticulin fibre 
network. 

Several pieces of tissue were fixed in 2.5% glutaraldehyde, 
postfixed in osmium tetroxide, dehydrated and embedded in epoxy 
resin. Ultrathin sections were stained with uranyl acetate and lead 
citrate, and examined with JEMt200EX and Philips 410-LS trans- 
mission electron microscopes. 

Immunohistochemical studies were performed on 5-btm-thick 
paraffin sections using the streptavidin-biotin-peroxidase-conju- 
gated detection system (Dako Japan, Kyoto). Sources of primary 
antisera and monoclonal antibodies used and their sources are 
summarized in Table 1. To prove the specificity of immunostain- 
ing, the primary antisera were replaced with non-immune sera. In 
addition, the antisera were absorbed with an excess of homologous 
antigen of pituitary hormones (donated by NIADDKD or pur- 
chased from Peptide Institute, Osaka). The staining was judged 
positive only when the non-immune serum or absorption with ho- 
mologous antigen yielded negative results. 

Results 

Histological  sections of  the tumour revealed a mixture of  
small round cells with amphophil ic  or basophilic cyto- 
plasm and large spherical and oval cells with abundant, 
granular, partly vacuolated acidophilic cytoplasm (Fig. 
1). The small cells were weakly to moderately positive 
and the large cells were negative on PAS staining. The 
reticulin fibres, delineated by silver impregnation, sur- 
rounded a mixture of  the two cell types which formed 
groups and were intermingled. The numerical ratio of  the 
two cell types varied considerably f rom area to area of  
the tumour  (Fig. 1). No  major  cellular or nuclear pleo- 
morphism was noted and no mitotic figures were seen. 
The margin o f  the tumour  bordering the non- tumorous 
adenohypophysis  could not be examined. By electron 
microscopy (Fig. 2), two distinctly different cell types 
were recognized.  The two cell types were closely associ- 
ated and were occasional ly attached by small adherent 
junctions. In some sites a narrow strip o f  connective tis- 
sue intervened (not shown in the figure). The small, 
well-granulated cells contained bundles of  type 1 micro- 
filaments in the perinuclear cytoplasm. Secretory gran- 
ules were spherical, oval or drop-like, homogeneous ly  
dense without  halo, measuring f rom 250 to 500 nm in di- 
ameter. These features corresponded to those of  densely 
granulated functioning cort icotroph cell adenomas or 
non- tumour  corticotrophs in the anterior lobe or the ba- 
sophilic cells in the intermediate and posterior lobes or 

Table 1 Immunostaining re- 
sults (-  negative, + occasional- 
ly positive, ++ most cells posi- 
tive, +* strongly positive aggre- 
gate in paranuclear area; NI- 
ADDKD National Institute of 
Arthritis, Diabetes, Digestive 
and Kidney Diseases) 

Antigen Source of antiserum Working Two cell types 
dilution 

Epithelial membrane antigen 
Keratins (mol.wt. 56-64 kDa) 
Human cytokeratin (CAM5.2) 

Neurofilament (NF) 
(68, 160 and 200 kDa) 

Glial fibrillary acidic protein (GFAP) 

Small Large 

Dako Japan, Kyoto x200 - - - +  
Dako Japan, Kyoto x 1000 + - 
Nippon Becton- x2 ++ - 
Dickinson, Tokyo 
Amersham, UK x200 - - 

S 100 protein 
Vimentin 
c~-Antitrypsin 
cq-Antichymotrypsin 
Mitochondrial 65 kDa protein ~ 8) 

Porcine pituitary ACTH[1-39] 
Fragment of [3-1ipotropin or 
[3-MSH (synthetic) 
Growth hormone 
Prolactin 

Amersham, UK x200 

Follicle stimulating hormone (FSH [3) 
Luteinizing hormone (LH [3) 
Thyroid stimulating hormone (TSH [3) 
3 [3-hydroxysteroid 

dehydrogenase (313 HSD) 
Cytochrome P450~ 
Cytochrome P450sc c 
CytochromeP450~7 
CytochromeP450c21 

Dako Japan, Kyoto x4 
Amersham, UK x200 
Lipshaw, Mich. x500 
Lipshaw, Mich. xS00 
Chemicon International x20 
(monoclonal antibody 
mAb 1273), Calif. 
ImmunoNeclear, Minn. x500 
UCB-Bioproducts, x800 
Belgium 
Dako, Calif. x500 
Dako, Calif. x 1000 
NIADDKD, Md. x 1000 
NIADDKD, Md. x 1000 
NIADDKD, Md. x600 
[16] x500 

[19] x450 
[19] x500 
[15] xS00 
[21] x400 

m _ 

m _ 

- -  - t - +  
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Fig. 1 Histology of the turnout. The small round well-granulated 
cells with amphophilic or basophilic cytoplasm and the large 
spherical or oval cells with abundant, granular, partly vacuolated 
cytoplasm form groups and were close to each other 

to those of silent subtype 1 corticotroph adenomas [8]. 
The large cells which enmeshed the small corticotroph 
cells possessed ample cytoplasm packed with abundant 
vesicular smooth endoplasmic reticulum (SER), numer- 
ous mitochondria mostly with vesicular or tubulovesicu- 
lar cristae, frequent lysosomal dense bodies and occa- 
sional lipid vacuoles. These cells strongly resembled 
stimulated steroid hormone producing "compact" cells 
with highly increased SER and decreased lipid vacuoles 
[13] and with no feature of amine/peptide-producing 
cells and of folliculostellate cells. No transitional forms 
appeared to be present between the two cell types. 

The results of immunostaining (summarized in Table 
1 and Fig. 3) clearly demonstrated that the small cells 
were corticotrophs storing abundant ACTH and [3-1ipo- 
tropin and possessing no steroidogenic enzymes. The 
large cells were not immunoreactive for ACTH or any 
other adenohypophygial hormones and were immuno- 
histochemically indistinguishable from stimulated adre- 
nocortical cells as shown by immunohistochemistry for 
3~3-hydroxysteroid dehydrogenase and a panel of cyto- 
chrome P450 steroid synthetic enzymes [14, 15, 17, 19], 
indicating the presence of a set of steroidogenic en- 
zymes, although some of these enzymes have also been 
shown to be present in normal and/or tumour tissues of 
salivary, mammary, and prostate glands, pancreatic duct 
and kidney. Therefore, their presence cannot be absolute- 
ly specific to classical steroidogenic cells, even if they 
are shown in our tumour by immunohistochemistry. Mi- 
tochondrial protein [20] was positive in the large cells. 
Only the small cells were positive for human cytokeratin 
(CAM5.2) and occasionally positive for vimentin. Both 

Fig. 2 Electron microscopy demonstrates that the small cells 
closely resemble densely granulated corticotroph cells and that the 
large cells closely resemble stimulated steroid hormone producing 
compact cells with greatly increased vesicular smooth endoplas- 
mic reticulum, numerous mitochondria of tubulovesicular crista 
type and frequent dense bodies (bar represents 5 btm) 

cell types were negative for S100 and glial fibrillary 
acidic protein, immunohistochemical markers of follic- 
ulostellate cells. Based on our findings, the tumour was 
classified as an endocrinologically silent, pituitary cho- 
ristoma composed of corticotrophs and adrenocortical 
cells. No comparable has been described before. 

Discussion 

The cytogenesis of this unique tumour remains obscure. 
It appears that it is a random mixture of two cell types 
which proliferate in the sella. Immunohistochemistry and 
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Fig. 3 Immunohistochemical detection of a ACTH, b ~-lipotro- 
pin, c CAM 5.2 cytokeratin, d vimentin, e cq-antichymotrypsin, f 
mitochondrial protein, g 3~-hydroxysteroid dehydrogenase (3~ 
HSD), h P450~7c~ cytochrome enzyme. ACTH, ~-lipotropin, CAM 
5.2 and vimentin were restricted to the small cells, while o~l-anti- 
chymotrypsin, mitochondrial protein, 3~ HSD, P45017 a and other 
P4501~ scc and c2~ steroidogenic enzymes (the last three not 
shown} ~;ere largely restricted to the large cells 

electron microscopy proved that the lesion consisted of 
corticotrophs and stimulated adrenocortical cells. It is in- 
triguing that the tumour was clinically silent causing no 
Cushing's disease, although a major component of the tu- 
mour represented corticotrophs. The origin of the adreno- 
cortical cells in the sella and the reason for their co-exis- 
tence with corticotrophs is not clear. Since a close rela- 
tion exists between ACTH and adrenocortical cells, it is 
tempting to speculate that the two cell types interact with 
each other in "paracrine" fashion and not in "endocrine" 
fashion as in the normal hypophyseal-adrenocortical axis. 

The adrenal cortex has its origin in the mesoderm beneath 
the mesothelium of the coelomic cavity near the cranial 
pole of the mesonephros on each side [1]. In some cases, 
heterotopic adrenocortical tissues, exceptionally linked 
with the adrenal medulla, are found in the retroperitoneal 
space and the broad ligament, as well the male or female 
gonads [5]. Aberrant adrenocortical rests or adrenocorti- 
cal adenomas have also been identified in a wide variety 
of other non-steroidogenic tissues, including kidney [4], 
lung [3], the spinal canal [9] and the leptomeningeal sur- 
face in the cranium [12, 22]. Organogenesis of an intra- 
cranial adrenal gland was explained by Wiener et al. [22] 
as representing either misplaced blastomere or conversion 
of fatty tissue to adrenocortical cells. A teratoma with a 
combination of corticotrophs and adrenocortical cells has 
not been reported so far in the sellar region or elsewhere. 
The most plausible explanations are that either uncom- 
mitted stem cells such as undifferentiated mesenchymal 
cells are present in the pituitary region which under pro- 
longed ACTH stimulation can differentiate into adreno- 
cortical cells or adrenocortical cells migrate to a wrong 
place, the sellar region, during an early embryonic stage. 
The emergence of adrenocortex-like cells in the sellar re- 
gion has not been previously reported. Increased large ba- 
sophilic or chromophobic vacuolar cells immunopositive 
for ACTH are well known in the pituitary of untreated 
Addison's disease but they possess no features of adreno- 
cortical cells [6, 18]. The large cells in our case show no 
resemblance to corticotrophs and no transitional forms 
between corticotrophs and adrenocortical cells could be 
identified. Studies in man [10] and experimental animals 
[2, 7, 11] lead to the hypothesis that continued paracrine 
ACTH stimulation by corticotroph adenoma cells may 
transform uncommitted stem cells including mesenchy- 
mal cells or adipose cells to adrenocortex-like cells. The 
response to stress in the adrenal cortex and brown fat is 
obviously mediated by ACTH. Groat [7] observed the 
differentiation of ovarian and other mesenchymal cells in- 
to adrenocortex-like cells in the adrenalectomized 
ground-squirrels of both sexes. Thus, it is conceivable 
that the adrenocortical tissue can differentiate from vari- 
ous sources [11]. No differentiation to adrenocortical 
cells occurred in hypophysectomized animals, suggesting 
that the change was due to ACTH stimulation compensa- 
tory for adrenocortical ablation. Our case is, by defini- 
tion, a pituitary choristoma, which has not been reported 
in the literature. Its cytogenesis is obscure and further 
studies are required to elucidate the mechanisms respon- 
sible for its formation. 
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