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Androgen Producing Adrenocortical Carcinoma 

A Histological and UItrastructural Study of Two Cases 
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Summary. Two cases of androgen secreting adrenocortical carcinoma have 
been described by light and electron microscopy. The histological and ultra- 
structural features of the tumour cells were similar to those of compact 
cells of zona reticularis and to those described in virilizing adenomas. They 
possess numerous mitochondria with lamellar and tubular cristae, abundant 
smooth endoplasmic reticulum, lipofuscin bodies and scanty lipid. Irregularly 
shaped, crenated mitochondria, with outpouchings of the outer limiting mem- 
brane have also been observed. The clusters of neoplastic cells were surround- 
ed by basement membrane which demonstrated a focal discontinuity, proba- 
bly reflecting malignancy of the tumours. Hyperplasia of smooth endoplasmic 
reticulum and the presence of outpouchings of the mitochondrial outer limit- 
ing membrane might be the morphological manifestation of endocrine 
activity of the tumours. 

Key words: Adrenal cortex hormones - Endocrinology - Microscopy, Elec- 
tron - Neoplasms - Virilism. 

Introduction 

Adrenocortical carcinomas are relatively rare neoplasms (Hutter and Kayhoe, 
1966) which are of particular interest. Although malignant, they may exhibit 
endocrine activity, thus producing specific clinical features. Huvos et al. (1970) 
reported 34 cases of adrenocortical carcinoma, among which 18 were endocrino- 
logically active. A similar incidence was observed by Hajaar et al. (1975) who, 
in a study based on 32 malignant cases, described Cushing's syndrome in 7 pa- 
tients, Cushing's syndrome and virilization in 4, and virilization alone in other 4. 

Although the ultrastructural features of carcinomas producing Cushing's 
syndrome have been described (Mitschke etal. ,  1973; Tannenbaum, 1973; 
Thiele, 1974), no ultramicroscopic investigation of androgen secreting malignant 
tumours has been published. However the ultrastructure of two cases of andro- 
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gen  sec re t ing  a d e n o m a  has  b e e n  r e p o r t e d  ( F i s h e r  a n d  D a n o w s k i ,  1973; A k h t a r  

et  al., 1974). 

We report here clinical, histological and ultrastructural data from two pa- 
tients with adrenocortical carcinomata causing virilization. 

Case Reports 

Case 1 

A 2.5 year old boy was admitted to the University Hospital with the somatic picture of the 
adrenogenital syndrome. The testes were normal but the penis was precociously developed and 
pubic hair was present. Muscular hypertrophy was also observed, and the voice was deep and 
coarse. Routine laboratory studies gave normal results, but urinary 17-Ketosteroid values were 
15 mg per day (normal values up to 2 mg); 17-OH corticosteroid values were normal; dexamethasone 
administration did not produce any change. A retroperitoneal pneumogram showed an enlarged 
right adrenal gland covering the renal shadow in part. The diagnosis of adrenocortical tumour 
with androgen secretion was made. The child underwent surgical exploration and right adrenalectomy 
was performed, The post-operative course was uneventful and 17-Ketosteroids fell to normal values. 
Five months after the operation the patient was readmitted to the hospital because of progressive 
liver enlargement. Surgical exploration disclosed multiple hepatic metastases and a biopsy was 
taken. The patient died one month later; autopsy could not be carried out. 

Case 2 

A 13 year old prepubertal girl was admitted to the University Hospital with signs of virilization. 
She had facial ache and growth of facial, axillary and pubic hair with a male distribution. The 
voice was deep. The breasts were not developed and the external genitalia were hypoplastic. 
Routine la~ooratory findings were in the normal range. X rays of the hands showed ossification 
of the epiphyseal plates. The 17-Ketosteroid value was 24.8 mg per day (normal values.up to 
12 mg) and there was no change after dexamethasone administration; 17-OHcorticosteroid values 
were normal. Gas chromatography revealed a pronounced increase in dehydroxyepiandrosterone. 
A retroperitoneal pneumogram showed a large mass above the right kidney shadow. The diagnosis 
of androgen secreting adrenocortical tumour was made and the girl underwent surgery. Right 
adrenalectomy was performed. The patient had a normal post-operative course and was discharged 
with normal 17-Ketosteroid values. Unfortunately we were not able to follow up this case. 

Material and Methods 

Portions of surgically removed adrenal tumours of both patients and a biopsy of a hepatic metastasis 
in Case I, were fixed in formalin and embedded in paraffin. 5 7 micron thick sections were stained 
with hematoxylin and eosin and PAS for histological examination. 

For the ultrastructural study, fragments of both tumours were immediately fixed in 4% phos- 
phate-buffered glutaraldehyde (pH 7.2), post-fixed in osmium tetroxide and embedded in Epon. 
Semithin sections (0.5-1 micron) were stained with toluidine blue and observed at the light microsco- 
py. Ultrathin sections (600-700 A) of selected areas were stained with uranyl acetate and lead 
citrate for electron microscopic observation. 

Results 

Gross Findings 

T h e  t w o  a d r e n a l  n e o p l a s m s  h a d  s imi la r  m a c r o s c o p i c  f ea tu res ,  a p p e a r i n g  as 

b r o w n i s h  e n c a p s u l a t e d  i r r egu l a r  mas se s ,  a b o u t  4 -5  c m  in d i a m e t e r .  Sma l l  ye l low 
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Fig. 1 a and b. Case 1. Histological appearance of adrenocortical tumour, mainly consisting of 
cords of compact cells (a), with finely granular eosinophilic cytoplasm and nuclear pleomorphism. 
(b) H.E. Stain, x 56 (a), x 350 (b) 
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Fig. 2 a and b. Case 1, Semithin sections: a The neoplastic cells infiltrate the capsular connective 
tissue; b The cells are arranged in clusters surrounded by basement membrane. Note the presence 
of mitosis and osmiophilic inclusions. Toluidine blue, a • 480, b • 600 

zones  a n d  h e m o r r h a g i c  a reas  were  seen on  the  cu t  surfaces.  R e s i d u a l  a d r e n a l  

p a r e n c h y m a  was  c o m p r e s s e d  a n d  c a p s u l a r  i n f i l t r a t i on  was suspec ted .  

Histological Findings 

Paraffin Sections (Fig. 1). B o t h  t u r n o u t s  cons i s t ed  o f  co rds  o f  ep i the l i a l  cells, 
at  t imes  t igh t ly  packed ,  w i t h  i n t e r v e n i n g  s inuso ida l  spaces.  T h e r e  was  foca l  
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Fig. 3 Case 1. Tumour cell presenting with large nucleolus and chromatin aggregations along 
nuclear membrane, and short microvilli on the cellular surface, x 14,000 
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Fig. 4. Case 1. Very numerous and irregularly sized mitochondria, with dense, finely granular 
matrix and few plate-like and tubular cristae. • 14,000 
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Fig. 5. Case 2. Mitochondria with indented borders and outpouching of the outer limiting membrane. 
Note the close relationship between mitochondria and smooth endoplasmic reticulum. • 24,000 

capsular infiltration. Most of  the cells had a large eosinophilic, finely granular 
cytoplasm; the nuclei were mostly round, vescicular and nucleolated; nuclear 
polymorphism and hyperchromia and giant multinucleated cells were occasio- 
nally seen. Some foamy or vacuolated cells were scattered among the acidophilic 
cells. The hepatic metastasis showed more severe cellular atypia and nuclear 
pleomorphism. 

Semithin Sections (Fig. 2). Neoplastic cells varied in size and were grouped 
in clusters surrounded by basement membrane.  A few mitoses were observed. 

Ultrastructural Findings 

The electron-microscopic features of both turnouts were also similar. The neo- 
plastic cells had abundant  cytoplasm, short and isolated microvilli, and rounded 
nuclei with large nucleoli and some chromatin aggregations along the nuclear 
membrane (Fig. 3). Mitochondria were numerous and variable in size and shape; 
sometimes they were round, with lamellar and tubular cristae (Fig. 4). Some 
cells also showed "crenated mi tochondr ia"  with outpouchings and discontinuity 
of the outer limiting membrane  (Fig. 5); mitochondria were not infrequently 
associated with smooth endoplasmic reticulum and microbodies. There was 
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Fig. 6. Case 1. The very abundant  smooth  endoplasmic reticulum gives the cytoplasm of the neoplas- 
tic cell a honeycomb appearance, x 14,000 
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Fig. 7. Case 1. Scattered rough-surfaced endoplasmic reticulum, x 14,000 

an extensive, often swollen smooth endoplasmic reticulum, the cytoplasm someti- 
mes resembling a honeycomb (Fig. 6), while rough endoplasmic reticulum was 
scarce and scattered (Fig. 7). The Golgi complex was inconspicuous. Lysosomes 
and lipofuscin bodies were present in variable amount (Fig. 8). There were 
only a few lipid droplets. The basement membrane which surrounded the clusters 
of neoplastic cells showed focal interruptions. The sinusoidal vessels were lined 
by fenestrated endothelium resting on a basement membrane. Most of the perisi- 
nusoidal space between the two opposing basement membranes was potential 
rather than realised: it appeared to be widened and occupied by cellular debris 
where the epithelial basement membrane was missing (Fig. 9). 
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Fig. 8. Case 1, Many lysosomes and lipofuscin bodies, x 14,000 

Discussion 

The androgen secreting adrenocort ical  tumours  described here had caused viri- 
lism in bo th  cases, with features o f  sexual precocity in the former  and masculini- 
zat ion in the latter. Androgen  levels dropped to normal  and signs of  virilism 
were partially lost after adrenal surgery. 
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Fig. 9. Case 2. Capillary with intraluminal red cell, endothelial lining and basement membrane. 
On the upper left side of the capillary the neoplastic cell with packed mitochondria exhibits partial 
disappearance of the epithelial basement membrane (arrows). On the right side of the capillary 
the epithelial basement membrane is absent diffusely, the perivascular space being widened and 
occupied by cellular debris, x 14,000 
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The tumours consisted of irregularly surfaced brownish masses, suggesting 
cellular proliferation of zona reticularis. In addition there were hemorrhagic 
areas and few small scattered yellow zones. In agreement with this macroscopic 
appearance, polygonal cells with eosinophilic finely granular cytoplasm formed 
the bulk of the tumor, few clear cells were present. Malignant behaviour, estab- 
lished by capsular infiltration, was confirmed in the first case by the liver 
metastases detected some months after adrenalectomy. 

The ultrastructural study showed that the tumour cells were quite similar 
to the compact cells of the human zona reticularis, as described by Carr (1961). 
The tumour cells presented with abundant mitochondria and smooth endoplas- 
mic reticulum, microvilli, lipofuscin bodies and scanty lipid. Mitochondria had 
few lamellar or tubular cristae. These cytological ultrastructural findings parallel 
those of two cases of androgen secreting adenoma reported by Fisher and 
Danowski (1973) and by Akhtar et al. (1974). In addition we observed focal 
disruption or absence of basement membrane surrounding the clusters of neo- 
plastic cells, which has not been reported in the ultrastructural descriptions 
of androgen secreting adenoma. MacKay (1969) and Tannenbaum (1973), describ- 
ing these discontinuities of basement membrane in carcinoma producing Cush- 
ing's syndrome, postulated that it should be regarded as distinctive ultrastructu- 
ral finding in differentiating malignant from benign proliferative processes leading 
to this syndrome. Even though we have no personal experience of electron 
microscopy of androgen secreting adenoma, we believe that this distinction 
may also apply to functional carcinomas. Interruption of the basement mem- 
brane of neoplastic cells may reflect their metastatic potential. In addition in 
our cases some cells presented with irregularly shaped, indented mitochondria, 
with outpouchings and sometimes discontinuity in the outer limiting membrane. 
These mitochondrial evaginations and defects have already been described in 
the human fetal cortex (Ross et al., 1958; Luse, 1967), in the cortical cells 
of ACTH-treated dogs (Bloodworth, 1966), in adrenocortical hyperplasia asso- 
ciated with Cushing's syndrome (MacKay, 1969; Hashida et al., 1970), in the 
normal cells of the human inner zona fasciculata (Tannenbaum, 1973) and 
in virilizing adrenocortical adenoma (Akhtar et al., 1974). MacKay (1969) inter- 
preted these features as artefacts; Hashida et al. (1970) observing outpouchings 
both in specimens fixed in osmium tetroxide alone and prefixed in 2% glutaralde- 
hyde, and mitochondrial outer limiting membrane discontinuities only in tissues 
fixed in osmium tetroxide, suggested that only these latter were artefacts. 

More recently Merry (1975) postulated that mitochondrial outer membrane 
protrusions might have a functional significance, playing a role in the transfer 
of cholesterol to the inner mitochondrial membrane desmolase complex, thus 
facilitating side chain cleavage of cholesterol to pregnenolone. According to 
this hypothesis, mitochondrial outpouchings may represent, together with hyper- 
plasia and dilatation of smooth endoplasmic reticulum, the morphological basis 
of endocrinological activity of adrenocortical tumours. 

In conclusion, our ultrastructural findings in androgen secreting adrenocorti- 
cal carcinomas revealed that neoplastic cells are similar to the compact cells 
of zona reticularis. Mitochondrial features and the large amount of smooth 
endoplasmic reticulum we observed suggest functional activity. Partial disappea- 
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rance of the basement membrane applied to clusters of neoplastic cells probably 
reflects malignancy of the tumours. It is important to note that the cells prolifera- 
ting in neoplasms associated with Cushing's syndrome also present the features 
of compact cells. Tannenbaum (1973) suggested that the difference between 
cortisol producing cells in Cushing's syndrome and androgen producing cells 
in adrenogenital syndrome might be the arrangement of the smooth endoplasmic 
reticulum, which assumed parallel arrays only in the former. In accordance 
with these findings, stacked parallel arrays of the smooth endoplasmic reticulum 
were not observed in our cases. 
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