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Summary. A case of virilizing ovarian hilus cell tumor (Leydig-cell tu-
mor) in a 37 year old female was studied by light and electron microsco-
py. The ultrastructural features of this rare and almost allways benign
tumor are compared with those reported in the literature and with find-
ings in normal and neoplastic interstitial cells of the testis. Tubulovesicu-
lar hyperplasia and formation of whorl structures of the endoplasmatic
reticulum together with the presence of exocytosis vesicles on the cell
surface may be the morphological manifestation of endocrine activity
of the tumor. The identity of ultrastructural and optical diffraction char-
acteristics of the crystal inclusions in both cells (hilar and testicular
interstitial) favours the assumption of an homology of both cells and
their neoplasms.
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Differentiated androblastomas of the ovary may present as tumors of the
Sertoli cells or Leydig cells, most often, however, they occur as a combina-
tion of both cell types. Leydig cell tumors almost always show secretion
of male sex hormones [7, 20]. The cell matrix of the rare pure Leydig
cell tumor (about 40 recorded cases in the literature [7]) consists of the
hilar cell of the ovary which was described by Berger [2]. It is assumed
to be identical with the interstitial cell of the testis. Electron microscopic
studies of normal interstitial testicular cells [5, 6], Leydig cell tumors [4,
20] and the Leydig cell component of arrhenoblastomas [1, 14, 18] can
be found in the literature. However, we found only 2 studies on the electron
microscopic structure of ovarian tumors consisting only of Leydig cells
[10, 16].
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Clinical Data

One year after hormone contraceptive therapy of 10 years duration was discontinued in a
37 year old female, she presented with amenorrhea and progressive virilisation. In addition
she complained of baldness, male physical features, beard growth, seborrhoea, weight gain,
increased perspiration, increased libido and hypertension which was difficult to control with
medication (190/120). Except for a hypertrophied clitoris, the pelvic examination revealed
no pathological results. Serum testosterone levels were elevated (10.5 ng/ml) and remained
so in the HCG test. Production of cortisone was normal and could be suppressed in the
dexamethasone test. Laparoscopically the left ovary was seen to be somewhat enlarged but
there were no signs of an ovarian tumor. Selective catheterisation of the adrenal and ovarian
veins showed that the left ovary was producing the increased testosterone levels [11]. The
specimen obtained during the left-side adnexectomy showed an ovary 4x3x1,5cm in size
with a smooth surface and a flat elevation of 0,5 cm in diameter in the hilar region. When
this region was cut a round, soft light brown colored tumor with sharply defined borders
and a diameter of 1,5 cm was seen. The surface of the tumor was covered with a very narrow
capsule.

Material and Methods

Directly after removal of the ovary tumor tissue was conserved in a 5% glutaraldehyde solution
(kept at a pH of 7,3 by means of a 1/15 molar phosphate buffer) for electron microscopic
study. Thereafter block contrasting with a 2% osmiumtetroxyde solution was performed, the
specimens were then embedded in araldite. The ultrathin sections were then contrasted in
a 5% uranylacetate solution in a 50% ethyl alcohol and lead citrate solution.

Light Microscopic Findings

Light microscopically the tumor is seen to consist of large isomorphic closely packed cells.
Most cannot be distinguished from normal hilar cells. The cytoplasm is weakly acidophile,
finely granulated and shows perinuclear condensation in paraffin sections. The nuclei are
nearly round and show little variation in size. Most contain a prominent, peripherally located
nucleolus, or several nucleoli which vary in size. Scattered cells are greatly enlarged and the
cytoplasm as well as the nuclei show a greater variety of shapes. In semi-thin sections one
often recognizes interdigitations of the cytoplasm and deep indentations of individual nuclei.
On the whole, however, distinct polymorphism cannot be observed. Lipopigment and small
fat droplets can be seen only in very small quantities. In contrast Reinke crystals are numerous
in paraffin sections and can be seen even better in semi-thin sections in the cytoplasm as
well as in scattered nuclei. The border between the tumor and ovarian stroma is always clearly
defined.

Electron Microscopic Studies

The ultrastructure of the tumor cells consists of interstitial spaces containing
several collageneous fibres and blood capillaries. The polyhedral cells often
form short branches of cytoplasm; in addition interdigitations of neighbour-
ing cells often exist (Figs. 2a and 3d). Once every so often the cell membrane
discontinues and the cytoplasmatic structures extend to neighbouring cells,
giving the impression of cytoplasmatic continuity. One often sees ‘‘secre-
tion” as electron-negative pinocytotic vesicles with a diameter of 0,1 pm
in the intercellular space which is 0,02 um wide (Fig. 1). This phenomen,
seen in cells with and without Reinke crystals, is accompanied by a widening
of the cisternae of the endoplasmatic reticulum, a sign of increased synthetic
activity.



Ultrastructure of a Virilizing Ovarian Leydig-Cell-Tumor 19

Fig. 1. Exocytosis of the synthesized products on the cell membrane (arrowheads). Vesicle
diameter =0,1 um. x 1,700 (inset x 53,500)

The nucleolus of the Leydig tumor cell is round or oval shaped. The
nuclear membrane shows pores, contains folds and the chromatin is more
dense toward the periphery. The nucleolus is usually large, sometimes con-
tains irregular convolutions and contains inclusions of lipid droplets
(Fig. 3d). Nuclei containing two nucleoli are not rare.

The cytoplasm contains many organelles. The mitochondria are posi-
tioned at irregular intervals and are usually round, sometimes oval-shaped.
They sometimes contain cristae but usually have, however, an irregular
tubular internal structure. Often the mitochondria and endoplasmatic reticu-
lum are located near one another (Fig. 3a). Now and then giant mitochon-
dria can be found.

The endoplasmatic reticulum is present in large amounts (Figs. 1 and
2a). It shows a generally smooth surface which extends focally into small



Fig. 2 A—C. Ultrastructural characteristics of cytoplasm of tumor cells: A Tubulovesicular hy-
perplasia (er) and whorls (arrow) of the mostly smooth endoplasmatic reticulum. Focal cyto-
plasmic degeneration (the numbers correspond to the enlargements in ¢). Reinke crystal (R)
with dislocation (arrowhead). x10,500. B Whorls of smooth endoplasmatic reticulum with
branches and piston-like distension (arrows) as well as inclusion of fat droplets (f). Part of
a. x 52,000. C Hypothetical steps in the formation of focal cytoplasmic segregation beginning
with segmentation of ribosome-filled cytoplasm compartments in slings of endoplasmatic retic-
ulum (7), with increasing density (2), to a complete homogenisation (3, 4), finally with inclusions
of fat droplets (4). x 52,000



Fig. 3A. Topographically close relationship of tubular endoplasmatic reticulum structures (er)
to the mitochondria (). Spiral- shaped hyperplasia of endoplasmatic reticulum (w). Cristalloid
precursors (f). x 20,000. Inset: Precrystalloid structures in high magnification, consisting of
meandering lines (sheets) with 150 A intervals and fine granular substructure (x 42,000) B
Typical Reinke-crystal (R) in the longitudinal axis with deformation of the nucleus by the
needle-shaped tip of crystal. x 6,000. C Filamentous cristalloid precursors (f) directly beside
an intranuclear Reinke crystal (R). x 65,000. D Intranuclear inclusion in crystal (R) and intra-
cytoplasmatic crystalloid precursors (as in a) in the same tumor cell. x 5,000
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areas with few ribosomes. Tubules, which are very close to one another
and irregularly branched and anastomosed are present, together with vesicles
with small lumens and large cisterns. These various forms are all seen in
the same tumor cell, however, usually one form is dominant.

Often all of the endoplasmatic reticulum of 1 cell is in the form of
spirals (Figs. 2a, b and 3a). They often contain ribosome-rich cytoplasm
components or fat droplets. These spirals show branching and a piston-like
dilatation especially in the blindending final segment (Fig. 2b). Sometimes
a transition to layered osmiophilic lamellar formed bodies is found in the
middle of these spirals. The centers of the above mentioned bodies become
unstructured or plaquelike granulated electron dense zones (Fig. 3a).

Outside of these spirally formed hyperplastic regions, local cytoplasm
segregation involving the endoplasmatic reticulum can be seen (Fig. 2¢).
Small round areas of cytoplasm are contained in one ore more convolutions
of the endoplasmatic reticulum. In part, they contain isolated ribosomes;
in other areas they show a density which may border on full homogenity.
In addition, fat droplets are present in these areas and form lysosome-like
bodies by their confluence which are assumed to be the substrate of the
pigment. They show morphological similarity to lipofuscin granules.

The most obvious and numerous are the crystalloid inclusions. The Leydig crystals are
not membrane bound. They border on the endoplasmatic reticulum or other cytoplasmatic
elements. Occasionally, the nuclear and cytoplasmatic membranes are deformend (turned
inwards or outwards) (Fig. 3b). Peripherally they show *chips of crystalline fragments” which
have clearly defined congruent lines bordering the corresponding side of the next crystal.

The crystals are rectangular or have a needle-like shape. In cross seftion they are often
hexagonal (Fig. 4¢). Within the crystals one finds varying substructures, denpending on the
section (Fig. 4e—-g). In a section cut transversly to the longitudinal axis the crystals show
a hexagonal prismal structure (honeycomb) in which 1 microcylinder is surrounded by 6 others.
In sections along the crystals longitudinal axis two other main planes with various structural
patterns can be recognized. One of these consists of identical parallel lines at intervalls of
150 A (Fig. 4f); the other consists of dots arranged in parallel lines (Fig. 4g), in which two
lines are made up of tiny dots and the third of thick dots. The intervalls between the dot
lines are 50 A. The sectional phases which lie between the described main planes show many
variations in the electron microscope, often reminding the observer of a textile-like structure.

Characteristically “lines of dislocation” can often be found within the crystal; these usually
extends outside of the median plane, longitudinally or horizontally through the crystals (Figs. 2
and 4a, ¢, d). Nagano [19] studied these lines in the interstitial cells of the testis. In the
filamentous pattern within these fracture lines one of the three parallel lines is missing. More-

Fig. 4A. Reinke crystal near nucleus (n) with inclusion of cytoplasmatic elements. Dislocation
in crystal reticulum (arrowhead). x 32,500. B Hexagonal recess in Reinke crystal with filamen-
tous precursors which extend into the cytoplasm (F), n, nucleus. x 36,000. C Tumor cell
with hexagonal transverse incision of a Reinke crystal with typical line of dislocation (arrow).
% 9,700. D Line of dislocation with formation of periodical connecting links (arrow) between
the crystal parts. Part of Fig. 4¢, x26,200. E Periodic hexagonal honeycomb pattern consisting
of filaments 50 A thick, cut transversly to the longitudinal axis of the crystal. The hexagonal
edge of the crystals is 200 A long. Isolated globular substructures (arrow) hint at subunits
in the filamentous walls. x 39,600. F Parallel lines at intervals of 150 A in the longitudinal
axis of the crystal x92,500. G Pattern of 3 periodically recurring parallel lines, consisting
of 1 row of thick dots (large arrows) and 2 of thin dots (small arrows). Distance between
each row of dots is 150 A. x 90,000
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over, sometimes pocketlike inclusions of cytoplasmic components can be found within the
crystals (Fig. 4a, b). On the edge of the crystal we found a rhomboid shaped recess which
communicates with the surrounding cytoplasm. Within this inclusion there are dense filament
structures, which we assume to be precursors of the crystals (Fig. 4b).

In addition to the large crystals which can be seen in the light microscope,
there are small more irregularly located precrystalline structures, which in
their density sometimes take up all of the cytoplasm. When magnified they
are seen to consist of a bundle of six parallel lines or, as in the orthograd
section, of a twisted band with a hint of granulated substructure (Fig. 3a,
¢, d). Within these crystals we found a periodicity of 150 A, similar to that
of large Leydig crystals. Within the nucleus crystalloid inclusions can be
found either alone or combined with crystals or their precursors in the
cytoplasm (Fig. 3¢—d). The third form of these precursors is detectable in
a few cells as groups of irregularly positioned long filaments (Fig. 4b). There
is no correlation between the crystalloid inclusion or their precursors and
the frequency or variety of shapes of other cytoplasmatic structures.

In summary our results indicate that the tumor described is defined
by the following structural characteristics:

1. Unusually strong development and pleomorphism of the endoplas-
matic reticulum with tubulovesicular and spiral formations.

2. Exocytosis on the surface of the cells.

3. Crystalloid cell inclusions:

a) Crystalloid inclusions can be found within the nucleolus and cyto-
plasm in the same cell.

b) Precursors of the crystals are found in the same cell as are formed
crystals; the precursors are seen as bundles of filaments or twisted bands.

c) In the 3 main planes, the substructure of the crystals is identical
to the inclusions, which are seen in the Leydig cells of the testis.

d) The diffraction of the crystalline structure of Leydig cells is identical
to that of the crystals of the tumor.

Discussion

Hilar cell tumors have been described in association with Stein-Leventhal-
Syndrom [10, 16], in familial incidence [18], combined with endometrial
hyperplasia and endometrial polyps as well as with endometrial carcinomas
[7]. The majority of the pure hilar cell tumors show androgenic hormonal
activity [7, 20]. Jeffcoate and Prunty [13] were able to prove the existence
of steroid synthesis of a hilar cell tumor in vitro. In contrast, in tumors
with a hilar cell component (arrhenoblastoma, Sertoli-Leydig-cell-tumor),
oestrogen activity is seen [22]. Volpel [27] reported a case of hilar cell
hyperplasia in adrenogenital syndrome. Obviously the majority of pure Ley-
dig cell tumors are benign. However 3 cases of malignancy with metastases
are described in the literature [8, 25].

When examined the tumor cells show the same structural elements as
normal Leydig cells: a large amount of smooth endoplasmatic reticulum
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with twisted tubules and wide cisterns and formation of whorls with inclu-
sions of fat droplets and free ribosomes.

One of the characteristic structures and a morphologic equivalent of
a high rate of synthesis in tumor cells is the presence of abundant endoplas-
matic reticulum, which is also seen in endocrinologically active adrenal tu-
mors [26]. It is within these structures that numerous steps in the synthesis
of steroids are assumed to take place [6]. The increased presence of these
structures as well as the formation of whorls of the endoplasmatic reticulum
was experimentally proven by Merkow and co-workers on embryonic and
mature Leydig cells of guinea pigs after stimulation with human chorionic
gonadotropin [15].

The many whorls which can be seen in the endoplasmatic reticulum
are obviously a characteristic finding in the Leydig cell tumors and were
also seen in the two comparable studies of Merkow [16] and Berendsen
[1]. The polymorphism in the appearance of the endoplasmatic reticulum
and the observation of varying shapes in the neighbouring cells is not an
artefact in the fixation process; rather both phenomena speak for the fact
that these are morphological equivalents of varying activity of the endoplas-
matic reticulum.

In as much as ultrastructural pictures allow conclusions about dynamic
processes, degenerative cytoplasmatic products seem to be part of a process
which is initiated by localized incorporation of cytoplasm into convolutions
of the endoplasmatic reticulum. This process ends in total, central condensa-
tion of osmiophilic material. Possibly this is a step in the formation of
the pigment seen in Leydig cells [1].

The numerous negative pinocytotic vesicles, which can be assumed to
represent a channeling process of the synthesized products have, as yet,
not been mentioned in the literature.

The tumor contained an unusually large number of Reinke crystals.
Since they were first described by Reinke in 1896 [21] these crystals are
used to identify Leydig cells and tumors arising from these cells.

A stereological analysis of Reinke crystals was done by Mori and co-
workers [17]. The optical diffraction pattern of the main planes was demon-
strated by Nagano in 1976 [19]. We examined these findings in the crystals
of ovarian tumor and were able to certify the identity of the structures:
the diffraction patterns of the main planes of the crystals in interstitial
testicular cells are identical to those of the crystals in the tumor.

Morphologically similar crystals have been identified in virally infected
cells as well as in cells treated with Vincristin [3] and in human tumor
cells. The possibility of virus induced crystal formation has been discussed
by Fawcett and Burgos [9]. Viral inclusions have been described in estrogen
induced Leydig cell tumors in mice [23]. *“ Virus-like” particles have been
described in a human Sertoli-Leydig cell tumor by Murad and co-workers
[18]. We found no viral inclusions in our material. The widespread presence
of Reinke crystals in normal testicular cells after puberty lessens the proba-
bility of viral induction as an aetiologic factor.
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The intranuclear position of the cristalline material and its precursors
has been observed in human interstitial testicular cells [6]. These crystals
may be formed in the nucleus by the same stimulus which initiates the
formation in the cytoplasm after transport of smaller structural elements
through nuclear pores. The observation of precursors of crystals in mito-
chondria seems to speak for this interpretation [16). We were able to demon-
strate these as short fibrous bundles and twisted structures. As yet they
-have not been described in this form. Previous studies [16] described tubular
forms of the precursors. In contrast to previous studies [1, 16] we found
precursors and complete crystals, in the cytoplasm of the same tumor cell
as a hexagonal pocket shaped ““surface lesion™.

Reinke postulated the protein nature of these crystals in 1896 [21]; this
was certified by histochemical studies done by Janko and Sandberg [12].
The detailed chemical nature of these crystals and their relationship to the
endocrine activity of the cells has not yet been explained. The fact that,
except in cases of precocious puberty, these crystals do not appear until
puberty [24] speaks for a close relationship to the endocrine activity of
the cells, as does the presence of large amounts of crystalloid inclusions
in the cells of the androgen-producing tumor described here.
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