
Summary. Testicular Leydig cells (LC) regulate the
proper development of male individuals, both during
fetal life (fetal LC) and puberty (adult LC). In the
ovaries of adult women, there are cells that are very
similar to Leydig cells, the ovarian hilus cells (OHC),
which also produce testosterone. The origin of these
cells, in both sexes, remains unknown and is still a
matter of debate. We have studied the location,
characteristics and relationships of the OHC in 90
patients. The indications for oophorectomy were:
metrorrhagia (n=9), prolapse (n=8), endometrial
hyperplasia (n=14), cancer (endometrial, myometrial, or
cervical) (n=35), uterine leiomyomata (n=14), and
various ovarian tumors (cysts and benign tumors,
borderline and malignant) (n=10). In addition to the
hilus, occasionally the nodules, nests and clusters of
OHC were located in the mesovarium, the mesosalpinx,
and in the medullar and cortical regions of the ovaries.
The morphological (including crystalloids of Reinke)
and immunohistochemical (positivity for calretinin and
alpha-inhibin) findings were similar to those described
for testicular LC. Therefore, OHC can be considered
ovarian Leydig cells (OLC). LC are usually found in
small numbers in the ovaries, but if one looks for them
intentionally, one always finds them. Close relationships
were observed between the OLC with nerves and

vessels. Moreover, an intraneural location of the OLC
was demonstrated in all cases, and these intraneural cells
showed similar characteristics to extraneural OLC,
suggesting that they derive from endoneural cells which
are present in the vegetative nerves of the ovaries.
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Introduction

The initial development of the embryo in eutherian
mammals is similar in both sexes until the fetal stage,
when males and females initiate different ontogenetic
pathways. This situation implies that depending on the
type of signals received, the genital ridges can be
differentiated towards both testicles and ovaries.
Therefore, since the cell lineages involved in this
process are the same, genital ridge cells necessarily have
to be bipotential (Svingen and Koopman, 2013).

Coelomic epithelium cells that proliferate with the
arrival of the primordial germ cells are multipotential
precursor cells. These cells invaginate along with the
now gonocytes to jointly form primitive sex cords, and
from this time receive the effect of specific gender
signaling molecules (through Sry, Sox9, and Fgf9
expression) (Barsoum et al., 2009). As a result, the
multipotent stem cells give rise to a somatic support cell
lineage (supporting or sustentacular cells), called pre-
Sertoli cells. In the absence of Sry other genes can be
expressed (Rspo1, Wnt4, and Foxl2) whose effect is the
fact that these multipotential cells differentiate towards
ovarian granulosa cells (Carré and Greenfield, 2016).
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As a result of the effect of Sry, the pre-Sertoli cells
express Müllerian inhibiting substance, and also initiate
testicular morphogenesis via a paracrine mechanism that
is regulated by the expression of Dhh (Desert hedhehog).
This paracrine stimulation, in the mesonephric
mesenchyme, results not only in the appearance of some
steroidogenic interstitial cells, the fetal Leydig cells
(FLC), but also in the development of blood vessels, the
appearance of peritubular myoid cells and the start of the
gonocytes in the spermatogenesis pathway. Moreover,
after activation of Sox9, the pre-Sertoli cells start to
aggregate around gonocyte groups, thus forming the
testicular cords, and then they are known as Sertoli cells
(SC).

Leydig cells (LC) were described in the testes, in
1850 (Von Leydig, 1850), but their role in the
differentiation of male sex was not known until many
years later (Bouin and Ancel, 1903). FLC produce the
testosterone required for secondary sexual development
of the fetus (for a review see Vilain and McCabe, 1998;
Klonisch et al., 2004; Griswold and Behringer, 2009;
Scott et al., 2009). Interestingly, and despite
considerable effort, the origin of testicular LC remains
unknown and an important matter of debate, with the
following several possible suggested sources: the
adreno-gonadal primordium, the neighboring
mesonephros, the coelomic epithelium, perivascular
cells, gonad-mesonephros border region, and cells
migrating from the neural crest (for a review see
Barsoum et al., 2013; Svingen and Koopman, 2013; Wen
et al., 2016).

On the other hand, there are large epithelioid cells in
the ovarian hilus and the mesovarium, which are
arranged in small groups closely associated with nerve
fibers and blood vessels and are very similar to testicular
LC. Sternberg, who didn’t want to cause a problem at
the time, used a term regarded by himself as "very
unspecific" to refer to them, the ovarian hilus cells
(Sternberg, 1949). But despite its non-specific nature,
this term has lasted until today.

The origin of these ovarian hilus cells (OHC) is also
controversial. Nevertheless, since they derive from
bipotential cells present in the undifferentiated gonad,
their embryological origins have to be the same as the
testicular LC. The morphological features of interstitial
gonadal cells in the fetal ovary are comparable to those
of the interstitial cells of the fetal testis (Leydig-like) and
those of hilar cells in the adult ovary, and suggest that
fetal interstitial gonadal cells may be the source of adult
OHC (Nottola et al., 2000). They are present at birth but
after the first year their number gradually descends and
they are absent or extremely difficult to observe (Nishida
et al., 1984). After puberty, periodic increased levels of
luteinizing hormone (LH) produce a progressive increase
of the OHC population.

Once again, what the source generating these cells
is, both during fetal life and in adult women, was and
continues to be an issue subject to intense debate. These
cells were considered to be paraganglion cells or part of

the chromaffin system (Aschoff, 1903; Bucura, 1907;
von Winiwarter, 1910). In 1922, Berger reported that
they were similar to the Leydig cells in the human testis
and called them sympathicotropic cells because they
were always closely related with unmyelinated nerve
fibers. Kohn (1928) supported this report and referred to
these cells as extraglandular Leydig cells. Thereafter the
view of Berger has been accepted by many investigators,
although others said that these cells come from Schwann
cells/intraneural mesenchymal elements (Sternberg et al.,
1953) or from luteinized ovarian stromal cells or from
perineural fibroblasts (Robboy et al., 2002), among other
proposed hypotheses.

We believe that under the right conditions LC can be
seen in all ovaries of adult women. In addition we think,
and provide morphological evidence of this in this paper,
that the origin of the OHC of adult women may lie in
endoneurial cells which are present in vegetative nerves
of the ovaries.
Material and methods

Tissue samples

The archives of the Department of Anatomical
Pathology of the University Hospital and of the Clinical
Laboratory González Santiago® of the Canary Islands
were searched and human ovarian tissue was obtained
from ninety patients, all of them Caucasian between 40
and 80 years of age. The ovaries were removed
according to different clinical indications for
pathological study: metrorrhagia (n=9), prolapse (n=8),
endometrial hyperplasia (n=14), cancer (endometrial,
myometrial, or cervical) (n=35), uterine leiomyomata
(n=14), and various ovarian tumors (cysts and benign
tumors, borderline and malignant) (n=10). Less than half
of the samples (n=42) had been cut longitudinally for
study. When the longitudinal section of the ovary was
too large it was subdivided into parts that were placed in
properly identified plastic cassettes. In all other cases
(n=58) the section of the ovaries had been performed
conventionally i.e., sagittal sections covering the entire
thickness of the ovaries were cut every 3-4 mm.
Protocols were performed in accordance with
international ethical guidelines.
Light microscopy

The samples were fixed in a buffered neutral 4%
formaldehyde solution, embedded in paraffin, and cut
into 4 µm-thick sections. The histopathological
evaluation was made on hematoxylin and eosin (H&E)
and Masson’s trichromic stained microscopic slides.
Immunohistochemistry (IHC)

Three micrometers thick sections were also prepared
for IHC techniques based on peroxidase activity (PAP)
and counterstaining with diaminobenzidine (DAB), and
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using the routine automated protocols and the primary
antibodies provided by Roche® and Abcam®: S100
protein (Ventana 4C4.9, 10 µg/mL), epithelial membrane
antigen (EMA) (Ventana E29, 0.54 µg/mL), calretinin
(Ventana SP65, 5.94 µg/mL), chromogranin (Ventana
LK2H10, 1.0 µg/mL), c-KIT (Ventana 9.1, 5.0 µg/mL)
(Ventana Medical Systems, Inc., Tucson, AZ, USA),
CD-34 (Cell Marque QBEnd/10, 1.0 µg/mL), α-inhibin
(Cell Marque R1, 1.0 µg/mL), neurofilament (NF) (Cell
Marque 2F11, 1.0 µg/mL), synaptophysin (Cell Marque
MRQ-40, 1.0 µg/mL), smooth muscle actin (Cell
Marque 1A4, 1.0 µg/mL) (Cell Marque, Rocklin, CA,
USA), and nestin (abcam, Neural Stem Cell Marker
AB92391, 1.0 µg/mL) (Abcam, Cambridge, MA, USA).
The sections were then briefly counterstained with
haematoxylin, dehydrated in ethanol series, cleared in
xylene and mounted in Eukitt®. Positive and negative
controls were used. The counterstaining in the double-
labeling techniques (EMA-calretinin and calretinin-S100
protein) was with DAB for EMA and S100 protein
antibodies (brown color) and with aminoethylcarbazole
(AEC) for calretinin antibody (red color).
Acquisition and processing of images

The images were taken with a Canon EOS 500D
digital camera (Canon España S.A., Madrid) coupled to
a Leica DMLS microscope (Leica Microsystems Wetzlar
GmbH, Wetzlar, Germany). Further processing of
images and digital reconstructions were performed with
Canon software supplied with the camera (Canon Digital
Photo Professional and PhotoStich) and Adobe
Photoshop CS5 Extended software.
Results

In all the patients, the microscopic study revealed
the presence of nodules of varying size, or in other cases
of nests and clusters, which were usually found in the
areolar tissue of the ovarian hilus, or in the
mesovarium/mesosalpinx, and were composed of cells
with features of LC (Fig. 1A). The detection of LC
noticeably improved when the ovaries were sectioned
longitudinally.

These nests can also be found intermixed with the
rete ovarii (Fig. 1A, inset), although this is not a constant
relationship. They may sometimes extend into the
stroma of the ovary, both in the medullary region (Fig.
1B) and even in the cortex (Fig. 1C).

LC groups are not separated by a capsule from the
ovarian stroma and they are always close to vascular and
nervous structures (Fig. 1D), and also to CD34+ stromal
cells (image not shown). When these features are not
seen in the first section they will always appear during
the study of serial sections (usually between six and ten
consecutive sections).

The cells that make up these clusters vary greatly in
number, size and appearance (Fig. 2A). Elements with
oval or polygonal outlines predominate, but we can also

see them in a fusiform shape. Their diameter varies
between 15 and 30 micrometers, although this can be
greater. Their nucleus is generally spherical and
vesiculous, but may be ovoid or kidney-shaped, and has
an average diameter of between 7 to 10 micrometers.
Heterochromatin is scarce and the nucleolus is
conspicuous, basophilic, oval and variable in number
between one (which is most common) and three. The
cytoplasm is usually granular, or with multiple small
vacuoles, and sometimes presents a clear perinuclear
halo, although all of these vary depending on the
secretory state of the cell.

These cells show inclusions or cytoplasmic granules
that invariably correspond with lipid deposits (that are
not stainable) and with "wear and tear" pigment deposits
(lipofuscin granules). Furthermore, and although they
are not always present, one can see striking crystalloids
of Reinke. These crystals are up to 30 micrometers long,
or even longer, round or rectangular, with blunt ends,
they often exhibit one or more clear lines that
longitudinally dissect themselves and they are usually
surrounded by a clear halo. As occurs in the testes, the
crystalloids are only identified in about thirty per cent of
cells and sometimes appear as acidophilic spherical
bodies or "hyaline globules" (Fig. 2B), which
correspond to precursors of the crystals that are being
formed.

The ovarian LC form nests that surround to nerve
structures, and this relationship, as described above,
becomes constant when a sufficient number of
consecutive sections are analyzed. These nerve fibers are
also constantly unmyelinated.

Surprisingly, one can see very close to the Leydig
cell nests how these cells are also always within these
nerves, occupying a subperineural position (Fig. 2C).

Regarding the IHC techniques, the LC expressed
intense cytoplasmic and nuclear positivity for calretinin
(Fig. 2D) and moderate cytoplasmic positivity for α-
inhibin, both those in stromal clusters and in those found
inside the nerves (Fig. 2E).

Studies of serial sections have sometimes allowed
the identification and digital spatial reconstruction of
large caliber nerve structures that are located in the
ovarian hilum. Inside these nerves, and occupying
predominantly central endoneurial sectors, one can
observe the presence of some cells exhibiting all the
cytological features previously described for the OHC,
except that they are fusiform and do not have
crystalloids of Reinke (Fig. 3A). These cells also show
positive immunostaining for calretinin (Fig. 3B) and α-
inhibin (image not shown), and negative immuno-
staining for the remainder of the markers used (Fig. 3B,
red asterisks).

In cases where it has been possible to follow the path
of these nerve tracts, one can see that when they
penetrate the ovarian microenvironment they
consecutively branch out in the hilum and medulla (Fig.
3C, top red arrowhead). One can see that the endoneurial
Leydig cells now show polygonal shapes and are in a
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Fig. 1. A. The image shows nodules, nests and clusters of OHC located in the ovarian hilum (H&E). Nests of OHC associated with a rete ovarii showing
discrete hyperplastic changes (Inset, H&E). B. A node composed of OHC appears in the ovary medullar stroma, very close to the cortical stroma (H&E).
C. The ovarian cortical stroma shows a nest of OHC (H&E). D. The clusters of OHC are not separated from the stroma by a conjunctive capsule, and one
can observe their intimate relationship with nervous structures (Masson’s trichromic). A, x 40; B, x 100; C, x 150; D, x 200; Inset in A, x 100
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Fig. 2. A. Details of OHC, highlighting the presence of crystalloids of Reinke (Masson’s trichromic). B. This image shows the existence of “wear and
tear” pigment (lipofuscin granules) of hyaline globules (arrows) and the close relationship with a nerve branch (H&E). C. Ovarian LC are observed both
outside and inside nerve branches, where they occupy a sub-perineural location (H&E). D. The ovarian LC show strong positive immunostaining, both
nuclear and cytoplasmic, for calretinin (PAP). E. The ovarian LC, both the intraneural and the extraneural, show positive immunostaining for the α-
inhibin marker in their cytoplasm (PAP). A, D, x 1000; B, E, x 400; C, x 200
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subperineural location (Fig. 3C, bottom red arrowhead),
may contain Reinke crystals (Fig. 3C, red arrow) and
they end up leaving the nerves to form the described
clusters of Leydig cells (Fig. 3C, black arrow top left).

Thus, following the path of smaller caliber nerve

branches, the existence of perineurial-free gaps
(perineural cracks) can be observed, and how
subperineural Leydig cells use these "cracks" to exit into
the stroma and become Leydig cells that make up the
extraneural nests surrounding these nerve branches (Fig.
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Fig. 3. A. A digital reconstruction of a large diameter nerve branch (left). The content of the rectangular frame is displayed on the right with a higher
magnification (Masson’s trichromic). The cells are located in central endoneurial sectors (arrows), and they are fusiform cells with features, both nuclear
and cytoplasmic, which are identical to LC, with the exception of Reinke’s crystalloids. B. Digital reconstruction of the same nerve branch (A), showing
positive immunostaining for calretinin (left). The content of the rectangular frame is displayed in the top right at high magnification (PAP), and at the
bottom the immunonegative results are shown in the same nerve, for CD34, EMA, NF and S-100 protein markers (PAP, red asterisks). C. Digital
reconstruction of the medullar region of the ovary, where one can see the entry of the nerve branches of smaller caliber (top upper red arrowhead), and
the distance to the nests of ovarian LC (black arrow top left), which is 0.5 cm. At a higher magnification, one can clearly see how an endoneurial LC
contains a crystal of Reinke (bottom red arrow). These endoneural Leydig cells are no longer in the central sectors but are in marginal or sub-perineural
areas in these branches, and they no longer are fusiform cells, but rounded or polygonal (bottom red arrowhead), such as those that are forming nests.
D. One can see the image of a small-caliber nerve branch. The image shows the striking existence of sectors where the intraneural LC are leaving the
nerve branch through perineural-free gaps towards the stroma (Masson’s trichromic, red asterisks). E. Another nerve branch in which we can clearly
see the existence of cracks and how the subperineural LC that are going through these cracks are in direct continuity with the stromal LC (H&E, red
asterisks). A, B, lower left frame in C, x 1000; E, bottom small frames in B, x 400; D, lower right frame in C, x 200; upper frame in C, x 40

Fig. 4. A, B. The perineurium partially disappears in the cracks, as shown by immunostaining for EMA (PAP, EMA). C. The same IHC marker shows
how the perineurium abruptly ends in the thickness of a nest of ovarian LC in the final stretch of the nerve branch (PAP, EMA, red asterisk). D. Double-
labeling techniques using antibodies anti-EMA and anti-calretinin show the existence of these perineural cracks and how LC are using them in order to
leave the nerve branch towards the stroma (PAP, brown counterstaining with DAB for EMA, red counterstaining with AEC for calretinin). A, x 200; B, D,
Inset in C, x 400; C, x 100



3D-E).
IHC techniques using the EMA marker, which is

specifically positive for perineurium, show how this
marker is discontinuous in these "cracks", and that this
loss of the perineural sheath allows the exit of the LC to
the stroma of the ovary (Fig. 4A-B). In some cases, this
technique shows how some of the smaller caliber nerve
branches end up in the nests of LC (Fig. 4C). All the
findings mentioned above are also highlighted by the
double labeling IHC techniques (Fig. 4D).
Discussion

Human ovaries have nodules, nests and clusters of
cells that are fundamentally located in the hilum, which
are identical to the testicular LC and are known as the
ovarian hilus cells (OHC). 

Sternberg, first during a conference in Philadelphia
in 1948, and then in a publication (Sternberg, 1949),
said, I shall refer to these cells as ovarian hilus cells.
Fortunately, none of the other numerous cell types
resident in the ovarian hilus has been so designated. The
term suffers, of course, from lack of specificity, but
perhaps may be an advantage at present. With this
elegant comment, he was able to stay out of the conflict
at the time about the histogenesis of these cells.

We have analyzed the literature and found that these
ovarian cells had already been observed in the early
twentieth century, although no mention about their
possible role was made (Aichel, 1900). Later, Berger
published a series of studies on ovarian hilus cells and
then became aware of the intimate relationship of these
cells with nerves, when he observed how these cells
surrounded nerves or even where they were found in the
nerves. These nerves are unmyelinated vasomotor
branches which come from the ovarian plexus, which is
composed of tracts coming from the renal and aortic
plexuses, which in turn depend on the celiac plexus.
Thus, they are efferent fibers of the sympathetic division
of the autonomous nervous system, and hence Berger
called them sympathicotropic (Berger, 1922).

It is not our intention to participate in this still heated
debate. Nevertheless, it is well known that these cells are
not normally detected in routine studies, and that their
identification is usually incidental and due to the fact
that there is a true hyperplasia of the OHC (Robboy et
al., 2002). We have found, however, that unlike other
organs ovaries are structures that virtually always
provide an unexpected finding when they are studied in
depth with the microscope. We therefore believe that
only when the reason for the study is a primary lesion of
the ovary should this organ be studied in cross sections.
In the remaining cases, the longitudinal sections provide
the widest possible areas of the medullary region, the
hilum and mesovarium for study. Furthermore, we have
confirmed that when a sufficient number of serial
sections is studied (usually less than ten), a greater or
lesser amount of OHC can be identified in all ovaries.

We have shown that OHC can also be located in the

mesosalpinx and in both the medullar and cortical
ovarian stroma. In these locations, these cells display the
same features (both cytological and immunohisto-
chemical) as when they are in the hilum or mesovarium.
Therefore, and despite being less frequent in these
locations, they are also LC.

Similar findings can also be found in the male gonad
outside the testicular parenchyma (tunica albuginea,
testicular hilum, rete testis, along the spermatic cord, and
other locations), a fact that was already reported by other
investigators (Verocay, 1915; Sternberg, 1949; Nistal
and Paniagua, 1979; Jun et al., 2008), and that we could
also observe (data not included in this paper).

These findings also indicate that both types of LC,
testicular and ovarian, have a common histogenesis from
the same progenitor bipotential gonadal cells. For all
these reasons we propose, nearly seventy years later and
taking into account current knowledge, that the
unspecific expression "ovarian hilus cells" should be
finally abandoned and replaced by the term "Leydig
cells of the ovary" or even better "ovarian Leydig cells"
(OLC).

In both gonads, the testis and the ovary, the intimate
relationship of these LC with nerves and vascular spaces
is too surprising as to be accidental and must surely be
due to some as yet unknown physiological mechanism.
Although mentioned above, the close relationship
between OLC and CD34+ stromal cells it will not be a
subject of discussion in the present report, but it is being
studied in depth by the team of professor Díaz-Flores et
al. (2014).

The OLC are functional, produce androgens, and
like any endocrine cell discharge their product into the
bloodstream, which explains their intimate relationship
with the blood vessels. However, the relationship
between these OLC and nerves has no logical
explanation. One possibility, although difficult to prove,
is that they are cells belonging to a reservoir of the
neural crest that are migrating in order to colonize the
ovarian hilum (or more distant territories), as they do in
other locations during ontogeny.

Using conventional and IHC techniques, we have
seen that these cells are inside the nerves. Neuronal cell
bodies of these nerve fibers are in proximal vegetative
ganglia, where they synapse with the first neurons.
These ganglia may have a reservoir of OLC progenitor
cells and it is also possible that these ganglia belong to
the celiac plexus.

We have also found that these cells have a different
intraneural location between the branches of greater and
lesser diameter, and are central in the largest and
subperineural in the lesser ones. Finally, we have
observed the presence of these perineural-free gaps or
"cracks" (that may coincide with hiatuses that use the
vasa nervorum to enter or exit the perineurium), and the
final disappearance of the perineurium as events that
apparently allow this colonization and lend support to
this reasoning.

Therefore, and as final conclusions, we believe that:
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- LC exist in the testes and in ovaries (OLC). They
are usually found in small numbers in the ovaries.
However, if one looks for them intentionally, one always
finds them.

- The cross sections of the ovaries generally provide
less information and therefore should be performed only
when the reason for the pathological study is a primary
lesion of the ovary. In all other cases, the ovaries should
be sectioned in "open book" for pathological study,
regardless of the clinical indication for removal.

- In adult women, it is possible that the origin of
OLC is a reservoir of cells derived from the neural crest.
It is also possible that this cell reservoir is located in the
ganglia that belong to the celiac plexus, and that under
circumstances at present yet to be clarified, these cells
are stimulated to migrate to the ovaries. In order to
achieve this goal, both the endoneurium and the terminal
perineurium-free-gaps of the sympathetic nerve fibers
are used.
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