
ORIGINAL ARTICLE

Sertoli cell nodules in the undescended testis: a
histochemical, immunohistochemical, and ultrastructural
study of hyaline deposits
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Aims: To document the morphology, immunohistochemical staining properties, and ultrastructural features
of hyaline material in Sertoli cell nodules of undescended testis and contrast them with those of sex cord
tumour with annular tubules (SCTAT), which is histologically similar. To highlight the need to distinguish
these nodules from other Sertoli cell hyperplasias, such as intratubular Sertoli cell proliferations, which
occur in specific clinical contexts.
Materials/methods: A retrospective study of 46 orchidectomy specimens from cryptorchid testes, 27 of
which contained Sertoli cell nodules. Special histochemical stains, immunohistochemical stains for type IV
collagen and fibronectin, and ultrastructural examination of the hyaline material were performed using
tissue from paraffin wax embedded tissue blocks.
Results: The hyaline deposits in SCTAT and Sertoli cell nodules had similar staining patterns—periodic
acid Schiff (PAS) and PAS-diastase positivity with variable staining of Martius scarlet blue and Masson
trichrome. Type IV collagen immunoreactivity was seen in hyaline areas, although fibronectin was
negative. Electron microscopy of hyaline areas confirmed a compact matrix identical to components of the
basement membrane in the adjacent seminiferous tubules.
Conclusion: This study describes an unusual form of Sertoli cell proliferation in undescended testes, which
must be distinguished from Sertoli cell tumours and other forms of proliferation. In addition, the hyaline
material within Sertoli cell nodules in the cryptorchid testis is histochemically, immunohistochemically, and
ultrastructurally consistent with both matrix and fibrous components of seminiferous tubule basement
membranes. Increased production of basement membrane material, with subsequent invagination into
tubules, is the most likely origin of this material.

D
uring histological examination of cryptorchid testes, we
found nodules of seminiferous tubules consisting of
Sertoli cells only. These tubules were surrounded by a

thickened basement membrane and many appeared to
contain intratubular deposits of basement membrane-like
material. The basement membrane-like hyaline material did
have some resemblance to Call-Exner bodies, but the
resemblance to sex cord tumour with annular tubules
(SCTAT) was more striking. It has also been suggested that
SCTAT shows Sertoli cell differentiation. Although Sertoli cell
proliferation and hyperplasia has been reported in the
cryptorchid testis,1 we describe an unusual form of Sertoli
cell proliferation, which is morphologically similar to the
recently reported intratubular Sertoli cell proliferations in
infantile testes.2 Therefore, we undertook our study to
compare this lesion with SCTAT morphologically, immuno-
histochemically, and ultrastructurally; to document the
presence of these immature foci to prevent misinterpretation
as neoplasia; and to distinguish them from intratubular
Sertoli cell proliferations, which require more aggressive
management.

MATERIALS AND METHODS
During the 14 year study period (1989–2002), 46 orchidec-
tomy specimens of undescended testes were received.
Formalin fixed, paraffin wax embedded tissue blocks were
retrieved from the archives. The histochemical and immuno-
histochemical characteristics of the hyaline material in
Sertoli cell nodules were compared with the basement
membrane-like material in a case of SCTAT (courtesy of
Professor A Tiltman, Johannesburg, South Africa).

Special stains, including periodic acid Schiff (PAS), PAS-
diastase, Martius scarlet blue, Masson trichrome, elastic van
Giesson, and immunohistochemistry were performed in all
cases. For immunohistochemistry, 3 mm thick sections were
cut and mounted on poly-L-lysine coated glass slides (Sigma
Diagnostics, St Louis, Missouri, USA). The sections were then
heat fixed for 10 minutes at 60 C̊ and dewaxed. Antigen
retrieval was achieved by microwave pretreatment (H2500
microwave processor; Energy Beam Sciences Inc, Agawam,
Massachusetts, USA) in a 0.01M trisodium citrate (bihy-
drate) solution (pH 6.0) for 10 minutes at 85 C̊.
Endogenous peroxidase activity was blocked by incubating

sections in an aqueous solution of 3% hydrogen peroxide for
10 minutes. Sections were stained with monoclonal anti-
collagen type IV (clone CIV 22, prediluted; Dako, Carpinteria,
California, USA) and polyclonal anti-fibronectin (1/800
dilution; Dako A/S, Glostrup, Denmark) using the peroxidase
labelled streptavidin–biotin kit (Dako). The reaction was
visualised using 3,39 diaminobenzidine (liquid DAB; Dako) as
a chromogen. Sections were counterstained with haematoxy-
lin. Positive controls and negative controls, in which the
primary antibody was omitted, were also run simultaneously.
Ultrastructural examination was performed on tissue

retrieved from paraffin wax embedded tissue blocks. After
dewaxing, tissue was fixed in 3% glutaraldehyde, postfixed in
buffered osmium tetroxide, and embedded in epoxy resin
(Araldite). Sections (1 mm thick) were stained with toluidine
blue. Ultrathin sections for electron microscopy were stained

Abbreviations: PAS, periodic acid Schiff; SCTAT, sex cord tumour with
annular tubules
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with potassium permanganate, uranyl acetate, and lead
citrate.

RESULTS
Of the 46 orchidectomy specimens, 27 contained Sertoli cell
nodules. The ages of these 27 patients ranged from 12 to 35
years (mean, 22.5; median, 22). None of the patients had
endocrine abnormalities or syndromic features.
Histological examination showed varying degrees of

atrophy of the seminiferous tubules, with associated thicken-
ing of the basement membranes and interstitial fibrosis.
Adenomatous hyperplasia of the rete testis was a consistent
finding in all cases. In addition, each testis had multiple
Sertoli cell nodules, which consisted of tubule-like structures
composed exclusively of Sertoli cells (fig 1). The profiles of
the tubule-like structures varied from round to oval to hour
glass in shape. Some profiles had the appearance of lumina
filled with round or oval hyaline deposits. However, other
sections confirmed that these hyaline cores were in fact
continuous with the surrounding basement membrane
(fig 2). There were also areas composed of ring shaped
tubules surrounding hyaline material similar to that seen in
SCTAT (fig 2). The Sertoli cells had round to elongated nuclei
with evenly distributed chromatin, regular outlines, and
small but distinct eosinophilic nucleoli. There were areas of
nuclear pseudostratification. The cytoplasm, mainly disposed
apically (supranuclear), was clear to pale eosinophilic.
Mitotic figures were not seen.
By comparison, SCTAT was characterised by circumscribed

columnar epithelial nests composed of ring shaped tubules
encircling hyaline basement membrane-like material. These
were in two patterns: first, large islands of cells encircling
multiple hyaline deposits, and second, single tubules
encircling a single hyaline deposit. This last pattern was
similar to that seen in Sertoli cell nodules in the undescended
testis.
The hyaline deposits in Sertoli cell nodules and SCTAT

showed similar staining characteristics. The hyaline deposits
stained intensely with PAS and PAS-diastase, but showed
variable staining with the Martius scarlet blue and Masson
trichrome stains. On Masson trichrome stain, the deposits
were green with peripheral fucsinophilia closer to the Sertoli
cells. They also showed immunoreactivity for collagen type IV
(fig 3) but did not stain with anti-fibronectin (fig 4). The
surrounding interstitium stained with anti-fibronectin (fig 4).
Staining for type IV collagen was linear and present in the

basement membrane close to the basal regions of the Sertoli
cells (fig 3). In addition, the rounded hyaline deposits also
showed immunoreactivity for collagen type IV (fig 3).
Electron microscopy showed a compact multilamellar

matrix corresponding to the hyaline material seen on light
microscopy (figs 5, 6). This was identical to components seen
in the basement membranes of the adjacent seminiferous
tubules.

DISCUSSION
The lamina propria of the human seminiferous tubules
consists of five to seven incomplete layers of flattened cells
separated by laminae of extracellular connective tissue
components consisting of connective tissue fibres and
amorphous ground substance.3 The inner three to four
cellular layers consist of myofibroblasts (myoid cells) and
the outer one to two layers of fibroblasts. The seminiferous
tubular epithelium is separated from the rest of the lamina

Figure 1 Sertoli cell nodule consisting of tubule-like structures
composed exclusively of Sertoli cells with hyaline cores (haematoxylin
and eosin stain).

Figure 2 The Sertoli cells had round to elongated nuclei with evenly
distributed chromatin and regular outlines. There were areas of nuclear
pseudostratification. The cytoplasm was clear to pale eosinophilic. The
hyaline cores were continuous with the surrounding basement
membrane (haematoxylin and eosin stain).

Figure 3 The thickened basement membrane material was
immunoreactive for collagen type IV. Staining for type IV collagen was
linear and present in the basement membrane close to the basal regions
of the Sertoli cells. In addition, the rounded hyaline cores also showed
immunoreactivity for collagen type IV (immunohistochemistry with anti-
type IV collagen).
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propria by the basement membrane. The basement mem-
brane is an acellular, amorphous layer of extracellular matrix
and is normally 0.1 to 0.2 mm thick.4 In conditions producing
alterations in spermatogenesis, the lamina propria, inclusive
of the basement membrane, shows a considerable increase in
thickness. This thickening is predominantly attributed to an
increase in the extracellular matrix between the cellular
layers. Although these cellular layers remain constant in
volume and number regardless of the variation in thickness,
the inner layers of myofibroblasts lose their myoid qualities
and are transformed into fibroblasts.5 The newly formed
fibroblasts also participate in secretion of extracellular matrix
components, further contributing to the increased thickness
of the lamina propria. In our series, thickening of the
basement membrane was a consistent finding in all 46 cases.
Ultrastructurally, the basement membrane consists of

three layers. The lamina lucida close to the Sertoli cells, the
lamina densa (basal lamina), and the lamina reticularis, a
discontinuous layer containing fibrous elements.6 It has been
shown that type IV collagen, laminin, fibronectin, and
heparan sulfate proteoglycan are localised to the basal
lamina part of the basement membrane.7 Because both
laminin and fibronectin bind with type IV collagen and
heparan sulfate, it has been suggested that these four
components form an integrated complex, which constitutes
the basal lamina.7

Recent immunohistochemical studies of rat seminiferous
tubules showed that the basement membrane immediately
adjacent to the seminiferous epithelium is composed of type
IV collagen, laminin, heparan sulfate, and entactin.
Fibronectin was localised to the connective tissue external
to the myoid cells and did not constitute part of the inner
acellular basement membrane.4 These findings are in agree-
ment with our present results, which confirmed type IV
collagen positivity and fibronectin negativity in the hyaline
material within the Sertoli cell nodules, strongly suggesting
that this material is of basement membrane origin.
The distribution of laminin, fibronectin, and type IV

collagen in normal and cryptorchid testes has been docu-
mented.8 Fibronectin is present throughout the thickness of
the lamina propria. It has been shown that there is no
difference in the distribution of fibronectin in the normal and
cryptorchid testis. Laminin is present in the innermost part of
the lamina propria and its distribution in normal and
cryptorchid prepubertal testes is the same. However, in adult

cryptorchid testes laminin deposits formed numerous deep
invaginations into the seminiferous epithelium. These inva-
ginations have been ascribed to infoldings of the basal lamina
and are not the result of a primary alteration of laminin
deposition. Type IV collagen is present throughout the lamina
propria of normal testes, but there is a deficiency of type IV
collagen in cryptorchid testes. The deficiency is attributed to a
primary, congenital deficiency of the cryptorchid testis (that
is, intrinsic factors), rather than to hormonal alterations,
increased abdominal temperature, or autoimmune responses
(that is, extrinsic factors).

‘‘Our present results confirmed type IV collagen positivity
and fibronectin negativity in the hyaline material within the
Sertoli cell nodules, strongly suggesting that this material is
of basement membrane origin’’

Sertoli cells are the only non-germinal components of the
seminiferous tubule and have an important secretory func-
tion, producing seminiferous tubule fluid and several

Figure 4 The surrounding interstitium stained with anti-fibronectin but
the hyaline deposits and cores were negative (immunohistochemistry
with anti-fibronectin). Figure 5 Thickened multilamellar basement membranes with

intervening interstitium (original magnification,65000).

Figure 6 Hyaline core showing similar lamellated basement membrane
material (original magnification,61500).
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peptides, proteins, and steroids.9 Seminiferous tubule fluid is
essential for the nutrition of the germ cells and released
sperm. It has a presumed role in the transport of chemical
substances from the basal to apical seminiferous tubule, thus
facilitating cell to cell communication between Sertoli cells
and germ cells.
Up to 100 peptides and proteins are also secreted, including

extracellular matrix components, such as type IV collagen,
laminin, and both chondroitin and keratan sulfates.
However, fibronectin secretion has not been demonstrated
and, along with type IV collagen and chondroitin sulfate,
fibronectin is produced by the myoid cells of the lamina
propria.10 Type IV collagenase and other metalloproteinases
are responsible for remodelling of the basement membrane
and seminiferous tubule.
In a study of testicular biopsies from infertile men showing

Sertoli cell only tubules, four morphological types of Sertoli
cells were identified: mature, immature, dysgenetic, and
involuting. The differing Sertoli cell types are probably related
to the different aetiological factors that determine the
common testicular pattern of Sertoli cell only tubules.11

Cryptorchid testes showed dysgenetic and occasional normal
Sertoli cells.
Sertoli cells are mitotically active mainly in the sexually

immature testis, whereas their numbers in adult mammals
remain stable.12 It is possible that Sertoli cells are mitotically
active in the cryptorchid testis, which is sexually immature—
hence, the occurrence of Sertoli cell proliferation in this
setting. Alternatively, Sertoli cell proliferation might be
interpreted as the result of developmental arrest of the
seminiferous tubule. The lack of lengthening of the semi-
niferous tubule prevents the widespread distribution of
Sertoli cells.1

Several factors have been suggested to explain the presence
of immature Sertoli cells in cryptorchid testes. These include
the increased temperature of the undescended testis,
associated congenital lesions, and hormonal influences.1

Sertoli cell nodules must be differentiated from the
recently described intratubular Sertoli cell proliferations.
Although both lesions contain architectural patterns remi-
niscent of SCTAT, cytologically the proliferative Sertoli cells
in intratubular Sertoli cell proliferations are larger, with
ovoid euchromatic nuclei, often multiple nucleoli, and
eosinophilic cytoplasm, whereas Sertoli cell nodules contain
infantile Sertoli cells with scant amounts of cytoplasm. In
addition, a strong association exists between intratubular
Sertoli cell proliferations and the Puetz-Jeghers syndrome.2

Whether intratubular Sertoli cell proliferations represent a
non-neoplastic, proliferative phenomenon or an intraepithe-
lial stage in the evolution of certain Sertoli cell tumours is
still controversial.2 Although the first option is favoured, it is
possible that some intratubular Sertoli cell proliferations can
grow beyond the confines of the seminiferous tubule and
develop into Sertoli cell tumours, most commonly, large cell
calcifying Sertoli cell tumours. Careful follow up is required
in these cases and orchidectomy is indicated if a testicular
mass appears. Sertoli cell nodules described in cryptorchid
testes do not appear to pose such a threat. Similarly, Sertoli
cell nodules should be distinguished from Sertoli cell
tumours.
Hyperplasia of Sertoli cells has been described in cryp-

torchid testes,1 but we have described a lesion conforming to
a nodular form of Sertoli cell hyperplasia with prominent
basement membrane deposition. The staining reactions are
consistent with the presence of both matrix and fibrous
components of basement membranes. Furthermore, the
ultrastructural components of the hyaline material are
similar to that of the basement membrane of seminiferous
tubules. Is there an increased production of basement

membrane material with subsequent invagination into the
tubules in an ‘‘intratubular’’ growth pattern?
In conclusion, our study has described an unusual form of

Sertoli cell proliferation in the clinical context of undes-
cended testes. These nodules must be distinguished from
Sertoli cell tumours and other forms of proliferation in this
specific context in which there is an increased incidence of
testicular tumours. At this stage, there is no evidence to
suggest that these nodules are preneoplastic. Furthermore,
our study has revealed that the histochemical and immuno-
histochemical reactivity of hyaline deposits in Sertoli cell
nodules and SCTAT are identical. This is supportive of the
view that SCTAT shows Sertoli cell differentiation.13 14
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