An In-Depth Look at Leydig Cell Tumor of the Testis
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● Leydig cell tumor (LCT) is a rare tumor of the male testicular interstitium. This article provides an overview of the
major pathologic manifestations of LCT of the testis; patient characteristics; clinical, radiologic, and laboratory
features; prognosis; and management. LCTs of the testis are
frequently hormonally active, leading to either feminizing
or virilizing syndromes. The tumor is usually benign, but
malignant variants can occur. The pathologic diagnosis of
LCT is usually made based on morphologic characteristics
of the tumor cells. The significance of Reinke crystals in
the diagnosis of LCT both cytologically and histologically
is underscored. Pathologists have to be familiar with the
diagnostic histopathologic features, immunohistochemical
panel of this tumor, and its principal differential diagnoses
to prevent tumor misdiagnosis.
(Arch Pathol Lab Med. 2007;131:311–317)

T

esticular neoplasms are classified into 2 major groups:
germ cell tumors and sex cord–stromal tumors. Sex
cord–stromal tumors are derived from 2 types of somatic
cells: the Leydig cells, and the Sertoli cells. Leydig cells
are designated by the name of the German anatomist
Franz Leydig who first described them in 1870.1 They are
interstitial cells located between the seminiferous tubules
and they produce testosterone when stimulated by luteinizing hormone. They are thus involved in the development
of secondary male characteristics and maintenance of
spermatogenesis.2 Tumors of the Leydig cell are rare. They
comprise 1% to 3% of all testicular neoplasms but they are
the most common interstitial neoplasms of the testis.3 The
mechanism of Leydig cell oncogenesis is still poorly understood. The disruption of the hypothalamic-pituitarytesticular axis leading to excessive stimulation of Leydig
cells by excess luteinizing hormone is thought to play a
role.4 However, structural changes of the luteinizing hormone receptors5 and G proteins6 in Leydig cells have been
postulated to induce tumorigenesis. There are no known
risk factors for this tumor in the human male. In contrast
to germ cell tumors, there does not seem to be a definitive
association with cryptorchidism, although the presence or
a history of undescended testis in 1 series7 suggests that
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cryptorchidism may predispose to the development of this
tumor, but this requires further elucidation. In addition,
rare examples have been reported in patients with Klinefelter syndrome. Leydig cell tumors (LCTs) can be either
pure or mixed with germ cell tumors or other sex cord–
stromal tumors. They also can occur in extratesticular sites
such as the spermatic cord,8 adrenal glands,9 or the ovaries. This article focuses on pure LCTs of the testis.
CLINICAL PROFILES
Testicular LCTs can occur at any age but they are common in prepubertal boys (most often between 5 and 10
years of age) and in men aged 30 to 60 years.7,10 Leydig
cell tumors are always benign in children, whereas in
adults they are malignant in 10% of cases. Leydig cell tumors are hormonally active and considered as one of the
steroid-secreting tumors. They produce androgens, mainly testosterone, but can also produce estrogen by either
direct production of estradiol or by peripheral aromatization of the testosterone moiety. In androgen-secreting
tumors, boys usually present with symptoms of precocious puberty (growth of the penis, pubic hair, accelerated
skeletal and muscle growth, advancement of bone age, and
skin changes), whereas in adults, most patients are
asymptomatic as the excess androgen rarely causes notable effects. In estrogen-secreting tumors, feminizing stigmata predominate: Boys usually present with gynecomastia and breast tenderness associated with feminine hair
distribution and gonadogenital underdevelopment,
whereas adults generally present with gynecomastia associated with loss of libido, erectile dysfunction, impotence, and infertility. Physical examination of the testes
usually reveals an intratesticular mass on palpation. If the
tumor is impalpable, ultrasonography is the investigative
procedure of choice. Radiologically, LCT of the testis typically has a homogeneous hypoechoic sonographic appearance (Figure 1, arrow) (a heterogeneous pattern
should alert one to the possibility of a malignancy). Color
Doppler imaging, which detects vascular blood flow, often
shows hypervascularity of the tumor with a prominent
peripheral and circumferential blood flow11 (Figure 2). It
should be emphasized that when patients present with
either feminizing or virilizing symptoms, clinicians should
consider LCT in the differential diagnosis and examination of the testis is warranted. Clinicians should be alert
to the fact that an LCT should not be excluded if a mass
is not palpable as the tumor can be clinically occult12 and
testicular ultrasonography should follow. Laboratory studies in LCTs are nonspecific. The steroid secretion pattern
in LCTs is variable. Although serum testosterone level is
usually elevated, serum estradiol measurement is inLeydig Cell Tumor of Testis—Al-Agha & Axiotis
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creased in cases with feminization stigmata. Because hyperandrogenism and hyperestrogenism can also be
caused by adrenal hyperplasia or tumor, laboratory evaluation for testicular and adrenal steroids, as well as pituitary gonadotropins and adrenocorticotrophic hormone
(ACTH), is important to determine a diagnosis. Importantly, serum tumor markers testing for ␣-fetoprotein, ␤human chorionic gonadotropin, and placental alkaline
phosphatase should be within normal ranges. These markers are often elevated in certain germ cell tumors but not
in pure LCTs.
PATHOLOGIC FEATURES
Gross Features
Benign LCT classically presents as a small (3–5 cm in
diameter), sharply delineated, solid mass embedded within the testicle. The tumor color usually ranges from brown
to yellow to gray-white (depending on the lipid content
of the tumor). The golden brown appearance (which is
usually imparted by the abundant lipofuscin pigment of
tumor cells) is very characteristic (Figure 3). Malignant
LCTs are usually larger (more than 5 cm in diameter),
have infiltrative margins, show areas of hemorrhage and
necrosis, replace the testis, and/or extend beyond testicular parenchyma. Leydig cell tumors is usually unilateral.
Bilateral tumors are rarely observed (only in 3% of cases).7
Microscopic Features
Growth Pattern. The most common growth pattern of
tumor cells is nests or sheets separated by delicate fibrovascular septa (Figure 4). Other growth patterns include
small clusters or trabecula separated by a variable amount
of fibrous or myxoid stroma.13 A microcystic growth pattern has also been described.14 Rare cases of LCT with
unusual features such as adipocyte differentiation, ossification, and calcification have been reported.15
Cell Types. Four types of cells in LCTs have been described: (1) large polygonal cells with abundant, finely
granular, eosinophilic cytoplasm, indistinct cell borders,
and regular, round to oval nuclei, some with a prominent
nucleolus; (2) same as in (1) but distinct cell borders and
smaller nuclei; (3) small cells with scant, densely eosinophilic cytoplasm and grooved nuclei; and (4) spindleshaped (sarcomatoid) cells.16 The tumor can consist predominantly of 1 type or a mixture of the 4 types of cells.
Cytologic Features. In all 4 cell types, the cytoplasm
is often eosinophilic but can also be pale to clear because
←
Figure 1. Ultrasound of a right testis with Leydig cell tumor in a 75year-old patient. The tumor typically appears as a hypoechoic homogeneous mass (arrow) within the testicular parenchyma.
Figure 2. Color Doppler sonography of the same testis as in Figure 1
showing high vascularity of Leydig cell tumor with a prominent peripheral and circumferential blood flow. The hyperperfusion is focal as
it appears within the tumor only. This pattern of vascularity is one of
the characteristic radiologic features of Leydig cell tumor. (The brighter
the color, the faster the blood flow. Red and blue indicate the different
directions of the blood flow; blue indicates flow toward, and red away
from, the transducer.)
Figure 3. Gross appearance of Leydig cell tumor of the same testis.
Leydig cell tumor usually presents grossly as a small, well-circumscribed, solid mass embedded within the testicle. The golden brown
color of the tumor is one of its characteristic gross features.
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Figure 4. Histologic section of Leydig cell tumor. The tumor cells have abundant, eosinophilic, finely granular cytoplasm and regular round
nuclei, some with visible, single or multiple nucleoli. The nuclei are either centrally or eccentrically placed. Note the distinct cell borders and
the delicate fibrovascular septa between the tumor cells. The cytoplasm clearing is because of the lipidized contents (hematoxylin-eosin, original
magnification ⫻400).
Figure 5. Periodic acid–Schiff stain can easily highlight the cytoplasmic lipofuscin granules of tumor cells, one of the diagnostic clues of Leydig
cell tumor (original magnification ⫻400).
Figure 6. Intracytoplasmic Reinke crystals in Leydig cell tumor. The crystals appear as refractile, cylindrical, rectangular or rhomboid structures
arranged in a linear fashion (arrows). Identification of Reinke crystals is very helpful for the distinction of Leydig cell tumor from other similar
lesions (hematoxylin-eosin, original magnification ⫻800).
Figure 7. Leydig cell tumor typically shows strong, diffuse cytoplasmic reactivity for ␣-inhibin. ␣-Inhibin is a sensitive and specific marker that
serves to separate testicular sex cord-stromal tumors including Leydig cell tumor from germ cell tumors (␣-inhibin, original magnification ⫻400).
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of abundant lipid accumulation. It also contains abundant
lipofuscin (also called lipochrome) pigment. The lipofuscin pigment appears on hematoxylin-eosin–stained sections as golden yellow to brown cytoplasmic (mainly perinuclear) granules. It also can be highlighted by periodic
acid–Schiff stain with or without diastase (Figure 5).
Abundant cytoplasmic lipofuscin pigment is considered
as one of the distinctive features of LCT, although it is
nonspecific as it also occurs in other steroid-secreting tumors as well as in aging cells. Reinke crystals are also
distinctive for LCT. These are pale-staining, refractile, cylindrical, rectangular or rhomboid structures (or inclusions) arranged in a linear fashion (Figure 6, arrows). Both
intracytoplasmic and intranuclear Reinke crystals have
been described.17 The significance of these crystals remains obscure. The crystals can be picked up on hematoxylin-eosin–stained sections. They can be highlighted by
Giemsa or Masson trichrome stains. Reinke crystals are
identified in less than half of all LCTs. Mitoses in benign
LCT are generally rare and nuclear atypia is absent or
minimal. Microscopic features that indicate malignancy
include marked cytologic and nuclear atypia, necrosis,
lymphovascular invasion, increased mitotic rate (more
than 3 to 5 per 10 high-power fields) with atypical mitotic
figures, DNA aneuploidy, and increased expression of
proliferative markers (Ki-67/MIB-1 and p53 protein).18
Cytology
Leydig cells on smears can occur singly or in clusters.
They can be identified with their aforementioned characteristic histomorphologic features. All reports on cytodiagnosis of LCTs describe the diagnostic significance of
Reinke crystals. Identification of the crystals on cytologic
examination serves to clinch the diagnosis. The crystals
are best appreciated on air-dried, Giemsa-stained smears
than in fixed smears or tissue sections on light microscopy. Gupta et al19 suggest that some of the crystals dissolve
during fixation and processing used for histopathologic
preparation and staining, making them more difficult to
identify in paraffin sections than cytologic smears. Interestingly, scrape cytologic preparation was found by Hribar
et al20 to be helpful for revealing the crystals. This was
explained by the fact that scraping disrupts the cytoplasm
of the Leydig cells and releases the crystals causing them
to assume an extracellular location, thus aiding in their
identification. The scrape cytologic testing can thus be a
useful adjunct for intraoperative diagnosis of LCT.
Ultrastructural Features
Electron microscopy of LCTs reveals ultrastructural features of steroid-secreting cells. These features are (1)
abundance of smooth endoplasmic reticulum, (2) mitochondria with tubulovesicular cristae, and (3) numerous
lipid droplets. Collectively, these features distinguish tumors of steroid-secreting cells, including LCT, from all
others. In addition, electron microscopy of LCT shows numerous lipofuscin granules. They appear as rounded or
irregularly shaped electron-dense bodies, which consist of
lipid droplets accumulating in lysosomes. Reinke crystals
can appear in various patterns including prismatics, hexagonal lattices, or hexagonal microtubules with parallel
lines.21
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Immunohistochemistry
The immunohistochemical markers that have been
proved to be of the greatest utility for the evaluation of
LCT are ␣-inhibin, calretinin, and Melan-A. ␣-Inhibin is a
characteristic marker for sex cord–stromal tumors including LCT22 and, therefore, it is considered as the best marker to differentiate sex cord–stromal tumors from germ cell
tumors (Figure 7). Calretinin is reported to be a valuable
marker for LCT.23 Melan-A (Mart-1) is also considered as
a good marker for steroid-secreting tumors including
LCTs24 (once melanoma is excluded). Tumor cells, in most
reported studies, show positive reactivity for vimentin but
negative reactivity for cytokeratins.25 Occasional reports
about positive reactivity to S100 protein26 and synaptophysin27 are also available. Of note, the positive staining
with vimentin and negative staining with cytokeratin
combined with the presence of spindle cell morphology
(as mentioned earlier) supports the mesenchymal origin
of LCT. This immunophenotype of LCT is identical to that
of adrenocortical tumors. This finding supports the postulation that both Leydig cells and adrenocortical cells
share the same mesodermal origin. The existence of Leydig cells in the adrenal glands and the existence of adrenal
rests in the testicles provide additional evidence for the
common origin of the two.
DIFFERENTIAL DIAGNOSIS
To facilitate the discussion of its differential diagnosis,
LCT can be divided into 2 major types depending on the
histologic morphology: (1) conventional LCT and (2) unconventional LCT. The distinction should be between these
2 types and their mimickers.
Differential Diagnosis of Conventional LCT
Conventional LCT (ie, tumors in which the cells are
round to polygonal with eosinophilic cytoplasm, arranged
in sheets, nests, or trabecula) must be differentiated from
Leydig cell hyperplasia, granular cell tumor, malakoplakia, the testicular nodules of adrenogenital syndrome, and
other tumors of the testis (Table). Leydig cell tumor differs
from Leydig cell hyperplasia by being solitary, whereas
nodular Leydig cell hyperplasia is characteristically multifocal. In addition, LCT is larger (more than 0.5 cm in
diameter), whereas the foci of Leydig cell hyperplasia are
smaller (less than 0.5 cm in diameter). Granular cell tumor
enters the differential diagnosis by having sheets of cells
with abundant eosinophilic cytoplasm and central small
nuclei. Because S100 protein can be positive in LCT, it
might not be helpful in this situation. Using the distinctive
immunopanel of LCT (␣-inhibin, calretinin, and Melan-A)
with the identification of Reinke crystals and lipofuscin
pigment helps secure the diagnosis for LCT. Excessive secretion of ACTH in some hypothalamic-pituitary-adrenal
axis conditions (such as ACTH-secreting pituitary adenoma after bilateral adrenalectomy) may lead to hyperplasia
of the interstitial ACTH-dependent adrenal rests that exist
in the testis. These hyperplastic adrenal rests are referred
to as testicular ‘‘tumors’’ of adrenogenital syndrome
(TTAGS). These cells are hormonally active in secreting
androgens. They can be confused macroscopically with
LCT because of their brown color (as they contain abundant lipofuscin pigment similar to Leydig cells), but they
Leydig Cell Tumor of Testis—Al-Agha & Axiotis

Distinction Between Leydig Cell Tumor of the Testis and Other Testicular Neoplasms*
Seminoma

Average age
range, y

30–40

Characteristic
gross features

Homogenous, greywhite (tan or cream
colored), devoid of
hemorrhage or necrosis (if pure seminoma). usually replaces the entire testicular parenchyma.
Uniformly round cells,
clear abundant cytoplasm with ⬙squaring,⬙ large central
nucleus with single
or multiple nucleoli.
Cells are arranged in
sheet or multinodular growth pattern
with intervening fibrous septa infiltrated by lymphocytes.
Syncytiotrophoblasts
can be present.

Histopathology

Laboratory tests

Serum PLAP can be elevated. Serum hCG
can be elevated (if
trophoblasts are present).

Yolk Sac Tumor

Testicular Tumor of
Adrenogential Syndrome

Pure: Infants/children Any age. Usually occurs
⬍3
in conditions with
Mixed: 20–30
ACTH elevation.
Nonencapsulated, ho- Nodules with brown
mogenous, tan, yelcut surface. Bilateral
low-white mass.
and multifocal.
Usually smaller than
seminoma. If mixed,
areas of hemorrhage
and necrosis can be
present.
Cuboidal or elongated Polygonal cells in nest
cells in reticular, mi- or sheet growth patcrocystic, papillary
tern with eosinophilpatterns. Schilleric, finely granular,
Duval bodies are
abundant cytoplasm
pathognomonic.
and central round
nuclei with prominent nucleoli. Tumor
nodules are separated by fibrous bands.
Cells contain abundant lipofuscin pigment. Reinke crystals are characteristically absent.
Serum AFP is elevated. Serum ACTH and androgens are elevated.

Leydig Cell Tumor

Sertoli Cell Tumor

Any age. Peaks in age 15–85, peaks in age of
range of 5–10 and
45
30–50
Homogenous, well-cir- Homogenous, well-circumscribed mass
cumscribed, mass
(3–5 cm) with white
with grey-white to
to yellow to brown
yellow cut surface.
cut surface. Unilateral and solitary.

Polygonal cells with
Tubles or cords in
eosiniphilic cytonested or diffuse arplasm, round nuclei
rangement lined by
with prominent numonolayer of low
cleoli. Cells can be
columnar cells with
sarcomatoid. Intracy- oval nuclei. Can be
toplasmic lipofuscin
either pure or interpigment and Reinke
mixed with Leydig
crystals. The cells
cell tumor (Sertoliare arranged in
Leydig cell tumor).
nests, sheets, or trabecula. Microcystic
growth pattern had
been described.
Androgens OR estro- Androgens OR estrogens are elevated.
gens are elevated.
Serum ACTH is low.

Immunopanel
Positive

PLAP
Cytokeratin
Inhibin†
Inhibin
Inhibin
CD117 (c-Kit)
AFP
Calretinin†
Calretinin
Vimentin
OCT-4
Melan-A†
Melan-A
EMA
hCG (if trophoblastic
Vimentin†
Vimentin
Cytokeratin (⫹/⫺)
component is presS100 (⫹/⫺)
ent)
Synaptophysin (⫹/⫺)
Negative
Cytokeratin
EMA
Cytokeratin†
Cytokeratin
AFP
EMA
CD30
AFP†
AFP
PLAP
AFP
Inhibin
PLAP†
PLAP
hCG
CD30
Melan-A
hCG†
hCG
Inhibin
Calretinin
Calretinin
Melan-A
* ACTH indicates adrenocorticotrophic hormone; PLAP, placental alkaline phosphatase; hCG, human chorionic gonadotropin; AFP, ␣-fetoprotein;
and EMA, epithelial membrane antigen.
† Similar to the immunopanel of Leydig cell tumor. Immunohistochemistry is not helpful in the distinction.

are almost invariably multifocal and bilateral, whereas
LCT is usually solitary and unilateral. Microscopically,
cells of TTAGS have abundant eosinophilic and finely
granular cytoplasm and centrally located nuclei with single prominent nucleoli and thus closely mimic Leydig
cells. Identification of Reinke crystals, which is characteristic of LCT (but not TTAGS), is very helpful. Clinically,
serum ACTH is elevated in TTAGS but normal to low in
LCT (the steroid hormones secreted by LCT exert negative
feedback on ACTH secretion from the pituitary). The importance of the distinction between LCT and TTAGS relies
on the fact that metastases have never been reported in
TTAGS and orchiectomy is unnecessary with this diagnosis as regression of TTAGS with glucocorticoid therapy
is possible.28 Malakoplakia of the testis can also look simArch Pathol Lab Med—Vol 131, February 2007

ilar to LCT grossly as it may form a single, homogeneous,
yellow or brown mass. The eosinophilic histiocytes of malakoplakia may be misconstrued as Leydig cells, but they
typically involve tubules as well as interstitium in the
background of xanthogranulomatous inflammation. Michaelis-Gutmann bodies (rounded, lamellar, basophilic,
calcific bodies inside and outside histiocytes) are pathognomonic of malakoplakia. LCT can be easily distinguished from Sertoli cell tumor and other testicular tumors in the sex cord–stromal category with the exception
of the large cell calcifying variant of Sertoli cell tumor,
which resembles LCT by having sheets of cells with large
eosinophilic cytoplasm. However, areas of calcification discriminate this tumor from LCT (except LCT with unusual
calcification). Testicular germ cell tumors can be easily disLeydig Cell Tumor of Testis—Al-Agha & Axiotis
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tinguished from conventional LCT by their characteristic
histomorphologic features. Other differential diagnoses
include malignant melanoma and metastatic carcinoma
(particularly from the prostate). Bilaterality; common involvement of the epididymis and spermatic cord; intertubular infiltration of tumor cells with invasion of the tubules; and the malignant cytologic features such as nuclear
and cellular pleomorphism, high mitotic activity, and necrosis can differentiate these tumors from LCT. Appropriate immunostains will also help exclude these diagnoses.
Differential Diagnosis of Unconventional LCT
LCTs lacking the microscopic features of conventional
LCT, as described earlier, should be distinguished from
their mimicking lesions.
LCT With Sarcomatoid Pattern. Sarcomas enter the
differential diagnosis of sarcomatoid LCT. Because sarcomatoid LCT is usually associated with areas displaying
the conventional patterns of LCT, careful search for this
conventional component is very helpful to settle the diagnosis. Therefore, thorough sampling of the tumor can
be necessary to identify these components and resolve this
differential. Additionally, the eosinophilic cytoplasm and
the typical nuclear appearance of Leydig cells as well as
their Reinke crystals are maintained in many cases of sarcomatoid LCT. Immunoreactivity for LCT markers (␣-inhibin, calretinin, and Melan-A) may not be helpful in the
differential because these markers are all reported to be
negative in the sarcomatoid LCT.16
LCT With Microcystic Pattern. The primary differential diagnostic consideration for this variant is yolk sac
tumor (YST). The key to the correct interpretation is finding a component of conventional LCT. Other features can
also be of help. The lack of ␣-fetoprotein elevation is an
important clinical indicator against YST because nearly all
testicular YSTs are accompanied by such elevations. In addition, pure YSTs are rare in adults, so the absence of other
types of germ cell tumor components provides additional
evidence against YSTs. Lack of cytologic and nuclear atypia and low mitotic activity favor a diagnosis of LCT over
YST. Lipofuscin pigment and Reinke crystals may prove
helpful in the differential. Immunohistochemically, YSTs
are positive for ␣-fetoprotein and cytokeratin but negative
for ␣-inhibin. Conversely, LCTs are positive for ␣-inhibin
but negative for ␣-fetoprotein and cytokeratin.14
PROGNOSIS AND MANAGEMENT
Benign LCTs are classically treated by orchiectomy, although testis-sparing surgery by tumor enucleation with
clear margins has recently been considered especially in
boys and young men, to maintain their fertility.29 Malignant LCTs are treated by orchiectomy with retroperitoneal
lymphadenectomy as metastasis frequently involves retroperitoneal nodes. Other metastatic sites are liver (45%),
lungs (40%), and bone (25%).7 Malignant LCT does not
respond favorably to chemotherapy and irradiation. Survival time has ranged from 2 months to 17 years (median,
2 years).30 Although benign LCTs can be cured by resection, testicular dysfunction and infertility can be a serious
sequel in patients with estrogen-secreting LCTs. Longterm excess of estrogen can cause impairment of spermatogenesis, most likely because of hypothalamic-pituitary inhibition as well as direct blockade at the testicular
316 Arch Pathol Lab Med—Vol 131, February 2007

level.31 This calls for early detection and management of
these tumors to preserve the reproductive capacity.
SUMMARY
Leydig cell tumor of the testis is a rare, benign, interstitial tumor of the sex cord–stromal category. Awareness
of the constellation of its clinical, radiographic, and pathologic features aids in establishing the correct diagnosis
and distinguishing this neoplasm from other lesions of the
testis. Leydig cell tumor is a steroid-secreting tumor. Clinicians have to consider LCT in either virilizing or feminizing syndromes. Testicular ultrasound is a useful means
for tumor detection, especially if the tumor is not palpable.
A careful search for the characteristic cytologic features of
tumor cells is very important for diagnosis. LCTs may infrequently have unusual features. Immunohistochemistry
can help confirm the diagnosis in challenging cases. The
diagnostic immunopanel of LCT is diffuse cytoplasmic
positivity for ␣-inhibin, calretinin, Melan-A, and vimentin
and negative immunostaining with cytokeratin.
References
1. Ober WB, Sciagura C. Leydig, Sertoli and Reinke: three anatomists who
were on the ball. Pathol Annu. 1981;16:1–13.
2. Greenspan FS, Gardner DG. Basic and Clinical Endocrinology. 7th ed. New
York, NY: McGraw-Hill; 2004.
3. Rich MA, Keating MA. Leydig cell tumors and tumors associated with congenital adrenal hyperplasia. Urol Clin North Am. 2000;27:519–528.
4. Holm M, Rajpert-De Meyts E, Andersson A-M, Skakkebk NE. Leydig cell
micronodules are a common finding in testicular biopsies from men with impaired spermatogenesis and are associated with decreased testosterone/LH ratio.
J Pathol. 2003;199:378–386.
5. Liu G, Duranteau L, Carel JC, Monroe J, Doyle DA, Shenker A. Leydig-cell
tumors caused by an activating mutation of the gene encoding the luteinizing
hormone receptor. N Engl J Med. 1999;341:173–176.
6. Fragoso MC, Latronico AC, Carvalho FM, et al. Activating mutation of the
stimulatory G protein (gsp) as a putative cause of ovarian and testicular human
stromal Leydig cell tumors. J Clin Endocrinol Metab. 1998;83:2074–2081.
7. Kim I, Young RH, Scully RE. Leydig cell tumors of the testis. A clinicopathological analysis of 40 cases and review of the literature. Am J Surg Pathol. 1985;
9:177–192.
8. Lanzafame S, Leonardi R, Torrisi A. Extratesticular Leydig cell tumor of the
spermatic cord. J Urol. 2004;171:1238–1239.
9. Pollock WJ, McConnell CF, Hilton C, Lavine RL. Virilizing Leydig cell adenoma of adrenal gland. Am J Surg Pathol. 1986;10:816–822.
10. Dilworth JP, Farrow GM, Oesterling JE. Non-germ cell tumors of the testis.
Urology. 1991;37:399–417.
11. Maizlin ZV, Belenky A, Kunichezky M, Sandbank J, Strauss S. Leydig cell
tumors of the testis: gray scale and color Doppler sonographic appearance. J
Ultrasound Med. 2004;23:959–964.
12. Haas GP, Pittaluga S, Gomella L, et al. Clinically occult Leydig cell tumor
presenting with gynecomastia. J Urol. 1989;142:1325–1327.
13. Ulbright TM, Amin MB, Young RH. Tumors of the Testis, Adnexa, Spermatic
Cord, and Scrotum. Washington, DC: Armed Forces Institute of Pathology; 1999.
Atlas of Tumor Pathology; 3rd series, fascicle 25.
14. Billings SD, Roth L, Ulbright T. Microcystic Leydig cell tumors mimicking
yolk sac tumor: a report of four cases. Am J Surg Pathol. 1999;23:546–551.
15. Ulbright TM, Srigley JR, Hatzianastassiou DK, Young RH. Leydig cell tumors of the testis with unusual features: adipose differentiation, calcification with
ossification, and spindle-shaped tumor cells. Am J Surg Pathol. 2002;26:1424–
1433.
16. Richmond I, Banerjee SS, Eyden BP, et al. Sarcomatoid Leydig cell tumor
of the testis. Histopathology. 1995;27:578–580.
17. Jain M, Aiyer HM, Bajaj P, Dhar S. Intracytoplasmic and intranuclear Reinke crystals in a testicular Leydig-cell tumor diagnosed by fine-needle aspiration
cytology: a case report with review of the literature. Diagn Cytopathol. 2001;25:
162–164.
18. Cheville JC, Sebo TJ, Lager DJ, Bostwick DG, Farrow GM. Leydig cell
tumor of the testis: a clinicopathologic, DNA content, and MIB-1 comparison of
nonmetastasizing and metastasizing tumors. Am J Surg Pathol. 1998;22:1361–
1367.
19. Gupta SK, Francis IM, Al-Rubah NA, Das DK. Intranuclear Reinke’s crystals
in a testicular Leydig cell tumor diagnosed by aspiration cytology: a case report.
Acta Cytol. 1994;38:252–256.
20. Hribar KP, Warner NE, Sherrod AE. Cytologic identification of Reinke crystalloids in scrapings and imprints of fresh testicular tumors: a simple and rapid
technique for intraoperative use. Arch Pathol Lab Med. 2005;129:e65–e66.

Leydig Cell Tumor of Testis—Al-Agha & Axiotis

21. Ghadially FN. Ultrastructural Pathology of the Cell and Matrix. 4th ed.
Boston, Mass: Butterworth-Heinemann; 1997.
22. Iczkowski KA, Bostwick DC, Roche PC, et al. Inhibin A is a sensitive and
specific marker to testicular sex cord-stromal tumors. Mod Pathol. 1998;11:774.
23. Augusto D, Leteurtre E, De La Taille A, Gosselin B, Leroy X. Calretinin: a
valuable marker of normal and neoplastic Leydig cells of the testis. Appl Immunohistochem Mol Morphol. 2002;10:159–162.
24. Busam KJ, Iversen K, Coplan KA, et al. Immunoreactivity for A103, an
antibody to Melan-A (Mart-1), in adrenocortical and other steroid tumors. Am J
Surg Pathol. 1998;22:57–63.
25. McCluggage WG, Shanks JH, Whiteside C, Maxwell P, Banerjee SS, Biggart
JD. Immunohistochemical study of testicular sex cord-stromal tumors, including
staining with anti-inhibin antibody. Am J Surg Pathol. 1998;22:615–619.
26. Tanaka Y, Carney JA, Ijiri R, et al. Utility of immunostaining for S-100

Arch Pathol Lab Med—Vol 131, February 2007

protein subunits in gonadal sex cord-stromal tumors with emphasis on the largecell calcifying Sertoli cell tumor of the testis. Hum Pathol. 2002;33:285–289.
27. Midendorff R, Davidoff MS, Mayer B, Holstein AF. Neuroendocrine characteristics of human Leydig cell tumours. Andrologia. 1995;27:351–355.
28. Knudsen JL, Savage A, Mobb GE. The testicular ‘tumour’ of adrenogenital
syndrome: a persistent diagnostic pitfall. Histopathology. 1991;19:468–470.
29. Chandak P, Shah A, Taghizadeh A, Tiptaft R, Dasgupta P. Testis-sparing
surgery for benign and malignant testicular tumours. Int J Clin Pract. 2003;57:
912–913.
30. Bertram KA, Bratlof B, Hodges GF, Davidson H. Treatment of malignant
Leydig cell tumor. Cancer. 1991;68:2324–2329.
31. Mineur P, De Cooman S, Hustin J, et al. Feminizing testicular Leydig cell
tumor: hormonal profile before and after unilateral orchidectomy. J Clin Endocrinol Metab. 1987;64:686–691.

Leydig Cell Tumor of Testis—Al-Agha & Axiotis

317

