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INTRODUCTION
Leydig cell tumors (LCT) are the most common form of adult
sex cord stromal tumors, but they account for less than 5% of
all testicular tumors. There are few known genetic or environ-
mental risk factors for sex cord stromal tumors. Cryptorchid-
ism is a contributory cause. Two cases of adult Leydig cell
tumors in patients with mutations in fumarate hydratase have
been reported [1]. Two previous reports identified the occur-
rence of Leydig cell tumors in the neurocutaneous disorder tu-
berous sclerosis complex (TSC) [2, 3]. We recently
encountered an adult patient with TSC who also presented with
large right benign and left malignant Leydig cell tumors. TSC
is associated with the development of a wide variety of tumors
in multiple organ systems, including the brain, eyes, heart,
lungs, kidneys, thyroid, and pancreas. It is due to mutations in
either of two genes, TSC1 and TSC2 [4, 5, 6].

The protein products of the TSC1 and TSC2 genes form a
complex that serves a critical function in the regulation of
mammalian target of rapamycin (mTOR) complex 1
(mTORC1) [7, 8]. Both TSC1 and TSC2 proteins are required
for the TSC1/TSC2 complex to function properly in this regu-
lation. Complete loss of either TSC1 or TSC2 typically occurs
in TSC-related tumors through a two-hit mechanism in which
germline mutation in either gene is complemented by second
hit loss of the remaining allele, which can be detected by anal-
ysis of heterozygosity in the tumor. In the absence of func-
tional TSC1/TSC2 complex, mTORC1 activation leads to

downstream kinase activation and phosphorylation of ribo-
somal protein S6, which serves as a convenient marker in im-
munohistochemistry studies.

In the light of previous reports of Leydig cell tumors in
TSC, we examined whether the LCT tumors developing in this
individual showed these classic hallmarks of TSC1/TSC2 in-
volvement, similar to other tumors in TSC.

CASE REPORT
A male infant was diagnosed with tuberous sclerosis complex
(TSC) at 1 year of age when he presented with onset of infan-
tile spasms. Wood’s lamp examination demonstrated hypop-
igmented macules on his trunk but no other features indicative
of TSC. At age 9 years, he had severe learning difficulties and
limited speech capacity. Physical examination showed facial
angiofibromas and periungal fibromas, typical of TSC. A com-
puted tomography scan of the brain identified subependymal
nodules, also consistent with TSC. Renal ultrasound showed
no abnormalities.

His mother and brother were also affected with TSC. Ge-
netic testing of family members identified a TSC1 exon 17 mu-
tation c.2074C�T (R692X).

The patient presented at age 27 with right groin swelling.
Ultrasound examination showed a 1-cm cystic area at the su-
perior pole of the normally situated right testis and a left unde-
scended testicle, with an ill-defined circular lesion consistent
with testicular carcinoma. A left orchidectomy was carried out;
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histopathology confirmed a well-circumscribed 1.5-cm mass
with pathology consistent with a Leydig cell tumor. There was
virtually no staining for lipofuscin pigment and strong staining
for inhibin and vimentin. No tumor spread into the tunica
albuginea or rete testis was identified. Follow-up orchidec-
tomy on the normally situated right testis was performed 12
months later because of concern that the cystic area also rep-
resented a malignancy. Pathology showed a well-circum-
scribed area of Leydig cell hyperplasia, but no evidence of
Leydig cell tumor.

DNA was prepared from paraffin sections of tumor and
normal tissue from the patient using the Gentra Puregene kit
(Qiagen, Gaithersburg, MD). TSC1 exon 17 was amplified
and sequenced by Sanger methodology. Tumor sections
were examined by immunohistochemistry for tuberin and
pS6-S235/236 (Cell Signaling Technology, Beverly, MA)
expression.

RESULTS
Both tumor and normal tissue were heterozygous for the TSC1
germline mutation exon 17 c.2074C�T R692X (Fig. 1A)
known to be present in this patient. This indicates that there
was retention of the wild-type TSC1 allele in the tumor and no
loss of heterozygosity. Immunohistochemistry staining indi-
cated that tuberin (TSC2 gene product) was expressed at rela-
tively high levels in the tumor, whereas phosphorylated S6 (at
residues S235/236) was not seen (Fig. 1B). Complete loss of
TSC1 typically leads to markedly reduced levels of TSC2 (tu-
berin) expression, as TSC2 is not stable in the absence of
TSC1. Thus, these three studies were all consistent in indicat-
ing that there was not complete loss of TSC1 in this tumor, with
expression of TSC2 and absence of mTORC1 activation.
These findings are all against the hypothesis that this LCT had
developed through the two-hit mechanism predicted by the
classic tumor suppressor gene model of tumor development in
TSC.

DISCUSSION
The molecular basis of Leydig cell tumors is poorly under-
stood. Activating mutations in the luteinizing hormone recep-
tor are a cause of childhood Leydig cell hyperplasia and
adenoma, by driving Leydig cell growth and causing familial
male-limited gonadotropin-independent precocious puberty
due to excess testosterone production [9]. Fumarate hydratase
mutations, which cause hereditary leiomyomatosis and renal
cell cancer (HLRCC) syndrome, have been reported in associ-
ation with adult Leydig cell tumors at least one case, and pos-
sibly in a second case [1].

Our patient with a TSC1 R692X mutation with bilateral
Leydig cell abnormalities stimulated us to examine the possi-
ble role of the TSC genes in LCT development [9]. The results
suggest that the TSC1-TSC2 protein complex is expressed at
normal levels and mTORC1 signalling is not overactive in the
tumor tissue in this case. The tumor likely developed indepen-
dent of his TSC1 gene mutation and is therefore unlikely to be
directly related to TSC. The two other cases of TSC and LCT in
the literature may represent simple coincidence and/or report-

ing bias. In our case, the testicular tumors developed bilater-
ally, suggesting the possibility of TSC1 genetic predisposition.
The right testis, which was normally situated in the scrotal sac,
developed LC hyperplasia; the undescended left testis devel-
oped LCT. It appears likely that the lack of descent of the left
testis contributed to testicular tumor development, and this
may have been the primary cause in this patient. Of note, no
family members had any evidence of cutaneous leiomyomas,
arguing against concurrent HLRCC in this patient.

No other cases of LCT have been documented in patients
with TSC in an epidemiological study of the Northern Ireland
population with 73 known affected individuals, other than the
case described here. Extracranial and extrarenal malignancies
in that cohort occurred in less than 4% of cases and are there-
fore rare; they included endometrial, ovarian, and colorectal
cancers. Routine imaging of the brain and renal tracts is of
course likely to provide a more accurate reflection of cancers
in these organs, but the fact that no male extrarenal genitourinary
cancers were identified on long-term follow-up suggests that TSC
is not a major cause of LCTs [10]. Further study is required to ex-
plore in greater detail the possibility that other genes predispose
patients to LCT, as well as to characterize the somatic genetic
events that occur in the adult form of these tumors.

CONCLUSIONS
Genetic and immunohistochemistry analyses indicate that the
Leydig cell tumors in this patient with TSC occurred indepen-
dent of his TSC1 gene mutation and are unlikely to be directly
related to TSC. Genes predisposing patients to adult Leydig
cell tumors are currently unknown but may include FH. The
somatic genetic events that drive Leydig cell tumor develop-
ment are also unknown.
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