
Abstract. Background: Testicular cancer constitutes 1.0% of
male cancer and typically carries a good prognosis. As far as
we are aware, the role for hydrogen sulfide in testicular cancer
and the level of hydrogen sulfide-synthesizing enzyme have never
been addressed. Here we examined cystathionine gamma-lyase
(CSE) expression in several germ-cell testicular tumors.
Materials and Methods: Tissue microarrays were employed to
examine CSE expression in 32 benign testicular samples, 88
testicular seminomas, 34 embryonal carcinomas, 4 mature
teratomas, and 16 yolk sac tumors, and CSE expression was
compared to that seen in benign testicular tissue. Results:
Compared to benign testicular tissue, CSE expression was
increased in all three types of testicular neoplasm but not in
mature teratomas. Highest CSE expression was identified in
embryonal carcinomas, which often show a relatively aggressive
clinical course. Conclusion: For the first time, we show that CSE
is increased in several common testicular germ-cell tumor types. 

Testicular cancer accounts for approximately 1.0% of male
cancer and is the most common solid tumor among 18- to
34-year-old males. Interestingly, the incidence of testicular
cancer has increased over the past several decades for
unclear reasons (1). With effective treatment, the overall 5-
year survival for patients with these malignancies is 97% (2-

4). The risk factors of testicular cancer include family or
personal histories of testicular cancer, cryptorchidism,
Klinefelter’s syndrome, congenital abnormalities, infertility,
age, and ethnicity, with White and Hispanic males having
higher incidences of these malignancies (1-5). Testicular
cancer typically presents as a painless, solid testicular mass,
although in some cases they present as scrotal swelling and
heaviness, accompanied by testicular or scrotal pain (5).
Testicular cancer is treated by radical inguinal orchiectomy,
with further treatment based on tumor staging, which
includes active surveillance and possible chemotherapy (5). 

Ninety-five percent of testicular malignancies are germ-cell
tumors, with the remaining composed of sex cord-gonadal
stromal tumors and other rarer tumor subtypes (6, 7). Common
testicular germ-cell tumors include seminomas, embryonal
carcinoma, yolk sac tumors (YST), choriocarcinomas, and
teratomas (6). Seminomas account for ~50% of testicular germ-
cell tumors and consist of large polygonal cells with abundant
pale glycogen-rich cytoplasm, with distinct cell membranes,
coarse chromatin, and prominent nucleoli. Seminomas often
show a nested architecture within fibrous septae with a
prominent lymphocytic infiltrate. Placental alkaline
phosphatase, c-KIT, and octamer-binding transcription factor 4
immunoreactivity is generally present and the patient’s serum
typically shows elevated lactate dehydrogenase. The majority
of seminomas have isochromosome 12p and many carry c-KIT
mutations (6). YSTs, or endodermal sinus tumors, account for
2.4% of adult testicular tumors but are found in 42% of mixed
germ-cell tumors. There are at least 10 different histological
subtypes, with vesicular or microcystic patterns being common
and consisting of small cuboidal to flattened cells with frequent
mitoses, nuclei of varying size, and often having refractile
eosinophilic hyaline globules. Ninety-two percent are
immunoreactive for α-fetoprotein and the patients often have
elevated serum α-fetoprotein level (6). 
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Embryonal carcinomas comprise approximately 3% of germ-
cell tumors but are present as a component of ~40% of mixed
germ-cell tumors (6). Histologically, embryonal carcinomas
show large embryonic-appearing cells with poorly defined cell
borders and amphophilic or eosinophilic cytoplasm. Mitotic
figures are often numerous and vascular/lymphatic invasion
with extension into the epididymis and paratesticular tissues is
common (6). Octamer-binding transcription factor 4, tumor
necrosis factor receptor superfamily member 8 (CD30), and
cytokeratin immunopositivity are frequent. Many patients with
embryonal carcinomas present at late stages with
vascular/lymphatic invasion (6). Teratomas constitute 35% of
testicular tumors in infants and prepubertal children, and ~5%
of adult testicular tumors, although they are found in ~50% of
mixed germ-cell tumors. Teratomas are often composed of the
three germ-cell layers, endoderm, ectoderm, and mesoderm,
and are histologically complex. The tissue may appear mature
or immature, and contain haphazardly arranged elements
including enteric or salivary glands, smooth and skeletal
muscle, fat, bone, cartilage, and respiratory epithelium. These
tumors are usually benign, although malignant transformation
may occur (6). 

Cystathionine gamma-lyase (CSE) catalyzes hydrogen
sulfide (H2S) synthesis by the conversion of cystathionine to
L-cysteine, yielding pyruvate, ammonia, and H2S (8). CSE
is increased in several human malignancies (9-12).
Interestingly, CSE promotes tumor metastases in breast and
prostatic cancer (9, 10). To our knowledge, CSE expression
has not been examined in testicular germ-cell tumors. Here
we employed tissue microarray (TMA) to examine CSE
expression in testicular seminomas, embryonal carcinomas,
mature teratomas, and YSTs, and compared CSE expression
to that seen in benign testicular tissue. 

Materials and Methods

TMA. The TMA TE2081 was purchased from US Biomax, Inc.
(Rockville, MD, USA). The TMA contained 96 seminoma cases, 16
YSTs, 34 embryonal tumors, 4 mature teratomas and 52 benign
testes. The TMA was interrogated using a CSE antibody. All tissue
samples in the TMAs were 1.0 mm in diameter. 

CSE immunohistochemistry (IHC). The concentration of primary
CSE antibody was optimized to normal kidney as positive control
tissue. The negative control was the same tissue interrogated
without the use of primary CSE antibody. The staining of the TMA
was performed at the Tissue Core Histology Laboratory Facility at
the Moffitt Cancer Center. The microarray slides were stained using
a Ventana Discovery XT automated system (Ventana Medical
Systems, Tucson, AZ, USA) as per the manufacturer’s protocol with
proprietary reagents. Briefly, slides were deparaffinized on the
automated system with EZ Prep solution (Ventana Medical
Systems). The heat-induced antigen retrieval method was used in
Cell Conditioning (Ventana Medical Systems). Mouse monoclonal
antibody to human CSE (catalog number sc-374249; Santa Cruz
Biotechnology, Dallas, TX, USA) was used at a 1:1,000
concentration in Dako antibody diluent (Dako, Carpentaria, CA,
USA) and slides were incubated for 60 min. Ventana anti-mouse
secondary antibodies were then used for 16 min. The detection
system used was the Ventana OmniMap kit. Slides were then
dehydrated and cover-slipped per standard protocol. 

Evaluation of staining. Relative CSE protein expression was
determined as immunostain intensity scored on a 0 to 3 scale as
follows: No staining: 0, light staining: 1, moderate staining: 2, and
heavy staining: 3. The percentage of cells stained was measured, with
no detectable staining scored as 0, 1-33% as 1, 34-66% as 2, and 67-
100% as 3. The final IHC score was the product of the score for the
percentage of cells stained multiplied by the intensity score, allowing
for a minimal score of 0 and a maximal score of 9. Cytoplasmic CSE
staining was seen in all tissue samples examined, although at
moderate levels in benign testes. Therefore, CSE staining was
measured and quantified in the cytoplasmic compartment.

Statistical analysis of TMA results. The standard error of the mean
IHC score was calculated by using the standard deviation for the
staining scores of each tumor type and dividing this number by the
square root of the sample size (13, 14). 

Statement of ethics. All ethical guidelines concerning the use of
patient tissue were carefully observed in this study. 

Results

Following IHC processing, eight seminomas and 20 benign
testicular tissue samples were lost in processing. The number
of cases examined for CSE IHC, the quantified results for
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Table I. Relative cystathionine γ-lyase (CSE) immunohistochemical (IHC) staining in different testicular tumors examined in this study compared
to benign testicular tissue. 

Tumor type                                               Number of samples                      Average CSE IHC score                               SD                               SEM

Benign testes                                                          32                                                     1.68                                              0.52                              0.092
Seminoma                                                               88                                                     5.76                                              2.69                                0.29
Yolk sac tumor                                                       16                                                     3.81                                              2.97                                0.74
Embryonal carcinoma                                            34                                                     7.26                                              2.54                                0.42
Mature teratoma                                                       4                                                     0.25                                              0.38                                0.19

SD: Standard deviation; SEM: standard error of the mean. 



each data set are given in Table I. Examples of CSE IHC of
sample tissues are shown in Figure 1. Compared to benign
testicular tissue, CSE expression was increased in
seminomas, embryonal, and YST tumors but not in benign
teratomas. Highest CSE expression was seen in the
embryonal carcinomas.  

Discussion 

H2S was recently identified as a gasotransmitter that plays a
central role in many physiologic and pathophysiologic
processes (15). H2S is synthesized by three enzymes,
cystathione β-synthase, CSE, and 3-mercaptopyruvate
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Figure 1. Representative cystathionine γ-lyase immunostaining of benign
testicular tissue (A), mature teratoma (B), seminoma (C), yolk sac tumor
(D), and embryonal carcinoma (E). Original magnification, ×100.



sulfurtransferase , (8). H2S and one or more of the enzymes
that synthesize it are increased in several common human
malignancies, including prostate, breast, colon, oral squamous
cell, and renal cell carcinomas (9-12, 15-17). A role for H2S or
the enzymes that synthesize it in testicular cancer has not been
previously examined. Here we used TMA to examine CSE
expression in benign testicular tissue, seminomas, embryonal
carcinomas, YSTs and benign testicular teratomas. Compared
to benign testicular tissue, CSE expression was elevated in all
three types of testicular germ-cell neoplasm but not in the
mature teratomas. Highest CSE expression was seen in the
embryonal carcinomas (Table I, Figure 1). A high CSE level
correlated with breast cancer aggressivity and metastatic
potential in animal models (10). Of the three testicular germ-
cell tumor types we examined, embryonal carcinoma is the
most aggressive, often first presenting with invasion/metastasis
(6). Thus, the higher CSE expression we see in this tumor type,
may in part, explain its increased clinical aggressivity. Taken
together, our data show that increased CSE expression is part
of testicular germ-cell neoplasia, and also confirms that
increased H2S-synthesizing enzyme expression is a common
feature of many human malignancies. 
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