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Expression of STRBP mRNA in patients with cryptorchidism
and Down’s syndrome

ABSTRACT. The most frequent defect of the male urogenital tract at birth is cryptorchidism. Cryptorchidism causes primitive
testicular pathology responsible for infertility. Men with Down’s syndrome (DS) have an increased risk of cryptorchidism. The
spermatid perinuclear RNA-binding protein (STRBP) gene codifies a microtubule-associated RNA-binding protein and it is high-
ly expressed in the testis as well as in the brain. At both levels, this gene seems to play a relevant role in the regular development
of these organs. These observations prompted us to evaluate the expression of STRBP mRNA in 5 DS men with cryptorchidism
and 5 normal healthy men (controls) by quantitative Real Time PCR in peripheral blood leukocytes. We found a decreased ex-
pression of the STRBP gene in men with DS and cryptorchidism compared with controls. This finding suggests that the im-
paired expression of this gene in DS may play a pathogenetic role in the altered brain and testicular development in subjects
with DS and cryptorchidism.
(J. Endocrinol. Invest. 35: 5-7, 2012)
©2012, Editrice Kurtis

INTRODUCTION

Cryptorchidism is the most frequent defect of the male
urogenital tract at birth which occurs when one or both
testes fail to descend from the lumbar region to the scro-
tum. It is estimated to be present in the 2-4% of full-term
deliveries and the 20-30% of premature births (1). It rep-
resents a risk factor for primitive testiculopathy associat-
ed with long-term complications (infertility and testicular
tumor). The majority of authors agrees that the cryp-
torchid testis has structural and functional alterations and
that the rate of infertility is inversely proportional to the
age when orchidopexy is carried out (1, 2). In addition,
cryptorchidism represents the major risk factor associat-
ed with germ cell testicular neoplasia (5-10 times more
probably than a normal testis) (3, 4). The molecular basis
of these defects seems to involve the activation of a pro-
apoptotic pathway (3).
Children with Down’s syndrome (DS) have an increased
risk of cryptorchidism, but its precise prevalence is un-
clear. In a proportion of them, the testes are within the
scrotum at birth, but later appear to have ascended to
an ectopic position (5). The incidence of undescended
testes in DS has been reported to be 6.5% (24/368), with
4.4% (16/368) being acquired undescended or ascending

testes as found in patients with trisomy 21 who had
surgery for undescended testes in two tertiary pediatric
centers over a 10-yr period (5). These results suggest an
increased prevalence of cryptorchidism in DS and, in par-
ticular, the presence of a significant proportion of ac-
quired undescended testes (5).
Spermatid perinuclear RNA-binding protein (STRBP)
gene, mapping to chromosome 9q34, codifies a micro-
tubule-associated RNA-binding protein that localizes to
the manchette (a testis-specific microtubular array) in de-
veloping spermatids. The in-vivo RNA target of STRBP is
unknown, although it has been previously suggested the
possibility that STRBP is involved in the translational ac-
tivation of the protamine 1 mRNA in elongated sper-
matids (6). Northern blot analysis detected tissue-specif-
ic expression of several STRBP splice variants, including
4 variants within the testis. RNase protection assays
showed that this gene is highly expressed at the testicu-
lar levels, whereas a lower expression has been reported
in ovary, thymus, and brain, and a weak expression in
many other tissues examined. Western blot analysis de-
tected STRBP expression in testis only. Immunofluores-
cence analysis of adult mouse testis revealed stage-spe-
cific STRBP expression in elongating spermatids that co-
incided with the formation of the manchette (6). On these
premises, Schumacher and colleagues concluded that
STRBP is both a RNA-binding protein and a microtubule-
associated protein (7) and Pires-daSilva and colleagues
suggested that STRBP is required for normal morpho-
logical differentiation of male germ cells. It was also re-
ported that low levels of STRBP gene expression are re-
lated to abnormal brain development in mice (8).
The high frequency of cryptorchidism in men with DS and
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the role played by the STRBP gene in the development
of testis and brain led us to evaluate its mRNA expres-
sion in leukocytes of peripheral blood of 5 men with DS
and cryptorchidism compared with 5 normal healthy men
(controls) by quantitative Real Time PCR (qRT-PCR).

SUBJECTS AND METHODS
Subjects
The study was conducted on 5 men with DS and cryp-
torchidism, respectively 41, 43, 44, 45, and 48 yr old. The
diagnosis of trisomy 21 was performed by karyotype anal-
ysis which showed a classical chromosome 21 trisomy.
The patients were referred to the Division of Andrology
and Endocrinology, University of Catania, for cryp-
torchidism. The diagnosis of undescended testis has
been made by physical examination and subsequently
confirmed by ultrasound scan. DS men had a mean total
testicular volume of 19.6±1.0 ml, which is significantly
lower than that of controls (28.4±1.2 ml) (p<0.05). The
karyotype analysis of controls resulted normal. The 5 men
with DS and the 5 age- and sex-matched controls were
enrolled after family and personal informed consents
were obtained in a specialized referral center for subjects
with DS.

Methods
The possible differential expression of STRBP mRNA be-
tween men with DS and cryptorchidism and controls was
evaluated by qRT-PCR in peripheral blood leukocytes.
Total RNA was extracted as previously reported (9). RNA
quantity and purity were confirmed by spectrophotome-
try and agarose gel electrophoresis. To avoid any ge-
nomic DNA contamination during qRT-PCR, a brief incu-
bation of the samples at 42 C with a specific Wipeout
buffer (QuantiTect Reverse Transcription Kit, QIAGEN
Sciences, Germantown, PA) was carried out. Retro-tran-
scription of 600 ng of total RNA from each samples was
then performed in a final volume of 20 µl and generated
cDNA was used as a template for qRT-PCR analysis using
gene expression products. For each sample, qRT-PCR re-
actions were carried out in duplicate using 2.5 µl of cD-
NA and QuantiTect Probe PCR Master Mix Kit (QIAGEN
Sciences, Germantown, PA) in a total volume of 50 µl.
qRT-PCR experiments were performed using the ABI
PRISM 7700 Sequence Detection System from Applied
Biosystems. Target genes STRBP and reference glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) gene
assays were obtained from Applied Biosystems (Carls-
bad, CA, USA). The thermal cycling conditions consisted
of one cycle for 2 min at 50 C, one cycle of 15 min at 95
C, and 40 cycles for 15 s at 94 C followed by 1 min at 60
C. The amplified transcripts were quantified using the
comparative CT method and relative quantification anal-
ysis data were played using the comparative ∆∆Ct
method (10). STRBP gene expression level was normal-
ized to GAPDH level and Target Mean Cp definition was
used to indicate the mean normalized cycle threshold
(11, 12).
Results were analyzed by unpaired Student’s t test and
the statistical significance was accepted when the p-val-
ue was <0.05.

RESULTS

The results of this case-control study showed that the
STRBP gene was significantly under-expressed in men
with DS and cryptorchidism compared to normal con-
trols. Men with DS and cryptorchidism had a mean
(±SEM) STRBP expression of 0.63±0.10 which resulted
significantly lower compared to that of controls arbitrar-
ily assumed to be 1 (Table 1).

DISCUSSION

The results of this study showed an about 40% lower ex-
pression of the STRBP gene in men with DS and cryp-
torchidism compared to normal men. The neurological
defects observed in presence of reduced levels of the
STRBP protein could not be correlated with any gross
histological change, such as neuronal degeneration or
tissue organization, but it may have a role in neuronal
death through a not well-known mechanism (8). Reasons
for the abnormal clasping reflex are not known, although
it is similar to murine models for neurodegeneration such
as Huntington’s disease (13) and for defects in dorsal root
and spinal cord (14).
Previous immunolocalization studies have shown that the
STRBP protein is expressed within the testis exclusively in
post-meiotic germ cells (6). This agrees with the fact that
most of the transcription ceases at mid-spermiogenesis in
the mouse and the stored mRNAs are synthesized only
several days later (15). A reduced expression of STRBP
protein is associated with an extensive and heteroge-
neous pathology within the seminiferous tubules. This in-
cludes an abnormally thin seminiferous epithelium (40
µm), gaps in different areas, spermatogenesis disorgani-
zation, and a reduced number of mature spermatozoa.
When observed by light and electron microscopy, a high
percentage of the spermatozoa produced were highly
atypical and most of them showed defects in the flagel-
lum which was coiled around the spermatozoon head (8).
Up to now, no evidence indicates the presence of a cor-
relation between altered expression of STRBP gene and
cryptorchidism. Moreover, sperm parameters in men with
DS has not been investigated. The only data present in
literature derive from an animal model the Ts65Dn
mouse, trisomic for about half of the genes present on

Table 1 - Quantitative real time PCR analysis of the spermatid
perinuclear RNA-binding protein (STRBP) gene in 5 men with
Down’s syndrome (DS) and cryptorchidism compared with 5 nor-
mal age- and sex-matched healthy men (controls).

STRBP mRNA
Fold changes

Control 1 1.00
DS 1 0.35

Control 2 1.00
DS 2 0.54

Control 3 1.00
DS 3 0.58

Control 4 1.00
DS 4 0.71

Control 5 1.00
DS 5 0.98

n
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Hsa21. These trisomic mice parallel humans with chro-
mosome 21 trisomy and may be considered an experi-
mental model sufficiently similar to human. Ts65Dn male
mice are generally sterile, although a recent study has
shown that rare fertile males may identified within this
animal model (16).
Of interest would be to understand how a chromosome
21 trisomy alters the expression of the STRBP gene map-
ping to chromosome 9q34. The developmental instabil-
ity theory suggests that dosage imbalance on chromo-
some 21 may disrupt different developmental pathways
(17), while the gene-dosage hypothesis suggests that
dosage increase for specific genes on chromosome 21
contributes more directly to different aspects of the dis-
ease phenotype (17). Recently, gene expression profil-
ing of brain and other tissues from human subjects with
trisomy 21 have been performed. Few studies have ex-
plored gene profiling expression in different tissues from
DS subjects, such as fibroblasts (18), whole blood (19),
and amniocytes (20). These studies have established an
important gene dosage effect for chromosome 21, but
it remains unclear whether there are pervasive secondary
transcriptional effects throughout the genome involved.
The regulation and expression of chromosome 21 genes
is likely to be both dynamic and complex (20) and thus it
is important that further global gene expression studies
with high statistical power need to be performed to ful-
ly characterize the transcriptome in DS subjects.
In conclusion, these data suggest that the lower expres-
sion of the STRBP gene may be involved in the onset of
both testicular and neurological abnormalities found in
men with DS and cryptorchidism. However, more data
are needed not only in DS subjects, but also in patients
with DS or cryptorchidism alone before any conclusion
may be drawn.
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