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SPAG5 mRNA is over-expressed in peripheral blood leukocytes
of patients with Down’s syndrome and cryptorchidism
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Abstract Men with Down’s syndrome (DS) have an

increased risk of cryptorchidism, but the mechanisms

causing its onset are not clear. Cryptorchidism causes a

primary testiculopathy responsible for infertility. SPAG5

mRNA is predominantly expressed in testis in pachytene

spermatocytes. This observation prompted us to evaluate

the expression of SPAG5 gene in five DS men with

cryptorchidism and five normal healthy men (controls) by

quantitative real-time PCR in peripheral blood leukocytes.

We found that SPAG5 is over expressed in the five men

with DS and cryptorchidism compared with five age- and

sex-matched normal controls. This finding suggests that the

increased expression of this gene may play a pathogenic

role durin testicular development in subjects with DS and

cryptorchidism.
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Introduction

Down syndrome (DS) is the most frequent genetic cause of

mental retardation. DS can be caused by trisomy total or

partial of chromosome 21; trisomy is characterized by the

presence of three complete copies of chromosome 21. DS

is associated with multiple malformations and/or various

medical problems [1].

Cryptorchidism is the most frequent defect of the male

urogenital tract [1]. It represents a risk factor for infertility

and germ cell testicular neoplasia [2]. Men with DS have

an increased risk of cryptorchidism with an estimated

prevalence of about 6.5 % [3]. Spermatogenesis is the

developmental program that guides spermatogonia to dif-

ferentiate into functional spermatozoa. A main component

of the mammalian sperm tail is the structure surrounding

the axoneme, called outer dense fibers (ODFs) [4, 5].

Sperm-associated antigen 5 (SPAG5) mapping to chromo-

some 17q11.2 encodes a protein associated with the func-

tional and dynamic regulation of mitotic spindles [6].

SPAG5 protein has a molecular mass of 200 kDa.

SPAG5 mRNA is predominantly expressed in pachytene

spermatocytes and to a lesser extent in round spermatids.

SPAG5 protein is synthesized de novo in spermatocytes

and round spermatids. It contains two leucine zipper motifs

in the C-terminal region, one of which mediates the

interaction with ODF. The protein–protein interaction

between ODF and SPAG5 indicated that SPAG5 might

participate in sperm tail morphogenesis. However, no

SPAG5 has been detected in mature spermatozoa, sug-

gesting that it is not a major structural protein. SPAG5
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protein expression in spermatocytes may play a functional

role in meiosis, as well as in spermatid morphogenesis [6].

The high frequency of cryptorchidism in men with DS

and the role played by the SPAG5 gene in spermatogenesis

led us to evaluate its mRNA expression in leukocytes of

peripheral blood of five men with DS and cryptorchidism

and in five normal healthy men (controls) by quantitative

real-time PCR (qRT-PCR).

Subjects and methods

Subjects

The study was conducted on five men with DS and

cryptorchidism whose mean (±SD) age was 44.2 ±

2.56 years old. The diagnosis of trisomy 21 was performed

by karyotype analysis which showed a classical chromo-

some 21 trisomy. 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, significantly lower

than that of controls (25.4 ± 1.2 ml) (p \ 0.05), as previ-

ously reported [7].

Methods

The possible differential expression of SPAG5 mRNA

between men with DS and cryptorchidism and controls was

evaluated by qRT-PCR in peripheral blood leukocytes.

Total RNA extraction and retro-transcription in cDNA was

carried as previously reported [7].

qRT-PCR experiments were performed using the ABI

PRISM 7700 Sequence Detection System from Applied

Biosystems. Target genes SPAG5 and reference glycer-

aldehyde-3-phosphate dehydrogenase (GAPDH) gene

assays were obtained from Applied Biosystems (Carlsbad,

CA, USA). The thermal cycling conditions were carried as

previously reported [7]. The amplified transcripts were

quantified using the comparative CT method and relative

quantification analysis data were played using the com-

parative DDCt method.

Result

The results of this case–control study showed that the

SPAG5 gene was up-expressed in the five men with DS and

cryptorchidism compared to five age- and sex-matched

normal controls. In our study, with qRT-PCR we obtained

a fold changes of 1.58 (control 1/DS1), 1.44 (control

2/DS2), 1.28 (control 3/DS3), 1.79 (control 4/DS4) and

1.39 (control 05/DS5) (Fig. 1). Men with DS and

cryptorchidism had a mean (±SEM) SPAG5 gene expres-

sion of 1.50 ± 0.20 compared with controls expression that

was arbitrarily considered 1.

Discussion

SPAG5 gene plays a functional role in meiosis, as well as

in spermatid morphogenesis [6, 8]. Furthermore, analysis

of sperm tail protein interactions suggested that coopera-

tion among several sperm tail proteins, including ODF1,

ODF2, SPAG4, and SPAG5 [9], the interaction of SPAG5

and ODF1 is mediated by leucine zipper motifs [9].

Deletion of either the leucine zipper of SPAG5 or one of

the ODF1 completely abolished this interaction. Another

interesting observation is that SPAG5 mRNA is expressed

in various embryonic tissues [6, 8]. The developmental

instability theory suggests that dosage imbalance on chro-

mosome 21 may disrupt different developmental pathways

[10], while the gene-dosage hypothesis suggests that dos-

age increase for specific genes on chromosome 21 con-

tributes more directly to different aspects of the disease

phenotype. The regulation and expression of chromosome

21 genes are likely to be both dynamic and complex and

thus, it is important that further global gene expression

studies with high statistical power will be performed to

fully characterize the transcriptome in DS subjects. All

these data suggest that genes present on chromosomes

different from chromosome 21 may have a role in DS.

Therefore, it may be hypothesized that the SPAG5 gene

may be involved in the onset of DS phenotype.

In conclusion, the results of this preliminary study

showed a greater expression of the SPAG5 gene that may

be involved in the testicular abnormalities of the men with

DS and cryptorchidism. We cannot exclude that a higher

expression of SPAG5 may have a role in the embryonic

development of DS subjects.

Fig. 1 Quantitative real time PCR analysis of the gene SPAG5 in five

men with Down’s syndrome (DS) and cryptorchidism compared with

five normal healthy men (cont.)
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