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There is not much genetic information about male infertility other than some segments on Y
chromosome. To uncover more genetic information related to spermatogenesis and identify the
function of homeobox genes in the testis, degenerated oligonucleotide PCR screening of testis
cDNA libraries was performed to isolated more testis specific genes. One novel human
testis-specific homeobox gene was identified and named TSX1 (testis-specific homeobox). RT
PCR and Northern analysis confirmed that TSX1 is expressed in the adult testis and in situ
hybridization identified that the expression is in the germ cells. These results suggest that TSX1
may play an important role during germ cell development. To determine whether mutations in
TSX1 arerelated to impaired spermatogenesis, an intensive PCR screening was performed on 250
infertile man DNA samples with 4 sets of primers across the TSX1 gene locus. There was no
unexpected PCR products identified in any of the 250 DNA samples. Further SSCP analyses were
performed and no abrrant PCR fragment were identified. We have tried intensively and failed to
identify the mouse Tsx1 ortholog through frequently GenBank searching and many times mouse
testis cDNA libraries screening. We then proved that the TSX1 is only present in the human but



not other species’ genome by Zoo blot analysis. This data implied that TSX1 is a gene appeared
late during evolution and may have a more specific function to human. To understand the in vivo
function of TSX1, we generated TSX1-overexpression transgenic mice with a ubiquitous promoter
pEF. We obtained 8 transgenic fonder lines from 70 mice. After western blot analysis, we
identified 1 transgenic line with TSX1 expression in the ovary and 3 lines with expression in the
testis. However, no significant phenotype in fertility or abnormal histology in reproduction tracts
was observed after anaysis for 3-4 generations. From the results of transgenic mice, we
concluded that the pEF promoter was suppressed in most of the mouse tissues although it was
assumed as a ubiquitous promoter, and the pEF promoter was also under the regulation of
mechanisms which repressed the damage might arise from the overexpression of TSX1.

Keywords: Testis; Spermatogenesis, Homeobox gene; Infertility



Spermatogenesis and Male I nfertility

Sperm production (spermatogenesis) is one of the most dramatic processes of differentiation.
In the initial stages, spermatogonia undergo two mitotic divisions, giving rise to primary and
secondary spermatocytes, which undergo two meiotic divisions to produce the haploid round
spermatids. During the spermeiogenesis, the round spermatids elongate, compact their chromatin
into the sperm head and produce the other sperm components (1-3). This progression from
pro-spermatogonia to mature spermatozoa has been well defined and makes spermatogenesis an

attractive system to study the regulation of a developmental processin an adult organism.

Male infertility, affecting as many as 10% of the adult population, is an extremely prevaent
disorder. In most cases, these men are infertile either because of insufficient sperm
(oligozoospermia) or lack of sperm (azoospermia). The cause of these defects in sperm
production is unclear, but recent works point to both potential environmental and genetic causes
(4-5). Genetic factors that might affect male infertility, other than some sequences on the Y
chromosome, have not been identified. An important facet of spermatogenesis occurs at the level
of transcriptional regulation, and the characterization of transcription factor genes, such as
homeobox genes, expressed during spermatogenesis constitutes a necessary step toward an

understanding of thislevel of control.

Homeobox genes

Homeobox genes encode transcription factors containing a 60-amino acid DNA binding
motif, term the homeodomain. The tertiary structure of which conforms to a helix-turn-helix
motif conserved in species as evolutionarily distant from yeast to human. Homeobox genes are
known to be intricately involved in the development and differentiation processes (6-8). The
prd-like class homeodomains comprise similar coding sequences as the prd class homeodomainss,

but the characteristic serine residue at position 50 in prd homeodomains is replaced by a



glutamine (Q) or lysine (K) in prd-like homeodomains; the paired-like genes also lack the paired
domain of prd genes (9). Several homeobox genes have been identified expressed in the human
and murine male reproductive systems, suggesting the possibility that they may regulate

developmental events during male gametogenesis (10-11).



To identify novel homeobox genes involved in spermatogenesis;, we have conducted a degenerate
oligonucleotide PCR screen of severa human and mouse testis cDNA libraries. One novel
homeobox gene TSX1 was isolated from human testis cDNA library. To understand the functional
role of TSX1 during spermatogenesis, we characterized the expression pattern of TSX1 in the

testis. Transgenic mice were established to identify the effect of TSX1 over-expression in vivo.



Cloning of human homeobox gene TSX1. The 23-mer degenerate oligonucleotides were
designed based on the highly conserved helix 3 of homeodomain sequences and the PCR
amplification from cDNA libraries were performed as described previously (12). The 3' 0.6 kb
fragment of TSX1 cDNA was obtained from human testis cDNA library (Life Technologies).
DNA sequences of this PCR product containing a putative novel homeodomain and was used to
search EST databases to obtain additional cDNA sequence information. EST clones were
purchases (Genome Research) and sequenced. Clone AA933590 with the 1244 bp cDNA insert

was used in further studies.

Sequence analysis. The MacVector program (Kodak) was used for alignment of the cDNA
sequence to the genomic DNA sequences to determine the intron/exon junctions, translation of
the DNA sequences into amino-acid sequences, identification of putative functional motifs, and

GeneBank search for both DNAs and proteins through the network.

RNA isolation and RT-PCR analysis. Total RNA was extracted from tissues that are fresh frozen
in liquid nitrogen with Trizol reagent (Life Technologies). 1 pg of total RNA was used in revese
transcription with MMLV reverse transcriptase (Promega). Most of the human multiple tissue
cDNAs were purchased from Clontech Co. The PCR amplification was further performed with
primers specific to TSX1, RT-F, 5-GCGGAGAAGAAAAAGATGGCG-3 and RIT-B,

5 -GGGAATGTGAAAGAAG- GCACG-3'.

Multiple Tissue Array and Northern blot analysis. Human Multiple Tissue Arrays containing
normalized loading of poly(A) RNA from different human tissues were purchased from Clontech.
Human multiple tissue Northern blots with 2 p g of poly(A) RNA on each lane were purchased
from Clontech and Ambion. These blots were hybridized to the radiolabeled TSX1 (bps 748-1169)

cDNA probe according to the manufacturer’s protocol.



In situ hybridization. The TSX1 (bps 748-1169) cDNA fragment was PCR-amplified and
subcloned into pGEM-Teasy vectors (Promega). Sense and antisense riboprobes were prepared
by in vitro transcription using T7 and SP6 polymerase, respectively, with digoxigenin-UTP
(Boehringer Mannheim). The in situ hybridizations of testis paraffin sections were performed

using standard protocols.

Screening of mouse testis cDNA libraries. TSX1 (bps 3-1169) cDNA fragment was radio-label ed
and used as probes to screen mouse testis cDNA libraries (lamda gt10 library was from Clontech,
SuperScript library was from Life Technology and Mouse Unamplified cDNA library was from
Edge BioSystem) for several times with low strignency hybridization conditions in hybridization
solution [IM NaCl, 0.1M Tris-HCI (pH 7.4), 10% dextrane sulfate and 1% SDS] at 50-55°C for
more than 16 hr. The membranes were then washed twice with wash buffer (2XSSC and 1% SDYS)

for 1 hr. The radiographs were devel oped after exposure for 16-48 hr.

Zoo blot analysis. 10 p g of genomic DNASs from human (peripheral blood), pig, chick, rat and
mouse (liver) were digested with restriction enzymes (EcoRI or Hindlll), size fractioned in 0.8%
agarose gel and then blotted onto a nitrocellulose membrane (Hybron N*, Pharmarcia). Another
Z0o blot membrane with 8 species genomic DNA (from yeast to human) was purchased from
Origene. These blots were hybridized to the radio labeled TSX1 probe (exon 3) according to the

manufacturer’s protocol.

Establishment of TSX1 transgenic mice. TSX1 coding region was digested with Apol and BspEl
and subcloned into the Notl site of pEF/myc/cyto expression vector (Invitrogen). The transgenic
construct was digested with restriction enzymes Acc65l and Xmal to remove most of the vector
sequences and the resulting fragment was microinjected into the FVB mouse pronucli. Transgenic
mice were identified by PCR analysis of the tail biopsies from pops got birth from foster mother
and further breeding. The primers used in PCR were localized on pEF promoter and TSX1 cDNA.
Transgenic founder mice were breed with wild type mice to produce more transgenic offspring

for further phenotypic, expression and histological analyses.



SSCP analysis 3 ul of the PCR product was mixed with 3 ul of gel-loading buffer (99% deionized
formamide, 20 mmol/L EDTA, 0.05% xylene cyanol FF and 0.05% bromophenol blue). The
mixture was denatured for 5 min at 95°C and then plunged into ice. The mixture was
electrophoresed at 8°C in a Genephor electrophoresis unit using a GeneGel Exca 12.5/24 kit
(Pharmarcia) under constant of 600V for 2 hr. The gel was stained by silver staining using a

PlusOne DNA silver staining kit according to the manusfacture’s instructions (Pharmarcia).



We have isolated TSX1 homeobox gene from the human testis cDNA libray and
identifiedthat the homeodomain is belong to a pair-type subfamily. To confirm the expression of
TSX1 in human testis, RT-PCR was performed with primers located on exon 2 and 3 individually.
An expected product was amplified only from the human testis (Fig. 1A). Further Northern
analysis also confirmed this specific expression pattern and revealed the transcript of TSX1 is
about 1.2 kb (Fig. 1B). A more detail expression pattern in testis was investigated by in situ
hybridization and showed major signals present in germ cells (Fig. 2). These expression

patterns indicated that TSX1 might play arole in regulation of spermatogenesis.

By GenBank sequence alignment, we identified that the TSX1 was localized on the human X
chromosome. From the alignment of TSX1 cDNA and genomic sequences, we identified that
TSX1 has 4 exons (Fig. 3). The intron-exon boundaries listed on Table 1 are match to the splicing
donor and acceptor sites. To determine whether TSX1 is related to infertility, an intensive PCR
screening was performed on infertile male DNA with 4 sets of primers across the TSX1 gene
locus (Table 2). There was no unexpected PCR products were identified in total of 250 DNA
samples after repeated screening (Table 3). This PCR result revealed that there is no
PCR-detectable deletion among these patients TSX1 locus. Since point mutation and smaller
fragment (< 30 bp) deletion was unable to be detected through PCR analysis, SSCP analysis was
further used to resolve this problem. However, the analyses of 4 sets of 150-200 bp of PCR
products of the TSX1 coding region were fal to identified any aberrant single strand

conformation (Fig. 4).

To isolate the mouse ortholog of TSX1 gene, we have tried intensively to screen several
different mouse testis cDNA libraries for many times; on the other hand, we aso tried to search
GenBank freguently with human TSX1 gene applied in the sequence alignment. Both of the above
approaches gave us the negative results. To identify whether there is any mouse TSX1 gene exists

in mouse genome, Zoo blot analysis was performed by using TSX1 probe to hybridize human, pig,



rabbit, mouse and chick’s genomic DNA which were digested with EcoRI or Hindlll (Fig. 5). We
can only detect the signal from the human genome which explained that why we were unable to
isolate any mouse TSX1 gene from mouse testis cDNA libraries. This data further implies that
TSX1 might be involved in a human-specific spermatogenic pathway.

To study the in vivo function of TSX1, we have established the TSX1 transgenic mouse lines.
The transgenic construct and the junction sequences between TSX1 and vector are shown in Fig. 6,
TSX1-myc fusion gene expression is driven by pEF promoter and the myc epitope tag can be used
for identification of the expression of TSX1 protein in the transgenic mice. The vector of the
expression construct was removed and the TSX1-containing DNA fragment was microinjected
into the pronuclei of zygotes. PCR analysis for the seventy F1 mice with the primers located on
the transgenic fragment identified eight transgenic founder lines (Fig. 7). We crossed these F1
mice with FVB wild type mice to generate more transgenic offspring for further analysis. We
have identified TSX1 expression in oviduct of one line and testes of three lines (Fig. 8). However,
no specific reproduction phenotypes were identified after analyses of their histology and
reproduction activity for 3-4 generation. Occasionally, we founded some mice with behavior
abnormality such as continuously circling. One of the founder mouse (No. 63) was identified with
a sarcoma tumor in the lower limb of the right side (Fig. 9), but no other offspring has the same
phenotype observed so far. Another founder mouse (No. 31) was identified to have lung

dysfunctiona phenotype (Fig. 10)

In conclusion, we have identified a pair-like homeobox gene, TSX1. Expression
analyses from both RT-PCR and Northern blot indicated that TSX1 is testis-specific. These
results implied that TSX1, as a homeodomain-cotaining transcription factor, may be
involved in spermatogenesis-specific gene regulation pathway. However, intensive PCR
screening and SSCP analysis were failed to polymorphism present in 250 infertile patients.
To further investigated the in vivo function, we established the TSX1 transgenic mice.
Preliminary characterization showed that the over-expression of TSX1 could not interfere
the reproduction activity. Whether the effect is under the restrict control of gonad or the

human-specific regulation is not valid in murine system remained to be further



investigated.
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Fig. 1 Human TSX1 homeobox gene shows testis-specific expression. (A) Expression
pattern of TSX1 in multiple tissues. PCR was performed with TSX1-specific primers using
human cDNA from different organs. TSX1 is specifically expressed in the testis.(B) Northern
analysis of TSX1 expression in multiple tissues with TSX1specific probe. A 1.2 kb transcript
isonly identified in human testis.



Fig. 2 Tsx1 expression pattern in testis seminiferous tubules. The cellular expression pattern of
TSX1 was characterized by in situ hybridization. (a) and (b), H and E staining. The results from

using TSX1 anti-sense [(c) to (e)] and sense (f) probes for the in situ hybridization analysis.
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Fig. 3 The Chromosome localization and enomic structure of TSX1. TSX1 geneislocalized on

human X g23 and the schematic diagram of the intron-exon structure is shown in the botton.



Tablel Theexon-intron boundariesof the TSX1 gene.

No. Splice donor Splice donor Intron size (b}

1 AGAAGAACGTtgcaggoggc gaact acaggcTCAGT ACCT 1765
2 TACTTTTCCAatatgaatge gqttoctgoggTAAGCCCATT 933
3 CCATAGAAGGaggCtggcas cgcagtgocagETCASTAALC 3126

4 CTGATTGAAGatttggtttg — tcaaaccgaaTlGTCACGGAC 945

Table 2. The primer pairsused to PCR screen the mutations on the exons 1-4 of TSX1 gene.

Name Sequence PCR product size  Annealing temp. { C)

TeExl-F" GoaAGAAAAGOAAGAGAGGAGSTC 3 0byp e
I bExl-B AGGGGTATCATOCCAGTCTACTOND

TexEx2-F* TCACCACCTCCTTCCAACACD

4B0bp . T
Fex Byt ACCAGAGCGUAATGGGCTTACCG
TexEx3-F TGGCATCTCCTTTATTIGTGGE
250k 4
TexExd-B TGAAGCGGGTTTTAGAATGGC i
TexExd-F GAAATAAGCCAAGOCAGAGOG e
B0k 53

lexExd-B* AGACGAGAGTCOGTGACATTCG




Table 3 The results from PCR and SSCP analyses of TSX1 gene on 250 infertile men’s

genomic DNAs.

Number of mutants from analysis
Exon no. 1° PCR 2-4° PCR SSCP
1 10 0 0
2 5 0 0
3 8 0 0
4 7 0 0

N1 2 34 5 6 7 8 9 10 11 12 13 14

Fig. 4 SSCP analysis of the TSX1 gene mutation. Lanes 1-14, PCR products from patient

DNA:; N, normal control DNA.



Fig.5 Zoo blot analysisof TSX1. Genomic DNA blot hybridized with TSX1 specific probe
showed that TSX1 isonly present in the human genome. Lanes 1-5, genomic DNAs digested
with EcoRlI, lane 6, genomic DNA digested with Hindll1. Lanes: 1, human; 2, pig; 3, rabbit; 4,

mouse, 5, chicken; 6, human.
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Fig.6 TheTSX1 expression construct. TSX1 wasinframe-inserted

before amyc epitope tag and driven by a pEF promoter. The sequences between the junction of

cDNA and vector are shown on the right side.
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Fig. 7 ldentification of TSX1 transgenic mouse founders. The PCR primer localization was
shown in the top. There are total 8 transgenic mouse founder lines (3,8,10,29,31,56,63 and 68)
according to the PCR analysis resultsshown in the botton.
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Fig.8 TSX1 transgene expression in transgenic mice. Western blot analyses of the transgenic
mouse reproductive tracts show that TSX1 (arrows) are expressed in the oviduct of line 29, testes
of line 3 and 10. All the other bands are endogenous myc expression

or non-specific signals.



Fig. 9 Scramble carcinoma developed in line 63 transgenic founder mouse.

Fig. 10 Abnormality of TSX1 transgenic founder mouse line 31. The rotten skin around eyes
and ears are shown on the top. The lung isolated from the normal littermate is pink and floating

onthe PBS (left), while the tissue from the transgenic mouse is pale and sink on the botton.



