9/17/2015 :: Asian Journal of Andrology ::

Home | Archive | AJA @ Nature | Online Submission | News & Events | Subscribe | APFA | Society | Links | Contact Us | i 3Cfii Pubmed ¥
Searching for candidate genes for male infertility
B. N. Truong1, E.K. Mosesz, J.E. Armes3, D.J. Venter3'4, H.W.G. Baker!

TMelbourne IVF Centre, 2Pregnancy Research Centre, Department of Obstetrics and Gynaecology, Royal Women's Hospital, University of
Melbourne, Victoria 3053, Australia

3Departments of Pathology and Obstetrics/Gynaecology, University of Melbourne, Victoria 3010, Australia
4Murdoch Children's Research Institute, Royal Children's Hospital, Victoria 3052, Australia

Asian J Androl 2003 Jun; 5: 137-147

Keywords: male infertility; genetics; spermatogenesis; human genome; database; tissues; array

Abstract

Aim: We describe an approach to search for candidate genes for male infertility using the two human genome databases: the public University of California at Santa
Cruz (UCSC) and private Celera databases which list known and predicted gene sequences and provide related information such as gene function, tissue expression,
known mutations and single nucleotide polymorphisms (SNPs). Methods and Results: To demonstrate this in silico research, the following male infertility candidate
genes were selected: (1) human BOULE, mutations of which may lead to germ cell arrest at the primary spermatocyte stage, (2) mutations of casein kinase 2 alpha
genes which may cause globozoospermia, (3) DMR-N9 which is possibly involved in the spermatogenic defect of myotonic dystrophy and (4) several testes expressed
genes at or near the breakpoints of a balanced translocation associated with hypospermatogenesis. We indicate how information derived from the human genome
databases can be used to confirm these candidate genes may be pathogenic by studying RNA expression in tissue arrays using in situ hybridization and gene
sequencing. Conclusion: The paper explains the new approach to discovering genetic causes of male infertility using information about the human genome.

1 Introduction

1.1 The human genome

The sequencing of the Human Genome has opened new opportunities for identifying disease causing mutations. In this paper we demonstrate the new computer based
(in silico) searching methods the human genome databases for male infertility candidate genes using the publicly funded Human Genome Project (which is managed by
the University of California at Santa Cruz (UCSC) (http://genome.ucsc.edu/goldenPath/decTracks.html) and the privately funded, Celera Genome library
(http://www.celera.com).

The UCSC data present over 95 % complete of the human genome. About 90 % of the sequence is highly accurate in a "finished" state and only about 10 % is "draft"
quality. UCSC itself does no sequencing but collects and puts sequence information from other sources together and presents them online. The UCSC associated
centres use the overlapping clones method to map and sequence the genome. This method sequences small fragments from specific chromosomes. These sequences
are then aligned in the genome using BAC markers [1, 2].

The Celera genome library is claimed to be the most complete and accurate. DNA in this library is extracted from volunteers of different ages and both sexes. The
genome was broken down into several sequenced at the same time and put back into their proper order. This method is called the shotgun sequencing technique [1, 3].

Both the UCSC and Celera genome databases provide information about gene structures including exons and introns, start and stop codons, sequences of transcripts
and proteins. They also give gene and protein functions, tissue expression, related diseases and links to papers in journals and comparative data from other organisms.
Other powerful services in these libraries include sequence comparison tools named BLAT in UCSC and BLAST or sequence analysis in the Celera library. These
programs are used to compare sequences with the genome database in the libraries. Although these libraries should contain the same information, annotation of the
genes on the chromosomes are different so that most of the information from one library cannot be used simply to search in the other. Also, some genes are annotated
in one library but not in the other.

The UCSC and Celera genome websites also link with other databases such as GenBank, Online Mendelian Inheritance in Man (OMIM) and PubMed. The functions of
these libraries are described briefly in Table 1.

Table 1. Description of databases and search tools.

Web-site Description
This website provides information about gene structure including start and stop codons, exon and intron
maps and transcript size. Other information includes gene functions, tissue expression, protein
composition, mutations and comparative data from other model organisms. Searching in this website
can be performed using gene symbols,position on chromosome, sequence tagged site (STS) and
Bacterial Artificial Chromosome (BAC) makers.

Database
(http://www.celera.com)

ucsc Information and searching in this library are very similar to those in Celera, although the information
(http://genome.ucsc.edu/goldenPath/decTracks.html) comes from different sources and some terminology is different.

GenBank is a genetic sequence database, which collects all publicly available DNA sequences and
GeneBank serves them together online. A new release is made every two months. Currently, GenBank contains
(http://www.ncbi.nlm.nih.gov/Genbank/index.html) more than 17 billion bases from over 100,000 organisms. Searching for sequences on the GenBank

website is possible usinggene names, gene symbols and GenBank account (if known).

This database is a catalogue of human genes and genetic disorders, with descriptions of the diseases
OMIM and references. It also contains copious links to libraries of papers, sequences and additional
(http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?db=OMIM)resources at NCBI and elsewhere. Searching OMIM is by disease or gene name or code (MIM number),

chromosome position or cytoband [3].

1.2 Causes of male infertility

It is estimated that about 13 % of couples in Western societies seek treatment for infertility and 40 % have male causes [4]. Some genetic causes of male infertility are
known [5]. However the causes of most types of male infertility are unclear (Table 2). Some known aetiologies cause only infertility, while others affect general health.
For example men with Yq microdeletions, XXY karyotype and androgen insensitivity usually have testicular atrophy and may have signs of androgen deficiency [6].
Myotonic dystrophy and cystic fibrosis usually present with other clinical characteristics such as weakness, myotonia and failure to thrive in infancy or severe respiratory
infections. In contrast, the infertility from hypospermatogenesis and congenital absence of the vasa, are incidental (OMIM).

Table 2. Classification of causes of male infertility.
Treatment categories Causes of male infertility

Untreatable sterility (13 %)  Primary seminiferous tubule failure (12.9 %) including:
1) Sex chromosome aneuploidies: XYY, XXY

(
(
(
4
(
(6) Idiopathic

Structural defects of sperm: teratozoospermia and zero motility (0.1%)
Potentially treatable (12 %) Genital tract obstructions

Sperm autoimmunity

Gonadotrophin deficiency or suppression
Coital disorders
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Reversible drug , toxin or iliness effects

Untreatable subfertility (75 %) Oligozoospermia (35 %)
Asthenozoospermia and teratozoospermia (35 %)
Normal semen but defective sperm-oocyte interaction (5 %)

The new reproductive technologies can help some of these men to father their own children. However, there is a concern about passing on mutations and an infertility
condition to future generations [7]. Further-more, discovery of new genetic causes of male infertility may have therapeutic implications. Therefore, it is necessary to
study the aetiology and modes of transmission of infertility [8].

Before the human genome databases became available, candidate genes for male infertility were detected by classical clinical genetic methods or animal model studies.
Classical methods involved studies of families and individual who presented with specific male infertility phenotypes or karyotype analysis [6, 9-23]. The latter lead to the
discovery of many chromosome abnormalities including sex chromosome aneuploidies such as XXY and XYY syndromes [6, 9-11] and autosomal chromosome
translocations [12-14]. Classical methods also identified numbers of single gene defects such as mutations of genes for hormones or receptors, the genes involved in
clinical syndromes associated with infertility such as myotonic dystrophy and cystic fibrosis and microdeletions on the human Yq chromosome causing severe defects
of spermatogenesis [15-20].

More recently, gene defects have been suggested from animal models such as transgenic gene knockout mice and Drosophila mutations. These include casein kinase 2
alpha knockout with defective development of the acrosome [22, 23], and spermatogenic arrest at the primary spermatocyte stage in the fruit fly due to mutations in the
boule gene [24] (described below). However, genes affecting testicular development or spermatogenesis in animals do not necessarily have a human homologue. For
example, mice with inactivation of cyclic AMP response element modulator t (CREMt) have germ cell arrest at the level of round spermatids. Although many studies
proved that CREM is involved in the maturation of human spermatids, few if any men with germ cell arrest have been found to have defects in this gene [25, 26].
Similarly, mice with mutation of the insulin-like hormone 3 (InsI3) gene have abnormal gubernaculum growth and bilateral cryptorchidism [27-29]. However, sequencing of
this gene in boys with cryptorchidism has not identified a high rate of mutation of this gene [30]. Therefore, animal studies do not always help in the detection of relevant
human genetic defects [31].

1.3 Male infertility candidate genes

1.3.1 Dystrophia Myotonica Protein Kinase (DMPK) gene: Males with Myotonic Dystrophy (MD) have reduced fertility due to progressive primary seminiferous tubule
failure [32, 33]. MD is usually caused by the expansion of trinucleotide (CTG)n repeats in DMPK gene on chromosome 19q13.3. Interestingly this gene does not appear
to have a role in spermatogenesis. Theoretically the CTG expansion may cause distortion of chromosome structure and dysregulation of genes adjacent to DMPK,
particularly the dystrophia myotonica containing WD repeat motif (DMWD) or dystrophia myotonica related number 9 (DMR-N9) gene [34, 35]. The latter gene is 1.2 kbp
upstream of DMPK and strongly expressed in testis and may have a regulatory function during spermatogenesis [34-36]. Jansen et al, (1995) [37] found that DMR-N9
mRNA is expressed in all neural tissues early in mouse embryogenesis and in mature testis tubules where it is restricted to spermatocytes of stages VIl to XII of the
spermatogenic cycle. He concluded that the DMR-N9 gene is a candidate for being involved in the mental and testicular manifestations of MD. Therefore, DMR-N9 can
be seen as a candidate gene for hypospermatogenesis in men without MD [36-39].

1.3.2 Casein kinase 2: Xu et al, 1999 [23] showed that protein casein kinase 2 alpha (Csnk2a) is preferentially expressed in late stages of mouse spermatogenesis. Male
mice whose Csnk2a gene has been disrupted by transgenesis are infertile with globozoospermia (acrosomeless sperm). Human globozoospermia is a rare condition
(~0.1 % of all male infertility patients) of unknown mode of inheritance which is characterised by the complete absence of the acrosome, and sperm with small spherical
heads and results from a failure of differentiation of a sperm specific proacrosomal granule of the Golgi complex [40]. While occasional globozoo-spermic sperm are seen
in the semen of some fertile men, total absence of the acrosome is a very rare condition. The murine studies pose the question whether mutations in either of the two
human CSNK2A and B genes cause human globozoospermia.

1.3.3 Boule gene: Microdeletions of the long arm of the Y chromosome (Yq) involving RNA binding protein genes such as Deleted in AZoospermia (DAZ) cause
spermatogenic defects [24, 41, 42]. These genes are related to a Drosophila spermatogenic gene called boule. Eberhart et al (1996) [24] discovered the Drosophila boule
gene on chromosome 3R. This gene also encodes an RNA binding protein that has 19 % similarity in protein sequence and 59 % similarity in structure of the RNA
binding site with human DAZ. Mutation of the Drosophila boule gene causes male sterility from spermatogenic arrest. Xu et al (2001) [22] discovered a Drosophila boule
homolog on human chromosome 2933 which was named as the human BOULE gene. Human BOULE and Drosophila boule genes have 42 % similarity in protein
sequence and 80 % similarity in structure of RNA binding site. Both genes also have testis specific expression at a late stage of spermatogenesis. Because the genetic
causes of human spermatogenic arrest are largely unknown and the phenotype is very close to Drosophila boule, human BOULE is an important candidate gene for germ
cell arrest at the primary spermatocyte stage.

1.3.4 Genes at the break points of balanced autosomal translocations: Balanced autosomal translocations are often associated with defects of spermatogenesis,
especially spermatocyte meiosis anomalies resulting in azoospermia or oligospermia, usually without other severe defects because the number of genes in the genome
is normal [43]. It is hypothesised that the translocation affects the expression and function of genes located at or near the breakpoints that may have a role in
spermatogenesis [44]. Another possibility is that the translocation may interfere with pairing of chromatids during meiosis and lead to defects in this process [45].

2 Methods

As indicated above, mutations or defects in expression of DMR-N9, Casein kinase 2 o, BOULE and genes at the break point of the translocations are strong candidates
to cause human infertility. In this study, we outline how to search for information about these candidate genes using the two human genome libraries. This includes (1)
finding information about specific genes and adjacent genes using the gene names and/or symbols, (2) identifying candidate genes in specific regions of chromosomes
and (3) BLAST searching using known sequences from other databases.

2.1 Gene names and symbols
Three candidate genes will be focused on: CSNK2A, BOLL and DMR-N9.

Searching on the Casein Kinase 2 alpha gene name and CSNK2a gene symbol in the UCSC library gave two results, which are CSNK2A2 on chromosome 16 and
CSNK2A1 on chromosome 20. Searching on BOLL gene symbol in the Celera library under the Genes function gives only one result which is BOLL on chromosome 2
(Figure 1). As described below, the position of CSNK2A genes, chr16: nucleotide numbers 48586460-48626376 and chr20: nucleotide numbers 451790-512411 and BOLL
gene, chr2:195523036-195580975, can be used to detect related information. Other casein kinase 2 alpha genes can be searched for by chromosome region or BLAT
programs.

Figure 1. BOLL gene was detected on chromosome 2 in Celera library using gene name in Celera library. (Assembly date: 22 May 2002)

Because the UCSC library used the information from one of their collaborating centres (Ensemble) for the DMR-N9 gene, the gene name in this database is
ENST00000270223 instead of DMR-N9 or DMWD. Therefore, the gene position cannot be detected using DMR-N9 or DMWD gene symbols in the UCSC library. The
gene can be located by using symbol DMPK of the adjacent gene. Searching on the DMPK gene symbol in the UCSC library gives one DMPK gene on chr19. By
widening the DMPK location from chr19: 46663863-46677274 to chr19: 46663863-46687274, the upstream gene DMWD is disclosed (Figure 2). Moreover, because this
gene does not have a Celera's gene name and symbol, location of this gene in Celera library also is detected via DMPK gene. Position of DMPK gene, which is chr19:
43783033-43796780, can be detected using Celera's Genome Map programme. Searching under Genome Map's position programme in Celera with chromosome 19 and
nucleotide numbers from 43.78 Mb to 43.8 Mb, the DMWD gene is disclosed (Figure 3).

Figure 2. DMPK and DMWD genes on chromosome 19.in UCSC library By widening the DMPK region in searching from chr19: 46663863-46677274 to chr19: 46663863-46687274 the upstream gene DMWD was
found. (Assembly date: Novemnber 2002)

Figure 3. DMPK and DMWD genes on chromosome 19 in Celera library. Searching under Genome Maps position programme in Celera with chromosome 19 and nucleotide numbers from 43.78 Mb to 43.8 Mb, the
DMWD gene is disclosed (Assembly date: 21 May 2002)

2.2 Detecting candidate genes in a chromosome region

This is especially useful for detecting interesting genes located at or near the balanced autosomal translocation breakpoints. For example, the breakpoint 6p21.33 in the
46,XY t(4,6)(q33,p21.33) karyotype of a men who presented with severe oligospermia was used to search in both data bases. In 6p21 there are about 250 and 465 genes
in the UCSC and the Celera libraries, respectively. Target genes such as Zinc Finger protein (ZNF) 76, ZNF 165, Glutathione peroxidase 5, testis abundant finger protein
and casein kinase 2 beta were detected in the libraries (Figures 4 and 5). These genes are strongly expressed in epididymis and testis and may have a function in
spermatogenesis or sperm maturation.

Casein kinase 2 alpha genes can also be detected in searching under the 11p15, 16p 12-13 and 20p13 chromosome regions in both libraries.

Figure 4. Two candidate genes on chromosome region 6p21: casein kinase 2 beta and zinc finger protein 76, which are predominantly expressed in testis. This region in the UCSC library contains approximate 250
genes. By clicking on the gene symbols, detailed information including sequences and SNPs can be obtained. (Assembly date: November 2002)

Figure 5. Some candidate genes in the 6p21.3 region from the Celera library: zinc finger protein 165, testis abundant finger protein and casein kinase 2 beta. This region contains about 465 genes in the Celera

library. The information includes gene names, symbols, locations, families and species. By clicking on gene, transcript or protein names (left column), the sequences of DNA, RNA or protein will be discovered. By
clicking on the protein family assignment column (right column), other genes with the same family function will appear. (Assembly date: 22 May 2002)

2.3 BLAST searching

BLAST searching can be used to find interesting gene sequences in the human genome libraries starting with known DNA, mRNA or protein sequences from other
databases such as GenBank. An example for this method is BLAST searching in UCSC library for human BOULE gene using the nucleotide sequence in GenBank,
which was submitted by Xu et al. The result was one matching sequence on chromosomes 2 (chr2: 196791585-196848619), named BOLL (Figure 6).

Figure 6. Result of BLAST search for human BOULE gene (BOLL) in UCSC genome library. Information about SNPs such as base pair type (A, C, T or G), their location in intron or exon regions and the effect of
the alternation in protein sequence can be found by clicking on the SNPs symbols. (Assembly date: November 2002)

Another example is BLAST searching for casein kinase 2 alpha genes using the two known sequences (NM001895 and NM001896) in the Celera genome library which
gives one CSNK2A1 gene and one CSNK2A2 homologue on chromosomes 20 (chr20: 464659-527357), and 16 (chr16: 45801917-45841972).

http://www .asiaandro.com/archive/1008-682X/5/137.htm 2/4


http://www.asiaandro.com/archive/1008-682X/5/137f1.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f1.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f2.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f3.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f2.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f3.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f4.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f5.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f4.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f5.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f6.jpg
http://www.asiaandro.com/archive/1008-682X/5/137f6.jpg

9/17/2015 :: Asian Journal of Andrology ::
2.4 Related information about genes

The previously discussed searching methods will give the basic information about target genes including gene names, gene symbols, and the exact positions of the
genes. By following the directions, more details such as genomic DNA, mRNA and protein size, location, sequences, structures and functions; together with related
diseases and journal articles can be found. Other information, for example mutation points and single nucleotide polymorphism (SNPs, which are sequence nucleotide
variations previously documented in individuals) also are available [46]. SNPs may or may not be associated with causing disease. Information on SNPs in the UCSC
library can be obtained by selecting each SNP (Figure 4). In Celera, SNPs can be found using the Human SNPs program starting with the gene position for example
chr19:43783397-43804776. Information about the SNPs includes: nucleotide site and base change (Adenine, Cytosine, Guanine or Thymine), position (intron or exon),
and indication of effect: silent, nonsense, or missence with altered amino acid in protein sequences, and related diseases in OMIM and Medline.

Genes expressed in the testis do not necessarily have a role in spermatogenesis. Therefore, polymorphisms within testis-related genes may not cause spermatogenic
defects. With rare diseases, candidate genes can be sequenced to detect mutations guided by available data, especially those on SNPs in human genome libraries.
Knowledge of genetic mutations, altered amino acid sequences and the structure and function of the protein, may help predict the pathogenicity of alterations in
candidate gene. With common diseases, pathogenicity can be supported by demonstrating altered RNA expression at a certain stage of spermatogenesis and in the
testis of men with specific defects of sperm production. Altered expression of the genes may also be detected using tissue arrays.

2.5 Tissue array

Tissue arrays can be constructed from minute tissue cylinders (diameter approximately 0.6 mm) derived as punches taken from archived tissue blocks of patient
testicular biopsies. Samples are taken from multiple primary paraffin blocks and placed into an empty recipient paraffin block. By this method, cores from controls as
well as testicular biopsies demonstrating a number of different pathologies are placed together within a single new block (Figure 7). The major advantages of this method
are: (1) improved accuracy due to identical exposure of the test and control tissues to the same experimental conditions e.g. concentrations of reagents, section
thickness and labelling exposure time. (2) Rapid processing of hundreds of samples simultaneously in a few slides, rather than requiring one slide per patient biopsy, a
practice which is economically beneficial. Also, many tissue sections, each containing many biopsies can be cut from each block. In situ hybridisation can then be used
on these slides as a method of localising and detecting specific mMRNA sequences in tissue sections using specific probes. Colourimetric in situ hybridization is easily
performed on these formalin-fixed paraffin embedded sections. Four types of probes can be used: oligonucleo-tide, single stranded DNA, double stranded DNA and RNA.
Oligonucleotide probes have many advantages compared with the others. They are more stable, faster to use, less expense, easier to work with and result in better
tissue penetration. An approach for the candidate genes, BOULE, casein kinase 2 alpha, DMR-N9 and genes at or near the balanced autosomal translation breakpoints,
can be used to illustrate the strategy in Flowchart 1.

Flowchart 1: Strategy for investigating candidate genes for human male infertility.

Hypothetically, mutations in DMR-N9, BOULE and genes at the breakpoints of translocations causing spermatogenic defects may be associated with perturbed mRNA
expression in testicular tissues. Mutations in casein kinase 2 alpha genes may cause globozoospermia. However, testicular biopsies are not performed for the diagnosis
of the latter condition. Because three human homologues of Cnsk2a have been discovered, it is not clear which Cnsk2a genes are expressed in human testis and thus
may have a role in spermatogenesis. Therefore Polymerase Chain Reaction (PCR) or ISH on testicular tissue with probes for each of them could be performed to
determine which particular Cnsk2a gene is expressed in germ cells. The detection of mutations in this Csnk2a gene in men with globozoospermia would then be done on
DNA extracted from patients peripheral blood in collaboration with other groups as this condition is rare.

Specific probes for BOULE, DMR-N9 and genes on chromosome region 6p21 could be used on tissue arrays constructed using testicular biopsy material from patients
with normal and abnormal spermatogenesis. The aim would be to find absent or reduced expression of human BOULE mRNA in spermatocytes in patients with abnormal
spermatogenesis, and particularly, germ cell arrest at the primary spermatocyte stage. DMR-N9 mRNA may be abnormal in germ cells of some patients with
hypospermatogenesis, while abnormal mRNA expression of genes on 6p21 may be seen in germ cells with other spermatogenic defects. It is predicted that the
expression of these genes would be normal in germ cells with normal spermatogenesis. Specific oligonucleotide probes for human BOULE, DMR-N9 and genes at the
6p21 breakpoint region can be synthesised based on the gene sequences in the human genome libraries. The sequences would be checked for uniqueness by
comparison with other homologue genes. For example, sequences for human BOULE, DAZ, DAZL and two other genes encoding RNA binding proteins were retrieved
from the databases and aligned to detect a specific region of the human BOULE gene. The sequence, aacatatcac caggtttatg ctccaagtgc catcactatg cctgcgectg
tgatgcagcc tgagccaatt aaaacagtgt ggagcattca ttattaa, has 100 % identity with the human BOULE gene and is not present in DAZ or DAZL. The probes will be labelled
with digoxigenin-dUTP and will be detected with DIG-antibodies. Men with reduced or absent expression in the testis would be contacted and asked to provide blood for
sequencing. Gene sequencing will be performed to detect mutations.

Figure 7 illustrates a part of human testicular tissue array assembled from open and fine needle tissue aspiration biopsies with ISH using a probe for DAZL. Expression
in germ cells can be seen. At higher magnification the cell types can be distinguished and variations in labelling searched for and related to the histological type of
spermatogenic defect.

Figure 7. Part of human testicular tissue array assembled from open and fine needle tissue aspiration biopsies with ISH using a probe for DAZL mRNA.
3 Discussion

This paper describes uses of in silico searching of the human genome to detect novel candidate genes for male infertility, for which further investigation by ISH in tissue
arrays can be used to detect abnormal expression of the genes during human spermatogenesis. The human genome libraries contain a large amount of information with
many different applications. For example, information about tissue expression in human genome libraries helps researchers to predict potential pathology caused by the
mutations and decide which tissues to study. DNA and mRNA sequences allow specific probes to be made. Also, SNPs can be used to predict individual risks for
certain genetic mutations.

In considering the impact of the Human Genome databases (HGD) on medical genetics, some limitations should be acknowledged. The incompleteness of the HGD may
mean important candidate genes are missing [47]. Moreover, because information in different databases varies slightly, candidate genes may not be detected by simply
searching with chromosome regions or gene names and gene symbols within different databases. Limited knowledge of tissue expression of genes may lead to some
candidate genes being overlooked. Also, if spermatogenic defects associated with autosomal translocations result from the translocations affecting chromosome
alignment in meiosis and not altered function of genes adjacent the break point, these genes are not candidates for mutations to cause the defect of spermato-genesis.

So far, tissue arrays are mainly used in cancer research, primarily (1) to confirm involvement of mutated genes in human cancer tissues which have been already
discovered by other techniques such as microarray technology, (2) to identify involvement of novel genes in different tumour types or stages of tumour development and
(3) to identify the target and mechanism of drug action [48]. Compared with older methods, which used larger amounts of tissue, tissue arrays use only one or two
master paraffin blocks instead of hundreds of individual blocks. The arrays may be particularly useful for collaborative studies, with researches using different probes and
antibodies and molecular profiling from multi-centre clinical trial materials. Minimal tissue usage also helps in the study of rare tumours. The main concemn about this
method is that cores may be too small to be representative of the whole tissue pathology, particularly if there is considerable heterogeneity within the tumour. For
example cores from the centre and periphery of tumours may contain different information. However, this heterogeneity is less problematic in testicular biopsies.
Nonetheless, previous studies prove that with three or more cores taken from different regions of each block, the results of tissue array are 96 % to 98 % similar to
previous whole tissue section methods [49]. Uninformative results of ISH arise when the genes chosen are not involved in the process or when the gene is qualitatively
abnormal but the level of expression is normal. A false positive result may arise if the probed mRNA is not expressed because of a defect upstream in a regulatory
pathway rather than because of a defect in the gene of interest [50-52].
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