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Abstract: The study of gene mutations causing sequence variation in spermatogenesis-related genes has revealed a highly 

stable spermatogenic code with little variability and even fewer disease-causing mutations. The current study supports the 

same trend, indicating that EGR4 and DAX1, two spermatogenesis-related genes, have a high genetic fidelity and do not 

contain polymorphic sites that would lead to a disease state. This was determined from a population of 192 men, 96 con-

trol samples from men with known paternity, acquired from the Utah Genetic Reference Project (UGRP), and 96 infertile 

men. The diagnosis of the infertile men was stratified amongst three diagnostic groups, non-obstructive azoospermic, se-

vere oligozoospermic, and men with abnormal protamine expression. 
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INTRODUCTION 

 Of the 15% of couples who experience infertility, ap-
proximately half involve some degree of male factor infertil-
ity [1], and more than half of male infertility has uncertain 
causes [2]. Genetic factors may account for a substantial 
proportion of male infertility causes [3]. Animal gene target-
ing studies have provided a long list of candidate genes re-
lated to male infertility [4-8], but only a limited number of 
studies have evaluated the role of these genes in human in-
fertility. 

 Spermatogenesis is the biological process of gradual 
transformation of germ cells into spermatozoa. This process 
involves various activities: cellular proliferation by repeated 
mitotic divisions, reductive division by meiosis to produce 
haploid spermatids, and finally, spermiogenesis, the process 
by which spermatids are differentiated into spermatozoa. 
Any factors that affect spermatogenesis can cause male in-
fertility. Approximately two thousand genes have been iden-
tified as important participants in spermatogenesis [9, 10]. 

 The Egr family of zinc-ginger transcription factors (Egr1, 
Egr2, Egr3, and Egr4) is thought to regulate critical genetic 
programs involved in cellular growth and differentiation 
[11]. All the members of the Egr family include a DNA-
binding domain comprised of 3 zinc-fingers motifs, which 
recognize the Egr response element of the target genes to 
regulate their expression [12]. Gene targeting experiments in 
mice showed that the Egr4 null female is fertile, but the male 
is infertile without other obvious abnormalities. The germ 
cell maturation in male mice is nearly completely blocked at 
the early-mid pachytene stage, leading to oligozoospermia 
characterized by the production of a comparatively small  
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number of spermatozoa with abnormal morphology. Interest-
ingly, Egr4 also seems to be expressed first at the early-mid 
pachytene stage of spermatocyte maturation [11]. 

 Dax1, also known as NR0B1 (nuclear receptor subfamily 
0, group B, member 1), encodes a protein that plays an im-
portant role in the normal development of the adrenal glands, 
the pituitary gland, and the hypothalamus. Mutations of this 
gene in human can result in X-linked adrenal hypoplasia 
congenital (AHC) and hypogonadotropic hypogonadism [13-
18]. The mouse model with partially deleted Dax1 gene 
showed that the germinal epithelial integrity had been dam-
aged, but the spermatogenesis did not completely stop until 
after 14 weeks. The serum LH and FSH of those male mice 
are indistinguishable from those of wild-type mice, which 
means the hypogonadism is more likely the result of the pri-
mary testicular failure [19]. The Sertoli cell-specific expres-
sion of a Dax1transgene can partially reverse the effect of 
primary testicular failure seen in dax1-deficient mice. Fertil-
ity was restored in these mice, but the testicular morphology 
was only partially improved [20]. The abnormal differentia-
tion and proliferation of Leydig cells and Sertoli cells in 
Dax1 deficient male mice cause obstruction of the rete testis 
and infertility [21]. 

 Our laboratory has recently undertaken a program of 
medical resequencing of male infertility candidate genes in 
men with otherwise unexplained azoospermia or severe oli-
gozoospermia and identified novel polymorphisms associ-
ated with male infertility [22]. The purpose of this study was 
to evaluate polymorphisms of two candidate genes, EGR 4 
and DAX1, in three classes of male infertility patients and in 
fertile controls. 

 MATERIALS AND METHODS 

Study Population 

 Institutional Review Board (IRB) approval was obtained 
for all aspects of this study. A total 96 infertile patients, 30  
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azoospermic, 34 oligospermic (<5 x 10
 6 

sperm/mL) and 32 
abnormal protamine profile patients, were included in this 
study. The cut-off values for abnormal protamine 1 to pro-
tamine 2 (P1/P2) ratio was determined in a previous study in 
our lab as less than 0.8 or greater than 1.2 [23]. Exclusion 
criteria included karyotype abnormalities, Y chromosome 
microdeletions, and CFTR mutations. DNA from 96 men 
with known paternity were obtained from the Utah Genetic 
Reference Project (UGRP) and included as fertile controls. 
Semen quality from these control subjects is unknown, and 
likely variable. 

Egr4 and Dax1 Gene Screening 

 Venous blood was obtained using standard phlebotomy 
techniques and the genomic DNA extracted with the Pure-
gene DNA extraction kit (Minneapolis, MN). Primer sets 
were designed and optimized to amplify Egr4 gene (Gene 
ID: 1961) (Table 1) and Dax1 gene (Gene ID: 190) (Table 
2). The Egr4 gene sequencing included the 400 bp intron, but 
the Dax1 gene sequencing mainly focused on exons. Primary 
PCR products were cleaned using ExoSap-it (USB, Cleve-
land, Ohio), and sequenced in the forward and reverse direc-
tions. Samples were sequenced using ABI 3730XL se-
quencer (Applied Biosystems, Inc., Foster City, CA). Se-
quence traces were assembled and analyzed for significant 
changes using Phred/Phrap and Consed software 
(www.phrap.org). 

Statistical Analysis 

 The comparison of the frequency of SNPs between con-
trol and patient groups was analyzed by using Yates Chi 
Square analysis. 

RESULTS 

 The gene sequencing started with 96 control and 96 infer-
tile patients: 32 abnormal P1/P2 ratio patients and 64 azoo-
spermic or oliogozoospermic patients. The results reported 
here are based on the number clean sequences obtained after 
optimization and data analysis using Pred/Phrap, Consed. 

 Analysis of the Egr4 gene region revealed a total of 8 
single nucleotide polymorphisms (SNPs) in this study (Table 
3). Five of them were within the 5’UTR or 3’UTR regulatory 
regions, 1 within the single gene intron and 2 within the gene 
coding region. The 2 SNPs within the coding region do not 

alter the amino acid sequence. Two of the SNPs, which have 
been reported in National Center for Biotechnology Informa-
tion (NCBI) database (rs7558708, rs2229294), were identi-
fied in both control and the patient population. Although the 
frequency of the SNP rs7558708 (0.367) and the SNP 
rs2229294 (0.333) in abnormal P1/ P2 ratio group were 
higher than those (0.185 and 0.200) in the control group, 
there are no statistical differences, P > 0.05. The frequencies 
of rs7558708 and rs2229294 in azoospermic / oligozoosper-
mic patient group were similar to those in the control group. 
The other 6 SNPs were not reported in the database, but the 
frequencies were low (0.012 ~ 0.032). None of the SNPs 
identified in this study causes an amino acid sequences al-
teration. 

 There were only 2 SNPs in the Dax1 gene identified (Ta-
ble 4). Both of them have been reported in NCBI database 
(rs6150 and rs2269345) and were synonymous SNPs. There 
were no statistical differences between control samples and 
patient samples by using Yeats x

2 
analysis, P > 0.05. 

DISCUSSION 

 Gene knock-out studies in mice have shown that Egr4-
deficiency causes infertility associated with incomplete 
spermatogenetic arrest and oligozoospermia. Targeting of 
Dax1 caused progressive degeneration of the testicular ger-
minal epithelium and resulted in male sterility. In this study, 
we have sequenced the Egr4 and Dax1 genes in ninety-six 
infertile patients with either oligozoospermia, or azoosper-
mia (64 men), and men with abnormal protamine expression 
(32 men). While novel SNPs were identified, the frequencies 
were low and did not result in amino acid changes in the 
proteins. There were no statistical differences of the frequen-
cies of all the SNPs between control group and the two dif-
ferent infertile patient groups. 

 Since gene expression may be modulated during, tran-
scription, translation, or post-translation modification, the 
lack of sequence variability does not necessarily rule out the 
possibility of abnormal protein expression. DNA sequence 
alterations in gene regulatory regions of DAX1 and Egr4 
were not fully evaluated and cannot be ruled out as a possi-
ble cause of gene expression abnormalities [24-27]. 

 These data suggest that it is unlikely that genetic se-
quence aberrations in the exon region of these two genes are 

Table 1. Primers for Egr4 Gene PCR Amplification 
 

Exon Forward (5’-3’) Reverse (5’-3’) Annealing Temperature Product Size 

Exon 1-2 GAGCTTTCCTTTTCGGGAGT GCCTGGTAGTCTCCCTGTGA 62°C 1477 

Exon 2 GACCTTTACTCCCCGGATCT GCTCAGAGAGAAGCGAAGGA 62°C 1037 

Exon 2 AGAGTTGTGTGCGGAGCTTT AGCCCTTAGGTGAGCTGTGA 62°C 1058 

 

Table 2. Primers for Dax1 Gene PCR Amplification 

 

Exon Forward (5’-3’) Reverse (5’-3’) Annealing Temperature Product Size 

Exon 1 ACGCTGCTGTTCTTCCATTT AACAACTCCCCTCCTCTTGG 62°C 1620 

Exon 2 TCTTGGACACGTTGCTTCTG GCAGGTTCCATGAAATTGCT 62°C 717 
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common causes of protamine deficiency, azoospermia, or 
oligozoospermia in men. Although, normal gene sequence of 
Egr4 and Dax1 in infertile patients does not necessarily rule 
out the possibility that these gene products are involved in 
male infertility. Direct protein level comparison between 
infertile and fertile men should be done in order to identify 
the relationship between these two genes and male fertility 
status. 
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