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Introduction

Infertility is a pervasive affliction that affects between one 
in six and one in ten childbearing couples worldwide (De 
Kretser and Baker, 1999); issues with the male account 
for half of those affected couples (Stouffs et al., 2009). 
The most common clinical disorder seen in infertile 
men is impaired spermatogenesis, a condition caused by 
heat, toxins, injury, endocrine or genitourinary system 
disorders, or underlying genetic disorders, which result 
in low sperm concentration or poor sperm motility. A 
significant proportion of male infertility involves genetic 
defects (Ferlin et al., 2006, 2007; O’Flynn, O’Brien et al., 
2010). Spermatogenesis is a complex process includ-
ing spermatogonial stem cell proliferation, meiosis and 
spermatid differentiation. Genetic variation of those 

genes involved in this process may play an important role 
in impaired spermatogenesis.

Histones are the major nuclear proteins in eukaryotic 
cell nuclei that are responsible for the nucleosome 
structure of chromatin. During spermatogenesis, the 
chromatin is profoundly reorganized and remodeled into 
a unique nucleosomal structure. Testis-specific histone 
variants are exclusively expressed and accumulated in 
both spermatogenic cells and testis tissue (Cole et al., 1986; 
van Roijen et al., 1998). These histone variants function 
not only in the replacement of conservational histones 
and epigenetic regulation of gene transcription (Steger et 
al., 1998; Kimmins and Sassone-Corsi, 2005; Pradeepa and 
Rao, 2007), but also play a key role in the histone mediated 
regulation of chromatin metabolism, differentiation 
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and histone post translational modification during 
spermatogenesis (Henikoff and Ahmad, 2005; Ausio, 
2006). The disruption of testis specific histone variants 
is related to abnormal formation of spermatid nuclei 
(Tanaka et al., 2005), suggesting that testis specific histone 
variants may be essential for normal spermatogenesis.

The H2B family, member W, testis specific (H2BFWT) 
gene is the one of the testis specific histone variant genes 
related to spermatogenesis (Churikov et al., 2004). This 
gene is an X-linked gene located at Xq22.2, and consists 
of three exons and two introns that encodes a member 
variant protein of the H2B histone family. H2BFWT is 
exclusively synthesized and accumulated in human testis 
and sperm nuclei in a specific stage of spermatogenesis 
(van Roijen et al., 1998; Churikov et al., 2004). Although 
H2BFWT is only 45% homologous with the conventional 
H2B, it can efficiently displace the conventional H2B and 
exhibits the same stability as conventional H2B histone 
in nucleosome (Boulard et al., 2006). Spermatozoa from 
infertile men have more nuclear H2B histone than fertile 
men, and an abnormally higher proportions of histone 
H2B can lead to sperm DNA damage (Zhang et al., 2006; 
Zini et al., 2008), suggesting that low amounts of H2BFWT 
may be related to abnormal spermatogenesis. It has been 
revealed that H2BFWT is an indispensable component 
of the sperm telomere-binding protein complex neces-
sary for the transmission of the telomeric chromatin 
through generations (Gineitis et al., 2000; Churikov et al., 
2004; Boulard et al., 2006). Also, H2BFWT is essential for 
specific functions in meiosis during chromatin reorgani-
zation and the regulation of spermatogenesis (Gineitis 
et al., 2000). Thus, it is reasonable to hypothesize that 
H2BFWT gene may be involved in the impairment of 
male spermatogenesis.

In the present study, we chose two single-nucleotide 
polymorphism (SNP) loci that may affect the function 
of H2BFWT gene, −9C>T and 368A>G, and investigated 
allele and haplotype frequencies distribution of them 
in 409 infertile patients with idiopathic azoospermia or 
oligozoospermia and 209 fertile controls using a poly-
merase chain reaction restriction fragment length poly-
morphism (PCR-RFLP) assay to explore the possible 
association between the H2BFWT gene and Chinese 
male infertility.

Materials and methods

Study population and inclusion criteria
The patient group composed 409 infertile patients, includ-
ing 204 idiopathic azoospermia and 205 oligozoosepemia 

(sperm count less than 15 × 106/ml) aged from 25 to 42 
years. Patients with history of orchitis, maldescensus of 
testis, varicocele, and obstruction of the vas deferens 
were excluded from survey; patients with chromosomal 
abnormalities and deletions of AZF region on Y chro-
mosome were also excluded by running chromosome 
analysis and molecular analysis on individuals (Simoni 
et al., 2004). All patients underwent at least two semen 
analyses according to WHO guidelines (World Health 
Organization, 2010). The control group includes 209 men 
proven fertile aged from 26 to 45 years. All participants of 
the study were of Han nationality, which makes up more 
than 90% of the Chinese population. The present study 
was approved by the Institution Ethics Commission of 
Dali University and informed approval was obtained 
from participants. The semen parameters of infertile 
patient and control groups were shown in Table 1.

Choice of SNPs
Exonic SNPs were selected to study based on the genomic 
sequence of the H2BFWT gene according to National 
Center for Biotechnology Information (NCBI) SNP data-
base (dbSNP). Based on this information, two SNPs in 
exon 1 of H2BFWT gene were selected for present study, 
including SNP −9C>T (rs7885967) located in 5′ untrans-
lated region (5′UTR) and SNP 368A>G (rs553509) with a 
missense mutation.

PCR amplification
Genomic DNA was extracted from the peripheral blood 
leucocytes of patients and controls using a TIANamp 
Genomic DNA Kit (TIANGEN, Beijing, China). A mis-
match forward primer 5′-CAT CCA ATC AGA CGT GAA 
GCT GGC CCG TGA-3′ in which an underlined base indi-
cates a mismatch to create the restriction site for enzyme 
Tsp451 and reverse primer 5′-TGC TTC TGG GAC GTA 
GTG GA-3′ were used to amplify 212 bp fragment includ-
ing −9C>T site. Primers 5′-GTC TGG TCG TGC CAT CTA 
AT-3′ (forward strand) and 5′-TAC CTG AGG ACA GCC 
TTC GT-3′ (reverse strand) were used to amplify the 446 
bp fragment with 368A>G site. PCR amplifications were 
carried out in a total volume of 25 µl containing about 
100 ng of genomic DNA, 200 µmol/L dNTPs, 10 pmol of 
each primer, 2.5 µl 10 × PCR buffer, 1.5 mmol/l MgCl

2
 and 

1U Taq polymerase (Takara, Shiga, Japan). The reaction 
profile was predenaturation at 95°C for 5 min followed by 
denaturation at 94°C for 30 s, annealing at 54°C (−9C>T) 
and 56°C (368A>G), respectively, for 30 s and extension 
at 72°C for 30 s for 35 cycles, with a final extra extension 
at 72°C for 5 min.

Table 1.  The parameters of semen in fertile and infertile group.

Semen parameters
Fertile men Infertile patients

Total (n = 209) Azoospermia (n = 204) Oligozoospermia (n = 205)
Concentration (106/ml)
Motility (PR + NP, %)
Morphology (normal forms, %)

60.68 ± 36.10
55.42 ± 13.70
73.51 ± 6.48

—
—
—

10.69 ± 2.85*
53.02 ± 15.48
72.12 ± 7.60

*p < 0.05 compared with controls by T test.
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The allele (genotype) analysis
PCR products were digested with restriction enzymes 
Tsp451 for −9C>T and Eco911 (Fermentas, Vilnius, 
Lithuania) for 368A>G overnight according to the 
manufacturer protocols. Digestion products were then 
analyzed by electrophoresis on 3% agarose gel. At the 
−9C>T locus, allele T showed one 212 bp band and allele 
C showed two bands including 182 bp and 30 bp. Allele 
A and G of 368A>G locus showed two bands (320 bp and 
126 bp) and one band (446 bp), respectively. The alleles 
were later confirmed by direct DNA sequencing of PCR 
products of some samples.

Statistical analysis
The allele and haplotype frequencies of −9C>T and 
368A>G loci studied in patients and controls were calcu-
lated by counting. The frequency differences in allele and 
haplotype between patients and controls were evaluated 
using the Pearson χ2-test. The level of significance was 
set at p < 0.05. A multiple logistic regression analysis was 
carried out to assess the risk of male idiopathic infertility. 
Odds ratio (OR) and 95% confidence interval (95% CI) 
were calculated as a measure of the association of alleles 
and haplotypes of two SNPs with male idiopathic infertil-
ity. All statistical calculations were performed using SPSS 
11.0 software (SPSS Inc., Chicago, IL).

Results

This study investigated the polymorphic distributions 
of SNPs −9C>T and 368A>G in the H2BFWT gene in 
409 infertile patients with idiopathic azoospermia or 
oligozoospermia and 209 fertile men using a PCR-RFLP 
assay. The allele frequency distributions of the two SNP 
loci in patient and control groups are listed in Table 2. 
As shown in Table 2, the frequencies of allele −9T of SNP 
−9C>T (52.8% vs. 41.6%, p = 0.009, OR = 1.569, 95% CI = 
1.121–2.198) and allele 368G of SNP 368A>G (43.0% vs. 

32.5%, p = 0.012, OR = 1.566, 95% CI = 1.104–2.221) were 
significantly higher in infertile patients than those in con-
trols. After classifying infertile patients into azoospermia 
and oligozoospermia subgroups, the frequency of allele 
−9T in azoospermia patients (57.4% vs. 41.6%, p = 0.001, 
OR = 1.886, 95% CI = 1.276–2.787) and allele 368G in oli-
gozoospermia patients (45.4% vs. 32.5%, p = 0.007, OR = 
1.722, 95% CI = 1.155–2.566) were still significantly higher 
compared with controls.

Four kinds of haplotypes of the two SNPs were 
observed in both infertile patients and controls. Haploype 
TG in total patients (18.3% vs. 7.2%, p < 0.001, OR = 2.904, 
95% CI = 1.623–5.197), azoospermia (20.2% vs. 7.2%,  
p < 0.001, OR = 3.253, 95% CI = 1.738–6.090), and oligo-
zoospermia (16.6% vs. 7.2%, p = 0.003, OR = 2.572, 95% 
CI = 1.354–4.884) were significantly increased, whereas 
Haploype CA in patients (22.8% vs. 33.0%, p = 0.006, OR 
= 0.597, 95% CI = 0.413–0.864), azoospermia (22.5% vs. 
33.0%, p = 0.018, OR = 0.591, 95%CI = 0.382–0.914) and 
oligozoospermia (22.9% vs. 33.0%, p = 0.022, OR = 0.604, 
95% CI = 0.391–0.932) was decreased compared with 
controls. The distribution of haplotypes was summarized 
in Table 3.

The representative results of allele analysis for 368A>G 
and −9C>T loci in H2BFWT gene by electrophoresis was 
shown in Figure 1.

Discussion

Spermatogenesis is a complex developmental process 
that requires the accurate expression of thousands of 
various related genes. Underlying genetic defects play 
an important role in impaired spermatogenesis. Genetic 
defects, such as abnormal chromosomes, micro-deletion 
of Y chromosome, and mutation of particular genes 
have been confirmed to be associated with impaired 
spermatogenesis (Ferlin et al., 2006, 2007; O’Flynn 
O’Brien et al., 2010). However, these known genetic 

Table 3.  The distributions of haplotype frequencies of SNP −9C>T and 368A>G in H2BFWT gene in infertile patients with azoospermia or 
oligozoospermia and fertile men.

Haplotype
Fertile men Infertile patients p Value*

Total (n = 209) Total (n = 409) Azoospermia (n = 204) Oligozoospermia (n = 205) [1] [2] [3]
CA 0.330 (69) 0.228 (93) 0.225 (46) 0.229 (47) 0.006 0.018 0.022
TA 0.344 (72) 0.342 (140) 0.368 (75) 0.317 (65) 0.957 0.623 0.553
CG 0.254 (53) 0.247 (101) 0.205 (42) 0.288 (59) 0.857 0.249 0.433
TG 0.072 (15) 0.183 (75) 0.202 (41) 0.166 (34) <0.001 <0.001 0.003
*Controls vs. [1] Total infertile patients, [2] Azoospermia, [3] Oligzoospermia.

Table 2.  The distributions of allele frequencies of SNP −9C>T and 368A>G in H2BFWT gene in infertile patients with azoospermia or 
oligozoospermia and fertile men.

Locus Allele
Fertile men Infertile patients p Value*

Total (n = 209) Total (n = 409) Azoospermia (n = 204) Oligozoospermia (n = 205) [1] [2] [3]
−9C>T C 0.584 (122) 0.472 (193) 0.426 (87) 0.517 (106)

T 0.416 (87) 0.528 (216) 0.574 (117) 0.483 (99) 0.009 0.001 0.173
368A>G A 0.675 (141) 0.570 (233) 0.593 (121) 0.546 (112)

G 0.325 (68) 0.430 (176) 0.407 (83) 0.454 (93) 0.012 0.086 0.007
*Controls vs. [1] Total infertile patients, [2] Azoospermia, [3] Oligozoospermia.
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defects have been proven to only account for a small 
proportion of male infertility cases, and the underlying 
genetic etiology of large number of male infertility cases 
remains elusive. In recent years, numerous genes related 
to spermatogenesis have been successfully identified 
(Grootegoed et al., 1998), some of which may potentially 
be related to impaired spermatogenesis. However, 
for most of these genes tested confirmation is still 
required. In particular, genetic variation of these genes is 
considered to be a potential risk factor to failed human 
spermatogenesis, and may be responsible for the majority 
of idiopathic male infertility cases. Thus, studying SNPs 
of genes related to spermatogenesis is one of the most 
important ways to explore the genetic mechanism of 
idiopathic male infertility (Krausz and Giachini, 2007; 
Carrell and Aston, 2008; Nuti and Krausz, 2008).

As a new candidate gene for human spermatogenesis 
impairment, H2BFWT has been proven to be essential for 
human spermatogenesis (Gineitis et al., 2000; Churikov et 
al., 2004; Boulard et al., 2006). It was predicted that varia-
tion of the gene may be involved in impaired spermato-
genesis. To verify the prediction, a case-controlled study 
of two SNPs, −9C>T and 368A>G, in the H2BFWT gene 
was conducted on a population of Chinese men afflicted 
with idiopathic impaired spermatogenesis. At the −9C>T 
locus, the frequency of −9T was significantly higher in 
infertile and azoospermia patients than that in fertile con-
trols, suggesting that allele −9T may increase the risk of 
impaired spermatogenesis and male infertility, especially 
for azoospermia in Chinese population. SNP −9C>T is 
located in 5′UTR of exon 1 of the H2BFWT gene. The C 
to T change affects the expression efficiency of H2BFWT 
gene, and allele T reduces the translational level in com-
parison to allele C (Lee et al., 2009). Since H2BFWT plays 
a key role in spermatogenesis, the reduced translation of 
H2BFWT caused by allele −9T may lead to impaired sper-
matogenesis (Zhang et al., 2006; Zini et al., 2008).

In the present study, a significant difference in allele 
frequency distribution at the 368A>G locus was detected. 
The frequency of 368G was significantly higher in total 
infertile patients and oligozoospermia patients than 
that in control patients, indicating that polymorphism 
of 368A>G is associated with impaired spermatogenesis, 

and allele G may be a risk factor of oligozoospermia. 
368A>G is a missense mutation at exon 1 and the allelic 
change of A to G contribute amino acid of 123 position 
His to Arg. We speculate that the exchange from His to 
Arg may affect the function of H2BFWT protein, subse-
quently impairing normal spermatogenesis. Of course, 
this speculation needs to be confirmed by further func-
tional studies. Since it is not clear whether this missense 
mutation affects the function of H2BFWT, the polymor-
phism may be simply a genetic marker of impaired sper-
matogenesis that is linked with other locus susceptible to 
impaired spermatogenesis.

A recent study of a South Korean population reported 
that allele −9T was associated with impaired spermato-
genesis and male infertility, but not with azoospermia 
and that SNP 368G was not associated with male infer-
tility (Lee et al., 2009), which is somewhat contradictory 
to the findings of the present study. The contradictory 
results might be explained by difference in ethnic genetic 
background or different inclusion criteria for patients.

To further investigate the effects of the two SNPs on 
impaired spermatogenesis and male infertility, hap-
lotype analysis of patient and control groups was per-
formed. The results of haplotype analysis showed that 
haplotype CA significantly decreased and TG increased 
in each patient group in comparison to the control group, 
suggesting that haplotype TG may increase the suscep-
tibility to azoospemia or oligozoospermia in males, and 
haplotype CA may be a protection factor from impaired 
spermatogenesis. It is interesting that haplotype TG  
(OR = 2.904) increased the risk of male infertility approxi-
mately one fold in comparison to allele T (OR = 1.569) or 
G (OR = 1.566) alone in the present study, demonstrating 
a combined effect of the two SNPs on susceptibility to 
spermatogenesis impairment. These findings again sug-
gest that the two SNPs of H2BFWT gene may contribute 
the predisposition of males to impaired spermatogenesis 
and infertility.

Conclusions

In summary, the present study has demonstrated an 
association of SNPs −9C>T and 368A>G in H2BFWT 

Figure 1.  The results of allele analysis for SNP-9C>T and 368A>G by electrophoresis (30 bp band for −9C allele not shown in Figure).  
M: DNA size marker (100 bp ladder).
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gene with male infertility with idiopathic azoospermia 
or oligospermia, and allele T and G as well as haplotype 
TG may increase the risk of impaired spermatogenesis 
in Chinese men. This provides evidence that H2BFWT 
gene may be involved in with impaired spermatogenesis 
and male infertility. Further studies in different ethnic 
populations, as well as in larger size samples and 
functional research are still needed to confirm our 
findings, and elucidate the role of H2BFWT gene in 
spermatogenesis impairment.
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