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Abstract: The ADP-ribosyltransferase 3 gene (ART3) has been reported to be associated with non-obstructive azo-
ospermia (NOA) in the Japanese population. In this study, we aim to explore the possible association between the 
four single nucleotide polymorphisms (SNPs) (rs11097230, rs17001385, rs14773 and rs6836703) in ART3 gene 
and male infertility with spermatogenesis impairment in the Chinese population. The study population included 321 
idiopathic infertile males with azoospermia or oligozoospermia and 250 fertile males. Four SNPs of ART3 gene were 
genotyped using the method of SNaPshot. The results showed that an SNP (rs6836703) in the intron11 region of 
ART3 gene is significantly associated with male infertility (odds ratio: 0.632, 95% confidence interval: 0.440-0.910). 
No significant associations were found between any of the other three variants (rs11097230, rs17001385 and 
rs14773) in ART3 gene and male infertility. SNP rs6836703 in ART3 gene may contribute to male infertility risk in 
the Chinese population.
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Introduction

Infertility, a reproductive health problem of 
humans all around the world, has been estimat-
ed to affect 10-15% of childbearing couples 
and approximately 50% of it is due to male 
infertility [1]. Among those factors known to 
influence male infertility, genetics which influ-
ence a variety of physiological processes is per-
haps one of the best known. Ferlin et al sug-
gested that genetic abnormalities account for 
about 15%-30% of male factor infertility [2]. 
Many genetic factors have been implicated in 
spermatogenesis impairment that results in 
male infertility [2-5]. Spermatogenesis, a major 
function of mammalian testes, is a complex 
developmental process regulated by many 
genes [6]. The mutations of these genes may 
cause spermatogenesis impairment and male 
infertility [7]. Despite advances have been 
made in technologies and diagnostic methods 
of male infertility, the genetic causalities of 
most cases of male infertility are not known. 
Therefore, further research is needed to explore 

the genetic basis of reproductive failure while 
manage an infertile couple.

ADP-ribosyltransferase 3 (ART3), a gene locat-
ed on chromosomes 4p14-p15, encodes an 
enzyme that influences the function of target 
proteins via mono-ADP-ribosylation which 
transfer the ADP-ribose moiety of NAD+ to a 
specific amino acid residue on the target pro-
tein while the nicotinamide moiety is released 
[8, 9]. In the last decade, the roles of ART3 in 
male infertility have been received much atten-
tion. There is increasing evidence that ARTs 
play critical roles in human cells [10-12]. ART3 
was reported to be specifically expressed in 
testis [9]. As the existence of ART3 protein was 
detected in testis where it may be involved in 
the regulation of spermatogenesis, a better 
understanding of the roles of ART3 in male 
infertility is necessary [11, 13].

Recently, a study of Okada et al. provided evi-
dence that single-nucleotide polymorphisms 
(SNPs) of the ART3 gene are significantly asso-
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ciated with non-obstructive azoospermia (NOA) 
in the Japanese population [13]. In that study, 
rs6836703, rs11097230, rs17001385 and 
rs14773 SNPs in ART3 gene have been shown 
association with non-obstructive azoospermia 
(NOA) in Japanese population [13]. However, 
the association between these polymorphisms 
and male infertility in the Chinese population  
is still unclear. In the present report, we investi-
gated the possible association of the four  
SNPs (rs11097230, rs17001385, rs14773 and 
rs6836703) of ART3 gene with male infertility 
in the Chinese population.

Materials and methods

Subjects

This study was approved by the Medical Ethics 
Committee of The First Affiliated Hospital of 
Wenzhou Medical University, and all the partici-
pants in our study gave informed consent  
for the genetic analyses. Blood samples  
were obtained from three hundred and twenty-
one idiopathic non-obstructive infertile male 
patients with azoospermia or oligozoospermia 
(sperm concentration <20×106/ml) who were 
seeking infertility care at The First Affiliated 
Hospital of Wenzhou Medical University, Zhe- 
jiang province, China. Their diagnoses were 
based on at least two semen samples tests, 
physical examinations and hormone assays 
according to the WHO guidelines. Patients with 
recognizable chromosomal abnormalities and 
microdeletions in AZF region on Y chromosome 
of male infertility were excluded. Two hundred 

and fifty fertile men who had at least one off-
spring conceived without the use of assistant 
reproduction technique from the general popu-
lation in area of East China (Zhejiang province) 
were selected as controls. Total genomic DNAs 
were extracted from blood samples using 
QIAamp DNA Blood Mini Kit (GIAGEN) according 
to the manufacturer’s instructions.

Genotyping

Four SNPs in a total of 571 samples were geno-
typed by SNaPshot Multiplex Kit (ABI) as previ-
ously described [14], with technical support 
from Center for Genetic & Genomic Analysis, 
Genesky Biotechnologies Inc. PCR and the spe-
cific single base extension primers are shown in 
Table 1. Briefly, assay for the four SNPs were 
performed in PCR amplification, and a product 
of each PCR-amplification was used as a tem-
plate to perform single base extension reaction 
according to the manufacturer’s protocol (ABI 
Prism SNaPshot multiplex assay; Applied 
Biosystems). Finally, the SNaPshot products 
were analyzed by use of ABI 3730×l (96 
Capillary) DNA analyzer (Applied Biosystems). 
The resulting data was analyzed by GeneMapper 
4.1 (Applied Biosystems Co., Ltd., USA).

Statistical analyses

The allele and genotype frequencies of the 
SNPs (rs11097230, rs17001385, rs14773 and 
rs6836703) in patients and controls were  
calculated and statistical analyzed using 
SNPStats software (http://bioinfo.iconcologia.
net/SNPStats). The deviation from Hardy-

Table 1. Primers sequence for genotyping of multiple single nucleotide polymorphisms using SNaP-
shot
Primer sequence (5’-3’) Primer for single base extension reaction (5’-3’)
rs11097230
    F; TTGGGTGCCAGATGCTGTGA T20CTTGAGCTTTGTTCTGGTACATAGTTA
    R; 5’-GGGTACAGCCTCAGCAGTGAGAA-3’
rs17001385
    F; TGGGAACAGGGAAGAATGTCGT T38CTCTAATATACCAAACCAGTAAGCTAA 
    R; GTTATGCCCTGCCCAATATCC
rs14773
    F; TCCAGGTCCCAAAAGCCATC T25ATACATCATTCCTTTTGATCTCCTGTG
    R; GTGACTTTGGCCAACACGTAAAAA
rs6836703
    F; TGAGAACCACTGGTCTGTGGTAAC T46AGTAGTGTCCCAGGCCTTCACAT
    R; AGAAGGAAAATTTGTTATGAATTTAGTGTAGC
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Weinberg equilibrium was examined by the χ2 
test. The differences in the distribution of geno-
types and alleles between the patients group 
and the controls were calculated using two-
tailed χ2 test. An unconditional logistic regres-
sion analysis was used to calculate the ORs 
(odds ratios) and 95% CIs (confidence inter-
vals). The level of significance was set at 
P<0.05.

Results

Main effects on the risk of male infertility by 
individual polymorphisms

The polymorphism distributions of SNPs (rs110- 
97230, rs17001385, rs14773 and rs6836703) 
in ART3 gene were investigated in 321 infertile 
and 250 control men. The distributions of allele 
and genotype of the four SNPs are listed in 
Table 2. ART3 haplotype frequencies with 
genotyping data of four tag SNPs were shown in 
Table 3. The distributions of genotypes of the 
four SNPs were in accordance with the Hardy-
Weinberg equilibrium both in controls and 
patients.

As shown in Table 2, there were no significant 
differences in the frequencies of allele and  
genotype of SNPs rs11097230, rs17001385 
and rs14773 between patients and controls. 
However, the frequency of genotype AG (41.4% 
vs. 51.2%, P=0.013, OR: 0.632, 95% CI: 0.440-
0.910) was significantly lower in patients than 
those in controls at SNP rs6836703 locus.

Pairwise linkage disequilibrium

Pairwise LD (linkage disequilibrium) between 
the four SNPs in the ART3 gene was calculat- 
ed for all the participants in this study. The 
result of linkage disequilibrium analysis which 
indicated that most of the four SNPs were in 
nearly complete LD evaluated with D’ statistic 
(|D’|>0.75) in both patients and controls was 
shown in Figure 1 (D: the deviation between  
the observed haplotype frequency and the 
expected frequency, D’: the proportion of the 
maximum value of D, R: the correlation coeffi-
cient between alleles.). We found strong LD 
between several pairs of markers in the ART3 
gene such as SNP1/SNP2 (D’=1.000), SNP1/
SNP3 (D’=0.956), SNP1/SNP4 (D’=0.917), 

Table 2. Genotype and allele distribution of ART gene SNPs in infertile patients and fertile controls

SNP Genotype All subjects 
(N=571)

Control 
(N=250)

Patients 
(N=321) P Value OR (95% CI)

rs11097230 AA 195 (34.2%) 90 (36%) 105(32.7%) -- --
AG 276 (48.3%) 120 (48%) 156 (48.6%) 0.565 1.134 (0.888-1.448)
GG 100 (17.5%) 40 (16%) 60 (18.7%) 0.314 1.114 (0.771-1.611)

A allele 666 (58.3%) 300 (60%) 366 (57%) -- --
G allele 476 (41.7%) 200 (40%) 276 (43%) 0.309 1.131 (0.892-1.434)

rs17001385 CC 204 (35.7%) 96 (38.4%) 108 (33.6%) -- --
CG 275 (48.2%) 119 (47.6%) 156 (48.6%) 0.410 1.165 (0.810-1.677)
GG 92 (16.1%) 35 (14%) 57 (17.8%) 0.148 1.203 (0.936-1.547)

C allele 679 (59.5%) 307 (61.4%) 372 (57.9%) -- --
G allele 463 (40.5%) 193 (38.6%) 270 (42.1%) 0.238 1.155 (0.909-1.466)

rs6836703 GG 222 (38.9%) 84 (33.6%) 138 (42.9%) -- --
AG 253 (43.8%) 128 (51.2%) 133 (41.4%) 0.013 0.632 (0.440-0.910)
AA 88 (15.4%) 38 (15.2%) 50 (15.57%) 0.385 0.895 (0.696-1.150)

G allele 705 (61.8%) 296 (59.2%) 409 (63.7%) -- --
A allele 437 (38.3%) 204 (40.8%) 233 (36.3%) 0.120 0.827 (0.650-1.051)

rs14773 AA 167 (29.2%) 69 (27.6%) 98 (30.5%) -- --
AC 300 (52.5%) 134 (53.6%) 166 (51.7%) 0.484 0.872 (0.595-1.279)
CC 104 (18.2%) 47 (18.8%) 57 (17.8%) 0.531 0.924 (0.722-1.183)

A allele 634 (55.5%) 272 (54.4%) 362 (56.4%) -- --
C allele 508 (44.5%) 228 (45.6%) 280 (43.6%) 0.503 0.923 (0.729-1.167)

Values are frequency (no. of individuals). The number of alleles is based on the genotype. The bold entries emphasize that P 
value <0.05.
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Table 3. Estimated haplotype frequencies and the association analysis with male infertility
Haplotype frequencies estimation (n=571)

Haplotype
ART3-SNP# Frequence

P value OR (95% CI)
1 2 3 4 Controls Patients Total

H1 G G G A 38.06% 40.06% 39.13% -- --
H2 A C A C 39.60% 38.25% 38.88% 0.503 0.918 (0.706-1.193)
H3 A C G A 15.94% 15.21% 15.53% 0.578 0.952 (0.800-1.133)
H4 A C G C 4.14% 3.64% 3.89% 0.550 0.942 (0.766-1.157)
H5 G G G C 1.03% 1.06% 1.05% 0.927 0.994 (0.746-1.326)
Rare * * * * 1.23% 1.78% 1.52% 0.243 1.134 (0.915-1.407)
The expectation-maximization (EM) algorithm (Excoffier and Slatkin, 1995) was used to infer ART3 haplotype frequencies with 
genotyping data of four tag SNPs, ART3-SNP1 (rs11097230), SNP2 (rs17001385), SNP3 (rs6836703) and SNP4 (rs14773). 
SNP# (SNP1, SNP2, SNP3 and SNP4). * refers to any haplotype except those listed in this table.

Figure 1. Linkage disequilibrium analysis of SNPs of ART3. D: the deviation between the observed haplotype fre-
quency and the expected frequency, D’: the proportion of the maximum value of D, R: the correlation coefficient 
between alleles.
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SNP2/SNP3 (D’=0.978), SNP2/SNP4 (D’= 
0.946), SNP3/SNP4 (D’=0.969).

Haplotype analyses

For the haplotype-based association study,  
the four SNPs (rs11097230, rs17001385, 
rs14773, and rs6836703) as tag SNPs in ART3 
were analyzed. Haplotype frequencies were 
inferred using an expectation-maximization 
(EM) algorithm. After excluding rare haplotypes 
(frequency <0.01), association of ART3 haplo-
types with male infertility was examined in 321 
cases and 250 controls. All of the 6 haplotypes 
showed no significant association with male 
infertility in frequencies between patients and 
controls (Table 3).

Discussion

In recent years, the association of ART3 gene 
with human diseases has been investigated. 
Mounting evidence suggests that ADP-
ribosyltransferases (ARTs) activity in the extra-
cellular compartment may provide sophisticat-
ed regulatory mechanisms for cell communica-
tion which imply it as new candidate for drug 
targeting [15-20]. In other studies, the expres-
sion of ARTs were investigated in human and 
animal tissues at the RNA level [10, 12, 21, 22]. 
The major function of ARTs is Mono-ADP-
ribosylation which transfers the ADP-ribose 
moiety of NAD+ onto a specific amino acid resi-
due on the target protein. Until nowadays a 
small group of mammalian ARTs named ART1 
to ART5 has been cloned and characterized but 
the biological role of each human ARTs in con-
trast to mouse ARTs is poorly defined [12, 23]. 
Though a few studies have found out that the 
human neutrophil peptide1 (HNP-1) and the 
platelet-derived growth factor-BB (PDGF-BB) 
are the target proteins of ART1, the biological 
function of the remaining human ART family 
members is almost unknown [21, 24]. A study 
of Friedrich et al. showed that ART3 expression 
in human cells appears to be governed by a 
combination of differential splicing and tissue-
preferential use of two alternative promoters 
[20]. Moreover, ART3 was reported to be  
specifically expressed in testis [11]. And a 
Japanese study provided the evidence that 
SNPs of the ART3 gene were significantly asso-
ciated with non-obstructive azoospermia (NOA) 
in Japanese population [13]. And in that study 
the most significant association was observed 

with SNP (rs6836703) in intron 11 of ART3. 
Moreover ART3 as a member of the ARTs family 
genes has conserved exon and intron struc-
tures and its protein is specifically expressed in 
spermatocytes but not in spermatozoa, sper-
matogonia and spermatids [11]. In view of the 
roles of ART3 in spermatocytes, it is likely that 
ART3 gene polymorphisms could be a risk fac-
tor for male infertility.

In the present study, the possible associations 
between SNPs (rs11097230, rs17001385, 
rs14773 and rs6836703) in ART3 gene and 
male infertility were investigated in Chinese 
infertile patients and fertile controls. As a 
result, analysis of the SNP polymorphisms in 
ART3 revealed no significant differences in  
the frequencies of allele and genotype of  
SNPs (rs11097230, rs17001385 and rs14773) 
between patients and controls, which indicated 
that those SNPs in ART3 gene are not associ-
ated with spermatogenesis impairment in the 
Chinese population. However, the frequency  
of genotype AG was significantly changed in 
patients compared with controls at SNP 
ra6836703 locus. The frequency of genotype 
AG was significantly lower in patients than 
those in controls, suggesting that genotype AG 
was associated with male infertility and it may 
have some protection effect from spermato-
genesis impairment (OR=0.632). These find-
ings is not coincide with the study of Okada  
et al. which provided evidence that rs6836703, 
rs11097230, rs17001385 and rs14773 SNPs 
in ART3 gene are significantly associated with 
non-obstructive azoospermia (NOA) in the 
Japanese population. Thus we conjecture that 
the effects of SNPs in ART3 maybe different in 
different race. In haplotype-based association 
study of ART3 gene, no significant difference in 
frequencies were found between patients and 
controls, which indicated that those haplotypes 
in ART3 gene are not associated with male 
infertility. We previously described that SNP 
(rs6836703) is in the intron11 region of ART3 
gene, and as we all know mutations in introns 
cannot directly affect protein structure. But 
these mutations can prevent the production of 
the messenger RNA. So we infer that the poly-
morphism of SNP rs6836703 in ART3 gene 
may block the production of the mRNA by inhib-
iting the splicing together of exons. As a result, 
we indicated that the polymorphism of SNP 
rs6836703 in ART3 gene may modify the sus-
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ceptibility to male infertility in the present 
study.

In conclusion, the results presented here pro-
vide new insights into the role of ART3 in asso-
ciation with male infertility and its possibility to 
modify the susceptibility to male infertility in 
the Chinese population. Our newly gained 
knowledge about the ART3 gene polymorphism 
and its association with male infertility will 
guide our attempts in finding out this enigmatic 
underlying mechanism. However, the ART3 pro-
tein expression and its function and molecular 
epidemiological studies were not included in 
this study. Considering that the biological func-
tion of ART3 is almost unknown, lots of studies 
are needed in the future.
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