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Abstract 
Male infertility is a multifactorial disease due to spermatogenesis impairment, with etiology remaining unknown for roughly one-
third of infertile cases. Several studies have demonstrated that genetic variants are male infertility risk factors. CFAP43 and TEX14 
are involved in the spermatogenesis process. The present study aimed to assess the association between single-nucleotide 
polymorphisms (SNPs) in CFAP43 (rs17116635 and rs10883979) and TEX14 (rs79813370 and rs34818467) and idiopathic male 
infertility in a Vietnamese population. A cohort of 206 infertile men and 195 controls were recruited for the study. CFAP43 and 
TEX14 SNPs were genotyped using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). Genotypes 
of randomly selected samples, accounting for 10% of the total, were confirmed using Sanger sequencing. The obtained data were 
analyzed using statistical methods. The results showed that 4 SNPs (rs17116635, rs10883979, rs79813370, and rs34818467) 
were in accordance with Hardy-Weinberg Equilibrium (HWE; P > .05). CFAP43 rs10883979 and TEX14 rs79813370 were 
associated with male infertility. For CFAP43 rs10883979, in the recessive model, the combination AA + AG was associated with 
male infertility when compared to the GG genotype (OR = 0.26; 95% CI: 0.06–0.85; P = .02). For TEX14 rs79813370, a protective 
effect against infertility risk was identified in the presence of the T allele of rs79813370 when compared to the G allele (OR = 0.48; 
95% CI: 0.32–0.72; P < .001). Our results suggest that CFAP43 rs10883979 and TEX14 rs79813370 are likely associated with 
male infertility in the Vietnamese population, in which the G allele of rs79813370 may be a risk factor for male infertility.

Abbreviations: 95% CI = 95% confidence interval, CFAP43 = cilia- and flagella-associated proteins 43, DNA = deoxyribonucleic 
acid, HWE = Hardy–Weinberg equilibrium, MMAF = multiple morphological abnormalities of sperm flagella, OR = odds ratio, 
PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism, SNPs = single nucleotide polymorphisms,  
TEX14 = testis-expressed 14.
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1. Introduction
Infertility is defined as a reproductive disease featured by the fail-
ure to initiate a clinical pregnancy after at least 1 year of regular, 
unprotected sexual intercourse.[1] Male factors were responsi-
ble for roughly half of the infertile cases,[2] with about 7% of 
the global male population being affected.[3,4] The prevalence of 
male infertility varies between regions, highest in Northern and 
Central Europe at 8% to 12% and lowest in North America at 
4.5% to 6%.[5] Meanwhile, the rate in Asia, the most populous 

region in the world, is virtually unknown. In Vietnam, this dis-
ease is on the rise, with the age-standardized prevalence rate of 
male infertility increasing by 0.55% from 1990 to 2017.[6] The 
disease manifested through multiple semen phenotypes, includ-
ing complete lack of sperm (azoospermia), reduced sperm count 
(oligozoospermia), decreased sperm motility (asthenozoosper-
mia), abnormal sperm morphology (teratozoospermia), or the 
combination of quantitative and qualitative defects (oligoasthe-
noteratozoospermia).[7] Over the last 2 decades, many studies 
have identified various genes involved in spermatogenesis related 
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to male infertility,[8,9] including cilia- and flagella-associated  
proteins 43 (CFAP43) and testis-expressed 14 (TEX14).

CFAP43, also known as WDR96, is located on chromosome 
10q25.1, contains 38 exons, and encodes a WD-repeat-domain 
(WDR) protein expressed explicitly or preferentially in the tes-
tis.[10] This protein is essential for sperm flagella production and 
proper sperm motility, and its absence is detrimental to sperm 
axoneme assembly, resulting in aborted sperm flagella and male 
infertility.[11] The knockout mouse models of the CFAP43 ortho-
log gene resulted in male mice with multiple morphological 
abnormalities of sperm flagella (MMAF) phenotype, infertility, 
complete sperm immobility, and axonal malformations. In addi-
tion, depletion of CFAP43 also resulted in sperm head abnor-
malities and oligozoospermia, demonstrating that, in mice, 
CFAP43-mediated intra-manchette transport is crucial for sperm 
head shaping and sperm flagella formation.[12] Multiple muta-
tions in CFAP43 have been found in MMAF patients, and in 
the studied MMAF cohorts, biallelic mutations of CFAP43 have 
been estimated to make up about 4% to 31% of cases.[10,13–20]

TEX14, located on chromosome 17q22, encodes a 1497 
amino acid protein exclusively expressed in the testis during 
meiosis.[21] The loss of this protein, whose function is to form the 
germ-cell intracellular bridges in vertebrates, might disrupt sper-
matogenesis and cause infertility.[22–24] TEX14 gene mutations 
with an autosomal recessive pattern were identified in infertile 
men with spermatogenic failure.[25–28] In addition, genetic vari-
ants in this gene were associated with the development of tes-
ticular germ cell cancer[29] and a higher risk of breast cancer.[30]

The 2 genes TEX14 and CFAP43 participate in spermato-
genesis at different cellular stages[31] and are highly expressed in 
the testis, especially in primary and secondary spermatocytes.[32] 
While the role of genetic variants of CFAP43 and TEX14 in the 
pathogenesis of male infertility has been reported, there likely 
exist undescribed polymorphisms within CFAP43 and TEX14 
associated with male infertility. Four polymorphisms, CFAP43 
rs17116635, CFAP43 rs10883979, TEX14 rs79813370, and 
TEX14 rs34818467, have been found in the 1000 Genomes 
Project for Vietnamese population with minor allele frequencies 
of 0.07; 0.18; 0.11 and 0.13, respectively. The 3 SNPs, CFAP43 
rs17116635, CFAP43 rs10883979, and TEX14 rs79813370, 
are missense variants, while the remaining SNP is a splice-site 
one. In addition, all 4 SNPs have high Remap densities in the 
ReMap Atlas of Regulatory Regions (http://www.genome.ucsc.
edu), indicating that these SNPs can affect the binding of multi-
ple transcription factors and potentially alter gene expression.[33] 
Given the increasing frequency of male infertility and the impor-
tance of genetic contributors, we conducted this study to investi-
gate the correlation of CFAP43 (rs17116635, rs10883979) and 
TEX14 (rs79813370, rs34818467) with idiopathic male infer-
tility in a Vietnamese population.

2. Materials and methods

2.1. Study subjects

A total of 206 men with idiopathic infertility in the age range 
of 25 to 45 were recruited from Hanoi Medical University 
Hospital. Infertile men with chromosomal abnormalities, Y 
chromosomal macro- or microdeletions, obstructive azoosper-
mia, and a history of diseases affecting fertility were all excluded 
from the study. The control group included 195 healthy men 
in the same age group who had fathered at least 1 child with-
out seeking assisted reproductive technology. All subjects were 
of Vietnamese ethnicity and gave written informed consent to 
donate their blood. Semen data for all the subjects were recorded 
by the physicians, including age, pH, ejaculate volume, total 
sperm, sperm count, motility, vitality, and normal morphology 
(Table 1). The study was approved by the Institutional Review 
Board of the Institute of Genome Research, Vietnam Academy 
of Science and Technology (No: 9-2019/NCHG-HĐĐĐ), and 

all experimental protocols on human subjects were in accor-
dance with the Helsinki Declaration of 1975, as revised in 2013.

2.2. SNP genotyping

Genomic DNA was extracted from the blood samples of partic-
ipants using GeneJET Whole Blood Genomic DNA Purification 
Mini Kit (ThermoFisher, Waltham). To genotype the polymor-
phisms of CFAP43 (rs17116635 and rs10883979) and TEX14 
(rs79813370 and rs34818467), polymerase chain reaction- 
restriction fragment length polymorphism (PCR-RFLP) was 
used. Specific pairs of primers for amplification of the DNA 
region containing the polymorphisms are listed in Table 2. If the 
polymorphism is not present at a recognition site of a restric-
tion enzyme, nucleotides near the 3ʹ end of the primer forward/ 
reverse might be mutated to create a restriction site. After that, 
the PCR products of rs17116635, rs10883979, rs79813370, 
and rs34818467 were digested with restriction enzymes RsaI, 
MunI, Eco130I, and NdeI, respectively. To validate PCR-RFLP 
results, 10% of the samples were randomly selected to be puri-
fied by PCR purification kit (ThermoFisher, Waltham) and 
subsequently sequenced using ABI PRISM 3500 genetic ana-
lyzer (Applied Bio-systems, Carlsbad). The obtained sequences 
were then compared with reference sequences of CFAP43 
(NM_025145.7) and TEX14 (NM_001201457.2) published in 
GenBank. The Sanger sequencing results indicated 100% con-
cordance with genotypes obtained from PCR-RFLP.

2.3. Statistical analysis

Acquired data were statistically processed using Microsoft 
Excel (Microsoft Corp., Washington) and R version 4.2.2.[34] 
The function “HWExact” from “HardyWeinberg” package[35–37] 
was used to calculate the Hardy-Weinberg equilibrium (HWE) 
of the population. The function “oddsratio” from package “epi-
tools”[38] was used to evaluate the association between the stud-
ied polymorphisms and male infertility in allele form and 3 test 
models (additive, dominant, and recessive). Differences in demo-
graphic and semen parameters between the patient and control 
groups were evaluated using an independent t test. Fisher’s 
exact test was selected for SNPs with expected sample sizes less 
than 5 and the Chi-squared test was used for those with larger 
expected sample sizes. An odds ratio with a confidence interval 
of 95% was used to estimate the association. All statistical tests 
were 2-sided. Calculation results were considered statistically 
significant if the P value < .05.

Table 1

Semen characteristics of the studied participants.

Characteristics Controls Cases P value

Age 34.17 ± 6.13 33.13 ± 5.78 .07
pH 7.51 ± 0.05 7.24 ± 0.40 .13
Ejaculate volume (mL) 2.82 ± 0.86 2.83 ± 0.57 .99
Total sperm/ ejaculate (106) 62.56 ± 31.65 1.81 ± 1.83 <.001
Sperm count (106/mL) 174.75 ± 97.13 5.05  ± 5.52 <.001
Motility <.001
 � Progressive motility, PR (%) 45.02 ± 12.74 13.02  ± 11.32 <.001
 � Fast progressive (%) 14.49 ± 7.42 3.02 ± 4.05 <.001
 � Slow progressive (%) 30.24 ± 8.14 10.00 ± 8.69 <.001
 � Non-progressive, NP (%) 29.26 ± 10.18 6.93 ± 7.03 <.001
 � Motile (PR + NP) (%) 74.35 ± 15.20 23.28 ± 20.89 <.001
 � Immotile, IM (%) 25.72 ± 15.23 51.72 ± 34.81 .03
Vitality (%) 79.13 ± 13.76 26.92 ± 23.60 <.001
Normal morphology (%) 4.87 ± 0.73 0.82 ± 0.75 <.001

Data are presented as mean ± standard deviations.
IM = immotile, n = number, NP = non-progressive, PR = progressive motility.
P values calculated by independent t test.
P < .05 indicates statistical significance.

http://www.genome.ucsc.edu
http://www.genome.ucsc.edu
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3. Results

3.1. Comparison of demographic and clinical 
characteristics between patient and control groups

Demographic and clinical data of a total of 401 subjects, includ-
ing 206 infertile patients and 195 controls, are described in 
Table 1. Statistical analysis demonstrated significant differences 
between patient and control groups in total sperm, sperm count, 
motility, and normal morphology (P < .001), whereas there was 
no significant association in terms of age, pH, and ejaculate vol-
ume (P > .05; Table 1).

3.2. Genetic analysis of CFAP43 and TEX14 polymorphisms

Single nucleotide polymorphisms CFAP43 (rs17116635 and 
rs10883979) and TEX14 (rs79813370 and rs34818467) were 
genotyped for all studied subjects. Statistical results showed 
that all 4 SNPs followed Hardy-Weinberg equilibrium (HWE; 
P > .05; Table 3).

Statistical analyses were performed on allele form and 3 
test models of the minor allele (additive, dominant, and reces-
sive; Table 4). For CFAP43 rs10883979, both patient and 
control groups showed high frequencies of AA genotype at 
66.5% and 65.64%, respectively. In comparison to the AA 
genotype, the frequency of the GG genotype was significantly 
different between the 2 groups and associated with a protec-
tive effect against male infertility risk (OR = 0.27; 95% CI: 
0.06–0.89; P = .03). No significant difference in the AG gen-
otype between the 2 groups was obtained compared to the 
AA genotype (P = .66). Similarly, in the recessive model, the 
GG genotype was associated with a reduced infertility risk 
compared to the AA + AG genotype group (OR = 0.26; 95% 
CI: 0.06–0.85; P = .02). For TEX14 rs79813370, a significant 
difference in genotypes was obtained in the additive model 
(P = .001). The frequency of the GT genotype differed signifi-
cantly between the infertile and control groups (17.96% and 
32.82%, respectively). This genotype was associated with a 
protective effect against male infertility (OR = 0.44; 95% CI: 
0.27–0.69; P < .001) compared to the GG genotype. No sig-
nificant correlation of the TT genotype between the 2 groups 
was obtained in comparison to the GG genotype (P = .19). 

In the dominant model, the combination of the GT and TT 
genotype groups reduced susceptibility to infertility in men 
compared to the GG genotype (OR = 0.43; 95% CI: 0.27–
0.69; P < .001); the T allele lowered the risk of male infertility 
(OR = 0.48; 95% CI: 0.32–0.72; P < .001) in comparison to 
the G allele.

4. Discussion
Male infertility is caused by deterioration in spermatogenesis, a 
critical process in the male reproduction system regulated by a 
multitude of genes.[3,31] Over the last decades, thousands of genes 
involved in the spermatogenic process have been discovered to 
be related to male infertility.[31] However, in approximately 30% 
of cases, the causes of infertility are still unknown,[2] suggesting 
that novel genes or SNPs may be linked with male infertility. In 
this study, blood samples from 206 men with idiopathic infer-
tility and 195 healthy controls from the Vietnamese population 
were collected and analyzed to assess the association of the 
polymorphisms of CFAP43 (rs17116635 and rs10883979) and 
TEX14 (rs79813370 and rs34818467) with the risk of male 
infertility.

CFAP43 encodes a protein located between doublet microtu-
bules 5 and 6 and para-flagellar rods in the flagella axonemes 
of many animals.[10,13] Its absence may make the entire com-
plex unstable, resulting in both peri-axonemal and axonemal 
defects.[39] The most well-known disease linked to the defects 
of CFAP43 is MMAF, a severe form of asthenoteratozoosper-
mia characterized by morphological abnormalities of the fla-
gellum, such as absent, short, curled, or abnormal size, thereby 
impairing sperm motility. In 2017, Tang et al[10] first identified 
the loss of a bi-allelic function mutation in the CFAP43 gene 
in 3 out of 30 Han patients with MMAF and also showed that 
male mice lacking Cfap43 had the MMAF phenotype. In a later 
study, Coutton et al[13] identified CFAP43 mutations account-
ing for 12.8% of the analyzed MMAF patients (10/78) origi-
nating from North Africa, Europe, and the Middle East, and 
these mutations convincingly showed that loss of function of 
CFAP43 had been linked to azoospermia and abnormalities 
of the flagellum in humans. In subsequent studies on different 
cohorts, including Chinese,[16,18] Pakistani,[15] Argentinian,[20] 

Table 2

Primer information.

Gene/SNP Location Primer (5ʹ-3ʹ) Amplicon size (bp) Tm, T (°C)

CFAP43/ rs17116635 10q25.1 F: ACTTCCAATGGCAAGCAAGG
R: GCAGAGGCTTGGAGGTAGGA

681 62

CFAP43/ rs10883979 10q25.1 F: GAGCTTGGGTGGTGAAAACC
R: CTGTTTCCACATAGAGCCTTGG

518 61

TEX14/
rs79813370

17q22 F: GCCCAGTGCATAGGGGTATTC
R: AGGTGTTCCCTGTGTTTGAGT

372 60

TEX14/
rs34818467

17q22 F: TACATGGCTCTGTACATGGAGCT
R: AAGTGATGGAGGAGGCACTGCATA

270 57

SNP = single nucleotide polymorphism, Tm = annealing temperature.

Table 3

General information on the studied single nucleotide polymorphisms (SNPs).

Gene/SNP Position Type of variant Allele MAF in case HWE in case MAF in control HWE in control HWE in all population

CFAP43/rs17116635 10:104186084 Missense C > T 0.09 + 0.09 + +
CFAP43/rs10883979 10:104197956 Missense A > G 0.18 + 0.20 + +
TEX14/rs79813370 17:58616316 Missense G > T 0.10 + 0.20 + +
TEX14/rs34818467 17:58565748 Splice site A > G 0.15 + 0.12 + +

Note: Position refers to the GRCh38.p14 assembly.
MAF = Minor allele frequency, HWE = Hardy–Weinberg equilibrium was checked by Chi-squared test.
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and French[19] individuals with severe sperm motility disorders, 
mutations in CFAP43 were also identified. Given the important 
role that CFAP43 plays in sperm morphology, this research is 
the first-ever case-control study of polymorphisms in this gene 
with results showing an association between the polymorphism 
rs10883979 and male infertility in the Vietnamese population.

TEX14 is highly expressed in germ cells and participates in 
spermatocyte meiotic divisions in spermatogenesis. It promotes 
the conversion of midbodies into intact intercellular bridges 
(ICBs), which are required for chromosome segregation to occur 
after crossing over has been completed.[22] However, the precise 

role of intact intercellular bridges has not been determined 
and is only predicted to be involved in the communication and 
synchronization of germ cells within a syncytium.[24] Previous 
studies have suggested that mutations on TEX14, especially mis-
sense and splice site variants, were frequently found in patients 
with azoospermia and oligospermia.[25,26,40] However, few stud-
ies on the role of the TEX14 gene in susceptibility to infertility 
have been conducted. A follow-up genome-wide association 
study assessed the role of TEX14 SNPs (rs389389, rs7220834, 
rs35927726, rs35195402, rs35081269, rs34960869) in male 
infertility in a Caucasian population, showing no correlation 

Table 4

Association of CFAP43 and TEX14 SNPs with male infertility.

SNP Genotype Control (n = 195) Case (n = 206) OR 95% CI P value

CFAP43
rs17116635

Additive .84*
CC 160 (82.05%) 171 (83.01%) 1.00
CT 34 (17.44%) 35 (16.99%) 0.96 0.57–1.63 .89**
TT 1 (0.51%) 0 (0.00%) 0.00 0.00–36.72 .49*
Recessive
CC + CT 194 (99.49%) 206 (100.00%) 1.00
TT 1 (0.51%) 0 (0.00%) 0.00 0.00–36.92 .49*
Dominant
CC 160 (82.05%) 171 (83.01%) 1.00
CT + TT 35 (17.95%) 35 (16.99%) 0.94 0.54–1.62 .90**
Allele
C 354 (90.77%) 377 (91.50%) 1.00
T 36 (9.23%) 35 (8.50%) 0.91 0.56–1.49 .71**

CFAP43
rs10883979

Additive .07**
AA 128 (65.64%) 137 (66.50%) 1.00
AG 56 (28.72%) 66 (32.04%) 1.10 0.72–1.70 .66**
GG 11 (5.64%) 3 (1.46%) 0.27 0.06–0.89 .03**
Recessive
AA + AG 184 (94.36%) 203 (98.54%) 1.00
GG 11 (5.64%) 3 (1.46%) 0.26 0.06–0.85 .02**
Dominant
AA 128 (65.64%) 137 (66.50%) 1.00
AG + GG 67 (34.36%) 69 (33.50%) 0.96 0.62–1.49 .92**
Allele
A 312 (80.00%) 340 (82.52%) 1.00
G 78 (20.00%) 72 (17.48%) 0.85 0.59–1.21 .36**

TEX14
rs79813370

Additive .001*
GG 125 (64.10%) 166 (80.58%) 1.00
GT 64 (32.82%) 37 (17.96%) 0.44 0.27–0.69 <.001**
TT 6 (3.08%) 3 (1.46%) 0.38 0.06–1.81 .19*
Recessive
GG + GT 189 (96.92%) 203 (98.54%) 1.00
TT 6 (3.08%) 3 (1.46%) 0.47 0.07–2.22 .33*
Dominant
GG 125 (64.10%) 166 (80.58%) 1.00
GT + TT 70 (35.90%) 40 (19.42%) 0.43 0.27–0.69 <.001**
Allele
G 314 (80.51%) 369 (89.56%) 1.00
T 76 (19.49%) 43 (10.44%) 0.48 0.32–0.72 <.001**

TEX14
rs34818467

Additive .19*
AA 151 (77.44%) 147 (71.36%) 1.00
AG 41 (21.03%) 58 (28.16%) 1.45 0.92–2.31 .11**
GG 3 (1.54%) 1 (0.49%) 0.34 0.01–4.33 .62*
Recessive
AA + AG 192 (98.46%) 205 (99.51%) 1.00
GG 3 (1.54%) 1 (0.49%) 0.31 0.01–3.94 .36*
Dominant
AA 151 (77.44%) 147 (71.36%) 1.00
AG + GG 44 (22.56%) 59 (28.64%) 1.38 0.86–2.22 .17**
Allele
A 343 (87.95%) 352 (85.44%) 1.00
G 47 (12.05%) 60 (14.56%) 1.24 0.83–1.88 .30**

95% CI = 95% confidence interval, n = number, OR = odds ratio, SNP = single nucleotide polymorphism.
P < .05 (in bold) indicates statistical significance.
* P values calculated by Fisher’s exact test.
** P values calculated by Chi-squared test.
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between this gene and male infertility.[41] In the present study, 
an association of the polymorphism TEX14 rs79813370 with 
male infertility was found. To the best of our knowledge, the 
current case-control study is the first report of an association 
between TEX14 rs7913370 and male infertility worldwide.

This study was the first report to investigate the genotype 
distributions and the effects of CFAP43 (rs17116635 and 
rs10883979) and TEX14 (rs79813370 and rs34818467) 
on male infertility worldwide. Additionally, only CFAP43 
rs10883979 has so far been studied in case-control research 
on Late-onset Alzheimer’s Disease.[42] Since the findings of this 
study were novel, several limitations should be considered. First, 
all participants (both case and control groups) were recruited 
from the same hospital, potentially introducing selection bias. 
Second, more extensive studies with participants collected from 
different sampling sites and different ethnic populations should 
be conducted to further validate the findings here. We can also 
perform quantitative RT-PCR or RNA sequencing to deter-
mine whether the studied SNPs are associated with differential 
expression of the studied genes or of other genes, respectively.

5. Conclusion
Our study suggested that CFAP43 rs10883979 and TEX14 
rs79813370 were significantly associated with the risk of 
idiopathic male infertility in the Vietnamese population. 
Additionally, the G allele of rs79813370 may be a risk factor 
for male infertility. To obtain more insights into the association 
of the 2 genes CFAP43 and TEX14 and male infertility, further 
investigation on the 4 studied SNPs and others on these genes 
should be implemented in different populations.
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