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Abstract. Asthenozoospermia (AZS) is characterized by
reduced sperm motility and its pathogenesis remains poorly
understood. Piwi-interacting RNAs (piRNAs) have been indi-
cated to serve important roles in spermatogenesis. However,
little is known about the correlation of piRNA expression
with AZS. In the present study, small RNA sequencing (small
RNA-seq) was performed on sperm samples from AZS
patients and fertile controls. Reverse transcription-quantitative
(RT-q) PCR was used to validate the small RNA-seq results.
Bioinformatics analyses were performed to predict the
functions of differentially expressed piRNAs (DEpiRNAs).
Logistic regression models were constructed and receiver
operating characteristic curve (ROC) analysis was used to
evaluate their diagnostic performance. A total of 114 upregu-
lated and 169 downregulated piRNAs were detected in AZS
patients. Gene Ontology and Kyoto Encyclopedia of Genes
and Genomes analyses showed that the DEpiRNAs were
mainly associated with transcription, signal transduction, cell
differentiation, metal ion binding and focal adhesion. These
results were verified by RT-qPCR analysis of eight selected
piRNAs. The PCR results were consistent with the sequencing
results in patients with AZS compared with controls in the
first cohort. The expression of piR-hsa-32694, piR-hsa-26591,
piR-hsa-18725 and piR-hsa-18586 was significantly
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upregulated in patients with AZS. The diagnostic power of
the four piRNAs was further analyzed using ROC analysis;
piR-hsa-26591 exhibited an area under the ROC curve (AUC)
of 0.913 (95% CI: 0.795-0.994). Logistic regression modelling
and subsequent ROC analysis indicated that the combination of
the 4 piRNAs achieved good diagnostic efficacy (AUC: 0.935).

Introduction

According to a report from the World Health Organization
(WHO), 25% of couples in developing countries experience
infertility. Infertility often causes great psychological strain,
which can eventually lead to mental illness and ~50% of cases
of infertility are caused by male factors (1). Asthenozoospermia
(AZS) is one of the most common diseases that causes male
infertility. AZS is characterized by impaired sperm motility,
which prevents sperm from reaching the egg and leads to
infertility (2). However, the pathogenesis of AZS has remains
to be elucidated. A previous study demonstrated that small
noncoding RNAs (ncRNAs), especially piwi-interacting RNAs
(piRNAs), serve key regulatory roles in the pathogenesis of
AZS (3).

piRNAs are a unique class of small non-coding (nc)
RNAs that are 26-30 nucleotides in length and guide Piwi
proteins (2). These short n.cRNAs were originally discovered
in mammalian testicular cells and have been proven to be
regulatory molecules involved in germ cell maintenance in
mammals (4). Spermatogenesis is a tightly regulated process
that mainly includes spermatogonia proliferation and sper-
matogenesis. This process produces abundant amounts of
sperm. Abnormal expression of piRNAs in testicular cells
may lead to the failure of spermatogenesis (4). Heyn er al (5)
found that the expression of five piRNAs (piR-DQ589977,
piR-DQ591415, piR-DQ598918, piR-DQ601291 and
piR-DQ601609) was dysregulated in patients with spermato-
genesis failure and that this dysregulation was correlated
with the level of methylation of the piwi2 and Tudor domain
protein 1 (tdrdl) gene promoters. Bioinformatics analysis
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of these five piRNAs also revealed some other potential
target genes, such as IL-16, kallikrein, G protein coupled
receptor, histone family and Ras oncogene family members.
Kamaliyan er al (6) observed that the rs508485 mutation in
the hiwi2 gene affected the stability of mRNA or changed
the binding affinity of micro (mi)RNA and resulted in idio-
pathic nonobstructive azoospermia. Hong et al (7) identified
5 piRNAs as biomarkers for the diagnosis of AZS. However,
little is known about the expression patterns and functions of
piRNAs in AZS.

Therefore, the present study aimed to determine the
expression patterns and functions of piRNAs in AZS patients.
Bioinformatics analysis was conducted to elucidate the poten-
tial biological functions of piRNAs. These results may provide
new biomarkers for the development of novel diagnostic and
therapeutic strategies for AZS.

Materials and methods

Medical ethics statement. The protocol of the present study
was approved by the Medical Ethics Committee of Nanchang
University, the Second Affiliated Hospital and Jiangxi Maternal
and Child Health Hospital (China; approval no. 2018089). All
donors provided written informed consent for the collection
and use of their samples for this protocol.

Sample collection. The present study selected 194 patients
who were diagnosed with male sterility due to AZS and
143 normal healthy males who visited the Maternal and Child
Health Hospital in Jiangxi Province between January 2019
and December 2020. A total of four patient specimens and
three normal specimens were randomly selected for RNA
expression analysis and 250 samples (150 AZS patient and
100 normal individuals) and 80 samples (40 AZS patient and
40 normal individuals) were randomly selected for the clinical
verification experiment by reverse transcription-quantitative
(RT-q) PCR assays. Semen samples (6-8 ml) were collected
in a dry and sealed aseptic container. Sperm morphology,
concentration, motility and quantity was used to evaluate
sperm quality. According to the fifth edition of the AZS
diagnostic criteria in 2010 (8), the proportions of sperm with
fast progressive motility <25% and total progressive motility
<50% in fresh ejaculates were determined. The characteristics
of normal sperm samples were as follows: Semen concentra-
tion 215x10%/ml, volume =2 ml, pH =7.2, progressive motility
(PR) =32% and PR + nonprogressive motility (NP) =40%.
The age range of the AZS patients and the normal controls
was 28-40 years and the groups were well matched in terms
of drinking and smoking habits. Controls affected by fertility
diseases or abnormal sperm quality were excluded from
this study. Patients with gonadal dysplasia due to congenital
or inherited disease were excluded from the study (9). The
semen samples were liquefied at 37°C for 30 min and sepa-
rated by a discontinuous 45/85% Percoll density gradient to
eliminate contaminating round cells, including germ cells
and white blood cells. The spermatozoa in the lower (85%
Percoll) layer were preserved and washed 3 times with
phosphate-buffered saline (PBS) (10). The quality of the puri-
fied sperm was examined by light microscopy (OLYMPUS,
CX43,x200 magnification).

RNA isolation and RT-gPCR. Total RNA was extracted from
semen samples by TRIzol® (Thermo Fisher Scientific, Inc.;
cat. no. 15596-018) reagent according to the manufacturer's
specifications, the yield was determined by a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, Inc.) and the
integrity was assessed by agarose gel electrophoresis with
ethidium bromide staining.

Quantification was performed with a two-step reaction
process: Reverse transcription (RT) and PCR. Each RT reac-
tion consisted of 0.5 g RNA, 5 ul 2XTS miRNA Reaction Mix
and 0.5 pl of TransScrip miRNA RT Enzyme Mix (TransGen
Biotech, AT351), in a total volume of 10 ul. Reactions were
performed in a GeneAmp PCR System 9700 (Applied
Biosystems; Thermo Fisher Scientific, Inc.) for 60 min at 37°C,
followed by heat inactivation of RT for 5 sec at 85°C. The 10 ul
RT reaction mix was then diluted x10 in nuclease-free water
and held at -20°C.

RT-PCR was performed with a LightCycler 480 IT Real-time
PCR Instrument (Roche Diagnostics GmbH) in a 10-ul reac-
tion system that included 1 ul of cDNA, 5 pl of 2x PerfectStart
Green gPCR SuperMix (TransGen Biotech, AQ601), 0.2 ul of
10 uM universal primers, 0.2 ul of 10 uM miRNA-specific
primer and 3.6 ul of nuclease-free water. The reactions were
incubated in a 96-well plate (Beijing Jiaxinheng Biotechnology
Co., Ltd.) at 94°C for 30 sec, followed by 40 cycles of 95°C for
10 sec and 65°C for 35 sec. Each sample was run in triplicate.
At the end of the reaction cycle, melting curve analysis was
performed to detect the product specificity. The tailing method
is used in the reverse transcription of piRNA, so the quantita-
tive primer only needs to design the F primer and the R primer
is the general primer sequence of the kit (TransGen Biotech
Co., Ltd.; cat. no. AT351-01), GATCGCCCTTCTACGTCG
TAT (TM=58°C). The piRNA-specific primer sequences were
synthesized by Beijing Qingke Xinye Biotechnology Co., Ltd.
based on the piRNA sequences obtained from the piRNABase
database (regulatoryrna.org/database/piRNA; Release 20.0).
5S rRNA was used as the reference gene and the piRNA
expression levels were calculated using the 244°4 method (11).

Bioinformatics analysis. Briefly, small RNA sequencing and
analysis were conducted by Shanghai Oe Biotech. Co., Ltd.
Data from Illumina HiSeq sequencing are called raw reads.
First, the splice sequence was removed from the raw reads and
then small RNA sequences of different lengths were obtained.
Cutadapt (version 1.14) (12), fastx Toolkit (version 0.0.13) (13)
and NGSQCToolkit (version 2.3.2) (14) software were used
to control the quality of these sequences, remove n-base
sequences and sequences with a low Q20 ratio and remove
data outside the range of 15-41 NT, which were not included
in the subsequent analysis. The resulting sequences were
called clean reads (15) and these reads were further analyzed.
These sequences were matched with known sequences in the
databases of piRBase (v2.0 of piRBase) miRNA (miRbase
v19.0; mirdb.org/) Rfram (version 10.0) (16) and the matched
sequences were considered to be known piRNAs, miRNAs
and other small RNAs. piRNAs were selected for subsequent
analysis and functional annotation (17-19).

Differentially expressed genes (DEGs) between the AZS
patients and the fertile controls were identified using DEG-seq
software (version 1.18.0). Genes with g-values (FDRs)
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Table I. Basic information and parameters of AZS and fertile controls.

Characteristic AZS (194.0) Fertile controls (143) P-value
Age (years) 34.00+5.3 33.5+5.32 0.927
BMI 23.50+3.69 24.6+£2.79 0.923
Smoking 0.87
Yes 146 (75.00%) 107 (75%)
No 48 (25%) 36 (25%)
Drinking 0.96
Yes 139 (71%) 1033 (71%)
No 55 (29%) 40.00 (29%)
Sperm volume (ml) 4+0.68 3+0.63 0.87
pH 7.6+0.15 7.7+0.18 0.56
Sperm density (x10%ml) 58.59+6.34 34124543 <0.001*
PR 16.18+3.2 62.55+3.8 <0.001*
Sperm activity rate 22.12+5.64 7734+£3.2 <0.001*

AZS, asthenozoospermia; PR, progressive motility. ‘Difference was statistically significant (P<0.05).

<0.05 and fold-changes >2.0 were considered differentially
expressed (20,21). The miRanda algorithm (version 3.3a)
was used to predict piRNA target genes and the threshold
parameters were s =150, AG =<-30 kcal/mol and strict 5' seed
pairing (18,22,23). Gene Ontology (GO; geneontology.org)
functional analysis and the Kyoto Encyclopedia of Genes and
Genomes (KEGG; genome.jp/kegg/) database were used to
annotate and analyze the pathways of the target genes of the
different piRNAs. Significant enrichment items were screened
according to a P-value <0.05.

Statistical analysis. Differences in demographic variables and
expression levels of piRNA in the AZS group and the fertile
control group were evaluated via the ¥ test. Fisher's exact test
and hypergeometric distribution test were performed to assess
the enrichment significance of GO items or KEGG pathways
in the differentially expressed genes.

To evaluate the specificity and sensitivity of each piRNA
in the diagnostic value of AZS, the ROC curves and AUC
were analyzed. A high Youden's index (sensitivity and speci-
ficity-1) was used to calculate the cut-off value of the optimal
diagnostic point of the ROC curve. Binary logistic regression
and ROC curves were used to improve the diagnostic effi-
ciency. All the statistical analyses were performed in SPSS
(Version 23, SPSS Inc.) and R software (v 3.5.0; r-project.
org/). P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient data analysis and seminal plasma piRNA profiling.
A total of seven semen samples were collected from AZS
patients and male healthy controls according to the WHO
guidelines. The basic information and sperm parameters of
the AZS patients and healthy controls are presented in Table I.
There were no distinct differences in age, BMI and smoking or
drinking habits between the AZS and control groups (P>0.05).

However, there were obvious differences in motility and sperm
morphology (P<0.001) between the AZS and control groups.
The semen samples were observed under a light microscope
equipped with a 100x oil objective and were found to be free
of seminiferous epithelium cells, somatic cells and white
blood cells.

Small RNAs were extracted from the semen specimens of
healthy controls and AZS patients and analyzed by Illumina
high-throughput sequencing. First, the splice sequences were
eliminated from the raw reads and small RNA sequences of
different lengths were obtained. After quality control steps,
small RNAs in the range of 10 to 45 nucleotides (nt) were
obtained. Length distribution analysis showed that all the
samples contained many RNAs shorter than 45 nt, which
was consistent with the lengths of miRNAs (18-224 nt) and
piRNAs (26-330 nt; Fig. 1). In general, piRNAs account for
a part of the total RNA content in seminal plasma. Among
the 77 million piRNAs annotated in the piRBase database,
1,585,622 piRNAs were detected in the healthy control and
AZS samples.

Identification of differential piRNA expression. DEG-seq
software was used to analyze the differences in piRNA
expression levels between the AZS and normal groups. A
total of 283 differentially expressed piRNAs were obtained
with a significance threshold of 1log2FCl=1 and P-value
<0.05, including 114 upregulated DEGs and 169 downregu-
lated DEGs. Volcano plots and heatmaps of the DEGs are
shown in Fig. 2A and B. Fig. 2C and D and Table II present
20 DEpiRNAs, including the top 10 most strongly upregu-
lated DEpiRNAs and the top 10 most strongly downregulated
DEpiRNAs.

GO and KEGG pathway analysis. GO enrichment analysis
was used to explore the potential functions of these
DEpiRNA-target genes. The top 30 most frequent GO terms
are shown in Fig. 3 and Table III. As shown in Fig. 3A-C, the


https://www.spandidos-publications.com/10.3892/etm.2022.11275

4 HE et al: piRNAs CAN BE USED AS A BIOMARKERS FOR THE DIAGNOSIS OF AZS

4e+05-
3e+05-
Samples
2 Hcase
§ 2e+05- & Gses
8 = &ons
H Con3
) lll i h
. "PULTY VWA

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Length

Figure 1. Small RNA length distribution map. RNAs 18-24 nucleotides in length are miRNAs and RNAs 26-31 nucleotides in length are piRNAs. Patient:
asthenozoospermia vs. control.
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Figure 2. DEpiRNAs between patients with AZS and normal controls. (A and B) Visual images of DEGs between the AZS and normal groups. (C and D) Visual
images of the top 20 DEGs between the AZS and fertile control groups. The green and red dots indicate the upregulated and downregulated genes, respectively
(threshold of llog,fold change 1=1.0 and P<0.05). The grey dots indicate that there were no differentially expressed genes. Rows and columns are used to
represent DEGs and samples. Case: AZS vs. normal. Different degrees of color represent the expression level of DEGs. DEpiRNAs, differentially expressed
piwi-interacting RNAs; AZS, asthenozoospermia; DEGs, differentially expressed genes.

top 3 cellular component (CC) terms were nucleus, cytosol and  and the top 3 molecular function terms (MF) were metal ion
cytoplasm; the top 3 biological process (BP) terms were tran-  binding, ATP and DNA binding.
scription, regulation of transcription and signal transduction;
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Table II. Differentially expressed genes between AZS and controls (top 10).

Upregulated Downregulated
Gene logFC P-value Gene logFC P-value
piR-26591 8.490985 0.004693 piR-15551 -6.52024 0.009999
piR-32694 7.712583 0.000754 piR-29529 -6.49304 0.009822
piR-18725 7.221809 0.009867 piR-25106 -6.17803 0.006124
piR-16782 6.333706 0.006759 piR-2645 -5.63236 0.006583
piR-25491 6.224344 0.004153 piR-9170 -5.57597 0.002927
piR-5952 5.67597 0.006451 piR-2912 -5.32921 0.003
piR-18611 5.669888 0.008762 piR-23203 -4.82064 0.005891
piR-18586 5.527972 0.009949 piR-6148 -4.6561 0.007541
piR-15811 5.406727 0.007682 piR-32713 -4.10666 0.006346
piR-17725 4956704 0.004188 piR-29155 -4.07376 0.009545
114 169

AZS, asthenozoospermia; piR, piwi-interacting RNA.

KEGG pathway analysis was used to identify all the path-
ways and the top 20 most highly enriched pathways related to
the DEpiRNA-target genes (Fig. 3D-F, Table IV). The target
genes enriched among the AZS DEGs were mainly involved
in focal adhesion, actin cytoskeleton, axon guidance, ErbB
signaling pathway and other signal transduction pathways.

Validation of piRNAs expression. To validate the small
RNA-seq results, RT-qPCR analysis was performed on
8 piRNAs among the DEGs. The present study selected
four upregulated piRNAs (hsa-32694, hsa-26591, hsa-18725
and hsa-18586) and four downregulated piRNAs (hsa-6148,
hsa-32713, hsa-2912 and hsa-15551) to quantify their expres-
sion in the AZS and normal group semen samples. The primer
sequences used for investigating piRNA expression are listed
in Table V. As shown in Fig. 4, the expression of piR-hsa-32694,
piR-hsa-26591, piR-hsa-18725 and piR-hsa-18586 was upregu-
lated in the AZS group compared with the normal group and
the downregulated expression patterns were also consistent
with the small RNA-seq results.

Evaluation of piRNAs as a diagnostic marker for AZS.
[Mlumina high-throughput sequencing analysis indicated
that the piR-hsa-32694, piR-hsa-26591, piR-hsa-18725 and
piR-hsa-18586 expression levels were obviously different
between AZS patients and controls. Therefore, the diagnostic
value of these four piRNAs as potential biomarkers for AZS was
assessed and evaluated. ROC curve analysis was used to calcu-
late whether piR-hsa-32694, piR-hsa-26591, piR-hsa-18725
and piR-hsa-18586 could distinguish AZS patients from
controls. As shown in Fig. 5, 150 patients with AZS and
100 normal controls were used as a training cohort to build
a diagnostic model using binary logistic regression. The
AUCs of piR-hsa-18586, piR-hsa-18725, piR-hsa-26591 and
piR-hsa-32694 were 0.850 (95% CI: 0.861-0.9644 P<0.007),
0.875 (95% CI: 0.761-0.9244 P<0.004), 0.913 (95% CI:
0.751-0.9134 P<0.001) and 0.883 (95% CI: 0.721-0.9744
P<0.003), respectively. To improve the diagnostic power, these

four piRNAs were combined as diagnostic model. An AUC
of 0.935 (95% CI: 0.741-0.978; P<0.001) was observed when
the model was applied to a testing cohort (250 specimens
mentioned above and the recollected samples of 40 controls
and 40 AZS patients) to estimate the diagnostic accuracy of
the joint diagnosis model (Fig. 6). These results showed that
the combined diagnostic model could distinguish AZS patients
from controls (specificity=95%, sensitivity=90%).

Discussion

The present study identified the comprehensive piRNA expres-
sion pattern in the semen samples of AZS patients. The small
RNA sequencing data revealed that a total of 283 significant
DEpiRNAs (114 upregulated and 169 downregulated) were
obtained at a threshold of llog2FCI=1 and P<0.05. Further
analyses, including DEpiRNA analysis and GO and KEGG
pathway analyses, were performed to predict the functions of
DEpiRNAs, which revealed the critical roles of piRNAs in
regulating spermatogenesis. These sequencing results were
validated by RT-qPCR analysis of eight piRNAs, specifically,
four upregulated piRNAs (piR-hsa-32694, piR-hsa-26591,
piR-hsa-18725 and piR-hsa-18586) and four downregulated
piRNAs (piR-hsa-6148, piR-hsa-32713, piR-hsa-2912 and
piR-hsa-15551). Of these, piR-hsa-32694, piR-hsa-26591,
piR-hsa-18725, piR-hsa-18586 and piR-hsa-2912 produced
RT-gqPCR results consistent with the sequencing results,
whereas piR-hsa-6148, piR-hsa-32713 and piR-hsa-15551 did
not show significant differences in expression between the
AZS and control samples. The expression of piR-hsa-32694,
piR-hsa-26591, piR-hsa-18725 and piR-hsa-18586 was
significantly upregulated in patients with AZS. The diagnostic
power of these four piRNAs was further analyzed using ROC
analysis and piR-hsa-26591 was found to be the piRNA with
the most potential for diagnosing AZS, with an AUC of 0.913
(95% CI: 0.795-0.994). A logistic regression model including
all four piRNAs was constructed and ROC analysis revealed
that the combination model achieved good diagnostic efficacy
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Figure 3. Enrichment analyses of DEpiRNA. (A-C) Top 30 GO enriched terms among all differentially expressed genes and among upregulated and downregu-
lated genes. (D-F) Top 20 KEGG pathways enriched among the total differentially expressed, upregulated and downregulated genes. DEpiRNAs, differentially
expressed piwi-interacting RNAs; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

(AUC: 0.935). Therefore, these piRNAs were identified as hub
genes that participate in AZS pathogenesis and could serve as
biomarkers for this disease.

Human spermatogenesis is a carefully coordinated and
precisely regulated biological process that includes rigorous
regulation of gene expression at specific phases (24). ncRNAs,
such as circular RNAs, long non-coding RNAs and miRNAs,
are critical regulators of gene transcription and translation
in different phases of spermatogenesis (25-27). piRNAs are
small ncRNAs that are mainly expressed in human germ cells.
piRNAs can maintain cell genome integrity, inhibit transposon
transcription and translation and participate in cell hetero-
chromatin formation, epigenetic regulation and mammalian
germ cell genesis (28). To date, there have been few reports
describing the changes in the piRNA profile in human AZS
patients. In light of the role of piRNAs in male reproduction,
the changes in the expression profile of piRNAs in sperm
from patients with AZS was studied and the the differential
expression of piRNAs in AZS patients and controls analyzed
to explore the unknown pathological mechanism of AZS.

Studies have shown that piRNAs affect gene silencing
mainly by binding to Piwi subfamily proteins of the Ago/Piwi
protein family. Human piwi family proteins, PITWIL1, PIWIL2,
PIWIL3 and PIWIL4 are expressed in testis tissues (1,3,4).
Dai et al (29) showed that a piwi mutation is pathogenic,
causing male infertility and established a clear relationship
between the human piwi gene and male infertility. In addition
to its main functions in transposon silencing, the piwi/piRNA
mechanism affects the degradation of generous mRNA tran-
scripts in various germ cells through miRNA- or/and short
interfering RNA-like mechanisms (30,31). The present study
predicted the target genes of piRNAs that were differentially
expressed between the control group and the AZS group to
explore how the DEpiRNAs might alter sperm function. In
addition, enrichment analysis based on these predicted target
genes showed that cell macromolecule biosynthesis, sper-
matogenesis, male gametogenesis, cytoplasmic transport and
RNA metabolism were altered in the AZS group. Enrichment
pathway analysis showed that the DEpiRNA target genes were
involved in focal adhesion kinase (FAK), actin cytoskeleton,
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Table I'V. Top 20 KEGG pathways of DEpiRNA-target genes (upregulated and downregulated).

Gene item Top 20 KEGG pathways

Total DEpiRNA-target genes MicroRNAs in cancer
Proteoglycans in cancer
Bacterial invasion of epithelial cells
Regulation of actin cytoskeleton
Signaling pathways regulating pluripotency of stem cells
Tight junction
Adherens junction
Cell adhesion molecules (CAMs)
Focal adhesion
Axon guidance
Sulfur relay system
ErbB signaling pathway
Sulfur metabolism
Glycosphingolipid biosynthesis-ganglio series
Inositol phosphate metabolism
Glycosaminoglycan biosynthesis-keratan sulfate
Neomycin, kanamycin and gentamicin biosynthesis
Other types of O-glycan biosynthesis
D-Arginine and D-ornithine metabolism
Valine, leucine and isoleucine biosynthesis
Upregulated DEpiRNA-target genes MicroRNAs in cancer
Protein digestion and absorption
Cushing syndrome
Aldosterone synthesis and secretion
Protein digestion and absorption
Insulin signaling pathway
Cholinergic synapse
Neurotrophin signaling pathway
Circadian entrainment
ECM-receptor interaction
Focal adhesion
Axon guidance
Phospholipase D signaling pathway
cAMP signaling pathway
Calcium signaling pathway
Ras signaling pathway
ErbB signaling pathway
Glycerophospholipid metabolism
Acute myeloid leukemia
Glioma
Downregulated DEpiRNA-target genes Central carbon metabolism in cancer
Proteoglycans in cancer
Salmonella infection
Mineral absorption
Protein digestion and absorption
Carbohydrate digestion and absorption
Endocrine and other factor-regulated calcium reabsorption
Cortisol synthesis and secretion
Thyroid hormone signaling pathway
Synaptic vesicle cycle
Circadian rhythm
Tight junction



Table IV. Continued.
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Gene item

Top 20 KEGG pathways

Hippo signaling pathway

Ubiquitin mediated proteolysis

Calcium signaling pathway

MAPK signaling pathway

EGFR tyrosine kinase inhibitor resistance
Nicotinate and nicotinamide metabolism
Valine, leucine and isoleucine biosynthesis
Purine metabolism

KEGG, Kyoto Encyclopedia of Genes and Genomes; DEpiRNAs, differentially expressed piwi-interacting RNA.
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Figure 4. Expression levels of piRNAs in the semen from AZS patients and controls. (A) piR-has-32694, (B) piR-has-26591, (C) piR-has-18725,
(D) piR-has-18586, (E) piR-has-6148, (F) piR-has-3217, (G) piR-has-15551 and (H) piR-has-2912. *“P<0.01 control vs. AZS). piRNA/piR, piwi-interacting

RNA; AZS, asthenozoospermia.

axon guidance, the ErbB signaling pathway and other signal
transduction pathways. A notable study showed that FAK
coordinates the transport of spermatozoa and prealbumin
spermatids through the epithelium along the functional axis
of the acroplasmic thinning-blood testicular barrier base-
ment membrane (32). A study of pig sperm found that altered
expression of many mRNAs is associated with infertility and
involved in metabolic processes. Specifically, these altered
genes ensure the production of fertile sperm by promoting 26S
proteasome exchange, nucleoprotein digestion and cytoplasmic
residue absorption and supporting cell phagocytosis to elimi-
nate damaged RNA (33,34). Through the analysis of animal
models and human patient data, Lopez-Lemus et al (35) found
that testis (germinal epithelium) is one of the organs damaged
by the multisystem effect of Nonalcoholic fatty liver disease
(NAFLD). Previous studies on animal models reported that

Table V. Primers sequences of the piRNA.

Gene symbol (piRNA)

Primer 5'—3'

piR-hsa-26591
piR-hsa-32694
piR-hsa-18725
piR-hsa-18586
piR-hsa-32713
piR-hsa-6148
piR-hsa-2912
piR-hsa-15551
hsa-5S

GACGAGGTGGCCGAGTGGTT
GAACAAGAAGACACTCGTGG
GACACTCGTGGAGGCGTCA
AGACACTCGTGGAGACGTC
CCTAGAAGACTGACTCTTTGC
TAGTGGTTATCACTTTCGCCT
TCCAACTGCTCTACGACACA
TGCGACGAGATGCTGCTTC
GGAGACCGCCTGGGAATA

piR, piwi-interacting RNA.
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Figure 5. Diagnostic power of the four piRNA potential biomarkers, as determined using receiver operating characteristic curve analysis. (A) piR-has-18586,
(B) piR-has-18725, (C) piR-has-26591, (D) piR-has-32694. [The optimal diagnostic point was assessed at the cut-off values with the highest Youden's indices
(sensitivity and specificity-1)] piRNA/piR, piwi-interacting RNA; AUC, area under curve.

Diagnostic model using 4 piRNAs
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Figure 6. Diagnostic model of AZS using four piRNAs (expression of
piR-has-18586, piR-has-18725, piR-has-26591 and piR-has-32694 used as a
training set). piRNA/piR, piwi-interacting RNA; AUC, area under curve.

NAFLD does not affect sperm morphology by reducing
testosterone synthesis (35,36). A study of the European eel
(Anguilla anguilla) shows that the liver seems to serve a role
in determining the number of sperm by producing some fatty
acids (37). The results of the present study also supported the
hypothesis that the metabolism of FAK, fatty acids and other
macromolecules affects sperm development and maturation.

Previous reports identified mRNAs that are related
to sperm motility, particularly transcripts encoding
flagella-associated protein 45 (CFAP45) and bromodo-
main-containing 2 (BRD2). The content of CFAP4S5 in
low motile power sperm is significantly higher compared
with that in high motile power sperm, while the content of
BRD2 mRNA in sperm from AZS patients is significantly
lower (38,39). This indicates that low sperm motility could
be attributed to the abnormal expression of CFAP45 and
BRD2. The present study found that the expression of four
piRNAs, piR-hsa-32694, piR-hsa-26591, piR-hsa-18725
and piR-hsa-18586, was significantly upregulated in AZS
patients. Furthermore, the ROC curve analysis revealed
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that the AUC of the combination of the four piRNAs was
equal to 0.935 and demonstrated 93.8% sensitivity and 89.3%
specificity. These results suggested that these four piRNAs
were significantly and independently associated with sperm
motility and male infertility. Bioinformatics analysis showed
that CAFP45 and BRD2 were the potential target genes of
piR-hsa-26591. Whether piR-hsa-26591 silences the expres-
sion of CAFP45 and BRD2 and leads to decreased sperm
motility and infertility in AZS patients requires further
study. Overall, the present study may provide insights into
the use of human sperm cell-specific piRNAs as biomarkers
for AZS screening. The present study has some limitations.
First, the small number of samples limited the statistical
power of the microarray analysis. Second, it did not use a
luciferase reporter assay to further verify the relationship
between piR-hsa-26591 and CAFP45.

In summary, the present study identified a piRNA expres-
sion profile and defined the potential function of DEpiRNAs
in AZS. Moreover, the findings also provide some information
regarding the pathological mechanisms of male infertility.
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