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ABSTRACT Objective: Asthenozoospermia, a condition observed in 40% of infertile males, is characterized by reduced sperm
motility. MicroRNAs (miRNAs) play a pivotal role in spermatogenesis, yet their involvement in asthenozoospermia remains poorly
understood. This study aims to elucidate the molecular mechanisms of miRNAs in asthenozoospermia. Method (s): Sperm samples were
collected from individuals with severe asthenozoospermia and healthy males. High-throughput sequencing was employed to identify
differentially expressed miRNAs, followed by bioinformatics analysis of these significant miRNAs. The altered expression of two specific
miRNAs and their target genes was confirmed using qRT-PCR. Result(s): When comparing severe asthenozoospermia patients to healthy
males, 146 miRNAs exhibited significant alterations (P <<0.05; |log2 Fold Change| >1), with 52 upregulated and 94 downregulated
miRNAs.The ten most significantly upregulated and downregulated miRNAs were subjected to target gene prediction through the
miRDB and TargetScan databases, a total of 1407 target genes were found to be supported by both databases. Enrichment analysis
revealed that miRNA target genes were enriched in sperm cell processes, and they were involved in oxidative metabolism, stimulus
response, proliferation, differentiation, and apoptosis in sperm cells. Pathway analysis indicated that target genes might participate in
processes such as autophagy, cellular senescence, the PI3K-Akt signaling pathway, the MAPK signaling pathway, the HIF-1 signaling
pathway, and the mTOR signaling pathway. Notably, among the specifically upregulated miRNAs in ast henozoospermia,
hsa-miR-371a-5p and hsa-miR-2355-5p were identified, with their respective target genes being the autophagy effector protein Beclinl
and mitochondrial inner membrane protein prohibitin2 (PHB2), both directly involved in mitochondrial autophagy. qRT-PCR results
demonstrated an increased expression of hsa-miR-371a-5p and hsa-miR-2355-5p in sperm as motility declined. Conclusion(s): This study
identified miRNAs with specific dysregulation in the sperm of asthenozoospermia patients and their target genes, offering new insights
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and a theoretical basis for further investigation into the mechanisms by which miRNAs regulate mitochondrial autophagic functions in

low motility sperm.
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S PRZ 32%, HFIESIER2 4%), 3K FIEHL LI PR
<B2Y%RRHAE . AR L IRARAEEEL 30 BIESRE TREREAS N 30 f
Yo HEREAR (5 1), 5945 FAELL5r A % o BE 55 K FAE 4L (10%<
PR<40% ) FI 8 JF 554%5 T-hE 41 (0<PR<10% ) , TF.#5 %ot R 40 0 755 T
JI4(PR2 60% ) Fl H 253 121 (40%<= PR<60% ), A i H & 4%
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Table 1 Clinical features of the asthenospermia patients and healthy people with different vitality

Variables Normal(High Normal(Moderate Asthenospermia(Mild Asthenospermia Prvalue
motility) motility) to moderate) (Severe)
Number 15 15 15 15 ns
Average age, years 31+£3.35 31+4.58 33+2.37 32+8.98 ns
Sexual abstinence time, days 4 4 4 4 ns
Sperm concentration 104mL  110.83+22.01 108.90+9.27 115+8.45 103+£19.23 ns
Total volume, mL 4.54+8.52 427+4.16 4.15+7.58 4.12+3.38 ns
Progressive motility 78.46+11.88 57.78+9.56* 23.28+7.84% 3.76+9.35* P<0.05
Note: ns, No significant difference. *P<0.05, the control group was the high motility normal group.
1.2 ik FETIELLFN 3 0] HRZH AOHS 75 RNA ik 2 FE = A BR2Y

121 MN#EFHARSE S RNA (B mRNA) UK
300 pL, 3000xg,4 ‘CE.L> 20 min, WK T {#iFH Trizol &5
(Invitrogen, USA) #£BUE T 5. RNA, A S NG , BAEE M
THE 1 pg MR IRATE 80 CIRAFTL, UiTE/N RNAL fHfT]
Agilent 2100 Bioanalyzer il & 4l & FIHE FE .

122 mRNA FRERRESHT BRI 5 B EE S

] 2% A Ilumina Hiseq 2500 Il )3 £ i £ Ui 42 #F 5ok 7
miRNA #5518, miRNA (#7535 5 i1 54 mirdeep2 3@ H Xt
RPN A IFZRITH5 5] . miRNA Fik G EE N A
Zf+f CPM (Counts per million reads) #{Ei#Hi$2 1 #Y miRNA
MRTE S A FRIR I AT RT3 0o (i edgeR #4741 1]
miRNAs {227 285087 . BEE BME 1.5 f5225%, P-value< 0.05
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1.2.4 qRT-PCR  fdi f§ miRNA %5 —%% cDNA & ik 7 &
(FastKing )& i cDNA, {#i ] PerfectStart Green gPCR SuperMix
(+Dye ID7E ABI 7900 Real-Time PCR #4111 7qRT- PCR, i
WK Z A 10 WL [ SuperMix 5 L Primerl (10 wmol / L)
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1 wL.ddH:0 3.5 pL]. JZ )i 4f4F:94 C 305,95 C .5 s,
60 C 30,40 MER,ZE 3 AL FrAMRNAHITT 3
WEE , R 222 Pt B3 HE Rk &, U6 1E N TR
TEE AT BRIl miRNAs [ AHXT E R 3 787K 45 Rl 243
Btz QRT-PCR P=IRAES 1. AR [P 81 ULk 2.

% 2 qRT-PCR 3| #1551
Table 2 Primer sequences for qRT-PCR

miRNA name

miRNA-specific primer

Universal primers

hsa-miR-2355-5p

hsa-miR-371a-5p

[8[9 CTCGCTTCGGCAGCACA

CCGATCCCCAGATACAATGGACAA

ACTCAAACTGTGGGGGCACT

GATCGCCCTTCTACGTCGTAT
GATCGCCCTTCTACGTCGTAT
AACGCTTCACGAATTTGCGT

1.3 Git=aHh

FTA BRI LA 3 AL LR R B A 2 (s )Y
TEC R I, P LR T ¢ A 5 2240 I bR PR IR
ZAYHT, HE— ST H AR ) LSD-¢ #6596, 5% SPSS #fh#:4T
eit5r#t. RHAESE Mann-Whitney U 636 45008 47 1 3%
PERGES . P<0.05 Bl MR E N,

2 R

2.1 EEBRBFESEMERBEREFHERKIZR miRNAs

PRI Y T 5 A2 S THE R 3 AN 1IE B8 FARA N 3L
o Gl tEWE R 1T, 2 1055 4> miRNAs # 1R, X 26
Bl DA miRNAs. DL log,FC| > 1 171 FDR < 0.01 k7
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JH 2257 AR hsa-miR-2355-5p 16 AN E0HE 122 [ 178 A 0 3
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hsa-miR-483-3p 75 P Es P BAT TRl AR R FEE D
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TG PE DNA G555 S E0E FIE  RNA R4 5 114550 5%
Ji T

T B R B U] KEGG 23 #ras . 15414
RT 30 5% PAERUNREEAR AT, BE E R NIRRT
B AN v AR SR S IBRET SR G o Hr R, AT
AR OCE M5 53l B0 45 PI3K-Akt 5538 5 \MAPK {55
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Patient vs Control
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Fig.1 Differentially expressed miRNAs in asthenospermic specimens versus normal sperm

Note: Red indicates high expression, and blue indicates low expression. ZR, asthenozoospermia, ZC, normal control. (A) Heat map based on the

differential expression of the 146 altered miRNAs in asthenozoospermia and normal specimens. (B) Heat map based on the top 10 differentially expressed

miRNAs in asthenozoospermia and normal specimens. (C) Volcano plot based on all the miRNAs annotated in asthenozoospermia and normal specimens.
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miRNAs £ A8, miRNAs A §ES 5 B HEAFI,

EIRATOAFTE, KB —Le 22 F 338 hsa-miR-34¢-3p |
hsa-miR-34b-3p.hsa-miR-146a-3p, hsa-miR-449a, I hsa-miR-
449c-5p, TARE W FERE R M B AT 2B A YR &Y
DL RHTRE [a)yR Y7 T, Abdolmabood %5 A & IUANE T MK
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Table 3 The top 10 differentially expressed miRNAs (|log2FC\ > 1 and FDR < 0.01) in asthenospermic specimens versus normal sperm defined

by high-throughput sequencing

Mature_ID log,FC Fold_Change P _value q_value(FDR) DGE
hsa-miR-448 5.53E+00 4.61E+01 1.59E-02 2.13E-01 Up-regulated
hsa-miR-4709-5p 5.36E+00 4.10E+01 2.02E-02 2.39E-01 Up-regulated
hsa-miR-483-3p 5.33E+00 4.02E+01 6.85E-03 1.47E-01 Up-regulated
hsa-miR-371a-5p 4.89E+00 2.97E+01 2.63E-08 4.63E-06 Up-regulated
hsa-miR-4772-5p 4.79E+00 2.77E+01 9.32E-03 1.79E-01 Up-regulated
hsa-miR-4772-3p 4.59E+00 2.41E+01 4.91E-03 1.18E-01 Up-regulated
hsa-miR-3614-5p 4.08E+00 1.70E+01 3.84E-02 3.20E-01 Up-regulated
hsa-miR-4662a-3p 3.97E+00 1.57E+01 2.35E-02 2.66E-01 Up-regulated
hsa-miR-2355-5p 3.94E+00 1.54E+01 1.17E-02 1.93E-01 Up-regulated
hsa-miR-511-5p 3.81E+00 1.40E+01 4.99E-03 1.18E-01 Up-regulated
hsa-miR-302a-3p -7.28E+00 6.44E-03 6.31E-15 2.22E-12 Down-regulated
hsa-miR-302b-3p -6.66E+00 9.89E-03 5.65E-18 5.76E-15 Down-regulated
hsa-miR-302a-5p -6.60E+00 1.03E-02 1.09E-17 5.76E-15 Down-regulated
hsa-miR-302c¢-5p -6.35E+00 1.22E-02 4.36E-05 5.26E-03 Down-regulated
hsa-miR-4445-3p -6.12E+00 1.43E-02 9.40E-05 9.02E-03 Down-regulated
hsa-miR-302¢-3p -5.80E+00 1.80E-02 6.19E-12 1.59E-09 Down-regulated
hsa-miR-302d-3p -5.61E+00 2.04E-02 7.52E-12 1.59E-09 Down-regulated
hsa-miR-519¢-3p -4.46E+00 4.56E-02 9.22E-03 1.79E-01 Down-regulated
hsa-miR-541-5p -4.35E+00 4.89E-02 1.59E-02 2.13E-01 Down-regulated
hsa-miR-4728-3p -4.24E+00 5.28E-02 1.66E-02 2.16E-01 Down-regulated

Note: compared with the normal group, P<0.05.

& 4 2B TERN miRNA £MIREMRERRIE

Table 4 Differential expression of miRNA biomarkers for diagnosis of asthenospermia

Mature ID log,FC Fold_Change P _value q_value(FDR) DGE
hsa-miR-146a-3p -3.21E+00 1.08E-01 3.81E-04 2.52E-02 Down-regulated
hsa-miR-449¢-5p -2.14E+00 2.28E-01 5.02E-03 1.18E-01 Down-regulated

hsa-miR-34c¢-3p -1.51E+00 3.51E-01 3.17E-02 2.99E-01 Down-regulated
hsa-miR-34b-3p -1.51E+00 3.52E-01 2.80E-02 2.81E-01 Down-regulated
hsa-miR-449a -1.40E+00 3.78E-01 4.46E-02 3.46E-01 Down-regulated

Note: compared with the normal group, P<0.05.

ﬂu 3 3 I ] BECN T RIS 1 Wi A2 ke a5 25 W3R Y7 I
o HAER, A UFFEHEE miR-37a-5p LILH Y ThREEY)
F‘E\Mﬁﬂfﬁﬂ‘f FI Wi A2 Y 52 miR-371a-5p i KA1
il WA DGR, L Z ARIRY, 34, Al s g il e KA A5 b
&I, hsa-miR-2355-5p ] B840 Ry 25 429 1 S FE 2 W A W
&Y B, miR-2355-5p ) CBXS Jin il LRI Hh (0 40 i 1 5
FERS 05 G ERRFIT A0 A% (34 58 A R AE , A BsF, 40
WSS ATGS M IEAE AL ) H R et
TENREE LR, O T EEN YIRS, &
T & B S 7 T B 550K T BB A b 22 57 3635 1) miRNAs

28R K [ W E B PI3K-Akt {3 538 % MAPK {5 53 %
HIF-1 {553 % .mTOR {553 B F1 FoxO {553 i g 3 AH 3
R, miRNAs 1 £ 5 SRS R, sk TRk
B, AR YUY miRNAs AT 3 15 45 R X 5585 0 7=k
MmN, BRTHESE AN, < IR0 miRNAs 7 Tﬁ‘é%ﬂ?ﬁ%ﬁ B FI 3
SR SR TRE 2 W NI R B G, I HLR AT e Ak =
2 TSR AL TR AT BB,

TERATRIBIFE T, 7R H S e BB b AN
) ¥ DL K RT-gPCR 14 6 91F 45 SR 2] | 78 miR-371a-5p #I
miR-2355-5p ik, KIWAY)E B4 miRNAs $EER
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(B)

Target Number

miRNAname miRDB TargetScan __ Count
hsa-miR-448 581 70 59
hsa-miR-4709-5p 232 197 60
hsa-miR-483-3p 111 37 0
hsa-miR-371a-5p 331 17 8
hsa-miR-4772-5p 232 197 60
hsa-miR-4772-3p 189 137 50
hsa-miR-3614-5p 154 221 45
hsa-miR-4662a-3p 165 141 45
hsa-miR-2355-5p 273 683 132
hsa-miR-511-5p 537 142 67

(D)

Target Number

miRNAname miRDB TargetScan _ Count
hsa-miR-302a-3p 554 222 161
hsa-miR-302b-3p 554 222 161
hsa-miR-302a-5p 381 73 36
hsa-miR-302¢-5p 947 121 81
hsa-miR-4445-3p 19 168 16
hsa-miR-302¢-3p 553 222 161
hsa-miR-302d-3p 554 222 161
hsa-miR-519¢-3p 119 274 43
hsa-miR-541-5p 245 175 61
hsa-miR-4728-3p 214 240 57
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Fig. 2 Potential target genes of the top 10 differentially expressed miRNAs predicted by miRDB and TargetScan Human databases
Note: (A) the network of the top 10 upregulated miRNAs target genes constructed by miRDB and TargetScan;
(B) the count of the top 10 upregulated miRNAs target genes; (C) the network of the top 10 downregulated miRNAs target genes constructed by miRDB
and TargeScan; (D) the count of the top 10 downregulated miRNAs target genes.
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Fig. 3 GO enrichment of target genes of differentially expressed miRNAs
Note: (A) Upregulated differentially expressed miRNAs; (B) Downregulated differentially expressed miRNAs. The bar grah of the 10 GO items with the
most significant differences in the results of GO analysis (BP, CC, MF). Red indicates Biological Process, BP; green indicates Cellular Component, CC;

blue indicates Molecular Function, MF. Arranged by P-value from low to high, the ordinate represents P-value (-log10 transformation).



N NV . . . . . .
- 834 . DREMESSH#E biomed.cnjournals.com Progress in Modern Biomedicine Vol24 NO.5 MAR.2024
Sig pathway of DE gene Sig pathway of DE gene
Hepatitis_B [hsa05161) [}
Colorectal_cancer [hsa05210] - () Pancreatic_cancer [hsa05212] - @
Apoptosis-multiple_species [hsa04215) - °
Salmonella_infection [hsa05132] - . Chronic_myeloid_leukemia [hsa05220] - [ ]
Toxoplasmosis [hsa05145) = ® 2 2 .
Cholnorgi, synapso [hsa04725] ® Transcriptional_misregulati... (hsa05202) @
Human_immunodeficiency_viru... [hsa05170] - o MAPK_signal -
MAPK_signaling_pathway hsa04010)
Signaling_pathways_regulati... [hsa04550] = o Count " ! g . p_value
Pathogenic_Escherichia_coli... [hsa05130] [ ) .5 Small_cell_lung_cancer [hsa05222) - [ ] 008
Tuberculosis [hsa05152) - P
Amyotrophic_lateral_sclerosis [hsa05014] TGF-beta_signaling_pathway [hsa04350) - ° 0
Autophagy-animal [hsa04140] - @ @ Gl v a0 PY
Sphingolipid_signaling_path... [hsa04071) = ® . 2 ell_cycle [hsa04110) o0
£ y .. [hs 4
AGE-RAGE _signaling_pathway._... [hsa04333) ° Celllar_senescence [hsa04218) - Y
Gap_junction [hsa04540] ° 001
Estrogen_signaling_pathway [hsa04915] - ([ ] p_value Epithelial_cell_signaling_i... [hsa05120] - [ ]
Cocaine_addiction [hsa05030)-
Measles [hsa05162)- @ Oocyte_meiosis [hsa04114) - [ Count
Human_T-cell_leukemia_virus... [hsa05166]- @ 0010
TGF-beta_signaling_pathway [hsa04350]- @ Maturity_onset_diabetes_of ... [hsa04950) - . ® 50
Growth_hormone_synthesis_se... [hsa04935]- @ @ 75
Pertussis [hsa05133] - @ 0.005 FoxO_signaling_pathway [hsa04068) [ ] @ 10
Pancreatic_cancer (hsa05212] - @ Collecting_duct_acid_secret... [nsa04966) - . )
Chronic_myeloid_leukemia [hsa05220)- @ @ s
Melanogenesis [hsa04916]- @ Vibrio_cholerae_infection [hsa05110] - °
Legionellosis [hsa05134] - »
Chagas_disease [hsa05142) @ Viral_carcinogenesis [1sa05203) - @®
RNA_degradation [hsa03018]- @
Pathways_of_neurodegenerati... [hsa05022] - Thyroid_cancer [hsa05216] - .
Aronguidance (ks 804360) ‘3@ | Long-term_potentiation [hsa04720)= @
2 3 4 5 ! ! | )
Enrichment Score (-log10(p_value)) 150 175 2.00 225

Enrichment Score (-log10(p_value))

4 BEZE RRiE miRNAs $EFEA) KEGG &2%H
Fig. 4 Scatter plot of KEGG pathways

Note: (A) Upregulated differentially expressed miRNAs; (B) Downregulated differentially expressed miRNAs.

The x-axis represents the enriched pathways, and the y-axis represents the rich factor (sample number/background number).

The size of the dots indicates the number of target genes differentially expressed in this pathway. The colour of the dots corresponds to different P-value

ranges. Colors from blue to red indicate p-values from low to high, that is, the significance of enrichment is from high to low.
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Fig. 5 The different expression levels of hsa-miR-371a-5p, hsa-miR-2355-5p and the target genes Beclinl and PHB2 between asthenozoospermia and

Beclin1

normal specimens as determined by qRT-PCR.

Note: A, Normal control group with high sperm motility, B, Normal control group with moderate sperm motility, C, Mild to moderate asthenospermia

group, D, Severe asthenospermia group. Abbreviations: The control group is sperm high-activity normal control group.

*P<0.05,**P<<0.01,***P<<0.001, ****P<<0.0001.
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