
Jiangsu Bioperfectus Technologies Co., Ltd.) accord‐
ing to the manufacturer’s instructions. RNA samples 
were stored at −80 °C until further processing. 

Complementary DNA (cDNA) synthesis was per‐
formed using the LunaScript RT SuperMix Kit (New 
England BioLabs, #E3010L). The resulting cDNA 
samples were stored at −20 °C. 

Quantitative real‐time PCR (qPCR) was con‐
ducted using Luna Universal qPCR Master Mix (New 
England BioLabs, #M3003) on a LightCycler 480 
Real‐Time PCR System (Roche Applied Science). The 
G6PD gene was selected as an internal control based 
on its stable expression across the analyzed sample 
types. Primer sequences are presented in Table 4. 
Normalized expression values were used for com‐
parative analyses. All RNA extraction and amplifica‐
tion procedures were performed under 
standardized experimental conditions according to 
the manufacturers’ instructions. G6PD was selected 
as the reference gene based on its stable amplifica‐

tion profile and consistent Ct values across the ana‐
lyzed sample types. 

 
Statistical Analysis 
Statistical analyses were performed using SPSS 

software (version 20.0; IBM Corp., Armonk, NY, 
USA). Comparisons between two independent 
groups were conducted using the non‐parametric 
Mann–Whitney U test. Associations between semen 
parameters and miRNA expression were evaluated 
using Spearman's rank correlation coefficient, 
whereas correlations involving female reproductive 
parameters were assessed using Spearman’s rank 
correlation coefficient due to the non‐parametric 
distribution of the data and the limited sample size. 
Adjusted correlation analyses were performed to 
control for the effects of age, body mass index (BMI), 
smoking status, and number of retrieved oocytes. 
Comparisons among more than two groups were 
performed using the non‐parametric Kruskal–Wallis 
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Table 5. Comparison of miR‐99a and miR‐143 expression between male and female samples. 
miRNA                                          Group                                 N                         Mean expression                       SD                        p‑value 
miR‐99a                                          Male                                  36                                      6.64                                   2.46                        <0.001 
                                                        Female                                36                                      2.37                                   1.51                                
miR‐143                                          Male                                  36                                      4.57                                   2.02                         0.004 
                                                        Female                                36                                      3.43                                   2.15                                

 

Table 6. Association between miR‐99a and miR‐143 expression and semen parameters in male partic‐
ipants. 

(A) Correlation analysis 
Parameter                         miR‑99a                        p‑value                                 N                             miR‑143                   p‑value            N 
                                           (Spearman)                                                                                                 (Spearman)                                              
Motility                                   ‐0.146                            0.395                                  36                               ‐0.124                        0.470              36 
Total count                             0.166                             0.334                                  36                               0.224                         0.190              36 
(B) Group comparison (based on motility) 
miRNA                          Motility Group                       N                 Mean normalized expression              SD                        p‑value 
miR‐99a                                  ≤42%                                20                                          7.18                                       2.23                         0.203 
                                                  >42%                                16                                          5.97                                       2.64                               
miR‐143                                 ≤42%                                20                                          5.05                                       1.77                         0.214 
                                                  >42%                                16                                          3.96                                       2.20                               
 


