
miR‐149) were quantified using reverse transcrip‐
tion quantitative polymerase chain reaction (RT‐
qPCR). Reverse transcription was performed using 
TaqMan MicroRNA Reverse Transcription Kit ac‐
cording to manufacturer protocols. Quantitative 
PCR amplification was performed using TaqMan 
MicroRNA Assays on a real‐time PCR detection sys‐
tem. Each sample was analyzed in accordance with 
standardized amplification protocols to ensure re‐
producibility and analytical reliability. 

 
Normalization and relative quantification  
of miRNA expression 
Expression levels of target miRNAs were normal‐

ized to U6 small nuclear RNA, which served as an 

endogenous reference control. Relative miRNA ex‐
pression was calculated using the ΔCt method: ΔCt 
= Ct (miRNA) − Ct (U6). Lower ΔCt values corre‐
spond to higher relative miRNA expression. Relative 
expression values were also calculated using the 
2^‐ΔCt transformation, allowing comparison be‐
tween samples. This normalization approach is 
widely used and provides reliable quantification of 
miRNA expression. 

 
Embryo culture and morphological assessment 
Following ICSI, embryos were cultured under 

standardized laboratory conditions using a time‐
lapse embryo culture system. Embryo assessment 
was performed according to established morpho‐
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Table 2. Sample‐level comparison of miRNA expression in cumulus cells according to embryo             
morphological quality 

                                     Morphologically Poor Embryos                     Morphologically Good Embryos  
                                 N       Mean (SD)           Median (IQR)            N        Mean (SD)             Median (IQR)        Mean Difference     p‑value 
                                                                                                                                                                                                              (95%CI)                       
                                                                                                                                                                                                          (poor‑good)                   

U6Cpmean               25     22.09(1.50)       22.05(21.29‐22.87)     25      22.44(1.56)        22.51(21.94‐23.70)     ‐0.36(‐1.22, 0.51)      0.415 
miR21Cpmean       25     22.92(2.03)       23.00(21.85‐24.20)     25      23.63(2.08)        24.08(22.17‐25.18)     ‐0.71(‐1.87, 0.46)      0.230 
miR21ΔCt                25      0.84(0.96)            0.66(0.45‐1.25)         25       1.19(0.99)             1.01(0.42‐1.67)         ‐0.35(‐0.90, 0.20)      0.210 
miR21compar        25     ‐0.35(0.96)          ‐0.52(‐0.74‐0.06)       25       0.00(0.99)            ‐0.18(‐0.76‐0.48)        ‐0.35(‐0.90, 0.20)      0.210 
_to_ref 
miR21_power         25      1.57(1.09)            1.44(0.96‐1.67)         25       1.18(0.59)             1.13(0.72‐1.69)          0.39(‐0.11, 0.89)       0.123 
miR144Cpmean     19     34.90(2.33)       34.99(33.62‐37.09)     13      34.49(3.04)        34.54(32.67‐36.78)      0.41(‐1.53, 2.35)       0.669 
miR144ΔCt              19     13.16(1.74)       12.94(12.07‐14.74)     13      12.33(2.96)        12.45(11.80‐14.78)      0.83(‐0.87, 2.52)       0.326 
miR144compar      19      0.83(1.74)           0.61(‐0.27‐2.41)        13       0.00(2.96)             0.12(‐0.54‐2.44)         0.83(‐0.87, 2.52)       0.326 
_to_ref 
miR144_power      19      1.03(1.15)            0.66(0.19‐1.20)         13     19.82(66.74)           0.92(0.18‐1.45)     ‐18.78(‐49.82, 12.25)   0.226 
miR146Cpmean     25     29.96(3.47)       30.39(27.95‐31.03)     24      29.40(2.02)        29.40(27.92‐31.14)      0.56(‐1.08, 2.20)       0.495 
miR146ΔCt              25      7.88(2.79)            7.57(6.77‐8.34)         24       7.01(1.44)             7.14(5.69‐8.31)          0.87(‐0.41, 2.15)       0.179 
miR146compar      25      0.87(2.79)           0.56(‐0.24‐1.33)        24       0.00(1.44)             0.13(‐1.32‐1.31)         0.87(‐0.41, 2.15)       0.179  
_to_ref                           
miR146_power      25      1.89(4.89)            0.68(0.40‐1.18)         24       1.57(1.51)             0.91(0.41‐2.50)          0.33(‐1.77, 2.43)       0.755 
miR149Cpmean     25     29.53(1.21)       29.57(29.05‐29.99)     25      29.99(1.57)        29.69(29.22‐30.86)     ‐0.47(‐1.26, 0.33)      0.242 
miR149ΔCt              25      7.44(1.16)            7.22(6.71‐8.11)         25       7.55(0.68)             7.68(6.98‐8.04)         ‐0.11(‐0.66, 0.43)      0.676 
miR149compar      25     ‐0.11(1.16)          ‐0.34(‐0.85‐0.55)       25       0.00(0.68)             0.13(‐0.57‐0.48)        ‐0.11(‐0.66, 0.43)      0.676 
_to_ref 
miR149_power      25      1.36(0.80)            1.26(0.68‐1.80)         25       1.11(0.53)             0.92(0.72‐1.49)          0.25(‐0.14, 0.64)       0.203 
time (ms)                                                                                                                                                                                                                                        




