
technical feasibility and analytical reliability of the 
isolation and quantification protocols. 

 
Technical feasibility and analytical  
performance 
Initial protocol validation was performed using 

reference miRNAs let‐7a and miR‐16, selected 
based on their established stability in cumulus cell 
literature. The analytical workflow was first opti‐
mized using pooled cumulus cells (3 oocytes) and 
subsequently validated in single‐oocyte samples. 
Following optimization of lysis buffers and incuba‐
tion times, reproducible detection was achieved in 
single cumulus masses, confirming the assay's sen‐
sitivity for limited biological input. Subsequently, 
RT‐qPCR amplification was successfully performed 
for all selected miRNAs (miR‐21, miR‐144, miR‐146 
and miR‐149), demonstrating the ability to reliably 
detect and quantify miRNA expression in individual 

cumulus cell samples. Normalization using U6 en‐
dogenous control provided stable reference values 
across samples, confirming suitability of the nor‐
malization strategy. These findings confirm that 
miRNA expression analysis can be reliably per‐
formed on individual cumulus cell samples without 
pooling, preserving embryo‐specific biological in‐
formation. 

 
Sample‑level analysis of miRNA expression  
according to embryo quality 
Comparison of miRNA expression between cu‐

mulus cells associated with good‐quality and poor‐
quality embryos was performed at the individual 
sample level using ΔCt values and relative expres‐
sion (2^‐ΔCt). The results are summarized in Table 
2. No statistically significant differences were ob‐
served in expression of any of the investigated miR‐
NAs between groups. 
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Table 4. Summary of published studies evaluating microRNA expression in human cumulus cells (not 
PCOS patients) in relation to oocyte competence, ovarian reserve, and embryo development. Reported mi‐
croRNAs, analytical methods, and clinical contexts vary considerably across studies, reflecting method‐
ological heterogeneity in this field. 

Author (Year)                             miRNAs                                                Method                                     Clinical / Biological Context 
Karakaya (2012) [17]                miR‐21, miR‐320                                Microarray+ qPCR                  Diminished oocyte number in IVF 
Velthut‐Meikas (2013) [35]     miR‐21‐5p, miR‐146b‐5p,               Small RNA‐seq                         Granulosa/cumulus gene regulation 
                                                           let‐7 family 
Assou (2013) [5]                         let‐7, miR‐21, miR‐146b                  Deep sequencing + qPCR     Regulation of cumulus–oocyte complex 
Al‐Edani (2014) [1]                    miR‐202, miR‐210, miR‐424          Microarray + qPCR                 Aging‐related cumulus changes 
Tong (2014) [33]                         let‐7 family, miR‐320a                      qPCR                                           Cumulus vs corona radiata profiles 
Karakaya (2015) [18]                miR‐21‐5p                                            Microarray + qPCR                 Poor ovarian response 
Chen (2017) [9]                           let‐7 family, miR‐342‐3p                  Sequencing+ qPCR                 Diminished ovarian reserve 
Andrei (2018) [4]                        miR‐146a‐5p, miR‐149‐5p              NGS + qPCR                              Differential granulosa/cumulus profiles 
Yerushalmi (2018) [45]             let‐7 family, miR‐21, miR‐34a        Nanostring + qPCR                 Ovulatory cascade regulation 
Woo (2018) [38]                          Multiple miRNAs                                Small RNA‐seq                         Diminished ovarian reserve 
Cui (2018) [10]                            miR‐145‐5p                                         Microarray + qPCR                 Oocyte maturation & CC viability 
Bartolucci (2020) [8]                 miR‐21‐5p                                            qPCR                                           Blastocyst developmental potential 
Vigo (2021) [36]                          Multiple miRNAs                                PCR array                                  LH stimulation protocol effects 
Da Silva (2021) [11]                   miR‐532‐3p                                         qPCR                                           Endometriosis‐associated infertility 
Almiñana (2025) [2]                  miR‐143‐3p, miR‐10b‐5p                RNA‐seq                                     Endometriosis‐related miRNA alterations 
Kılıç (2025) [20]                          miR‐17, miR‐106b                             qPCR                                           Oocyte maturation markers 
 




