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ABSTRACT

Knee osteoarthritis (KOA) is a highly prevalent degenerative joint disease. To investigate its molecular
mechanisms, we performed high-throughput sequencing to compare miRNA expression profiles in
articular cartilage from KOA patients and healthy controls. We identified differentially expressed
miRNAs, predicted their target genes, and conducted functional enrichment analysis. Total RNA was
extracted from both sample groups, and miRNA libraries were constructed for PE-150 sequencing on
the HiSeq/MiSeq platform. Raw data were subjected to fastq quality control and kcUID deduplication,
after which 18-30 nt short RNAs were retained for alignment against the human reference genome,
known miRNAs were annotated via MiRBase, novel miRNAs were predicted using mREvo and
mirdeep2, differential expression analysis was performed with DESeq?2, target genes were predicted by
combining miRanda and RNAhybrid, and subsequent GO and KEGG enrichment analyses were carried
out. The sequencing data showed high quality with a clean read coverage over 90% and a Q30 score
above 85%; a total of 701-783 known miRNAs and 64—85 novel miRNAs were annotated, among
which 131 differentially expressed miRNAs were identified, and the target genes of these differentially
expressed miRNAs displayed significant enrichment in GO functional categories and KEGG pathways.
These miRNAs play a potential role in KOA progression.

Keywords: High-throughput sequencing, Knee Osteoarthritis; Regulatory networks, Articular
Cartilage

INTRODUCTION

Knee osteoarthritis (KOA) is a highly prevalent degenerative joint disease with primary clinical features
of recurrent knee pain and joint stiffness; as the condition progresses, it may cause joint swelling,
deformity, and functional impairment, and severe cases can even lead to disability '. The pathological
essence of KOA involves multiple biological processes such as the imbalance between chondrocyte

proliferation and apoptosis, degradation of the extracellular matrix, and inflammatory responses.
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Epidemiological data reveal a persistent global increase in the incidence of knee osteoarthritis (KOA),
with elderly populations being particularly vulnerable. Specifically, the prevalence of KOA exceeds 50%
in individuals over 60 years old and rises to over 80% among those aged 75 and above. Notably, in
Western countries, KOA has become one of the leading causes of chronic disability in middle-aged and
elderly groups 2. The prevalence of KOA in China is equally severe, with not only a yearly increase in
incidence but also a trend toward younger onset, and the disease imposes multiple burdens on patients,
families, and society: patients often experience psychological issues like anxiety and depression,
families bear heavy financial burdens for medical care, and society faces significant pressures from labor
force loss and healthcare resource consumption. In-depth exploration of KOA pathogenesis and the

development of effective prevention and treatment strategies have become a critical research priority.

High-throughput sequencing (HTS) technology is a genomics research method based on large-scale
parallel sequencing with core steps including sample library preparation, single-molecule-level fragment
amplification, high-throughput sequencing, and bioinformatics analysis; this technology enables
comprehensive and systematic elucidation of molecular changes during disease progression and provides
crucial evidence for studying disease mechanisms and developing precision therapies 3.MicroRNAs
(miRNAs) are endogenous short non-coding RNAs that regulate gene expression through post-
transcriptional mechanisms, and in the progression of knee osteoarthritis (KOA), they play a crucial
role by influencing biological processes such as chondrocyte proliferation, differentiation, apoptosis,

and metabolism. Existing studies are largely confined to small-sample validation of individual miRNAs
and lack systematic comparative analysis of miRNA expression profiles between knee osteoarthritis
(KOA) patients and healthy controls, so the reliability and comprehensiveness of these findings require

further enhancement.

This study aims to systematically screen differentially expressed miRNAs between knee osteoarthritis
(KOA) patients and healthy controls through high-throughput miRNA sequencing of articular cartilage
tissue samples. By further predicting their target genes and conducting functional enrichment analysis,
this study seeks to elucidate the regulatory networks and potential mechanisms of miRNAs involved in
knee osteoarthritis (KOA) pathogenesis, and this research provides novel experimental evidence and
theoretical support for screening early diagnostic biomarkers and developing targeted therapeutic
strategies for KOA.

MATERIALS AND METHODS

Sample Collection.

All articular cartilage tissue samples used in this study were obtained from patients undergoing knee
surgery at Guangxi Orthopedic Hospital. The knee osteoarthritis (KOA) group comprised 4 patients, all
meeting the diagnostic criteria outlined in the Chinese Association of Traditional Chinese Medicine's
“Diagnostic and Treatment Standards for Knee Osteoarthritis Combining Traditional Chinese and
Western Medicine.” Macroscopic evaluation during surgery confirmed that all KOA donor sites
displayed overt degeneration, corresponding to Outerbridge grade III (characterized by fissuring and
fragmentation). In contrast, cartilage tissues harvested from the trauma control group were confirmed to
be normal and displayed no signs of degeneration (Outerbridge grade I). The control group (CK group)

was composed of patients undergoing surgery for traumatic knee injuries, with all cases confirmed to be
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free of osteoarthritis. No statistically significant differences existed between the two groups in baseline
characteristics such as age and gender (P>0.05), ensuring comparability. The study protocol was
reviewed and approved by the Ethics Committee of Guangxi Orthopedic Hospital. All patients and their

families signed written informed consent forms before sample collection.

Small RNA Library Construction and Sequencing

Total RNA was extracted from the KOA group and CK group samples, which served as the experimental
materials. Systematic quality control of the total RNA samples was performed, including: 1% agarose
gel electrophoresis to assess RNA degradation and contamination, Nanodrop analysis for RNA purity
(requiring OD260/280 ratio between 1.8 and 2.1), Qubit for precise quantification of RNA concentration,
and Bioptic Qsep100 analysis for RNA integrity (requiring RIN > 7.0) 4. Qualified samples were used
for small RNA library construction, following this workflow: Illumina small RNA sequencing-specific
3"and 5" adapters were ligated to RNA molecules, followed by reverse transcription to synthesize cDNA,
and PCR amplification to enrich small RNA fragments. 8% denaturing PAGE electrophoresis was used
to separate and recover 140-160 bp target fragments. Post-assembly quality control: Initial quantification
via Qubit 3.0, library dilution to 1 ng/ul, insert size analysis using Agilent 2100 Bioanalyzer (requiring
main peak within 140-160 bp). Upon confirming the expected distribution, precise library concentration
determination (>2 nM) via qPCR. Libraries passing quality control were submitted to Wuhan Kangce
Technology Co., Ltd. for PE-150 sequencing on the [llumina HiSeq/MiSeq platform (e.g., HiSeq/MiSeq
series). A target data volume of 6 GB was set for selected samples. The resulting raw data were utilized

for subsequent miRNA expression analysis.

Sequencing Data Processing

Raw sequencing data (raw reads) were subjected to quality control using fastp (version 0.23.0). Reads
with 3" and 5' adapter sequences, reads shorter than 15 bp, low-quality reads (over 40% of bases below
Q15 quality) and reads with more than 5 N bases were filtered to obtain high-quality clean data. The
kcUID method was employed for molecular tag (UID) deduplication and error correction with
identification and extraction of UID sequences within reads to eliminate redundancy induced by PCR
amplification. Small RNAs (sRNAs) in the 18-30 nt length range were further filtered as targets for

subsequent analysis.

miRNA Annotation and Novel miRNA Prediction

Quality-controlled sSRNA sequences were aligned to the human reference genome (Homo_sapiens
GR(C38) using Bowtie to obtain their genomic positioning information. Subsequently, successfully
aligned sSRNAs were compared against the miRBase database to annotate known miRNA precursors
(known_hairpin) and mature forms (known mature) across samples and quantify their abundance. For
sRNAs not matching known miRNAs, other non-coding RNA types (e.g., TRNA, tRNA, snRNA) and
repetitive sequences were further excluded. Novel miRNA prediction was performed using mREvo and
miRdeep2 software 3, with the number of predicted miRNAs counted and their length distribution and

first base preferences analyzed.

Differentially Expressed miRNA Analysis.
To eliminate the impact of sequencing depth on expression level comparison, the expression level of

miRNA was normalized using the Transcripts Per Million (TPM) method. The specific calculation
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formula is TPM = (Readcount x 10"6) / Total miRNA reads®, where Readcount represents the sequencing
read count of a specific miRNA and Total miRNA reads denotes the sum of sequencing read counts of all
miRNAs in the sample. Differential expression analysis was performed using DESeq?2 software (version
1.20.0, R Foundation for Statistical Computing, Vienna, Austria). DESeq?2 utilizes a negative binomial
distribution model to model the count data and handle variability between biological replicates. The
thresholds for statistically significant differential expression were prospectively set at [loga(Fold
Change)| > 1 and a False Discovery Rate (FDR) < 0.05. Results were visualized via a volcano plot, and

the reliability of experimental findings was verified through inter-sample correlation analysis.

2.6 Prediction of Differentially Expressed miRNA Target Genes.

To reveal the potential regulatory functions of differentially expressed miRNAs in the system, this study
adopted a "multi-tool combined prediction + intersection screening" strategy for target gene prediction.
This study selected miRanda and RNA hybrid software, which are complementary in algorithmic
principles and set their core discrimination thresholds, with miRanda using a binding free energy (Total
Energy) < -20kcal/mol as the screening criterion. RNA hybrid required its predicted results to meet
statistical significance with a p-value <0.01 and a minimum free energy (MFE) < -28 kcal/mol. Finally,
the intersection of the prediction results from the two tools was used to construct a high-confidence

differential miRNA target gene set to enhance the reliability of subsequent functional analyses.

Enrichment Analysis of Differentially Expressed miRNA Target Genes

For the potential target gene sets of differentially expressed miRNAs, we performed Gene Ontology (GO)
functional enrichment analysis and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway
enrichment analysis to systematically reveal the biological processes and signaling regulatory networks
in which they participate. The GO enrichment analysis first mapped target genes to functional terms in
the Gene Ontology database 7, counted the number of genes within each term and used the
hypergeometric test formula 3to compare differences in functional term distribution between the target
gene set and the whole-genome background. This identified significantly enriched GO terms across the

three major categories: biological process, cellular component, and molecular function.

For significantly enriched metabolic and signaling pathways among target genes, analysis was performed
using the mainstream KEGG pathway database °. Similarly, the hypergeometric test formula was
employed to assess enrichment significance of target genes within KEGG pathways, thereby inferring
key pathophysiological processes potentially involved by differentially expressed miRNAs. All
enrichment analysis results were evaluated using a false discovery rate (FDR) < 0.05 as the significance
threshold.

RESULTS

Sequencing Data Analysis

Systematic quality control was conducted on RNA samples, and RNA quality analyses were performed
via agarose gel electrophoresis, Nanodrop, Qubit, and Bioptic Qsep100. All samples passed the quality
control and met the requirements for subsequent library preparation. Additionally, sequencing quality
control processing was completed using fastp software, and the results are presented in Table 1.

According to the data, all samples had an effective rate exceeding 90% %, Q20 and Q30 bases accounted
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for over 90% and 85% of clean reads, respectively, and the GC content remained stable. Further analysis

showed that the selected SRNAs were mainly distributed in the 18—30 nt length range with uniform base

content distribution and no significant AT or GC segregation (exemplified by CK 1 with results shown

in Figures 1 and 2). These findings confirm the high accuracy of sequencing data without obvious

degradation or contamination. The total RNA extracted in this study has a reliable quality and fully meets

the requirements of subsequent analysis.

TABLE 1: Summary Table of Sequencing Data and Quality Control

Samp Raw Raw Raw Raw Raw  Clean Clean Clean Clean Clean Effective
le Reads Bases Q20 Q30( GC Reads Baes Q20 Q30 GC Rate
(S)] (%) %) (%) (&) (%) (%) (%) (%)

CK 35589 5.34 91.6 86.9 58.1 354995 1.92 99.1 97.02 48.64 99.75

8 780 3 8 4 96

CK 49927 7.49 93.5 88.4 58.5 498488 2.59 99.29 97.28 49.66 99.84

1 792 1 2 68

KOA 40858 6.13 947 89.8 574 407987 2.22 99.28 97.23 49.04 99.85

15 676 9 1 6 60

KOA 48247 17.24 923 874 57.6 481680 2.54 99.26 97.2 48.85 99.83

18 846 2 76

CK 51995 7.8 944 893 58.6 519084 2.65 99.25 97.19 49.47 99.83

5 388 9 5 02

KOA 45112 6.77 90.3 859 59.0 450427 2.32 99.27 97.24 49.38 99.85

16 588 5 1 4 22

KOA 46223 6.93 95.0 90.1 57.9 461540 2.35 99.29 97.29 49.56 99.85
17 212 3 6 9 02

Note : Sample: Sample Name.Raw Bases (G): Raw Off-machine Data Volume.Raw Q20 (%): Proportion of Bases with Quality

Greater Than Q20 in Raw Off-machine Data.Raw Q30 (%): Proportion of Bases with Quality Greater Than Q30 in Raw Off-

machine Data.Raw GC (%): Average Content of GC Bases in Raw Off-machine Data.Clean Reads: Quantity of Clean Reads After

Quality Control.Clean Bases (G): Data Volume After Quality Control.Clean Q20 (%): Proportion of Bases with Quality Greater

Than Q20 in Clean Reads.Clean Q30 (%): Proportion of Bases with Quality Greater Than Q30 in Clean Reads.Clean GC (%):

Average Content of GC Bases in Clean Reads.Effective Rate (%): Proportion of Clean Reads in Raw Off-machine Reads.
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FIGUREL: Length Distribution of sSRNA(CK 1)

Note : The horizontal axis represents the length of SRNA , and the vertical axis represents the percentage of sSRNA with the
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FIGURE 2: Base Content Distribution of Reads at Different Positions

Note: The horizontal axis represents the base positions on readl and read2, and the vertical axis represents the proportion of the
four bases (A, T, C, G) and the unknown base N at the corresponding position across all reads.

Prediction of Known and Novel miRNAs

Small RNA (sRNA) sequences preprocessed using fastp (v0.23.0) were aligned to the human reference
genome via bowtie. The overall genome alignment efficiency ranged from 93.28% to 97.16% (Table 2),
indicating high sequence align ability and good sample quality. Further alignment of genome-matched
sRNAs against the miRBase database annotated known miRNAs. As shown in Table 3, the number of
known miRNA precursors (known hairpin) ranged from 553 to 624 across samples, while known mature
miRNAs (known mature) ranged from 701 to 783. The CK 5 sample contained the highest number of
known miRNAs, while the KOA 15 sample contained the lowest. The total number of reads mapped to
miRNAs (total miRNA reads) was generally higher in the control group than in the KOA group,
exhibiting sample-specific expression patterns '/(Table 4). The distribution of first bases in known
miRNAs showed distinct length-dependent preferences: for example, in CK 1, 18—-19 nt miRNAs
predominantly started with adenine (A), while 20—24 nt miRNAs predominantly featured uracil (U). At
25 nt, cytosine (C) became predominant and all 27 nt miRNAs exhibited adenine (A) as the first base
(Figure 3). For sSRNA sequences not matched to known miRNAs, novel miRNA prediction was performed
using mREvo and miRDeep2 software. As shown in Table 5, the number of newly predicted mature
miRNAs ranged from 64 to 85 across samples, with the highest count in CK_5 and the lowest in KOA 17.
Expression patterns also exhibited sample-specificity (Table 6). The newly predicted miRNAs also
exhibited significant first-base preferences: in the CK 1 sample, sequences of 18-21 nt predominantly
featured cytosine (C), those of 22-23 nt predominantly featured uracil (U) and all 25nt sequences were
entirely composed of uracil (U) '2(Figure 4). These base distribution patterns align with characteristics
typical of Dicer enzyme processing products, indicating high reliability for the newly predicted miRNAs.
Figure 5 uses the CK 1 sample to present the occurrence percentages of A, U, C, and G bases at each
position of the novel miRNA from 1 to 22 nt, showing that the positional specificity of'its base distribution
conforms to the typical characteristics of miRNA and also verifies the reliability of the novel miRNA

prediction results.
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TABLE2: Summary Table of Alignment Information
Reads CK 8 CK_1 KOA 15 KOA 18 CK 5 KOA 16 KOA 17

Clean_uniq_reads 284173 400929 285787 333713 469908 275240 373023
Clean_total_reads 4425556 7976907 7320258 8327389 7867758 7197726 7261297
Mapped_uniq_reads 235146 323240 239587 274276 387706 214069 292698
Mapped_total reads 4300053 7608069 6828111 7920400 7511185 6886202 6876625
Mapping rate 97.16% 95.38% 93.28% 95.11% 95.47% 95.67% 94.7%

Note: Clean_uniq_reads: Number of Unique Reads After Quality Control.Clean_total reads: Total Number of Reads A fter Quality

Control.Mapped _uniq_reads: Number of Mapped Unique Reads.Mapped_total reads: Total Number of Reads Mapped to the

Reference Genome.Mapping_rate: Percentage of Reads Mapped to the Reference Genome Relative to the Total Number of Reads.

TABLE 3: Summary Table of Known miRNA Alignment Results for Each Sample

Type CK_ 8 CK1 KOA 15 KOA 18 CK.5 KOA_16 KOA 17
known_— ¢, 589 553 580 624 611 569
hairpin

known_ 5 748 701 722 783 764 718
mature

total_mi 230707

RNAre 2571516 ¢ 1500918 2123767 2708760 1979767 1705021
ads

uniq_mi

RNA re 3972 4182 3572 4020 4506 3939 3878
ads

Note: known_hairpin: Refers to the miRNA precursors that are mapped. known mature: Refers to the mature miRNAs
that are mapped. total miRNA reads: Refers to the number of small RNAs that are mapped.uniq miRNA_reads:
Refers to the types of small RNAs that are mapped.

TABLE4: Expression Profiles of Matched Known miRNAs (Partial)

miRNA CK 8 CK_1 KOA 15 KOA_18 CK 5 KOA_16 KOA_17
hsa-miR-1468-5p 59 34 26 23 28 23 24
hsa-miR-502-5p 2 0 2 0 1 1 0
hsa-miR-5187-5p 22 6 5 1 5 2 6
hsa-miR-218-1-3p 0 0 0 2 1 1 1
hsa-miR-4712-5p 0 0 0 0 0 1 0
Note: Column 1: Mature miRNA ID.
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FIGURE 3: First-Base Preference of Known miRNAs with Lengths of 18~30 nt(CK 1)
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Note: The horizontal axis represents the sequence length of miRNA, and the vertical axis represents the

percentage of the occurrence of bases A/U/C/G at the first position in miRNA.

TABLE 5: Summary of Predicted Novel miRNAs & Per Sample sSRNA Alignment to Them

Type CK 8 CK 1 KOA 15 KOA 18 CK 5 KOA 16 KOA 17
mature_miRNA 69 67 66 69 85 65 64
total miRNA 4555 7900 8295 51385 10732 4155 7543

Note: mature miRNA: Refers to the number of predicted mature miRNAs. total miRNA: Refers to the

number of reads predicted to map to mature miRNAs.

TABLE 6: Expression Profiles of Novel miRNAs (Partial)

miRNA  CK_8 CK_1 KOA_15 KOA_18 CK 5 KOA_ KOA_l
16 7

novel 350 330 259 458 302 324 365

1

novel 100 230 42 84 342 60 52

42

novel 31 21 20 27 40 16 22

29

novel_ 30 14 15 9 14 20 15

31

Note: Column 1: Predicted Mature miRNA 1D.
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FIGUREA4: First-Base Preference of Novel miRNAs with Lengths of 18~30nt(CK 1)
Note: The horizontal axis represents the sequence length of miRNA, and the vertical axis represents the percentage

of'the occurrence of bases A/U/C/G at the first position in miRNA.
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Histogram of base frequency at each position
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percentage of bases A/U/C/G appearing in the miRNA at that position.
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Differential Expression miRNA Analysis
DESeq2 software was used to conduct differential expression analysis between the knee osteoarthritis
(KOA) group and the control group based on TPM-normalized expression data of known and novel miRNAs
13, A total of 131 miRNAs were identified as significantly differentially expressed, using the pre-specified
thresholds of |log2FC| > 1 and FDR < 0.05. Among these, 54 were significantly up-regulated and 77 were
significantly down-regulated '4(Figure 6). The miRNA expression scatter plot of the comparison group
shows that non-differential miRNAs are concentrated near the diagonal, while 77 down-regulated and 54
up-regulated differential miRNAs deviate from it. This pattern reflects the difference in miRNA expression
between the KOA group and the control group. The results are presented in Figure 7. These findings indicate
widespread dysregulation of miRNAs in knee osteoarthritis (KOA) articular cartilage tissue to further assess
experimental reliability and intergroup consistency inter-sample correlation analysis was performed with
results showing that correlation coefficients among control samples generally exceeded 0.90 while those in
the KOA group ranged between 0.85 and 0.90.No significant outlier samples were identified (Figure 8)
confirming excellent data quality and reliable reproducibility, which establishes a solid foundation for
subsequent target gene identification and functional analysis. Hierarchical clustering analysis was
performed using the TPM-normalized expression levels of 131 differential miRNAs between the KOA
group and the control group. The results showed that samples from the control group and the KOA group
formed independent clusters according to their groups with tight aggregation within the same group; The
131 differential miRNAs were divided into two clusters, where the "KOA high-expression cluster" showed
warm-color high expression in the KOA group and cool-color low expression in the control group, while
the "KOA low-expression cluster" showed the opposite expression trend. This result confirms the
expression difference between the two groups and the repeatability of samples within the same group(
Figure 9). Notably, the observed down-regulation of hsa-miR-1468-5p in KOA cartilage is of particular
interest, as this miRNA is postulated to target DUSP6, a key modulator of the MAPK pathway. Since
decreased DUSPO activity is linked to increased MMP13 production, our data suggest that the loss of this
miRNA contributes to cartilage degradation via the derepression of the DUSP6/MMPI3 pathway. We
propose a novel model of cartilage degradation in KOA mediated by the hsa-miR-1468-5p/ DUSP6/MMP13

regulatory axis.
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FIGURE 9: Clustering of differential miRNA expression levels
Note: (A) Clustered Heatmap of Differentially Expressed miRNA Expression in All Samples. (B) Clustered
Heatmap of Differentially Expressed miRNA Expression between KOA and CK Groups.

miRNA Target Gene Prediction

To identify potential targets of differentially expressed miRNAs, this study used both miRanda and
RNAhybrid for target gene prediction among 131 significantly differentially expressed miRNAs. miRanda
prediction results (Table 7) revealed low binding free energies between differentially expressed miRNAs
and target genes, indicating high binding stability . Target gene lengths ranged from 2998 to 8082 bp,
while miRNA lengths were concentrated between 21 and 22 nt, consistent with typical miRNA-target
interaction characteristics . RNAhybrid predictions further indicated (Table 8) that most miRNA-target
pairs exhibited binding free energies below -30 kcal/mol with statistical significance (p < 0.01).To enhance
prediction reliability, intersection analysis of the two tools' results was performed. RNAhybrid predicted
1,394,043 potential target genes, while miRanda predicted 684,193. A total of 162,501 target genes were
predicted by both tools (Figure 10). This intersecting target gene set underwent multi-algorithm validation,
showing high credibility and providing a reliable data foundation for subsequent miRNA regulatory
mechanism analysis and functional enrichment studies 7.

TABLE7: Summary Table of Predicted miRNA Target Genes Based on Miranda (Partial)

. Target_ Tot E  Max_S MiRNA ..
MiRNA Gene Tot_Score nergy  core Max_Energy “length Target_gene_length  Positions
?;“"’”'R 1468 ki 151 2457 151 24.57 21 8082 2444
hsa-miR-1468- FAMI2 5 20.14 145 -20.14 21 3373 1671
S5p 9C
?;"’""'R'I 05 RIMBE 170 2397 170 -23.97 21 2998 1364
?;"'miR'I 68 g 161 2423 161 2423 21 3566 2137
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Note:miRNA: miRNA ID. Tot_Score: Total Matching Score.Tot Energy: Total Matching Free Energy.Max Score:
Maximum Matching Score.Max Energy: Maximum Matching Free Energy.miRNA length: miRNA
Length.Target gene length: Target Gene Length.Positions: Matching Start Positions.

TABLES: Summary Table of Predicted miRNA Target Genes Based on RNAhybrid (Partial)
Target  Gene_

Gene length miRNA miRNA_length MFE pvalue Positions

RAETI 1112 hsa-miR-1468- 21 319 0.03 95

E Sp

BCAS3 818 ﬁ;“'m’R'l 468 5 332 0.01 422
TINAG 707 hsa-miR-1468- 21 307 0.02 171

LI p

ATGE 45 hsa-miR-1468- 282 0.03 188

D S5p

Note:Target_Gene: Target Gene.Gene length: Target Gene Length.miRNA: miRNA 1D.miRNA_length: miRNA
Length.MFE: Minimum Free Energy.pvalue: Statistical Significance Level.Positions: Matching Start Positions.

FIGURE 10: Venn Diagram of miRNA Predicted Target Genes
Note : The blue ellipse represents the number of target genes predicted by the RNAhybrid algorithm, and the red
ellipse represents the number of target genes predicted by the Miranda algorithm.

Differential miRNA Target Gene Enrichment Analysis

To clarify the biological functions of differentially expressed miRNAs and their potential roles in the
pathogenesis of knee osteoarthritis (KOA), this study performed Gene Ontology (GO) functional annotation
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis on the selected
high-confidence target gene sets, with the results visualized in Figure 11 (GO enrichment) and Figure 12
(KEGG pathways) '8. Gene Ontology (GO) enrichment analysis revealed significant enrichment of target
genes in three major categories: Biological Process (BP) involving fundamental life activities like cellular
processes and biological regulation, Cellular Component (CC) featuring structures such as cell membranes
and organelles, and Molecular Function (MF) encompassing functions including protein binding '°-2°. These
findings indicate that differentially expressed miRNAs may participate in the occurrence and progression of
knee osteoarthritis (KOA) by regulating the aforementioned fundamental cellular activities and molecular
functions, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis further shows
significant enrichment of target genes in pathways including the PI3K-Akt signaling pathway, mTOR
signaling pathway, cancer pathways, signal transduction pathways, and neuroactive ligand-receptor
interactions, suggesting these pathways may play crucial roles in the KOA process ?!. In summary, this
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study identified potential target genes of KOA-associated differentially expressed miRNAs and their
involvement in biological processes and signaling pathways via systematic GO and KEGG enrichment
analyses, providing new insights into the molecular mechanisms underlying KOA.

FIGURE 11: GO Enrichment Plot of Upregulated/ Downregulated Genes

Note: The horizontal axis represents the significance of enrichment, and the vertical axis represents the
enrichment GO terms. (A) GO enrichment analysis of down-regulated genes. (B) GO enrichment analysis
of up-regulated genes.

FIGURE 12: KEGG Metabolic Pathway Diagram of Upregulated/Downregulated Genes

Note: The horizontal axis represents the significance of enrichment, and the vertical axis represents the
enriched KEGG pathways. (A) KEGG Metabolic Pathway Map of Downregulated Genes. (B) KEGG
Metabolic Pathway Map of Upregulated Genes.

DISCUSSION

This study used human knee osteoarthritis (KOA) articular cartilage tissues and normal control articular
cartilage tissues as research subjects, adopted the UID miRNA-seq library preparation strategy combined
with PE-150 sequencing, obtained a minimum data volume of 6 GB per sample 22, and identified a total of
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701-783 known miRNAs and 64—85 novel miRNAs through systematic analysis. This study obtained
162,501 high-confidence target genes via combined prediction with RNA hybrid and miRanda tools and
subsequent cross-validation, and further GO and KEGG enrichment analysis of these target genes showed
significant enrichment in biological processes closely related to KOA pathology, including cell proliferation
regulation and inflammatory response. KEGG analysis showed these target genes were mainly enriched in
pathways including the PI3K-Akt signaling pathway, mTOR signaling pathway, and metabolic pathways.
These pathways are closely associated with chondrocyte survival, proliferation, autophagy, and
inflammatory responses, thus forming the primary focus of discussion in this study. Multiple studies have
indicated that the PI3K-Akt pathway, as a core signaling axis in the pathological process of KOA, exhibits
abnormal activation. This abnormal activation is closely associated with cartilage degradation, bone
dysfunction, and synovial inflammation, and the pathway itself also serves as a potential therapeutic target
for KOA 23, The findings of this study further confirm the crucial role of the mTOR signaling pathway in
the occurrence and progression of KOA. Existing evidence reveals two key mechanisms: first, excessive
activation of the mTOR pathway suppresses chondrocyte autophagy and promotes the expression of matrix-
degrading enzymes (e.g., matrix metalloproteinase-3, MMP-3), thereby exacerbating cartilage destruction
24; second, inhibiting the mMTORC]1 pathway reduces the secretion of matrix metalloproteinase-13 (MMP-
13) and a disintegrin and metalloproteinase with thrombospondin motifs-5 (ADAMTS-5). Moreover, this
inhibition can significantly delay the progression of joint structural damage in animal models by activating
the autophagy pathway to clear abnormal protein aggregates 2°. The association between metabolic
pathways and KOA is complex and multidimensional. Its primary mechanisms are manifested in that
metabolic products can directly or indirectly induce changes in epigenetic modifications—including DNA
methylation, histone acetylation, and methylation—to regulate the transcription of KOA-related genes. For
instance, acetyl-CoA derived from fatty acid oxidation (FAQO) can act as a substrate for histone acetylation,
thereby activating the expression of catabolic genes such as MMP1326-27, Research has also revealed that
aging and metabolic abnormalities may lead to mitochondrial dysfunction and reactive oxygen species
(ROS) accumulation to further activate inflammasomes and exacerbate chondrocyte damage 3.

This study employed strict sequencing quality control procedures and a multi-software analysis strategy to
identify differentially expressed miRNAs with potential functional roles and their target genes in knee
osteoarthritis (KOA) cartilage tissue, preliminarily clarified the molecular pathways involved in these
miRNAs, and provided theoretical foundations and data support for the development of diagnostic
biomarkers and targeted therapies for KOA. The knee osteoarthritis (KOA) miRNA expression profile
(comprising 131 miRNAs) revealed in this study indicates that the pathogenesis of KOA is driven by a
complex regulatory network, updates the previous understanding of the role of a single molecule, and
provides a valuable reservoir of candidate molecules for the development of novel diagnostic biomarkers
and targeted therapeutic strategies.

This study has certain limitations: The most notable limitation is the relatively small sample size, which
may constrain the statistical power and generalizability of the findings. The differential miRNAs identified
in this study based on high-throughput sequencing have not been independently validated through
quantitative real-time polymerase chain reaction (QRT-PCR) or functional experiments. This study did not
provide visual quality control evidence like RNA electrophoresis images and library quality inspection
graphs, although the clearly documented quality control standards indicated all samples and data met the
required quality criteria. The results of this preliminary screening study provide high-confidence candidate
molecules and a theoretical basis for subsequent verification. Future work will expand the sample size,
incorporate biological replicates, and validate the regulatory relationships between differentially expressed
miRNAs and their target genes through functional experiments. These efforts will deepen the understanding
of their molecular functions and provide new strategies for the precision treatment of KOA.
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CONCLUSION
This study constructs an miRNA-mediated regulatory networkin knee osteoarthritis (KOA),
which comprises 131 differentially expressed miRNAs, their target genes, and key signaling pathways such
as PI3K-Akt and mTOR. This network reveals the potential regulatory mechanisms of miRNAs in knee
osteoarthritis (KOA) (e.g., the hsa-miR-1468-5p/DUSP6/MMPI13 axis) and provides novel molecular
targets and pathways as well as a theoretical basis for disease diagnosis and targeted therapy.
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