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Abstract

Osteoarthritis (OA) is a joint disease of unknown etiology that can occur in joints through-
out the body, especially with articular cartilage lesions of the knee joint and hip joint.
Osteoarthritis not only causes joint pain, deformity, and functional impairment, but also
significantly increases the risk of cardiovascular events, deep vein thrombosis in the lower
limbs, and hip fractures. Up to now, there have been no specific medications available for
the treatment of osteoarthritis, and the disease remains incurable. Therefore, identifying
reliable biomarkers is crucial for achieving a more accurate diagnosis of OA and for guiding
the development of targeted treatment strategies. In this paper, we screen and synthesize
articles that performed transcriptomics and proteomics analysis on tissue or cell samples
taken from osteoarthritis cartilage. We identify common differentially expressed genes (co-
DEGs) and proteins (co-DEPs) in cartilage samples from knee osteoarthritis (KOA) and hip
osteoarthritis (HOA) and consolidate them into candidate molecules, while systematically
delineating their expression trends and underlying mechanisms at both the transcriptomic
and proteomic levels. This review establishes a theoretical foundation and identifies future
research directions for functional validation and clinical translation of these candidate
molecules as potential biomarkers and therapeutic targets for osteoarthritis.

Keywords: knee osteoarthritis (KOA); hip osteoarthritis (HOA); transcriptomics; pro-
teomics; differentially expressed genes (DEGs); differentially expressed proteins (DEPs)

1. Introduction

Osteoarthritis (OA) is a chronic disease primarily characterized by degenerative
changes in articular cartilage. Its core features include progressive destruction of ar-
ticular cartilage, accompanied by abnormal subchondral bone remodeling, synovial cell
hyperproliferation, and osteophytes at the joint margin [1-3]. It can lead not only to joint
pain, deformity, and dysfunction [4-6], but also to a significant increase in the risk of
cardiovascular events [7,8], lower-extremity deep venous thromboembolism [9], and hip
fracture [10,11]. The global prevalence of OA continues to rise, currently affecting approxi-
mately 7.6% of the world’s population [12,13]. Statistics indicate that the incidence rate of
OA is significantly higher in women than in men [14-16]. The incidence rate is extremely
high in the elderly, and the dysfunction is severe, with patients in the advanced stage
potentially losing their ability to work due to joint deformity and dysfunction [17-19]. In
addition, the incidence rate of OA is closely related to factors such as obesity, joint injury,
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trauma, race and economic income [20-24]. Currently, the main diagnostic methods for OA
are signs and symptoms and imaging, and there is a lack of mature biomarkers that can be
used for routine clinical diagnosis [25-27]. Treatment methods are also limited to symp-
tomatic treatment, such as analgesia and anti-inflammatory drugs and surgical treatment
in the terminal stage, with no specific therapeutic drugs available [28-30]. Therefore, this
article aims to identify key molecular targets by systematically reviewing the OA-related
transcriptomics and proteomics literature, providing new insights for the diagnosis and
treatment of OA.

Knee osteoarthritis (KOA) and hip osteoarthritis (HOA) are the most common types of
OA. KOA and HOA share significant similarities: First of all, the core pathological change
in both is characterized by progressive degeneration and damage of the articular carti-
lage, ultimately leading to joint structure destruction and functional impairment [31-33].
Secondly, the main clinical manifestations of both tend to be consistent, including symp-
toms such as joint pain, stiffness, limited mobility, and functional decline [17,21,24,34].
Finally, conservative treatment strategies also follow common principles, including disease
education, weight management, exercise therapy, and physical therapy [35-37].

Concurrently, there are significant differences between KOA and HOA. First and
foremost, regarding anatomical structure, the knee is a hinge joint that allows flexion
and extension with rotation and contains a meniscus [38], whereas the hip is a ball-and-
socket joint with a greater range of motion and no meniscus [39]. Additionally, Bastick
et al. found that malalignment is a significant risk factor for knee osteoarthritis, while
its association with HOA is relatively weaker [40]. Therefore, biomechanical strategies
to improve symptoms and delay disease progression are one of the core directions in the
field of osteoarthritis research [41]. Finally, the location of pain is the key clinical feature
distinguishing the two conditions. The pain of knee osteoarthritis is usually located in the
anterior knee, medial side, or lateral region and sometimes radiates to the proximal lower
leg. Patients experience particularly prominent pain during stair climbing [42]. In contrast,
the typical pain location of HOA is in the groin region, followed by the buttock, anterior
thigh, or medial side [43]. It is worth noting that hip pain can sometimes radiate to the
knee joint, a phenomenon that may lead to misdiagnosis as KOA. Therefore, identifying the
differentially expressed genes in KOA and HOA through omics, and then finding targets,
are helpful for the diagnosis and treatment of the two.

Transcriptomics is the study of all transcripts in a specific cell, tissue, or organism
at a particular time point or under specific conditions [44—46]. It encompasses all RNA
molecules present in a cell or tissue at a given time, while focusing on quantifying gene
expression, understanding gene function, and mapping regulatory networks that drive bio-
logical processes [47—49]. Early traditional sequencing methods typically targeted a single
gene or a small number of genes, employing the Sanger chain-termination method and
Maxam-Gilbert chemical degradation method [50-52]. Subsequently, the first generation
of large-scale transcriptomics analysis technology emerged: the gene expression microar-
ray [47,48]. This technology immobilizes DNA probes of known sequences on a chip,
reverse transcribes RNA from samples into cDNA and labels it with fluorescence, and then
hybridizes it with the chip. By detecting the intensity and location of fluorescent signals, it
determines which genes are expressed and their expression level. However, first-generation
sequencing techniques rely on probe design and thus they can only detect known sequences,
which limits the sequencing range. Currently, RNA sequencing is the mainstream technol-
ogy in transcriptomics research, enabling open-ended, whole-transcriptome detection of
samples in a single experiment and providing read-based expression quantification [53].
In recent years, single-cell transcriptomics [54] and spatial transcriptomics [55-57] have
greatly expanded the dimensions and depth of transcriptomics research, making it possible
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to resolve gene expression at cellular resolution and within a spatial context. With the
advances and developments that have occurred in transcriptomics technologies, we expect
to gain a more comprehensive understanding of the molecular mechanisms involved in the
development and progression of osteoarthritis [58]. This review integrates bulk RNA-seq
and single-cell RNA-seq datasets. The former is cost-effective, reliable, and provides broad
coverage, making it suitable for large clinical cohorts; however, it masks cellular hetero-
geneity and fails to identify rare cell types. Although the latter can resolve rare cells and
developmental trajectories, it is costly, poorly scalable, and subject to experimental biases.
To address this, we performed a joint analysis of cartilage tissue data and chondrocyte data.

Proteomics enables the systematic investigation of all proteins expressed in a specific
cell, tissue, or organism under defined conditions [59-61]. Protein composition within an
organism varies significantly depending on cell type, developmental stage, environmental
conditions, and physiological state. Therefore, proteomics can more directly reflect the
actual functional state of an organism [62,63]. Proteomics requires a combination of various
techniques: two-dimensional gel electrophoresis (2-DE) and multiple mass spectrometry
techniques [64,65]. 2-DE separates complex protein mixtures based on isoelectric point
and molecular weight, generating individual protein spot maps [66,67]. This supports
large-scale protein expression pattern analysis and reveals dynamic changes under various
biological conditions. 2-DE is particularly suitable for differential proteome analysis and
post-translational modification studies [68,69]. However, it also has limitations, such
as low throughput, low sensitivity, and poor reproducibility. These shortcomings have
largely limited in-depth proteomics research [70-72]. Currently, many proteomics studies
have shifted to liquid chromatography—tandem mass spectrometry (LC-MS/MS)-based
techniques, which offer higher throughput, a wider dynamic range, better sensitivity, and
greater automation [73-75]. These features make LC-MS/MS more suitable for analyzing
complex samples and low-abundance proteins [76-78]. The relatively high throughput of
this technology also makes it suitable for clinical applications involving human biological
fluids and diseased tissues [79]. In recent years, single-cell proteomics has also emerged,
enabling direct readout of the functional state of individual cells [80-83]. However, the
limited number of proteins in cells poses significant challenges for mass spectrometry
analysis [84]. Advances in proteomics technologies have created opportunities for the
discovery of biomarkers for osteoarthritis [85].

This study systematically screened for differentially expressed factors (DEFs) shared
at the omics level between cartilage tissues or chondrocytes of KOA and HOA. However,
the conclusions are limited to exploratory evidence and have not yet addressed key aspects
such as diagnostic performance evaluation, accessibility validation in peripheral biolog-
ical samples, temporal dynamic associations, causal perturbation analysis, drug safety
assessment, or translational feasibility for drug development. Therefore, all differentially
expressed factors identified in this study are cautiously defined as “candidate molecules”
rather than validated biomarkers or therapeutic targets. More advanced validation work
awaits further investigation in subsequent studies.

2. Methods

We conducted a literature search in the PubMed database on 30 November 2025
for original research on the transcriptomics and proteomics of osteoarthritis. The search
included the following terms: cartilage, osteoarthritis (OA), knee, hip, transcriptome,
proteome, RNA sequencing (RNA-Seq), gene expression, and mass spectrometry (MS).
This study followed the PRISMA framework for literature search, screening, and structured
data extraction. The search strategy was as follows: (Full search details are available in
Table S1).
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@O((((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title / Abstract]) OR (OA[Title/ Ab-
stract]))) AND (knee[Title/ Abstract]) AND(hip[Title/ Abstract]))) AND ((transcriptom*[Title/
Abstract]) OR (RNA sequencing][Title/ Abstract]) OR (RNA-Seq[Title/ Abstract]) OR (Gene
expression[Title/ Abstract]))

@((((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title / Abstract]) OR (OA[Title/ Ab-
stract]))) AND (knee[Title/ Abstract]) AND(hip[Title/ Abstract]))) AND ((proteom*[Title/ Ab-
stract]) OR (Mass spectrometry[Title/ Abstract]) OR (MS[Title/ Abstract]) OR (Molecular
profiling[Title / Abstract]))

(®(((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title/ Abstract]) OR (OA[Title/ Ab-
stract]))) AND (knee[Title/ Abstract])) AND ((transcriptom*[Title/ Abstract]) OR (RNA se-
quencing|Title/ Abstract]) OR (RNA-Seq|[Title/ Abstract]) OR (Gene expression|[Title / Abstract]))

®(((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title/ Abstract]) OR (OA[Title/Ab-
stract]))) AND (knee[Title/ Abstract])) AND ((proteom*[Title/ Abstract]) OR (Mass spec-
trometry[Title/ Abstract]) OR (MS[Title / Abstract]) OR (Molecular profiling[Title/ Abstract]))

®(((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title/ Abstract]) OR (OA[Title/ Ab-
stract]))) AND (hip[Title/ Abstract])) AND ((transcriptom*[Title / Abstract]) OR (RNA sequenc-
ing[Title/ Abstract]) OR (RNA-Seq[Title/ Abstract]) OR (Gene expression|[Title/ Abstract]))

®(((cartilage[Title/ Abstract]) AND ((osteoarthritis[Title/ Abstract]) OR (OA[Title/ Ab-
stract]))) AND (hip[Title/ Abstract])) AND ((transcriptom*[Title / Abstract]) OR (Mass spec-
trometry[Title/ Abstract]) OR (MS[Title / Abstract]) OR (Molecular profiling[Title/ Abstract]))

2.1. Inclusion Criteria

Inclusion criteria for search strategies (1) and (2—for Section 4, “Common differentially
expressed factors (Co-DEFs) in cartilage samples from KOA and HOA patients”: (1) Origi-
nal studies that performed transcriptomic or proteomic analyses on both knee osteoarthritis
and hip osteoarthritis; (2) samples obtained from cartilage tissue or chondrocytes; (3) all
species with osteoarthritis; and (4) full-text research in English

Inclusion criteria for search strategies 3 and (®—for Section 5, “Multi-omics charac-
teristic molecules of KOA cartilage”: (1) Original research on transcriptomic or proteomic
analysis of knee osteoarthritis; (2) samples obtained from cartilage tissue or chondrocytes;
(3) all species with osteoarthritis; and (4) full-text research in English

Inclusion criteria for search strategies &) and (§—for Section 6, “Multi-omics charac-
teristic molecules of HOA cartilage”: (1) Original research on transcriptomic or proteomic
analysis of hip osteoarthritis; (2) samples obtained from cartilage tissue or chondrocytes;
(3) all species with osteoarthritis; and (4) full-text research in English

2.2. Exclusion Criteria

Common exclusion criteria for all search strategies: (1) Non-OA omics original research
(e.g., reviews, retrospective studies, bibliometric analyses); (2) articles without relevant
differentially expressed genes; (3) articles with samples obtained from non-cartilage tissues
or chondrocytes (e.g., meniscus, subchondral bone, synovium, plasma); and (4) articles
with full text unavailable or only an abstract available.

Exclusion criteria specific to search strategies () and @—for Section 4, “Common dif-
ferentially expressed factors (Co-DEFs) in cartilage samples from KOA and HOA patients”:
Original transcriptomic or proteomic research that did not conduct a combined analysis of
knee and hip osteoarthritis.

Exclusion criteria specific to search strategies 3) and (®—for Section 5, “Multi-omics
characteristic molecules of KOA cartilage”: No original transcriptomic or proteomic re-
search has been conducted on knee osteoarthritis.
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Exclusion criteria specific to search strategies (5) and (&—for Section 6, “Multi-omics
characteristic molecules of HOA cartilage”: No original transcriptomic or proteomic re-
search has been conducted on hip osteoarthritis.

3. Result
3.1. Results of Literature Search

The PubMed search generated 1259 records. Subsequently, we applied the follow-
ing screening criteria: abstracts, full texts, and English language as inclusion criteria.
Search strategies D) and @) together excluded two records; search strategy (3 excluded
14 records; search strategy (@ excluded nine records; search strategy & excluded three
records; and search strategy (& excluded one record, resulting in a total of 29 excluded
records. Next, based on the remaining inclusion and exclusion criteria, screening was
performed by title and abstract: search strategies (1) and (@) together excluded 39 records;
search strategy (3 excluded 571 records; search strategy (@ excluded 257 records; search
strategy (® excluded 55 records; and search strategy (6) excluded 37 records, yielding a
total of 959 excluded records. Finally, the remaining 271 records were imported into Zetero
software (6.0.23), and we performed deduplication and eligibility assessment on the full
texts of these records: search strategies () and @ together excluded 13 records; search
strategy (3 excluded 80 records; search strategy (@ excluded 68 records; search strategy
(® excluded 33 records; and search strategy (&) excluded 19 records, totaling 213 excluded
records. Ultimately, 58 original studies on transcriptomics and proteomics related to KOA
and HOA were included in this review. For details, see Table S2. The retrieval results are
presented in the literature screening flow diagram (Figure 1).

Search process and results for queries strategy @ and strategy @ J

[ Search process and results for queries strategy @ / strategy @ 1 ( Search process and results for queries strategy ® / strategy ©

Records identified from
PubMed databases

(n=59)

Rocords after apply
Abstract, Full text,
English filters

(n=57)

|
)

Records after full-text
evaluation

(n=18)

Records included

(n=5)

Records removed aftor applying
= Records identified from the following filters: 5 Records identified from Records removed after applying
Records removed after S PubMed databases using Abstract, Full text, English: 2 PubMed databases using the following filters:
applying the following filters: g ol (n = 688) 3 evatogy © (n 09 Abstract, Full toxt, English
= tegy @ (n =14) —
Abstract, Full text, English: z Records identified from strategy @ (n =9) Records identified from
(n=2) 9 PubMed databases using 3 PubMed databases using
=) strategy @) (n = 352) & strategy © (n=61)
) Records excluded by title and Records excluded by title and.
abstract: abstract :
Records excluded by title and
5 rateg strategy
Reviews (n =15) v Reviews (n =5)
Reviews (n =5) Non-omics article (n =167) Non-omics article (n =22)
Ncnom\cos article (n=9) NO OA (n=84) o ign(l);;e(:s '::le ”
NO OA (n=10) non-cartilage tissue or Records after apply >
Non-cartilage tissue or Records after apply Chondrocyles (n =231) ‘Abstract, Full toxt, Y ir'.;mom; o _1;)
Chendrocytes (n =12) Abstract, Full text, Analyze HOA (n=74) lish filters: hoakon ;=)
Only analyze HOA or KOA English filter I Total=571 ¥ 5 (n =96) otal
n=3) : \nze74) e strategy
N=343) i A Reviews (n =4)
Total=39 eviewsi(n #13) Non-omics article (n =15)
@ Non-omics artile (n =92) 3 NO OA (n=3)
£ NO OA (n =35) £ Non-cartiage tissue or
5 Non-cartilage tissue or rocytes (n =11)
Chondrocytes (n =88)
o Analyze KOA (n=4)
S Analyze HOA (n =29) 3 Total=37
o«
Total=257
Reports excluded after full-text y
‘evaluation:
Reports excluded after full-text Ri6Goi0S aiter MR Reports excluded aftor full-toxt
luation :
DuphcalI;EIg:o;;iblé:;elevanl Records after full-text ‘evaluation
(n=13) Svaluation Duplicate record , No relevant (asst) Dupicate record, No relevant
(n=t03)  [—— e (n=23) DEPs
(n =86) (n=80) (n=33)
ate (n =68) (n=19)
— l — L 2
g Records included in g Records included
s strat (n=8);
] 3
° § Records included
= strategy ©(n =4)

Figure 1. Literature screening flow diagram.

3.2. Data Synthesis Rule

Based on the above retrieval strategies, we systematically extracted data from the
58 included OA omics original studies and compiled them into an evidence matrix
(Table S2). Subsequently, the upregulated and downregulated differentially expressed
factors in this matrix were ranked separately: factors with fold change (FC) values were
sorted in descending order by |FCI, whereas factors without FC values were ordered
according to the sequence of their narrative description in the original texts (as annotated in
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Table S2). Based on these rankings, the top 10 factors from each category were selected and
presented in tables. respectively. Thereafter, to identify shared differentially expressed fac-
tors between knee and hip osteoarthritis, we used the complete evidence matrix (Table 52)
as the basis, restricted the analysis to human tissues or cells, retained only factors that
met the predefined significance threshold, removed duplicates, and excluded factors with-
out a clearly reported direction of change. Finally, we performed a cross-comparison of
differentially expressed factors between knee and hip to extract overlapping factors and
summarize their expression trends (Table S3). Meanwhile, considering the heterogeneity
in study design and platform among the included studies, we employed an adaptive
quality assessment comprising six items, rather than a standardized risk-of-bias tool such
as ROBINS-I (see Table S4 for details).

4. Common Differentially Expressed Factors (Co-DEFs) in Cartilage
Samples from KOA and HOA Patients

According to the screening criteria described above, a total of five publications that
performed comparative transcriptomic or proteomic analyses on cartilage samples from
KOA and HOA were retrieved in this section. Among the literature using transcriptome
sequencing, Xu et al. conducted the first comprehensive analysis at the transcriptomics
level of human KOA and HOA cartilage, along with cartilage from patients with neck
of femur fracture (NOF). The study found that KOA and HOA showed inconsistencies
in individual gene expression but had commonalities in the involved molecular path-
ways. They summarized 81 DEGs that were simultaneously upregulated and 77 that were
downregulated in both KOA and HOA [86]. Den Hollander et al. assessed gene expres-
sion differences in differentially methylated regions (DMRs), followed by transcriptomics
analysis of DMR genes, revealing distinct expression patterns in the knee joint and hip
joint. They identified 11 DEGs that were simultaneously upregulated in KOA and HOA,
but the article did not mention simultaneously downregulated expressed genes [87]. By
comparing the transcriptomics of lincRNAs in hip joint and knee joint cartilage, Ajekigbe
et al. suggested that lincRNAs exhibit selective expression in cartilage. They screened out
ten upregulated factors and one downregulated factor simultaneously in KOA and HOA
cartilage, suggesting their involvement in cartilage homeostasis [88]. Hsueh and Casalone
et al., on the other hand, performed a comparative analysis of the genome in KOA and
HOA cartilage samples using proteomics sequencing technology. Hsueh et al. identified
177 differentially expressed proteins in KOA and HOA compared to normal cartilage tissue,
but did not mention the expression trends of these differentially expressed proteins [89].
Different from the specimens tested by Hsueh et al., Casalone et al. performed proteomics
analysis on chondrocytes from KOA and HOA, identifying 21 factors, but also did not
mention the expression trends of these factors [90]. These co-DEFs are detailed in Table 1.
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Table 1. Differentially expressed genes common to both KOA and HOA summarized from the literature.
Onmics Platf co-DEFs
. . mics Platform ..
Sample Type Species  Experimental Group and Technology Statistical Methods Upregulated in Both Hip Downregulated in Both Hip Year References
and Knee and Knee
CCDC80, CHD9, SPTAN1, SOD2, GLRX, TMOD1, ADM,
GPR125, COL13A1, GALNT1,
ANGPTL7, MARCH3, MT1M,
GNG2, EXTL2, CYB5A, GRN,
ELL2, EFNA1, HIST1H1C,
RAPHI1, CAPS, TLE4, CTSO,
GYGI1, HIG2, ISG20, CEBPD,
SCARA3, FZD7, TUBB2A,
BTG2, SLC39A14, GADDA45A,
COPZ2, INSC, ENAH, CMAH, C100rf10, AVPIL
Mann-Whitney U test NCAM1, HTRA1, ATP1B1, PO ’
. . ] . MTHFD2, NEBL, KIAA1622,
Transcriptomics; (non-parametric); quantile ~ ATRN, SERBP1, COL8A2,
. o . GBP2, ERRFI1, GLUL,
Illumina Human HT-12 normalization + median EML1, LPHN1, PKM2,
. . GALNTL2, BEX2, RRAGD,
V3 whole-genome baseline transformation; C200rf82, CTSK, PDGFRL,
. . . CHAC2, ALPK1, IFRD1,
expression array; Agilent ComBat batch correction; ANTXR1, DIXDC1, ITGA11,
X . . K DDIT4L, CBLB, ZNF395,
Female HOA (n =9) vs. GeneSpring GX 11; unsupervised hierarchical ~RAMP3, LSP1, NUAK1,
s . R ITGA5, WDR33, WSB1, TRIB3,
Cartilage Tissue Human Female NOF (n = 10); qRT-PCR validation of clustering (Euclidean + C18orf1, ZNF503, ANGPTL2, NUPR1, THADA, FLJ22639 2012 [36]
& Female KOA vs. 6 genes (TagMan, ABI complete linkage); GSEA PDGFC, ARHGDIB, EPB41L2, MST1 50’ BCL6 Pg{ GL ’
Female NOF PRISM 7900HT, Thermo (permutation test); IPA SHC4, HSPB6, FAT, OMD, 4 4 ¢
. e . FAM134A, HMGB2, ANKRA?2,
Fisher Scientific Inc., pathway analysis SLC35B2, COL5A1, CHSTb, CLK1, CCNG2, RBM7
168 Third Avenue, (Fisher’s exact test); ISLR, CALM1, GNG11, RPESP, GAB A,R APL1 /E GFL A,M
Waltham, MA 02451, STRING PPI network; MAGED1, CLEC11A, TSPAN2, . ¢
. GNPDA1, MKNK2, DHX40,
USA) Pearson correlation HCFC1R1, ACPL2, ECM2,
. ASS1, MXI1, RHOBTB3,
(knee/hip concordance) SMOC1, FZD8, GLI3, KALL1,
SESTD1, C2o0rf56, WHSC1L1,
PCOLCE, OAF, GREM1,
ELP2, AKT3, CHD2, UBE2V2,
COL11A1, DKK1, COL5A2,
C9orf72, RAB11FIP5, CLK3,
CRIP1, MAMDC2, OGN, CCDC45, Cl70rf48
CTHRC1, MXRA5, CLEC3A, P S TOTES,
CNOTS8, ANKRD28
SPARC, COL2A1, ZFANDS, CTH, JAK2, AASS
SERTAD4, CRISPLD1 ’ ’ 4
HOA (n=17) vs. NC Transcriptomics; PCA; linear mixed models  LOC375295, PITX1, DLX5,
. . (n=17); Illumina Infinium for differential CpGs; GMDS, SCNN1A, HOXB2, .
Cartilage Tissue  Human ¢ (' 14y ys. NC HumanMethylationd50 sliding-window DMR HOXCS, MEIS2, SCK, Not mentioned 2014 [87]
(n=14) BeadChip algorithm; R v3.0.2 IRX3, HOXC6
Damage dcartilage in TransFrlp tomics; RP1-125N5.2, LINC00885,
Illumina Genome
HOA (n =10) vs. NC Analvzer Tix: Iumina DESeq_2; RP11-161M6.2, RP11-449D8.1,
Cartilage Tissue Human (n=6); Y 4 RUVg removal of PSMG3-AS1, AC159540.1, AC144831.1 2019 [88]

Damage dcartilage in
KOA vs. NC

HiSeq 2000 (Illumina, Inc.,
San Diego,
California, USA.)

unwanted variation; PCA

AP006621.5, LINC01089,
RP11-63G10.4, LINC00342
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Table 1. Cont.
. co-DEFs
Sample Type Species Experimental Group Snlfill"i“icl,}}x)fl(:) rgn; Statistical Methods Upregulated in Both Hip Downregulated in Both Hip Year References
and Knee and Knee
TNXB, FN1, COL6A3, COL12A1, COL2A1, TNC, C3, THBSI,
COMP, COL3A1, HSPG2, ALB, ACAN, CILP, CILP2, COL1A1,
CFH, COL1A2, FBN1, TF, C4B, C4A, VIM, THBS4, KRT1, FGB,
HAPLNT1, COL6A2, LTF, COL6A1, PKM, MATN3, KRT10, LMNA,
FGG, TGFBI, BGN, PRELP, CLU, FGA, MEGES, KRT9, PLG,
ANXA1, MMP3, ANXA2, ABI3BP, COL11A2, KAL1, DCN, SRPX2,
One-way ANOVA and GSN, MMP2, HHIPL2, CFB, GAPDH, IGHG1, ENO1, VIT, AEBP1,
paired Student’s t-test OGN, PGK1, ASPN, HSPA5, AHNAK, FMOD, LUM, PCOLCE,
(GraphPad Prism 5.0); KRT2, HP, FBLN1, PRG4, POSTN, CHAD, HBD, SERPINF1,
Proteomics; multivariate regression HTRA1, ALDOA, SMOC2, F2, KRT6A, CKM, KRT16, COL5A2,
HOA vs. NC: nanoLC-LTQ-Orbitrap (joint site, disease state, HBB, IGHG2, PCOLCE2, IGHA1, VCAN, HPX, A2M, IGHGS3,
Cartilage Tissue Human KOA VS. NC, Velos Pro (Thermo Fisher cartilage depth; JMP Pro CLEC3A, LDHA, ACTB, SERPINE2, KRT5, KRT14, APOE, C9, 2017 [89]
’ Scientific, Waltham, 11.2); hierarchical HSP9OB1, PDIA3, LYZ, IGHG4, FGFBP2, VTN, CLEC3B,
Massachusetts, USA) clustering (Cluster 3.0 + SERPINA1, KRT6B, ACTC1, HSPAS, CHI3L1, ITIH1, CCDC80, BPI,
JAVA Treeview); ANGPTL2, GDF10, CP, EFEMP1, APOA4, ITIH2, SOD3, ANG,
MRM peak-area PLA2G2A, FHL1, HSPA1B, PRDX1, CA3, APOA1, SERPINA3,
relative quantification MSN, MMP9, C1R, EDIL3, IGKC, HBA2, APCS, PPIA, PPIB,
EEF1A1, IGHA2, COL11A1, COL5A1, ANXAA4, ITIH6, C8B,
RNASE4, PEBP1, C1QB, PPBP, AMBP, AK1, HSPA1L, HISTIH2BK,
HIST1H2BJ, KRT13, PEN1, ANXAS5, C8G, FRZB, BLVRB, CFD,
TUBA1B, MNDA, CA2, COL9A1, FKBP3, SERPINHI1, GC, IGHM,
C8A, TKT, COL16A1, MEI2, PRDX2, MAMDC?2, IGLC2 (trends
not mentioned)
Degenerated cartilage in . o GDF5, MCF2L, FTO, SUPT3H, CDC5L, SMAD3, GLT8D1, DVWA,
Chondrocyte Human HOA vs. Intact cartilage Protepmlcs; Case—gontrol association HLA-DQB1, BTNL2, DUS4L, TP63, COG5, DOT1L, NCOA3, 2018 [90]
UK Biobank genotypes analysis (OR with 95% CI)  FILIP1, SENP6, KLHDC5, PTHLH, ASTN2, CHST11 (trends

in HOA

not mentioned)

NOF, neck of femur fracture.
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According to Table 1, we conducted a detailed comparison of the factors mentioned in
each article and found three factors that were frequently reported in the transcriptomics
and proteome and could promote OA progression: ANGPTL2, CCDC80, and HTRAL.
Angiopoietin-like 2 (ANGPTL2), a secreted glycoprotein, can accelerate tumor progression
in some cancers [91,92]. Shan et al. first highlighted the negative role of ANGPTL2
secreted by human chondrocytes in osteoarthritis pathogenesis and its putative role as a
therapeutic target for osteoarthritis (OA). They also found that ANGPTL2 may regulate
the NF-kB signaling pathway through Integrin o531 and that ATN-161 can inhibit Integrin
a5p1, significantly antagonizing the phosphorylation level of p65 in primary chondrocytes
treated with ANGPTL2 overexpression [93]. The cell signaling pathway of ANGPTL2 is
detailed in Figure 2. CCDC80, also known as coiled-coil domain containing 80 [94], has
gene mutations that may be associated with stomach cancer [95], thyroid cancer [96], and
inflammatory bowel disease [97]. Korthagen et al. discovered that CCDC80 may be a
gene that marks the early stages of osteoarthritis progression in patients [98]. HTRA1,
also known as serine protease 1, is expressed in the retina [99-102] and may be a target
for age-related macular degeneration treatment [103]. Shi et al. found that knocking
down HTRAL1 can effectively inhibit myocardial fibrosis in dilated cardiomyopathy and
improve left ventricular function [104]. Tsuchiya et al. found upregulation of HTRA1
in articular cartilage with osteoarthritis damage in mouse tissues [105], and Wilkinson
et al. and Oka et al. found that HTRA1 inhibits TGF{ family protein-mediated signal
transduction [106,107]. The mechanisms of these factors in osteoarthritis are not yet fully
understood, and further in-depth exploration is expected to reveal new therapeutic targets
for the disease, providing potential directions for future treatment strategies.

ANGPTL2 structure

-~

TNF ANGPTL2

v i

TNFR a5p1

e
g 4t Cowis)

Proteasomal
Degradatign P65/RelA
e NF-kB2 P52 ‘
ub K63-Ubiquitin ---% Degradation
Ub K48-Ubiquitin —i Negative
Regulation
P65/RelA | NF-kB P50/P52
Survival l Inflammation l Immune Regulation

Figure 2. Schematic diagram of the related signaling pathways and structure of ANGPTL2 in os-
teoarthritis. The literature reports that TNF and IL-1 are two classic pathways in the NF-«B signaling
pathway, which can activate the IKK complex. ANGPTL2 can also activate the IKK complex through
integrin 531 and regulate the NF-«B signaling pathway. Furthermore, ATN-161, which inhibits integrin
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a531, significantly antagonizes the phosphorylation level of p65 in primary chondrocytes treated with
ANGPTL2 overexpression. Created in BioRender. sun, Y. (2026) https://BioRender.com/10ac3jq.

Due to the limited existing literature and the insufficient number of differentially
expressed factors, it is still difficult to directly guide clinical practice. However, this
research direction is of great significance for the development of diagnostic and treatment
strategies for osteoarthritis. To this end, this study systematically retrieved and sorted the
transcriptomics and proteomics literature in the PubMed database up to November 30,
2025 and further summarized the differentially expressed genes shared by KOA and HOA,
aiming to provide a theoretical basis for the subsequent discovery of biomarkers and the
establishment of therapeutic targets.

5. Multi-Omics Characteristic Molecules of KOA Cartilage
5.1. Differentially Expressed Genes (DEGs) in the Transcriptomics of KOA Cartilage

According to the screening criteria described above, a total of 23 original studies that
conducted transcriptomic analyses on KOA cartilage samples were included in this section.
Geyer et al. found that WISP-1, AQP-1, and DNER could be identified as novel target
molecules and candidate biomarkers involved in the pathogenesis of osteoarthritis [108].
The findings of Rai et al. have supported molecular differences between medial and lateral
compartments reflective of the greater severity of OA in the medial compartment [109].
The findings of Khan et al. demonstrated that GPR68 was robustly expressed in human
cartilage and mice and its expression correlates with matrix degeneration and severity of
OA progression in humans and surgical models [110]. Di et al. and Yuan et al. also used
RNA sequencing to compare DEGs in the weight-bearing area versus the non-load-bearing
area and the lateral region versus the medial region of KOA cartilage tissue, respectively.
However, none of these three teams reported the expression trends of these DEGs [111,112].
Winstanley-Zarach et al. used RNA sequencing and identified multiple upregulated and
downregulated DEGs associated with KOA [113]. Katsoula et al. identified 68 upregulated
DEGs and 30 downregulated DEGs [114]. Han et al. employed RNA sequencing technology
to comprehensively characterize the similarities and differences in mRNAs, IncRNAs, and
circRNAs within the cartilage of Kashin—-Beck disease (KBD) and osteoarthritis (OA) and
identified certain non-coding RNAs as candidate diagnostic biomarkers or therapeutic
targets for KBD patients [115]. This study by Mei et al. further advances the understanding
of the interplay between genes, chemicals, and their impact on osteoarthritis [116]. The Gene
Expression Omnibus (GEO), a public gene expression database created and maintained by
the National Center for Biotechnology Information (NCBI), has collected high-throughput
genomic data submitted by research institutions worldwide since 2000, encompassing
data generated by technologies such as microarray chips, next-generation sequencing, and
single-cell sequencing [117-120]. Li et al. performed differential analysis and functional
enrichment analysis using KOA cartilage-related datasets from GEO, initially comparing
female KOA with female healthy knee cartilage tissue and male KOA with male healthy
knee cartilage tissue, identifying multiple KOA-related DEGs [121,122]. Tang et al. also
utilized GEO, discovering 10 upregulated and 10 downregulated DEGs in the cartilage
tissue of KOA patients [123].

Cartilage tissue is composed of chondrocytes, a matrix, and fibers [124-126]. Unlike the
sample sources in the aforementioned studies, other studies have used RNA sequencing
or single-cell RNA sequencing techniques to identify relevant DEGs in chondrocytes
from patients with KOA. Chen et al. suggested that novel miRNA regulation plays a
key role in the pathogenesis of knee joint microenvironment alterations in osteoarthritis
(OA) [127]. Steinberg et al. and Wu et al. used RNA sequencing to analyze degenerate
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cartilage and intact cartilage from KOA and severely damaged cartilage and intact smooth
cartilage from KOA, respectively, discovering several upregulated and downregulated
DEGs [128,129]. Single-cell RNA sequencing, a high-throughput sequencing technology
in biology, is used to analyze gene sequences, structures, and expression at the single-cell
level to reveal differences in genetic information between cells. The first human single-cell
sequencing study was completed in 2012. Tang et al. were the first to utilize single-cell
RNA sequencing (scRNA-seq) to elucidate the transcriptomic alterations and distinct cell
subtype populations in the cartilage of subchondral insufficiency fracture of the knee (SIFK)
and osteoarthritis (OA), providing new perspectives on the pathogenesis and progression
of SIFK and OA [130]. Fan et al. employed single-cell RNA sequencing to analyze the
heterogeneity of knee chondrocytes and identified potential cell populations for targeted
therapy [131]. Sun et al. used single-cell RNA sequencing technology to verify the marker
genes of seven chondrocyte subtypes [132].

Some scholars have also investigated cartilage tissue or cells from mouse or rat KOA
models to identify key genes associated with KOA cartilage. Sebastian et al. identified
a total of 29 upregulated and 39 downregulated DEGs associated with cartilage tissue in
KOA [133]. Sebastian et al. performed OA modeling on C57BL/6] mice and, for the first
time, used single-cell RNA sequencing technology, discovering five upregulated and four
downregulated DEGs [134]. Wu et al., Zhao et al., and Hu et al. performed OA modeling
on SD rats, Wistar rats, and Lewis rats, respectively, and used RNA sequencing technology
to analyze DEGs related to KOA [135-137]. These DEGs are detailed in Table 2.

5.2. Differentially Expressed Proteins (DEPs) in the Proteomics of KOA Cartilage

According to the screening criteria described above, a total of 19 original studies
that conducted proteomic analyses on KOA cartilage samples were included in this sec-
tion. Hermansson et al. used two-dimensional gel electrophoresis—-mass spectrometry
(2-DE/MS) technology to analyze 11DEPs in KOA cartilage tissue, but they did not re-
port the expression trends of these DEPs [138]. Guo et al. also used the same technology
and found 14 upregulated DEPs in KOA cartilage tissue [139]. Di et al. compared carti-
lage tissue from the weight-bearing region and non-weight-bearing region of KOA and
found 28 upregulated proteins and 29 downregulated proteins, providing new ideas for
promoting the repair of cartilage damage [111]. 2-DE is particularly suitable for rapid
comparison of protein expression differences between two samples, but it also has short-
comings such as being time-consuming and labor-intensive, with limited sensitivity. Liquid
chromatography-tandem mass spectrometry (LC-MS/MS) compensates for these short-
comings, as it has advantages such as high throughput, high sensitivity, and automation.
Currently, many proteomics studies have shifted to LC-MS/MS. Garcia et al. first used LC-
MS/MS technology and discovered related proteins in KOA cartilage tissue. However, this
study did not mention a healthy control sample [140]. Chen et al. performed a proteomics
analysis of 15 KOA and 11 healthy knee joint articular cartilage tissues, and they found
364 significantly upregulated and 424 downregulated DEPs [141]. Steijns et al. treated
KOA patients with knee joint distraction (KJD) and analyzed their cartilage tissue after the
procedure, identifying 25 upregulated and 21 downregulated DEPs [142]. Fan et al. sum-
marized the top ten hub proteins in the protein—protein interaction (PPI) network of KOA
cartilage tissue and found that changes in calcified cartilage could reflect the progression
of KOA [143]. Brumwell et al. identified proteomic changes in the phenotype of human
primary articular chondrocytes (hPACs) from OA patients after collagenase digestion. They
found a total of 375 upregulated DEPs and 123 downregulated DEPs. Ultimately, they
advocated for tissue fixation prior to nucleic acid extraction for analysis [144].
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Table 2. Differentially expressed genes in the KOA transcriptome (top 10 DEGs listed).
. . Omics Platform Top 10 DEGs
Sample Type Species Experimental Grou Statistical Methods Year References
ple yp P P P and Technology Upregulated Downregulated
Cartilage OA (n=5)vs. NC (n=5) Affymetrix HG-U133 Array differential AQP-1, DAF, DNER, IF, .
- Human . IGFBP-3, WISP-1 Not mentioned 2008 [108]
Tissue Male = 1 Female = 4 Plus 2.0 array expression (SLR) .
Sort by: Alphabetical
OA medial compartment MMP13, MATN3,
Cartilage cartilage (n = 23) vs. OA Affvmetrix Gene 2.0 t-tost for p values and EPYC, SCARNAS, SELE, MCTP1, CTSS, VSIG4,
Tsne Human lateral compartment ST Are : ol charas COL2A1, SNORAI1, F13A1, STEAP4, SLCO2AL1, 2018 [109]
cartilage (n = 23) Male = 10 y g SCARNA14, HISTIH2BM, GUCYIA3, TEK, IF127
Female = 13 LECT1, COLIIA1
. . . . ADAMTS4, ADAMTSS,
%Zgﬁleage Human OA (n =20) vs. NC(n = 18) lel)imszs?cl)frfle(ﬁintéallM) %‘ffﬁﬁgﬁ_‘:ﬁt GPR68, MMP3, Not mentioned 2023 [110]
P 8 yiP MMP9, MMP13
OA weight-bearing area
Cartilage (n=28) vs. OA Illumina HiSeq Wilcoxon rank-sum test
Tissue Human non-load-bearing RNA-seq (scRNA-seq) SLC39A14, FTHI TGFB1 2023 (]
area (n = 28)
Cartilage . . Student’s t-test; SULF1, HS6ST3, SDC2, HS2ST1, HS6ST2, HS6ST1, HS3ST1,
Tissue Human Lateral OA vs. medial OA  Tllumina RNA-seq One-way ANOVA CHST13, EXT2, HSPG2 (trends not mentioned) 2025 [112]
AC008592.4, PCSK1, GRIN2A, ADAMTS2,
. _ . , AL355596.1, AC083843.3, AL139220.2, MGATS3,
%artﬂage Human I\N/[él? O_Aégn =6) vs. Male %‘\‘ff_tseq Reverse3™  5e-way ANOVA CYP4B1, LINCO1554, CLEC3A, TNFRSF18, 2023 [113]
1ssue = seq RIPOR2, GASALL, GREM1, MATN3, FAM180B,
MRC1, NOD2 GRIA2,
Cartil High-grade OA cartilage Beniamini—Hochb OGN, RN7SL376P, R3BHDML, SOX?7, CFH, FRZB, CHRDLZ2,
T 8 Human (n=124) vs. low-grade OA  Tllumina TruSeq RNA 0 Tl mHOCIDELS HTRA1, CRLF1, TMEM59L, ~ RCAN2, SPOCK3, ViT, GDF?, 2022 [114]
1ssue cartilage (n = 124) correctio JSM2, FSTL3, EVI2A, EVI2B WNK2, MATN4
Cantil OA (n = 10, Male = 2 E}rmma I—?seq 4000 EE%??SE%%& AKAJNT1,
art'age Human Female = 6) vs. KBD (n=8, ¢ ‘roi o ¢ Paired t-test ' i KLK1, EMFD3, PTHIR 2024 [115]
Tissue Male = 3 Female = 7) San Diego, KCNJ16, MSMP,
- - California, USA.) DUX4, SAA1
Cartilage _ _ . EVI2A, LTBP1,
Tissue Human OA (n=20)vs. NC (n=18) TWAS and CGSEA TWAS gene association CDK2AP1, GDF5 WWP2, SPAG4 2023 [116]
POSTN, TNFAIP6, THY1, ~ CDL4 KIT, ADM, SIKIB,
MAFF, MYO7A, FAM166A,
Female OA (n =11) vs. COL1A1, ST6GALNACS5,
. . C s ATF3, HILPDA, ALDHI1L1
Cartilage Human Female NC (n =5) limma-voom Quasi-likelihood TNFSF15, NGF, MK167, ADM. HILPDA. ATF3 2021 [121]
Tissue Male OA (n =9) vs. Male differential expression ~ F-tests NOTCH3, COL1A2 4 ’ y

NC (n = 13)

ST6GALNACS, TNFSF15,
CFI, SPOCK1

ANGPTL4, DDIT4, SIK1B,
CISH, JUN, LOC105371934,
GADD45B
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Table 2. Cont.
. . Omics Platform Top 10 DEGs
Sample Type Species Experimental Grou Statistical Methods Year References
ple yp P P P and Technology Upregulated Downregulated
TNFAIP6, THY1, COL1A1, DDIT4, KIT, ADM, SMAFF,
ST6GALNACS5, TNFSF15, MYO7A, FAM166A,
Female OA (n=11) vs. COL1A2, MXRAS5, TNC, HILPDA, TXNIP, DDIT3,
Cartilage Human Female NC (n =5) limma-voom Quasi-likelihood COL3A1, DIO2 CISH 2021 [122]
Tissue uma Male OA (n =9) vs. Male differential expression  F-tests POSTN, ST6GALNACS5, ADM, HILPDA, ATE3,
NC (n =13) TNFSF15, LRRC15, COL1A1, ANGPTL4, DDIT4, CISH,
GRIA2, TREM1, CDH2, JUN, LOC105371934,
ASPM, LOC100129940 GADD45B, BHLHE40
POSTN, CSN1S1, COL1A1, RND1, CYP4B1, DUSP2,
Cartilage _ _ DESeq?2 differential . IGFBP1, HBB, ADM, HILPDA, MIR5087,
Tissue Human OA (n=20) vs. NC (n=18) expression Spearman correlation IL11, VSIG4, HCN1, HIST1H1D, ELF3, 2024 [123]
C1QA, RAC2 ATF3, DDIT4
Illumina Solexa 75 bp . COL18A1, APOE, RGS4, ERAP2, BAGALNT4, ALPL, FGF5,
Chondrocyte Human OA vs. NC single-end Mann-Whitney U test LMOD1, RGS5, OLFM2 2018 [127]
Ilumina HiSeq 2000
OA degenerated (Ilumina, Inc., San PODN, R3BHDML, POSTN, II?I}?IIIZ\(%BéII:IFE]/)EZCI\IG/IiTN 4
Chondrocyte Human cartilage vs. Diego, California, paired f-test CHRDL1, NPR3, SFRP2, PM CH, FAMO90 All ’ 2017 [128]
OA intact cartilage USA.); lllumina TFEC, COL1A1, CCR1, CCR7 DEFB1 b 4B, PL CX[/)3
450K BeadChip !
OA .severely damaged IL36RN, R3HDML, WNT16, MLC1, HAO1, KLK10,
cartilage (G4) (n =20) vs. Paired t-test, two-wa AREG, CYP4F29P, PKHD1 LNCNEF, CHAD,
Chondrocyte Human OA intact smooth cartilage = RNA sequencing ¢ y ¢ ¢ ! MAFAIL2RG, LRRC38, 2022 [129]
ANOVA + Tukey posthoc ~ TREML4, AC034223.2,
(G1) (n=20) Male =8 AC018685.2. APLNR TAGLNS,
Female = 12 - TMEM132C, CCL20
Single-cell
RNA sequencing; SERPINE2, TNFRSF11B, COL1A2, PTN, COL1A1,
Female OA (n=11) vs. Mumina HiSeq Differential proportion MMP3, CCL20, G0S2, LCN2, SPARC,COL11A1,
Chondrocyte Human Female STFK (n = 11) (lumina, Inc., tests CXCL8, S100A2, CRISPLD1, COL14A1, 2022 [130]
San Diego, TNFAIP6, HBB COL9A1, COL2A1, IBSP
California, USA.)
Single-cell
RNA sequencing; o POSTN, THY1, AQP1, SAA1, LCN2, MMP3, SLPI,
PreHTC Human OA (n =8) vs. NC (n = 3) Illumina NovaSeq Benjamini-Hochberg COL1A2, THBS2, CELF2, G0S2, STC2, APOD 2023 [131]
Chondrocytes - : - 6000 (Illumina, Inc., (FDR) COL3A1, CRLF1, , 4 4

San Diego,
California, USA.)

GFRA2, ASPN

CCDC71L, DDIT4, STEAP4
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Table 2. Cont.
. . Omics Platform Top 10 DEGs
Sample Type Species Experimental Grou Statistical Methods Year References
ple yp P P P and Technology Upregulated Downregulated
1C(ﬁ<r Sri?lcl);ncs ?&?{iﬁ?ﬁiﬁiﬁiﬁ test); 7 subtype marker genes: EC-A: CHRDL2, EC-B: COL2A1,
Chondrocyte Human OA (n=3)vs. NC (n=3) Single-Cell 3/ v3 + i-test (subtype ’ HTC-A: HILPDA, HTC-B: IBSP, RegC-B: VCAM1, METRNL+: 2024 [132]
Tllumina sequencing proportions) METRNL, ANGPTL4, PRG4+: PRG4, CRLF1
Aged male mice with
non-invasive tibial lumina TruSeq RNA  Seurat analysis Ccl3, IT10, IT17re, H2-Eb1, Bmp8a, Pthir Runx2, Fgfrs,
Cartilage Tissue Mice compression iniury vs + NextSeq 500 q (scRNA-se }; aired f-test Cxcl9, 115ra, Cd6, Cd51, Comp, Gli2, Collal, Chadl, 2020 [133]
You rI: ¢ male mi]c o yvs. q 7 p Cxcr6, Cxcr3 Matnl, Satb2
C57BL/6] Male OA mice (n = 5) vs. Mlumina TruSeq RNA  RUVseq; Seurat analysis . Col9al-a3, Sox9, Prelp, )
Chondrocyte Mice Male NC mice (n = 5) + NextSeq 500 (scRNA-seq); paired t-test Mmp3, Mmp13, Slpi, Col10a1 1117b, Cilp 2021 [134]
. . Mechanical load male OA . ANOVA or two-way IL-6, IL-3, NLRP3, iNOS, IL-10, TGF-p,
Cartilage Tissue D Rats rats (n=3)vs. NC (n=3)  umina RNA-seq ANOVA + Tukey posthoc  TNF-, MMP13, ADAMTS4  ACAN, COL2A1 2025 [135]
?r;rgc;r)lth—old male OA rats Kenid, Csmd?. Kenk3 Lilrb3a, Anpep, cd44, Igfbp3,
Cartilage Tissue ~ Wistar Rats " Mlumina RNA-seq Mann-Whitney U test )% . . Ctsk, Acp5, C7, Mcptl0, 2023 [136]
vs. 12-week male OA rats Amigo2, Grtpl, Serpinal2 X
(n=8) Cyfip2, Tf
. Ngf, Crlfl, Tnn, Krt13, Cpz, Nnat, Lmo2, Ccdc88c,
Cartilage Tissue Lewis Rats 6-week post-MMT male Ilumina RNA-seq One-way ANOVA; Serinc2, Clec2dl1, Inhba, Irf7, Notum, Myoc, DIk1, 2022 [137]

OA rats vs. NC

Kruskal-Wallis test

Serpinel, Aldhla3, Col3al

Cxcl13

KBD, Kashin-Beck disease; TWAS and CGSEA, transcriptome-wide association study and cluster-based gene set enrichment analysis; GEO, Gene Expression
Omnibus; SIFK, subchondral incomplete fracture of the knee joint; preHTC, prehypertrophic chondrocyte; EC-A, effector chondrocytes type A; EC-B, effector
chondrocytes type B; HTC-A, homeostatic chondrocytes type A; HTC-B, homeostatic chondrocytes type B; RegC-B, regulatory chondrocytes type B; METRNL+,
METRNL-positive chondrocytes; PRG4+, PRG4-positive chondrocytes; MMT, medial meniscus transection.
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Unlike the aforementioned studies that used different sample sources, other studies
have sourced human chondrocytes. Lambrecht et al. revealed major alterations in the
vimentin cytoskeleton in human articular chondrocytes affected by OA [145]. Yu et al.
compared H202-treated OA chondrocytes with HA /H202-treated OA chondrocytes, us-
ing 2-DE/DM technology to identify 13 KOA-related DEPs, but did not mention their
expression trends [146]. Tsolis et al. compared quantitative changes in protein synthesis
between osteoarthritic chondrocytes and normal chondrocytes. They identified several
pathways and proteins associated with osteoarthritic chondrocytes, providing evidence for
further exploration of the molecular mechanisms underlying this disease [147]. Steinberg
et al. also used LC-MS/MS to compare degenerate cartilage with intact cartilage in KOA,
identifying numerous KOA-related DEPs, but they did not mention expression trends [128].
Wau et al. compared severely damaged cartilage (G4) with intact smooth cartilage (G1) in
KOA, identifying 73 upregulated DEGs and 57 downregulated DEGs [129]. Balaskas et al.
used LC-MS/MS proteomics to summarize a large number of KOA DEPs, but they did
not specify expression trends [148]. Hsueh et al. identified candidate biomarkers for os-
teoarthritis (OA) and its progression, as well as joint-specific biomarkers [89]. Destouni et al.
identified 24 upregulated and 81 downregulated differentially expressed proteins in KOA
chondrocytes using one-dimensional gel electrophoresis-nano reversed-phase liquid chro-
matography (1-DE/RP-LC) techniques [149]. Chen et al. applied proteomics techniques to
cartilage samples from damaged areas and intact cartilage of knee joints in osteoarthritis
patients, discovering DEPs in KOA and clarifying their expression trends [150].

In addition, Li et al. performed proteomics analysis on knee cartilage tissue from an
anterior cruciate ligament reconstruction (ACLR) mini-pig model, identifying a total of 491
DEPs, including 198 that were upregulated and 293 that were downregulated. Although
the original text did not list specific gene names, it summarized potential genes related
to KOA [151]. Fongsodsri et al. used LC-MS/MS technology with mouse chondrocytes
and summarized several downregulated DEPs associated with KOA [152]. These DEPs are
detailed in Table 3.
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Table 3. Differentially expressed proteins in the KOA proteome (top 10 DEPs listed).
. . Top 10 DEPs
Sample Type Species Experimental Group Omics Platforms Statistical Methods Year References
Upregulated Downregulated
OA(n=3,Male=1
Cartilage Tissue Human Female = 2) vs. 2-DE/MS Not mentioned ASPIC, CILE, COMP, YKL-39, YI.<L_4O’ MMP1, MMP2, MMP3, 2004 [138]
TIMP1, TIMP2 (trends not mentioned)
NC (n =3, Male = 2 Female = 1)
ANNX-I, PRDX3, Zn-RF, FR,
Cartilage Tissue Human OA vs. NC 2-DE/MS Student’s ¢-test TUB, ADK, PEBP, SODM, Not mentioned 2008 [139]
ENOA, KPYM
Weight-bearing area of OA Wilcoxon ranksum  SoREi A SERIINAS SRPX2, ARF3, CRYZ, HSPG2,
Cartilage Tissue Human (n =5) vs. non-weight-bearing HPLC-MS 4 ! ANOSI, IGF1, SMOC2, GBE]1, 2023 [111]
region of OA (n = 5) test MMP19, FETUB, SERPINGI, ANXA4 CHI
AGT, SSR1 !
. . . ACAN, CILP1, HAPLNT1, EN1, COMP, COL6A1, FMOD, BGN,
Cartilage Tissue Human OA (no NC) LC-MS/MS Not mentioned CHAD, OGN (trends not mentioned) 2006 [140]
OA (n = 15, Male = 6 LAMP1, PDXDC1, RUVBL1, = AGRIN, ANGPTLS5, SLC1AS5,
. . ol o , SPCS3, SNRPD3, BAP18S, AGRN, EPHX2, ATRN,
Cartilage Tissue Human lli;;rllal_eg}?) :12‘1 N_C5()n =11, LC-MS/MS Student’s t-test ESYT1, RPLI3A, CYRIB, NHP2, 2025 [141]
¢=bremake= IDH2, LTBP2 IGHV3-72, SPON2
MYO1C, ATP5F1A, MDH2
. SNRPD2, RPL19, CRYAB, 4 ! ’
Cartilage Tissue Human  OA Cartilage after KD LC-MS/MS Student’s -test NID1, OGN, RPL26, LRPB, ~ S1@4, PGK2, SERPINCI, 2024 [142]
vs. NC ANOSI, RPS2, CAVIN1 SNRPB, SODS,
! ’ CHAD, SELENBP1
OA with degenerated cartilage Independent GAPDH, ACTB, SOD1, ANXA2, ALB, ENO1, S100A7, EN1,
Cartilage Tissue Human (G4) vs. relatively intact LA-ICP-MS S mpl s t-test RPS27A, HSPAB 2022 [143]
cartilage in OA (G1) ampie (trends not mentioned)
HMOX1, TNFRSF11B, SQLE, FOS, FGFR2, FOXO3,
. . Unfixed OA cartilage vs. fixed LC-MS/MS . SLC3A2, FDFT1, DHCB24, GABARAPL2, IFITM1, "
Cartilage Tissue Human OA cartilage (label-free, limma) Paired t-tests SQSTM1, CYP51A1, CTNNB1, STAT3, RXRA, 2025 [144]
SLC39A14, TNFRSF10B CALML3, FOXO1
Vimentin, el[F5A, HEXB,
. . ! 4 ’ CUTA, SOD1, PARK?, DJ-1
OA-damaged cartilage (OAOA) g . Mann-Whitney U; STOML?2, HSC70, HSP70-1, 4 4 4 4
Chondrocyte Human (n=6)vs. NC (NoNo) (n=7) 2 PE/MS; Wilcoxon paired test ~ PDIA3, VDAC2, ;i%?%?/f;' CSTB, 2007 [145]
ANXAT1, ENO1 !
H,0; treatment of OA (n = 14)
. ANOVA + Tukey HSPE1, RAB14, FSCN1,
Chondrocyte Human vs. HA/H,0, treatment of OA  2-DE/MS; HSD; paired f-test TALDO1, SELENBP1, RAN PPP2R1A, EEF2, RPLPO 2014 [146]
(n = 14) Male = 1 Female = 13
OA (n=10,Male =1
Chondrocyte Human Female = 9) vs. LC-MS/MS t-test TG2, MVP, MYOF, CTSB, ACAN, APCS, COL2A1, 2015 [147]

NC (n = 6, Male = 3 Female = 3)

PPDX2, PLS3, GSTP1

PLA2G2A
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Table 3. Cont.
. . Top 10 DEPs
Sample Type Species Experimental Group Omics Platforms Statistical Methods Year References
Upregulated Downregulated
OA with degenerative cartilage . UNC45B, TNMD, WNT11, HMGNS5, CLC, HMGN3, KRT3,
Chondrocyte Human vs. OA with intact cartilage LC-MS/MS Paired t-test CENPF, COL23A1, GRM7 (trends not mentioned) 2017 [128]
Chondrocyte Human B o LC-MS/MS two-way ANOVA + SERPINB3, ECI1, RBMXL2, ; ’ ! 2022 [129]
cartilage in OA (G1) (n = 20) Tukev post hoc CYRIB, CSNK2B. TGM3 RBP1, PABPN1,
Male = 8 Female = 12 yP ’ ’ SEMG2, IGHV1OR15-1
miR-143-3p-transfected OA RTCB, PSMA7, SUCLGI], RPL24, DIABLO, PABPC4,
Chondrocyte Human OA p LC-MS/MS t-test RPS14, DPM3, PCNA, CZIB, CYFIP1, SRSF3, FLOT1, 2023 [148]
vs. PPP2R1A, FBL, ARL3 TOM1, CSTB, GET3, RPL28
o vy, ALDOL TN L
Chondrocyte Human OA (n=10) vs. NC (n =6) 1-DE/RP-LC-MS Student’s t-test CSNK2A1, STAT, HNRNPL, ’ ’ ! 2021 [149]
CD44, RPLPO, PHB2, PALLD COL6A2, UGP2,
! ! ’ AARS1, COL11A1
. , THBS, SOD2, RCN3, PLBD2, CRYAB, NME2, ALDOC,
OA-damaged cartilage vs. Student’s t-test; COL14A1, HSPAS, HSPB6,
Chondrocyte Human . . . MS PFDNZ2, PDIA3, RAB1A, 2024 [150]
intact smooth cartilage in OA ANOVA AKAP12 FLNA PGAMI HSPB1, ACADVL,
! ’ NUPR1, HSPA1A
. . Bama . , KRAS, HRAS, NRAS, MAPK1, PIK3CA, COX5A, COX6C,
Cartilage Tissue Mini-Pig Female OA vs. Female NC LC-MS/MS Fisher’s exact test APP, PSEN1, MAPT 2020 [151]
S1 e PGAM1, UBC, TPIS, COCA1,
Chondrocyte Mice OA vs. Silk fibroin LC-MS/MS ANOVA + Not mentioned COAA1, RABIA, POSTN, 2024 [152]

protein-treated OA cartilage

independent ¢-test

PROF1, LEG1, Q9ZOI9

KJD, knee joint distraction treatment; MS, mass spectrometry; 2-DE/MS, two-dimensional gel electrophoresis—-mass spectrometry; MS/MS, tandem mass spec-
trometry; LC-MS/MS, liquid chromatography—tandem mass spectrometry; LA-ICP-MS, laser ablation inductively coupled plasma mass spectrometry; HPLC-MS,
high-performance liquid chromatography; 1-DE/RP-LC, nano-reverse phase (RP) LC; H202, hydrogen peroxide; HA, hyaluronic acid; miR-143-3p, microRNA 143.
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6. Multi-Omics Characteristic Molecules of HOA Cartilage
6.1. Differentially Expressed Genes (DEGs) in the Transcriptomics of HOA Cartilage

According to the screening criteria described above, a total of eight original studies
that conducted transcriptomic analyses on HOA cartilage samples are included in this
section. Femoroacetabular impingement (FAI) is considered a pre-OA condition, playing
an etiological role in up to 50% of HOA cases [153-155]. Pascual-Garrido et al. discovered
key molecules in the progression of advanced HOA and early FAI patients and identified 31
upregulated and 17 downregulated DEGs associated with HOA [156]. Research by Kuhns
et al. has further expanded the understanding that distinct genetic reprogramming mecha-
nisms exist in the cartilage of patients with FAI and HOA [157]. Huang et al. found that
HOA can be classified into two distinct molecular subtypes. The main differences between
these two subtypes lie in changes in pro-inflammatory factors and energy metabolism [158].
Huang et al. performed RNA-seq analysis on a large number of samples and identified
multiple DEGs [159]. Steinberg et al. discovered potential molecular changes during the
progression of HOA and identified 86 upregulated and 18 downregulated DEGs [128].
Steinberg et al. used RNA sequencing to identify multiple DEGs in osteoarthritic chondro-
cytes and low-grade chondrocytes from HOA patients, providing new insights into the
biological processes of osteophyte development and osteoarthritis progression [160]. Aki
et al. first reported the whole-genome transcriptome of chondrocytes in secondary HOA
and identified 22 upregulated and 12 downregulated DEGs in secondary HOA compared to
healthy chondrocytes using microarray analysis [161]. Southan et al. performed microarray
analysis on mouse hip joint epiphyseal cartilage tissue before and after injury, revealing
relevant DEGs and significant regulation of metabolic responses following mechanical
injury to the articular cartilage [162]. The above DEGs are detailed in Table 4.

6.2. Differentially Expressed Proteins (DEPs) in the Proteomics of HOA Cartilage

According to the screening criteria described above, a total of four original studies that
conducted proteomic analyses on HOA cartilage samples were included in this section. In
the field of osteoarthritis research, the hip joint receives less academic attention and research
investment compared to the knee joint. It is hoped that more people will conduct more in-
depth explorations of HOA in the future. Steinberg et al. used liquid chromatography—-mass
spectrometry (LC-MS) analysis technology to extract a large number of DEPs related to HOA
and clarified their expression trends [128,160]. Hosseininia et al. identified seven DEGs that
were upregulated and suggested that these genes may represent early molecular changes
during the progression of HOA, with the potential to predict the development of HOA [163].
Hsueh et al. analyzed HOA cartilage tissue using reversed-phase liquid chromatography
(RPLC) and identified significantly enriched proteins in HOA cartilage. However, they did
not mention their expression trends [164]. The above DEPs are detailed in Table 5.
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Table 4. Differentially expressed genes in the HOA transcriptome (top 10 DEGs listed).
. . Top 10 DEGs
Sample Type Species Experimental Group Omics Platforms Statistical Methods Year References
Upregulated Downregulated
FALOA late (n=13,Male =9 |\ Mann-Whitney U Eﬁég'lgﬁcﬁlléggzﬁs' TCA1, TPRG1, MYOC, LMO3,
Cartilage Tissue Human Female = 4) vs. FAI-OA early 6000 RNA-se d ANOVA; NGPTL4 VI,EGF A SEﬁPINEl HIF3x, PDZDS8, B3GALTI, 2022 [156]
(n =9, Male = 6 Female = 3) q Kruskal-Wallis / ’ ” SORL1,SCN4A, ARGLU1
TNFAIP6, IER3
TNEF, FGF23, MATN4, IL1R1,
. . OA (n =10) vs. FAI (n = 10) . . ADAMTS4, MMP11, IL17D, BMPR1B,
Cartilage Tissue Human Male = 5 Female = 5 RNA sequencing Paired t-test COL10A1, COL11A1, FGF18, WNT16 2023 [157]
COL9A1, FRZB
C12o0rf75, TMEM117, ADCY1,
Cartilage Tissu Human ??ngi =_128; Mal;z}z ?r? - 120 Illumina Omni-2.5 Wilcoxon; Student’s NUAKT1, SH3D19, TENM3, MARCHEF3, TGIF1, 2024 [158]
ge Hssue Male = 19 Fomon 71y genotyping t-test; ANOVA STXBP6, DCLK2, HILPDA, ZNF385D
- - ZNF503, METTL2B
OA (n =72, Male = 32 .
. . Y _ Illumina NovaSeq . MARCHEF3, PNRC1, S100A4, KDM7A, ELL2, GCH1, RPGR,
Cartilage Tissue Human Female = 40) vs. NC (n =12, 6000 RNA-seq Wilcoxon SLC25A28, NAMPT, SPARC (trends not mentioned) 2025 [159]
Male = 3 Female = 9)
Tlumina HiSeq 2000: KRT17, NPR3, R3SHDML, SPOCK3, FAM78B, PMCH,
Chondrocvte Human Degenerated cartilage OA vs. Hlumina 450Kq ! Paired f-test TMEMb59L, TREM1, NOTCH3, PLCXD3, CHRDL2, HAO1, 2017 [128]
y intact cartilage OA BeadChi MEOX2, CCBEL1, S100A16, FABP5P7,
cact-ip ORM1, DNAJC12 CDHRI1, PTGER3
Osteophytic OA (n=9) vs. MAGMA: one-sided ?S?“OCll,\Isl?gRS SB, SFN, KIF1A, ITGAX, ALX4, HCK, LBP,
Chondrocyte Human low-grade OA (n =9) Mlumina HiSeq 2000 h ! . ,X ! 7 STAT4, SDK1, RAC2, MEOX2, 2018 [160]
Male = 3 Female = 3 ypergeometric test ~ PLCXD3, AC129778.2, KCNK2. HAS1
RP11-38107.3, HS3ST3A1 ’
OA (n=12,Male =1 ' . COL1A1, ASPN, TPPP3, OGN, PDZK1, GPX3, BEX2,
Female = 11) vs. Illumina Human Mann-Whitney HIST1H1C, STEAP4, CP,
Chondrocyte Human COL3A1, MXRAS5, DPT, 2018 [161]
NC (n=8,Male=1 HT-12 V3 array U test AQP1, CRIP1, TGFB1 CCL20, C100rF10,
Female =7) 4 4 C4BPA, LCN2
. . . . Illumina mouse , Has2, Argl, Enol, Uppl, Slc9a9, Sle37al, Den,
Cartilage Tissue Mice Degenerative OA vs. NC BeadChip array Student’s t-test Slc2al, Sc7al Eno3, Pgam2 2020 [162]

FAI: Femoroacetabular impingement.
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Table 5. Differentially expressed proteins in the HOA proteome (top 10 DEPs listed).
. . Top 10 DEPs
Sample Type Species Experimental Group  Omics Platforms Statistical Methods Year References
Upregulated Downregulated
OA with
degenerated AQP1, CLEC3B,
Cartilage Tissue Human cartilage versus vs. LC-MS/MS Paired t-test PDLIM1, CLICS3, ggﬁRgL%BFgEAGLL 2017 [128]
OA with MAP1A 4
intact cartilage
Osteophytic OA VATIL, MMP1, GDF10, GPX3,
(n=9)vs. MAGMA; one-sided  OXCT1, CFB SCRGI, HTRAS,
Cartilage Tissue Human Low-grade OA LC-MS h ’ i / 4 ALDH1A2, ADSSL1, 2018 [160]
_ ypergeometric test COX411, NDUFB?,
(n=9) NDUFS5 HSPG2, CILP2,
Male = 3 Female = 6 ACAN, ITIH6
ASPN, MIME,
OA (n =9, Male = 4 g/[fn?;; A
Cartilage Tissue Human Female =5) vs. NC LEMS Mann-Whitney Collagen II, Not mentioned 2019 [163]
(n=12,Male=5 TSQ Vantage U test d Coll
Female =7) and Collagen
IIT N-terminal
precursor proteins
Multivariate CHAD, MGP, COMP, CILP1-2,
Cartilage Tissue Human OA vs. NC RPLC-MS regression; Holm COBA2, TSP4, HTRA1, PGCA-1/2, 2018 [164]
step-down COL3-neo PGS2, TARSH, TSP1

LC-MS, liquid chromatography-mass spectrometry; RPLC (reverse-phase LC)-MS, reversed-phase liquid chromatography-mass spectrometry.
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7. Screening and Characterization of Candidate Molecules
for Osteoarthritis

This article further summarizes the common differentially expressed genes in KOA
and HOA, and a total of 31 common differentially expressed factors (co-DEFs) of KOA and
HOA were screened. Among them, 10 factors showed a decreasing trend in both KOA and
HOA, 11 factors showed an increasing trend in both KOA and HOA, and the trends of
the remaining 10 factors are inconsistent between KOA and HOA. The above co-DEFs are
detailed in Figure 3.

" ACAN. COMP. CILPZ. CHRDL2.
_'GSTM3. PFKL. GSTM2, STEAP4.
FGG‘PGKZ = ML A 2

/ " ASPN. MATNS.:COL2AT. °

S d COL10AT.’ CLEC3B. [GFBP4. "
e TN A R G NP DA GO ETATS

" INFAIP6¢. .

\(OQ‘\? " ADAMTS4. CRLF1. NOTCH3, IGFBP7. .

_ AQP1; COL3AT. MMP13, R3HDML. ".
= S100A4, DPT.. CDHY3 . . & . .

Figure 3. Expression trends of 31 common differentially expressed factors (co-DEFs) in KOA and HOA
Compared to the control group, KOA and HOA shared 21 co-DEFs with identical expression trends.
Among these, 10 factors, including ACAN and COMP, were downregulated in OA, whereas 11 factors,
including ADAMTS4 and CRLF1, were upregulated in OA. In addition, 10 factors, including ASPN
and MATNS3, exhibited divergent expression trends between KOA and HOA, suggesting that these
factors may be subject to differential regulatory mechanisms in distinct joints. This finding implies
the potential for developing joint-specific therapeutic strategies in the future. Created in BioRender.
sun, Y. (2026) https:/ /BioRender.com/wer4hjw.

The 10 co-DEFs that are downregulated in OA may serve as putative therapeutic
targets for OA following subsequent validation experiments. Among them, ACAN and
COMP are the most extensively studied factors that are critical for cartilage function, while
limited studies suggest associations between CILP2, CHRDL?2, and osteoarthritis. Cur-
rently, no experimental studies in the OA field exist for the remaining factors. ACAN,
which stands for aggrecan, is a member of the multifunctional proteoglycan family and
serves as the principal proteoglycan in articular cartilage [165]. The ACAN core protein
consists of three globular domains (G1, G2, and G3) and three extended domains (IGD,
KS, and CS). IGD connects G1 and G2. Located between G2 and G3 is a large sequence
modified by KS and CS side chains. G1 interacts with hyaluronic acid (HA), G1 and G2
interact with link proteins, and G3 constitutes the carboxyl terminus of the core protein.
Post-translationally, this protein is extensively modified by the addition of glycosamino-
glycan (GAG) chains [166], primarily chondroitin sulfate and keratan sulfate. It provides
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a hydrated gel structure that confers load-bearing properties to cartilage, enabling it to
withstand compression [167-169]. ACAN is also a key structural protein in the cartilage
extracellular matrix, and its degradation may contribute to the development of OA [170]. A
series of factors for assessing ACAN degradation have been identified [171], and multiple
studies have shown that inhibiting this degradation to elevate ACAN levels can signifi-
cantly improve patients” mobility and functional status [172-174]. COMP, which stands for
cartilage oligomeric matrix protein, encodes a non-collagenous extracellular matrix protein
that is primarily present in the human skeletal system [175-177]. Each monomeric arm of
COMP contains an N-terminal domain, four type 2 (T2) epidermal growth factor-like repeat
sequences, seven type 3 (T3) repeat sequences, and a C-terminal globular domain (CTD).
The T2 and T3 repeat sequences and CTD bind calcium ions. The T3 repeat sequences
typically contain five aspartic acid residues per motif, with each motif enveloping two
calcium ions. The binding of TGF-f1 to COMP enhances the TGF-f31-induced signaling
pathway within chondrocytes. COMP can attract chondrocytes and may contribute to
the regeneration of the damaged cartilage area. Maly et al. found that COMP can attract
chondrocytes to promote repopulation of damaged cartilage areas and it also activates
mechanisms that protect and repair the articular cartilage extracellular matrix [178]. Istiak
et al. found that COMP indirectly protects cartilage from all applied proteases, thereby
helping to preserve the mechanical integrity of cartilage [179]. CILP2, which stands for
cartilage intermediate layer protein 2, is located in extracellular vesicles. As a secretory
glycoprotein, CILP2 contains a signal peptide at the N-terminus, a core region including
an immunoglobulin-like domain, a TSP-1 repeat sequence domain, which mediates the
binding of TGF-B1 and matrix proteins, and distributed cysteine residues, a predicted
N-glycosylation site, and a furin protease cleavage site; each domain synergistically partici-
pates in its function in the cartilage matrix. Bernardo et al. found that CILP2 is expressed
in articular and meniscus cartilage and is downregulated in osteoarthritis [180]. CHRDL2,
which stands for chordin-like 2, is a secreted protein. Li et al. found that overexpression of
CHRDL2 corrects the Th17/Treg imbalance, reduces IL-17 and RORyt levels, and increases
IL-10 and Foxp3 levels. CHRDL2 overexpression reduces BMP signaling activity, inhibits
Th17 polarization, and promotes Treg development, thereby inhibiting OA progression
and protecting cartilage [181]. Research on the remaining factors in the OA field remains
insufficient and requires further in-depth exploration in the future. A schematic diagram
illustrating the structures of these four factors as well as their roles in alleviating OA and
protecting cartilage is shown in Figure 4.

The 11 co-DEFs that are upregulated in OA may serve as candidate biomarkers for
OA following subsequent validation experiments. Among them, the factor MMP13 is very
common with extensive studies conducted on it in the literature, so this review does not
elaborate further. Additionally, there are more reports on ADAMTS4 and CRLF1, and
some studies suggest associations between IGFBP7 and S100A4 factors and osteoarthritis.
The remaining factors currently lack experimental articles in the OA field. ADAMTS4,
which stands for ADAM metallopeptidase with thrombospondin type 1 motif 4, belongs to
the Metzincin protease family. This protease is responsible for the degradation of major
proteoglycans in cartilage [182,183]. De Groot et al. have demonstrated that ADAMTS4 is
an effective COMP enzyme with a unique ability to cleave COMP, potentially playing a
key role in regulating the structural integrity of cartilage ECM. ADAMTS4 inhibitors could
be developed in the future as drugs to improve OA [184]. Yang et al. found that cysteine-
rich angiogenic inducer 61 (Cyr61) promotes OA chondrocyte proliferation by inhibiting
ADAMTS4 [185]. CRLF]I, or cytokine receptor-like factor 1, is a soluble protein homologous
to type I cytokine receptors. Existing studies have shown that CRLF1 is highly expressed in
damaged human KOA and participates in OA development [186,187]. Xu et al. observed
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that CRLF1 significantly increases in an osteoarthritis model induced by destabilization
of the medial meniscus (DMM) surgery and knockdown of CRLF1 inhibits apoptosis in
primary chondrocytes [188]. Yang et al. found that miR-8485 inhibits the expression of
CRLF1, thereby suppressing IL-13-induced OA [189]. Inhibition of CRLF1 reduces IL-
1B-induced cell viability impairment, apoptosis, inflammation, and extracellular matrix
degradation [190]. IGFBP7, which stands for insulin-like growth factor binding protein 7,
is a gene that encodes a member of the insulin-like growth factor binding protein family.
Tang et al. discovered that m6A-modified IGFBP7-OT promotes osteoarthritis progression
via regulation of the DNMT1/DNMT3a-IGFBP7 axis and provides a putative therapeutic
target for osteoarthritis treatment [191]. S100A4, full name S100 calcium binding protein A4,
is a member of the S100 protein family and regulates various cellular processes involved in
cell cycle progression and differentiation. Yammani et al. first demonstrated that SI00A4
binds to the receptor for advanced glycation end products (RAGE) and stimulates the
RAGE-mediated signaling cascade, which leads to increased production of MMP13. This
signaling pathway may contribute to the degradation of OA cartilage [192]. Numerous
factors in the OA field remain insufficiently studied, and these unknown factors may serve
as important breakthroughs for future research. A schematic diagram illustrating the
structures of the above four factors and their promotion of OA progression is shown in

Figure 5.
(¢}
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Figure 4. Structures of representative co-DEFs downregulated in KOA and HOA, and a schematic

diagram illustrating the alleviation of OA and the protection of cartilage. Created in BioRender. sun,
Y. (2026) https:/ /BioRender.com/mgfdx1k.
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Figure 5. Structure of representative co-DEFs upregulated in KOA and HOA, and a schematic

diagram illustrating the promotion of OA and the destruction of cartilage. ADAMTS4: Schematic
diagram of ADAMTS4 structure and damaged cartilage. The figure reveals the critical role of the miR-
34a/Cyr61/ADAMTS4 signaling axis in the pathogenesis of OA. IL-13 promotes miR-34a expression,
miR-34a targets and inhibits Cyr61, Cyr61 negatively regulates ADAMTS4, and ADAMTS4 inhibits
chondrocyte proliferation. IL-1(3 affects OA progression through the miR-34a/Cyr61/ADAMTS4
axis. CRLF1: Schematic diagram of CRLF1 structure and damaged cartilage. IL-1§3 stimulates chon-
drocytes, leading to downregulated miR-8485 expression. MiR-8485 downregulation weakens its
inhibition of CRLF1; CRLF1 expression is upregulated, activating the MAPK/ERK and PI3K/AKT sig-
naling pathways, ultimately leading to chondrocyte damage and promoting OA progression. IGFBP7:
Schematic diagram of IGFBP7 structure and damaged cartilage. IGFBP7-OT promotes osteoarthritis
progression through the DNMT1/DNMT3a-IGFBP7 axis to upregulate IGFBP7. METTL3-mediated
m6A modification of IGFBP7-OT upregulates the expression of IGFBP7-OT, subsequently reducing
the binding of DNMT1/DNMT3a to the IGFBP7 promoter, leading to decreased DNA methylation
levels in the IGFBP7 promoter and increased IGFBP7 transcription. The increase in IGFBP7 pro-
motes chondrocyte apoptosis and accelerates the progression of osteoarthritis. SI00A4: Schematic
diagram of S100A4 structure and damaged cartilage. S100A4 binds to RAGE and stimulates the
RAGE-mediated signaling cascade, resulting in increased production of MMP13. As an extracellular
signaling molecule, S100A4 activates the pyk-2 and MAPK signaling pathways by binding to the
RAGE receptor, thereby promoting NF-kB-mediated MMP-13 expression upregulation, ultimately
leading to cartilage degradation. This signaling pathway is one of the crucial mechanisms in OA
cartilage destruction. Created in BioRender. sun, Y. (2026) https://BioRender.com/tlwi72b.

These ten genes, including ASPN and MATN3, exhibit distinct expression trends between
KOA and HOA. Among them, four factors—COL2A1, COL10A1, CLEC3B, and SPARC—
show opposite expression patterns in knee versus hip omics data, which may be attributable
to the different pathogenic triggers and core driving mechanisms of the two diseases. The
remaining six genes display two forms of inconsistency in their expression trends between
knee and hip omics. The first is intra-omic inconsistency, meaning that within the same

https://doi.org/10.3390/biom16091363


https://BioRender.com/tlwi72b
https://doi.org/10.3390/biom16091363

Biomolecules 2026, 16, 1363

25 of 35

joint and same omic layer, different studies report opposing directions. This phenomenon is
likely due to heterogeneity in control group composition—the control samples included in
the analyses cover normal cartilage, cartilage from femoral neck fracture donors, relatively
intact cartilage from OA joints, and lesioned cartilage—rather than to intrinsic biological
differences between OA of the knee and hip joints. The second is cross-omic inconsistency,
where the same gene shows opposing directions at the RNA and protein levels within the
same joint, which may arise from platform differences and as-yet-unresolved factors at the
post-transcriptional regulatory level. In summary, these candidate molecules identified on the
basis of differentially expressed genes between KOA and HOA require rigorous validation
through subsequent confirmatory studies and clinical research.

8. Limitations

This review has several limitations. First, the literature search was restricted to a
single database (PubMed), which may have led to the omission of relevant studies and
compromised the comprehensiveness of evidence inclusion. Second, the included studies
exhibited heterogeneity in terms of sample sources and omics platforms. Additionally,
due to the scarcity of healthy control samples, we expanded the definition of the control
group to include multiple types of controls, such as normal cartilage, femoral neck fracture
tissues, and intact cartilage regions from osteoarthritic joints. This strategy may have
contributed to inconsistent expression trends of candidate factors across different studies.
Third, most of the included studies focused on mechanistic explorations, and there is a lack
of independent large-scale clinical cohorts for external validation of the candidate factors.
Therefore, the clinical translational value of these factors remains to be further elucidated.

9. Conclusions

This review systematically delineates the commonalities and differences between
KOA and HOA at the gene expression level, offering a novel perspective for a deeper
understanding of the molecular mechanisms underlying joint-specific osteoarthritis. Fur-
thermore, the candidate molecules compiled herein establish a solid data foundation for the
future discovery of biomarkers and therapeutic targets, fully underscoring the academic
contribution and translational potential of this review.
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https:/ /www.mdpi.com/article/10.3390 /biom16091363/s1, Table S1: PubMed advanced search
records; Table 52: Omics literature on knee and hip osteoarthritis; Table S3: Trends of the 31 factors;
Table S4: Quality assessment form.

Author Contributions: Conceptualization, Y.S.; Methodology, Y.S., G.L. and X.W.; Validation, Y.S.,
Q.X. and M.J.; Investigation, Y.S. and G.L.; Resources, Q.X. and M.].; Data Curation, Y.S. and Q.X;
Writing—Original Draft Preparation, Y.S.; Writing—Review and Editing, Y.S. and X.W.; Supervision,
X.W. and Q.Z.; Project Administration, X.W. and Q.Z.; Funding Acquisition, X.W. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the Dalian Program for Distinguished Young Technological
Talents (No. 2025R]10).

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Materials. Further inquiries can be directed to the corresponding authors.

Acknowledgments: Figures were created with BioRender.com.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390 /biom16091363


https://www.mdpi.com/article/10.3390/biom16091363/s1
https://doi.org/10.3390/biom16091363

Biomolecules 2026, 16, 1363 26 of 35

Abbreviations

The following abbreviations are used in this manuscript:

OA Osteoarthritis

DEGs Differentially expressed genes

DEPs Differentially expressed proteins

DEFs Differentially expressed factors
Co-DEGs Common differentially expressed genes
Co-DEPs Common differentially expressed proteins
Co-DEFs Common differentially expressed factors
KOA Knee osteoarthritis

HOA Hip osteoarthritis

CCDC80 Coiled-coil domain containing 80
HTRA1 HtrA serine peptidase 1 gene

ACAN Aggrecan

COMP Cartilage oligomeric matrix protein
CILP2 Cartilage intermediate layer protein 2

CHRDL2 Chordin-like 2
ANGPTL2  Angiopoietin-like 2
ADAMTS4  ADAM metallopeptidase with thrombospondin type 1 motif 4

CRLF1 Cytokine receptor-like factor 1,
IGFBP7 Insulin-like growth factor binding protein 7
S100A4 5100 calcium binding protein A4
2-DE Two-dimensional gel electrophoresis
LC-MS/MS  Liquid chromatography-tandem mass spectrometry
LC-MS Liquid chromatography—mass spectrometry
NOF Neck of femur fracture
DMRs Differentially methylated regions
WISP-1 WNT1 inducible signaling pathway protein 1
AQP-1 Aquaporin 1
DNER Delta/notch-like EGF repeat containing
KBD Kashin-Beck disease
GEO Gene Expression Omnibus
NCBI National Center for Biotechnology Information
TWAS Transcriptome-wide association study
CGSEA Cluster-based gene set enrichment analysis
SIFK Subchondral incomplete fracture of the knee joint
preHTC Prehypertrophic chondrocytes
KJD Knee joint distraction
ACLR Anterior cruciate ligament reconstruction
FAI Femoroacetabular impingement
RPLC Reversed-phase liquid chromatography
GAG Glycosaminoglycan
Cyr61 Cysteine-rich angiogenic inducer 61
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