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Objective: Ankylosing spondylitis (AS) is a chronic inflammatory disease
primarily affecting the axial skeleton and peripheral joints, with hip arthropathy
representing a severe complication that critically impairs mobility. While
persistent inflammation is a hallmark of AS, the molecular mechanisms driving
hip involvement remain poorly characterized. This study aimed to identify and
validate protein biomarkers associated with hip arthropathy progression in AS
through integrated proteomic and functional analyses.

Methods: Liquid chromatography-mass spectrometry (LC-MS/MS) was
employed to screen for differentially abundant proteins (DAPs) in hip joint
tissues from 30 AS patients and 14 non-AS controls. Bioinformatics methods
were utilized to screen for and identify key DAPs.

Results: A total of 2,050 proteins were relatively quantified, with 109 DAPs (34
upregulated and 75 downregulated) meeting the criteria of p < 0.05 and a fold
change >1.5 or <0.67. Enriched GO terms represented by DAPs included the
Wnt signaling pathway, MAPK cascade, and antigen processing and presentation
of exogenous peptide antigen via MHC class |. The main Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways included the PI3K-Akt signaling pathway,
ribosome, metabolic pathways, and neutrophil extracellular trap formation.
The protein—protein interaction (PPl) network identified ribosomal proteins
(RPs), including RPS11, RPS24, RPL35, RPS3A, RPS6, RPS8, RPS14, and RPS7,
as highly connected hub proteins. These RPs were significantly enriched in
pathways associated with hip arthropathy pathogenesis, particularly osteoblast
differentiation and T cell-mediated immune regulation.

Conclusion: Based on proteomics approaches and bioinformatics analysis, this
study discovered DAPs and signaling pathways associated with hip arthropathy
in AS. It may provide potential as screening tools or therapeutic targets for AS,
warranting further research for validation.
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1 Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory condition
primarily characterized by persistent inflammation in the axial
skeleton, and frequently accompanied by additional features such as
peripheral arthritis (1), enthesitis, and dactylitis. Furthermore, it can
manifest with extra-articular manifestations such as uveitis (2) and
inflammatory bowel disease (3). This multifaceted disorder poses
significant health risks, leads to a poor quality of life, and increases
financial burdens on affected individuals.

Previous research has focused on elucidating the overarching
pathogenesis of AS, spanning multiple disciplines such as genetics (4),
gut microbiota (5), and drug sensitivity (6). Despite extensive
investigations, the precise pathologic mechanism underlying AS
remains largely unknown. It is widely believed to be immune-mediated
and exhibits a strong genetic association with HLA-B27, a class  human
leukocyte antigen (7, 8). However, research has also identified non-HLA
genes involved in AS progression, along with specific inflammatory
cytokines, such as tumor necrosis factor (TNF) (9), that contribute to
the inflammatory process. Abnormal protein expression by multiple
genes engages in diverse pathways across different diseased tissues,
potentially serving as key drivers of AS (10). However, the intricate
inflammatory processes involved in AS continue to pose significant
challenges in understanding the full scope of its pathogenesis. Currently,
there is no definitive, radical treatment available for AS, and the overall
pathogenesis remains incompletely elucidated. In particular, there have
been limited reports on the underlying mechanism of hip arthropathy
in patients with AS. The complexity of AS necessitates ongoing research
to unravel its underlying mechanisms and develop more effective
therapeutic strategies.

Proteins serve as the ultimate products of gene expression and can
elucidate the processes underlying disease manifestations more
effectively and directly (11). Proteomics techniques are extensively
utilized to analyze the relative abundances of proteins in two or more
biological samples, thereby enabling the screening of biomarker
proteins essential for diagnosis and prognosis (10). The proteomic
analysis method based on liquid chromatography-tandem mass
spectrometry (LC-MS/MS) offers robust capabilities and high
precision in studying signal transduction (12). However, the challenges
associated with acquiring tissue samples from AS patients have
hindered proteomics research in this field. Notably, hip joint tissues
obtained during hip replacement surgeries for AS-related hip
arthropathy help address this limitation.

In this study, we employed MS-based proteomics approaches to
analyze key proteins in the hip joint tissues of AS patients. This
approach provides insights into AS hip arthropathy, enhancing our
understanding of AS biology and identifying potential new
therapeutic targets.

2 Materials and methods
2.1 Patients and samples collection

A total of 44 samples of hip joint tissues were collected during hip
replacement surgery from patients in the Third Affiliated Hospital, Sun

Yat-sen University. The cohort comprised an AS group (n =30) and a
non-AS control group (n = 14). The 1984 modified New York criteria
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for AS were fulfilled by all AS subjects (13). The non-AS group included
patients with hip arthropathy or the fracture of the hip joint caused by
trauma. The samples were obtained after obtaining informed consent
from the patients. Liver and kidney functions in both groups were
normal during the study period. These tissues collected during the
operation were cleaned with phosphate buffered solution (PBS,
Solarbio) and immediately stored in a —80°C freezer until used for the
LC-MS/MS experiments. We collected clinical and laboratory results
from the subjects, including age, gender, and blood chemistry. The study
was approved by the ethics committee of the Third Affiliated Hospital
of Sun Yat-sen University ([2022]02-007-02) and conducted in
accordance with the Declaration of Helsinki.

2.2 Protein extraction and trypsin digestion

Hip joint tissue samples (20 mg) were homogenized in 400 pL of
RIPA lysis buffer (Beyotime) supplemented with 1 x protease inhibitor
cocktail (Promega) using a Servicebio tissue grinder (Servicebio
Technologies, China). Pre-cooled 1.5mL polycarbonate tubes
containing 3 mm stainless steel grinding beads were used. Samples
were flash-frozen in liquid nitrogen prior to homogenization to
minimize protein degradation. The homogenization protocol
consisted of 3 cycles of 90 s each at 30 Hz, with 30-s intervals on ice
between cycles to prevent overheating. Following this, the homogenate
was centrifuged at 12,000 x g for 20 min at 4°C to remove cell
fragments. The supernatant was carefully collected and transferred to
a new centrifuge tube. The protein concentration in the supernatant
was determined using the BCA protein assay kit (Beyotime).

For each sample, 100 pg of protein was diluted to a final volume
of 100 pL using RIPA buffer. Subsequently, 500 pL of pre-chilled
acetone (J.T.Baker) was added to the protein solution, and the mixture
was incubated at —20°C overnight to promote protein precipitation.
The samples were centrifuged at 12,000 g for 20 min at 4°C to
effectively precipitate the proteins with acetone. The precipitated
proteins were then washed twice with 500 pL prechilled acetone to
remove any residual contaminants. After washing, the supernatant
was discarded, leaving the cleaned protein precipitate ready for
further analysis.

The protein precipitate was re-dissolved using a 100 mM solution
of triethylammonium bicarbonate (TEAB), which was prepared by
diluting TEAB solution with 8 M urea to achieve the desired
concentration. The protein solution was then reduced with TCEP
(Sigma) for 60 min at 60°C, followed by alkylation with 25 mM
iodoacetamide (IAA) for 30 min at room temperature, with the process
conducted in the dark to prevent light-induced reactions. To ensure that
the urea concentration in the protein samples was reduced to less than
1 M, 100 mM TEAB (without urea) was added. Subsequently, trypsin
(Promega) was introduced to the protein samples at a trypsin:protein
mass ratio of 1:100 for an initial digestion period of 4 h. This ratio was
then adjusted to 1:50 for an overnight digestion. Trypsin digestion aims
to fragment the proteins into smaller peptides, which are more
conducive to downstream analytical processes.

The peptides obtained were subjected to desalting using Cleanert
S C18 solid phase extraction columns (Agela-Phenomenex) following
the manufacturer’s guidelines, before being dried in a vacuum
centrifuge. The concentrated peptide pellets was reconstituted with
0.1% (v/v) aqueous formic acid for LC-MS/MS analysis.
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TABLE 1 The clinical characteristics and laboratory results of enrolled AS group and non-AS group.

Characteristics

AS (n = 30)

Non-AS (n = 14)

Male, n (%) 27 (90%) 12 (85.71%) -

Age (years), mean + SD 33.967 £ 4.635 36.357 £3.319 0.091
White blood cell count (x10~/L), mean + SD 7.338 £ 1.676 6.827 +2.337 0.412
Lymphocyte count (x10~/L), mean + SD 2.037 £ 0. 506 1.998 + 0.636 0.826
Neutrophil count (x10~°/L), mean + SD 4.141 £ 1.170 3.906 + 1.695 0.594
CRP (mg/L), mean + SD 12.028 = 11.177 11.079 = 8.436 0.779
ESR (mm/H), mean + SD 37.067 £ 23.253 30.643 + 24.406 0.405

AS, ankylosing spondylitis; SD, standard deviation; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

2.3 LC-MS/MS analysis

Untargeted proteomics analyses were performed using a UHPLC
U3000 system coupled with a Q Exactive HF-X mass spectrometer
(Thermo Fisher Scientific). The UHPLC gradient was configured as
follows: solvent A consisted of 0.1% formic acid in water, while solvent
B was composed of 80% (v/v) acetonitrile. The gradient profile was
0-4.9 min at 5% B, 4.9-5 min with a linear increase from 5 to 12% B,
5-60 min with a linear increase from 12 to 26% B, 60-85 min with a
linear increase from 26 to 42% B, 85-93 min: 90% B; 93-98 min: 90%
B, 98.1 min: 5% B, and 98.1-110 min held steady at 5% B. Spray
voltage was set to 2,100 V and capillary temperature was kept at
300°C. MS data were acquired using a Q Exactive HF-X Hybrid
Quadrupole-Orbitrap mass spectrometer (Thermo Fisher Scientific),
equipped with a heated ESI source, utilizing the full MS/dd-MS?
acquisition mode. For the acquisition of full MS data, the m/z scan
range: 200-2000, with an automated gain control (AGC) target value
of 3 x 10%, a maximum ion injection time of 30 ms, and a resolution
of 60,000. For dd-MS/MS, the maximum IT was set to 30 ms at a
resolution of 7,500, with an AGC target value of 2 x 10°, and the first
fixed mass 100 m/z. The raw MS data were acquired on the Q Exactive
HE-X Hybrid Quadrupole-Orbitrap using Xcalibur software (v4.3).

2.4 Data analysis

Raw MS data were processed using the Proteome Discoverer 2.4,
with searches performed against the UniProt Human Reference
Proteome database. Precursor and fragment ion mass tolerances were
set to 10 ppm and 0.02 Da, respectively. For relative quantification, label-
free quantification (LFQ) was applied using normalization based on total
peptide amount to correct for batch effects. We used the ‘Wu Kong’
platform' for the analysis of corresponding proteins. Missing values were
imputed using the NAguideR algorithm with a k-nearest neighbors
(k = 5) approach?® (14). Differentially abundant proteins (DAPs) were
defined as those meeting a fold change threshold of >1.5 or <0.67 and a
Benjamini-Hochberg adjusted p-value < 0.05. To thoroughly characterize
the functional profiles of DAPs, we performed Gene Ontology (GO)
enrichment analysis spanning the three primary categories of Biological

1 https://www.omicsolution.com/wkomics/main/

2 https://www.omicsolution.com/wukong/NAguideR/
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Process (BP), Molecular Function (MF), and Cellular Component (CC),
along with pathway enrichment investigations using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Reactome databases.
All analytical procedures were implemented with the clusterProfiler R
package (v4.0.5), with statistical significance determined by Benjamini-
Hochberg false discovery rate (FDR) correction, maintaining a rigorous
adjusted p-value threshold of <0.05.

The protein—protein interaction (PPI) network was constructed
using STRING v12.0 (15), with parameters set as follows. The full
STRING network was utilized; the interaction sources included
experimental evidence, curated databases, co-expression, text mining,
gene neighborhood, gene fusion, and co-occurrence, while interaction
types encompassed both functional and physical associations. Edges
in the network were defined by integrated evidence from multiple
sources, with line colors corresponding to the specific type of
interaction evidence. To ensure high-confidence interactions, a
stringent interaction score threshold (>0.900, highest confidence
level) was applied. Subsequently, the PPI network analysis data were
imported into Cytoscape software version 3.10.0 for comprehensive
network diagram analysis and image processing, allowing for a clearer
understanding of their interactions and connections.

3 Results
3.1 Basic characteristics of the participants

In this study, a total of 44 hip joint tissues from 30 AS patients and 14
non-AS controls were collected to identify candidate biomarkers. The
clinical and laboratory results are shown in Table 1. Key clinical
parameters such as age, white blood cell count, lymphocyte count,
neutrophil count, C-reactive protein (CRP), and erythrocyte
sedimentation rate (ESR) were analyzed. For detailed data, refer to Table 1.

3.2 Proteomics differentiates AS group and
non-AS group

LC-MS/MS analysis identified a total of 2,994 proteins, with 2,050
meeting quantification thresholds (Supplementary Table 1).
Comparative analysis revealed 109 DAPs (34 upregulated, 75
downregulated) with p <0.05 and fold change >1.5 or <0.67
(Supplementary Table 2). The volcano plot depicted significant
differential expression patterns (Figure 1A). PCA analysis showed
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FIGURE 1

Enrichment analysis of DAPs. (A) Volcano plot of proteins, screening criteria of total proteome: fold change >1.5 or <0.67 and p < 0.05. Red dots
represent upregulated proteins, and the blue dots represent downregulated proteins. Gray dots mean these proteins do not satisfy the screening
criteria. (B) Principal component analysis (PCA) of AS patients and non-AS patients. (C) Heat map of the DAPs between AS and non-AS groups. Red
areas denote upregulated proteins, and blue areas denote downregulated proteins.
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distinct clustering of AS and non-AS groups, characterized by proteins
such as RPL18 and RPS6 (|loading score| > 0.8) (Figure 1B). These
proteins were concurrently highlighted as significant DAPs in the
volcano plot. The heatmap demonstrated consistent protein
abundance patterns within the AS and non-AS groups, thereby
reinforcing the reliability of differential expression results (Figure 1C).

3.3 GO functional enrichment analysis

In terms of GO classifications, we identified distinct pathway
groups for the DAPs, which were categorized into three main groups:
BP, CC, and MF (Figure 2 and Supplementary Table 3). Within the

10.3389/fmed.2025.1556118

BP category, GO enrichment analysis revealed that DAPs were
significantly associated with processes including translation,
translational initiation, viral transcription, and SRP-dependent
co-translational protein targeting to membrane. In addition, our
findings echoed those of previous studies on AS, highlighting key
pathways such as the Wnt signaling pathway, the MAPK cascade,
and the process of antigen processing and presentation of exogenous
peptide antigen via MHC class I. In the CC category, proteins were
predominantly associated with the extracellular exosome, cytosol,
cytoplasm, and membrane. In the MF category, proteins were largely
represented by structural constituents of ribosomes, RNA binding,
cadherin binding represented by cell-cell adhesion and structural

molecule activity.

Description

FIGURE 2
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nuclear-transcribed mRNA catabolic process, nonsense-mediated decay
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The pathway annotations derive from GO enrichment analyses. BP, biological process; MF, molecular function; CC, cellular component.
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3.4 KEGG pathway enrichment analysis

To identify the functionality of proteins that underwent
significant changes, we performed a detailed KEGG pathway
enrichment analysis. The results were visualized using a bar plot,
depicting differential protein enrichment. Pathway analysis revealed
six categories of the DAPs: Cellular Processes, Environmental
Information Processing, Genetic Information Processing, Human
Diseases, Metabolism, and Organismal Systems. Notably, DAPs
were enriched in pathways such as the PI3K-Akt signaling pathway,
Ribosome, Metabolic pathways, and Neutrophil extracellular trap

10.3389/fmed.2025.1556118

formation. Among these, the Ribosome pathway showed the most
significant enrichment (Figure 3 and Supplementary Table 4).

3.5 Reactome hierarchical enrichment
analysis

Hierarchical enrichment analysis was performed on DAPs
(adjusted p < 0.05) using Reactome, which employs a hierarchical
pathway classification system (Level 1: broad categories; Level 2:
Level 3: specific pathways). The

intermediate subclasses;

Description

FIGURE 3
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pathway-centric analysis revealed significant enrichment of DAPs in
key pathways including Protein Metabolism and Metabolic Disease
Pathways. These pathways were sub-classified into Infectious Disease,
Cellular Responses to Stress, and Amino Acid Metabolism, with
further refinement identifying specific processes such as Axon
Guidance and SRP-dependent Cotranslational Protein Targeting to
Membrane (Figure 4 and Supplementary Table 5).

3.6 Protein—protein interaction network
analysis

To gain a deeper insight into the interplay among DAPs,
we incorporated the 109 DAPs into a PPI network using the STRING

10.3389/fmed.2025.1556118

platform (version 12.0). This integration aimed to assess interactions
between the DAPs, and we retained only interactions with a STRING
confidence score >0.900 (the database’s highest-confidence category).
The resultant network comprised 108 nodes and 333 edges, where
nodes with higher degrees of interaction were depicted in darker
colors (Supplementary Figure 1). Using the CytoHubba plugin,
we identified hub proteins with the highest interaction degrees in the
PPI network, including RPS11 (degree = 27), RPS24 (degree = 26),
RPL35 (degree = 25), RPS3A (degree = 25), RPS6 (degree = 25), RPS8
(degree = 25), RPS14 (degree =25), and RPS7 (degree=25)
(Figure 5A). Among these, ribosomal proteins (RPs), including
RPS11, RPS24, RPS6, and others, emerged as critical nodes exhibiting
the highest connectivity, highlighting their central roles in shaping the
network architecture. GO functional enrichment analysis of hub

Description

FIGURE 4
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Reactome hierarchical enrichment analysis levels plot. (Level 1. broad categories; Level 2: intermediate subclasses; Level 3: specific pathways).
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proteins within the PPI network, such as RPS11, RPS6 and RPS3A,  cell-mediated immune responses (Figure 5B). Notably, RPs such as
identified biological processes closely associated with AS pathogenesis, ~ RPS11 or RPS6 emerged as highly connected hub nodes, enriched in
including cell differentiation, osteoblast differentiation, and T  pathways linked to osteogenic signaling and immune dysregulation.
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FIGURE 5

Analysis of PPl networks for DAPs. (A) Hub proteins in the PPI network. (B) GO biological processes associated with hub proteins.
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4 Discussion

The AS is a persistent systemic inflammatory condition
primarily impacting the sacroiliac joint and spine (16). Hip
arthropathy is a common complication observed in AS patients.
Chronic sacroiliitis associated with AS may lead to hip joint damage
(17). However, the early diagnosis of AS is challenging due to its
unclear pathogenesis and absence of a definitive diagnostic marker
(18). In addition, the molecular mechanisms of hip arthropathy in
AS have been rarely reported. The positional limitations of AS have
largely confined studies on AS-related proteins. Most of the existing
proteomic studies focus on serum (19), human synovial fluid (20),
circulating plasma (21, 22) or plasma exosome proteomics (23). To
promote our understanding of the pathogenesis underlying AS, it
is imperative to explore additional potential proteins. LC-MS/
MS-based proteomics is a powerful analytical technique that allows
for the identification of proteins indicative of disease diagnosis and
treatment (24). In this study, we conducted a comprehensive
analysis of hip joint tissues from both AS and non-AS groups by
integrating proteomics with bioinformatics. The aim of this study
was to identify potential biomarkers for diagnosing AS-related hip
arthropathy and monitoring disease progression.

In the present study, we discovered 109 DAPs in AS patients
compared to non-AS groups. These 109 DAPs underwent GO
enrichment analysis, with P. adj < 0.05. In terms of BP, our findings
were consistent with previous studies on AS, highlighting key pathways
such as the Wnt signaling pathway. Fibroblasts in the context of AS
exhibit a robust osteogenic potential, which is characterized by a
heightened capacity to form bone tissue. This osteogenic activity is
accompanied by the activation of Wnt signaling pathways, a crucial
regulatory mechanism represented by bone formation and
differentiation (25). In addition, the results of the KEGG pathway
enrichment analysis indicated that pathways linked to inflammation
and ossification, specifically the PI3K-Akt and AMPK signaling
pathways, were enriched in DAPs. Previous studies suggested that
metformin exhibits a strong inhibitory effect on ossification and
inflammation in AS fibroblasts by activating the PI3K-Akt and AMPK
pathways (26). Furthermore, the research has shown that the PI3K-Akt
signaling pathway is vital for controlling the proliferation,
differentiation, and apoptosis of osteoblasts and osteoclasts. These
processes are fundamental for maintaining bone homeostasis. This
pathway is represented by bone formation and remodeling by affecting
the activation state of downstream target proteins (27). Additionally, in
the context of AS, the PI3K-Akt signaling pathway also exhibits a
significant role that cannot be ignored in metabolism. AS patients tend
to have low body fat due to high fatty acid oxidation. Insulin signaling
was key in switching metabolism to fatty acids in AS. This shift involves
increased gene expression regulating fatty acid oxidation, possibly
mediated by PI3K (28). Furthermore, the KEGG analysis revealed that
metabolic pathways exhibited the most prominent alterations within
the category of metabolism, aligning with our previous research
findings. Specifically, amino acid biosynthesis, glycolysis, fatty acid
biosynthesis, and choline metabolism were the most prominently
implicated pathways in AS (29). This finding was consistent with the
enrichment results of metabolism within the Reactome pathway
analysis. The PI3K-Akt signaling pathway, which influences both
ossification and metabolism, is likely to play a significant role in the
development of AS.
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Antigen processing and presentation are crucial factors in the
pathophysiology of AS (30). In our study, we found that the DAPs
underwent GO enrichment analysis specifically in the process of
antigen processing and presentation of exogenous peptide antigen via
MHC class I, which was consistent with previous studies (31, 32).

The PPI network analysis identified RPs, particularly RPS11 and
RPS6, as key DAPs in hip arthropathy tissues of AS patients. This
finding aligns with the ribosome pathway’s prominence in our
KEGG enrichment analysis and builds upon emerging evidence of
ribosomal dysregulation in AS pathogenesis. Recent single-cell
transcriptomic studies by Yarici and Karabekmez (33) revealed
RPS11 as the most rewired interaction hub across immune cell
subtypes in AS peripheral blood, whereas our tissue-level proteomics
specifically implicate RPS11 in osteoblast differentiation pathways.
Concurrently, RPS6 demonstrates dual functionality: it promotes
mTOR-dependent osteoclastogenesis (34-36) and enhances T cell
activation, directly linking translational regulation to immune-
mediated joint damage. These mechanisms are consistent with
cytokine-driven inflammation (such as TNF-q, IL-17) and Th17/
Treg imbalance observed in AS (37).

The co-enrichment of RPs in osteogenic and immune pathways
extends prior transcriptomic evidence of ribosomal dysregulation
in AS. While Lari et al. (38) reported elevated RPL17 expression
and pseudogene-mediated ribosomal alterations in peripheral
blood mononuclear cells, the current study highlights distinct RP
members (RPS11/RPS6) within affected joint tissues. This spatial
divergence suggests RPs coordinate AS progression through two
complementary axes: systemic immune dysregulation and localized
osteogenic processes such as ectopic ossification (39). Although
RPL35’s association with osteoarthritis and other skeletal disorders
(40, 41) indicates broader musculoskeletal implications, our
focused proteomic profiling reveals that RPs in AS hip tissues
predominantly interact through pathways distinct from canonical
translation. While altered RP abundance may reflect extraribosomal
functions or ribosome biogenesis defects, these findings propose
testable hypotheses: targeting RP-centric networks could modulate
interconnected pathological mechanisms, offering novel strategies
for managing AS arthropathy. Future studies should clarify
whether ribosomal changes initiate pathology or emerge as
secondary inflammatory biomarkers.

However, our research encountered several limitations that
warrant careful consideration. First, our study employed a
stringent fold-change threshold (>1.5 or <0.67) to prioritize high-
confidence DAPs; however, a relaxed threshold (>1.2 or <0.83)
might reveal subtler proteomic shifts. Given the limited sample
size and inherent risk of false positives in exploratory proteomic
studies, we focused on robustly altered proteins. Future studies
with larger cohorts could adopt multi-threshold strategies to
capture broader proteomic dynamics. Second, due to limited prior
research on the association between AS and other RP family
members beyond RPS11, RPS6, and RPL35, these proteins were
not extensively discussed. Third, hip joint tissues from AS
patients, particularly those with advanced arthropathy requiring
replacement surgery, are rare and challenging to procure. Ethical
and logistical constraints in tissue collection hindered molecular
validation in this study. Fourth, while changes in RP abundance
in AS may correlate with translation-associated processes, they do
not directly confirm altered translational activity. Mechanistic
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validation through ribosome profiling, polysome analysis, and
multi-omics integration is required to definitively characterize the
functional implications of RP dysregulation in AS pathogenesis.
Future work should correlate proteomic findings with longitudinal
clinical data (e.g., radiographic staging, inflammatory markers)
and explore strategies to address these limitations.

5 Conclusion

In conclusion, our study has explored the mechanisms of hip
arthropathy in AS by combining proteomics and bioinformatics.
We used LC-MS/MS to analyze samples from 30 AS patients and 14
non-AS patients, and identified 109 DAPs. Among these proteins,
several key proteins, such as RPS11, RPS6, and RPL35, as well as
others within the RP family, may play a central role in the
development of hip arthropathy in AS. Their mechanisms could
potentially be linked to osteoblast differentiation and T cell-mediated
immune responses, particularly involving the PI3K-Akt signaling
pathway that plays a central role in osteogenesis and metabolism.
These proteins may serve as early screening tools or therapeutic
targets for the disease. However, further research is needed to confirm
these findings and understand their specific roles in the
pathophysiology of AS.
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