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Exosomes are small extracellular vesicles secreted by nearly all cell types and 
widely distributed in body fluids. They not only mediate intercellular material 
transfer but also play an important role in the regulation of immune pathways. 
Given their diverse biological functions, studies investigating the regulatory roles 
of exosomes in ankylosing spondylitis (AS) are receiving increasing attention. 
The functions of exosomes in AS largely depend on their bioactive cargo, 
including microRNAs (miRNAs), circular RNAs (circRNAs), long non-coding 
RNAs (lncRNAs), proteins, and other molecules. In addition, exosome-induced 
intercellular communication and modulation of immune regulatory pathways 
are also critical. Recent studies have shown that exosomal crosstalk mechanisms 
may affect major AS-related pathways, such as immune responses, inflammatory 
signaling, and bone metabolism balance. This review summarizes the biological 
characteristics of exosomes and advances in their functional cargos in AS 
regulation. More animal and clinical studies are needed to explore the role of 
exosomes in AS. The ongoing development of sequencing technologies and 
biotechnology indicates that exosomes hold potential as diagnostic biomarkers 
for AS and provide new insights into its diagnosis and treatment.
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 1 Introduction

Ankylosing spondylitis (AS), also referred to as axial spondyloarthritis (Sieper and 
Poddubnyy, 2017), was a chronic inflammatory disease that primarily affected the sacroiliac 
joints and spine (Robinson et al., 2021). The global prevalence of AS has been estimated at 
0.20%–0.25% among adults in North America and Europe; in China, the prevalence has 
been reported to be 0.29%, whereas in Arctic communities with the highest prevalence 
of human leukocyte antigen (HLA)-B27 worldwide, it has reached 0.35% (Navarro-
Compán et al., 2021; Khan et al., 2023; Moro et al., 2025). AS predominantly affected young 
and middle-aged adults, severely compromising health and imposing substantial social and 
economic burdens (Crossfield et al., 2021).

The etiology of AS remained incompletely understood, and susceptibility was strongly 
associated with genetic, environmental, and lifestyle factors (Zhu et al., 2019), as well 
as with immune-related mechanisms involving multiple immune cells, mediators, and
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biomarkers (Pishgahi et al., 2020). Although the pathological 
mechanisms were not fully understood, HLA-B27 was 
consistently associated with AS prevalence across populations 
(Murphy et al., 2022; Li Z. et al., 2023). Beyond axial and 
peripheral joint involvement, clinical comorbidities including 
uveitis, ulcerative colitis, and psoriasis were commonly observed 
(Zhang et al., 2023). Diagnostic approaches included clinical 
assessment, such as inflammatory back pain and morning stiffness, 
together with imaging modalities including X-ray and MRI to detect 
sacroiliac inflammation or structural changes, and laboratory testing 
including HLA-B27 genotyping and measurement of inflammatory 
markers such as C-reactive protein and erythrocyte sedimentation 
rate (Wu et al., 2021; Agrawal et al., 2024).

However, diagnosis remained challenging due to atypical 
symptoms, subtle early imaging changes, and limitations of available 
biomarkers, which contributed to diagnostic delays and resulted in 
the loss of optimal treatment opportunities. With further elucidation 
of AS mechanisms, more effective diagnostic and therapeutic 
strategies were expected (Li H. et al., 2023).

Exosomes were nanoscale, membrane-bound extracellular 
vesicles (EVs) secreted by most eukaryotic cells, and carried a 
diverse array of biomolecules (Figure 1A), including proteins, 
messenger RNAs (mRNAs), non-coding RNAs (ncRNAs), 
DNA, and metabolites, which could be shuttled between 
cells (Jeppesen et al., 2019; Lee et al., 2019). Among these, 
ncRNAs—including microRNAs (miRNAs), circular RNAs 
(circRNAs), and long non-coding RNAs (lncRNAs)—were 
non-protein-coding RNAs that regulated gene expression, 
and accumulating evidence supported their involvement in 
the pathophysiology of inflammatory diseases (Kalluri and 
LeBleu, 2020; Saleem et al., 2024). Exosomes mediated the 
transfer of bioactive molecules between cells and played critical 
roles in intercellular communication (Raposo and Stahl, 2019). 
Accumulating evidence suggested that exosomes participated in 
AS pathogenesis through the regulation of inflammatory cytokines, 
immune responses, and bone metabolism. They acted not only as 
carriers of pathological signals such as miR-30c-5p and circ-0110634 
but also as potential platforms for precision therapeutics, including 
mesenchymal stem cell (MSC)-derived exosomes and circRNA-
targeted strategies, thereby attracting increasing attention in AS 
research. This review focuses on the specific roles of exosomes in 
the pathogenesis of AS, as well as research progress on their potential 
as biomarkers and therapeutic interventions.

2 Biological characteristics of 
exosomes

Exosomes were secreted by nearly all cell types, had 
a characteristic diameter ranging from 40 to 160 nm, and 
were abundantly present in bodily fluids such as urine, 
cerebrospinal fluid, and saliva. They performed essential 
functions, including the maintenance of cellular homeostasis, 
removal of cellular debris, and facilitation of intercellular and 
interorgan communication (Kalluri and LeBleu, 2020; Krylova 
and Feng, 2023). Exosomes were vesicular structures, with 
membranes composed of hydrophobic phospholipid bilayers 
and proteins that enclosed a hydrophilic lumen. Exosomal 

membranes usually contained membrane-associated functional 
proteins (Figure 1A), including diverse GTPases and Rab proteins 
(Rab11, Rab27a, Rab27b) involved in intracellular transport 
and fusion; integrins and tetraspanins (Alix, TSG101, CD9, 
CD63, CD81, and CD82) regulating cell adhesion; cytoskeletal 
proteins (actin and myosin); and heat shock proteins (HSP70, 
HSP90) (Milane et al., 2015; Blanc and Vidal, 2018). In addition, 
essential lipids of exosomal structure, such as phosphatidylcholine, 
phosphatidylserine, sphingolipids, and cholesterol, were also present 
on the membrane (Skotland et al., 2017).

Exosomes were first discovered by Pan and Johnstone in 1983 
(Pan and Johnstone, 1983). With the advancement of research, 
extracellular vesicles were categorized into two major types based 
on their biogenesis and release mechanisms: microvesicles, which 
budded directly from the plasma membrane, and exosomes, 
which were released upon fusion of multivesicular bodies (MVBs) 
with the plasma membrane through exocytosis (Cocucci and 
Meldolesi, 2015; Zhang et al., 2015). This review focuses specifically 
on the latter—exosomes. Exosome biogenesis began with the 
internalization of molecular cargo into early endosomes, where 
initial sorting and fate determination occurred; some cargo was 
recycled to the plasma membrane or Golgi apparatus, whereas 
unrecycled cargo entered the endosomal maturation pathway. 
With changes in Rab proteins and membrane components, 
early endosomes progressively matured into late endosomes, 
during which invagination of the endosomal membrane led to 
the formation of intraluminal vesicles (ILVs) that encapsulated 
cargo, thereby giving rise to MVBs. MVBs could fuse with 
lysosomes for cargo degradation or could fuse with the plasma 
membrane to release ILVs into the extracellular space as exosomes 
(Figure 1B) (Wei et al., 2021).

The use of exosomes as carriers of biomarkers in the extracellular 
milieu has been well established; however, their clinical deployment 
remains constrained by the lack of standardization in exosome 
isolation and analytical workflows. Differential ultracentrifugation 
was often regarded as the gold standard for EV isolation; this 
approach effectively separated small EVs from large EVs based 
on size and density, thereby helping to reduce contamination 
(Zarovni et al., 2015). In parallel, size-based methods such as 
size-exclusion chromatography (SEC) separated exosomes from 
other EVs according to particle size and were expected to promote 
standardization in the field of exosome isolation, making clinical 
translation more feasible (Doyle and Wang, 2019). Immunoaffinity 
capture relied on antibodies to isolate exosomes according to the 
expression of surface antigens, enabling enrichment of exosomes 
from specific cellular sources and thereby mitigating contamination 
from non-exosomal EVs or lipoprotein/protein complexes in 
samples (Tauro et al., 2012). Meanwhile, EVs were classified 
into distinct categories according to size, density, biochemical 
composition, and biogenesis, and EV subtypes generated through 
different mechanisms typically fell within different size ranges. 
Because the size and physicochemical properties of different EV 
classes overlapped, it was difficult to isolate them in pure form, 
which in turn increased uncertainty in mechanistic attribution 
(Greening and Simpson, 2018). In addition, studies indicated 
that extracellular RNA could be encapsulated within EVs, 
and RNAs including miRNAs could be delivered in both EV-
associated and non-EV-associated forms (Nik Mohamed Kamal 
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FIGURE 1
Structure and secretion mechanism of exosomes. (A) Schematic illustration of exosome structure and composition. Exosomes (40–160 nm) are 
membrane-bound extracellular vesicles with a phospholipid bilayer enclosing a hydrophilic lumen that carries diverse biomolecules (proteins, mRNAs, 
ncRNAs, DNA, and metabolites). (B) Overview of exosome biogenesis and secretion. Molecular cargo is internalized into early endosomes for sorting; 
recycled cargo returns to the plasma membrane or Golgi, while unrecycled cargo proceeds to late endosomes. Intraluminal vesicles (ILVs) form via 
endosomal membrane invagination, generating multivesicular bodies (MVBs) that either fuse with lysosomes for degradation or fuse with the plasma 
membrane to release ILVs into the extracellular space as exosomes.

and Shahidan, 2019). EV-encapsulated extracellular RNA has 
emerged as a key signaling modality and was commonly profiled 
using quantitative real-time PCR (qRT-PCR), microarrays, and 
RNA sequencing to characterize EV-associated RNAs, supporting 
their potential as biomarkers across diseases (Kumari et al., 2024). 
Therefore, in-depth dissection of noncoding and protein-
coding RNAs within EVs will facilitate understanding of 
their functions and their potential utility as molecular
markers. 

3 Effects of exosomes/exosomal 
components on AS

Exosomes contained a variety of biological cargo, including 
nucleic acids, proteins, and other components such as lipids, 
chemical drugs, and natural substances (Zhang et al., 2019). 
Studies have demonstrated that exosomes played important roles 
in the development and progression of AS. Differential expression 
of exosomal cargo not only promotes or alleviates pathological 
processes but also provides potential targets for AS diagnosis 
and therapy.

3.1 Exosomal miRNAs in the pathogenesis 
of AS

Exosomal miRNAs have emerged as critical regulators in 
the pathogenesis of AS, influencing immune dysregulation, 
inflammation, and pathological osteogenesis (Table 1). Compared 
with healthy individuals, miRNAs in exosomes from patients 
with AS show heterogeneous expression patterns, with most 
miRNAs being upregulated and a minority being downregulated. 
Tavasolian et al. identified 24 differentially expressed miRNAs (22 
upregulated and two downregulated), which regulated immune 
responses and chronic inflammation by modulating T cell functions 
(e.g., suppressing regulatory T cell proliferation, promoting T 
helper 17 cells (Th17) differentiation) and cytokine secretion 
(e.g., downregulating IL-8 and IL-10, upregulating IFN-α2 and 
IL-33) (Tavasolian et al., 2023). A systematic study reported 42 
upregulated and 45 downregulated miRNAs in AS, identified miR-
29 as the most frequently dysregulated miRNA (Li et al., 2021). 
Furthermore, exosomal miRNAs such as miR-125a, miR-451a 
(Fotoh et al., 2020), miR-146a, and miR-155 (Tan et al., 2022) 
exhibited promising diagnostic value and reflected disease activity 
and structural damage (Yildirim et al., 2021). Collectively, 
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TABLE 1  Exosomal microRNAs in the Pathogenesis of AS.

Exosomal 
components

Expression pattern 
in AS

Origins Effects and 
mechanisms

Source

miR-125a, miR-451a, 
miR-146a, miR-155

Differentially expressed Patient-derived exosomes Diagnostic potential; reflect 
disease activity and structural 
damage

Fotoh et al. (2020), 
Yildirim et al. (2021), 

Tan et al. (2022)

miR-30c-5p Upregulated Patient-derived exosomes Targets IRF4; represses 
IRF4–Foxp3 synergy; inhibits 
Treg differentiation → loss of 
immune suppression, 
exacerbates AS 
immunopathology

Zheng et al. (2009), 
Mahnke et al. (2016), Ospelt 

(2024), Remalante-Rayco and 
Nakamura (2024)

miR-5189-3p Suppressed by BMSC 
exosomes

BMSC-derived exosomes Suppression activates 
BATF2/JAK2/STAT3 pathway, 
promotes FLS apoptosis, 
inhibits AS progression

Zhang et al. (2022b), 
Gerami et al. (2023)

miR-22-3p Delivered via M2 macrophage 
EVs

M2 macrophage-derived EVs Suppresses PER2 → relieves 
inhibition of Wnt7b → activates 
canonical Wnt/β-catenin 
pathway → enhances MSC 
osteogenic differentiation, 
exacerbates ectopic ossification

Liu et al. (2022)

miR-21 Upregulated (therapeutic) AD-MSC-derived exosomes Ameliorates spinal 
osteoporosis: ↑bone mineral 
density/content, ↓osteoclast 
activity (↓TRACP-5b, 
cathepsin K), ↓IL-6

Hu et al. (2022)

miR-92b-3p Upregulated Fibroblast-derived exosomes Suppresses TOB1 → activates 
BMP/Smad pathway → 
promotes osteogenic 
differentiation and 
proliferation → pathological 
osteogenesis

Lu et al. (2023)

these findings suggest that exosomal miRNAs hold potential as 
noninvasive biomarkers and therapeutic targets for AS.

Sequencing analysis revealed that miR-30c-5p was significantly 
upregulated in exosomes from patients with AS compared with 
healthy controls and was among the most enriched exosomal 
miRNAs in AS. miR-30c-5p targeted interferon regulatory factor 
4 (IRF4), a key factor in regulatory T-cell (Treg) differentiation 
(Ospelt, 2024). Through miRNA–gene targeting and gene–pathway 
interactions, miR-30c-5p suppressed IRF4 expression. IRF4 was 
a critical transcription factor for Tregs formation and function 
(Mahnke et al., 2016), and cooperated with forkhead box P3 
(Foxp3) to maintain Treg functionality (Zheng et al., 2009). 
By downregulating IRF4 expression, miR-30c-5p disrupted the 
synergistic interaction between IRF4 and Foxp3, inhibited Treg 
differentiation, and consequently attenuated immune suppression, 
thereby exacerbating the immunopathology of AS (Remalante-
Rayco and Nakamura, 2024).

Studies showed that mesenchymal stem cells (MSCs) from AS 
patients exhibited stronger osteogenic differentiation capacity than 
those from healthy donors, implicating AS-MSCs in pathological 
osteogenesis (Xie et al., 2016). Exosomes derived from bone 
marrow mesenchymal stem cells (BMSCs) played critical roles 

in modulating excessive inflammatory activation during skeletal 
sterile inflammation (Gerami et al., 2023). BMSC-derived exosomes 
suppressed miR-5189-3p, activated the BATF2/JAK2/STAT3 
pathway, and promoted fibroblast-like synoviocyte (FLS) apoptosis, 
thereby inhibiting AS progression (Zhang Y. et al., 2022). EVs 
from M2 macrophages acted as carriers of miR-22-3p and 
transferred it into MSCs. Within recipient cells, miR-22-3p 
suppressed period circadian regulator 2 (PER2), thereby relieving 
inhibition of Wnt7b, activating the canonical Wnt/β-catenin 
signaling pathway, and enhancing MSC osteogenic differentiation, 
which exacerbated ectopic ossification in AS (Liu et al., 2022). 
Conversely, exosomal miR-21 derived from adipose-derived MSCs 
(AD-MSCs) showed therapeutic potential. Injection of miR-
21-enriched exosomes into AS model mice ameliorated spinal 
osteoporosis by increasing bone mineral density and content, 
inhibiting osteoclast activity (reducing TRACP-5b and cathepsin 
K levels), and downregulating the proinflammatory cytokine IL-6 
(Hu et al., 2022). In fibroblasts, upregulated miR-92b-3p directly 
suppressed TOB1 expression, thereby activating the BMP/Smad 
signaling pathway, which drove osteogenic differentiation and 
cell proliferation, contributed to pathological osteogenesis in AS
(Lu et al., 2023).
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3.2 Exosomal circRNAs in AS pathogenesis

CircRNAs were a class of noncoding RNAs with covalently 
closed-loop structures resistant to exonuclease digestion (Barrett 
and Salzman, 2016). With advances in RNA sequencing and 
bioinformatic prediction, numerous circRNAs had been identified 
as regulators of development, localization, and tissue-specific 
expression (Chen, 2016). In AS patients, exosomal circRNAs such 
as hsa_circ_0110797, hsa_circ_0097378, hsa_circ_0122309, hsa_
circ_0058275, and hsa_circ_0008346 were downregulated, and the 
differentially expressed circRNAs were mainly associated with 
negative regulation of nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κB) activity and bone remodeling, 
processes implicated in AS (Zhang L. et al., 2022). Construction 
of circRNA–miRNA–mRNA interaction networks provided new 
insights into circRNAs as potential biomarkers via regulation of 
miRNAs and their target genes. CircRNAs could act as “sponges” 
for miRNAs, sequestering and modulating their activity, thereby 
regulating gene expression in various diseases (Xiao et al., 2022). 
A cross-analysis of AS patient platelets and spinal ligament 
tissues identified two downregulated circRNAs (circPTPN22 and 
circFCHSD2), whose target mRNAs were enriched in pathways 
such as Th17 cell differentiation, inflammatory bowel disease, 
cell adhesion molecules, cytokine–cytokine receptor interactions, 
Jak–STAT, and Wnt signaling, all involved in bone remodeling and 
immune regulation in AS (Wang et al., 2021).

Exosomal circRNAs, as emerging noncoding RNAs mediating 
intercellular communication, precisely regulated inflammation and 
bone metabolism balance in AS. hsa_circ_0003307 was significantly 
upregulated in peripheral blood mononuclear cells (PBMCs) 
of AS patients; knockdown of hsa_circ_0003307 suppresses 
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway 
activation and reduced expression of key inflammatory mediators 
TNF-α and TNFAIP2, thereby alleviating synovial cell inflammation 
(Fang et al., 2022). Exosomal circ-0110634 derived from AS-MSCs 
was significantly elevated compared with healthy donors. After being 
delivered into recipient cells, circ-0110634 simultaneously bound 
TNF receptor-associated factor 2 (TRAF2) and TNFRII, promoted 
TRAF2 dimerization and ubiquitination-dependent degradation, 
disrupted the TRAF2–TNFRII interaction, and ultimately inhibited 
NF-κB and Mitogen-activated protein kinase (MAPK) signaling, 
two critical pathways driving osteoclast differentiation, thereby 
suppressing osteoclastogenesis (Ji et al., 2022). 

3.3 Differential expression of exosomal 
lncRNAs in the pathogenesis of AS

LncRNAs were key epigenetic regulators that played essential 
roles in the pathogenesis of AS, as well as in the assessment of disease 
activity and therapeutic response (Sun et al., 2022). Multiple studies 
using patient serum, cartilage tissue, and synovial cells revealed a 
complex regulatory network of lncRNAs.

Various lncRNAs acted as competing endogenous RNAs 
(ceRNAs) to sequester miRNAs, thereby fine-tuning the 
expression of downstream target genes and signaling pathways, 
ultimately influencing chondrocyte fate and inflammatory states 
(Xie et al., 2020). It was reported that highly upregulated 

in liver cancer (HULC) was significantly upregulated in AS 
cartilage tissue; through a “sponging” effect it suppressed 
miR-556-5p expression, thus releasing miR-556-5p–mediated 
inhibition of the proto-oncogene yes-associated protein 1 (YAP1), 
ultimately exacerbating chondrocyte inflammation and suppressing 
proliferation (Yi et al., 2023). Similarly, metastasis-associated lung 
adenocarcinoma transcript 1 (MALAT1) was elevated in AS, 
where it sponged miR-558 to relieve inhibition of the pyroptosis 
effector GSDMD, thereby promoting chondrocyte pyroptosis and 
inflammation, while MALAT1 knockdown effectively attenuated 
this pathological process (Chen et al., 2022). In addition, the 
therapeutic effect of triptolide (TPL) was shown to be closely 
associated with regulation of the lncRNA NONHSAT227927.1. 
This lncRNA was highly expressed in AS and was a risk factor 
for disease activity; TPL exerted its anti-inflammatory effect by 
suppressing NONHSAT227927.1 expression, thereby inhibiting 
activation of the JAK2/STAT3 signaling pathway (Ding et al., 2024). 
High-throughput sequencing studies expanded the lncRNA 
landscape, identifying 145 differentially expressed lncRNAs (72 
upregulated and 73 downregulated) in the serum of AS patients. 
Functional enrichment analysis revealed that these lncRNAs 
were mainly involved in immune-inflammatory processes such 
as protein ubiquitination, MHC class I antigen presentation, MAPK 
activation, and the IL-17 signaling pathway, and ceRNA network 
construction further demonstrated their complex regulatory 
roles in AS (Kou et al., 2024). 

3.4 Differential expression of exosomal 
proteins and their relationship with AS 
progression

In recent years, proteomic studies of serum-derived EVs from 
AS patients have revealed significant alterations in their protein 
composition. It was found that the protein profile of serum-derived 
EVs in AS patients differed markedly from that of healthy controls. 
One study identified 73 differentially expressed proteins by LC-
MS/MS, including 31 upregulated and 42 downregulated, which 
were significantly enriched in pathways such as “complement and 
coagulation cascades,” “Staphylococcus aureus infection,” “systemic 
lupus erythematosus,” and the “PI3K-Akt signaling pathway,” 
indicating that protein cargos carried by EVs might contribute 
to AS pathogenesis by modulating these key biological processes 
(Huang et al., 2020). Notably, a combination of LC-MS/MS and 
enzyme-linked immunosorbent assay (ELISA) identified a panel 
of protein biomarkers specifically upregulated in serum EVs 
from AS patients. Among them, serum amyloid A-1 (SAA1) was 
confirmed to be significantly overexpressed, suggesting strong 
potential as a diagnostic biomarker for AS. In addition, Fibulin-
1, von Willebrand factor, complement factor H-related protein 2, 
and lysozyme C were also consistently found to be elevated in AS 
serum EVs (Sung et al., 2025).

In serum-derived exosomes from AS patients, proteins 
show increased expression during AS progression and were 
implicated in inflammatory responses. For example, follistatin-like 
protein one and IL-17A were elevated in patient exosomes and 
exhibited certain discriminatory ability compared with healthy 
controls. Compared with plasma, exosomes contained more 
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intracellular and transmembrane proteins involved in critical 
biological processes (Colombo et al., 2014). In AS, processes 
such as inflammatory responses, responses to bacteria, cellular 
responses to growth factor stimulation, and the PI3K/Akt 
signaling pathway were particularly enriched in small exosomes. 
Moreover, macroautophagy and positive regulation of NF-κB 
transcriptional activity were enriched in large exosomes, whereas 
small exosomes showed high expression of follistatin-like protein 1 
(Wu et al., 2023). Follistatin-like protein one was a pro-inflammatory 
molecule that promoted the production of pro-inflammatory 
cytokines (Cheng et al., 2017). For instance, following Streptococcus
pneumoniae infection, follistatin-like 1 (FSTL1) positively regulated 
the nucleotide-binding oligomerization domain-containing protein 
(NOD)-like receptor family pyrin domain-containing 3 (NLRP3) 
inflammasome and promoted inflammatory injury via the 
TLR4/NF-κB signaling pathway (Chen and Liu, 2019). FSTL1 was 
therefore likely to be closely associated with the infectious etiology 
and inflammatory regulation of AS and might represent a potential 
pathological mechanism and therapeutic target.

Exosomal IL-17A could activate the JAK-STAT3 
signaling pathway, thereby inducing the expression of matrix 
metalloproteinase-14 (MMP14) in the ligaments of patients 
with AS (Wang et al., 2024). MMP14 was involved in normal 
physiological processes such as tissue development, reproduction, 
and tissue remodeling, while also contributing to pathological 
processes such as arthritis and tumor metastasis (Conlon and 
Murray, 2019). Overexpression of MMP14 could lead to alterations 
in cytoskeletal and mechanotransduction pathways in MSCs 
and other cells, potentially driving pathological new bone 
formation (Kasper et al., 2007). Inhibition of IL-17A activity and 
exosome endocytosis could effectively suppress inflammation and 
pathological osteogenesis, thereby controlling AS progression.

In recent years, multiple exosomal miRNAs, circRNAs, 
lncRNAs, and proteins were investigated as potential diagnostic 
biomarkers for AS (Fang and Liu, 2023); however, these molecular 
classes differ in their relative diagnostic value and clinical 
applicability. In many studies, exosomal miRNAs demonstrated 
superior diagnostic performance; for example, miRNAs such as 
miR-21 were associated with inflammatory markers including 
TNF-α and aberrant osteogenesis in patients with AS, indicating 
substantial potential as early, non-invasive indicators of disease 
activity (Zou et al., 2020; Sekar, 2021). Numerous lncRNAs 
involved in the regulation of inflammatory signaling, including 
H19, MEG3, and LOC645166, were dysregulated in AS, suggesting 
that lncRNAs might serve as novel biomarkers for diagnosis and 
prognostication of AS outcomes (Sun et al., 2022). By contrast, 
exosomal circRNAs represented an emerging area of research; 
although differential expression of certain circRNAs was identified 
in patients with AS and they might serve as biomarkers, their 
diagnostic accuracy metrics were not yet adequately validated 
(Zhang L. et al., 2022). Finally, exosomal proteins, such as surface 
markers and inflammation-related proteins, showed differential 
expression in patients with AS and could complement RNA-based 
biomarkers; however, because their expression might be influenced 
by a broader range of systemic diseases, their specificity for AS 
diagnosis could be lower (Huang et al., 2020). Overall, current 
evidence suggests that miRNAs and lncRNAs currently show strong 
diagnostic potential when used individually, while circRNAs and 

protein biomarkers hold promise as part of a combination of 
biomarkers to improve clinical diagnostic efficiency. 

4 Exosomes/Exosomal components 
with potential impact on AS 
progression

Ankylosing spondylitis progressed through distinct stages of 
immune imbalance and chronic inflammation, bone destruction, 
and pathological osteogenesis (Tam et al., 2010). Exosomes 
actively participated in these processes by modulating immune cell 
dysfunction, regulating T cell survival signaling, activating pro-
inflammatory pathways, and interfering with the balance between 
osteogenesis and osteoclastogenesis, thereby exerting significant 
influence on AS pathology (Figure 2).

4.1 Exosome-mediated immune regulation

During AS progression, the cytokine profile and expression of T 
cells can be regulated by exosomal proteins. One study reported that 
exosomes derived from AS patient PBMCs altered T cell profiles and 
induced normal T cells into an inflammatory state by upregulating 
transcription factors (RORγt, STAT3, and T-bet) and cytokines 
(IL-17, IL-23, TNF-α, and IFN-γ) in Th1 and Th17 cells, while 
downregulating Treg cytokines (TGF-β and IL-10) and transcription 
factors (FOXP3) (Jafarpour et al., 2022).

Multiple studies demonstrated that different miRNAs 
were expressed in both innate and adaptive immune cells 
and played crucial roles in their development and function, 
including regulation of inflammation and T cell responses 
in AS (Tavasolian et al., 2022). The immunoregulatory roles 
of exosomes included antigen presentation, activation and 
suppression of immune responses, and expression of opsonins and 
complement factors (Greening et al., 2015). Notably, activated T cells 
could release miRNA-enriched exosomes at the immune synapse in 
a targeted manner; these exosomes acted as key information carriers, 
transferring regulatory RNA molecules to antigen-presenting cells 
(APCs) or other immune cells, thereby amplifying or maintaining 
aberrant immune activation states, ultimately leading to chronic 
inflammation and pathological new bone formation. 

4.2 Exosomes participate in AS by 
regulating inflammatory signaling 
pathways

The expression of proteins and miRNAs in plasma exosomes 
of AS patients differs from that of healthy controls, suggesting 
that abnormally expressed exosomal miRNAs and proteins may 
intervene in the progression of AS. miRNAs functioned as a group 
of gene regulators and might originate from intracellularly modified 
expression or extracellular circulation. These circulating miRNAs 
could be transferred into the immune synapse (IS) via exosomes, 
transmitting signals to recipient cells and thereby initiating 
inflammatory signaling pathways in AS (Tavasolian et al., 2020; 
Bauer et al., 2022; van Niel et al., 2022). Exosomes from AS 
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FIGURE 2
Exosomes participate in immune regulation, pro-inflammatory pathways, and the balance between osteogenesis and osteoclastogenesis to intervene 
in the pathological process of AS.

patients could induce significant upregulation of interferon-α2 
and interleukin-33 in healthy CD4+ T cells, while suppressing the 
proliferation of Tregs, indicating that exosomes in AS activated 
T cells to further drive inflammation (Tavasolian et al., 2023). 
Th17 cells, a novel CD4+ T-cell subset, were characterized by the 
production of proinflammatory cytokines including IL-17, IL-6, IL-
22, IFN-γ, and TNF-α (Pishgahi et al., 2020), and exerted negatively 
regulatory effects on immune responses (Liao and Tsai, 2023). 

4.3 Exosomes intervene in bone 
metabolism balance and intercellular 
communication in AS

Exosomes influenced bone metabolic balance by modulating 
inflammatory responses, indirectly affecting the activities of 
osteoblasts and osteoclasts, thereby disrupting bone homeostasis 
(Longevity, 2024). Exosomes could transfer circRNAs (such as 
circPTPN22 and circFCHSD2) and regulate signaling pathways 
including JAK/STAT and NF-κB, thereby influencing fibroblast-like 
synoviocyte apoptosis and bone remodeling. Studies have shown 
that exosomal miR-21 induces the proliferation and differentiation 
of MSCs, increases bone mineral content and bone mineral density, 
and ameliorates osteoporosis symptoms in AS patients; in AS mouse 
models, it significantly reduced the number of osteoclasts, thereby 

decreasing bone resorption. In addition, it reduced IL-6 secretion, 
promoted IL-10 expression, and attenuated inflammation, thereby 
alleviating AS-related osteoporosis (Hu et al., 2022).

Expression of miR-22-3p in macrophage-derived exosomes 
was increased and positively correlated with spinal syndesmophyte 
formation and ectopic bone formation in AS. In AS mouse models, 
exosomal miR-22-3p from M2 macrophages was overexpressed 
and transferred into bone marrow MSCs, where it suppressed 
the expression of circadian regulator PER2, thereby affecting 
downstream pathways (Liu et al., 2022). This process simultaneously 
promoted the expression of runt-related transcription factor 2 
(RUNX2) and osteocalcin. MSC-derived exosomes, through their 
bioactive cargos, exhibited considerable therapeutic potential in 
regulating bone metabolism balance in axial spondyloarthritis 
(AxSpA) (Tavasolian and Inman, 2023). These vesicles originated 
from MSCs, with core cargos including diverse miRNAs, proteins, 
and signaling molecules, which together constituted their 
“cargo” (Liu et al., 2024). Mechanistically, MSC-EVs influence 
disease progression through immunological regulation and 
tissue remodeling. They can deliver immunosuppressive or anti-
inflammatory miRNAs to inflamed joints, suppressing overactivated 
immune cells and thereby alleviating local inflammation. 
Simultaneously, these vesicles can deliver signals promoting 
tissue repair and regeneration, regulate the activity balance 
between osteoblasts and osteoclasts, and are expected to suppress 
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pathological new bone formation, such as spinal ankylosis, while 
promoting normal bone homeostasis. 

5 Exosomes as potential diagnostic 
and therapeutic targets for AS

Disease-associated exosomes have been detected in human body 
fluids. Advances in sequencing technologies and biotechnology 
indicate that exosomes hold potential as diagnostic biomarkers for 
AS, offering new approaches for diagnosis.

Significant progress has been made in circulating miRNA studies 
for diagnosis and biomarker discovery. Evidence indicated that 
miR-138-5p expression was markedly decreased in the peripheral 
blood of AS patients, while TGF-β3 levels were elevated, and 
both were significantly correlated with disease activity indicators 
(HLA-B27, erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI)). Notably, the combined detection of these two 
markers had demonstrated strong diagnostic performance for AS 
(Cheng and Zhang, 2025). Furthermore, serum miR-3620-3p was 
identified as a highly promising AS-specific diagnostic biomarker. 
Its expression was significantly lower in AS patients compared 
with RA patients and healthy controls, showing high sensitivity 
and specificity, and its expression level was associated with the 
occurrence of uveitis as an AS complication (Lee et al., 2022). 
In clinical diagnosis, circRNAs also exhibited great potential. It 
was found that hsa_circ_0079787 expression in the peripheral 
blood of AxSpA patients was significantly lower than that 
in healthy controls and systemic lupus erythematosus (SLE) 
patients, effectively distinguishing AxSpA from SLE, suggesting 
its potential as a novel, highly specific biomarker (Luo et al., 2020). 
Multiple lncRNAs also demonstrated excellent biomarker potential. 
Maternally expressed gene 3 (MEG3) and taurine upregulated 
gene 1 (TUG1) were significantly downregulated in the serum 
and tissues of AS patients. Their expression levels not only 
effectively differentiated patients from healthy controls but also 
negatively correlated with disease activity (BASDAI score) and 
disease duration. Patients with lower MEG3 or TUG1 expression 
tended to have longer hospital stays and higher readmission rates, 
suggesting their value in assessing disease severity and prognosis
(Liu et al., 2019).

Exosomes also demonstrate significant value in AS therapy 
and in reflecting therapeutic effects. A comparative analysis 
before and after 3 months of anti-TNF therapy revealed 
that the expression of miR-130a-3p, miR-146a-5p, miR-21-
5p, miR-22-3p, miR-23a-3p, miR-30a-5p, miR-362-3p, and 
miR-548ah-5p was upregulated after treatment, whereas let-
7c-5p, let-7f-5p, miR-125a-5p, miR-8a-5p, miR-374b-5p, and 
miR-98-5p were downregulated (Wielińska et al., 2021). The 
upregulated and downregulated miRNAs after treatment were 
found to be associated with tumor suppressor gene TP53, 
serine/threonine kinase AKT1, proto-oncogene MYC, ubiquitin C, 
epidermal growth factor receptor, and interleukin-6. Additionally, 
the upregulated miRNAs were associated with ribosomal 
protein S27a, MAPK1, ubiquitin B, and VEGFA, while the 
downregulated miRNAs were associated with ubiquitin A-52 
residue ribosomal protein fusion product 1, cyclin D1, tumor 

suppressor PTEN, and STAT3. The differential expression of 
exosomal miRNAs observed after 3 months of TNF therapy 
indicated that exosomes might serve as reliable biomarkers for 
identifying therapeutic responses, reflecting the reduction of 
inflammatory responses and control of disease progression by 
anti-TNF drugs.

Increasing evidence suggests that exosomes play vital roles in 
disease onset and progression, making them promising therapeutic 
targets for AS. As natural nanoscale carriers, exosomes not only 
transferred cargos between cells but also regulated immune 
pathways (Meng et al., 2020). They could transport functional 
RNAs, proteins, drugs, or other key metabolic molecules, conferring 
clinical therapeutic potential. Blocking exosome trafficking 
and immune pathway modulation could effectively inhibit AS 
pathogenesis and progression (Tavasolian et al., 2023). Based on 
the inflammatory response and pathological new bone formation 
in AS, preventing the release of exosomal inflammatory factors 
might help better control disease progression (Wang et al., 2024). 
Exosomes act as transport systems not only for endogenous 
molecules but also for synthetic drugs, providing a clearer direction 
for therapeutic research (Liang et al., 2021). Exosomes have been 
engineered through genetic, physical, and chemical approaches 
to serve as drug-delivery systems for treating inflammatory 
bowel disease, such as using CX5461 (an RNA polymerase 
inhibitor) as an immunosuppressant (Zhang et al., 2024). 
Although CX5461 could inhibit M1 macrophage proliferation 
and promote apoptosis to regulate inflammation, its instability 
under physiological conditions and poor therapeutic effect via 
injection limited its application. Conversely, sophoridine-derived 
exosomal nanoparticles demonstrated excellent targeting and 
stability in inflammatory bowel disease therapy, precisely reaching 
inflamed colonic sites, representing a novel therapeutic strategy 
with inflammation-targeting capacity. Wang P et al. showed that 
exosomes from M1-polarized macrophages could serve as carriers 
to deliver paclitaxel to tumor tissues, enhancing chemotherapeutic 
antitumor effects in tumor-bearing mice (Wang et al., 2019), which 
provided significant inspiration for AS therapy. Zhang Y et al. also 
demonstrated that exosomes could promote bone tissue repair and 
regeneration (Zhang Y. et al., 2022), which was highly beneficial for 
AS disease control. 

6 Conclusion

AS is a disease with high prevalence in young and middle-
aged adults. Advances in molecular biology and the maturation 
of bioinformatics have facilitated the identification and study 
of numerous differentially expressed exosomal components 
associated with AS. As diagnosis currently relies on clinical 
manifestations and imaging, and lacks ideal blood-based diagnostic 
markers, exosomes—carrying cargos such as miRNAs, circRNAs, 
lncRNAs, and proteins—possess functions in immune response 
and inflammation and may serve as potential biomarkers for early 
diagnosis of AS. Although the precise mechanisms underlying 
exosomal circulation, immune regulation, and function in AS 
remain to be fully elucidated, these issues are expected to be resolved 
with further research. Exosome-based diagnostic strategies and
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novel therapeutic approaches may eventually provide 
clinical benefit for patients with AS, pending further
validation.
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