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Purpose: Ankylosing spondylitis (AS) is a chronic inflammatory disease associated with genetic, immune, and microbial factors. The
role of gut microbiota in the pathogenesis of AS is increasingly recognized, with studies suggesting that intestinal dysfunction may
trigger systemic inflammation. This study aimed to investigate the gut microbiota profiles of AS patients from Southern China and
explore the relationship between gut microbiota and the occurrence and development of AS.

Patients and Methods: We enrolled 30 AS patients and 25 healthy controls from the Fifth Affiliated Hospital of Sun Yat-sen
University. Fecal samples were collected, and DNA was extracted for 16S rDNA sequencing to analyze the V3-V4 variable regions.
Bioinformatic processing and statistical analysis were performed to assess the microbial community structure, diversity, and function.
Results: The study revealed significant differences in gut microbiota composition between AS patients and healthy controls. AS
patients exhibited a decrease in beneficial bacteria such as Firmicutes and Actinobacteria and an increase in harmful bacteria like
Proteobacteria and Enterobacteriaceae. The functional prediction of gut microbiota indicated significant metabolic pathway alterations,
particularly in energy metabolism, degradation metabolism, and nucleotide metabolism, which may be linked to the pathophysiology
of AS.

Conclusion: This study demonstrates that the gut microbiota of Han Chinese AS patients in Guangdong Province is characterized by
a decrease in beneficial bacterial communities and an increase in harmful ones, potentially contributing to AS progression through
intestinal barrier disruption and intensified inflammatory responses. These findings provide a theoretical basis for developing new
intervention strategies targeting the gut microbiota.

Keywords: inflammation, 16S rDNA sequencing, abundance, metabolic pathways

Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by chronic lower back pain and stiffness,
with morning stiffness in the lower back that improves with activity but is not relieved by rest." The average prevalence
of AS per 10, 000 individuals was found to be 23.8 in Europe, 16.7 in Asia, 31.9 in North America, 10.2 in Latin
America, and 7.4 in Africa.” The etiology of AS may involve multiple factors, including genetic background, immune
function, pathogen infection, and endocrine abnormalities. The human leukocyte antigen (HLA)-B27 gene is closely
associated with the development of AS, although the exact pathogenic mechanisms are not yet fully understood.® HLA-
B27 may be involved in pathogenesis of AS through mechanisms such as molecular mimicry, misfolding, and peptide
presentation.®* In addition, variations in ERAP1, IL-23R, and several other genes, such as IL6R, TYK2, and STAT3,
collectively contribute to the pathogenesis of AS, indicating that the genetic susceptibility to AS is a complex
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multifactorial process.” Pathogen infection may promote the onset of AS by activating the IL-23/IL-17 axis, Genetic
studies have indicated that the increased expression of IL-23 and IL-17 promotes inflammatory processes and affects the
activation and function of various immune cells, including Th17 cells, yoT cells, MAIT cells, and ILC3 cells, which
contribute to the inflammation and pathophysiology of bone in AS through the production of IL-17.%’ Furthermore,
endocrine factors are involved in the pathogenesis of AS through various mechanisms, including the association with
Metabolic Syndrome (MetS), inflammatory factors, the regulation by microRNAs, changes in adipokines, and the impact
of oxidative stress.® This prompts us to delve into the pathophysiological mechanisms of AS and to explore new
therapeutic strategies.

In recent years, more and more evidence has shown that the inflammatory activation of AS is related to intestinal
dysfunction. Impaired intestinal barrier function leads to the translocation of bacteria and their products, thereby
activating a systemic inflammatory response, particularly through the inflammasome pathway, which promotes the
secretion of IL-1B and IL-18, and subsequently affects the IL-23/IL-17 axis. This not only triggers inflammation locally
in the gut but is also associated with the systemic inflammatory state in patients with AS.” Changes in the composition of
the gut microbiota may exacerbate joint inflammation by affecting immune interactions between the gut and joints, as
well as the migration of immune cells.'” Studies have shown that in patients with AS who have a history of inflammatory
bowel disease (IBD), the abundance of Ruminococcus gnavus is positively correlated with the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI). This suggests that specific gut microbiota may be involved in the
inflammatory process of AS and may be related to disease activity.'!

Previous studies have shown that the clinical pattern of AS varies considerably according to the subject’s race and
geographic location.'? AS is not rare in mainland China. China comprises 56 ethnic groups, including the Han majority
and 55 minority nationalities. Research on HLA antigens shows that the Han Chinese can be divided into Southern and
Northern Han populations based on significant differences in HLA antigen frequencies.'> One report indicates that
patients with ankylosing spondylitis in Southern and Northern China exhibit distinct clinical characteristics. Meanwhile,
significant diagnostic delay and higher prevalence of HLA-B27 were found in southern AS patients.'* The connection
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between gut microbiota and its role in the pathogenesis of AS is increasingly recognized. Differences in microbiota
profiles related to geography and lifestyle have been observed in various populations.'> Southern China has distinct
dietary habits (fresh, lightly seasoned ingredients, with an emphasis on seafood, vegetables, and soups),'® environmental
factors, and genetic backgrounds, which can significantly influence gut microbiota composition. Investigating micro-
biotas in Southern China AS patients may reveal unique microbial taxa or metabolites that influence disease-specific
immune pathways. Such insights could clarify the pathophysiological mechanisms by which gut dysbiosis contributes to
AS progression. However, there are very few studies on Southern China AS patients. Our present study aimed to
investigate the gut microbiota profiles of AS patients from Southern China (Guangdong province) and to provide
a potential offering of new targets for microbial or dietary interventions.

Materials and Methods

Subjects

This study enrolled 30 patients diagnosed with AS at the Fifth Affiliated Hospital of Sun Yat-sen University.
Additionally, 25 healthy volunteers who underwent health checkups at our outpatient clinic were selected as controls.
Inclusion criteria for AS patients were as follows: aged 18 to 45 years, with no gender restrictions; diagnosed with AS
based on the modified New York criteria for AS 1984;'7 not involved in other clinical trials, and had not consumed
antibiotics, probiotics, or prebiotics for treatment within the past 3 months; exclude patients with cachexia such as cancer,
lymphoma, leukemia or lymphoproliferative diseases, active tuberculosis, HIV, etc. The criteria for healthy volunteers
included: being aged 18-45 years, gender unrestricted, and in good health; no history of allergies to drugs, food, or other
substances; no past infectious diseases or significant illnesses; not being involved in other clinical trials and had not taken
antibiotics, probiotics, or prebiotics for treatment within the last 3 months. The clinical characteristics (ESR, CRP, HLA-
B27, BASDAI) of patients with AS and Healthy control subjects are shown in Supplementary Table 1 (This study
focused on biomarker profiles within the patient population. Future investigations incorporating healthy control groups

may further elucidate these parameters’ diagnostic and prognostic roles). This study was approved by the Ethics
Committee of the Fifth Affiliated Hospital of Sun Yat-sen University (project No. ZDWY.JZWK.015).

Fecal Sample Collection and DNA Extraction

The 16S rDNA sequencing technology offers significant advantages in gut microbiota research, including high sensitivity
and specificity, broad species coverage, provision of ecological and evolutionary information, monitoring of microbial
community changes, and aiding in disease diagnosis and biomarker discovery.'' These features make us choose 16S
rDNA sequencing as an important tool to reveal gut microbial diversity and function, and to explore the relationship
between gut microbiota and the occurrence and development of AS. Collected fresh fecal samples from participants using
a sterile spoon, with each sample weighing approximately 1 g. Placed the collected samples into sterile tubes and stored
them at —80 °C until DNA extraction can be performed. The DNA was extracted from 200 mg fecal samples in each
group using the E.Z.N.A.® Stool DNA Kit (D4015, Omega, inc., USA) according to the manufacturer’s instructions.
Nuclear-free water was served as the blank. The total DNA was eluted with 50 pL of Elution buffer and stored at —80 °C
until it was measured by PCR.

Library Construction and Sequencing

The primers used were 341F forward primer (5-CCTACGGGNGGCWGCAG-3') and 805R reverse primer (5'-
GACTACHVGGGTATCTAATCC-3") for PCR amplification of the V3-V4 variable regions of 16S rDNA gene. PCR
amplification was performed in a total volume of 25 pL reaction mixture containing 25 ng template DNA, 12.5 pL. PCR
Premix, 2.5 uL of each primer, and PCR-grade water. The PCR products were confirmed using 2% agarose gel
electrophoresis. The PCR products were purified by AMPure XT beads (Beckman Coulter Genomics, Danvers, MA,
USA). The amplicon pools were prepared for sequencing, with the size and quantity of the amplicon library being
evaluated using the Agilent 2100 Bioanalyzer (Agilent, USA) and the Library Quantification Kit for Illumina (Kapa
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Biosciences, Woburn, MA, USA), respectively. The libraries were sequenced on a NovaSeq PE250 platform (Illumina,
CA, USA) by LC-Bio Technology (Hangzhou) Co., Ltd, China.

Bioinformatic Processing and Statistical Analysis

Filtered sequences were clustered by 97% identity into operational taxonomic units (OTUs, Sequence clusters represent-
ing microbial taxa) using UPARSE.'® Alpha diversity was utilized to assess the complexity of species diversity within
samples, employing five indices: Chaol (Estimates species richness in a community, accounting for rare taxa), Observed
species, Goods coverage, Shannon, and Simpson (Measure alpha diversity, combining species richness and evenness,
Shannon emphasizes rare species, Simpson focuses on dominant species), which were calculated with QIIME2. To
elucidate patterns of beta diversity, a multivariate analysis of community diversity employing principal coordinate
analysis (PCoA, specifically refers to the unweighted analysis of microbial composition differences based on
a distance matrix) was performed, A Bray-Curtis distance matrix was used as the dissimilarity index. Linear discriminant
analysis effect size (LEfSe) analysis was performed to detect differential abundance between each group, only the
taxonomic groups with p values < 0.05 and threshold logarithmic Linear discriminant analysis (LDA) sores > 3 were
considered. Kruskal-Wallis tests followed by Dunn’s multiple-comparison test were used to determine whether there are
significant differences between groups. Based on the Kyoto Encyclopedia of Gene and Genomes (KEGG), the meta-
genome function was predicted using a Phylogenetic Investigation of Communities by Reconstruction of Unobserved
States (PICRUSt), A bioinformatics tool to predict microbial functional potential based on 16S rRNA gene data by
mapping taxa to reference genomes. Statistical analyses were performed using R software version 3.5.2, and * p < 0.05
was considered statistically significant. We also performed Benjamini-Hochberg FDR correction (prpr <0.05) for 16S
rRNA taxonomic comparisons. The adjusted results are provided in Supplementary Table 2 for further reference by the
readers. Sequencing data in this study are available via National Genomics Data Center, China National Center for

Bioinformation Genome Sequencing Achieve under Project PRICA038041.

Results

The Gut Microbial Community Structure and Abundance from the AS and Healthy
Groups

The number of shared OTUs in AS and Healthy groups was 1084, the number of unique OTUs in healthy group was
2529, while the number of unique OTUs in AS group decreased to 2472, and the difference was statistically significant (p
< 0.05, Figure la). The abundance and evenness of the species in different samples were evaluated by the rank-
abundance curve (Figure 1b), we observed significant differences in species abundance and evenness between healthy
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Figure | Microbial community OUT analysis. (a) Venn diagram of shared and unique OTUs among different groups. (b) Rank-abundance curve diagram of AS and Healthy
groups, the y-axis indicates the abundance of OTUs, while the x-axis represents the sequence number of corresponding abundance of OTUs.
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and AS samples, specifically, the rank-abundance curve of AS samples rapidly decreased at low species levels, indicating
that a few species occupy higher abundances in these samples, while the abundance of most species is lower,
demonstrating lower species evenness. On the contrary, the curve of healthy samples decreases relatively smoothly,
especially at high species levels, indicating the presence of more moderately abundant species in the healthy samples and

a relatively more uniform distribution of species.

Diversity of Gut Microbiota in the AS and Healthy Groups
The richness and uniformity of samples in each group were evaluated using o-diversity analysis. We used the Chaol
index to evaluate the differences in species richness between AS and Healthy groups, the Wilcoxon signed rank test
showed that the data of Healthy group had higher species richness (p = 0.019, Figure 2a); the Observed OTUs index
showed that the number of microbial communities in AS group is significantly lower than Healthy group (p = 0.027,
Figure 2b); the Goods coverage of AS group is lower than that of the Healthy group (p = 0.0044, Figure 2¢); indicating
that the species richness of AS group was significantly lower than that of Healthy group. Although the Shannon index
value of the Healthy group is higher than that of the AS group (p = 0.48, Figure 2d); a higher Simpson index value in the
AS group may suggest the presence of one or several dominant species in the community, but this trend is not statistically
significant (p = 0.79, Figure 2e); this indicates that there is no significant difference in species diversity between AS and
Healthy group.

To evaluate the B-diversity of microbial communities between samples, the Principal Component Analysis (PCA, the
method used to reduce dimensionality and visualize structural differences based on variance) was used to reveal
structural differences in AS and Healthy groups. Each sample was projected into a two-dimensional space based on
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Figure 2 o-diversity of the gut microbial community between AS and Healthy groups. (a) Comparison of the richness of microbiota in fecal samples between AS and Healthy
groups based on Chaol index. (b) Comparison of the richness between two groups based on the Observed OTUs index. (c¢) Comparison of the OTU coverage between
two groups based on the Goods coverage index. (d) Diversity of the microbiota between two groups based on the Shannon index. (e) Diversity of the microbiota between
two groups based on the Simpson index. Statistical analysis was performed with Wilcoxon signed rank test, and the p values are shown, * p < 0.05, ** p < 0.01.
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Figure 3 B-diversity of the gut microbial community between AS and Healthy groups. (a) Comparison of the structural differences in AS and Healthy groups based on PCA.
(b) Unweighted Principal Coordinate Analysis (PCoA) plot. (c) Unweighted Pair Group Method with Arithmetic Mean (UPGMA). (d) Unweighted Non-metric
Multidimensional Scaling (NMDS) analysis.

microbial composition, and the PCA results emphasized the significant differences in microbial community structure
between AS and Healthy groups (p = 0.005, Figure 3a); the unweighted Principal Coordinate Analysis (PCoA) showed
the differences in microbial composition among different samples (p = 0.002, Figure 3b); we applied the Unweighted
Pair Group Method with Arithmetic Mean (UPGMA, A hierarchical clustering algorithm for constructing phylogenetic
trees or grouping samples based on similarity) to construct clustering relationships between samples, the tree diagram
revealed a clear separation of microbial community structures between AS and Healthy states, with branch lengths
generally longer between AS and Healthy groups, emphasized the significant differences in microbial communities
between the two groups of samples (Figure 3c); the unweighted Non-metric Multidimensional Scaling (NMDS) analysis
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provided an intuitive way to display the compositional differences of microbial communities between different samples,

it can be observed that there is a significant separation between the AS and Healthy groups on the MDSI1 axis, a Stress
value of 0.19 indicated that the two-dimensional configuration of NMDS is still an acceptable model fit compared to the
distance matrix of original data (Figure 3d).

Taxonomic Distribution of Gut Microbial Communities at the Phylum to Genus Levels
In this study, we conducted a detailed taxonomic assignment of microbial communities in the samples, revealing the

microbial composition at the phylum to genus levels for both groups. At the phylum level, we found that Firmicutes and

Actinobacteria were the dominant microbial phyla in both groups, but their relative abundance decreased in the AS

group. However, the proportion of Proteobacteria is higher in the AS group (13.46%) than in the Healthy group (3.96%)

(p < 0.05, Figures 4a and Sla). The main microbial class in the two groups was Clostridia. Similarly, the relative
abundance of Actinobacteria in the Healthy group was 10.37% but decreased to 8.30% in the AS group. Conversely, the
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relative abundance of Gammaproteobacteria in the AS group was significantly higher than in the Healthy group,
increasing from 3.46% to 13.13% (p < 0.05, Figures 4b and S1b). At the Order level, the relative abundance of
Clostridiales and Bifidobacteria decreased in the AS group, while the relative abundance of Enterobacteria was
significantly higher in the AS group than in the Healthy group, increasing from 2.17% to 11.47% (p < 0.05,
Figures 4c and Slc). At the family level, compared to the healthy group, the relative abundance of
Peptostreptococcaceae and Enterobacteriaceae was significantly higher in the AS group (p < 0.05, Figures 4d and
S1d). At the genus level, compared to the healthy group, the relative abundance of Faecalibacterium,
Lachnospiraceae unclassified, Xanthomonadaceae unclassified, Bilophila, Carnobacterium, Alicycliphilus, and
Bifidobacterium was decreased in the AS group, while the relative abundance of Prevotella, Escherichia-Shigella,
Tyzzerella_4, and Romboutsia was higher in the AS group (p < 0.01, Figures 4e and Sle).

Gut Microbiota Taxonomic Signature Differences Between Groups

We further performed a taxonomic profile analysis of each sample, LEfSe demonstrated significant differences (p < 0.05)
in gut microbiota composition between the two groups with a threshold score of LDA > 3. In the cladogram diagram, the
size of nodes is proportional to the relative abundance of the taxonomic group, the lines connecting nodes represent
evolutionary relationships, it showed the differences in microbial communities between the two groups at different levels
of phylogenetic development (Figure 5a). A bar plot further illustrated the significance between two groups, with positive
values indicating enrichment in the Healthy group and negative values indicating enrichment in the AS group
(Figure 5b). Compared with the Healthy group, the AS group showed a significant decrease in f Ruminococcaceae
and s Faecalibacterium, while the ¢ Gammaproteobacteria, p_Proteobacteria, f Enterobacteriaceae, o Enterobacteriales,
and s_Escherichia-Shigella increased (Figure 5).

Function Prediction for Gut Microbiota in the AS and Healthy Groups

The potential influence of gut microbiota on metabolic function in AS and Healthy group participants was further
predicted using PICRUSt analysis. The KEGG pathway analysis results showed significant differences between the AS
and Healthy group in multiple metabolic pathways (Figure 6), especially in the AS group, which was significantly
upregulated in the following energy metabolism-related pathways: hexitol fermentation to lactate, ethanol and acetate (p
= 0.0002); superpathway of glycolysis, pyruvate dehydrogenase, tricarboxylic acid cycle (TCA), and glyoxylate bypass
(p =0.0018); TCA cycle IV (2-oxoglutarate decarboxylase) (p = 0.0014); superpathway of glyoxylate bypass and TCA (p
=0.0018). We also found that pathways related to degradation metabolism were slightly downregulated in the AS group,
such as catechol degradation II (meta-cleavage pathway) (p = 0.0003); L-tryptophan degradation IV (p = 0.0003);
2-nitrobenzoate degradation I (p = 0.0003); while the superpathway of hexitol degradation (bacteria) was upregulated (p
= 0.0009). In addition, the AS group showed significantly higher levels of bacterial iron metabolism pathway —
enterobactin biosynthesis — than the Healthy group (p = 0.0007). However, in terms of nucleotide metabolism-related
pathways, the AS group showed significant downregulation compared to the Healthy group, such as the superpathway of
adenosine nucleotides de novo biosynthesis II (p = 0.0013); guanosine deoxyribonucleotides de novo biosynthesis II (p =
0.0018); adenosine deoxyribonucleotides de novo biosynthesis II (p = 0.0018). These differences may be related to the
pathophysiological processes of AS, providing important clues for further research on the metabolic mechanisms of AS.

Discussion

Geographical and lifestyle disparities profoundly influenced the human gut microbiome.'® These variations are shaped
not merely by dietary practices — where Western diets, in contrast to Asian diets, are linked to reduced microbial
diversity?® — but also by a spectrum of elements including environmental interactions, standards of hygiene, and lifestyle
choices.?! Moreover, the gut microbiota’s contribution to the etiology of AS is an area of growing interest, with its
metabolic activities being implicated in the inflammatory processes characteristic of AS."" In our research, we conducted
16S rDNA sequencing analysis on fecal samples from individuals with AS and Healthy controls in Southern China
(Guangdong Province). Our analysis revealed notable disparities in the gut microbiota composition between the AS
patients and the Healthy cohort, particularly emphasizing the diversity of microbial species and the relative abundance of
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Figure 5 Linear discriminant analysis effect size (LEfSe) analysis of gut microbiota. (a) LEfSe analysis of evolutionary clades of the gut microbiota in the AS and Healthy
groups. (b) LEfSe identified the taxa with the greatest differences in abundance between the AS and Healthy groups.

certain bacterial genera. Furthermore, we performed function predictions of the gut microbiota, which could offer vital
insights into understanding the pathophysiological mechanisms underlying AS. Our study provides compelling evidence
that the gut microbiota composition is significantly altered in individuals with AS compared to Healthy controls
(Figures 1-3). Specifically, the depletion of butyrate-producing taxa (eg, Faecalibacterium) observed in our cohort
mirrors trends reported in recent meta-analyses,”® suggesting a potential loss of microbial-derived immunomodulatory
metabolites such as butyrate. Butyrate deficiency may exacerbate intestinal barrier dysfunction and systemic inflamma-
tion, as demonstrated in experimental AS models where butyrate supplementation ameliorated axial inflammation.*®
Notably, dietary patterns in Guangdong — rich in fiber from vegetables and legumes — theoretically favor butyrogenesis,
yet AS patients still exhibited reduced butyrate producers, implying disease-specific overrides of dietary influences.
Furthermore, dysbiosis in AS may be compounded by host genetic factors (eg, HLA-B27) and disease activity.”***> While
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our study did not assess disease activity scores or HLA-B27 status, these factors warrant investigation in future cohorts to
clarify their interplay with regional dietary and environmental exposures.

The reduction of beneficial microbiota, especially Firmicutes and Actinobacteria, may have adverse effects on the
intestinal barrier function and immune regulation of AS patients.”® Faecalibacterium possesses the ability to generate
short-chain fatty acids, which play a crucial role in preserving intestinal barrier integrity, these acids enhance epithelial
tight junctions, act as a source of energy for colonocyte ATP synthesis and modulate the immune system.?’ In our
previous animal experiments on AS, we observed that AS model mice exhibited gut microbiota dysbiosis and intestinal
mucosal barrier impairment, accompanied by increased inflammatory cells such as Th17 cells and the release of pro-
inflammatory cytokines.”® When AS mice were treated with agents known to modulate gut dysbiosis, such as indole-
3-Acetic Acid,”® FITC,*® or rifaximin,* we found that intestinal barrier function improved, and inflammatory responses
were suppressed. An increase in Proteobacteria, especially Enterobacteriaceac may be associated with metabolic
disorders and IBD, elevated nitrate and oxygen concentrations in the inflamed intestinal tract, as well as with
dysregulation of bile acid metabolism.?'? Research indicates the enrichment of Gammaproteobacteria may correlate
with chronic inflammation, such as Crohn’s disease.*® Additionally, the increase of Escherichia-Shigella is suspected to
be associated with an amplified inflammatory response, impaired intestinal mucosal barrier, and increased intestinal
permeability.>* The decrease of beneficial bacteria and the increase of harmful bacteria in AS patients may collectively
advance the disease by disrupting the intestinal barrier, intensifying inflammatory responses, and promoting pathological
immune reactions (Figures 4, 5 and S1). This highlights the potential significance of modulating the gut microbiota in
disease management and provides new insights for future therapeutic strategies.

Consistent with previous studies,” we found an increase in pro-inflammatory bacteria (such as Prevotella and
Escherichia-Shigella) and a decrease in anti-inflammatory bacteria (such as Faecalibacterium) in the AS group

(Figures 4, S1, and Supplementary Table 2). However, while some earlier studies reported an upregulation of
36,37

Lachnospira in AS patients, our study found a decrease in Lachnospiraceae. Additionally, compared to previous
studies, we identified some novel findings: f Peptostreptococcaceae, g Tyzzerella_4, and g Romboutsia were elevated in
the gut microbiota of the AS group, while g Xanthomonadaceae unclassified, g Bilophila, g Carnobacterium, and
g Alicycliphilus were reduced. Peptostreptococcaceae is a family of anaerobic, Gram-positive bacteria classified under

the phylum Firmicutes. Members of this family are often found in diverse environments, including the human oral cavity

https: Journal of Inflammation Research 2025:18

7850


https://www.dovepress.com/article/supplementary_file/517979/Supplementary%20Material-517979.docx
https://www.dovepress.com/article/supplementary_file/517979/Supplementary%20Material-517979.docx
https://www.dovepress.com/article/supplementary_file/517979/Supplementary%20Material-517979.docx

Yang et al

and gastrointestinal tract, where they contribute to the normal microbial flora. Notably, Peptostreptococcus is commonly
associated with various clinical conditions, including periodontitis and other infections. Studies have focused on the role
of different Peptostreptococcus species in health and disease. For example, Peptostreptococcus asaccharolyticus has been
implicated in rare cases of septic arthritis, often arising from hematogenous dissemination.”® The literature
describing Tyzzerella 4 is very limited, but previous reports have found this genus to be increased in patients with
inflammatory bowel disease.”” Romboutsia is a recently described genus of bacteria that has garnered attention in the
scientific community due to its significant association with the health of the gastrointestinal tract. Previous study found
that genus Romboutsia was significantly increased in the obese group.’ It was reported that Xanthomonadaceae was
related to formation of biofilms*' and family Xanthomonadaceae was decreased in patients with systemic lupus
erythematosus.** The function of Xanthomonadaceae may need further research in AS. Meanwhile, we found that
Carnobacterium decreased in the AS group. Carnobacterium is a genus of lactic acid bacteria (LAB) that has gained
attention for its role as a probiotic, particularly in food products, and its potential health benefits in humans and
animals.*> The differences in gut microbiota of AS patients in Southern China compared to previous studies may be
due to variations in diet, genetics, and geographic factors.

By employing PICRUSt, we predicted the metabolic functional spectrum of the gut microbiota, thereby revealing
potential metabolic differences between AS patients and Healthy individuals (Figure 6). In the AS group, pathways
related to energy metabolism — hexitol fermentation to lactate, ethanol and acetate — were significantly upregulated, and
these energy metabolism disorders affected the metabolic function of the gut microbiota, which may in turn affect the
host’s metabolic status and inflammatory response.** The upregulation of the glycolysis pathway enables cells involved
in pro-inflammatory responses — inflammatory M1 macrophages, Th1 and Th17 lymphocytes, or activated microglia — to
rapidly provide energy through glycolysis to promote inflammation.*> Glycolysis also plays a crucial role in the energy
supply, biosynthesis, redox balance, and regulation of skeletal cell fate, and its metabolic disorders will promote the
development of osteoarthritis.*® TCA intermediates, especially a-ketoglutarate, participate in inflammatory responses by
regulating the NF-kB signaling pathway and epigenetic modifications, affecting the expression of inflammation-related
genes.*” The TCA metabolic disorder may affect the inflammatory process of AS. In addition, the degradation
metabolism pathways were slightly downregulated in the AS group, such as catechol degradation II, which is supposed
to alleviate cellular oxidative stress caused by long-term hypoxia effectively, facilitate the reconstruction of an immune-
friendly microenvironment, and ultimately enhance cartilage regeneration,*® its downregulation may affect intracellular
redox balance and inflammatory response, leading to the occurrence of AS. Dysregulation of L-tryptophan degradation
IV reduces the ability of bacteria to metabolize tryptophan into regulatory metabolites, thereby enhancing tryptophan
metabolism in human cells, which may lead to fatigue and contribute to spondyloarthritis.*’ Downregulation of the
2-nitrobenzoate degradation I pathway may be related to the accumulation of inflammatory mediators and the enhance-
ment of cellular stress response in AS patients, thereby affecting cellular function and promoting inflammatory response.
Besides, the high expression of the enterobactin biosynthesis pathway results in an increase of its metabolic product, the
enterobactin siderophore, which in turn induces the activation of NF-«B, thereby exacerbating the inflammatory
response.’® Furthermore, in nucleotide metabolism pathway, the AS group exhibited a notable decrease compared to
the Healthy group. Metabolites of nucleotide metabolism, such as cGAMP, can activate the innate immune response by
stimulating the STING pathway, indicating that nucleotide metabolism plays a role not only in intracellular metabolism
but also potentially in immune signaling transduction. Alterations in nucleotide metabolism may impact the function of
regulatory T cells (Tregs), which are crucial in maintaining immune tolerance. Abnormalities in nucleotide metabolism
could lead to the disruption of immune tolerance, thereby promoting the development of autoimmune diseases and
inflammation.”’ The alterations in these metabolic pathways of the gut microbiota in the AS group may be related to the
pathophysiological processes of the disease, providing significant clues for further investigation into the metabolic
mechanisms of AS.

This study still has limitations — it has a relatively small sample size and is limited to the Southern Han Chinese
population in Guangdong Province, China — which may not fully represent the AS patients from other regions or ethnic
groups. Our conscious focus on Southern Han Chinese participants aimed to minimize genetic heterogeneity for initial
biomarker discovery (particularly given HLA-B27 subtype variations across ethnicities). However, we revealed significant
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differences in the gut microbiota composition between AS patients and Healthy individuals, particularly in alterations related
to metabolism pathways. In the future, research can be considered in a wider geographical area and different ethnic groups to
enhance the universality and applicability of research findings. Recruitment was challenging given the stringent inclusion
criteria and the relatively low regional prevalence of AS. Similar exploratory studies (eg, Costello et al recruit 10 AS patients
and 9 healthy controls;>*> Chen et al recruit 20 AS patients and 19 healthy controls>*) have employed comparable cohort sizes
for hypothesis generation. And we are currently expanding this cohort through multi-center collaboration and will incorpo-
rate power calculations in subsequent validation phases; We acknowledge that 16S rDNA sequencing has limitations in
species-level resolution and functional predictions. However, this method remains widely used for microbiota profiling due
to its efficiency and cost-effectiveness.’>>* To strengthen our analysis, we validated our findings by comparing them with
existing literatures. While PICRUSt-based functional predictions are indeed inferential, similar approaches have provided
valuable insights into microbiome studies.’>° In future research, we plan to incorporate metabolomics and transcriptomics
to enhance the functional interpretation of microbial changes; It would be worthwhile to delve into the molecular mechan-
isms of the metabolic changes in the gut microbiota of AS patients, including how the gut microbiota affects the host’s
immune response and inflammatory pathways; Exploring the impact of modulating the gut microbiota on the progression of
AS, including assessing the long-term effects of different interventions such as probiotics, prebiotics, and specific dietary
changes on the composition of gut microbiota and AS disease activity.

Conclusion

This study indicates that in the gut microbiota of Han Chinese AS patients in Guangdong Province, the relative
abundance of beneficial bacterial communities decreases, and harmful bacterial communities increase. This may promote
the progression of AS by disrupting the intestinal barrier, intensifying inflammatory responses, and pathological immune
reactions. It provides a solid theoretical foundation for developing new AS intervention strategies, including microbiota-
targeted drugs or personalized dietary plans.
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