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Gut Microbiota Mediator Level and Its
Relation to Disease Activity in Ankylosing
Spondylitis

ABSTRACT

Background/Aims: It is known that the intestinal microbiota plays an
essential role in developing many diseases. In this study, the relationship
between gut microbiota markers and clinical parameters of ankylosing
spondylitis and the effect of drugs on gut microbiota markers were evalu-
ated. The aim of this study is to evaluate the composition of the gut micro-
biota in individuals with ankylosing spondylitis by comparing it with that
of healthy individuals to assess the potential effects of microbial alterations
on disease pathogenesis and inflammatory response and to identify differ-
ences based on treatment methods.

Materials and Methods: This study included 76 AS patients diagnosed
for at least 2 years, aged between 18 and 65 (38 anti-TNF recipients and
38 nonsteroidal anti-inflammatory drug [NSAID] recipients), and 38 age-
and sex-matched healthy volunteers. Detailed clinical evaluations were
conducted on patients and volunteers. All patients underwent a system-
atic clinical evaluation in accordance with the diagnostic and follow-up cri-
teria for ankylosing spondylitis. In this context, the modified Schober test
was performed to assess the lumbar flexion range of motion, chest expan-
sion was measured with a tape measure, and cervical and thoracolumbar
spinal range of motion was evaluated using a goniometer. Additionally, a
detailed peripheral joint examination, including all major and minor joints,
was conducted to identify peripheral joint involvement. Relevant areas
were also assessed for the presence of enthesitis in terms of tenderness
and pain. Sacroiliac joint tenderness was examined through direct pal-
pation and provocation tests. Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were measured in patients and volunteers, and
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI) scores were also calcu-
lated and recorded in the patient group. CD14, CTLA4, CXCI6, lipopolysac-
charide (LPS), and TLR4 levels were measured in serum samples using the
enzyme-linked immunosorbent assay method.

Results: Bath Ankylosing Spondylitis Disease Activity Index and
BASFI scores were significantly higher in the NSAI (Non-Steroidal Anti
Inflammatory) recipient group than in the anti-TNF recipient group (P <
.05). C-reactive protein and ESR levels were significantly lower in patients
who received anti-TNF therapy than those who received NSAI therapy (P
< .05). CTLA4, CXCl6, LPS, and TLR4 levels were found to be significantly
higher in patients receiving NSAI treatment compared to those receiving
anti-TNF treatment and the healthy controls (P < .05). There were no sig-
nificant differences between patients and controls concerning CD14 levels
(P >.05).

Conclusion: This research observed that CRP and ESR levels and disease
activity scores in AS patients who received anti-TNF treatment were lower
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than those in the NSAID treatment group and even closer to the control group. It was believed that the connection
between microbiota markers and clinical and inflammatory markers can indicate the pathogenesis of AS, guide
treatment follow-up, and help develop new treatment strategies.
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Introduction

Ankylosing spondylitis (AS) is a progressive inflammatory
disease characterized by chronic inflammation primar-
ily affecting the axial skeleton.' In various studies con-
ducted in the white population of Europe and America,
the prevalence of AS has been found to range from 0.05%
to 0.23%. In a study conducted in Turkiye, the prevalence
of AS was found to be 0.14% in a screening of 1436 males.?
Ankylosing spondylitis is an autoimmune disease that
occurs through complex interactions between genetic
predisposition and environmental factors. Despite signif-
icant advances in understanding ankylosing spondylitis,
its etiology has not yet been fully elucidated. Studies con-
ducted so far have revealed the association of various fac-
tors, including genetic predisposition, immune system
response, infection, and endocrine abnormalities, with
the development of AS3

In the pathogenesis of rheumatoid arthritis, a chronic
inflammatory rheumatic disease, the involvement of
mediators associated with the gut microbiota such as
CD14, lipopolysaccharide, TLR4, CTLA4, and CXCL16 has
been demonstrated.* Soluble CD14 (sCD14) is a model
recognition receptor structurally expressed on various
types of immune cells. After exposure to bacterial endo-
toxins, monocytes release soluble CD14 (sCD14) through
the protease-dependent shedding of the membrane-
bound form of CD14 and the direct secretion of the
soluble form. Accordingly, increased sCD14 has been
associated with gram-negative bacterial sepsis and
other conditions related to microbial translocation.

MAIN POINTS

- Microbiota markers, disease activity and inflamma-
tion markers were found to be lower in AS patients
receiving anti-TNF therapy and healthy controls
than in AS patients receiving NSAI therapy.

- When sCDil4, CTLA4, CXCLI16, LPS and TLR4 values
were compared statistically in the patient and con-
trol groups, CTLA4, CXCLI16, LPS and TLR4 levels were
found to be significantly higher in the patient group
(P<0,05).

- It is believed that intestinal microbiota markers
may play an important role in inflammation in AS
patients and could serve as monitoring parameters
in the clinical course of the disease and treatment
success.

- In AS patients, microbiota markers have been shown
to be associated with disease activity and pharma-
cological treatment options.

Lipopolysaccharide (LPS) is a glycolipid specific to the
cell walls of Gram-negative bacteria. LPS is transferred
from a CD14/LBP complex to a TLR4/MD-2 membrane
receptor complex on the cell surface. This transmem-
brane signaling activates nuclear factor (NF)-kB, leading
to the induction of gene transcription and the release
of pro-inflammatory cytokines, such as tumor necrosis
factor-alpha, thereby initiating inflammation. TLR4 and
CD14 are components of the innate immune system.
When TLR4 binds to lipopolysaccharide-binding pro-
tein and CD14, it serves as a receptor for bacterial LPS.
The binding of LPS to TLR4 activates a comprehensive
cellular signaling pathway that induces inflammatory
responses, cytokine expression, and secretion. Cytotoxic
T lymphocyte antigen (CTLA-4) is a critical regulatory
molecule expressed on T cells that plays an important
role in inhibiting T cell activation and peripheral toler-
ance. CTLA-4 negatively regulates T cell functions. CXC
chemokine ligand 16 (CXCLI16) is a soluble chemokine
that functions as an adhesion molecule. CXCL16 regu-
lates inflammation, tissue damage, and fibrosis. In the
pathogenesis of another chronic inflammatory rheu-
matic disease, AS, it has been shown that the gut micro-
biota plays a significant role, although how it precisely
affects the pathogenesis remains not fully understood.'”
Microbial infection acts as a triggering factor for the
host's natural immune system and the development
of AS. In patients with AS, significant differences have
been found in the gut microbiota, with bacteria such
as Porphyromonadaceae and Bacteroidaceae show-
ing notable distinctions compared to healthy controls.?
When this study was being planned, it proceeded with
the notion that levels of CD14, LPS, TLR4, CTLA4, and
CXCLl16 associated with the gut microbiota could offer
insights into the pathogenesis and treatment monitor-
ing of AS and the aim was to evaluate the levels of these
markers in AS patients undergoing various treatments
and compare them with those of healthy controls.

Methods

This study included individuals who had been diag-
nosed for at least 2 years and had applied to the Physical
Medicine and Rehabilitation Clinic of Gaziantep Faculty
of Medicine.

Seventy-six AS patients (38 receiving anti-TNF ther-
apy and 38 receiving nonsteroidal anti-inflammatory
drug [NSAID] therapy) aged between 18 and 65 years,
along with 38 healthy volunteers with matching age
and gender distribution, were recruited. An “Informed
Consent Form"” was obtained from all participants after
they were provided with information about the study.
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This study was conducted in accordance with the 2008
Helsinki Declaration. Ethical approval was granted by
the Ethics Committee of Gaziantep University Faculty
of Medicine on June 30, 2021, with decision number
2021/158. Written informed consent was obtained from
patients. The diagnosis of AS was established based
on the Modified New York criteria.? Individuals with
any inflammatory disease other than AS, systemic,
metabolic, allergic, cardio-pulmonary, malignant, or
psychiatric diseases, as well as those who may have
communication barriers, those receiving treatment for
hyperlipidemia, those who had used antibiotics in the
last 6 months, and pregnant women were excluded
from the study. The control group consisted of indi-
viduals without a diagnosis or family history of inflam-
matory, systemic, or metabolic diseases, who did not
smoke or consume alcohol.

The ESR was measured in millimeters per hour (mm/h)
using the fully automated Starrsed Interliner (Starrsed
RL, RR Mechatronics, Netherlands) device, which is based
on the modified Westergren method.

The serum CRP level was measured in milligrams per
liter (Mg/L) using the immuno-turbidimetric method on
the Beckman Coulter AU5800 autoanalyzer (Japan) with
Beckman Coulter commercial kits (Japan).

The levels of sCD14 (FineTest, Cat. No: EH3747, China),
CXCL16 (FineTest, Cat. No: EHO0I105, China), CTLA4
(FineTest, Cat. No: EHO667, China), and TLR4 (FineTest,
Cat. No: EH1033, China) in serum samples were measured
using the enzyme-linked immunosorbent assay (ELISA)
method with commercial kits. These kits perform mea-
surements based on the sandwich ELISA principle. The
level of LPS in serum samples was measured using the
ELISA method with a commercial kit (FineTest, Cat. No:
EU3126, China). This kit performs measurements based
on the competitive ELISA principle.

The normal distribution suitability of numerical vari-
ables was assessed using the Shapiro-Wilk test. Variables
showing normal distribution were expressed as mean *
SD, while those not showing normal distribution were
expressed as Median (25th-75th percentile). The compar-
ison of variables showing normal distribution among 3
groups was conducted using ANOVA and LSD tests, and
for comparisons between 2 groups, the Student's t-test
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was employed. For variables not showing normal distri-
bution, the Kruskal-Wallis and Dunn tests were used for
comparisons among 3 groups, and the Mann-Whitney
U test was used for comparisons between 2 groups.
The relationships between categorical variables were
tested using the chi-square test, while the relationships
between numerical variables not showing normal dis-
tribution were tested using the Spearman rank correla-
tion coefficient. SPSS 22.0 for Windows (IBM SPSS Corp,
Armonk, NY, USA) was used for the analyses, and P < .05
was considered statistically significant.

Results

In this study, 38 AS patients receiving NSAID treatment, 38
AS patients receiving anti-TNF treatment, and 38 healthy
individuals were included. When the demographic data
of patients and healthy individuals were examined, there
was no statistically significant difference in terms of age,
gender distribution, and exercise habits (P > .05 for all)
(Table ).

When AS patients receiving NSAID treatment and those
receiving anti-TNF treatment were compared in terms of
BASDAI and BASFI scores, BASDAI and BASFI scores were
found to be statistically significantly higher in patients
receiving NSAID treatment (P=.029; .034, respectively). In
the patient group, ESR and CRP levels were statistically
significantly higher (P <.001, for both) (Table 2).

When the values of sCD14, CTLA4, CXCL16, LPS, and TLR4
were statistically compared between the patient and
control groups, significant differences were found in the
CTLA4, CXCLl6, LPS, and TLR4 parameters (P < .001, for
all). However, there was no significant difference in the
sCD14 parameter (P=.731) (Table 3).

In patients receiving NSAID treatment, no significant cor-
relation was found between ESR, CRP, BASDAI, and BASFI
scores and microbiota markers in the correlation analysis
(P > .05 for all). In the control group, no significant corre-
lation was found between ESR, CRP, BASDAI, and BASFI
scores and ARF (Acute Phase Reactants) parameters in
the correlation analysis (P > .05 for all).

Discussion

In this study, the levels of CD14, CTLA4, CXCLl6, LPS,
and TLR4 in AS patients receiving anti-TNF and NSAID

Table 1. The Demographic Data of Patients and Controls

The Patient Group Receiving

The Patient Group Receiving The Control Group

NSAID Treatment (n=38) Anti-TNF Therapy (n=38) (n=38) P
Female n (%) 14 (36.8) 15 (39.4) 14 (36.8) .899
Male n (%) 24 (64.2) 23 (61.6) 24 (64.2)
Age (year) 41.28 + 9.43 40.38 + 833 40.05 + 8.01 .861
Exercise habit (yes/no) 5/33 6/32 5/33 745

Anti-TNF, anti-tumor necrosis factor; Mean, average; NSAID, nonsteroidal anti-inflammatory drug.

P < 05.
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Table 2. Clinical and Biochemical Parameters in Patients and Controls

The Patient Group Receiving

The Patient Group Receiving

The Control Group

Variables NSAID Treatment (n=38) Anti-TNF Therapy (n=38) (n=38) P

BASDAI 729 +£1.29 493 +193 - .029*
BASFI 6.08+2.0 42124 - .034*
ESR (mm/h) 28.43 +12.3] 17.28 £ 11.42 16.23 £ 11.42 <.001*
CRP (mg/L) 12.38 + 517 573 + 4.88 583+ 425 <.001*

Anti-TNF, anti-tumor necrosis factor; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Func-
tional Index; Mean, average; NSAID, nonsteroidal anti-inflammatory drug.

*P < .05.

treatments were investigated and were compared with
those of healthy controls to evaluate their association
with inflammation markers and disease activity. Results
indicate that microbiota markers are associated with dis-
ease activity and pharmacological treatment options in
AS patients. In this regard, this study sheds light on elu-
cidating the pathophysiology of AS and monitoring drug
treatments.

The disease activity parameters were found to be lower
in the anti-TNF treatment group comypared to the NSAID
and control groups. This finding was interpreted as anti-
TNF therapy potentially being more effective than NSAID
drugs in reducing disease activity. The results were con-
sistent with the literature.”®

The study results indicated that inflammation markers
were similar between the anti-TNF group and healthy
controls but lower compared to those receiving NSAID
treatment. This outcome is consistent with findings from
similar studies.”

It is thought that immunological processes in AS may
occur due to a lack of protection against microbial patho-
gens in the gut or changes in intestinal permeability.
Studies suggest a relationship between intestinal and
joint inflammation, proposing that clinical remission can
be achieved with normal intestinal histology."

The intestinal microbiota is a dynamic concept influ-
enced by environmental and nutritional behaviors. It
has been shown to play a role in various processes such
as the production of bioactive compounds, protection

against pathogens, energy homeostasis, nutrient metab-
olism, and regulation of immunity.? The presence of
an inflammatory response and microscopic intestinal
inflammation in the intestinal mucosa of 50%-60% of
patients with AS suggests an etiopathogenetic link with
the microbiota.®*

In a study conducted by Haidmayer et al,® they inves-
tigated the role of sCD14 in psoriatic arthritis, a type of
spondyloarthritis. They reported that plasma concentra-
tions of sCD14 were not associated with disease activ-
ity, intestinal permeability, or intestinal inflammation.
Additionally, they found that sCD14 levels did not change
after probiotic intake, suggesting that sCD14 levels are
independent of the severity of inflammation.® These
results indicated that in the anti-TNF group, sCD14 lev-
els were not associated with disease activity scores and
inflammation markers. Based on the assumption that AS
is a polygenic disease, van der Paardt et al'® concluded
that CD14 alleles and genotypes were not associated with
clinical manifestations of AS. In a similar manner, Luchetti
et al” found sCD14 to be insignificant in axial SpA/IBH,
peripheral SpA/IBH, IBH, and AS groups compared to the
control group.

It has been reported that serum antibody levels against
LPS are significantly elevated in patients with ankylosing
spondylitis compared to healthy controls, and LPS anti-
body levels have been reported to be strongly correlated
with levels of CRP.”® Luchetti et al” suggested that levels
of LPS were significantly higher in patients with spon-
dyloarthritis compared to healthy controls. In this study,
the levels of LPS were found to be higher in AS patients

Table 3. The Mean Levels of sCD14, CTLA4, CXCL16, Lipopolysaccharide, and TLR4 in the Patient and Control Groups

The Patient Group Receiving

The Patient Group Receiving

The Control Group

Variables NSAID Treatment (n=38) Anti-TNF Therapy (n=38) (n=38) P

sCD14 (ng/mL) 179 £ 0.62 171+ 0.76 1.84 +1.17 731
CTLA4 (ng/mL) 118 £ 0.88 051+0.88 0.57+0.79 .00T*
CXCL16 (ng/mL) 2.85+158 1.55 + 0.57 157 + 0.41 00T
LPS (ug/mL) 106.44 + 3568 69.64 + 37.95 81.82 + 42.26 00T
TLR4 (ng/mL) 275 +1.44 116 £ 0.83 1.49 +1.77 .001*

Anti-TNF, anti-tumor necrosis factor; CTLA4, cytotoxic T lymphocyte antigen 4; CXCL16, CXC chemokin ligand 16; LPS, lipopolysaccharide;
NSAID, nonsteroidal anti-inflammatory drug; sCD14, soluble CD14; TLR4, toll-like receptor 4.

*P < .05.
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receiving NSAID treatment compared to AS patients
receiving anti-TNF treatment and the control group,
which was consistent with the literature findings.

For TLR4, there is a balance between the pro-inflam-
matory cell surface signaling pathway and the anti-
infllammatory intracellular signaling pathway.” It has
been reported that TLR4 protein and mRNA levels are
higher in AS patients compared to healthy individu-
als.?° Yang et al?*® reported that TLR4 protein levels were
closely linked to serum levels of inflammatory cyto-
kines such as TNF-a and IL-12 and disease activity in AS
patients. Assassi et al,”’ in a clinical study conducted in
the American population, found that TLR4 was overex-
pressed in AS patients compared to controls, and gene
expression of TLR4 was significantly reduced after treat-
ment with anti-TNF drugs. In a similar study, it has been
reported that TLR4 mRNA is significantly increased in AS
patients.?? Consistent with these findings, Assassi et al?
also found that TLR4 levels decreased with anti-TNF
treatment.

In this study, TLR4 levels were found to be significantly
higher in AS patients receiving NSAID treatment com-
pared to AS patients receiving anti-TNF treatment and
the control group. This result suggests that the suppres-
sion of inflammation after anti-TNF treatment leads to a
decrease in microbiota marker levels, indirectly indicat-
ing the course of the disease.

Toussirot et al® reported that serum CTLA-4 levels in
patients with spondyloarthritis are associated with clini-
cal and inflammation parameters. Cetintepe et al?* sug-
gested that CTLA-4 levels are high in patients with AS,
proposing a potential role for the CTLA-4 molecule in
the pathogenesis of AS. The study results revealed that
CTLA-4 levels were significantly lower in patients receiv-
ing anti-TNF therapy and in the control group compared
to those receiving NSAID treatment. There is no con-
trolled clinical study in the literature demonstrating the
effect of drug treatments on CTLA-4 levels. In this regard,
this study is the first to elucidate the effect of drug treat-
ments on CTLA-4.

These results indicated that CXCLI16 levels were higher
in AS patients receiving NSAID treatment compared to
those receiving anti-TNF therapy and healthy controls.

Yilmaz et al?® reported elevated levels of CXCLI6 in AS
patients. CXCLI6 is also a pro-angiogenic chemokine,
enhancing angiogenesis, which could shed light on the
etiopathogenesis of the disease. These results repre-
sent the first study to compare post-treatment levels of
CXCL16 with healthy controls.

The study results indicated that microbiota markers, dis-
ease activity, and inflammation markers were lower in AS
patients receiving anti-TNF therapy and healthy controls
compared to those receiving NSAI therapy. However,
no positive or negative correlation was found between
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disease activity, inflammation markers, and microbiota
markers. This result could be attributed to the composi-
tion of the study group, which consisted of patients who
had been diagnosed and under treatment for a long
time, and the inability to evaluate the disease in terms of
flare-ups and remission periods.

It is believed that intestinal microbiota markers may
play an important role in inflammation in AS patients
and could serve as monitoring parameters in the clinical
course of the disease and treatment success. More con-
trolled clinical research is needed on this subject.

The patient group consisted of individuals who had
been diagnosed with AS and had been receiving drug
therapy for at least 2 years. One of the limitations is that
patients who were newly diagnosed and not receiving
any treatment were not included in the study. Assessing
the same parameters at different stages of the disease
could have provided more informative results. The
fact that the results are based on one-time measure-
ments can also be considered a limitation. Additionally,
not conducting interviews with patients and controls
regarding their dietary habits is another limitation of
the study.

Microbial response disorders between women and men
may be due to factors such as the body's interaction with
the immune system, hormones, and microbes, in par-
ticular. For example, the individual’s relationship system
is generally stronger, and this may have different effects
on the microbiome. The potential of estrogen to modu-
late elasticity responses may indicate that women's
responses to microbes differ. Furthermore, metabolic
processes of microbes, such as short-chain fatty acids,
differ by gender, which may amplify their effects in AS.
The microbial response differences between men and
women were not evaluated in the study. This is one of the
limitations of this study.

This study was designed based on the notion that intes-
tinal microbiota markers may be associated with inflam-
mation in AS and could potentially be linked to treatment
outcomes. With this aim, the levels of microbiota markers
in AS patients receiving 2 different drug therapies were
evaluated, comparing them with clinical and inflammma-
tion parameters, and healthy controls.

The results not only revealed the relationship between
microbiota markers and inflammation and clinical
parameters but also demonstrated that anti-TNF therapy
is more effective in controlling inflammation and clini-
cal outcomes compared to other treatments. Anti-TNF
therapy suppresses inflammation by inhibiting tumor
necrosis factor (TNF)-alpha. Elevated levels of TNF-alpha
can particularly lead to an increase in TLR4 and other
inflammatory markers. Since anti-TNF therapy blocks
this pathway, TLR4, LPS, CXCL16, and CTLA4 levels may
be found to be lower as a result. This reflects the anti-
inflammatory effect of anti-TNF therapy. Individuals in
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the control group, who are healthy individuals not receiv-
ing treatment, generally have lower levels of inflamma-
tory markers. The fact that their levels are similar to those
of the anti-TNF group reflects a situation where there is
no treatment effect. This suggests that even healthy indi-
viduals not receiving treatment can exhibit similar base-
line responses.

As the first clinical study investigating the association
between CDI14, CTLA4, CXCLle, LPS, and TLR4 levels
with disease progression and treatment outcomes in AS
patients, it is believed that this study could contribute to
the literature.

Considering these results, it may be worthwhile to inte-
grate microbiota marker assessments into clinical prac-
tice, as they could offer valuable insights for monitoring
treatment responses and potentially inspire the develop-
ment of novel therapeutic strategies for AS.

Data Availability Statement: The data that support the find-
ings of this study are available on request from the correspond-
ing author.

Ethics Committee Approval: This study was approved by the
Ethics Committee of Gaziantep University (Approval No.:
2021/158; Date: June 30, 2021).

Informed Consent: Written informed consent was obtained
from the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — H.N., O.A.; Design — H.N., O.A.;
Supervision — O.A.; Resources — H.N.; Materials — H.N., M.A.B.;
Data Collection and/or Processing - H.N., Analysis and/or
Interpretation — A.G., M.S.A,; Literature Search - M.O,, M.S.A., A.G,
E.B; Writing - H.N., O.A,, A.G., M.S.A,, E.B, Critical Review — O.A.

Declaration of Interests: The authors have no conflicts of inter-
est to declare.

Funding: The authors declare that this study received no finan-
cial support.

References

1. Kim SH, Lee SH. Updates on ankylosing spondylitis: patho-
genesisandtherapeuticagents.J Rheum Dis.2023;30(4):220-
233. [CrossRef]

2. Yenal O, Usman ON, Yassa K, Uyar A, Agbaba S. Zur epide-
miologische rheumatischer syndrome in der Turkei. Z Rheu-
matol. 1977;36(9-10):294-298.

3. Zhu W, He X, Cheng K, et al. Ankylosing spondylitis: etiology,
pathogenesis, and treatments. Bone Res. 2019;7:22.
[CrossRef]

4. Ayyappan P, Harms RZ, Seifert JA, et al. Heightened levels
of antimicrobial response factors in patients with rheuma-
toid arthritis. Front Immunol. 2020;11:427. [CrossRef]

5. Stoll ML, Sawhney H, Wells PM, et al. The faecal microbiota
is distinct in HLA-B27+ ankylosing spondylitis patients

20.

21.

Archives of Rheumatology 2025;40(3):272-278

versus HLA-B27+ healthy controls. Clin Exp Rheumatol.
2023;41(5):1096-1104. [CrossRef]

Moon KH, Kim YT. Medical treatment of ankylosing spondy-
litis. Hip Pelvis. 2014;26(3):129-135. [CrossRef]

Son JH, Cha SW. Anti-TNF-alpha therapy for ankylosing
spondylitis. Clin Orthop Surg. 2010;2(1):28-33. [CrossRef]
Korkosz M, Gasowski J, Surdacki A, et al. Disparate effects of
Anti-TNF-a therapies on measures of disease activity and
mediators of endothelial damage in ankylosing spondylitis.
Pharmacol Rep. 2013;65(4):891-897. [CrossRef]

Enginar AU, Kacar C. Neutrophil-lymphocyte and platelet-
lymphocyte rate and their seasonal differences in ankylos-
ing spondylitis and rheumatoid arthritis patients using anti-
TNF medication. Bratisl Lek Listy. 2019;120(8):586-592.
[CrossRef]

Son SM, Choi SH, Shin JK, Goh TS, Lee JS. Radiologic
parameters of ankylosing spondylitis patients treated
with Anti-TNF-a versus nonsteroidal anti-inflammatory
drugs and sulfasalazine. Eur Spine J. 2019;28(4):649-657.
[CrossRef]

Mielants H, Veys EM, De Vos M, et al. The evolution of spon-
dyloarthropathies in relation to gut histology. I. Clinical
aspects. J Rheumatol. 1995;22(12):2266-2272.

Paoli A, Mancin L, Bianco A, Thomas E, Mota JF, Piccini F.
Ketogenic diet and microbiota: friends or enemies? Genes
(Basel). 2019;10(7):534. [CrossRef]

Waterman M, Xu W, Stempak JM, et al. Distinct and overlap-
ping genetic loci in Crohn’s disease and ulcerative colitis:
correlations with pathogenesis. Inflamm Bowel Dis.
2011;17(9):1936-1942. [CrossRef]

Chen S, Li Y, Deng C, et al. The associations between PD-1,
CTLA-4 gene polymorphisms and susceptibility to ankylos-
ing spondylitis: a meta-analysis and systemic review. Rheu-
matol Int. 2016;36(1):33-44. [CrossRef]

Haidmayer A, Bosch P, Lackner A, D'Orazio M, Fessler J,
Stradner MH. Effects of probiotic strains on disease activity
and enteric permeability in psoriatic arthritis-A pilot open-
label study. Nutrients. 2020;12(8):2337. [CrossRef]

van der Paardt M, Crusius JB, de Koning MH, et al. No evi-
dence for involvement of the toll-like receptor 4 (TLR4)
A896G and CD14-C260T polymorphisms in susceptibility to
ankylosing spondylitis. Ann Rheum Dis. 2005;64(2):235-238.
[CrossRef]

Luchetti MM, Ciccia F, Avellini C, et al. Gut epithelial
impairment, microbial translocation and immune system
activation in inflammatory bowel disease-associated
spondyloarthritis. Rheumatol (Oxf Engl). 2021;60(1):92-102.
[CrossRef]

Ahmadi K, Wilson C, Tiwana H, Binder A, Ebringer A. Anti-
bodies to Klebsiella pneumoniae lipopolysaccharide in
patients with ankylosing spondylitis. Br J Rheumatol.
1998;37(12):1330-1333. [CrossRef]

Joosten LA, Abdollahi-Roodsaz S, Dinarello CA, O'Neill L,
Netea MG. Toll-like receptors and chronic inflammation in
rheumatic diseases: new developments. Nat Rev Rheuma-
tol. 2016;12(6):344-357. [CrossRef]

Yang ZX, Liang VY, Zhu'Y, et al. Increased expression of toll-like
receptor 4 in peripheral blood leucocytes and serum levels
of some cytokines in patients with ankylosing spondylitis.
Clin Exp Immunol. 2007;149(1):48-55. [CrossRef]

Assassi S, Reveille IJD, Arnett FC, et al. Whole-blood gene
expression profiling in ankylosing spondylitis shows upreg-
ulation of toll-like receptor 4 and 5.J Rheumatol.2011;38(1):87-
98. [CrossRef]

277


https://doi.org/10.4078/jrd.2023.0041
https://doi.org/10.1038/s41413-019-0057-8
https://doi.org/10.3389/fimmu.2020.00427
https://doi.org/10.55563/clinexprheumatol/nlsj0o
https://doi.org/10.5371/hp.2014.26.3.129
https://doi.org/10.4055/cios.2010.2.1.28
https://doi.org/10.1016/s1734-1140(13)71070-3
https://doi.org/10.4149/BLL_2019_096
https://doi.org/10.1007/s00586-019-05912-7
https://doi.org/10.3390/genes10070534
https://doi.org/10.1002/ibd.21579
https://doi.org/10.1007/s00296-015-3327-9
https://doi.org/10.3390/nu12082337
https://doi.org/10.1136/ard.2004.021105
https://doi.org/10.1093/rheumatology/keaa164
https://doi.org/10.1093/rheumatology/37.12.1330
https://doi.org/10.1038/nrrheum.2016.61
https://doi.org/10.1111/j.1365-2249.2007.03396.x
https://doi.org/10.3899/jrheum.100469

Archives of Rheumatology 2025;40(3):272-278

22. Zhang J, Xu R, Wu L, Jiang J. Expression and function of
tolllike receptors in peripheral blood mononuclear cells in
patients with ankylosing spondylitis. Mol Med Rep.
2019;20(4):3565-3572. [CrossRef]

23. Toussirot E, Saas P, Deschamps M, et al. Increased produc-
tion of soluble CTLA-4 in patients with spondylarthropathies
correlates with disease activity. Arthritis Res Ther.
2009;11(4):R101. [CrossRef]

278

24.

25.

Nasrallah et al. Gut Microbiota and Ankylosing Spondylitis

Cetintepe SP, Senturk T, Sargin G, Aydin N. Serum sCTLA-4
levels and clinical manifestations in ankylosing spondylitis
patients. Eur J Rheumatol. 2018;5(2):115-117. [CrossRef]
Yilmaz S, Cinar M, Pekel A, et al. The expression of trans-
membrane and soluble CXCL16 and the relation with inter-
feron-alpha secretion in patients with Behcet's disease. Clin
Exp Rheumatol. 2013;31(3):84-87.


https://doi.org/10.3892/mmr.2019.10631
https://doi.org/10.1186/ar2747
https://doi.org/10.5152/eurjrheum.2018.17114

