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Abstract

Behcet's syndrome (BS) is a vasculitis characterized by immune dysregulation. Biomarkers are valuable for assessing clini-
cally atypical pathogenesis. We aimed to investigate the distribution of different biomarkers and their effects on the clinical
features of patients with BS in a large-scale, real-world study. This is a retrospective, single-center study. In total, 502 patients
diagnosed with BS were enrolled in this study. We analyzed the clinical features of this cohort and divided patients’ symptoms
into six categories, including mucocutaneous, articular, neurological, gastrointestinal, vascular, and ocular involvements.
HLA-B5I1 cells, autoantibodies, and subsets of immune cells from the patients were tested. Pearson’s correlation, Wilcoxon
rank sum test and multivariate logistic regression were used for data analysis. Various autoantibodies were detected in the
serum of 40.8% of patients with BS. The positivity rate of anti-endothelial cell antibodies (AECA) was the highest among
autoantibodies and was found in 23.5% (118/502) of patients with BS. The positivity rate of HLA-B51 in patients with BS was
27.1%. Tumor necrosis factor (TNF)-a, IL-2, and IL-4 producing CD4* T cells were positively correlated with the gastroin-
testinal BS. Increased IL-4tCD4* T cell was a risk factor for gastrointestinal BS (P =0.006, Overall rate [OR]=2.491, 95%
Confidence interval [CI]: [1.317, 5.100]). Various autoantibodies can be detected in patients with BS. HLA-B51 and AECA
are the most common biomarkers. Increased IL-4* CD4* T cell was a risk factor for gastrointestinal involvement in BS.
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BS is a systemic vasculitis affecting both small and large
blood vessels in the venous and arterial systems. It is a
multiorgan disease with various manifestations, including
mucocutaneous, articular, ocular, gastrointestinal, vascular,
and neurological involvements [1, 2]. While progress has
been made in understanding BS, the underlying mecha-
nism remains unclear. One significant genetic factor in BS
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development is HLA-B51, and studies have shown a notably
higher frequency of HLA-B51 in patients with BS [3]. Cur-
rent research indicates that the interaction between HLA-
B51 and endoplasmic reticulum aminopeptidase 1 contrib-
utes to immune dysregulation and BS manifestation [4-6].
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Autoimmune inflammation plays an important role in BS
pathogenesis. The profiles of antibodies in the BS have not
been fully elucidated for humoral immunity. The prevalence
of autoantibodies in BS appears to be lower than in other
autoimmune disorders [1, 7]. However, previous studies
have shown that several autoantibodies can be found in the
sera of patients with BS. AECA have been shown to bind
specifically to the endothelial cell membrane, potentially
promoting vascular lesions in patients with BS [8—10]. Anti-
nuclear antibodies (ANA), commonly found in autoimmune
diseases, such as systemic lupus erythematosus, Sjogren's
syndrome, and systemic sclerosis [11-13], have also been
found in patients with BS [14, 15]. Some newly discovered
antibodies, such as anti-tubulin-a-1c and gastric parietal cell
antibodies, have also been detected in patients with BS [16,
17].

Adaptive immunity, specifically the subsets of CD4" T
cells, also mediates BS pathogenesis. Th1, Th2, Th17, and
Treg cells play roles in promoting inflammatory responses
in patients with BS by interacting with cytokines and cell
surface antigens [18]. Th1 cells are activated in BS, leading
to elevated levels of inflammatory interleukins, such as IL-2,
IL-12, interferon (IFN)-y, and TNF-a. Additionally, Th2
cells and IL-4, the main factors in this subset of T-helper
cells, play an important role in BS pathogenesis [4, 7]. Dis-
turbances in the balance of Th17/Treg cells have been found
in BS, with elevated levels of IL.-17 and inhibited activation
of Treg cells [19]. Additionally, natural killer cells and neu-
trophils are involved in BS pathogenesis [7, 20].

Despite the growing body of research focusing on the
role of different molecules in BS pathogenesis, large-scale
studies summarizing the distribution of different biomark-
ers in patients remain limited. Furthermore, the impact of
different biomarkers on the clinical manifestations of BS
remains unclear. Therefore, this study aimed to explore the
distribution of different biomarkers in patients with BS and
their relationship with the involvement of different systems
in a large sample.

Methods
Patients

This is a retrospective, single-center study conducted in
Peking University People’s Hospital, Beijing, China. The
cohort comprised 502 patients diagnosed with BS in the
Department of Rheumatology and Immunology between
2018 and 2023. All patients fulfilled the 2014 International
Criteria for Behget’s disease (ICBD) [21], and this was their
first diagnosis of BS. All patients were in their active phase
of disease and receiving glucocorticoids or/and immunosup-
pressors or/and immunomodulators or/and biologic agents

@ Springer

when enrolled. Patients with other autoimmune diseases
were excluded. The age, disease duration, disease manifesta-
tion, and disease activity of patients with BS were recorded
at their initial visit to the clinic. The patients were divided
into six groups according to their clinical manifestations:
mucocutaneous-only, joint, neurological, gastrointestinal,
vascular involvement and ocular involvement. The Behcet's
Disease Current Activity Form (BDCAF) was used to evalu-
ate disease activity. [22]

Laboratory analysis

Indirect immunofluorescence (IIF) was used to detect ANA
and AECA. Immunoblotting was performed to identify
anti-SSA, anti-SSB, anti-Jo-1, anti-Scl-70, anti-U1RNP,
anti-Ro-52, and anti-Sm antibodies. Enzyme-linked immu-
nosorbent assay (ELISA) was employed to detect anti-mito-
chondrial antibodies M2 (AMA-M2), anti-PR3, and anti-
MPO antibodies. Notably, AMA-M2 was procured from
Shanghai Kexin Technology Co., Ltd., and the remaining
ELISA, IIF, and immunoblotting kits were sourced from
Oumeng Company. A sequencing typing from Beijing Jin-
gzhun Medical Technology Co., Ltd., was used to determine
HLA-B51 positivity. Furthermore, a Beckman AU5832 fully
automated biochemical analyzer, which employs immune
dispersion turbidimetry, was used to measure the levels of
immunoglobulins, complement and rheumatoid factor (RF).
The aforementioned tests were conducted at the Rheumatol-
ogy and Immunology Laboratory, Peking University Peo-
ple's Hospital.

For detection of cytokines producing CD4" T cells,
peripheral blood lymphocytes were stimulated by using
leukocyte activation cocktail, with BD GolgiPlug™ (BD
550583). Cells were stained intracellularly with monoclo-
nal antibodies: BV510-IL-2 (BD 563265), APC-TNF-a (BD
340534), FITC-IFN-y/PE-IL-4 (BD 340456), and BV421-
IL-17 (BD 562933). Samples were analyzed by flow cytom-
etry using a FACSAria II (BD), FlowJo software (Tree Star)
(Figure S1) To determine the proportions of regular T cell
(Treg) in the periphery, immunophenotyping of T cells was
classified using conjugated anti-human murine monoclonal
antibodies (mAbs) as follows: anti-CD3-PERCP, anti- CD4-
FITC, anti-CD25-PE, anti- CD127 (IL-7Ra)-BV605. Tregs
were defined as CD3*CD4*CD25"CD127"". All antibodies
were purchased from BD Pharmingen (San Diego, CA) and
were analyzed by flow cytometry using a FACSAria II (BD),
FlowJo software (Tree Star). (Figure S2) In terms of absolute
numbers, detection and analysis of T lymphocyte subsets
were performed in BD Trucount™ tube (BD 340334) using
a single-platform flow cytometry-based absolute counting
technique. Lymphocytes were gated by CD45/side scatter
dot plots along with T lymphocytes (CD3*), B lymphocytes
(CD19%), helper/inducer T lymphocytes (CD3*CD4%),
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suppressor/cytotoxic T lymphocytes (CD37CD8™), and natu-
ral killer (NK) lymphocytes (CD3°CD16* and/or CD56™).
(Figure S3).

The serum concentration of cytokines was detected by
cytometric bead array (CBA) (BD Biosciences, CA, USA).
CBA samples were run on an Acuri C6 flow cytometer
(BD Biosciences, CA, USA) and data were analyzed using
FCAP-array software (version 3.1; BD Biosciences, CA,
USA).

Statistical analysis

Statistical analysis and graph creation were performed using
SPSS software version 23.0 (SPSS Inc., Chicago, IL, USA),
Prism 8 (GraphPad Software, San Diego, CA, USA), and R
package (“UpSetR” and “pheatmap”). Spearman’s correla-
tion analysis was used to analyze the correlations between
serum markers and affected systems. Wilcoxon rank sum
test was used to compare two sets of non-normal distribu-
tion data. Multivariate logistic regression analysis was used
to assess the risk factors. Statistical significance was set at
P<0.05.

Results
Patients’ characteristics

In total, 502 patients diagnosed with BS were enrolled in
our study, with a male-to-female ratio of 1:1.15. Patients’
median age was 38 (29, 51) years, and their median disease
duration was 6.0 (2.0, 10.0) months. Patients’ characteristics
are listed in Table 1. Based on their clinical manifestation,
226 (45.0%) showed mucocutaneous involvement without
other systemic symptoms. Gastrointestinal symptoms were
present in 86 (17.1%) patients. Ocular involvement was
observed in 81 (16.1%) patients. Eighty (15.9%) patients
had arthritis or arthralgia, 68 (13.5%) had cardiovascular
lesions including arterial aneurysms, thromboembolisms,
and valvular disease, and 33 (6.6%) had central or peripheral
nervous system abnormalities. (Figure S4).

Distribution of autoantibodies in patients
with BS

Positivity rates for HLA-B51 and autoantibodies in
patients with BS are shown in Fig. 1. Several autoanti-
bodies were detected in the serum of 40.8% (205/502) of
the patients with BS. The positivity of HLA-B51 (27.1%,
136/502) was higher than all autoantibodies. The posi-
tivity rate for AECA was the highest (23.5%, 118/502)
among autoantibodies, followed by ANA (16.7%, 84/502).

Table 1 Patients’ characteristics

Parameter Data
Age (years) 38 (29, 51)
Sex Male: female 1:1.15
Disease duration (months) 6.0 (2.0, 10.0)
BDCAF 3.0(2.0,4.0)
Systemic involvement
Mucocutaneous involvement alone 226 (45.0%)
Gastrointestinal involvement 86 (17.1%)
Intestinal ulcer 75 (14.9%)
Esophageal ulcer 11 2.2%)
Ocular involvement 81 (16.1%)
Uveitis 53 (10.6%)
Chorioretinitis 15 (3.0%)
Retinal vasculitis 13 (2.6%)
Joint involvement 80 (15.9%)
Vascular involvement 68 (13.5%)
Arterial aneurysm 33 (6.6%)
Thromboembolism 31 (6.2%)
Valvular disease 4 (0.8%)
Neurological involvement 33 (6.6%)
Parenchymal 25 (5.0%)
Nonparenchymal 8 (1.6%)
Treatment
Glucocorticoids 246 (49.0%)
Thalidomide 138 (27.5%)
Azathioprine 51 (10.2%)
Hydroxychloroquine 45 (9.0%)
Mycophenolate mofetil 44 (8.8%)
Colchicine 35 (7.0%)
Calcineurin inhibitor 27 (5.4%)
Cyclophosphamide 25 (5.0%)
TNF-a inhibitor 18 (3.6%)

The positivity of other antibodies accounts for < 5% of the
total number of patients, including 4.0% (20/502) for RF,
2.8% (14/502) for AMA-M2, 2.0% (10/502) for anti-Ro-52
antibodies, 1.0% (5/502) for anti-SSA antibodies, 0.8%
(4/502) for anti-PR3 antibodies, 0.6% (3/502) for anti-Jo-1
antibodies, 0.6% (3/502) for anti-MPO antibodies, 0.2%
(1/502) for anti-Scl-70 antibodies, and 0.2% (1/502) for
anti-U1RNP antibodies.

The positivity rate of HLA-B51 in patients with BS was
27.1% (136/502). Among patients positive for HLA-B51,
the proportion of patients with BS with at least one positive
autoantibody was 27.1% (13/48), while in the HLA-B51(—)
group, autoantibodies were detected in 42.2% (54/128) of the
patients. No significance was found between HLA-B51(+)
and HLA-B51(-) groups (P=0.066). In both HLA-B51(+)
and HLA-B51(—) groups, the proportion of cases with posi-
tive AECA was the highest. (Figure S5).
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Fig. 1 The positive rates of HLA-B51 and autoantibodies in patients
with BS. Of all biomarkers, HLA-B51 had the highest positive rate
of 27.1%. AECA was the autoantibody with highest positive rate
(23.5%). The frequency of ANA is 16.7%. Positivity of other autoan-
tibodies was less than 5%. AECA, anti-endothelial cell antibodies;
ANA, antinuclear antibodies; AMA-M2, anti-mitochondrial antibod-
ies M2
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Fig.2 The positivity of HLA-B51, AECA and ANA in patients with
BS with different systemic involvements. The positive rate of HLA-
B51 was highest in ocular BS (34.6%) and lowest in intestinal BS
(19.7%). The positive rate of AECA was highest in patients with
mucocutaneous involvement alone (25.7%) and was lowest in Neuro-
BS patients (6.1%). The positive rate of ANA was the highest in
neuro-BS patients (21.2%) and was the lowest in vascular phenotype
(11.8%)

Figure 2 shows the distribution of the frequencies of
HLA-B51, AECA, and ANA in different phenotypes of
BS. Patients with ocular (34.6%) and neurological (33.3%)
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involvement showed a higher positivity rate of HLA-B51.
The ANA positivity rate was the highest in patients with
neurological involvement (21.2%) and lowest in those with
the vascular phenotype (11.8%). The frequency of AECA
was the highest in patients with skin and mucosal lesions
(25.7%) and the lowest in patients with neuro-BS (6.1%).

Immunologic changes in BS
with gastrointestinal involvement

Gastrointestinal involvement of patients was positively
associated with the proportion of TNF-a*CD4" T cells
(P=0.008), IL-2*CD4* T cells (P=0.027), and IL-47CD4*
T cells (P=0.003) among the total CD4" T cells in PBMCs.
Ocular involvement was positively associated with the abso-
lute number of NK cells in peripheral blood (P =0.046). The
results were shown as heatmap (Fig. 3). No correlations were
found between serum immunoglobulins or complement and
systemic involvement in patients with BS.

When comparing patients with BS with and with-
out gastrointestinal involvement, the results showed that
patients with gastrointestinal manifestation had a higher
proportion of TNF-a*CD4* T cells (47.50[39.50, 57.70]
vs. 41.30[33.90, 48.55], P=0.012), IL-2*CD4* T cells
(55.40[44.20, 70.90] vs. 46.80[38.60, 58.00], P=0.038),
and IL-47CD4* T cells (1.90[1.46, 2.25] vs. 1.60[1.03,
2.09], P=0.009) among CD4" T lymphocytes. Further ana-
lyzing these cytokines, the results showed that the serum
level of TNF-a (17.17[4.57, 34.64] vs. 7.31[3.22, 14.89],
P=0.025), IL-2 (12.90[7.93, 31.18] vs. 7.31[2.58, 11.70],
P=0.044) and IL-4 (13.00[6.92, 28.66] vs. 7.98[2.96,
12.38], P=0.021) were significantly increased in patients
with gastrointestinal involvement. (Table 2) In addition, the
absolute number of NK cells in patients with ocular involve-
ment was significantly higher than that in patients without
ocular involvement (188.0[1507.0, 405.5] vs. 169.0[112.5,
282.5], P=0.031).

Risk regression of patients with BS
with gastrointestinal involvement

The above subset of CD4" T cells, age, sex and disease
course, were included in the risk assessment analysis to
explore the predictors of gastrointestinal involvement in
BS. Multivariate logistic regression analysis indicated that
an elevated proportion of IL-4*CD4* T cells was a risk
factor for gastrointestinal involvement in BS ($=0.952,
SE =0.345, Wald=7.595, P=0.006, OR =2.491, 95%CI:
[1.317-5.100]). However, other variables were not signifi-
cant in the regression (Table 3).
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Table2 TNF-q, IL-2 and IL-4
in BS patients with and without
gastrointestinal involvement

Patients with gastrointestinal
involvement

Patients without gastrointesti- P
nal involvement

TNF-at*CD4 T cells (%)

TNF-a(pg/mL)

IL-2*CD4™T cells (%)

IL-2 (pg/mL)

IL-4*CD4™T cells (%)

IL-4(pg/mL)

47.50 (39.50, 57.70)
17.17 (4.57, 34.64)
55.40 (44.20, 70.90)
12.90 (7.93, 31.18)
1.90 (1.46, 2.25)
13.00 (6.92, 28.66)

41.30 (33.90, 48.55) 0.012
7.31(3.22, 14.89) 0.025
46.80 (38.60, 58.00) 0.038
7.31 (2.58,11.70) 0.044
1.60 (1.03, 2.09) 0.009
7.98 (2.96, 12.38) 0.021

TNF-a*CD4*T cells, the percentage of TNF-a producing CD4*T cells among total CD4*T cells. IL-
2*CD4*T cells, the percentage of IL-2 producing CD4™T cells among total CD4*T cells. IL-4*CD4*T
cells, the percentage of IL-4 producing CD4*T cells among total CD4*T cells. TNF-a, serum concentra-
tion of TNF-a. IL-2, serum concentration of IL-2. IL-4, serum concentration of IL-4

Table 3 Predictors of
gastrointestinal involvement in

Behcet’s syndrome with gastrointestinal involvement

BS patients p SE Wald P OR 95%CI
TNF-a"CD4*T cells (%) 0.027 0.025 1.137 0.286 1.017 (0.978, 1.080)
IL-2*CD4*T cells (%) 0.022 0.020 1.180 0.277 1.022 (0.983, 1.063)
IL-4*CD4*T cells (%) 0.952 0.345 7.595 0.006 2.491 (1.317, 5.100)
Female -0.476 0.519 0.843 0.358 0.621 (0.225, 1.717)
Age (year) 0.013 0.020 0.417 0.519 1.013 (0.974, 1.053)
Duration (month) 0.002 0.002 1.109 0.292 1.002 (0.998, 1.006)

TNF-a*CD4*T cells, the percentage of TNF-a producing CD4*T cells among total CD4*T cells. IL-
2*CD4*T cells, the percentage of IL-2 producing CD4™T cells among total CD4*T cells. IL-4*CD4*T
cells, the percentage of IL-4 producing CD4*T cells among total CD4*T cells. Duration, course of disease
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Discussion

BS is an autoimmune disease involving multiple cells and
molecules, with various clinical manifestations ranging
from recurrent aphthous ulcers to arterial aneurysms.
Although several biomarkers have been identified in
patients with BS, no specific biomarkers are currently
available for its diagnosis, as the criteria of the 2014 ICBD
and 1990 International Study Group [23] are mainly based
on manifestation. Additionally, the impact of different bio-
markers on the clinical characteristics of patients remains
unclear. In this study, we aimed to address these knowl-
edge gaps by comprehensively analyzing a large sample
of patients with BS. Specifically, we assessed the preva-
lence of various autoantibodies in patients with different
systemic involvements and examined the relationship
between biomarkers and clinical manifestations. Through
this study, we hope to provide valuable insights into the
role of biomarkers in BS and contribute to the develop-
ment of more accurate diagnostic tools and tailored treat-
ment approaches.

In this study, we observed that HLA-B51 had the
highest positivity rate among all biomarkers tested. This
finding is consistent with those of previous studies, as
HLA-B51 is widely recognized as the gene most strongly
associated with BS [3, 24, 25]. However, in our study,
HLA-B51 incidence was relatively lower than that of
previous studies. This discrepancy may be attributed to
geographical variations, and we believe that the positivity
rate of HLA-B51 in patients with BS in northern China
was lower than that reported in regions with major epi-
demics, such as the Middle East and far-East Asia [1].
Moreover, we found that in the patients included in our
study, HLA-B51 was more prevalent in patients with ocu-
lar involvement. This is consistent with the findings of
many other researchers, who have also observed a rela-
tionship between HLA-B51 and uveitis in BS [26, 27].
Our findings further support the existing evidence link-
ing HLA-BS51 with ocular manifestations in BS. Previous
study found that HLA-B51(—) patients had serious sys-
temic involvement [28]. And in this study, positive rate of
autoantibodies was higher in HLA-B51(—) group, which
may indicate more severe disease. But no significant dif-
ference was found. The association between HLA-B51 and
other biomarkers, as well as its impact on disease severity,
necessitates further investigation.

Although previous studies have shown that autoantibod-
ies are uncommon in patients with BS, our study revealed
that several autoantibodies were detected in nearly half
of the patient sera. Notably, the proportion of cases with
isolated positivity for AECA was significantly higher than
that for other autoantibodies in both the HLA-B51(+) and
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HLA-B51(—) groups. AECA is a commonly observed
serological marker in various systemic vasculitis condi-
tions, such as Takayasu arteritis and ANCA associated
systemic vasculitis [29], and can bind to endothelial cell
membranes, thereby damaging multiple endothelial cells
[8]. Previous studies demonstrated the presence of AECA
in patients with BS [10, 16]. In our study, AECA exhibited
the highest positivity rate among the detected autoanti-
bodies. We hypothesized that AECA contributes to the
onset of BS by attacking the vascular endothelial cells of
affected individuals and can potentially serve as a diagnos-
tic marker for BS and may represent a therapeutic target
in the future, warranting further investigation. Notably,
Souza et al. indicated that [gG-AECA might serve as a
marker for neuro-BS. [30] However, our study observed
the lowest positivity rate for AECA among patients with
neurological lesions. Therefore, additional research is
necessary to elucidate the effect of AECA on the nervous
system in patients with BS.

The involvement of the gastrointestinal system in BS
has gained significant attention owing to its association
with increased morbidity and mortality in patients with
BS [31]. Despite ongoing clinical advancements, no spe-
cific markers are currently available to diagnose or evaluate
intestinal BS. Although conventional treatments for gas-
trointestinal involvement have proven beneficial for many
patients, a subset of individuals remain refractory to these
treatments, highlighting the need for new therapeutic tar-
gets [32]. In this study, we observed correlations between
BS, gastrointestinal involvement, and various inflammatory
factors. TNF-a predominantly secreted by Thl cells, has
been identified as a cytokine that mediates inflammatory
responses in the immune microenvironment. Scientists have
discovered that TNF-a, along with other cytokines associ-
ated with inflammation, accumulates in the gut and con-
tributes to damage and structural changes in the bowel seen
in inflammatory bowel disease [33]. Monoclonal antibodies
targeting TNF-a (for example, infliximab and adalimumab)
have shown efficacy in treating refractory gastrointestinal
disease in BS [34]. In our study, we found higher proportion
of TNF-a*CD4* T cells and higher serum level of TNF-a in
patients with gastrointestinal manifestations, underscoring
the importance of TNF-a in developing a gastrointestinal
lesion in BS. Another Th1-secreting inflammatory cytokine,
IL-2, has been implicated in BS. Previous studies have dem-
onstrated that IL-2 interacts with other cytokines to promote
the inflammatory cascade in BS. [35, 36] In this study, we
observed BS patients with gastrointestinal involvement had
higher proportion of IL-2*CD4" T cells and higher serum
level of IL-2. These findings suggest that IL-2 plays a role in
mediating the manifestation of gastrointestinal tract lesions
in patients with BS, thus providing a foundation for further
investigation of the pathogenesis of intestinal BS.
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In our study, we also found the proportion of IL-
47CD4* T cells and serum level of IL-4 were increased
in patients with gastrointestinal involvement in BS, and
increased levels of IL-4¥CD4* T cells were identified as
a risk factor for gastrointestinal involvement in BS. IL-4
is a cytokine associated with the Th2 immune response.
Previous studies have demonstrated that IL-4, along with
IL-13 (another member of the Th2 cytokine family), plays
a crucial role in allergic inflammation and fibroprolifera-
tive disorders [37, 38]. Some studies have observed upreg-
ulated levels of IL-4 in active BS [39, 40]. However, the
role of IL-4 in gastrointestinal involvement in BS has been
relatively unexplored. Our results provide evidence that
IL-4 plays a significant role in the mechanism underly-
ing gastrointestinal tract lesions in patients with BS. Fur-
thermore, IL-4 could potentially serve as a biomarker of
gastrointestinal diseases in patients with BS. The findings
regarding TNF-a, IL-2, and IL-4 collectively highlight the
involvement of inflammatory cytokines in the development
of intestinal BS. This study lays a solid foundation for
further investigation into BS pathogenesis.

This study also found that the absolute number pf
peripheral NK cells in patients with ocular involvement
was higher than that in patients without ocular involvement.
Previous studies have shown that NK cells were increased
in BS patients with uveitis and may exert pathogenic effects
through cytotoxicity and regulation of helper T cells [41].
The results of this study are consistent with the previous.

There are limitations in this study. First, this is a retro-
spective study conducted in single-center and the sample
source should be expanded further in the future. Second,
we did not follow patients over time to see how different
biomarkers affected their clinical performance. Further fol-
low-up of patients with BS is needed in the future for more
in-depth exploration.

Summarily, various autoantibodies can be detected in
patients with BS, in which AECA is the most common
autoantibody. HLA-B51 was the predominant biomarker
observed at the highest frequency in patients with BS.
Increased proportion of TNF-a*, IL-2*, and IL-4*CD4" T
cells, and serum concentration of TNF-a, IL-2, and IL-4
are associated with the gastrointestinal manifestation of BS.
Elevated levels of IL-47CD4" T cells are a risk factor for
developing gastrointestinal involvement in BS.

Supplementary Information The online version contains supplemen-
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