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Abbreviations

MG: myasthenia gravis

USMG: untreated stage myasthenia gravis

RSMG: recurrence stage myasthenia gravis

PSMG: paracmasis stage myasthenia gravis

HC: healthy control

PB: peripheral blood

mOX40: membrane-bound OX40

mOX40L: membrane-bound OX40L

sOX40: soluble OX40

sOX40L: soluble OX40L

ELISA: enzyme-linked immunosorbent assay

OMG: ocular myasthenia gravis
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. GMG: generalized myasthenia gravis

CT: computed tomography

QMGs: quantitative myasthenia gravis scores

AchR-Ab: acetylcholine receptor antibodies

MHC: major histocompatibility complex

TNFR: tumour necrosis factor receptor

TNF: tumour necrosis factor

ADCs: antigen-presenting cells

DCs: dendritic cells

MS: multiple sclerosis

SLE: systemic lupus erythematosus

RA: rheumatoid arthritis

MGFA: Myasthenia Gravis Foundation of America

ROC: receiver operating characteristic

CI: confidence interval

Summary

Myasthenia gravis (MG) is a T cell-dependent, antibody-mediated autoimmune disease. The OX40/OX40L
pathways play a crucial role in the pathogenesis or development of human autoimmune diseases. This study
aimed to investigate the functions, potential mechanisms, and clinical significance of the OX40/OX40L
pathways in the pathological process of MG. Ninety patients diagnosed with MG, as well as 39 patients with
untreated stage MG (USMG), 22 patients with recurrence stage MG (RSMG), 42 patients with paracmasis
stage MG (PSMG), and 36 healthy controls (HC), were enrolled in this study. Peripheral blood (PB)
was collected from patients with MG and HCs. The expression of membrane-bound OX40 (mOX40) and
OX40L (mOX40L) on immune cells was detected using flow cytometry. The levels of soluble OX40 (sOX40)
and OX40L (sOX40L) in plasma were analyzed using ELISA. The expression levels of OX40 on T cells
in peripheral blood from the MG group and OX40L on B cells and mononuclear cells were significantly
increased compared to those in the HC group. The levels of sOX40 were significantly decreased in patients
with MG compared to those in HCs, while the levels of sOX40L were not different. A subgroup analysis
revealed that the expression of OX40 on CD4+ T cells, OX40L on CD14+ mononuclear cells and sOX40
in the generalized MG (GMG) group was significantly higher than that in the ocular MG (OMG) group.
The expression of OX40 on CD4+T cells in patients with thymoma or thymic hyperplasia was significantly
upregulated compared with participants without thymoma or thymic hyperplasia. Correlation analyses with
clinical data showed that OX40 expression on CD4+ T cells was positively correlated with the quantitative
myasthenia gravis scores (QMGs) and the concentrations of acetylcholine receptor antibodies (AchR-Ab) in
the MG group. sOX40 levels were positively correlated with QMGs and disease duration, while sOX40L
levels were negatively correlated with the disease duration. Dynamic observations of the expression of these
molecules showed significantly increased expression of OX40 on CD4+ T cells in the peripheral blood from
the USMG, RSMG and PSMG groups compared to that in the HC group. Compared with the USMG and
PSMG groups, OX40 expression was significantly increased on CD4+ T cells from the RSMG group. OX40L
expression on CD19+ B cells was significantly increased in the PSMG group compared with the HC group.
OX40L was expressed at significantly higher levels on CD14+ mononuclear cells from the RSMG group than
on cells from the HC group. However, no significant difference in OX40L expression on CD19+ B cells and
CD14+ mononuclear cells was observed among the USMG, RSMG and PSMG groups. The plasma sOX40
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. levels in the USMG group were significantly lower than those in the HC group. Compared with the USMG
and PSMG groups, the levels of sOX40 in the RSMG group were significantly increased. sOX40L levels in
the PSMG group were significantly lower than those in the USMG, RSMG and HC groups. The expression
of OX40 on CD4+ T cells was positively correlated with the concentration of AchR-Ab in the RSMG group,
while the expression of OX40L on CD19+ B cells and CD14+ mononuclear cells was negatively correlated
with the disease duration. ROC curves showed that the expression levels of CD4+ OX40 and sOX40L
had moderate predictive value for monitoring MG recurrence. Based on these results, the OX40/OX40L
pathways are involved in the immunopathological process of MG and might be valuable therapeutic targets
for MG. Abnormal sOX40L levels might promote the positive signal transduction of OX40 on T cells in the
later stages of MG, causing excessive activation of T cells and disease progression. CD4+ OX40 and sOX40
may be associated with MG disease activity and severity, and CD4+ OX40 may be related to the recurrence
of MG.

Keywords : myasthenia gravis; peripheral blood; mOX40; mOX40L; sOX40; sOX40L

Introduction

Myasthenia gravis (MG) is an antibody-mediated autoimmune disease of the neuromuscular junction. Its
main clinical manifestations are fluctuating weakness and fatigue of the involved skeletal muscles[1]. At
present, the predominant therapeutic strategies for MG include cholinesterase inhibitors, immunosuppres-
sive agents, thymectomy, and short-term immunomodulation via intravenous immunoglobulin or plasma
exchange, which are selected according to the clinical characteristics and the types of pathogenic antibodies
[2]. Based on in-depth studies of the pathogenesis of MG, the use of targeted biological agents such as
rituximab[3] improves the prognosis of patients with MG. Nevertheless, some patients with refractory MG
still have a poor prognosis after humoral immune intervention[4], suggesting that both humoral and cellular
immunity may play a key role in the pathological process of MG.

T cell activation requires the major histocompatibility complex (MHC)-peptide complex to provide a first
signal and a second signal delivered by costimulatory molecules. A lack of costimulatory signals can lead to T
cells that are unable to respond and even programmed cell death[5]. OX40 (also named CD134, TNFRSF4
or ACT35) and its cognate ligand, OX40L (also called CD252, TNFSF4, gp34 or CD134L), which are
members of the tumor necrosis factor receptor (TNFR) and the tumor necrosis factor (TNF) superfamily,
respectively, play an important role in regulating the immune response. OX40 is a type I transmembrane
glycoprotein that is mainly expressed on activated CD4+ T cells. OX40L is a type II transmembrane
glycoprotein that is predominantly expressed on antigen-presenting cells (ADCs), such as B cells, dendritic
cells (DCs) and macrophages[6, 7]. OX40-OX40L interactions promote T cell proliferation, differentiation,
memory, and survival, increase effector cytokine secretion, and suppress regulatory T cell function[8]. The
OX40/OX40L pathway plays a significant role in the pathogenesis of human autoimmune diseases, including
multiple sclerosis (MS)[9], systemic lupus erythematosus (SLE)[10], rheumatoid arthritis (RA)[11], and type
1 diabetes[12], and the expression of OX40 on CD4+ T cells correlates with disease severity in patients
with SLE[13, 14]. Blockade of OX40-OX40L interactions ameliorates disease in many animal models of
autoimmunity[15].

In addition to membrane-bound OX40 (mOX40) and membrane-bound OX40L (mOX40L) expression on
peripheral circulating lymphocytes, soluble forms of OX40 (sOX40) and OX40L (sOX40L) have been detected
in plasma[8]. Soluble molecules regulate the OX40/OX40L axis by binding to corresponding membrane-
bound molecules and increase the diversity and complexity of the OX40/OX40L pathways. However, the
specific functions and pathogenesis of the OX40/OX40L pathways in MG remain unclear, and little research
has been conducted on soluble molecules. Investigations of whether OX40/OX40L (including membrane-
bound and/or soluble forms) are abnormally expressed in the peripheral blood of patients with MG and
whether the abnormal changes are relevant to the onset, recurrence, remission, and activity and severity of
MG are worthwhile. This study detected the expression of mOX40 and mOX40L on the surface of peripheral
lymphocytes from patients with MG and healthy controls (HCs) and the plasma levels of sOX40 and sOX40L
to explore the functions, potential mechanisms, and clinical implications of OX40/OX40L signaling in the
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. occurrence and development of MG.

Materials and methods

Patients and Controls

Between July 2019 and April 2021, 90 patients with MG were enrolled from the Department of Neurology
of the First Affiliated Hospital of Soochow University. All patients were diagnosed with MG according to
typical clinical features, neostigmine tests, repetitive nerve electrical stimulation, fatigue tests and positive
acetylcholine receptor antibody (AChR-Ab) results. Simultaneously, 36 healthy controls (HCs) matched
to patients with MG for sex, age, and race were enrolled from the hospital’s physical examination center.
The study subjects were excluded if they had one of the following conditions: other autoimmune diseases,
acute infectious diseases, malignant tumor (except thymoma), mental illness, or pregnancy or lactation. The
quantitative MG score (QMG) was used to assess the disease severity, and all patients received standard
treatment after admission to the hospital. The clinical characteristics of the study subjects are shown in
Table 1.

Patients with MG were classified into different subgroups based on sex, age at onset, Myasthenia Gravis
Foundation of America (MGFA) classification, thymic histology, and AchR-Ab results. According to the
MGFA classification[16], patients were classified as having ocular MG (OMG) or generalized MG (GMG).
All patients underwent enhanced chest computed tomography (CT) examinations and were divided into
an abnormal thymus group (with thymoma or thymic hyperplasia) and a normal thymus group (without
thymoma or thymic hyperplasia). Due to the low positive proportion of anti-MuSK antibodies in the Chinese
population[17], the concentrations of AchR-Ab (positive cut-off value was 0.45 nmol/L) were detected in all
patients with MG, and patients were divided into the AchR-Ab-positive group and the AchR-Ab-negative
group (cut-off value of 0.45 nmol/L).

Thirty-nine patients with untreated stage MG (USMG), 22 patients with recurrence stage MG (RSMG),
and 42 patients with paracmasis stage MG (PSMG) were recruited from the Department of Neurology of
the First Affiliated Hospital of Soochow University between July 2019 and June 2021. USMG was defined as
the first onset without treatment, including glucocorticoids, immunosuppressants, plasma-exchange therapy
or intravenous immunoglobulins in the past 3 months. RSMG was defined as the exacerbation of the
original symptoms or signs or the recurrence of symptoms after improvement. The duration of recurrence
exacerbations should be longer than 24 h, and the QMGs should be increased. PSMG was defined as the
absence of symptoms or signs of MG, with or without weakness of eyelid closure, and no weakness of any other
muscle upon careful examination[18]. The demographic and clinical characteristics of all study populations
are summarized in

Supplementary Table 2.

This study was approved by the Ethics Committee of Soochow University, China. All study participants
signed informed consent forms.

Sample processing

Four milliliters of fasting venous blood were collected into 2 EDTA-anticoagulant tubes from all subjects in
the morning. One tube was used for the flow cytometry analysis of lymphocytes. One tube was centrifuged
at 3000 rpm for 20 minutes, after which the top-layer plasma sample was collected and frozen at -80 °C for
future use.

Immunofluorescence labeling and flow cytometry analysis

Peripheral blood (50 μl) was collected from each subject, and the following fluorescently labeled mono-
clonal antibodies were added: FITC-conjugated anti-human CD19, FITC-conjugated anti-human 14, FITC-
conjugated anti-human OX40, PE-conjugated anti-human OX40L, and PC5-conjugated anti-human CD4
(all purchased from BioLegend, San Diego, CA, USA), followed by an incubation in the dark at room tem-
perature for 30 minutes. Next, 200 μl of red blood cell lysis buffer (Beckman Coulter, Brea, CA, USA) were
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. added, and the mixtures were incubated at 37 °C for 10 minutes. Finally, each specimen was washed with 1
ml of PBS, centrifuged at 2000 rpm for 5 minutes, resuspended in 500 μl of PBS, and detected using a flow
cytometer (Beckman Coulter, Brea, CA, USA). FlowJo version 10.4 software was used to analyze the raw
flow cytometry data.

ELISAs

Plasma samples from 78 of 103 patients with MG were selected (no statistically significant differences in
sex, age, MGFA classification and thymic histology of patients from whom specimens were selected were
observed compared with the general population), and plasma from 30 of 36 healthy volunteers was. Detailed
information regarding the samples is presented in Supplementary Table 1 . Meanwhile, plasma samples
from 37 patients with USMG, 34 patients with RSMG and 30 patients with PSMG were selected from the
plasma sample bank of the First Affiliated Hospital of Soochow University from July 2017 to May 2021, and
the clinical characteristics of patients with different stages of MG are shown in Supplementary Table 3 . In
addition, plasma sOX40 and sOX40L expression levels were detected in 13 patients with MG in the recurrence
and remission stages. The frozen plasma specimens were thawed at room temperature and centrifuged at
2000 rpm for 5 minutes, and the plasma supernatant was taken for enzyme-linked immunosorbent assay
(ELISA). The concentrations of AchR-Ab were detected in plasma samples from all patients with MG
using the Human Acetylcholine Receptor Autoantibody ELISA Kit (RSR Biotechnology Co., Ltd., UK).
Plasma levels of sOX40 and sOX40L were measured using ELISAs (human sOX40 and sOX40L reagent kits
were obtained from Shanghai Kang Lang Biological Technology Co., Ltd., Shanghai, China). The specific
experimental procedures used for ELISAs were performed according to the manufacturer’s instructions.

Statistical analyses

SPSS version 26.0 and GraphPad Prism 8.0 software were used for statistical analyses. Quantitative data
are reported as the means and standard deviations (normal distribution) or medians and interquartile ranges
(nonnormal distribution). The T-test (normal distribution) and Mann–Whitney U test (nonnormal distribu-
tion) were used to compare independent samples between 2 groups. Comparisons among multiple groups of
samples were analyzed using one-way ANOVA (normal distribution) and the Kruskal–Wallis H test (nonnor-
mal distribution), while the Bonferroni-corrected Mann–Whitney U test was used for intergroup comparisons.
Qualitative data are reported as frequencies and percentages. The chi-square test or Fisher’s exact test was
performed to compare qualitative variables. The nonparametric Spearman correlation analysis was used to
analyze the correlations between two continuous variables. A P value < 0.05 was considered statistically
significant. A receiver operating curve (ROC) was constructed to evaluate the efficacy of the expression
levels of different molecules in predicting MG recurrence.

Results

OX40/OX40L expression was increased on lymphocytes in the peripheral blood from patients
with MG

Flow cytometry was used to analyze the expression of OX40 and OX40L on the peripheral blood lymphocytes
of all subjects. The expression of OX40 on CD4+ T cells in the MG group was significantly higher than
that in the HC group (Fig. 1A, B ). Compared with the HC group, OX40L expression was significantly
increased on CD19+ B cells and CD14+ monocytes from the MG group (Fig. 1A, C, D ). The levels of
mOX40 and mOX40L in the MG group and HC group are presented inSupplementary Table 4 .

OX40 was expressed at significantly higher levels on CD4+ T cells from the USMG, RSMG and PSMG
groups than on cells from the HC group. Compared with the USMG and PSMG groups, OX40 expression
on CD4+ T cells from the RSMG group was significantly increased (Fig. 3A, B ). OX40L expression on
CD19+ B cells was significantly increased in the PSMG group compared with the HC group (Fig. 3A, C ).
Higher expression of OX40L was detected on CD14+ monocytes from the RSMG group than on cells from
the HC group (Fig. 3A, D ). However, no significant difference in OX40L expression on CD19+ B cells and
CD14+ mononuclear cells was observed among the USMG, RSMG and PSMG groups. The levels of mOX40
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. and mOX40L in patients with different stages of MG are shown in Supplementary Table 6 .

Serum levels of sOX40, but not of sOX40L, were decreased in patients with MG

Plasma sOX40 and sOX40L levels were measured using ELISAs to explore the potential roles of soluble
costimulatory molecules in patients with MG. Plasma sOX40 levels in the MG group were significantly
decreased compared with those in the HC group (Fig. 1E ). Nevertheless, no significant difference in the
plasma sOX40L levels was observed between the MG group and HC group (Fig. 1F ). The sOX40 and
sOX40L levels in the MG group and HC group are displayed in Supplementary Table 5 .

Significantly lower plasma sOX40 levels were detected in the USMG group than in the HC group. sOX40
expression levels in the RSMG and PSMG groups were not significantly different compared with the HC
group. Compared with the USMG and PSMG groups, the levels of sOX40 in the RSMG group were signifi-
cantly increased. The levels of sOX40 in the PSMG group were significantly higher than those in the USMG
group (Fig. 3E ). sOX40L levels in the PSMG group were significantly decreased compared with those in
the HC group. However, compared with the HC group, the levels of sOX40L in the RSMG group were not
significantly different from those in the USMG and RSMG groups. The expression levels of sOX40L in the
PSMG group were significantly lower than those in the USMG and RSMG groups (Fig. 3F ). The levels of
sOX40 and sOX40L in patients with different stages of MG are shown inSupplementary Table 7 .

The levels of sOX40 and sOX40L in 13 patients with MG in the recurrence stage were significantly higher
than those in patients in the paracmasis stage (Supplementary Table 8, Fig. 4D, F ).

Subgroup analysis

A subgroup analysis was performed to assess the relationship between the expression levels of costimulatory
molecules (mOX40/mOX40L and sOX40/sOX40L) and clinical parameters in patients with MG. Ninety
patients with MG were divided into 5 subgroups according to sex, age of onset, MGFA classification, thymic
histology, and AchR-Ab results. Specifically, significantly higher OX40 expression was observed on CD4+

T cells in the GMG group than in the OMG group and in patients with thymoma or thymic hyperplasia
than in those without. No significant differences were observed between groups stratified by sex, age of
onset or AchR-Ab levels. In terms of the expression of OX40L on CD19+ B cells in patients with MG, no
statistically significant differences were observed between all subgroups. Regarding the expression of OX40L
on CD14+mononuclear cells in patients with MG, the GMG group exhibited significantly higher expression
than the OMG group, and significant differences were not observed between groups stratified by sex, age
of onset, thymic histology and AchR-Ab levels. Results of the subgroup analysis of mOX40 and mOX40L
levels in patients with MG are summarized in Table 2 .

The levels of sOX40 were significantly increased in patients with GMG compared to patients with OMG,
and no significant differences were observed between groups stratified by sex, age of onset, thymic histology
and AchR-Ab levels. However, in the analysis of the expression levels of sOX40L in patients with MG, no
statistically significant differences were detected between all subgroups. Results of the subgroup analysis of
sOX40 and sOX40L levels in patients with MG are presented inTable 3 .

Correlation with clinical data

We analyzed the correlations between the laboratory parameters and clinical data (including age, QMGs,
the concentration of AchR-Ab and the disease duration) in the patients with MG to explore the clinical
significance of the expression of mOX40/mOX40L and sOX40/sOX40L. In the MG group, the expression of
OX40 on CD4+ T cells and sOX40 levels were positively correlated with the QMGs (Fig. 2A, J ). The
expression of OX40 on CD4+ T cells was positively correlated with the concentration of AchR-Ab (Fig.
2B ). A trend toward a positive correlation was observed between the sOX40 levels and disease duration
(Fig. 2L ) and a trend toward a negative correlation was observed between the sOX40L levels and disease
duration (Fig. 2O ). The correlation analysis results for the MG group are shown inTable 4 and Fig. 2 .

Furthermore, in the RSMG group, the expression of OX40 on CD4+ T cells positively correlated with the
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. AchR-Ab concentration (Fig. 4A ), while OX40L expression on CD19+ B cells and CD14+ monocytes was
negatively correlated with the disease duration (Supplementary Table 10, Fig. 4B, C ). The expression
of membrane-bound and soluble OX40/OX40L showed no significant correlation with clinical data in the
USMG and PSMG groups (Supplementary Table 9, Supplementary Table 11 ).

Diagnostic and prognostic value of CD4+ T cell OX40 and sOX40L expression in patients with
MG

We generated a receiver operating characteristic (ROC) curve using the expression data from patients with
RSMG and patients with PSMG to evaluate the diagnostic and prognostic value of OX40 and sOX40L levels
in CD4+ T cells. The area under the ROC curve for the CD4+ T cell OX40 index was 0.805 [95% confidence
interval (CI): 0.688–0.922, P =0.000], the sensitivity was 59%, and the specificity was 93% (Fig. 4E ). The
area under the ROC curve for the sOX40L index was 0.784 (95% CI: 0.671–0.898, P =0.000), the sensitivity
was 68%, and the specificity was 90% (Fig. 4G ). The results indicated that OX40 and sOX40L levels in
CD4+ T cells have moderate predictive value in monitoring recurrence in patients with MG.

Discussion

OX40, a member of the TNFR superfamily, is mainly expressed on activated CD4+ T cells. Its cognate
ligand OX40L, a member of the TNF superfamily, is predominantly expressed on activated ADCs and on
some endothelial cells, mast T cells and activated T cells. Accumulating evidence has shown that the OX40-
OX40L pathway plays a crucial role in the pathogenesis of multiple autoimmune diseases[19-22]. Furthermore,
a correlation between the expression of OX40 on CD4+ T cells and disease severity has been observed in
individuals with autoimmune diseases such as SLE[13, 23]. The OX40-OX40L interaction contributes to
promoting the activation, proliferation and long-term survival of effector T cells, preserving cellular memory,
facilitating the production of effector cytokines, and suppressing regulatory function by activating the PI3K-
PKB/NF-κB/NFAT pathways[7]. Here, we detected the expression of membrane-bound and soluble OX40
and OX40L and explored the functions, and potential mechanisms, as well as the clinical significance of
OX40/OX40L signaling in the occurrence and development of MG.

In this study, we found that the expression of the positive costimulatory molecule OX40 on CD4+ T cells
from patients with MG was significantly higher than that on cells from the HC group, and OX40 expression
on CD4+ T cells was positively correlated with the concentration of AchR-Ab, consistent with previous
research results[24]. In contrast previous studies or new findings, CD4+ OX40 expression on CD4+ T cells
from patients with MG was not related to the age at onset in our study[24], which may be associated with
the sample size and disease activity. In addition, our study showed that OX40L expression on CD19+ B
cells and CD14+ mononuclear cells in the MG group was significantly upregulated compared with that in
the HC group. The subgroup analysis revealed significantly higher expression of OX40 on CD4+ T cells from
the GMG group than on cells from the the OMG group and patients with thymoma or thymic hyperplasia
than in those without thymoma or thymic hyperplasia, and OX40L expression was significantly increased
on CD14+mononuclear cells from the GMG group compared with that in the OMG group. The correlation
analysis showed that OX40 expression on CD4+ T cells was positively correlated with QMGs. Based on these
results, the expression of OX40 on CD4+ T cells may be related to the severity of MG, and the OX40/OX40L
signal participates in the immunopathological process of MG. To the best of our knowledge, the present
study is the first to discover increased expression of OX40/OX40L on the peripheral blood lymphocytes
of patients with MG. Therefore, we speculate that the OX40-OX40L interactions may contribute to the
activation, proliferation and long-term survival of effector T cells, promote B cell differentiation to secrete
autoantibodies and inhibit cell apoptosis in patients with MG, which may generate immune disorders and
immune injury.

Because MG is an intricate, heterogeneous disease, the expression of these molecules may dynamically change
across the disease course. In the present study, significantly higher OX40 expression was detected on CD4+

T cells from the USMG, RSMG and PSMG groups than on cells from the HC group. OX40L expression on
CD19+B cells was significantly increased in the PSMG group compared with the HC group. OX40L was
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. expressed at higher levels on CD14+mononuclear cells from the RSMG group than on cells from the HC
group. These results indicated that the OX40/OX40L pathways in MG mainly play regulatory roles in the
later stage of the disease. Furthermore, compared with the USMG and PSMG groups, the expression of OX40
on CD4+ T cells from the RSMG group was significantly increased. The results of the correlation analysis
indicate that OX40 expression on CD4+ T cells was positively correlated with the AchR-Ab concentration,
while OX40L expression on CD19+B cells and CD14+mononuclear cells was negatively correlated with the
disease duration in the RSMG group. These results suggested that the expression of OX40 on CD4+ T
cells may be closely related to the recurrence of MG. These phenomena may be related to the mechanism
of OX40/OX40L signaling in T cells. On the one hand, from the perspective of T cell survival, Song, Salek-
Ardakani [25] et al. found that OX40-deficient T cells normally differentiated and proliferated into effector
T cells 2–3 days after the activation of TCR signaling. Nevertheless, the survival rate was significantly
decreased after 12–13 days of activation, suggesting that the OX40/OX40L pathways might not affect the
early stage of T cell proliferation but promote the activation of T cells and prolong their survival in the
later stage. On the other hand, from the perspective of T cell function, OX40-OX40L interactions promote
the generation of memory T cells and maintain their survival[26-29], and the long-term survival of memory
CD4+ T cells after antigen restimulation promotes their rapid differentiation into effector T cells, which may
be one of the causes of disease recurrence [30].

In addition to the membrane-bound forms, costimulatory molecules also exist in soluble forms. Soluble cos-
timulatory molecules are generated through the proteolytic cleavage[31] or mRNA splicing[32] of membrane-
bound molecules. sOX40 and sOX40L may be cleaved from membrane molecules, but the specific mechanism
remains unclear[12, 33]. We detected the plasma levels of sOX40 and sOX40L in patients with MG for the
first time to explore the roles of the soluble molecules. The plasma sOX40 levels in the MG group, especially
in the USMG group, were significantly decreased compared with those in the HC group, consistent with
the findings of unbalanced expression of the membrane and soluble form of OX40 in individuals with type
1 diabetes[12]. Moreover, plasma sOX40 levels were positively correlated with QMGs and disease duration
in the MG group. Therefore, sOX40 may be associated with disease severity in patients with MG. Studies
have confirmed that sOX40 binds to mOX40L on ADCs to interfere with the positive signals transduced by
the OX40/OX40L pathway and suppress T cell activation [34-36]. Therefore, we speculated that activated
T cells may be inhibited by sOX40-induced blockade of OX40/OX40L, and then inactivated T cells would
generate less sOX40 in the early stage of MG. In the dynamic process of disease progression, similar to
mOX40, the levels of sOX40 in the RSMG group were significantly higher than those in the USMG and
PSMG groups, and the level of sOX40 in 13 patients with recurrent MG was significantly higher than that
in patients in remission. Based on the findings, we hypothesized that the increase in sOX40 levels in the
RSMG group may be due to increased shedding from mOX40.

No significant difference in the plasma sOX40 levels was observed between the MG group and HC group.
The dynamic observation of the molecules showed that sOX40L levels in the PSMG group were significantly
decreased compared with those in the HC, USMG and RSMG groups. Moreover, the levels of sOX40L
in 13 patients with MG in the remission stage were significantly lower than those in the recurrence stage.
The correlation analysis showed that sOX40L levels were negatively correlated with the disease duration.
Experiments have shown that sOX40L promotes late proliferation and activation states of T cells but does
not influence early proliferation and activation[37, 38]. Researchers have speculated that the binding of
sOX40L in the peripheral blood to OX40 on activated T cells would allow T cells to receive continuous
persistent and positive stimulation signals[39, 40], leading to relative immune system hyperactivity in the
later stages of MG. Excessive consumption of sOX40L may result in decreased sOX40L levels in later disease
stages.

In our study, the concentration of sOX40L was dozens of times higher than that of sOX40. We hypothe-
sized that sOX40L may be a functional molecule and may enhance the positive signals transduced by the
OX40/OX40L pathway in the later stage of MG, which may be an important mechanism for reinitiating an
immune response, but this hypothesis requires further exploration in the future. ROC curves showed the
moderate predictive value of the expression levels of OX40 and sOX40L in CD4+ T cells for monitoring MG
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. recurrence. However, the sensitivity was low, and further large-scale cohort studies should be conducted in
the future.

In summary, this study suggested that abnormal activation of the OX40/OX40L pathway participates
in the immunopathological process of MG. sOX40L may regulate the positive signals transduced by the
OX40/OX40L pathway in the later stage of the disease, leading to the activation and proliferation of effector
T cells and the subsequent progression of MG. Membrane-bound and soluble OX40 expression levels are
correlated with MG disease activity and severity, and OX40 expression on CD4+ T cells may be related
to the recurrence of MG. Further studies targeting the specific mechanisms underlying the involvement of
the OX40/OX40L pathway in MG-related immune disorders will provide new targets and directions for the
treatment of MG.
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