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Background. A previous study on thymomas in myasthenia gravis (MG) patients indicated that OX40 expression may be
upregulated in thymic tissues adjacent to germinal centers (GCs) and thymomas, and OX40 may interact with OX40L in GCs
to enhance anti-acetylcholine receptor antibody production. However, little is known about the clinical significance of the
expression of OX40 and OX40L in the peripheral blood of patients with MG. We aimed to characterize the expression of
membrane-bound and soluble OX40 and OX40L in the peripheral blood of patients with MG and to identify their clinical
significance. Methods. For membrane molecules, we collected peripheral blood (PB) from 39 MG patients at baseline, 22
patients in relapse, and 42 patients in remission, as well as from 36 healthy participants as controls. For soluble molecules,
plasma from 37 MG patients at baseline, 34 patients in relapse, and 30 patients in remission, as well as plasma from 36 healthy
controls (HC), was retrospectively collected from the sample bank of the First Hospital of Soochow University. The expression
of membrane-bound OX40 and OX40L (mOX40 and mOX40L) by immune cells was measured using flow cytometry. Plasma
levels of soluble OX40 and OX40L (sOX40 and sOX40L) were measured by ELISA. Results. (1) The expression of OX40 on
CD4+ T cells and that of OX40L on B cells and monocytes were significantly increased, and the levels of sOX40 were
significantly decreased in MG patients at baseline compared with HC, while the expression of sOX40L was not significantly
different between the two groups. (2) Dynamic observation of the molecules showed significantly higher expression of OX40
on CD4+ T cells and higher levels of sOX40 in MG patients in relapse than in MG patients at baseline and MG patients in
remission. Furthermore, the expression levels of sOX40 were significantly elevated in MG patients in remission compared with
MG patients at baseline, and the expression of sOX40L was significantly lower in MG patients in remission than in MG
patients at baseline and MG patients in relapse. (3) Plasma levels of sOX40 and sOX40L were significantly decreased in 13
patients with relapsed MG after immunosuppressive treatment compared with those before treatment. (4) Correlation analysis
showed that the expression of OX40 on CD4+ T cells in patients with relapsed MG was positively correlated with the
concentration of acetylcholine receptor antibodies (AchR-Ab), whereas the expression of OX40L on CD19+ B cells and CD14+

monocytes was negatively correlated with disease duration. (5) Binary regression analysis showed that patients with high CD4+

OX40 expression and high sOX40L levels had an increased risk of relapse. Conclusions. OX40 and OX40L are abnormally
expressed in the peripheral blood of patients with MG and may be closely associated with disease status and treatment. The
OX40/OX40L pathway may be involved in the immunopathological process of MG and may play a role mainly in the later
stage of MG.

Hindawi
Journal of Immunology Research
Volume 2022, Article ID 4337399, 17 pages
https://doi.org/10.1155/2022/4337399

https://orcid.org/0000-0002-6922-1245
https://orcid.org/0000-0002-7324-7982
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/4337399


1. Introduction

Myasthenia gravis (MG) is an antibody-mediated autoim-
mune disease of the neuromuscular junction. The main clin-
ical manifestations of MG are fluctuating weakness and
fatigue of the affected skeletal muscles [1]. MG is considered
to be a classical humoral immune disease, and autoantibody
production at the neuromuscular junction is the main path-
ological mechanism. However, recent studies have shown
that T cells are engaged in the production of pathological
antibodies in MG [2–4], suggesting that T-B cell interactions
play an essential role in the pathogenesis of MG.

T cell activation requires a first signal provided by the
major histocompatibility complex- (MHC-) peptide com-
plex and a second signal delivered by costimulatory mole-
cules. A lack of costimulatory signals can lead to the
inability of T cells 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), are members of the tumor
necrosis factor receptor (TNFR) and the tumor necrosis fac-
tor (TNF) superfamilies, respectively, and these molecules
play important roles in regulating the immune response.
OX40 is a type I transmembrane glycoprotein that is mainly
expressed by activated CD4+ T cells. OX40L is a type II
transmembrane glycoprotein that is predominantly
expressed by antigen-presenting cells (ADCs), such as B
cells, dendritic cells (DCs), and macrophages [6, 7]. OX40-
OX40L interactions promote T cell proliferation, differentia-
tion, memory, and survival, increase effector cytokine secre-
tion, 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], rheuma-
toid 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 their expression in membrane-bound
forms on peripheral circulating lymphocytes, OX40 and
OX40L are also expressed in soluble forms in plasma [8].
Soluble molecules regulate the OX40/OX40L axis by binding
to corresponding membrane molecules and increase the
diversity and complexity of the OX40/OX40L pathway.
There are few studies on the expression and clinical value
of OX40 and OX40L in MG. A previous study on thymomas
in MG patients indicated that OX40 expression in a fraction
of activated CD4+ T cells may be upregulated in thymic tis-
sues that are adjacent to germinal centers (GCs) and thymo-
mas in MG, and OX40 may interact with OX40L in GCs to
enhance anti-acetylcholine receptor antibody production in
MG [16]. However, little is known about the clinical signifi-
cance of the expression of OX40 and OX40L in the periph-
eral blood of MG patients, and few studies have been
carried out on the soluble forms of these molecules. Whether
OX40 and OX40L (both the membrane and soluble forms)
are aberrantly expressed in the peripheral blood of patients
with MG and whether such aberrant changes are associated

with the onset, progression, remission, relapse, and disease
severity of MG are worth investigating. The objectives of this
study were to characterize the expression of OX40 and
OX40L in the peripheral blood of patients with different
stages of MG, to analyze the correlation of OX40 and
OX40L levels with clinical indicators, and to observe the
effects of immunosuppressive drugs (including glucocorti-
coids and immunosuppressants) on the soluble forms of
the molecules.

2. Materials and Methods

2.1. Patients and Controls. This study was approved by the
Ethics Committee of Soochow University, China. All the
study participants signed informed consent forms. Between
July 2019 and June 2021, patients with MG at baseline,
patients with MG in remission, and patients with MG in
relapse were recruited from the Department of Neurology
of the First Affiliated Hospital of Soochow University. All
the patients were diagnosed with MG based on the presence
of typical clinical manifestations together with one or more
of the following criteria: (a) seropositivity for acetylcholine
receptor antibodies (AchR-Abs), (b) decreased amplitude
of compound muscle action potentials by more than 10%
in response to repetitive low-frequency nerve stimulation,
(c) positive response to fatigue test, and (d) positive reaction
to neostigmine.

The inclusion criteria were as follows: (a) patients with
MG in the baseline, relapse, and remission stages, (b)
patients of both sexes with age ≥ 18 years, and (c) patients
who voluntarily signed the informed consent forms. The
exclusion criteria were as follows: (a) patients with other
autoimmune diseases, (b) patients with malignancies (except
thymoma), (c) patients with severe infections (both acute
and chronic infectious diseases), and (d) patients with
dementia or mental disorders or who were pregnant.

Simultaneously, sex-, age-, and race-matched healthy
controls (HCs) were recruited from the hospital’s physical
examination center.

2.2. Diagnosis of Baseline, Remission, and Relapse. Baseline
MG was defined as MG at the initial onset that had not yet
been treated with immunosuppressive therapy, plasma-
exchange therapy, or intravenous immunoglobulins.
According to the 2016 International Consensus Guidance
for the Management of Myasthenia Gravis [17], remission
of MG was defined as a lack of symptoms or functional lim-
itations associated with MG but the presence of some weak-
ness upon examination of certain muscles. To date, there
have been no uniform criteria for the diagnosis of relapse
of MG. In our study, patients with relapse of MG were
defined as follows: (a) patients who had previously received
effective treatment and reached their treatment goals, that
is, minimal manifestation status (MMS) or better as classi-
fied by the Myasthenia Gravis Foundation of America
(MGFA) [18] Task Force postintervention status (PIS)
[19]; (b) patients who experienced the reappearance of any
signs or symptoms of muscle weakness, for whom the recur-
rence of signs and symptoms lasted more than 24 hours and
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for whom the period between the relapse of MG and last
remission was at least 30 days [20]; and (c) patients whose
quantitative MG score (QMGs) increased by ≥3 points com-
pared to that measured during remission [21].

2.3. Treatment Strategies. All the patients received regular
treatment after admission to the hospital. Cholinesterase
inhibitors were used for symptomatic treatment. Patients
with MG received regular doses of pyridostigmine (180-
240mg/d) at the onset of the disease, and the doses of pyri-
dostigmine were adjusted as needed according to symptoms.
Patients with generalized MG (GMG) in the acute exacerba-
tion phase received induction treatments of intravenous
immunoglobulin (IVIG, 400mg/kg/d ∗5 d) or plasma
exchange to achieve MMS, which was maintained by immu-
nosuppressive treatments (including corticosteroids and/or
immunosuppressants) to prevent relapse.

Corticosteroids or immunosuppressants were used in
patients with MG who did not achieve their treatment goals
after an adequate pyridostigmin trial. There were 2 protocols
for the use of glucocorticosteroids at the disease onset to achieve
MMS. Patients received high doses of steroids (1-1.5mg/kg/d)
that were maintained for 1-2 months to achieve improvements
in symptoms. Other patients were treated with gradually
increasing steroid doses, starting with a dose of 20mg/d and
doses increasing by 10mg per week until reaching the target
dose (0.5-1.0mg/kg/d); then, this dose was maintained for 6-8
weeks after the primary symptoms improved. Then, the steroids
began to be reduced by 5-10mg every 2-4 weeks and by 5mg
every 4 to 8 weeks until reaching a dose of 20mg.

To decrease glucocorticosteroid use, immunosuppressants
were added before MMS until a stable dose was achieved. Sta-
ble doses of various immunosuppressants were as follows: 2-
3mg/kg/d azathioprine, 0.05-0.1mg/kg/d tacrolimus, 1-3 g/d
mycophenolate mofetil, and 400-800mg/week cyclophospha-
mide intravenously. Combined regimens were defined as a
combination of low-dose steroids and stable doses of immu-
nosuppressants. Low doses of steroids were defined as
<0.25mg/kg/d prednisone or methylprednisolone [22].

2.4. Collection of Clinical Data. The primary clinical data of
the patients were collected, including time when the patient
was first diagnosed with MG, time of remission, time of recur-
rence, time of follow-up, demographic data (sex and age at
onset), disease duration, MGFA classification, thymic pathol-
ogy, serum anti-AchR antibody titers, MGFATask Force post-
intervention status, treatment (no treatment or cholinesterase
inhibitor treatment and immunosuppressive therapy), and
QMGs. Disease duration was defined as the time from the first
appearance of a patient’s symptoms of muscle weakness to the
time when the patient came to the hospital [23].

2.5. Sample Processing. Peripheral blood was collected from
patients at baseline, in relapse, and in remission and from
healthy controls. In the morning, 4ml of peripheral fasting
venous blood was collected from all the subjects and placed
into 2 EDTA anticoagulation tubes. One tube was utilized
for immunofluorescence labeling and flow cytometry analy-
sis. 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 usage.

2.6. Flow Cytometry. Fifty microliters of peripheral blood
was taken from each subject’s EDTA anticoagulation tube,
and the following fluorescently labeled monoclonal anti-
bodies were used for staining: 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 anti-
bodies were purchased from BioLegend, San Diego, CA,
USA). Then, the cells were incubated for 30 minutes at room
temperature in the dark. Next, we added 200μl of red blood
cell lysis buffer (purchased from Beckman Coulter, Brea, CA,
USA) and incubated the mixtures for 20 minutes at 37°C.
Finally, every specimen was washed with 1ml of PBS, centri-
fuged at 2000 rpm for 5 minutes, resuspended in 500μl of
PBS, and assessed using a flow cytometer (Beckman Coulter,
Brea, CA, USA). FlowJo version 10.4 software was used to
analyze the primary flow cytometry data.

2.7. ELISAs. Frozen plasma specimens were thawed at room
temperature and then centrifuged at 2000 rpm for 5 minutes.
The plasma supernatant was collected for enzyme-linked
immunosorbent assays (ELISAs). Human acetylcholine recep-
tor autoantibody ELISA kits (procured from RSR Biotechnol-
ogy, UK) were used to detect the concentration of AchR-Abs.
Plasma levels of sOX40 and sOX40L were measured with
Human sOX40 and sOX40L kits (purchased from Shanghai
Kanglang Biotechnology Co., Ltd., China). The specific exper-
imental procedures for each ELISA were carried out with strict
adherence to the manufacturer’s instructions.

2.8. Statistical Analyses. SPSS version 26.0 and GraphPad
Prism 8.0 software were used for statistical analyses.
Quantitative data with a normal distribution are reported
as the means and standard deviations, quantitative data
with a nonnormal distribution are presented as medians
and interquartile ranges, and qualitative data are expressed
as frequencies and percentages. Two independent samples
were compared using t-tests (normal distribution) or
Mann–Whitney U tests (nonnormal distribution). Com-
parisons between two paired samples were made by the
paired t-test. Multiple independent samples were com-
pared using one-way ANOVA (normal distribution) or
Kruskal–Wallis H test (nonnormal distribution), and the
Mann–Whitney U test with the Bonferroni correction was
used for comparisons between groups. The chi-square test
and Fisher’s exact test were utilized for the comparison of
qualitative variables. Nonparametric Spearman correlation
was used for the analysis of correlations between two continu-
ous variables that did not conform to a normal distribution. A
univariate logistic regression model was used to analyze the
factors that affect recurrence in patients with MG, and fac-
tors with P values < 0.1 in the univariate regression anal-
ysis were further included in the multivariate logistic
regression model to identify the independent risk factors
that affect recurrence of MG. A P value < 0.05 was
regarded as statistically significant.
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3. Results

3.1. Study Population. The demographic and clinical charac-
teristics of all the study participants are summarized in
Table 1. For membrane molecules, between July 2019 and
June 2021, we recruited 39 patients with MG at baseline,
22 patients with MG in relapse, and 42 patients with MG
in remission, along with 36 healthy individuals as controls.
Demographic characteristics (both age and sex) were com-
parable between the four groups. The proportion of thy-
moma patients with MG at baseline was 17.9%, those with
MG in remission were 16.7%, and those with MG in relapse
were 40.9%. The three groups (baseline, remission, and
relapse) were comparable in terms of the proportion of
MG patients with thymomas, the proportion of patients with
early-onset MG (EOMG), and the proportion of patients
with late-onset MG (LOMG) (P > 0:05), but there were some
differences among the 3 groups regarding MGFA classifica-
tion (P ≤ 0:001), AchR-Ab positivity rate (P = 0:003), disease
duration (P ≤ 0:001), and QMGs (P ≤ 0:001).

For soluble molecules, plasma from 37 patients with MG
at baseline, 34 patients in relapse, and 30 patients in remis-
sion, as well as plasma from 36 healthy controls, was retro-
spectively collected from July 2017 to May 2021 from the
sample bank of the First Hospital of Soochow University.
There were no significant differences among the 4 groups
in terms of sex or age (P > 0:05). The rate of AchR-Ab pos-
itivity was 86.4% for MG patients at baseline, 100% for MG
patients in remission, and 100% for MG patients in relapse.
The three groups were comparable regarding the rate of
AchR-Ab positivity and the proportion of patients with
EOMG and LOMG (P > 0:05). However, there were some
differences in terms of the MGFA classification (P ≤ 0:001),
the proportion of patients with thymoma (P = 0:005), dis-
ease duration (P ≤ 0:001), and QMGs (P ≤ 0:001) among
the three groups.

3.2. mOX40 and mOX40L Were Highly Expressed on
Peripheral Blood Lymphocytes from Patients with MG at
Baseline. Flow cytometry was used to analyze the expression
of OX40 and OX40L on peripheral blood lymphocytes in
patients with MG at baseline (n = 39) and in healthy subjects
(n = 36) (Table 2). The expression of OX40 on CD4+ T lym-
phocytes was increased (P ≤ 0:001) (Figures 1(a) and 1(b)),
and the expression of OX40L on CD19+ B cells and CD14+

monocytes was increased in the peripheral blood of MG
patients at baseline compared with that of HC (P = 0:011
and P = 0:026, respectively) (Figures 1(a), 1(c), and 1(d)).

3.3. Plasma Levels of sOX40, but Not of sOX40L, Were
Decreased in Patients with MG at Baseline. Plasma levels of
sOX40 and sOX40L in patients with MG at baseline
(n = 37) and in healthy volunteers (n = 30) were measured
by ELISA (Table 2). The sOX40 levels in the patients with
MG at baseline were significantly reduced compared with
those in the HC (P ≤ 0:001). Regarding the expression level
of sOX40L, no statistically significant differences were
observed between the two groups (P > 0:05) (Figures 1(e)
and 1(f)).

3.4. Expression of mOX40 and OX40L in Patients with
Different Stages of MG. OX40 expression on CD4+ T cells
was significantly higher in MG patients in relapse than in
MG patients at baseline and MG patients in remission
(P = 0:016 and P = 0:002, respectively), whereas OX40
expression on CD4+ T cells was not significantly different
between MG patients at baseline and MG patients in remis-
sion (P > 0:05) (Table 3, Figures 2(a) and 2(b)). In addition,
the expression of OX40L on CD19+ B cells and CD14+

monocytes did not significantly differ between patients with
MG at baseline, in remission, and in relapse (P > 0:05)
(Table 3, Figures 2(a), 2(c), and 2(d)).

3.5. Plasma Concentrations of sOX40 and sOX40L in Patients
with Different Stages of MG. Compared with those in the
patients with MG at baseline and in remission, the concen-
trations of sOX40 in the patients with MG in relapse were
significantly increased (P ≤ 0:001 and P = 0:004, respec-
tively). In addition, the expression level of sOX40 was signif-
icantly elevated in MG patients in remission compared with
MG patients at baseline (P ≤ 0:001) (Table 3, Figure 2(e)).
The sOX40L expression levels were significantly lower in
MG patients in remission than in MG patients at baseline
and in relapse (P ≤ 0:001 and P ≤ 0:001, respectively). Nev-
ertheless, there was no significant difference in the sOX40L
expression levels between MG patients at baseline and in
relapse (P > 0:05) (Table 3, Figure 2(f)).

3.6. Effects of Immunosuppressive Drugs on the Levels of
sOX40 and sOX40L in the Plasma of MG Patients. Plasma
was retrospectively collected from 13 patients with relapsed
MG and those in remission after treatment with immuno-
suppressive drugs. All 13 MG patients were treated with
intravenous methylprednisolone (1-1.5mg/kg/d), and four
of them also received tacrolimus (0.05-0.1mg/kg/d). ELISA
results showed that the plasma levels of sOX40 and sOX40L
were significantly decreased in 13 MG patients after immu-
nosuppressive therapy (P = 0:002 and P = 0:016, respec-
tively) (Table 4, Figures 3(d) and 3(e)).

3.7. Correlation with Clinical Indicators. We analyzed the
correlation between laboratory parameters and clinical data
(including age, QMGs, AchR-Ab concentration, and disease
duration) in MG patients at different stages to explore the
clinical significance of the expression of OX40 and OX40L
(Table 5). The correlation analysis results demonstrated that
in relapsed MG patients, the expression of OX40 on CD4+ T
cells was positively correlated with the concentrations of
AchR-Ab (r = 0:485, P = 0:022) (Figure 3(a)), while there
was no significant correlation with other clinical indices
(P > 0:05). In contrast, OX40L expression on CD19+ B cells
and CD14+ monocytes was negatively correlated with dis-
ease duration (r = −0:650, P = 0:001 and r = −0:423, P =
0:050, respectively) (Figures 3(b) and 3(c)), whereas there
was no significant correlation with other clinical indices
(P > 0:05); additionally, the expression levels of sOX40 and
sOX40L did not correlate significantly with clinical data
(P > 0:05). However, there was no significant correlation
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between OX40 and OX40L expression and clinical parame-
ters in MG patients at baseline and in remission (P > 0:05).

3.8. Patients with High Expression of OX40 on CD4+ T Cells
and sOX40L Have an Increased Risk of Relapse. Patients with
MG were divided into relapse and remission groups accord-
ing to their prognosis. The clinical characteristics of the two
groups of patients with MG are shown in Table 6. For mem-
brane molecules, statistical analysis indicated significant dif-
ferences between the two groups in terms of MGFA
classification, AchR-Ab positivity rate, and QMGs
(P < 0:05), while there were no differences in age, age of
onset, sex, proportion of patients with thymoma, or treat-
ment (P > 0:05). For soluble molecules, there were some dif-
ferences between the two groups with respect to MGFA
classification, the proportion of patients with thymoma,
QMGs, and the proportion of patients treated with tacroli-
mus (P < 0:05), while there were no statistically significant
differences in terms of age, age of onset, sex, AchR-Ab pos-
itivity rate, and proportion of patients treated with drugs
other than tacrolimus (P > 0:05).

We used binary logistic regression analysis to identify
factors associated with relapse in patients with MG. For
membrane molecules, Table 7 indicates the results of uni-
variable logistic regression analyses, which were used to
determine the association between all the variables and
relapse in patients with MG. The results suggested that the
expression of OX40 on CD4+ T cells, MGFA classification,
presence of thymoma, and AchR-Ab titers were significantly
associated with relapse (P < 0:1). When multivariable adjust-
ment for potential confounders was carried out, the results
indicated that only the expression of OX40 on CD4+ T cells
(adjusted OR, 1.224; 95% CI, 1.048-1.429; P = 0:011) and
MGFA classification (adjusted OR, 7.795; 95% CI, 1.629-
37.296; P = 0:010) were positively associated with relapse.
An increase in the expression level of OX40 on CD4+ T cells
by 1% increased the risk of relapse by 22.4%. The risk of
relapse was 7.795 times higher in GMG patients than in
OMG patients.

For soluble molecules, the results of the univariable
regression analyses in this study showed that the expression
levels of sOX40 and sOX40L, MGFA classification, presence
of thymoma, concentrations of AchR-Ab, and treatment in
patients with MG were significantly related to relapse
(P < 0:1) (Table 8). After the factors that might potentially
affect relapse were adjusted, our results showed that the
expression level of sOX40L (adjusted OR, 1.344; 95% CI,
1.011-1.787; P = 0:042), MGFA classification (adjusted OR,
8.743; 95% CI, 1.185-64.488; P = 0:033), and treatment

(adjusted OR, 0.166; 95% CI, 0.030-0.928; P = 0:041) were
associated with relapse of MG in the study. Each point
increase in sOX40L was associated with a 0.344-fold increase
in the risk of relapse. GMG patients had an 8.743 times
higher risk of relapse than OMG patients. Patients in the
immunosuppressant-treated group had a 0.166 times higher
risk of recurrence than those in the group treated with glu-
cocorticoid alone.

4. 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
[24–27]. 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, 28]. The interaction between OX40 and OX40L
mainly regulates the downstream PI3K-PKB-, NF-κB-, and
NFAT-mediated signaling pathways, regulates T cell divi-
sion, promotes cytokine gene transcription and cytokine
receptor expression, promotes B cell differentiation into
plasma cells that produce antibodies, and inhibits apoptosis
[7, 29]. Although previous studies have shown increased
expression of OX40 on CD4+ T cells in thymomas from
MG patients, little is known about the clinical significance
and expression patterns of OX40 and OX40L in the periph-
eral blood of MG patients. Here, for the first time, we syste-
matically investigated the expression of membrane-bound
and soluble OX40 and OX40L in the peripheral blood of
MG patients at different stages, as well as the effect of immu-
nosuppressive agents (both glucocorticoids and immuno-
suppressants) on sOX40 and sOX40L levels.

Our results indicated that the expression of OX40 on
CD4+ T cells was significantly higher in MG patients at base-
line than in HC, which was consistent with a previous inves-
tigation [30]. In addition, our study demonstrated that
OX40L expression on CD19+ B cells and CD14+ monocytes
was significantly upregulated in the MG group at baseline
compared to the HC group. In addition to their
membrane-bound forms, costimulatory molecules were also
present in their soluble forms. We measured the expression
of sOX40 and sOX40L in the peripheral blood of MG
patients and found that the expression of sOX40 was signif-
icantly lower in MG patients at baseline than in HC, while

Table 2: OX40 and OX40L expression in patients with MG at baseline and healthy controls.

Group
Membrane-bound molecules Soluble molecules

No. CD4+OX40+ (%) CD19+OX40L+ (%) CD14+OX40L+ (%) No. sOX40 (pg/ml) sOX40L (ng/ml)

MG at baseline 39 6.20 (3.48, 9.43) 67.30 (57.45, 74.25) 82.00 (78.35, 89.75) 37 103:29 ± 40:54 13:27 ± 4:95
HC 36 2.27 (1.32, 3.95) 58.15 (50.70, 63.70) 78.25 (71.80, 85.50) 30 169:24 ± 41:81 12:58 ± 4:83
Test of value -4.311 -2.535 -2.222 -6.529 0.576

P value ≤0.001 0.011 0.026 ≤0.001 0.566

6 Journal of Immunology Research



1.0M

800K

600K

400K

200K

0
100 101 102 103 104 105 106

O
X4

0 
on

 C
D

4+  ce
lls

1.0M

800K

600K

400K

200K

0
100 101 102 103 104 105 106

O
X4

0L
 o

n 
CD

19
+  ce

lls

1.0M

800K

600K

400K

200K

0
100 101 102 103 104 105 106

O
X4

0L
 o

n 
CD

14
+  ce

lls
33.6%

13.2%

16.0%

50

40

30

20

10

0
100 101 102 103 104 105 106

50

40

30

20

10

0
100 101 102 103 104 105 106

60

80

40

20

0
100 101 102 103 104 105 106

57.3%76.2%

89.8%

30

20

10

0
100 101 102 103 104 105 106

63.2%

300

200

100

0
100 101 102 103 104 105 106

2.21%

250

200

150

100

50

0

100 101 102 103 104 105 106

7.33%

MG HC

(a)

0

5

⁎⁎⁎⁎

MG at baseline
(n = 39)

HC
(n = 36)

10

15

20

O
X4

0 
on

 C
D

4+  ce
lls

 (%
)

(b)

0

⁎

MG at baseline
(n = 39)

HC
(n = 36)

20

40

60

80

100

O
X4

0L
 o

n 
CD

19
+  ce

lls
 (%

)

(c)

Figure 1: Continued.
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plasma sOX40L levels were not significantly different
between the two groups. Soluble costimulatory molecules
are generated through the proteolytic cleavage [31] or
mRNA splicing [32] of membrane-bound molecules. It was
suggested that sOX40 can bind to OX40L on APC cells, thus
interfering with positive signal transmission from OX40L to

OX40+ T cells and inhibiting T cell activation [33–35]. We
hypothesized that the decrease in sOX40 levels in patients
with MG may be related to a decrease in mOX40 shedding
and that the reduced sOX40 levels may result in reduced
binding of sOX40 to membranous and soluble OX40L,
thereby increasing the opportunity for OX40L to bind to
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Figure 1: OX40/OX40L expression on the peripheral blood lymphocytes and plasma of patients with MG at baseline. (a) Representative
expression of OX40 on CD4+ T cells and OX40L on CD19+ B cells and CD14+ mononuclear cells in the patients with MG at baseline
and HC groups. The red lines indicate specific staining results measured by flow cytometry, and the blue lines indicate isotype controls.
(b) Comparison of OX40 expression on CD4+ T cells in the patients with MG at baseline and HC groups. (c) Comparison of OX40L
expression on CD19+ B cells in the patients with MG at baseline and HC groups. (d) Comparison of OX40L expression on CD14+

mononuclear cells in the patients with MG at baseline and HC groups. (e) Comparison of sOX40L plasma levels in the patients with MG
at baseline and HC groups. (f) Comparison of sOX40L plasma levels in the patients with MG at baseline and HC groups.

Table 3: OX40 and OX40L expression in patients with MG at different stages.

Group
Membrane-bound molecules Soluble molecules

No. CD4+OX40 (%) CD19+OX40L+ (%) CD14+OX40L+ (%) No. sOX40 (pg/ml) sOX40L (ng/ml)

Baseline 39 6.20 (3.48, 9.43)a,b 67.30 (57.45, 74.25)a,b 82.00 (78.35, 89.75)a,b 37 103:29 ± 40:54a,b 13:27 ± 4:95a.b

Remission 42 4.85 (3.17, 7.47)c 69.35 (60.00, 78.20)c 83.85 (78.30, 90.00)c 30 156:62 ± 34:56c 7:73 ± 2:94c

Relapse 22 13.15 (6.00, 15.50) 67.30 (60.20, 74.80) 88.90 (77.60, 93.00) 34 191:88 ± 50:04 11:77 ± 3:71
a Z = 0:626, P = 1:000 Z = −0:618, P = 1:000 Z = −0:343, P = 1:000 P ≤ 0:001 P ≤ 0:001
b Z = −2:995, P = 0:016 Z = 0:099, P = 1:000 Z = −1:251, P = 1:000 P ≤ 0:001 P = 0:355
c Z = 3:563, P = 0:002 Z = −0:622, P = 1:000 Z = 0:977, P = 1:000 P = 0:004 P ≤ 0:001
a: baseline vs. remission; b: baseline vs. relapse; c: remission vs. relapse.
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Figure 2: Continued.
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membranous OX40, leading to a relative increase in positive
signaling to CD4+ T cells and relative immune
hyperfunction.

MG is an intricate and heterogeneous disease, so we
investigated, for the first time, the dynamics of membrane-
bound and soluble OX40 and OX40L during the disease
onset and progression. For membrane molecules, the expres-
sion of OX40 on CD4+ T cells was significantly increased in
patients with relapsed MG compared with patients with MG

at baseline and in remission. However, there was no signifi-
cant difference in the expression of OX40L on CD19+ B cells
and CD14+ monocytes in patients with MG at baseline, in
relapse, and in remission. These phenomena suggested that
the OX40/OX40L signaling pathway may function mainly
in the later stage of MG and may be associated with disease
activity. We presumed that this may be related to the mech-
anism by which the OX40/OX40L signaling pathway func-
tions in T cells. On the one hand, from the perspective of
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Figure 2: OX40/OX40L expression on the peripheral blood lymphocytes and plasma in different stages of MG patients. (a) Representative
expression of OX40 and OX40L on CD4+ T cells, CD19+ B cells, and CD14+ mononuclear cells in MG patients at baseline, in relapse and in
remission. The red lines indicate specific staining results measured by flow cytometry, and the blue lines indicate isotype controls. (b)
Comparison of OX40 expression on CD4+ T cells in MG patients at baseline, in remission, and in relapse. (c) Comparison of OX40L
expression on CD19+ B cells in MG patients at baseline, in remission, and in relapse. (d) Comparison of OX40L expression on CD14+

mononuclear cells in MG patients at baseline, in remission, and in relapse. (e) Comparison of sOX40 plasma levels in MG patients at
baseline, in remission, and in relapse. (f) Comparison of sOX40L plasma levels in MG patients at baseline, in remission, and in relapse.

Table 4: Comparison of sOX40 and sOX40L expression in the plasma of patients with relapsing MG before and after immunosuppressive
treatment.

Stage sOX40 (pg/ml) sOX40L (ng/ml) QMGs

Before treatment (n = 13) 188:49 ± 39:66 10:99 ± 4:09 14:92 ± 5:25
Remission after treatment (n = 13) 142:83 ± 27:49 7:16 ± 3:23 8:62 ± 2:79
Statistic of test 4.057 2.818 4.879

P value 0.002 0.016 ≤0.001
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T cell survival, Song et al. [36] found that OX40-deficient T
cells normally differentiate and proliferate into effector T
cells 2-3 days after the activation of TCR signaling. Never-
theless, the survival rate was significantly decreased after
12-13 days of activation, suggesting that OX40 signaling is
not essential in the early stage of T cell activation but mainly
promotes T cell activation and maintains T cell survival in

the later stage. On the other hand, from the perspective of
T cell function, OX40-OX40L interactions promote the gen-
eration of memory T cells and maintain their survival
[33–35, 37], and the long-term survival of memory CD4+

T cells after antigen restimulation allows their rapid differen-
tiation into effector T cells, which may be one of the causes
of disease recurrence [38].
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Figure 3: Clinical correlation diagram in patients with MG. (a) Linear correlations between the concentration of AchR-Ab and the
expression of OX40 on CD4+ T cells in MG patients in relapse. (b) Linear correlations between the disease duration and the expression
of OX40L on CD19+ T cells in MG patients in relapse. (c) Linear correlations between the disease duration and the expression of OX40L
on CD14+ mononuclear cells in MG patients in relapse. (d) Comparison of sOX40 expression levels in plasma before and after
immunosuppressive therapy in 13 MG patients with relapse. (e) Comparison of sOX40L expression levels in plasma before and after
immunosuppressive therapy in 13 MG patients with relapse.
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For soluble molecules, similar to the expression level of
mOX40, the expression level of sOX40 was significantly
higher in MG patients in relapse than in baseline and remis-
sion, which may be related to the corresponding increase in
the levels of sOX40 due to mOX40 shedding. Unlike the
expression level of mOX40, the expression level of sOX40

was significantly higher in MG patients in remission than
in those at baseline. Dynamic observation of the molecules
showed a significant decrease in the sOX40L levels in
patients with MG in remission compared to those in patients
with MG at baseline and relapsed MG. It was experimentally
demonstrated that sOX40L promotes the late proliferation

Table 5: Correlation between clinical data and laboratory parameters.

Stage Clinical characteristics
OX40 on

CD4+ cells (%)
OX40L on

CD19+ cells (%)
OX40L on

CD14+ cells (%)
sOX40 (ng/ml)

sOX40L
(ng/ml)

Age (years) r -0.018 0.074 0.063 0.090 -0.156

P 0.915 0.654 0.702 0.596 0.357

n 39 39 39 37 37

QMGs r 0.032 -0.031 0.036 0.126 -0.119

P 0.846 0.851 0.829 0.459 0.483

n 39 39 39 37 37

Baseline AchR-Ab (nmol/L) r 0.152 -0.024 0.015 -0.178 -0.241

P 0.354 0.884 0.928 0.292 0.150

n 39 39 39 37 37

Disease duration
(months)

r -0.215 -0.258 -0.035 -0.050 -0.032

P 0.188 0.127 0.831 0.770 0.849

n 39 39 39 37 37

Age (years) r -0.095 -0.091 0.066 0.110 -0.153

P 0.552 0.569 0.679 0.563 0.419

n 42 42 42 30 30

QMGs r 0.156 -0.008 -0.148 0.104 0.255

P 0.324 0.962 0.350 0.583 0.173

n 42 42 42 30 30

Remission AchR-AR (nmol/L) r -0.008 -0.008 -0.050 -0.181 -0.049

P 0.964 0.959 0.771 0.339 0.799

n 37 37 30 30

Disease duration
(months)

r 0.112 -0.008 -0.107 -0.004 -0.095

P 0.482 0.959 0.498 0.983 0.618

n 42 42 42 30 30

Age (years) r -0.356 -0.316 -0.339 0.151 0.101

P 0.103 0.152 0.123 0.394 0.954

n 22 22 22 34 34

QMGs r 0.213 0.155 0.281 0.070 -0.129

P 0.342 0.491 0.205 0.693 0.467

n 22 22 22 34 34

Relapse AchR-AR (nmol/L) r 0.485 0.102 0.226 0.048 -0.051

P 0.022 0.653 0.311 0.790 0.772

n 22 22 22 34 34

Disease duration
(months)

r -0.001 -0.650 -0.423 0.204 0.224

P 0.998 0.001 0.050 0.248 0.202

n 22 22 22 34 34
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and activation of T cells but does not affect early prolifera-
tion and activation [39, 40], and sOX40L can bind to
OX40 on activated T cells and allow the T cells to receive
sustained positive stimulation signals [41, 42]. The concen-
trations of sOX40L were dozens of times higher than those
of sOX40, and the expression of OX40L on CD19+ B cells
and CD14+ monocytes was negatively correlated with dis-
ease duration in patients with relapsing MG. We hypothe-
sized that sOX40L may be a functional molecule that acts
in the later stage of MG, binding to OX40 on activated T
cells and enhancing T cell activation. This may be an impor-
tant mechanism for initiating the reimmune response, but
further experimental evidence is needed to confirm this.

In addition, we also examined the expression levels of
sOX40 and sOX40L in plasma before and after immunosup-
pressive treatment in 13 patients with relapsing MG, and the
results showed that the plasma levels of sOX40 and sOX40L
in patients with MG in remission who have received immu-
nosuppressive treatment were significantly decreased com-
pared with those in patients who had not yet received
treatment. These findings suggest that the expression of sol-
uble molecules may be influenced by immunosuppressive
agents. The study found that the serum OX40L level was

decreased in asthmatic patients after inhaled corticosteroid
treatment [43]. Therefore, we hypothesized that immuno-
suppressive agents, such as corticosteroids, may inhibit
OX40/OX40L signaling by inhibiting the expression of
sOX40 and sOX40L, leading to immunosuppressive effects.

Correlation analysis indicated that in patients with
relapsed MG, the expression of OX40 on CD4+ T cells was
positively correlated with the concentrations of AchR-Ab.
For membrane molecules, binary regression analysis showed
that the expression of OX40 on CD4+ T cells and MGFA
classification were associated with relapse of MG. For soluble
molecules, the expression levels of sOX40L, MGFA classifi-
cation, and treatment correlated with relapse in MG
patients. Thus, CD4+ OX40 and sOX40L may be expected
to be biomarkers for monitoring relapse in MG patients after
immunosuppressive therapy, and further studies in large
cohorts are required in the future. Additionally, patients
with GMG are more likely to relapse, suggesting that the dis-
ease severity of MG may be associated with relapse. How-
ever, MG patients treated with glucocorticoids alone were
more likely to relapse than those treated with immunosup-
pressants. Therefore, for patients with an initial diagnosis
of MG, intense immunotherapy should be aggressively

Table 6: Clinical characteristics of patients with MG in relapse and remission.

Clinical characteristics
Membrane-bound molecules Soluble molecules

Remission (n = 42) Relapse (n = 22) P value Remission (n = 30) Relapse (n = 34) P value

Age (years) 46.0 (36.0, 58.0) 48.0 (32.0, 58.0) 0.754 39.0 (34.0, 57.0) 50.5 (40.0, 62.0) 0.258

Age of onset, n (%)

EOMG (age < 50 y) 17 (40.4) 12 (54.6) 0.283 19 (63.3) 16 (47.1) 0.192

LOMG (age ≥ 50 y) 18 (42.9) 8 (36.4) 0.192 11 (36.7) 18 (52.9)

Sex, n (%) 0.557 0.141

Female 27 (64.3) 14 (63.6) 21 (70.0) 20 (58.8)

Male 15 (35.7) 8 (36.4) 9 (30.0) 14 (41.2)

MGFA classification, n (%) ≤0.001 ≤0.001
OMG 30 (71.4) 3 (13.6) 19 (63.3) 3 (8.8)

GMG 12 (28.6) 19 (86.4) 11 (36.7) 31 (91.2)

Thymoma, n (%) 0.050 0.011

Without 35 (83.3) 13 (59.1) 21 (70.0) 13 (38.2)

With 7 (16.7) 9 (40.9) 9 (30.0) 21 (61.8)

AchR-Ab, n (%) 0.003 1.000

Positive, n (%) 35 (83.3) 20 (90.9) 30 (100.0) 34 (100.0)

Negative, n (%) 7 (16.7) 2 (9.1) 0 (0.0) 0 (0.0)

QMGs 7.0 (4.0, 8.0) 13.0 (11.0, 18.0) ≤0.001 7.0 (6.0, 9.0) 14.0 (12.0, 20.0) ≤0.001
Treatment, n (%)

Pyridostigmine 2 (4.8) 3 (13.6) 0.329 0 (0) 0 (0) /

Glucocorticoid 18 (42.9) 10 (45.5) 1.000 15 (50) 26 (76.5) 0.218

Immunosuppressants

Azathioprine 8 (19.0) 1 (4.5) 0.147 4 (13.3) 3 (8.8) 0.679

Tacrolimus 11 (26.2) 5 (22.7) 1.000 9 (30) 2 (5.9) 0.018

Mycophenolate mofetil 1 (2.4) 2 (9.1) 0.270 0 (0) 1 (2.9) 1.000

Cyclophosphamide 2 (4.8) 1 (4.5) 1.000 2 (6.7) 2 (5.9) 1.000

Abbreviations: HC: healthy control; EOMG: early-onset myasthenia gravis; LOMG: late-onset myasthenia gravis; MGFA: Myasthenia Gravis Foundation of
America; AchR-Ab: acetylcholine receptor antibodies; QMGs: quantitative myasthenia gravis scores.
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administered at the beginning of treatment to rapidly con-
trol the disease and thus reduce the risk of disease relapse
after treatment.

The primary advantage of our study is that we first
dynamically investigated the changes in the levels of
membrane-bound and soluble OX40 and OX40L in the

Table 7: Univariate and multivariate logistic regression risk models of the risk of relapse of MG (membrane-bound molecules).

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

CD4+OX40 (%) 1.289 (1.132-1.469) ≤0.001 1.224 (1.048-1.429) 0.011

CD19+OX40L (%) 0.985 (0.942-1.030) 0.518

CD14+OX40L (%) 1.017 (0.963-1.075) 0.540

Sex, n (%)

Male Ref

Female 0.972 (0.332-2.845) 0.959

Age (years) 1.011 (0.980-1.044) 0.479

Follow-up (months) 0.994 (0.982-1.006) 0.302

MGFA classification

OMG Ref

GMG 15.833 (3.945-63.540) ≤0.001 7.795 (1.629-37.296) 0.010

Thymoma

Without Ref

With 5.000 (1.560-16.028) 0.007 1.268 (0.237-6.799) 0.782

AchR-Ab (nmol/L) 1.193 (1.052-1.353) 0.006 1.064 (0.920-1.230) 0.405

Treatment

Pyridostigmine Ref

Glucocorticoid 3.667 (0.522-25.773) 0.192

Immunosuppressant 1.358 (0.454-4.059) 0.584

Abbreviations: OMG: ocular myasthenia gravis; GMG: generalized myasthenia gravis; MGFA: Myasthenia Gravis Foundation of America; AchR-Ab:
acetylcholine receptor antibodies.

Table 8: Univariate and multivariate logistic regression risk models of the risk of relapse of MG (soluble molecules).

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

sOX40 (pg/ml) 1.018 (1.005-1.031) 0.008 1.008 (0.981-1.037) 0.562

sOX40L (ng/ml) 1.391 (1.171-1.652) ≤0.001 1.344 (1.011-1.787) 0.042

Sex, n (%)

Male Ref

Female 0.673 (0.241-1.884) 0.451

Age 1.023 (0.991-1.056) 0.168

Follow-up (month) 1.001 (0.995-1.008) 0.681

MGFA classification

OMG Ref

GMG 19.000 (4.705-76.727) ≤0.001 8.743 (1.185-64.488) 0.033

Thymoma

Without Ref

With 3.267 (1.173-9.096) 0.023 4.808 (0.678-34.120) 0.116

AchR-Ab (nmol/L) 1.247 (1.098-1.415) 0.001 1.134 (0.920-1.398) 0.240

Treatment

Glucocorticoid Ref

Immunosuppressant 3.500 (1.209-10.131) 0.021 0.166 (0.030-0.928) 0.041

Abbreviations: OMG: ocular myasthenia gravis; GMG: generalized myasthenia gravis; MGFA: Myasthenia Gravis Foundation of America; AchR-Ab:
acetylcholine receptor antibodies.
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peripheral blood of patients with MG at different stages.
Other strengths include our first study of the effects of
immunosuppression and disease status on sOX40 and
sOX40L levels in the peripheral blood of MG patients. Our
research also had some limitations. First, the patients with
MG included in this study were nonconsecutively enrolled
from a single center, which may result in selection bias.
The sample size of patients with MG in each phase was rel-
atively small, and the insufficient sample size may reduce the
statistical effect of the conclusions. Second, our study did not
elucidate the specific mechanisms by which the OX40/
OX40L signaling pathway participates in the immunopatho-
logical process of MG. Third, the nature of the research was
observational. We could not demonstrate a causal relation-
ship between the expression level of OX40 on CD4+ T cells
and the relapse of MG. Fourth, this study is a cross-
sectional study rather than a longitudinal study, and the sub-
jects included in the membrane-bound molecule cohort and
the soluble molecule cohort were not identical, which may
affect the accuracy of the conclusions. Future large longitu-
dinal cohort studies should address whether these findings
are contingent and modifiable. Fifth, this study measured
only the concentrations of AchR-Ab in all patients with
MG but did not measure other myasthenia gravis-related
antibodies, such as anti-MuSK antibodies, anti-LRP4 anti-
bodies, anti-titin, and anti-RyR antibodies, in all the
patients.

5. Conclusions

This study showed that OX40 and OX40L are abnormally
expressed in the peripheral blood of patients with MG.
OX40 on CD4+ T cells may be associated with disease activ-
ity. sOX40 and sOX40 levels may be related to both disease
status and immunosuppressive agent administration. The
OX40/OX40L pathway may be involved in the immuno-
pathological process of MG and may function primarily in
the later stage of MG. The regulation of the OX40/OX40L
pathway may provide new targets and directions for the
treatment of MG.
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TNFR: Tumor necrosis factor receptor
TNF: Tumor 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
CI: Confidence interval.

Data Availability

The authors will provide all raw data supporting the conclu-
sions of this manuscript without any reservation.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Acknowledgments

This study was supported by the Priority Academic Program
Development of Jiangsu Higher Education Institutions of
China, the Key R&D Program of Jiangsu Province
(BE2019666), and the Jiangsu Natural Science Foundation
(BK20211075).

References

[1] N. E. Gilhus, “Myasthenia gravis,” The New England Journal of
Medicine, vol. 375, no. 26, pp. 2570–2581, 2016.

[2] A. Uzawa, S. Kuwabara, S. Suzuki et al., “Roles of cytokines and
T cells in the pathogenesis of myasthenia gravis,” Clinical &
Experimental Immunology, vol. 203, no. 3, pp. 366–374, 2021.

[3] Z. Wang, W. Wang, Y. Chen, and D. Wei, “T helper type 17
cells expand in patients with myasthenia-associated thy-
moma,” Scandinavian Journal of Immunology, vol. 76, no. 1,
pp. 54–61, 2012.

[4] K. I. Maeda, H. Tsukamura, E. Uchida, N. Ohkura, S. Ohkura,
and A. Yokoyama, “Changes in the pulsatile secretion of LH
after the removal of and subsequent resuckling by pups in
ovariectomized lactating rats,” The Journal of Endocrinology,
vol. 121, no. 2, pp. 277–283, 1989.

[5] J. Leitner, K. Grabmeier-Pfistershammer, and P. Steinberger,
“Receptors and ligands implicated in human T cell costimula-
tory processes,” Immunology Letters, vol. 128, no. 2, pp. 89–97,
2010.

[6] Y. Fu, Q. Lin, Z. Zhang, and L. Zhang, “Therapeutic strategies
for the costimulatory molecule OX40 in T-cell-mediated
immunity,” Acta Pharmaceutica Sinica B, vol. 10, no. 3,
pp. 414–433, 2020.

[7] N. M. Edner, G. Carlesso, J. S. Rush, and L. S. K. Walker, “Tar-
geting co-stimulatory molecules in autoimmune disease,”
Nature Reviews. Drug Discovery, vol. 19, no. 12, pp. 860–883,
2020.

[8] G. J. Webb, G. M. Hirschfield, and P. J. Lane, “OX40, OX40L
and autoimmunity: a comprehensive review,” Clinical Reviews
in Allergy and Immunology, vol. 50, no. 3, pp. 312–332, 2016.

[9] S. Carboni, F. Aboul-Enein, C. Waltzinger, N. Killeen,
H. Lassmann, and C. Pena-Rossi, “CD134 plays a crucial role
in the pathogenesis of EAE and is upregulated in the CNS of
patients with multiple sclerosis,” Journal of Neuroimmunology,
vol. 145, no. 1-2, pp. 1–11, 2003.

15Journal of Immunology Research



[10] C. Jacquemin, J. F. Augusto, M. Scherlinger et al., “OX40L/
OX40 axis impairs follicular and natural Treg function in
human SLE,” JCI Insight, vol. 3, no. 24, 2018.

[11] M. Croft and R. M. Siegel, “Beyond TNF: TNF superfamily
cytokines as targets for the treatment of rheumatic diseases,”
Nature Reviews Rheumatology, vol. 13, no. 4, pp. 217–233,
2017.

[12] J. An, S. Ding, S. Li et al., “Enhancement of the soluble form of
OX40 and OX40L costimulatory molecules but reduction of
the membrane form in type 1 diabetes (T1D),” Journal of
Immunology Research, vol. 2019, Article ID 1780567, 2019.

[13] M. N. Farres, D. S. Al-Zifzaf, A. A. Aly, and N. M. Abd Raboh,
“OX40/OX40L in systemic lupus erythematosus: association
with disease activity and lupus nephritis,” Annals of Saudi
Medicine, vol. 31, no. 1, pp. 29–34, 2011.

[14] S. Kshirsagar, E. Binder, M. Riedl, G. Wechselberger,
E. Steichen, and M. Edelbauer, “Enhanced activity of Akt in
Teff cells from children with lupus nephritis is associated with
reduced induction of tumor necrosis factor receptor-
associated factor 6 and increased OX40 expression,” Arthritis
and Rheumatism, vol. 65, no. 11, pp. 2996–3006, 2013.

[15] N. Fu, F. Xie, Z. Sun, and Q. Wang, “The OX40/OX40L axis
regulates T follicular helper cell differentiation: implications
for autoimmune diseases,” Frontiers in Immunology, vol. 12,
article 670637, p. 2385, 2021.

[16] J. Onodera, T. Nagata, K. Fujihara et al., “Expression of OX40
and OX40 ligand (gp34) in the normal and myasthenic thy-
mus,” Acta Neurologica Scandinavica, vol. 102, no. 4,
pp. 236–243, 2000.

[17] D. B. Sanders, G. I. Wolfe, M. Benatar et al., “International con-
sensus guidance for management of myasthenia gravis: execu-
tive summary,” Neurology, vol. 87, no. 4, pp. 419–425, 2016.

[18] A. Jaretzki 3rd, R. J. Barohn, R. M. Ernstoff et al., “Myasthenia
gravis: recommendations for clinical research standards. Task
Force of theMedical Scientific Advisory Board of theMyasthe-
nia Gravis Foundation of America,” Neurology, vol. 55, no. 1,
pp. 16–23, 2000.

[19] H. S. Hsu, C. S. Huang, B. S. Huang et al., “Thymoma is asso-
ciated with relapse of symptoms after transsternal thymec-
tomy for myasthenia gravis,” Interactive Cardiovascular and
Thoracic Surgery, vol. 5, no. 1, pp. 42–46, 2006.

[20] L. Wang, Y. Zhang, and M. He, “Clinical predictors for the
prognosis of myasthenia gravis,” BMC Neurology, vol. 17,
no. 1, p. 77, 2017.

[21] R. S. Bedlack, D. L. Simel, H. Bosworth, G. Samsa, B. Tucker-
Lipscomb, and D. B. Sanders, “Quantitative myasthenia gravis
score: assessment of responsiveness and longitudinal validity,”
Neurology, vol. 64, no. 11, pp. 1968–1970, 2005.

[22] C. Schneider-Gold, P. Gajdos, K. V. Toyka, and R. R. Hohlfeld,
“Corticosteroids for myasthenia gravis,” Cochrane Database of
Systematic Reviews, vol. 2, 2005.

[23] R. Zhao, Y. Wang, X. Huan et al., “Nomogram for short-term
outcome assessment in AChR subtype generalized myasthenia
gravis,” Journal of Translational Medicine, vol. 19, no. 1,
p. 285, 2021.

[24] D. Cui, Y. Lv, X. Yuan et al., “Increased expressions of OX40
and OX40 ligand in patients with primary immune thrombo-
cytopenia,” Journal of Immunology Research, vol. 2019, Article
ID 6804806, 2019.

[25] C. Jacquemin, N. Schmitt, C. Contin-Bordes et al., “OX40
ligand contributes to human lupus pathogenesis by promoting

T follicular helper response,” Immunity, vol. 42, no. 6,
pp. 1159–1170, 2015.

[26] Q. Wang, B. M. Shi, F. Xie et al., “Enhancement of CD4(+) T
cell response and survival via coexpressed OX40/OX40L in
Graves' disease,” Molecular and Cellular Endocrinology,
vol. 430, pp. 115–124, 2016.

[27] K. Artinger, A. H. Kirsch, A. A. Mooslechner et al., “Blockade
of tumor necrosis factor superfamily members CD30 and
OX40 abrogates disease activity in murine immune-mediated
glomerulonephritis,” Kidney International, vol. 100, no. 2,
pp. 336–348, 2021.

[28] S. Patschan, S. Dolff, A. Kribben et al., “CD134 expression on
CD4+ T cells is associated with nephritis and disease activity
in patients with systemic lupus erythematosus,” Clinical &
Experimental Immunology, vol. 145, no. 2, pp. 235–242, 2006.

[29] J. Willoughby, J. Griffiths, I. Tews, and M. S. Cragg, “OX40:
structure and function - what questions remain?,” Molecular
Immunology, vol. 83, pp. 13–22, 2017.

[30] Z. Xiaoyan, R. Pirskanen, V. Malmstrom, and A. K. Lefvert,
“Expression of OX40 (CD134) on CD4+ T-cells from patients
with myasthenia gravis,” Clinical & Experimental Immunol-
ogy, vol. 143, no. 1, pp. 110–116, 2006.

[31] G. Zhang, J. Hou, J. Shi, G. Yu, B. Lu, and X. Zhang, “Soluble
CD276 (B7-H3) is released from monocytes, dendritic cells
and activated T cells and is detectable in normal human
serum,” Immunology, vol. 123, no. 4, pp. 538–546, 2008.

[32] X. Hu, J. Wu, J. An et al., “Development of a novel monoclonal
antibody to human inducible co-stimulator ligand (ICOSL):
biological characteristics and application for enzyme-linked
immunosorbent assay,” International Immunopharmacology,
vol. 36, pp. 151–157, 2016.

[33] R. A. Prell, D. E. Evans, C. Thalhofer, T. Shi, C. Funatake, and
A. D. Weinberg, “OX40-mediated memory T cell generation is
TNF receptor-associated factor 2 dependent,” Journal of
Immunology, vol. 171, no. 11, pp. 5997–6005, 2003.

[34] M. D. Vu, M. R. Clarkson, H. Yagita, L. A. Turka, M. H.
Sayegh, and X. C. Li, “Critical, but conditional, role of OX40
in memory T cell-mediated rejection,” Journal of Immunology,
vol. 176, no. 3, pp. 1394–1401, 2006.

[35] P. Soroosh, S. Ine, K. Sugamura, and N. Ishii, “Differential
requirements for OX40 signals on generation of effector and
central memory CD4+ T cells,” Journal of Immunology,
vol. 179, no. 8, pp. 5014–5023, 2007.

[36] J. Song, S. Salek-Ardakani, P. R. Rogers, M. Cheng, L. Van Par-
ijs, and M. Croft, “The costimulation-regulated duration of
PKB activation controls T cell longevity,” Nature Immunology,
vol. 5, no. 2, pp. 150–158, 2004.

[37] I. Gramaglia, A. Jember, S. D. Pippig, A. D. Weinberg,
N. Killeen, and M. Croft, “The OX40 costimulatory receptor
determines the development of CD4 memory by regulating
primary clonal expansion,” Journal of Immunology, vol. 165,
no. 6, pp. 3043–3050, 2000.

[38] M. Croft, T. So, W. Duan, and P. Soroosh, “The significance of
OX40 and OX40L to T-cell biology and immune disease,”
Immunological Reviews, vol. 229, no. 1, pp. 173–191, 2009.

[39] P. Soroosh, S. Ine, K. Sugamura, and N. Ishii, “OX40-OX40
ligand interaction through T cell-T cell contact contributes to
CD4 T cell longevity,” Journal of Immunology, vol. 176,
no. 10, pp. 5975–5987, 2006.

[40] P. R. Rogers, J. Song, I. Gramaglia, N. Killeen, and M. Croft,
“OX40 promotes Bcl-xL and Bcl-2 expression and is essential

16 Journal of Immunology Research



for long-term survival of CD4 T cells,” Immunity, vol. 15,
no. 3, pp. 445–455, 2001.

[41] R. E. Sadun, W. E. Hsu, N. Zhang et al., “Fc-mOX40L fusion
protein produces complete remission and enhanced survival
in 2 murine tumor models,” Journal of Immunotherapy,
vol. 31, no. 3, pp. 235–245, 2008.

[42] W. Qin, W. Hongya, C. Yongjing et al., “Increased OX40 and
soluble OX40 ligands in children with Henoch-Schonlein pur-
pura: association with renal involvement,” Pediatric Allergy
and Immunology, vol. 22, Part 1, pp. 54–59, 2011.

[43] S. L. Ma and L. Zhang, “Elevated serum OX40L is a biomarker
for identifying corticosteroid resistance in pediatric asthmatic
patients,” BMC Pulmonary Medicine, vol. 19, no. 1, p. 66, 2019.

17Journal of Immunology Research


	Clinical Significance of OX40 and OX40 Ligand in the Peripheral Blood of Patients with Myasthenia Gravis
	1. Introduction
	2. Materials and Methods
	2.1. Patients and Controls
	2.2. Diagnosis of Baseline, Remission, and Relapse
	2.3. Treatment Strategies
	2.4. Collection of Clinical Data
	2.5. Sample Processing
	2.6. Flow Cytometry
	2.7. ELISAs
	2.8. Statistical Analyses

	3. Results
	3.1. Study Population
	3.2. mOX40 and mOX40L Were Highly Expressed on Peripheral Blood Lymphocytes from Patients with MG at Baseline
	3.3. Plasma Levels of sOX40, but Not of sOX40L, Were Decreased in Patients with MG at Baseline
	3.4. Expression of mOX40 and OX40L in Patients with Different Stages of MG
	3.5. Plasma Concentrations of sOX40 and sOX40L in Patients with Different Stages of MG
	3.6. Effects of Immunosuppressive Drugs on the Levels of sOX40 and sOX40L in the Plasma of MG Patients
	3.7. Correlation with Clinical Indicators
	3.8. Patients with High Expression of OX40 on CD4+ T Cells and sOX40L Have an Increased Risk of Relapse

	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Conflicts of Interest
	Acknowledgments

