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Background: Interleukin-40 (IL-40), as an immune regulatory factor discovered 
in recent years, mainly plays a role in B-cell-related immune responses and 
is involved in the pathological processes of various inflammatory diseases, 
autoimmune disorders, and infectious diseases. However, its role in myasthenia 
gravis (MG) has rarely been reported.
Methods: We used enzyme-linked immunosorbent assay (ELISA) to measure the 
serum IL-40 levels in 58 MG patients and 55 healthy controls, and conducted a 
detailed analysis of the clinical data.
Results: The serum IL-40 level in MG patients was significantly higher than that 
in healthy controls (p < 0.0001). After immunotherapy, the serum IL-40 level in 
MG patients significantly decreased (p < 0.0001). In MG, the IL-40 level of severe 
patients was significantly higher than that of mild patients (p < 0.0001). The ROC 
curve determined that the cut-off value for distinguishing IL-40  in MG from 
healthy controls was 15.63 pg/mL, with an AUC of 0.846 (95% CI: 0.773–0.919), 
74.1% specificity, and 85.5% sensitivity.
Conclusion: The serum IL-40 level in MG patients is elevated and is correlated 
with the severity of the disease. High levels of IL-40 may serve as a specific 
indicator for monitoring disease activity, which supports its potential as a non-
invasive biomarker for disease monitoring.
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Introduction

Myasthenia gravis (MG) is a chronic autoimmune disorder characterized by fluctuating 
weakness and fatigue of skeletal muscles, with symptoms typically worsening after activity and 
improving with rest. The underlying pathophysiological mechanism involves the production 
of autoantibodies targeting key proteins at the neuromuscular junction (1). The most prevalent 
of these is the acetylcholine receptor (AChR) antibody, present in approximately 85% of 
patients (2). Other associated antibodies include those directed against lipoprotein-related 
protein 4 (LRP4), titin, ryanodine receptor, agrin, cortactin, and muscle-specific tyrosine 
kinase (MuSK) (3, 4). While these autoantibodies directly destroy the neuromuscular junction, 
inflammatory factors also play a crucial and multifaceted role in the initiation, progression, 
and exacerbation of the disease. These factors form a complex signaling network that facilitates 

OPEN ACCESS

EDITED BY

Emanuele D’Amico,  
University of Foggia, Italy

REVIEWED BY

Michael R. Shurin,  
University of Pittsburgh Medical Center, 
United States
Feryal Dabbaghgorjani,  
Aston University School of Biosciences, 
United Kingdom

*CORRESPONDENCE

Li Yang  
 yangli2001@tmu.edu.cn

RECEIVED 06 August 2025
ACCEPTED 20 August 2025
PUBLISHED 17 September 2025

CITATION

Jia K, Shao Y, Tan T, Liu X, Zhang Q, 
Zhao N and Yang L (2025) Serum 
interleukin-40 increases in anti-AchR 
antibody-positive myasthenia gravis and 
correlates with disease activity.
Front. Neurol. 16:1680530.
doi: 10.3389/fneur.2025.1680530

COPYRIGHT

© 2025 Jia, Shao, Tan, Liu, Zhang, Zhao and 
Yang. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE  Original Research
PUBLISHED  17 September 2025
DOI  10.3389/fneur.2025.1680530

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2025.1680530&domain=pdf&date_stamp=2025-09-17
https://www.frontiersin.org/articles/10.3389/fneur.2025.1680530/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1680530/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1680530/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1680530/full
mailto:yangli2001@tmu.edu.cn
https://doi.org/10.3389/fneur.2025.1680530
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2025.1680530


Jia et al.� 10.3389/fneur.2025.1680530

Frontiers in Neurology 02 frontiersin.org

communication between immune cells and tissue cells, thereby 
driving and amplifying the autoimmune response (5).

Interleukin-40 (IL-40) is a newly identified B-cell-associated 
cytokine encoded by the C17orf99 gene, with an approximate 
molecular weight of 27 kDa. It was first identified in 2017 and is highly 
expressed in mammalian fetal liver, bone marrow, and activated B 
cells, where it participates in the regulation of humoral immune 
responses and B-cell homeostasis (6). Recent studies have 
demonstrated that IL-40 plays a significant role in various 
inflammatory conditions, including rheumatoid arthritis, 
osteoarthritis, systemic sclerosis, and sepsis (7). However, its 
involvement in MG remains unexplored. In this study, we assessed 
serum IL-40 levels in patients with MG and analyzed their potential 
correlations with clinical parameters.

Materials and methods

Patients

We enrolled 58 MG patients who were treated at the 
Department of Neurology, Tianjin Medical University General 
Hospital between January 2020 and November 2023, and at the 
same time, 55 healthy controls (HCs) were also included in this 
study. The diagnosis of patients with MG is based on typical clinical 
manifestations and at least one of the following three criteria: (1) 
positive anti-AChR antibody detection in serum; (2) repetitive 
motor nerve stimulation (RNS) decrement of 10% or greater; and 
(3) a positive response to intramuscular neostigmine. The exclusion 
criteria were as follows: (1) age under 18 years and (2) a history of 
prior inflammatory, neoplastic, or other autoimmune diseases. HCs 
were recruited from the Health Care Center, and individuals with 
concomitant autoimmune diseases, infectious diseases, 
cardiovascular diseases, respiratory diseases, or renal diseases 
were excluded.

The study was approved by the Ethics Committee of Tianjin 
Medical University General Hospital, and all the participants provided 
written consent.

Clinical data

Clinical data were extracted from the hospital’s electronic 
medical record system and included age, gender, anti-AChR 
antibody status, thymoma status, Myasthenia Gravis Foundation of 
America (MGFA) classification, and MG-ADL scores. Blood 
samples were collected from 58 MG patients prior to 
immunotherapy (intravenous immunoglobulin, plasma exchange 
or high-dose corticosteroids for 3–5 consecutive days). Moreover, 
additional samples were obtained during the remission phase from 
22 of these patients. Concurrently, demographic data and venous 
blood samples were collected from 55 HCs. All blood specimens 
were collected from the elbow veins of the subjects (3–5 mL), 
transferred into serum separation tubes, centrifuged, and 
subsequently stored uniformly at −80 °C for batch analysis. 
Specimens from the acute phase were collected upon admission, 
while those from the remission phase were obtained after 
completion of immunotherapy.

Measurement of serum IL-40 levels

Serum IL-40 levels were determined using human IL-40 enzyme-
linked immunosorbent assay (ELISA) kit (Jianglai Biology, Shanghai, 
China). All procedures were conducted in strict adherence to the 
experimental protocol, and duplicate testing was carried out on both 
the standard and test samples.

Statistical analyses

The normality of the data distribution was determined by 
Kolmogorov–Smirnov test. Serum IL-40 levels were compared 
between two groups using t-tests or the Mann–Whitney U test, 
gender was analyzed using the Fisher’s exact test. Correlations were 
analyzed using Spearman’s rank test. A Wilcoxon matched-pairs 
signed rank test was applied for the paired data. Data are expressed 
as mean ± standard deviation (SD). The area under the curve 
(AUC) in the receiver operating characteristic (ROC) analysis was 
used to evaluate the diagnostic efficacy of IL-40. The optimal cutoff 
values were determined by maximizing the Youden index (J), 
defined as J  = Sensitivity + Specificity − 1. The AUC was 
interpreted according to the following criteria (8): 1.0 as perfect; 
0.9–0.99 as excellent; 0.8–0.89 as good; 0.7–0.79 as fair; and ≤0.69 
as poor or no value. p < 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS (version 27.0; IBM 
SPSS Statistics, IBM Corporation, Chicago, IL, United States) and 
GraphPad Prism software 10 (GraphPad Software Inc., San Diego, 
CA, United States).

Results

Clinical characteristics

The clinical features of the 58 MG patients and 55 HCs are 
shown in Table 1. All MG patients tested positive for anti-AChR 
antibodies. Given that most thymoma patients in this study 
received immunosuppressive therapy during specimen collection, 
individuals with concurrent thymoma were excluded. In this study, 
we defined mild MG patients as those who were classified as I or II 

TABLE 1  Clinical characteristics of the study participants.

MG HC p-value

Number 58 55

Males/Females 29/29 28/27 0.923

Age, years 61.06 ± 14.99 60.93 ± 7.63 0.292

MG-ADL 5.38 ± 2.15 N/A

MGFA classification (No. %) N/A

  I 11 (19.0)

  II 29 (50)

  III 15 (25.9)

  IV 2 (3.4)

  V 1 (1.7)
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by MGFA, and the rest of the patients were considered to be severe 
MG patients (9).

Serum IL-40 levels

Serum IL-40 levels in patients with MG were significantly higher 
than those in HCs (23.94 ± 14.14 vs. 11.69 ± 8.19 pg/mL, p < 0.0001) 
(Figure  1A). Moreover, these levels were markedly elevated in 
patients with severe MG compared to those with mild disease 
(35.60 ± 16.48 vs. 18.69 ± 9.13 pg/mL, p < 0.0001) (Figure  1B). 
Furthermore, our results demonstrated that serum IL-40 levels in 
MG patients significantly decreased following immunosuppressive 
treatment (24.08 ± 16.75 vs. 13.84 ± 9.54 pg/mL, p < 0.0001) 
(Figure 2A). However, no significant difference in serum IL-40 levels 
was observed between patients with ocular myasthenia gravis 
(OMG) and generalized myasthenia gravis (GMG) (p = 0.348). 
Additionally, no significant correlation was found between serum 
IL-40 levels and MG-ADL scores in patients with MG (r = 0.2324, 
p = 0.079). Receiver operating characteristic (ROC) analysis was 
conducted to assess the diagnostic performance of IL-40  in 
differentiating MG patients from HCs. The area under the curve 
(AUC) was 0.846 (95% CI: 0.773–0.919) for IL-40 in distinguishing 
MG patients from HCs (p < 0.0001) (Figure 2B). At the optimal 
cut-off value of 15.63 ng/mL, serum IL-40 levels demonstrated a 
sensitivity of 74.1% (95% CI: 61.6–83.7) and a specificity of 85.5% 
(95% CI: 73.8–92.4).

Discussion

In MG, inflammatory factors serve as central mediators of the 
autoimmune response. They act synergistically to impair 

neuromuscular junction function through multiple mechanisms, 
including promoting B cell activation and pathogenic antibody 
production, exacerbating tissue damage and inflammatory 
cascades, and sustaining the chronic autoimmune cycle (10). IL-40 
is a newly identified cytokine encoded by the C17orf99 gene. It 
exhibits no significant homology to known cytokine families, yet 
participates in diverse immune regulatory processes, inflammatory 
responses, and disease progression (7). In this study, we observed 
that serum IL-40 levels in patients with MG were significantly 
elevated compared to those in HCs, and these levels were positively 
correlated with disease severity. Furthermore, ROC curve analysis 
demonstrated that serum IL-40 exhibited high diagnostic 
specificity for distinguishing MG from HCs, with an AUC value 
of 0.846.

As a newly identified cytokine, research on IL-40 remains in its 
early stages, with the majority of studies concentrating on areas such 
as sepsis, autoimmune diseases, and fibrosis. IL-40 levels were 
significantly elevated in patients with sepsis upon admission, and 
were positively correlated with PCT, CRP, lactate and SOFA scores. 
Through single-cell RNA sequencing, it was discovered that IL-40 
promotes the migration of S100A8/9hi neutrophils to the peritoneum 
and the formation of neutrophil extracellular traps (NETs), 
exacerbating cytokine storm and multiple organ failure (11). In 
rheumatoid arthritis, IL-40 is highly expressed in the synovial lining 
and infiltrating B cells, and is positively correlated with the levels of 
rheumatoid factor (RF-IgM) and anti-CCP antibodies (12). 
Furthermore, IL-40 is predominantly found in the superficial layer of 
cartilage in patients with osteoarthritis, where it activates 
chondrocytes to produce pro-inflammatory cytokines such as IL-6 
and IL-8, as well as matrix-degrading enzymes including MMP-1, 
MMP-3, and MMP-13, thereby promoting cartilage degradation (13). 
However, the receptor for IL-40 and its downstream signaling 
pathways remain to be  fully elucidated. IL-40 is predominantly 

FIGURE 1

Serum interleukin 40 (IL-40) levels in patients with myasthenia gravis (MG). (A) IL-40 levels increased in patients with MG when compared with healthy 
controls (HCs). (B) IL-40 levels show a positive correlation with disease severity in patients with MG.
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secreted by activated B cells and has been shown to promote B cell 
proliferation, differentiation into plasma cells, and antibody class 
switching. Evidence from gene knockout studies indicates that the 
absence of IL-40 results in dysregulated B cell populations and 
impaired IgA secretion, suggesting that IL-40 plays a crucial role in 
maintaining B cell homeostasis (11). Given that B cells and NETs are 
key contributors to the pathogenesis of MG (10, 14), their interaction 
may give rise to a self-sustaining pathological cycle. Therefore, 
we propose that IL-40 may facilitate the progression of inflammatory 
diseases through a multi-cellular cooperative network involving B 
cells, neutrophils, and stromal cells, as well as multiple interlinked 
signaling pathways. Further investigation is required to validate 
this hypothesis.

It should be noted that this study has several limitations. First, 
as a cross-sectional study, it inherently carries a risk of bias. Second, 
the study was conducted at a single center with a relatively small 
sample size, which may affect the generalizability of the findings. 
Third, the exclusion of patients with other positive MG-related 
antibodies may introduce a degree of selection bias, potentially 
compromising the representativeness of the results. In future work, 
we  aim to expand the sample size and further investigate the 
inflammatory mechanisms of IL-40.

Conclusion

Our research has demonstrated that serum IL-40 levels are 
significantly elevated in patients with MG and are positively correlated 
with disease severity. Furthermore, IL-40 may serve as a promising 
biomarker for monitoring disease activity.
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FIGURE 2

(A) Serum IL-40 level in MG patients during the remission phase, following immunotherapy, was significantly lower compared to that in patients during 
the acute phase. (B) The receiver operating characteristic (ROC) curve depicts the diagnostic performance of serum IL-40 in distinguishing patients 
with MG from HCs. The area under the curve (AUC) is 0.846 (95% CI: 0.773–0.919). The dashed red diagonal line represents the performance of 
random chance (AUC = 0.5).
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