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Background: One of the most common neuromuscular junction disorders is autoimmune 

myasthenia gravis (MG). Cytokines profile is expected to be of most important in MG 

pathogenesis. Objectives: In this research we aimed to analyze serum cytokines profiles 

in acetylcholine receptor (AChR) antibody positive MG patients and determine the link 

between these cytokines and clinical parameters of MG. Methodology: Forty AChR 

antibody positive MG patients and 40 healthy participants (HC) were included in this 

study. Serum cytokines including IL-2, IL-4, IL-6, IL-15, IL-17 A, IFN-γ, were measured 

by enzyme linked immunosorbent assay (ELISA). The correlations between serum 

cytokines levels and clinical profile were analyzed. Results: Serum levels of IL-6, IL-15, 

IL-17 were significantly higher in MG patients than in HC. Serum levels of IL-4 were 

significantly lower in MG patients than in HC. According to MG Foundation of America 

(MGFA) classification, generalized MG group (G-MG) had higher levels of IL-6 and IL-

17 than HC, without statistical significant variation among oculomotor MG (O-MG) and 

HC. We also found that early onset MG (EOMG) had significantly higher IL-2 levels 

compared to late onset MG (LOMG). We also found significant higher IL-17 levels in 

thymoma associated MG patients (TMAG) than in MG with normal thymus group. Serum 

levels of IL-6 and IL 17 were positively correlated with AChR antibodies concentration 

and quantitative MG (QMG) scores in all MG patients. Conclusion: we can conclude that 

the pathogenic inflammatory effects exerted by cytokines at neuromuscular junctions are 

important in MG patients.  

 
INTRODUCTION 

 

One of the most common neuromuscular junction 

disorders is autoimmune myasthenia gravis1. MG shows 

different clinical manifestations, ranging from ocular 

motility troubles, generalized or focal fatigable muscle 

weakness up to neuromuscular respiratory failure2. In 

general, auto-antibodies targeting post synaptic 

neuromuscular junction are the main cause of MG. 

According to the type of auto-antibodies, MG is 

classified as acetylcholine receptor antibody positive 

(AChR Ab MG), low density lipoprotein receptor related 

protein 4 antibody positive (Lrp4 Ab MG), muscle 

specific kinase antibody positive (MuSK Ab MG) and 

triple seronegative MG (t-SNMG)3. AChR antibodies are 

produced by T cell dependent and B cell mediated  

autoimmune mechanism, resulting in complement 

system activation with subsequent postsynaptic muscle 

membrane inflammation. Moreover, AChR Ab MG 

represents about 80% of MG patients4. 

Cytokines control immune response in inflammatory 

disorders. Naive CD4+ T cell can differentiate into T 

helper types such as Th1, Th2, Th9, Th17, Th22 or 

regulatory T cells (Treg) as a result of different cytokines 

actions5. Based on the particular cytokines released by 

the T cell subsets, various inflammatory responses can be 

promoted. Therefore, cytokines profile is expected to be 

of most important in MG pathogenesis. Furthermore, it 

was observed that Th1 and Th17 could get worse 

pathogenesis of experimental autoimmune myasthenia 

gravis (EAMG), in MG animal models, while, Treg could 

mailto:safageery@gmail.com


Elnagar et al. / Cytokines profile in myasthenia gravis, Volume 35 / No. 3 / July 2026  xxx-xxx 

 

 

Egyptian Journal of Medical Microbiology 

ejmm.journals.ekb.eg   info.ejmm22@gmail.com 
2 

improve EAMG pathogenesis6. So in our research, we 

evaluated intensive serum cytokines profiles in AChR Ab 

MG patients and determined the link between these 

cytokines and clinical parameters of MG. 

 

METHODOLOGY 
 

Study design 

Forty AChR Ab MG patients and 40 healthy 

participants (HC group) of matching age and sex were 

included in this study. The patients data were collected 

regarding age, sex, disease duration, AChR antibody titer 

and E-L-T classification (EOMG with age at onset ≤ 49 

years, LOMG with age at onset ≥ 50 years, and TAMG)7. 

Other data including MGFA clinical classification8 and 

QMG scores8 were also collected at the time of serum 

sampling. 

Exclusion criteria were: MG associated with 

malignant tumors (except thymoma), acute 

cerebrovascular illness, and acute infections within the 

previous 4 weeks. 

AChR antibodies assay 

AChR antibodies concentration was detected via 

ELISA using a human AChR antibodies ELISA Kit 

(R&D, USA) in accordance with manufacturer 

instructions. Optical density values could be taken at 450 

nm. The range of test was 20–500 pmol/l, and 

concentration values above 20 were considered positive. 

Cytokine measurement 

Blood sampling was taken after all night fasting and 

were frozen at -80oC. Serum levels of cytokines including 

IL-2, IL-4, IL-6, IL-15, IL-17 A, IFN-γ, were measured 

by ELISA, using reagent kits of R&D Systems Inc, MN, 

USA, in accordance with the manufacturer protocols. 

Correlation between serum cytokines and clinical 

MG profiles 

The correlations between serum cytokines level and 

clinical profile were analyzed, such as AChR Ab titer, 

MGFA classification (ocular or generalized type), QMG 

scores and the presence of thymoma in all MG patients. 

Statistical Analysis 

All data were expressed as mean ± SD, median 

(minimum - maximum), or count and percentage. Data 

normality was checked via Shapiro-Wilk test. 

Comparisons between two groups were analyzed by 

Mann-Whitney U test and Chi square. Correlation 

between studied parameters was performed by Spearman 

rank correlation coefficient. P value < 0.05 was 

considered significant.  

 

 

RESULTS 

 
Clinical profile of MG patients  

The clinical characters of MG patients at serum 

sampling time were as follows: mean age ± SD (range): 

50.4 ± 8.67 (29–68) years, female ratio: 22/40 (55%); 

mean disease duration, 11.9 ± 20.3 (0–82) months, mean 

AChR Ab titer, 139.13 ± 114.93 (20-490) pmol/L, E-L-T 

classification, EOMG = 11, LOMG = 29, TAMG = 13, 

median MGFA classification: 2 (1–5), mean QMG score, 

9.5 ± 5.9 (1–25) points. 

Serum cytokines profile 

Serum levels of IL-6, IL 15, IL 17 were significantly 

higher in MG patients than in HC group (p < 0.001 for 

IL-6 and IL-15 and p = 0.007 for IL-17). Serum levels of 

IL 2 and IFN-γ were insignificantly higher in MG 

patients than in HC group. Serum levels of IL-4 were 

significantly lower in MG patients than in HC group (p < 

0.001) (table 1, figure 1).  

Changes in serum cytokines levels according to 

MGFA clinical classification 

According to MGFA classification, G-MG showed 

higher IL-6 and IL-17 levels than HC (p < 0.001 and p = 

0.014 respectively), without statistical significant 

variation among O-MG and HC. Serum levels of IL-15 

levels were significantly higher in either O-MG or G-MG 

patients than in HC group (p < 0.001 for each). Serum 

levels of IL-4 were significantly lower in either O-MG or 

G-MG patients compared with HC group (p < 0.001 for 

each). There were no statistical significant differences 

detected in the other cytokines levels in MG patients 

(either G-MG or O-MG) compared to healthy group 

(table 2, figure 2). 

Changes in serum cytokines levels based on E-L-T 

classification 

Based on E-L-T classification, we found that EOMG 

had significantly higher IL-2 levels compared with 

LOMG (p < 0.001). No statistical significant difference 

in the other cytokines levels were detected between 

EOMG and LOMG (Table 3, figure 3). We also found 

significant higher IL-17 levels in TAMG patients than in 

MG with normal thymus group (p < 0.001) (table 4, 

figure 4). 

Correlations between serum cytokines with QMG 

scores and with the concentration of AChR 

antibodies 

Serum levels of IL-6 and IL 17 were positively 

correlated with the concentration of AChR antibodies (r 

= 0.313, p = 0.049 and r = 0.372, p = 0.018, respectively) 

and QMG scores (r = 0.382, p = 0.015 and r = 0.812, p < 

0.001, respectively) in all MG patients (Fig.5). 
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Table 1: Serum cytokines profile in the MG and HC groups 

Cytokine (pg/mL)  HC (n = 40) All MG (n = 40) P value 

IL2 mean±SD 12.52 ± 1.16 14.64 ± 8.17 0.644 

Median (min – max) 12.4 (10.5 - 15.1) 13.35 (2.4 - 34.1) 

IL4 mean±SD 3.9 ± 0.6 2.22 ± 0.6 <0.001* 

Median (min – max) 4.09 (2.12 - 4.22) 2.04 (1.86 - 4) 

IL6 mean±SD 11.18 ± 4.07 27.95 ± 10.18 <0.001* 

Median (min – max) 10.96 (4.12 - 21.92) 27.4 (10.3 - 54.8) 

IL15 mean±SD 3.52 ± 1.1 7.36 ± 2.87 <0.001* 

Median (min – max) 3.55 (1.7 - 6.1) 7.05 (2.6 - 14) 

IL17A mean±SD 12.87 ± 5.12 15.88 ± 6.83 0.007* 

Median (min – max) 11.83 (2.43 – 24.50) 16.6 (2.38 - 26.8) 

IFN-γ mean±SD 103.72 ± 25.92 106.69 ± 28.93 0.627 

Median (min – max) 98.2 (68.9 - 189.1) 103.3 (63.5 - 189.1) 
p* <0.05 is considered significant. Data are expressed as mean±SD, median (minimum-maximum). 

 

 

A  B  

C  D  

E  F  

Fig. 1: Serum cytokines profile in the MG and HC groups. (A) IL2, (B) IL4, (C) IL6, (D) IL15, (E) IL17A, and (F) 

IFNγ. 

Serum levels of IL-6, IL 15 (p < 0.001 for each), IL 17 (p = 0.007) were significantly higher in MG patients than in HC 

group (p < 0.001). Serum levels of IL-4 were significantly lower in MG patients than in HC group (p < 0.001). 
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Table 2: Changes in serum cytokines levels according to the MGFA clinical classification 

Cytokine 

(pg/mL) 
 HC (n = 40） 

O-MG (n = 15

） 
G-MG (n = 25） P1 value P2 value 

IL2 mean±SD 12.52 ± 1.16 15.06 ± 9.82 14.38 ± 7.22 0.433 0.930 

Median (min – max) 12.4 (10.5 - 15.1) 13.9 (2.4-34.1) 12.8 (3.5 - 27.4) 

IL4 mean±SD 3.9 ± 0.6 2.28 ± 0.7 2.18 ± 0.55 <0.001* <0.001* 

Median (min – max) 4.09 (2.12 - 4.22) 2.03 (1.86-4) 2.04 (1.87 - 4) 

IL6 mean±SD 16.36 ± 5.74 19.1 ± 5.59 33.26 ± 8.47 0.121 <0.001* 

Median (min – max) 15.52 (4.12 - 

26.10) 

18.6(10.3-27.2) 30.7 (22.7 - 54.8) 

IL15 mean±SD 3.52 ± 1.1 5.08 ± 1.64 8.73 ± 2.58 0.002* <0.001* 

Median (min – max) 3.55 (1.7 - 6.1) 4.9 (2.6-7.1) 8.6 (5.1 - 14) 

IL17A mean±SD 12.87 ± 5.12 15.42 ± 7.08 16.15 ± 6.82 0.067 0.014* 

Median (min – max) 11.83 (2.43 – 

24.50) 

16.0 (2.43 -25) 17.3 (2.38 - 26.8) 

IFN-γ mean±SD 103.72 ± 25.92 101.54 ± 28 109.78 ± 29.59 0.698 0.338 

Median (min – max) 98.2 (68.9 - 189.1) 97.4 (63.5-158.3) 106.4 (64.2 - 

189.1) 
P1: comparison between O-MG and HC, P2: comparison between G-MG and HC, p* <0.05 is considered significant. Data are expressed as mean±SD, 
median (minimum-maximum). 

 

 

A  B  

C  D  

E  F  

Fig. 2: Serum cytokines levels according to the MGFA clinical classification. (A) IL2, (B) IL4, (C) IL6, (D) IL15, (E) 

IL17A, and (F) IFNγ. 
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G-MG showed higher IL-6 (p < 0.001) and IL-17 (p = 0.014 ) levels than HC, without statistical significant variation 

among O-MG and HC.  

Table 3: Changes in the serum cytokines levels in EOMG and LOMG groups 

Cytokine (pg/mL)  EOMG (n=11) LOMG (n =29) P value 

IL2 mean±SD 21.29 ± 5.88 7.99 ± 3.05 <0.001* 

Median (min – max) 19.6 (13.9 - 34.1) 8.1 (2.4 - 12.8) 

IL4 mean±SD 2.32 ± 0.73 2.11 ± 0.45 0.461 

Median (min – max) 2.04 (1.91 - 4) 2.04 (1.86 - 3.98) 

IL6 mean±SD 26.2 ± 8.93 29.7 ± 11.25 0.495 

Median (min – max) 26.65 (10.3 - 41.5) 27.95 (15.6 - 54.8) 

IL15 mean±SD 6.96 ± 2.65 7.77 ± 3.09 0.659 

Median (min – max) 7 (2.6 - 12) 7.05 (4.1 - 14) 

IL17A mean±SD 15.96 ± 6.7 15.79 ± 7.14 0.799 

Median (min – max) 15.85 (2.38 - 25.6) 18.3 (2.4 - 26.8) 

IFN-γ mean±SD 109.58 ± 24.16 103.8 ± 33.41 0.174 

Median (min – max) 106.85 (64.2 - 172.2) 97.5 (63.5 - 189.1) 
p* <0.05 is considered significant. Data are expressed as mean± SD, median (minimum-maximum). 

 

 

A

 

B

 
C
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Fig. 3: Serum cytokines levels in EOMG and LOMG subgroups. (A) IL2, (B) IL4, (C) IL6, (D) IL15, (E) IL17A, and 

(F) IFNγ. 

EOMG had significantly higher serum IL-2 levels compared with LOMG (p < 0.001). 

 

 

Table 4: Changes in the serum cytokines levels in MG with normal thymus and MG with abnormal thymus 

Cytokine (pg/mL)  
MG with normal 

thymus (n = 27) 

MG with abnormal 

thymus (n = 13) 
P value 

IL2 mean±SD 14.83 ± 7.96 14.23 ± 8.91 0.732 

Median (min – max) 12.8 (3.5 - 34.1) 16.4 (2.4 - 31.2) 

IL4 mean±SD 2.18 ± 0.53 2.3 ± 0.75 0.493 

Median (min – max) 2.04 (1.87 - 4) 2 (1.86 - 4) 

IL6 mean±SD 27.51 ± 9.1 28.86 ± 12.48 0.820 

Median (min – max) 28 (12 - 53.4) 26.1 (10.3 - 54.8) 

IL15 mean±SD 7.1 ± 2.56 7.9 ± 3.49 0.648 

Median (min – max) 6.9 (2.7 - 13.7) 7.1 (2.6 - 14) 

IL17A mean±SD 13.62 ± 6.16 20.56 ± 5.87 <0.001* 

Median (min – max) 15.3 (2.38 - 22.1) 23.4 (7.9 - 26.8) 

IFN-γ mean±SD 111.14 ± 31.87 97.43 ± 19.53 0.376 

Median (min – max) 105 (64.2 - 189.1) 99.5 (63.5 - 120.4) 
p* <0.05 is considered significant. Data are expressed as mean± SD, median (minimum-maximum). 

 

A

 

B

 
C
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E

 

F

 
Fig. 4: Serum cytokines levels in MG with normal thymus and MG with abnormal thymus. (A) IL2, (B) IL4, (C) IL6, 

(D) IL15, (E) IL17A, and (F) IFNγ.  

Serum IL-17 was significantly elevated in TAMG patients than in MG with normal thymus group (p < 0.001). 

 

A  B  

C  D  

Fig. 5: Correlations between serum IL6 and IL17A cytokine levels with QMG scores and with the concentration 

of AChR antibodies 

(A) IL-6 was positively correlated with the concentration of AChR antibodies, (B) IL-6 was positively correlated with 

QMG scores, (C) IL-17 was positively correlated with the concentration of AChR antibodies, (D) IL-17 was positively 

correlated with QMG scores. 

 

 

DISCUSSION 
 

Myasthenia gravis is antibody mediated, T cell 

dependent autoimmune disorder. Long term antibody 

response requires particular T cell subsets mainly CD4+ 

T cell. Cytokines released from CD4+ T cells control 

production of antibody by B cells9. In our study we aimed 

to analyze an intensive serum cytokines profile in AChR 

Ab MG patients and determined the link between these 

cytokines and clinical parameters of MG. 

In our study, we selected our patients with positive 

AChR antibody as an immunological marker for MG 

diagnosis. In general, MG is caused by auto-antibodies 

against MuSK, LRP4 or AChR in the postsynaptic 

membrane of neuromuscular junction. Antibody 

targeting AChR in postsynaptic endplate of 

neuromuscular junction is the most frequent antibody 

category in MG patients3. AChR antibody has been used 

as a diagnostic biomarker after being described and 

associated with pathophysiology of MG in the 1970s. 

AChR antibodies are detected in 80-85 % of G-MG 
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patients and 50-70 % of O-MG patients, with 97-99 % 

specificity10. Additionally, AChR antibodies are not only 

considered as a diagnostic biomarker in MG, but also 

predict acceptable responses to thymectomy in non 

TAMG patients11. This is because AChR antibodies are 

always present in TAMG patients12. 

The cytokines deregulation is linked to pathogenesis 

of various autoimmune disorders. Cytokines imbalance 

has been reported in MG with variations between studies. 

These variations could be reduced by means of cellular 

estimation of cytokines9. IL-6 is formed via different 

immunological cells, like B cell, T cell, macrophage and 

dendritic cell13. However, since IL-6 increase was an 

inclusive outcome of several immunological cells, the 

pathological role of different immune cells cannot be 

specified in MG2. Besides, IL-6 is released by the muscle 

cell in AChR Ab dependent mode. IL-6 is able to 

stimulate plasma cell proliferation and antibody 

secretion. Also, it promotes T cell propagation, 

encourages cytotoxic T cell activation, and provokes 

Th17 and Tfh cells differentiation, which are associated 

with MG pathogenesis15. In this study, serum IL-6 levels 

were significantly higher in MG participants than in HC. 

We also found that the G-MG group showed significantly 

elevated IL-6 than HC, without statistical significant 

difference between O-MG and HC groups. Our study 

also showed that IL-6 level was positively correlated with 

QMG score and AChR antibodies concentration in all 

MG patients. Most studies were similar to our findings 

about IL62,13. It was reported that IL6 was correlated with 

MG severity, signifying that IL-6 causes exacerbation of 

MG pathogenesis15. Conversely, higher serum IL-6 level 

was not established in AChR Ab MG patients, in other 

studies16,17. This discrepancy reflects the importance of 

methodological difference. Furthermore, IL-6 is a 

pleotropic cytokine, playing both pro- and anti-

inflammatory actions. This does not make IL-6 a definite 

MG diagnostic biomarker14. Jonsson and coauthors18 

support the effectiveness of IL-6 inhibitor (tocilizumab) 

for AChR Ab MG treatment. Perhaps, IL-6 level could 

be considered a pharmacodynamics biomarker, as it 

could measure the outcome of therapeutic interference, 

but more researches are required to found standard values 

and confirm the results18. 

IL15 is secreted by activated monocytes, dendritic 

cells, epithelial cells and fibroblasts. Unlike IL-2, IL-15 

is not produced by activated T cell. IL-15 is a pleiotropic 

proinflammatory cytokine with multiple biological 

effects, and it is expressed in numerous inflammatory 

diseases19. IL-15 can activate T cell, macrophage and 

neutrophil; and is vital for dendritic cell action in some 

model systems20. In this study, serum IL-15 levels were 

significantly elevated in MG patients than in HC, and its 

levels were significantly higher in the G-MG or O-MG 

group than HC group. Similar result was reported by 

Uzawa et al16 who reported that serum IL-15 levels were 

significantly higher in MG patients than those in healthy 

participants. Actually, increased levels of IL-15 in both 

serum and inflamed tissue have been detected in multiple 

autoimmune disorders that may be linked with their 

pathogenesis19. IL-15 neutralization was found to have a 

valuable effect in psoriasis models. This information 

holds promise that IL-15 pathway antagonism has a 

therapeutic effect in inflammatory autoimmune 

disorders21. Concerning MG, preceding researches have 

reported that IL-15 has the principal role in pathogenesis 

of EAMG22,23. Production of cytokines by muscle cells 

has been considered an important mechanism that may 

affect EAMG. It was reported that muscle cells can 

release IL-15 as a result of IL-4 stimulation either in vitro 

or in vivo (EAMG induction)22. Myocytes in rats with 

EAMG, which were provoked by either active 

immunization or by AChR antibodies passive transfer, 

showed increased IL-15 production. This result proposed 

that muscle cells result in inflammation through 

production of IL-15 and thus deteriorate EAMG clinical 

course. That's why, IL-15 may be implicated in MG 

pathogenesis23. 

Th17 cells are detected at inflammatory site in 

multiple human inflammatory disorders and are 

associated with several autoimmune disorders 

pathogenesis such as multiple sclerosis, rheumatoid 

arthritis and inflammatory bowel disease24. IL-17A is the 

characteristic cytokine of Th17 cell which is a 

proinflammatory cytokine that can up-regulate matrix 

metalloproteases and several chemokines, resulting in 

neutrophils chemotaxis toward inflammatory site25. Th17 

cells contribute to an EAMG model in IL-12 / IL-23 

knockout mice26. Th17 cells and IL-17 display an 

essential role in harmonizing related auto-reactive T cells 

and B cells, resulting in auto-antibodies production with 

consequent progress to EAMG27. In our study, serum 

levels of IL-17 were significantly higher in MG patients 

compared with HC group, and its serum levels were 

positively correlated with concentration of AChR 

antibodies and QMG scores in all MG patients. Also, we 

found that G-MG group showed significantly elevated 

IL-17 than HC, without statistical significant difference 

between O-MG and HC groups. In another study, it was 

confirmed that serum IL-17 was significantly elevated in 

G-MG compared with O- MG or HC, and serum IL-17 

was correlated with AChR Ab titres28. Moreover, IL-17 

level was found to expect progression from ocular to 

generalized MG within the first 6 months after 

diagnosis29. However, IL-17 prognostic capability was 

not reported in another cohort of MG patients16. 

We also found significant higher serum IL-17 levels 

in TAMG patients than in MG with normal thymus 

group. A previous research reported that that both serum 

IL-17 and expression of IL-17 was significantly higher in 

MG cases with thymoma than healthy group. But there 

were no significant differences between MG patients 

with normal thymus or with thymic hyperplasia and HC 

groups. Additionally, there was decreased population of 

https://www.google.com/search?sca_esv=d306f2ba7f45299a&sxsrf=AE3TifOYqffVfH_hR0lBefLMxjhwyWvt4w:1761432681978&q=dendritic+cells&spell=1&sa=X&ved=2ahUKEwjXl7iKuMCQAxVOhv0HHeOSE6EQkeECKAB6BAgLEAE
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Th17 cells (%) after thymectomy in 10 MG patients with 

thymoma, without reaching the statistical significance15. 

Increased IL-17 in this condition may encourage T cells 

auto-reactivity and B cells, and subsequently stimulate 

formation of auto-antibodies and make worse the disease. 

Therefore, the observation of increased IL-17 in MG 

patients may suggest a thymoma specific phenomenon. 

As a whole, these findings signify that IL-17 is strongly 

linked to thymoma induced immune injury15.    

IL-4 is a multifunctional pleiotropic cytokine which 

is released mainly by activated T cells, eosinophils, 

basophils and mast cells. IL-4 is critical for regulation of 

cell proliferation, apoptosis and numerous genes in Th2 

lymphocytes expression30. In our research, serum levels 

of IL-4 were significantly lower in MG patients than in 

the HC group. An earlier study found that IL-4 did not 

have a pathogenic effect in EAMG and might have a 

protective role in EAMG. IL-4 has a regulatory 

mechanisms through prevention of development of 

chronic AChR Ab mediated autoimmune reaction31. It 

was reported that MG manifestations may develop from 

disturbance of protective mechanism by down-regulation 

of IL-4 in MG patients16. 

IL-2 is mostly produced via CD4+ T cell, and also can 

be synthesized via B cell, NK cell and monocyte. IL-2 is 

a T cell growth factor; increases NK cell cytotoxicity and 

stimulates immunoglobulin production by B cell. 

Moreover, IL-2 is a T-cell stimulating cytokine which 

stimulates effector T cells proliferation and 

differentiation and supports immunological polarization 

of Th132. In our study, serum IL 2 levels were elevated in 

MG patients than in HC without statistically significant 

variations. Regarding E-L-T classification, we found that 

EOMG had significantly higher IL-2 levels compared 

with LOMG. Similar findings were obtained by Wei et 

al2 who reported a reduction in serum IL-2 levels in 

LOMG compared to that in EOMG. Although IL-2 has an 

important role in enhancement of immune system, only 

higher serum IL-2 was detected in MG cases, without 

consideration of IL-2 change in EOMG and LOMG33. 

Another study reported that IL-2 in LOMG was lower 

compared to EOMG patients. The researchers explained 

this by the presence of co-morbidities like diabetes or 

hypertension associated with LOMG that also become 

more with age. Diabetic cases with LOMG showed lower 

IL-2 levels opposed to non diabetics34. It was found that 

in diabetic non obese mice, lower IL-2 expression has 

been linked to higher possibility of MG development35. 

Additionally, IL-2 can regulate inflammation through 

prevention of IL-6 associated signaling proceedings and 

differentiation of Th-17. IL-2 levels were found to be 

reduced in both type 1 and type 2 diabetes mellitus than 

in healthy controls. IL-2 with low dose could be used in 

treating type 1 diabetes36,37. It was theorized that aging 

decreases the immune competence with subsequent 

decrease in IL-2 secretion which plays a significant role 

in LOMG pathogenesis, and it may be also a risk factor 

of LOMG associated with DM2. 

IFN-γ is mostly produced by NK and CD8+ T cells, 

which has a wide antiviral effect and immunoregulatory 

activity in adaptive and innate immunity, tumor 

immunity and autoimmune diseases. Th17 cells can 

differentiate into interferon- secreting cells, known as 

Th1/17 cells, a subtype that encourages autoimmunity38. 

Our study revealed that serum levels of IFN-γ were 

higher in MG patients than in HC without statistically 

significant difference. Similar result was reported by a 

previous study2. A cross sectional research detected that 

Th1/17 cells number was elevated in peripheral blood of 

AChR Ab MG cases compared to HC group. Moreover, 

Th1/17 cells are found in an elevated quantity in thymus 

gland of AChR Ab MG cases, with a positive correlation 

between Th1/17 cells number and severity of MG based 

upon QMG39. Th1/17 numbers showed also an earlier 

turn down in responders compared with non-responders 

following treatment of AChR Ab MG patients. This 

indicates that Th1/17 cell levels can be considered as an 

early pharmacodynamic biomarker of an acceptable 

response to therapy. In addition, immunosuppressive 

treatment decreases IFN-γ levels in AChR Ab MG 

patients. So, serum IFN-γ can also be considered as a 

pharmacodynamic biomarker, instead of a diagnostic 

biomarker40. Actually, the difference in cytokines 

measurement or the difference in numbers or profiles of 

MG patients displays a role in discrepancy among 

different studies. 

In this study, some restrictions should to be taken in 

consideration. Firstly, the most important limitation is 

that our research only calculated serum level of 

cytokines, without cellular evaluation of cytokines, and 

so could not show what cells release the altered 

cytokines. Furthermore, serum cytokines levels were not 

essentially a mirror to these levels at the neuromuscular 

junctions. Second, enrollment of MG patients has another 

limitation, because our patients had somewhat low 

disease severity, mostly classified as MGFA I & II. 

Additionally, because of inadequate sample size, 

comparison of several groups, for example AChR 

antibodies and AChR associated with MuSK or LRP4 

antibodies, could not be done.  

From this study it can be concluded that the 

pathogenic inflammatory effects exerted by cytokines at 

neuromuscular junctions are important in MG patients. 

Anti cytokines treatment possibly have the ability in MG 

treatment. Further researches including seronegative MG 

patients, should be done to confirm more details about 

cytokine profiles in MG patients. The improvement of 

novel therapy for MG requires more understanding of 

cytokine signaling pathways. 
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