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Objective: Despite the clues that myasthenia gravis (MG) disease 
may be associated with inflammasomes, there are no studies in the 
literature on MG disease and inflammasome complexes. Hence, to 
address this question, we investigated the possible participation 
of inflammasomes in experimental autoimmune myasthenia gra-
vis mouse model (EAMG).

Material and Method: EAMG was induced in mouse using ace-
tylcholine receptor (AChR) protein, and Anti-AChR IgG antibody 
levels detected by ELISA in the experimental group confirmed our 
model. Levels of CASP1, IL-1β, NLRP3, P2X7R, and AKT1 of the exper-
imental and control (complete Freund’s adjuvant -CFA immunized) 
groups were measured by qRT-PCR.  

Results: After immunization, the AChR IgG antibody levels were 
significantly higher in the AChR-immunized group than in the 
control group (p=0.042). IL-1β levels in the experimental group 
were significantly higher, compared to the control group (p=0.01). 
CASP1, NLRP3, and P2X7R levels were also higher compared to the 
control group. However, these differences did not attain statisti-
cal significance (p>0.05). AKT1 levels were lower compared to the 
control group. There was no correlation between serum antibody 
concentration and gene expression levels.

Conclusion: Our results suggest that there might be inflam-
masome involvement in the pathology of MG disease. Increase 
in IL-1β levels indicates the importance of the inflammatory re-
sponse; however, further studies are necessary to confirm this. 

Keywords: Experimental autoimmune myasthenia gravis mouse 
model, inflammasome, myasthenia gravis

Amaç: Myastenia Gravis (MG) hastalığının inflamazomlarla ilişkili 
olabileceğine dair ipuçlarına rağmen literatürde MG hastalığı ve 
inflamazomlarla ilgili bir araştırma yer almamaktadır. Bu çalışmada, 
inflamazom kompleksinde yer alan genler ile hastalıktaki inflama-
tuvar yanıt arasındaki ilişkinin belirlenmesi hedeflenmiştir.

Gereç ve Yöntem: Deneysel otoimmün myastenia gravis (DOMG) 
modeli farelerde asetil kolin reseptör-(AChr) proteini kullanılarak 
oluşturuldu ve deney grubunda ELISA ile saptanan anti-AChR 
Ig seviyeleri modelimizi doğruladı. Deney ve kontrol (complete 
Freund’s adjuvant-CFA) immünize grubunda CASP1, IL-1β, NLRP3, 
P2X7R ve AKT1 gen ekspresyonu seviyeleri qRT-PCR ile incelendi.

Bulgular: İmmünizasyon sonrası AChR IgG antikor düzeyleri ACh-
R-immünize grupta kontrollere göre anlamlı derecede yüksek 
belirlendi (p=0,042). Deney grubunda IL-1β seviyelerinin, kontrol 
grubuna kıyasla anlamlı derecede yüksek bulunmuştur (p=0,01). 
CASP1, IL-1β, NLRP3 ve P2X7R seviyelerinin de kontrol grubuna 
göre arttığı fakat istatistiksel anlamlılığa ulaşmadığı tespit edilmiş-
tir (p>0,05). AKT1 seviyelerinin ise kontrol grubuna kıyasla azaldığı 
görülmüştür. Serum antikor düzeyleri ve gen ekspresyon seviyeleri 
arasında ise korelasyon saptanmamıştır.

Sonuç: Bulgularımız MG hastalığının patogenezinde inflamazom 
komplekslerinin rolü olabileceğini göstermiştir. IL-1β ekspresyon 
düzeyindeki anlamlı artış inflamasyon yanıtının önemine işaret et-
mektedir, fakat kesin bir kanıya varabilmek için bu konuda daha 
ileri çalışmalar yapılması gerektiği sonucuna ulaşmışıltır.

Anahtar Kelimeler: Deneysel otoimmün myastenia gravis fare 
modeli, inflamazom, myastenia gravis
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INTRODUCTION

Myasthenia Gravis (MG) is a rare chronic autoimmune disorder 
caused by an autoimmune attack against the postsynaptic part 
of the neuromuscular junction (NMJ). The main characteristic 
feature of MG is muscle weakness, which can lead to death in 
its severe forms (1, 2). In MG disease, anti-AChR antibodies are 
targeted mostly at the acetylcholine receptor (AChR), which 
results in neuromuscular transmission failure. Anti-AChR anti-
bodies are produced by B lymphocytes, but the exact cause of 
the autoimmune response in MG is still not known (3, 4).

Due to its economic and social burden, MG poses a significant 
health issue. Thus, treatments that contribute to the preven-
tion and progression of MG are substantial. Current treatment 
is aimed at reducing symptoms. In this context, immunosup-
pressive drugs, plasmapheresis, thymectomy and supportive 
therapies are in use. However, these treatment methods cause 
adverse effects, such as opportunistic infections, osteoporosis, 
diabetes mellitus, and 2-3% of MG patients die due to these 
adverse effects. Therefore, there is a need for new treatment 
approaches with a more favorable adverse effect profile and a 
much more specific mechanism of action (5).

Inflammasomes are multimeric protein complexes that regu-
late the activation of caspase-1 (CASP1) and cause an inflam-
matory response. Inflammasomes act by activating caspase-1, 
which converts pro-inflammatory cytokine interleukin -1β (IL-
1β) into its active form (6).

The experimental animal models generated by immunizations 
exhibit close clinical and histopathological similarities to MG. 
Hence, they are suitable for enlightening the pathogenesis of 
this autoimmune disease (7).

Despite the clues that (MG) disease may be associated with 
inflammasomes, there are no studies in the literature on MG 
disease and inflammasome complexes. Hence, to address this 
question, we investigated the possible participation of inflam-
masomes in EAMG pathogenesis. 

MATERIAL AND METHOD

Mouse and Experimental Set-up
Mouse were obtained from Istanbul University, Aziz Sancar 
Institute of Experimental Medicine, Department of Labora-
tory Animal Science, and their diet and care were carried out 
under the routine control in the barrier system chambers in 
this department. Ethics committee approval was given for 
this study by the Istanbul University Animal Experiments Lo-
cal Ethics Committee (Decision No: 10.07.2017). We generated 
two groups of mouse; one group immunized with AChR and 
complete Freund’s adjuvant (CFA) (n=8), and the other group 
immunized using only CFA as a control group (n=7).

Induction of EAMG
The AChR protein we used in this study was purified by affinity 
chromatography from Torpedo Californica, and supplied by Dr. 

Premkumar Christadoss from Texas University. The purity of the 
protein before immunization was controlled using gel electro-
phoresis. Before the immunization procedure, propofol dilut-
ed with PBS (1:5) was administered intraperitoneally at 20 μl/g 
per mouse as an anesthetic. The basal weights of all animals 
before each immunization were recorded, and their weights 
were measured once a week until the mouse were sacrificed on 
the termination day. To mimic MG disease in 8 week old male 
C57Bl/6J (B6) mouse, a mixture of 40 µg of AChR protein (in 100 
µl phosphate buffer) and CFA containing 100 µg of Mycobac-
terium butyricum (100 µl) was prepared, and this 200 µl emul-
sion was injected subcutaneously into one side of the leg and 
shoulder on the day 0. The same protocol was applied to the 
control group with CFA-only immunized mouse. The mouse 
were monitored. All animals were immunized three times in 
four weeks. A small amount of blood was withdrawn from the 
tail vein of the mouse after each immunization, and antibod-
ies in the sera were detected using ELISA. Blood was collected 
from mouse 10 days after the last immunization, and the serum 
was stored at -80°C until used. 

ELISA
Serum samples were collected after the second and third im-
munizations, and Anti-AChR IgG antibody levels of AChR-im-
munized mouse and CFA-only immunized mouse were evalu-
ated by ELISA, using a previously described method (3).

RNA Isolation
RNA was isolated from lymph nodes using RNAzol®RT (MRC, 
Cincinnati, USA). RNA concentrations, and quality and quantity 
of all samples were measured by Thermo Scientific Nanodrop 
2000 at 260/280 and 260/230 wavelengths. RNAs were stored 
at -20°C prior to use.

cDNA Synthesis and qRT-PCR (Quantitative Real Time PCR)
cDNA synthesis was performed using commercial Jena Biosci-
ence script cDNA synthesis kit (Jena Bioscience, Jena, Germa-
ny), according to manufacturer’s instructions. 2 µl of extracted 
RNA reverse-transcribed into cDNA using reverse transcriptase 
in a final reaction volume of 20 μl, and amplified respectively 
for 1 hour at 50°C, 10 minutes at 42°C, 10 min at 70°C and 33 
min at 4°C using thermal cycler (Bio-Rad, California, USA).

qRT-PCR was performed to determine the expression levels of 
CASP1, IL-1β, NLRP3 (NLR family pyrin domain containing 3), 
P2X7R (P2X purinoceptor 7 receptor), and AKT1(RAC-alpha ser-
ine/threonine-protein kinase) genes using qPCR GreenMaster 
with UNG/lowROX kit (Jena Bioscience, Jena, Germany). Ampli-
fication was performed using the CFX Connect Real-Time PCR 
Detection System (Bio-Rad, California, USA). Data was normal-
ized to GADPH. The 2(-ΔΔCT) method was used for relative quan-
tification. Gene-specific primers for qRT-PCR were designed 
using NCBI Primer Blast tool, and synthesized as the sequences 
listed in Table 1.

Statistical Analysis
Antibody and gene expression levels were compared by stu-
dent’s t-test, and correlation analysis was done by Pearson test. 
p<0.05 was considered as statistical significant.
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RESULTS

ELISA results of Experimental Autoimmune Myasthenia 
Gravis Mouse Model 
The AChR IgG antibody levels were determined at two differ-
ent concentrations as 1/500 and 1/1000, respectively. These 
two concentrations were consistent. After the second and the 
third immunization, AChR IgG antibody levels were significant-
ly higher in the AChR-immunized group than in the control 
group for both dilutions (p=0.042) (Figure 1. a, b).

Expression Levels of CASP1, IL-1β, NLRP3, P2X7R and AKT1 
genes 
The expression of the IL-1β gene showed a statistically signifi-
cant difference between the experimental and control groups 
(Figure 2) (p=0.015). Nevertheless, CASP1, NLRP3, and P2X7R 
genes showed trends towards higher expression levels in the 
AChR-immunized mouse, whereas AKT1 gene expression levels 
were higher in the CFA group (Figure 3-6). 

There was no correlation between expression and antibody 
levels.

DISCUSSION

In this study, expression levels of CASP1, IL-1β, NLRP3, P2X7R, 
and AKT1 genes in EAMG were investigated for the first time to 
elucidate the role of inflammasome complexes in the patho-
genesis of MG.

The anti-AChR IgG antibody detection in the sera of the exper-
imental group immunized with AChR showed that we success-
fully induced the EAMG model in mouse. The mean value of 
serum acetylcholine IgG (AChR) in this experimental group was 
significantly higher than in the control group.

Many studies suggest the presence of a genetic relationship 
between autoimmune diseases and variations in genes encod-
ing inflammasome components. However, no such study has 
been conducted so far in MG disease. IL-1β is a pro-inflamma-
tory cytokine produced by activated macrophages, endothelial 
cells, B cells and fibroblasts. IL-1β elicits immune and inflamma-
tory response (8). The caspase-1 inhibitor significantly amelio-
rates the symptoms of the disease in the EAMG via the IL-1β 
and IL-17 pathway. This finding suggests that CASP1 fulfils an 
important role in the etiology of the disease (9).
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Table 1. The forward and reverse primer sequences used for qRT-PCR

Gene name Forward primer Reverse primer

AKT1 5’ TAGGCCCAGTCGCCCG 3’ 5’ AGGTGCCATCGTTCTTGAGG 3’

P2X7R 5’CCTAGGTGAGGGTTTGCTGT 3’ 5’GGTGTGCACGGAGCTGATAA 3’

CASP1 5’GGACCCTCAAGTTTTGCCCT 3’ 5’GCAAGACGTGTACGAGTGGT 3’

IL-1β 5’TGTCTTTCCCGTGGACCTTC 3’ 5’TCATATGGGTCCGACAGCAC 3’

NLRP3 5’TCCCAGACACTCATGTTGCC 3’, 5’GTCCAGTTCAGTGAGGCTCC  3’

GAPDH 5’AGCTACTCGCGGCTTTACG 3’ 5’AATCCGTTCACACCGACCTT 3’

Figure 1. a, b. The AChR IgG antibody levels measured by ELISA 

a b



Considering that the inflammasomes act by activating CASP1, 

which converts IL-1β to its active form, an increase in the ex-

pression of IL-1β and CASP1 is expected in EAMG. Consistently, 

the significant increase in the expression level of IL-1β (p=0.01) 

in EAMG compared to the control group indicates the impor-

tance of the inflammation response. Furthermore, we detected 

the increase in the levels of CASP1, NLRP3 and P2X7R; whereas 

decrease in the levels of Akt-1 in the EAMG model compared to 

the control group. There was no correlation between serum an-

tibody concentration and the expression levels of any gene that 

were used in this study. Unlike IL-1β, the increase in the genes of 

CASP1, NLRP3, and P2X7R did not attain statistical significance, 
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Figure 2. a, b. Comparison of expression levels of EAMG and control group for IL-1β gene (a). Gene profile and melting curves for IL-1β (b)

a

b

Figure 3. a, b. Comparison of expression levels of EAMG and control group for CASP1 gene (a). Gene profile and melting curves for CASP1 (b)

a

b



which may have occurred due to the low number of mouse 
included in our study. IL-1β activity is mainly mediated by four 
cellular signaling pathways. Three of these belong to the MAP 
kinase (MAPK) pathway. This pathway is mediated by three ma-
jor enzymes: c-Jun NH2-terminal kinase (JNK) 1/2 (jun kinases), 
38-kd protein kinases (p38) and (ERK) 1/2. The fourth signaling 
pathway that mediates IL-1β is the NF-κB pathway (10).

The fact that the expression levels of inflammasome complexes 
did not increase as much as IL-1β levels indicate the involve-
ment of other signaling pathways that activate this cytokine 

should be taken into account. Moreover, it is known that NF-κB 
signals regulate the immune response in MG disease, and the 
PI3K/Akt pathway activates these signals. The PI3K/Akt path-
way is important for up-regulation of P2X7R expression, which 
is known to activate caspase-1 (11). A study showed that P2X7R 
expression was increased in blood samples of MG patients 
which was consistent with our finding (12).

As it is well known, the Akt pathway plays a role in muscle 
physiology (13). In our study, AKT1 gene expression levels were 
decreased in the AChR-immunized group. One possible expla-
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Figure 4. a, b. Comparison of expression levels of EAMG and control group for P2X7R gene (a). Gene profile and melting curves for P2X7R (b)

a

b

Figure 5. a, b. Comparison of expression levels of EAMG and control group for NLRP3 gene (a) Gene profile and melting curves for NLRP3 (b)

a

b



nation for the decrease in AKT1 levels may be due to compen-
sation for the inflammation process. This study might highlight 
the significance of inflammasome complexes in the pathogen-
esis of MG, and shed light into other studies in this field.
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