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Identification of the Risk Genes of Myasthenia Gravis*

SUN Xue-song, WANG Ning, LI Jie, WANG Na, WANG Jian-jian, WANG Li-hua *
(Department of neurology, The second affiliated hospital of Harbin medical university, Harbin, Heilongjiang, 150081, China)

ABSTRACT Objective: To explore the possible risk genes of myasthenia gravis. Methods: In this study, the risk genes of
myasthenia gravis were collected by artificial digging in the PubMed database. The myasthenia gravis risk genes number were obtained
from the Gene database to express the gene or its corresponding protein. KEGG pathway enrichment analysis of myasthenia gravis risk
genes were carried out by using gene functional analysis software DAVID (http://david.abcc.nciferf.gov/), and the risk genes of
myasthenia gravis was explored, and then any two pathways were analyzed. The MG risk gene were functionally annotated with the gene
functional analysis software DAVID gene Ontology. P<0.01 was used to determine whether the note has significant significance. Results:
(1) In this study, 97 risk genes of myasthenia gravis were excavated. KEGG gene enrichment analysis was used to screen out 44 channels
which were related to myasthenia gravis, including a variety of autoimmune diseases related pathways, signal transduction Pathways,
tumor-related pathways, antigen processing pathways and so on. (2) Correlation analysis of these 44 risk pathways was conducted, we
found that there is a correlation between the two pathways. Conclusion: A total of 44 myasthenia gravis risk pathways and 8 myasthenia
gravis risk genes were identified: NF-kB, TNFR, MEK, AP-1, Raf, MEK1/2, MSK1, TAPBP. MEK appeared simultaneously in multiple
risk pathways, which is taking intohaving a higher risk of myasthenia gravis.
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Table 1 Risk genes of Myasthenia gravis

Gene Gene ID Reference Gene Gene ID Reference
ERBB4 2066 21168922 FCGR3B 2215 9521619
MYC 4609 11282171 TAP2 6891 9062975
MAX 4149 11282171 IL-4 3565 8182116
ACHE 43 17272501 10809941
CCL21 6366 19847900 CNTFR 1271 11694333
CCLI19 6363 19847900 IP-10/CXCL10 3627 15843529
LGALSS 3964 22683700 CXCR3 2833 15843529
MAPK1 5594 16272363 ESR1 2099 15661863
MAP3K1 4214 16272363 PRSS16 10279 15592422
MAP3K3 4215 16272363 TRB@ ( sjTREC) 6957 14592884
MAP3K4 4216 16272363 MMP2 4313 21212676
MAP3K11 4296 16272363 MMP9 4318 21212676
BRAF 673 16272363 MMP3 4314 18262287
NRAS 4893 16272363
HRAS 3265 16272363 KCNA4 3739 16182377
KRAS 3845 16272363 TNFSF13B 10673 18852352
DUSPI 1843 16272363
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Table 1 Risk genes of Myasthenia gravis

Gene Gene ID Reference Gene Gene ID Reference
IL6 3569 16272363 AGER 177 22405771
CCLs 6352 16272363 NGF 4803 15763921
GZMB 3002 18675462 IGF1 3479 18254780
HLA-A 3105 15301866 IGFIR 3480 18254780
14700596 TFRC 7037 11706095

19278738 Bcl-2 596 8619530

19490212 9130628

HLA-B 3106 15301866 11574213
14700596 BAX 581 11574213

19490212 MKI67 4288 11574213

HLA-C 3107 14700596 1L18 3606 12136075
HLA-DQA1 3117 14700596 CTLA-4 1493 16178018
21917268 18088253

HLA-DQBI1 3119 14700596 CHRNA1 1134 17687331
21917268 CHRNBI 1140 9649579

HLA-DRBI1 3123 19490212 CHRND 1144 14735155
IL32 9235 21487807 CHRNE 1145 9649579
TNFRSF4 7293 16367941 CTSL2 1515 17869649
CD55 1604 19675582 FCGR2A 2212 14597109
1L2 3558 12646760 18071035
IL17A 3605 21755509 APOE 348 20644276
TLR4 7099 15972959 ADRB2 154 10606977
CXCL13 10563 20223524 10606977
TNF 7124 18071035 IFNG 3458 17509455
PTPN22 26191 16437561 IL-10 3586 1929902
18533277 18071035
19693092 IL-1A 3552 11777547
19406179 IL2RB 3560 20728947
TGFBI 7040 22458981 IL4AR 3566 22119518
ILIB 3553 9521608 LGALS1 3956 20728947
ENOX1 55068 22744667 HSP90B1 7184 21774995
TNFRSFI1A 8792 4856525 CA3 761 19301202
NFATS 10725 5090074 IL-12B 3593 18054287
CAMTAI1 23261 5090074 ILI12A 3592 18054287
CXCRS 643 5466736 TNIP1 10318 23055271
GM-CSF1 (CSF2) 1437 4761502 STAT4 6775 23055271
RYR3 6263 3990093 IKZF1 10320 23055271
CD226 10666 23055271 IRF5 3663 23055271
PTTG1 9232 23055271 NKX2-3 159296 23055271
FOXP3 50943 23228687 ORMDL3 94103 23055271
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Table 2 Risk pathways of Myasthenia gravis

Category Term P-Value FDR
KEGG_PATHWAY Inflammatory bowel disease (IBD) 9.50E-23 1.10E-19
KEGG_PATHWAY Cytokine-cytokine receptor interaction 1.40E-19 1.70E-16
KEGG_PATHWAY Rheumatoid arthritis 6.30E-17 1.30E-13
KEGG_PATHWAY Allograft rejection 6.80E-17 1.30E-13
KEGG_PATHWAY Type I diabetes mellitus 4.70E-16 5.30E-13
KEGG_PATHWAY Graft-versus-host disease 7.10E-16 8.00E-13
KEGG_PATHWAY Leishmaniasis 1.20E-15 1.50E-12
KEGG_PATHWAY Tuberculosis 8.50E-13 1.00E-09
KEGG_PATHWAY HTLV-I infection 5.00E-11 6.10E-08
KEGG_PATHWAY Autoimmune thyroid disease 2.60E-10 3.10E-07
KEGG_PATHWAY MAPK signaling pathway 3.20E-09 3.90E-06
KEGG_PATHWAY Proteoglycans in cancer 6.30E-09 7.50E-06
KEGG_PATHWAY Hepatitis B 8.40E-09 1.00E-05
KEGG_PATHWAY Influenza A 8.70E-09 1.00E-05
KEGG_PATHWAY Chagas disease (American trypanosomiasis) 2.30E-08 2.80E-05
KEGG PATHWAY Intestinal immune network for IgA 4.90E.08 5 90E.05

production
KEGG_PATHWAY Malaria 6.90E-08 8.30E-05
KEGG_PATHWAY African trypanosomiasis 7.20E-08 8.60E-05
KEGG_PATHWAY Jak-STAT signaling pathway 8.20E-08 9.80E-05
KEGG_PATHWAY Toxoplasmosis 8.70E-08 1.10E-04
KEGG_PATHWAY Herpes simplex infection 1.40E-07 1.70E-04
KEGG_PATHWAY T cell receptor signaling pathway 2.40E-07 2.90E-04
KEGG_PATHWAY Bladder cancer 3.50E-07 4.20E-04
KEGG_PATHWAY Hematopoietic cell lineage 4.80E-07 5.70E-04
KEGG_PATHWAY Pertussis 2.00E-06 2.50E-03
KEGG_PATHWAY Antigen processing and presentation 2.30E-06 2.70E-03
KEGG_PATHWAY Measles 2.60E-06 3.10E-03
KEGG_PATHWAY Toll-like receptor signaling pathway 3.10E-06 3.80E-03
KEGG_PATHWAY Amoebiasis 3.10E-06 3.80E-03
KEGG_PATHWAY Prostate cancer 6.90E-06 8.30E-03
KEGG_PATHWAY PI3K-Akt signaling pathway 7.50E-06 9.00E-03
KEGG_PATHWAY Chemokine signaling pathway 8.30E-06 1.00E-02
KEGG_PATHWAY Neurotrophin signaling pathway 8.80E-06 1.10E-02
KEGG_PATHWAY GnRH signaling pathway 8.90E-06 1.10E-02
KEGG_PATHWAY Phagosome 9.20E-06 1.10E-02
KEGG_PATHWAY Natural killer cell mediated cytotoxicity 1.00E-05 1.20E-02
KEGG_PATHWAY Thyroid cancer 1.80E-05 2.10E-02
KEGG_PATHWAY Asthma 2.10E-05 2.50E-02
KEGG_PATHWAY FoxO signaling pathway 2.10E-05 2.60E-02
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Table 2 Risk pathways of Myasthenia gravis

Category Term P-Value FDR
KEGG_PATHWAY TNF signaling pathway 2.70E-05 3.30E-02
KEGG_PATHWAY Legionellosis 3.30E-05 4.00E-02
KEGG_PATHWAY Prion diseases 3.40E-05 4.10E-02
KEGG_PATHWAY Pathways in cancer 3.60E-05 4.30E-02
KEGG_PATHWAY NOD-like receptor signaling pathway 3.70E-05 4.40E-02
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