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Abstract
Objective: Pathological alterations of the thymus are observed in the majority of
patients with myasthenia gravis (MG). To explore the potential mechanisms of these
alterations, we performed a transcriptome analysis and measured co-expression of
aberrant long non-coding RNAs (lncRNAs) and messenger RNAs (mRNAs).
Methods: RNA was extracted from eight patients with thymoma, five of whom had
MG. Transcriptome profiles were acquired through mRNA and lncRNA microarray anal-
ysis. Quantitative reverse transcription polymerase chain reaction was used to verify the
results of the microarray analysis. LncRNAs co-expressed with mRNA were analyzed with
Pearson’s coefficient. Next, cis-regulated and trans-regulated target genes were predicted.
The functions of aberrant lncRNAs were explored on the basis of Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of target mRNAs.
Results: The comparative microarray analysis identified 4360 lncRNAs and 2545
mRNAs with significant differential expression. The most significant GO enrichment
terms were phosphoric ester hydrolase activity, phosphatase activity, and hydrolase
activity, which were assigned as molecular functions. Regulation of endosome size was
the most significant GO enrichment term assigned as a biological process, and Golgi
apparatus was the most significant GO enrichment term assigned as cellular compo-
nent. The reliability prediction terms of KEGG included calcium signaling pathway,
glycosphingolipid biosynthesis, and caffeine metabolism.
Conclusion: MG-positive thymoma is associated with overactive biological processes
and molecular functions, especially dephosphorylation and hydrolysis, which may
affect thymocyte survival during selection in the thymus.
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INTRODUCTION

Myasthenia gravis (MG) is an autoimmune disease caused
by antibodies to acetylcholine receptor neuromuscular
transmission.1 Pathological alterations of the thymus are
observed in the majority of patients with MG, of which
thymomas constitute �10%–15%. Thymomas are common
anterior mediastinal tumors derived from thymic epithelial
cells, and it has been reported that 20% of thymomas are
accompanied by MG.2,3 However, the pathogenesis of MG
with thymoma is not clear. Increasing evidence suggests that

thymoma tissue can generate and export large numbers of
CD4+/CD8+ T cells, which potentially stimulate autoanti-
body production and are related to MG progression.4,5

However, the pathogenesis is still not clear.
Long non-coding RNAs (lncRNAs) are a type of RNA

molecule that consists of more than 200 nucleotides, which
contribute to various biological cascades.6,7 LncRNAs are
involved in certain autoimmune diseases,8 including MG.9–11

However, few studies have compared lncRNA expression in
patients with thymoma with and without MG. To explore the
potential mechanism of thymoma with MG, this study
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investigated transcriptome profiles in patients with thymoma
and MG [MG(+)] compared with patients with thymoma
without MG [MG(�)], and performed target prediction and
enrichment Gene Ontology (GO) analyses by calculating the
co-expression relationship of aberrant lncRNAs and messenger
RNAs (mRNAs).

METHODS

Ethics

The Institutional Review Board at BeijingTongren Hospital
approved this study, and all experiments were performed in
accordance with relevant guidelines and regulations.

Clinicopathological patient features

All patients were pathologically diagnosed with thymoma.
Patients were grouped into different subtypes according to
their pathological features (Table 1).

RNA extraction and microarray analysis

According to the manufacturer’s protocol, total RNA was
extracted from thymoma tissue using TRIzol reagent
(Invitrogen) and purified using the miRNeasy Mini Kit
(QIAGEN). Approximately 200 ng of total RNA from each
thymoma sample was used for lncRNA/mRNA microarray
analysis. LncRNA and mRNA expression was analyzed by
lncRNA + mRNA Human Gene Expression Microarray
V4.0 (CapitalBio Technology), which contained 40 916
lncRNAs and 34 235 mRNAs collected from almost all
authoritative databases, including Agilent_ncRNA, ncRNA
Expression Database, H-invDB, GencodeV13, NONCODE
v3.0, RefSeq, LNCipedia, UCR and UCSC_lncRNAs Tran-
scripts, and lncRNAdb. Microarray images were analyzed
and produced raw data using Agilent Feature Extraction
(Agilent Technologies). Further analysis of raw data was
performed using Agilent GeneSpring (Agilent Technolo-
gies). LncRNA/mRNA microarray experiments were

performed by CapitalBio Technology Corporation, Beijing,
People’s Republic of China.

LncRNA co-expression analysis and gene
function annotation

Hierarchical clustering was used to show the distinguishable
RNA expression patterns among samples, especially between
different groups. Significantly aberrant lncRNAs and mRNAs
were identified by Volcano plot filtering. GO and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathway analyses
were performed to annotate the functions of differentially
expressed mRNAs. With Pearson’s coefficient, the co-
expression relationship between lncRNAs and mRNAs was
shown by a coding-non-coding gene co-expression network.
Furthermore, cis-regulated and trans-regulated target genes
were predicted based on the co-expression analysis. Next, the
functions of aberrant lncRNAs were explored on the basis of
GO and KEGG pathway analyses of target mRNAs. These ana-
lyses were performed by CapitalBio Technology Corporation.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0
(IBM). LncRNA expression in verified samples is presented as
mean � standard deviation. Differences in lncRNA expression
between groups were compared using the paired-samples t-test.
Correlations between verified lncRNAs and clinicopathological
characteristics were determined using Spearman’s correlation
analysis. All p-values were two-sided, and a p-value of <0.05
was considered statistically significant.

RESULTS

Clinical information of samples for microarray
analysis

Eight thymoma samples were selected for microarray analy-
sis. The baseline characteristics of these samples are detailed
in Table 1.

T A B L E 1 Baseline characteristics

Sample Age (years) Sex MG WHO thymoma subtype Past disease

1 49 Female IIA AB None

2 37 Male IIB B2/B3 None

3 38 Female I AB None

4 69 Female IIB AB HTN/DM

5 69 Male I B1 HTN

6 52 Female None B2 None

7 63 Female None AB HTN

8 64 Male None B2 None

Abbreviations: DM, diabetes mellitus; HTN, hypertension; MG, myasthenia gravis; WHO, World Health Organization.
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Microarray analysis overview

The lncRNA and mRNA expression profiles were presented
in cluster and principal component analyses (Figure 1).

These data validated that the samples from different groups
were representative and appropriate for the experiment.
Furthermore, images from the lncRNA analysis showed bet-
ter concentricity, whereas images from the mRNA analysis

a b

c d

F I G U R E 1 Plots of microarray analysis data. Hierarchical cluster analysis plots of the expression of (a) long non-coding RNAs (lncRNAs) and
(b) messenger RNAs (mRNAs) in thymomas of patients with and without myasthenia gravis. Red denotes high relative expression, and green denotes low
relative expression. Each RNA is represented by a single row of colored boxes, and each sample is represented by a single column. The three-dimensional
principal component analysis plots for normalized data of (c) lncRNAs and (d) mRNAs, respectively, show good similarity among groups
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showed a degree of discreteness. Collectively, these findings
indicated that the results of the experiment were reliable.

The comparative microarray analysis identified 4360
lncRNAs and 2545 mRNAs with significant differential
expression (fold change ≥2.0, p < 0.05). Compared with MG
(�) specimens, 3699 lncRNAs and 1331 mRNAs were
upregulated, whereas 661 lncRNAs and 1214 mRNAs were
downregulated in MG(+) patients, respectively. The results
are presented in cluster and scatter plots (Figure 1).

Microarray analysis validation

To validate the disruption of lncRNA and mRNA expression
in MG(+) patients, we selected the top four upregulated
and downregulated lncRNAs and mRNAs, as well as four
terms with the closest relationship to phosphorylation/

dephosphorylation, for quantitative reverse transcription poly-
merase chain reaction. The expression of four lncRNAs
(XLOC_006297, ENSG000000218510.3, XLOC_007052, and
XLOC_002588) and four mRNAs (PRRSS56, PPP3R1,
DUSP26, and PLCG1) was consistent with the results of the
microarray analysis (Figure 2).

GO and pathway analyses of mRNAs

The GO analysis results showed that the main terms were bio-
logical processes in which dysregulated mRNAs were involved.
Some terms were in cellular components, and the fewest were
in molecular functions (Figure 3). Among the involved
biological processes (Figure 4(a)), lipid phosphorylation,
4-hydroxyproline metabolism, regulation of cell projection
organization, cellular component biogenesis, and cellular com-
ponent biogenesis were the five most significant processes
associated with dysregulated mRNAs. Among the cellular
components (Figure 4(b)), the troponin complex, striated
muscle thin filaments, and myofilaments were the three most
significant cellular components associated with dysregulated
mRNAs. Among molecular functions (Figure 4(c)), RNA
polymerase II-activating transcription factor binding, ferric
iron binding 3-galactosyl-N-acetylglucosaminide, and 4-alpha-
L-fucosyltransferase activity were the three most significant
molecular functions enriched by dysregulated mRNAs.

In the KEGG pathway analysis, among the top 30 signifi-
cantly enriched KEGG pathways, arginine biosynthesis,
glycosphingolipid biosynthesis, and sphingolipid metabo-
lism were the most significant pathways involved in the
pathogenesis of thymoma triggering MG and were associ-
ated with dysregulated mRNAs. The pathways that enriched
the most dysregulated mRNAs were the calcium signaling
pathway and purine metabolism (Figure 5).

LncRNA function annotation

To further understand the function of dysregulated
lncRNAs between MG(+) thymomas and MG(�)

F I G U R E 3 Degree of mRNA enrichment by function. The blue, green, and red bars represent gene ontology terms of biological processes, cellular
components, and molecular functions, respectively
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F I G U R E 2 Comparison of long non-coding RNA (lncRNA) and
messenger RNA (mRNA) expression in patients with thymoma with
myasthenia gravis [MG(+)] and patients with thymoma without MG [MG
(�)] by real-time polymerase chain reaction (PCR). The selected lncRNAs
and mRNAs were validated by real-time PCR of RNAs extracted from five
MG(+) thymomas and 3 MG(�) thymomas. Each sample was analyzed in
triplicate. Column heights represent mean fold changes in expression in the
MG(�) group. The real-time PCR results are consistent with
microarray data
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thymomas, a co-expression analysis was used to predict
target mRNAs. GO and KEGG pathway analyses were
used to annotate lncRNA function. According to p-values

and enrichment, there were a total of 30 GO
enrichment terms (Figure 6) and 30 KEGG pathway items
(Figure 7).

F I G U R E 4 Top 30 Gene Ontology terms for
differential messenger RNA (mRNA) genes between
myasthenia gravis (MG)-positive thymomas and MG-
negative thymomas. (a) Statistics of biological process
enrichment; (b) statistics of cellular component
enrichment; (c) statistics of molecular function
enrichment
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The most significant GO enrichment terms were phospho-
ric ester hydrolase activity (GO:0042578), phosphatase activity
(GO:0016791), and hydrolase activity (GO:0016788), which
were assigned as molecular functions (Figure 6(a)). All of these
terms were associated with catalytic activity (GO: 0003824).
Regulation of endosome size (GO: 0051036) and Golgi appara-
tus (GO:0005794) were the most significant GO enrichment
terms assigned as biological processes (Figure 6(b)) and cellular
components (Figure 6(c)), respectively. The reliability predic-
tion terms of KEGG pathways (Figure 7) included the calcium
signaling pathway (hsa04020), glycosphingolipid biosynthesis
(hsa00601), and caffeine metabolism (hsa00232). These results
from the GO and KEGG pathway analyses showed the likeli-
hood that lncRNAs regulate the balance between phosphoryla-
tion and dephosphorylation in MG(+) thymomas.

DISCUSSION

Thymoma is a common type of anterior mediastinal tumor.
It is sometimes detected in patients with paraneoplastic

syndromes, such as MG. Furthermore, most patients with
MG have an abnormal thymus, with �10%–15% having a
thymoma.12 Over the years, it has been suggested that
thymoma and MG are closely linked. Despite decades of
gene studies having been conducted to elucidate the patho-
genesis of MG triggered by thymoma, the results are incon-
sistent. This is largely because of differences in research
samples. The associations between MG and thymus were
mostly explored, by research on blood samples in the early
stage, such as peripheral blood mononuclear cells (PBMCs).
Camilla et al.13 first showed that the thymus exports excess
numbers of CD4+ and CD8+ T cells to peripheral blood in
patients with MG and thymoma. This research supported
the hypothesis that thymoma tissue itself can generate and
export mature, long-lived T cells and that these T cells
reflect the thymic pathology and are likely to be related to
the associated autoimmune diseases.

Using microarray assays of PBMCs from patients with
MG with or without thymoma, Luo et al.14 found that aber-
rant lncRNAs regulate the expression of inflammatory cyto-
kines. Upregulated mRNAs, such as interleukin (IL)-8,

F I G U R E 5 The top 30 significantly enriched Kyoto Encyclopedia of Genes And Genomes pathways of messenger mRNAs (mRNAs) according to p-
values and gene number. Arginine biosynthesis, glycosphingolipid biosynthesis, and sphingolipid metabolism were the most significant pathways associated
with dysregulated mRNAs. Pathways that enriched the most dysregulated mRNAs were the calcium signaling pathway and purine metabolism
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CXCL1, CXCL3, and CXCL5, were observed among the
oebiotech_11658, oebiotech_12721, oebiotech_21831,
oebiotech_11933, and oebiotech_22652 “cis” target genes.

Zhang et al.9 showed that lncRNA ENSG00000267280.1 and
lncRNA ENSG00000235138.1 are associated with regulation
of the inflammatory response and IL-1 production. The most

F I G U R E 6 Top 30 Gene Ontology
(GO) terms for the difference in messenger RNA
(mRNA) genes between myasthenia gravis (MG)-
positive thymomas and MG-negative thymomas.
The most significant GO enrichment terms were
phosphoric ester hydrolase activity, phosphatase
activity, and hydrolase activity. (a) Statistics of
biological process enrichment; (b) statistics of
cellular component enrichment; (c) statistics of
molecular function enrichment
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elevated lncRNA (XLOC 003810) in MG(+) thymoma
patients was proven to modulate thymic T helper 17 cell/
regulatory T cell balance.15

Because thymectomy is a major theme in the study of
MG, there are an increasing number of studies on
thymomas and thymuses in patients with MG. Comparing
MG+ thymomas with MG+ thymuses, several oncogenes,
including PLK5, HMGA2, and REG4, are notably
upregulated.16 Chemokines are rare aberrant genes in
patients with MG(+) thymoma. Scarpino et al.17 found that
CCL17, CCL22, and CCL19 are expressed significantly less
in MG(+) thymomas compared with MG(�) thymomas.
Using immunohistochemistry techniques, Zhang et al.18

showed CXCL13 overexpression only in generalized MG
patients with type AB thymoma compared with MG(�)
thymomas. In our previous research,19 we found that
inflammatory chemokines, such as PNISR, CCL25, NBPF14,
PIK3IP1, and RTCA, were significantly upregulated in MG
(+) thymomas compared with MG(�) thymomas.

Based on the results of existing research, the dysfunction
caused by thymoma was one of the pathogeny of par-
aneoplastic MG for thymoma patients. The results of blood
sampling mostly show abnormal chemokines and cytokines,
which may represent potential biomarkers for the diagnosis
of MG. Research comparing pathological thymoma with the
normal thymus mostly indicates the cause of thymoma
instead of the mechanism of paraneoplastic MG. In our
opinion, genome sequencing of MG(+) thymomas in

comparison with MG(�) thymomas may help explore the
direct relationship between thymoma and MG.

A large number of significantly anomalous lncRNAs and
mRNAs were identified in the present study. Interestingly,
differences were observed compared with other studies,
which illustrates the complexity of MG triggered by
thymoma. To verify the reliability of the microarray analysis,
we chose several terms for PCR verification, including
mRNAs and lncRNAs with the most obvious upregulation
and downregulation in the microarray analysis (PRRSS56,
PPP3R1, XLOC_006297, and ENSG000000218510.3), as
well as those with the closest relationship to phosphoryla-
tion/dephosphorylation in the GO analysis (DUSP26,
PLCG1, and XLOC_007052,XLOC_002588). The trends
captured were broadly portable, but the regulation range
was somewhat reduced.

The balance between phosphorylation and dephosphory-
lation, which is exerted by protein kinase and phosphatase,
plays an important role in signal transduction pathways
associated with protein–protein interactions.10 The Golgi
apparatus, which is the most important structure for protein
transport and modification, was the most significant GO
enrichment cellular component term.20 As previously men-
tioned, long-lived CD4+ and CD8+ T cells exported from
thymomas potentially stimulate autoantibody production
and subsequent MG.13 Coincidentally, phosphatases and
dephosphorylation are involved in the regulation of T cell
signaling and activation.3 Zheng et al.21 proved that protein

F I G U R E 7 The top 30 significantly enriched Kyoto Encyclopedia Of Genes And Genomes pathways of long non-coding RNAs (lncRNAs) according to
p-values and gene number. Calcium signaling was the most significant pathway associated with dysregulated lncRNA/messenger RNAs
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phosphatase 2A plays an essential role in promoting thymo-
cyte survival during selection. In the present study, the genes
involved in dephosphorylation, including PLCG, LKB1, and
DUSP26, among others, were regarded as key components
of positive thymocyte selection and are closely related with
subsequent autoimmune disease.10,22–24

In conclusion, the present findings confirm that lncRNA
and mRNA expression in MG(+) thymomas differ signifi-
cantly compared with MG(�) thymomas. The microarray
analysis showed that MG(+) thymomas are associated with
certain overactive biological processes and molecular func-
tions, especially dephosphorylation and hydrolysis. These
abnormalities, which eventually cause MG, may affect thy-
mocyte survival during selection through paracrine function.
Although this study only produced some primary results, it
does outline a potential mechanism for thymoma-
associated MG.

ACKNOWLEDGMENTS
This study has been supported by The National Natural Sci-
ence Foundation of China (81550004).

ORCID
Ji Ke https://orcid.org/0000-0002-1511-3564
Hui Li https://orcid.org/0000-0003-0103-1872

REFERENCES
1. Marx A, Pfister F, Schalke B, Saruhan-Direskeneli G, Melms A,

Ströbel P. The different roles of the thymus in the pathogenesis of the
various myasthenia gravis subtypes. Autoimmun Rev. 2013;12(9):875–
84. https://doi.org/10.1016/j.autrev.2013.03.007

2. Marx A, Willcox N, Leite MI, Chuang WY, Schalke B, Nix W, et al.
Thymoma and paraneoplastic myasthenia gravis. Autoimmunity.
2010;43(5–6):413–27. https://doi.org/10.3109/08916930903555935

3. Beeson D, Bond AP, Corlett L, Curnow SJ, Hill ME, Jacobson LW,
et al. Thymus, thymoma, and specific T cells in myasthenia gravis.
Ann N Y Acad Sci. 1998;841:371–87. https://doi.org/10.1111/j.1749-
6632.1998.tb10950.x

4. Ströbel P, Helmreich M, Menioudakis G, Lewin SR, Rüdiger T,
Bauer A, et al. Paraneoplastic myasthenia gravis correlates with gener-
ation of mature naive CD4(+) T cells in thymomas. Blood. 2002;
100(1):159–66. https://doi.org/10.1182/blood.v100.1.159

5. Koneczny I, Herbst R. Myasthenia gravis: pathogenic effects of auto-
antibodies on neuromuscular architecture. Cell. 2019;8(7):671–706.
https://doi.org/10.3390/cells8070671

6. Rinn JL, Chang HY. Genome regulation by long noncoding RNAs.
Annu Rev Biochem. 2012;81:145–66. https://doi.org/10.1146/annurev-
biochem-051410-092902

7. Deveson IW, Hardwick SA, Mercer TR, Mattick JS. The dimensions,
dynamics, and relevance of the mammalian noncoding transcriptome.
Trends Genet. 2017;33(7):464–78. https://doi.org/10.1016/j.tig.2017.
04.004

8. Heward JA, Lindsay MA. Long non-coding RNAs in the regulation of
the immune response. Trends Immunol. 2014;35(9):408–19. https://
doi.org/10.1016/j.it.2014.07.005

9. Zhang F, Liu G, Bu Y, Ma X, Hao J. Expression profile of long non-
coding RNAs and mRNAs in peripheral blood mononuclear cells
from myasthenia gravis patients. J Neuroimmunol. 2016;299:124–9.
https://doi.org/10.1016/j.jneuroim.2016.09.005

10. Aricha R, Feferman T, Souroujon MC, Fuchs S. Overexpression of
phosphodiesterases in experimental autoimmune myasthenia gravis:
suppression of disease by a phosphodiesterase inhibitor. FASEB J.
2006;20(2):374–6. https://doi.org/10.1096/fj.05-4909fje

11. Hu B, Niu L, Jiang Z, Xu S, Hu Y, Cao K. LncRNA XLOC_003810
promotes T cell activation and inhibits PD-1/PD-L1 expression in
patients with myasthenia gravis-related thymoma. Scand J Immunol.
2020;92(1):e12886. https://doi.org/10.1111/sji.12886

12. Mollaeian A, Haas C. A tale of autoimmunity: thymoma, thymectomy,
and systemic lupus erythematosus. Clin Rheumatol. 2020;39(7):2227–
34. https://doi.org/10.1007/s10067-020-05061-z

13. Buckley C, Douek D, Newsom-Davis J, Vincent A, Willcox N. Mature,
long-lived CD4+ and CD8+ T cells are generated by the thymoma in
myasthenia gravis. Ann Neurol. 2001;50(1):64–72. https://doi.org/10.
1002/ana.1017

14. Luo Z, Li Y, Liu X, et al. Systems biology of myasthenia gravis, inte-
gration of aberrant lncRNA and mRNA expression changes. BMC
Med Genomics. 2015;8:13. https://doi.org/10.1186/s12920-015-0087-z

15. Niu L, Jiang J, Yin Y, Luo M, Xu L, Luo Y, et al. LncRNA
XLOC_003810 modulates thymic Th17/Treg balance in myasthenia
gravis with thymoma. Clin Exp Pharmacol Physiol. 2020;47(6):989–
96. https://doi.org/10.1111/1440-1681.13280

16. Meng FJ, Wang S, Zhang J, Yan YJ, Wang CY, Yang CR, et al. Alter-
ation in gene expression profiles of thymoma: genetic differences and
potential novel targets. Thorac Cancer. 2019;10(5):1129–35. https://
doi.org/10.1111/1759-7714.13053

17. Scarpino S, Di Napoli A, Stoppacciaro A, Antonelli M, Pilozzi E,
Chiarle R, et al. Expression of autoimmune regulator gene (AIRE) and
T regulatory cells in human thymomas. Clin Exp Immunol. 2007;
149(3):504–12. https://doi.org/10.1111/j.1365-2249.2007.03442.x

18. Zhang M, Guo J, Li H, Zhou Y, Tian F, Gong L, et al. Expression of
immune molecules CD25 and CXCL13 correlated with clinical sever-
ity of myasthenia gravis. J Mol Neurosci. 2013;50(2):317–23. https://
doi.org/10.1007/s12031-013-9976-9

19. Yu L, Ke J, Du X, et al. Genetic characterization of thymoma. Sci Rep.
2019;9(1):2369. https://doi.org/10.1038/s41598-019-38878-z

20. Torossi T, Guhl B, Roth J, Ziak M. Endomannosidase undergoes
phosphorylation in the Golgi apparatus. Glycobiology. 2010;20(1):55–
61. https://doi.org/10.1093/glycob/cwp142

21. Zheng M, Li D, Zhao Z, Shytikov D, Xu Q, Jin X, et al. Protein phos-
phatase 2A has an essential role in promoting thymocyte survival dur-
ing selection. Proc Natl Acad Sci U S A. 2019;116(25):12422–7.
https://doi.org/10.1073/pnas.1821116116

22. Faber-Elmann A, Paas-Rozner M, Sela M, et al. Altered peptide
ligands act as partial agonists by inhibiting phospholipase C activity
induced by myasthenogenic T cell epitopes. Proc Natl Acad Sci U S A.
1998;95(24):14320–5. https://doi.org/10.1073/pnas.95.24.14320

23. Lang R, FAM R. Dual-specificity phosphatases in immunity and infec-
tion: an update. Int J Mol Sci. 2019;20(11):2710–2736. https://doi.org/
10.3390/ijms20112710

24. Tanzola MB, Kersh GJ. The dual specificity phosphatase trans-
criptome of the murine thymus. Mol Immunol. 2006;43(6):754–62.
https://doi.org/10.1016/j.molimm.2005.03.006

How to cite this article: Ke J, Du X, Cui J, Yu L,
Li H. LncRNA and mRNA expression associated with
myasthenia gravis in patients with thymoma. Thorac
Cancer. 2022;13:15–23. https://doi.org/10.
1111/1759-7714.14201

KE ET AL. 23

https://orcid.org/0000-0002-1511-3564
https://orcid.org/0000-0002-1511-3564
https://orcid.org/0000-0003-0103-1872
https://orcid.org/0000-0003-0103-1872
https://doi.org/10.1016/j.autrev.2013.03.007
https://doi.org/10.3109/08916930903555935
https://doi.org/10.1111/j.1749-6632.1998.tb10950.x
https://doi.org/10.1111/j.1749-6632.1998.tb10950.x
https://doi.org/10.1182/blood.v100.1.159
https://doi.org/10.3390/cells8070671
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1016/j.tig.2017.04.004
https://doi.org/10.1016/j.tig.2017.04.004
https://doi.org/10.1016/j.it.2014.07.005
https://doi.org/10.1016/j.it.2014.07.005
https://doi.org/10.1016/j.jneuroim.2016.09.005
https://doi.org/10.1096/fj.05-4909fje
https://doi.org/10.1111/sji.12886
https://doi.org/10.1007/s10067-020-05061-z
https://doi.org/10.1002/ana.1017
https://doi.org/10.1002/ana.1017
https://doi.org/10.1186/s12920-015-0087-z
https://doi.org/10.1111/1440-1681.13280
https://doi.org/10.1111/1759-7714.13053
https://doi.org/10.1111/1759-7714.13053
https://doi.org/10.1111/j.1365-2249.2007.03442.x
https://doi.org/10.1007/s12031-013-9976-9
https://doi.org/10.1007/s12031-013-9976-9
https://doi.org/10.1038/s41598-019-38878-z
https://doi.org/10.1093/glycob/cwp142
https://doi.org/10.1073/pnas.1821116116
https://doi.org/10.1073/pnas.95.24.14320
https://doi.org/10.3390/ijms20112710
https://doi.org/10.3390/ijms20112710
https://doi.org/10.1016/j.molimm.2005.03.006
https://doi.org/10.1111/1759-7714.14201
https://doi.org/10.1111/1759-7714.14201

	LncRNA and mRNA expression associated with myasthenia gravis in patients with thymoma
	INTRODUCTION
	METHODS
	Ethics
	Clinicopathological patient features
	RNA extraction and microarray analysis
	LncRNA co-expression analysis and gene function annotation
	Statistical analysis

	RESULTS
	Clinical information of samples for microarray analysis
	Microarray analysis overview
	Microarray analysis validation
	GO and pathway analyses of mRNAs
	LncRNA function annotation

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


