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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 (IncRNAs) 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 IncRNA 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 IncRNAs 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 IncRNAs 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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thymoma tissue can generate and export large numbers of
CD4"/CD8" T cells, which potentially stimulate autoanti-

Myasthenia gravis (MG) is an autoimmune disease caused
by antibodies to acetylcholine receptor neuromuscular
transmission.' 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.>* However, the pathogenesis of MG
with thymoma is not clear. Increasing evidence suggests that

body production and are related to MG progression.*®
However, the pathogenesis is still not clear.

Long non-coding RNAs (IncRNAs) are a type of RNA
molecule that consists of more than 200 nucleotides, which
contribute to various biological cascades.”” LncRNAs are
involved in certain autoimmune diseases,® including MG.”™"'
However, few studies have compared IncRNA 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 IncRNAs 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 IncRNA/mRNA microarray
analysis. LncRNA and mRNA expression was analyzed by
IncRNA + mRNA Human Gene Expression Microarray
V4.0 (CapitalBio Technology), which contained 40 916
IncRNAs 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_IncRNAs Tran-
scripts, and IncRNAdb. 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

TABLE 1 Baseline characteristics

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 IncRNAs 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
expresssd mRNAs. With Pearson’s coefficient, the co-
expression relationship between IncRNAs 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 IncRNAs 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 IncRNA expression
between groups were compared using the paired-samples ¢-test.
Correlations between verified IncRNAs 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.

Sample Age (years) Sex MG WHO thymoma subtype Past disease
1 49 Female IIA AB None

2 37 Male 1B B2/B3 None

3 38 Female I AB None

4 69 Female 1B 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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Plots of microarray analysis data. Hierarchical cluster analysis plots of the expression of (a) long non-coding RNAs (IncRNAs) and
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(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) IncRNAs and (d) mRNAs, respectively, show good similarity among groups

Microarray analysis overview

The IncRNA 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 IncRNA analysis showed bet-

ter concentricity, whereas images from the mRNA analysis
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FIGURE 2 Comparison of long non-coding RNA (IncRNA) 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 IncRNAs
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

showed a degree of discreteness. Collectively, these findings
indicated that the results of the experiment were reliable.

The comparative microarray analysis identified 4360
IncRNAs and 2545 mRNAs with significant differential
expression (fold change >2.0, p < 0.05). Compared with MG
(=) specimens, 3699 IncRNAs and 1331 mRNAs were
upregulated, whereas 661 IncRNAs 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 IncRNA and mRNA expression
in MG(+) patients, we selected the top four upregulated
and downregulated IncRNAs 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 IncRNAs
(XLOC_006297, ENSG000000218510.3, XLOC_007052, and
XLOC_002588) and four mRNAs (PRRSS56, PPP3RI,
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
IncRNAs between MG(+4) thymomas and MG(—)

GO-Standard

FIGURE 3
components, and molecular functions, respectively
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Degree of mRNA enrichment by function. The blue, green, and red bars represent gene ontology terms of biological processes, cellular
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FIGURE 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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positive regulation of cell migration involved in sprouting angiogenesis | GO:0030050

regulation of killing of cells of other organism | GO:0051709
4-hydroxyproline metabolic process | GO:0019471
lipid phosphorylation | GO:0046834

regulation of cellular component biogenesis | GO:0044087 [ ]

regulation of cell projection organization | GO:0031344
TORCH signaling | GO:0038202
regulation of TORC1 signaling | GO:1903432
synaptic vesicle exocytosis | GO:0016079
regulation of synapse maturation | GO:0090128
response to zinc ion | GO:0010043
prostaglandin transport | GO:0015732
cell projection organization | GO:0030030
phosphatidylinositol phosphorylation | GO:0046854
positive regulation of GTPase activity | GO:0043547
positive regulation of cell cycle | GO:0045787
establishment of vesicle localization | GO:0051650
positive regulation of killing of cells of other organism | GO:0051712
regulation of lipid kinase activity | GO:0043550
positive regulation of synapse maturation | GO:0090129
prostaglandin secretion | GO:0032310
tolllike receptor 3 signaling pathway | GO:0034138
regulation of tyrosine phosphorylation of Statf protein | GO:0042510
sphingolipid metabolic process | GO:0006665
Rac protein signal transduction | GO:0016601 [ ]

posiive regulation of molecular function | G0:0044093 | (@)
regulation of Cdc42 protein signal transduction | GO:0032489 @
regulation of Rac protein signal transduction | GO:00350201 @
actin-myosin filament sliding | GO:0033275
muscle filament sliding | GO:0030049
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Statistics of Cellular_Component Enrichment

troponin complex | GO:0005861 4

striated muscle thin filament | GO:0005865 4
myofilament | GO:0036379 -

axoneme part | GO:0044447 -

nuclear pore cytoplasmic filaments | GO:0044614 4
host intracellular organelle | GO:0033647 -

host intracellular membrane-bounded organelle | GO:0033648 -
host cell part | GO:0033643 4

presynapse | GO:0098793 -

host cell nucleus | GO:0042025

TCR signalosome | GO:0036398 -

myofibril | GO:0030016 4
contractile fiber | GO:0043292 4§

nuclear membrane part | GO:0044453
male germ cell nucleus | GO:0001673 4
terminal bouton | GO:0043195 <

intracellular region of host | GO:0043656 -
cell tip | GO:0051286 -

host intracellular part | GO:0033646 4
smooth endoplasmic reticulum | GO:0005790 4
cytoplasmic dynein complex | GO:0005868 4
sarcomere | GO:0030017 4

contractile fiber part | GO:0044449 4

other organism | GO:0044215 4

other organism part | GO:0044217 +

d nuclear ch e, ic region | GO:0000780 4
other organism cell | GO:0044216 4

BAF-type complex | GO:0090544 -

microtubule organizing center attachment site | GO:0034992 -
LINC complex | GO:0034993 4
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Statistics of Molecular_Function Enrichment

RNA polymerase ll activating transcription factor binding | GO:0001102
activating transcription factor binding | GO:0033613

ferriciron binding | GO:0008199

activity | GO:0017060
tropomyosin binding | GO:0005523

type 3 melanocortin receptor binding | GO:0031781

troponin T binding | GO:0031014

tetrahydrobiopterin binding | GO:0034617

type 4 melanocortin receptor binding | GO:0031782

melanocortin receptor binding | GO:0031779

sequence-specific DNA binding transcription factor activity | GO:0003700
nucleic acid binding transcription factor activity | GO:0001071
alpha-(1->3)ucosyliransferase activity | GO:0046920

ransferrin receptor binding | GO:1990459

fucosylransferase activity | GO:0008417

purinergic receptor activity | GO:0035586

sequence-specific DNA binding RNA polymerase Il ranscription factor activity | GO:0000981

haptoglobin binding | GO:0031720
ceramide kinase activity | GO:0001729
oligopeptidase activity | GO:0070012
acetyltransferase activator activity | GO:0010698
pre-mRNA 5splice site binding | GO:0030627

RNA polymerase ll core promoter proximal region sequence-specific DNA binding transcription factor activity | GO:0000982

thymomas, a co-expression analysis was used to predict
target mRNAs. GO and KEGG pathway analyses were
used to annotate IncRNA function. According to p-values

type | transforming growth factor beta receptor binding | GO:0034713
troponin | binding | GO:0031013

sphingomyelin phosphodiesterase activity | GO:0004767

arginine binding | GO:0034618
transporter acivity | GO:0015347
kinase acfivator activity | GO:0019209
protein kinase activator activity | GO:0030295

and enrichment, there

(Figure 7).
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Statistics of KEGG_PATHWAY Enrichment

Arginine biosynthesis | hsa00220 -

Glycosphingolipid biosynthesis — lacto and neolacto series | hsa00601 -
@ @Sphingolipid metabolism | hsa00600 -

Renal cell carcinoma | hsa05211 o

Mineral absorption | hsa04978

Morphine addiction | hsa05032 -

Calcium signaling pathway | hsa04020 -

Arginine and proline metabolism | hsa00330 -

HIF-1 signaling pathway | hsa04066 -

Pantothenate and CoA biosynthesis | hsa00770 4
Intestinal immune network for IgA production | hsa04672 A
D-Arginine and D-ornithine metabolism | hsa00472 -

@ @Purine metabolism | hsa00230 -

RNA polymerase | hsa03020 -

Rheumatoid arthritis | hsa05323 4

Hematopoietic cell lineage | hsa04640

ErbB signaling pathway | hsa04012 |

Term

T cell receptor signaling pathway | hsa04660 -

Inflammatory mediator regulation of TRP channels | hsa04750 o
mRNA surveillance pathway | hsa03015 -

Autoimmune thyroid disease | hsa05320 4

Fat digestion and absorption | hsa04975

Leukocyte transendothelial migration | hsa04670
Glycosylphosphatidylinositol(GPI)-anchor biosynthesis | hsa00563 A
Pancreatic secretion | hsa04972 -

Ribosome biogenesis in eukaryotes | hsa03008 -
Phototransduction | hsa04744 4

Ether lipid metabolism | hsa00565 -

@ @Inositol phosphate metabolism | hsa00562 A

Dilated cardiomyopathy | hsa05414 -

pValue
0.3
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0.1
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® 5
@ 0
® s
@
[ EE

FIGURE 5
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Rich Factor

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

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 IncRNAs 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.'” 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."? 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.'* found that aber-
rant IncRNAs regulate the expression of inflammatory cyto-
kines. Upregulated mRNAs, such as interleukin (IL)-8,
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FIGURE 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

Term

positive transcription elongation factor complex b | GO:0008024 .

Golgi apparatus | GO:0005794
nuclear MIS12/MIND complex | GO:0000818
pseudopodium | GO:0031143

contractile actin filament bundle | GO:0097517
actin filament bundle | GO:0032432
MPP7-DLG1-LIN7 complex | GO:0097025 .

lamellipodium | GO:0030027
Golgi membrane | GO:0000139
Golgi cisterna membrane | GO:0032580 °
ribonucleoside-diphosphate reductase complex | GO:0005971 .
interleukin-28 receptor complex | GO:0032002 .
perichromatin fibrils | GO:0005726 .
ESCRT-0 complex | GO:0033565 .
Golgi apparatus part | GO:0044431 1
Rab-protein geranylgeranyltransferase complex | GO:0005968 .
retromer complex, outer shell | GO:0030905 .
septin complex | GO:0031105
CORVET complex | GO:0033263
MIS12/MIND type complex | GO:0000444
periciliary membrane compartment | GO:1990075
septin cytoskeleton | GO:0032156
tubular endosome | GO:0097422
Golgi cisterna | GO:0031985
early endosome | GO:0005769
Golgi subcompartment | GO:0098791
condensed chromosome kinetochore | GO:0000777

Statistics of Cellular_Component Enrichment

-

stress fiber | GO:0001725

GeneNumber
! L)
e ® 0
® s
@
[ ES

actomyosin | GO:0042641 °

pValue
0.05

0.04
1 0.03
. 0.02
0.01

e e o 0 0 e

ruffle | GO:0001726

60
Rich Factor

90

Statistics of Biological_Process Enrichment

regulation of endosome size | GO:0051036 °
positive regulation of defense response to bacterium | GO:1900426
positive regulation of Ras protein signal transduction | GO:0046579 ®
regulation of defense response to bacterium | GO:1900424
lactate metabolic process | GO:0006089 °
kinetochore assembly | GO:0051382
dephosphorylation | GO:0016311
positive regulation of small GTPase mediated signal transduction | GO:0051057 pValue
epidermal growth factor receptor signaling pathway | GO:0007173
positive regulation of response to biotic stimulus | GO:0002833 0.0075
regulation of response to biotic stimulus | GO:0002831
endosomal transport | GO:0016197 - 0.0050
kinetochore organization | GO:0051383 |
toll-ike receptor 3 signaling pathway | GO:0034138 0.0025
€ negative regulation of vasculogenesis | GO:2001213 .
° regulation of neutrophil mediated killing of symbiont cell | GO:0070949 .
posilive regulation of neurophil mediated kiling of gram-negative bacterium | GO:0070963 . GeneNumber
negative regulation of interleukin-3 production | GO:0032712 .
positive regulation of neutrophil mediated killing of bacterium | GO:0070962 . ® 25
negative regulation of constitutive secretory pathway | GO:1903434 . @ 50
regulation of neutrophil mediated cytotoxicity | GO:0070948 .
N-acetylneuraminate biosynthetic process | GO:0046380 . @75
regulation of VCP-NPL4-UFD1 AAA ATPase complex assembly | GO:1904239 . . 10.0
negative regulation of immune response to tumor cell | GO:0002838 .
negative regulation of VCP-NPL4-UFD1 AAA ATPase complex assembly | GO:1904240 .
negative regulation of natural killer cell mediated immune response to tumor cell | GO:0002856 .
negative regulation of natural killer cell mediated cytotoxicity directed against tumor cell target | GO:0002859 .
positive regulation of protein glycosylation in Golgi | GO:0090284 .
regulation of neutrophil mediated killing of bacterium | GO:0070950 .
negative regulation of granulocyte colony-stimulating factor production | GO:0071656 .
0 30 60 90
Rich Factor

Ran guanyl-nucleotide exchange factor activity | GO:0005087 °

oxidoreductase activity, acting on CH or CH2 groups | GO:0016725

Rac guanyl-nucleotide exchange factor activity | GO:0030676

translation factor activity, non-nucleic acid binding | GO:0045183 .

Term

oxidoreductase activity, acting on CH or CH2 groups, oxygen as acceptor | GO:0016727 .

oxidoreductase activity, acting on CH or CH2 groups, NAD or NADP as acceptor | GO:0016726 .

CXCL1, CXCL3,
oebiotech_11658,
oebiotech_11933,

and CXCL5, were observed among the
oebiotech_12721, oebiotech_21831,
and oebiotech_22652 “cis” target genes.

Statistics of Molecular_Function Enrichment

8

phosphoric ester hydrolase activity | GO:0042578
phosphatase activity | GO:0016791
hydrolase activity, acting on ester bonds | GO:0016788

alpha-(1->3)-fucosyltransferase activity | GO:0046920
muscle alpha-actinin binding | GO:0051371

GeneNumber

® 4

@®s

@ 2

[ 30

phosphoprotein phosphatase activity | GO:0004721
fucosyltransferase activity | GO:0008417

filamin binding | GO:0031005

triphosphatase activity | GO:0050355 .

mRNA guanylyltransferase activity | GO:0004484 .
N-acylneuraminate-9-phosphatase activity | GO:0050124 .
phytoceramidase activity | GO:0070774 .

xanthine oxidase activity | GO:0004855 .
myosin-light-chain-phosphatase activity | GO:0050115 .

pValue

0.015

alpha-actinin binding | GO:0051393 0.010
myosin binding | GO:0017022 ° |

NAD+ ADP-ribosyltransferase activity | GO:0003950 L] 0.005
xanthine dehydrogenase activity | GO:0004854 . ]

protein-disulfide reductase activity | GO:0047134 .

ceramide kinase activity | GO:0001729 .

glyoxalase Ill activity | GO:0019172 .

3R-hydroxyacyl-CoA dehydratase activity | GO:0080023 .
polynucleotide 5'-phosphatase activity | GO:0004651 .
neuromedin U receptor activity | GO:0001607 .

60
Rich Factor

Zhang et al.” showed that IncRNA ENSG00000267280.1 and
IncRNA ENSG00000235138.1 are associated with regulation
of the inflammatory response and IL-1 production. The most
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Statistics of KEGG_PATHWAY Enrichment

Calcium signaling pathway | hsa04020 ‘

Glycosphingolipid biosynthesis - lacto and neolacto series | hsa00601 4
Caffeine metabolism | hsa00232 -

Inflammatory mediator regulation of TRP channels | hsa04750 -
Vasopressin-regulated water reabsorption | hsa04962

Ether lipid metabolism | hsa00565

Phosphatidylinositol signaling system | hsa04070 -
@@Sphingolipid metabolism | hsa00600

@@Purine metabolism | hsa00230 4

Vascular smooth muscle contraction | hsa04270

p53 signaling pathway | hsa04115

Ubiquitin mediated proteolysis | hsa04120

@@Inositol phosphate metabolism | hsa00562 -

Pantothenate and CoA biosynthesis | hsa00770 4

Jak-STAT signaling pathway | hsa04630 - .

Taste transduction | hsa04742 4

Biosynthesis of unsaturated fatty acids | hsa01040 - °

Term

NF-kappa B signaling pathway | hsa04064 4
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FIGURE 7 The top 30 significantly enriched Kyoto Encyclopedia Of Genes And Genomes pathways of long non-coding RNAs (IncRNAs) according to
p-values and gene number. Calcium signaling was the most significant pathway associated with dysregulated IncRNA/messenger RNAs

elevated IncRNA (XLOC 003810) in MG(+) thymoma
patients was proven to modulate thymic T helper 17 cell/
regulatory T cell balance."

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.'® Chemokines are rare aberrant genes in
patients with MG(+) thymoma. Scarpino et al.'"” found that
CCL17, CCL22, and CCL19 are expressed significantly less
in MG(+) thymomas compared with MG(—) thymomas.
Using immunohistochemistry techniques, Zhang et al.'®
showed CXCL13 overexpression only in generalized MG
patients with type AB thymoma compared with MG(—)
thymomas. In our previous research,' we found that
inflammatory chemokines, such as PNISR, CCL25, NBPF14,
PIK3IP1, and RTCA, were significantly upregulated in MG
(4) 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 IncRNAs 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 IncRNAs 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,
PLCGI1, 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.'” The Golgi
apparatus, which is the most important structure for protein
transport and modification, was the most significant GO
enrichment cellular component term.”® As previously men-
tioned, long-lived CD4" and CD8" T cells exported from
thymomas potentially stimulate autoantibody production
and subsequent MG." Coincidentally, phosphatases and
dephosphorylation are involved in the regulation of T cell
signaling and activation.” Zheng et al.>! proved that protein
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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, LKBI, and
DUSP26, among others, were regarded as key components
of positive thymocyte selection and are closely related with
subsequent autoimmune disease.'®**~**

In conclusion, the present findings confirm that IncRNA
and mRNA expression in MG(4-) 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.
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