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Background: Long non-coding RNAs (IncRNAs) are defined as non-coding RNA (ncRNA) with
transcripts longer than 200 nucleotides with tissue specificity. Recently it has been found participate in
cancer tumorigenesis and progression via transcriptional regulation, post-transcriptional regulation and
epigenetic gene regulation. Competitive endogenous RNA (ceRNA) hypothesis assume that IncRNAs
compete the target RNA by sponging the common miRNA response elements (MREs) to complete the post-
transcriptional regulation. To explore the function and mechanisms of IncRNAs as ceRNAs in gastric cancer
(GCQ), this study performed a genome-wide analysis.

Methods: The IncRNAs, mRNAs and microRNAs (miRNAs) profiles of 375 GC samples and 32 normal
samples were obtained from The Cancer Genome Atlas (TCGA) Stomach Adenocarcinoma (STAD)
datasets. The data was standardized with a cross match in the miRBase (a database at http://www.mirbase.
org/), which made 365 samples as the analysis objects. We identify differentially expressed RNAs (DERNAs),
including differentially expressed mRNAs (DEmRNAs), differentially expressed miRNAs (DEmiRNAs) and
differentially expressed IncRNAs (DEIncRNAs) by applying edge R package with thresholds of Ilog,FCI
>2 and false discovery rate (FDR) <0.01. The potential RNAs for the gastric ceRNA network were screened
out from the DERNAs based on “ceRNA hypothesis”. The further construction of the network and analysis
of its topological properties were performed by Cytoscape. Gene oncology (GO) function enrichment was
analyzed by BINGO plugin of Cytoscape. Survival analysis was estimated according to Kaplan-Meier curve
analysis.

Results: The constructed gastric ceRNA network involved 61 mRNAs, 44 IncRNAs and 22 miRNAs.
Five IncRNAs out of the DEIncRNAs, namely MIR100HG, MAGI2-AS3, AC080038.1, AC010478.1 and
MEF2C-AS1, were found mostly involved in the network. The IncRNA ALL139147 were detected negatively
correlated with overall survival (log-rank, P<0.05).

Conclusions: In conclusion, our study identified promising IncRNAs, which might be potential diagnostic
biomarker and therapeutic targets and contribute to further understanding of the ceRNA pathogenesis in

GC and guide for further investigation.
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Introduction

Gastric cancer (GC) is known as the fifth most common
malignancy with nearly 952,000 new cases in 2012, mostly
occurs in eastern Asia. It is the third leading cause of cancer
death worldwide, comprising 8.8% of total cancer deaths (1).
The five-year survival rate of GC stage I and IIA is around
81.8-93.6%, meanwhile that of the stage IIIC is 17.9% (2).
Except for radical resection, the therapy options for
advanced GC are limited. Thus, searching for the sensitive
biomarkers to detect GC in early stage and treatment
targets for effective individualized therapy is urgent and
crucial.

In total, 75% of the human genome is transcribed
to RNA, but 90% of RNAs are without protein-coding
function, defined as non-coding RNAs (ncRNAs), which
were considered as “transcriptional noise” previously (3).
ncRNAs consist of small ncRNAs and long non-coding
RNAs (IncRNAs), which are transcripts longer than 200
nucleotides with tissue specificity (4). In these decades,
IncRNAs were found playing an important role in gene
regulations (5-7). In 2011, Salmena et a/. put forward the
competitive endogenous RNA (ceRNA) hypothesis to
describe a complex post-transcriptional regulatory network,
with components of IncRNAs, mRNAs, other RNAs
(circular RNA and pseudogene) and microRNA (miRINA).
The RNA-RNA crosstalk is working with the principle,
that IncRNAs and other RNAs compete the target RNA by
sponging miRNA, the common miRNA response elements
(MREs) (8). Increasing evidences demonstrated that the
IncRNAs were involved in tumorigenesis and progression of
breast cancer, liver cancer, lung adenocarcinoma, colorectal
cancer (CRC), ovarian cancer and other malignancies (9-13)

Recent studies have revealed several IncRNAs that
differentially expressed in GC, as well as their corresponding
mechanisms. HOTAIR, the noted IncRNA, modulates
HER? via competing with miR-331-3p in GC (11,14,15).
Previous studies indicates that IncRNAs such like
GAPLINC, FER1L4, H19 and GACAT'1 may interactions
with the well-known onco-mRNAs, as CD44 mRNA, RBI,
c-Myc and p53, via sponging the common MREs in GC
(16-18). However, a whole map of GC specific ceRNA
regulatory network and underlying interactions, with large-
scale samples need further exploration.

In our study, 375 GC samples and 32 normal samples
were obtained from The Cancer Genome Atlas (TCGA)
Stomach Adenocarcinoma (STAD) datasets to detect the
differentially expression of IncRNAs, miRNAs, and mRNAs.
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Statistics were further improved the reliability and accuracy
by matching the RNA-RNA interaction pairs. The IncRNA
associated ceRNA network was constructed, and the function
and prognostic value of the key IncRNAs were analyzed.

Methods

The steps of the statistics analyzing were shown in Figure 1.

Date collection

The RNAseq and IncRNAseq of 375 GC samples and
32 normal samples were obtained from TCGA STAD
datasets with gtf file of GENCODE version 22. Meanwhile,
miRNAseq isoform counts data of 446 GC samples and
45 normal samples were downloaded from the TCGA.
To standardize the statistics of the miRNAseq, the 2,588
miRNA mature IDs from miRBase were cross matched
with the above data. Then miRNAs were deleted if negative
expression in up to 80% samples. We enrolled the 404
samples with date of both the RNAseq and miRNAseq, 365
of which were clinical follow-up. Our research followed the
publication guidelines provided by TCGA Network (http://

cancergenome.nih.gov/publications/publicationguidelines).

Differentially expressed analysis

We identify differentially expressed (DE) mRINAs, miRNA
and IncRNAs by applying edge R package with thresholds
of 1log,FCI >2 and false discovery rate (FDR) <0.01 [fold
change (FC)].

Construction of the cceRNA network

To predict target genes, we downloaded the miRNA-
mRNA interactions with low throughput experimentally
verified from miTarbase database. We defined the pairs
in the LncBase database, which contains crosslinking
immunoprecipitation sequencing (CLIP-Seq) verified and
computationally predicted miRNA-IncRNA interactions,
with scores greater than 0.7 as the potential ones.

Further, we calculated the Pearson’s correlation
coefficient of DEmiRNAs and DEmRNAs, that of
DEIncRNAs and DEmRNAs as well as that of DEIncRNAs
and DEmiRNAs respectively. According to the ceRNA
hypothesis, we draw criteria for the candidates of ceRNA
network as following: (I) mRNAs and IncRNAs share
the same miRNAs. (IT) Positive correlation showed
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Figure 1 Flow chart of our bioinformatics analysis.
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between mRNAs and IncRNAs using Pearson’s correlation
coefficient (r>0.3, P<0.05). Negative correlation should
be investigated between mRNAs and IncRNAs, between
mRNAs and miRNAs as well as between IncRNAs and
miRNAs (r<-0.3, P<0.05). According to the above potential
interactions of miRNA-mRNA-IncRNA, the ceRNA
network was constructed with Cytoscape.

Network analysis and Functional Envichment analysis

The constructed ceRNA network was analyzed the
topological properties: the degree, betweenness and
closeness of the nodes in the net were calculated with the
built-in Network analyzer tool in the Cytoscape.

With collecting the top 5 degree of IncRNAs in ceRNA
network, we perform the Gene oncology (GO) function
enrichment in BINGO plugin of Cytoscape to detect the
potential biological function.

Survival analysis

To identify the prognostic IncRNAs, we inspect the
differentiate expression RNAs combined with the clinical
data from the 365 GC samples in TCGA. Kaplan-Meier
survival analysis was applied to analyze the correlation
between IncRNA expression and clinical prognosis.

Results

Differentiate expression of IncRNAs, mRNAs and miRNAs
in GC

A total of 19,836 mRNAs, 15,778 IncRNAs and 2,588
miRNAs were identified out from 404 samples in TCGA.
With thresholds of Ilog,FCI >2 and FDR <0.01 in
edge R package, a total of 3,747 mRNAs (1,719 up-
regulated and 2,028 down-regulated), 2,819 IncRNAs
(1,909 up-regulated and 910 down-regulated) and 237
miRNAs (156 up-regulated and 81 down-regulated) were
detected differentially expressed in GC tissues compared
to the control ones. The DEmRNAs, DEmiRNAs and
DEIncRNAs with top 100 FDR value were shown on the
differentiate expression heatmaps (Figure S1A4,B,C).

Construction of the ceRNA network

To detect the reliable interactions, 380,257 miRNA-mRINA
interactions with low throughput experimentally verified

© Translational Cancer Research. All rights reserved.

1119

in miTarbase database were chosen to compare with the
DEmiRNAs and DEmRNAs data. In total, 5,902 pairs of
miRNA-mRNA were met with both conditions. To improve
the predictive accuracy, 2,573,729 miRNA-IncRNA pairs,
which we selected from the LncBase database with the
threshold set to 0.7, were matched with DEmiRNAs and
DEIncRNAs data. Thus, 37,028 miRNA-IncRNA pairs
were identified. According to the ceRNA hypothesis, 443
mRNA-IncRNA pairs who shared with the same miRNA
were involved. Then we further collected 431 mRINA-
IncRNA pairs with positive correlationship (Pearson’s
correlation analysis, r>0.3, P<0.01), 102 IncRNA-miRNA
pairs with negative correlationship (r<-0.3, P<0.01) and
109 mRNA-miRNA with negative correlationship (r<-0.3,
P<0.01) as the candidates for ceRINA network.

The ceRNA network involved 61 mRNAs, 44 IncRNAs
and 22 miRNAs was visualized using Cytoscape software
based on the 211 interactions among them (Figure 2). 181
interactions between IncRNAs and mRINAs were presented
in Figure 3.

Network analysis and Functional Enrichment analysis of
DEIncRNAs

To analyze the topological properties of the ceRNA
network, the degree, closeness and betweenness of RNAs
were calculated. The degree distribution of the DEmiRNAs
was shown in 7able 1. The top 5 highest degree in network
were hsa-miR-93-5p, hsa-miR-17-5p, hsa-miR-200a-
3p, hsa-miR-200b-3p and hsa-miR-141-5p. The degree
distribution of the DEIncRNAs in IncRNA-mRNA
network (7able 2) with their corresponding competitive
mRNAs was displayed in Figure 4, and the top 5 highest
degree of DEIncRNAs were MIRI00HWG, MAGI2-
AS3, AC080038.1, AC010478.1 and MEF2C-AS1. The
competitive mRNAs of IncRNAs shown in Figure 4 are
related to tumorigenesis, as ZEB1, BTG2, MYOCD and
SRP (19-21).

GO enrichment analyses were performed in BINGO
plugin of Cytoscape to detect the potential biological
functions of the top 5 highest degree of DEIncRNAs. The 5
IncRNAs target genes except AC010478.1 were significantly
enriched in GO biological process categories, mostly
tumor-related functions, as “cellular metabolic process”,
“cell proliferation” and “canonical Wnt receptor signaling
pathway” (P<0.05) (Figure S2). The function enrichment of
the IncRNA ACO080038.1 target genes in ceRNA network
were demonstrated in Figure 5.
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Figure 2 The IncRNA-miRNA-mRNA ceRNA network in gastric cancer. Blue balls represent mRNAs; pink square re
microRNA; IncRNA, long non-coding RNA; ceRNA, competitive endogenous RINA.

Grey edges indicate IncRNA-miRNA-mRNA interactions. The size
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Table 1 The degree distribution of the DEmiRNAs in the ceRNA Table 2 (continued)
network miRNA Degree
miRNA Degree NR2F1-AS1 15
hsa-miR-93-5p 29 MBNL1-AS1 13
hsa-miR-17-5p 27 AC135012.3 1
hsa-miR-200a-3p 19 ADAMTS9-AS2 11
hsa-miR-200b-3p 18 PART1 11
hsa-miR-141-5p 13 SNHG14 10
hsa-miR-19b-1-5p 11 PWARG 9
hsa-miR-20a-5p 11 AC067750.1 8
hsa-miR-130b-3p 9 CTD-2201118.1 7
hsa-miR-19a-3p 9 MIROSAHG !
hsa-miR-4677-3p 9 AC005358.2 6
hsa-miR-96-5p 9 HAND2-AST 6

LINC01266 6
hsa-miR-1307-3p 7

LINC01354 6
hsa-miR-671-5p 7

AC008808.2 5
hsa-miR-182-5p 5

AC008808.2 5
hsa-miR-21-3p 5

AC079789.1 5
hsa-miR-21-5p 5 AC105942.1 5
hsa-miR-335-3p 5 AC124312.5 5
hsa-miR-3934-5p 4 AC233702.10 5
hsa-miR-18a-3p 3 GAS1RR 5
hsa-miR-200a-5p 2 LYPLAL1-AS1 5
hsa-miR-301b-3p 2 ZNF667-AS1 5
hsa-miR-550a-3p 2 AC007495.1 3
DEmIRNA, differentially expressed miRNA; ceRNA, competitive AL691447.2 3
endogenous RNA. FENDRR 3

RBMS3-AS3 3
Table 2 The degree distribution of the IncRNAs in the ceRNA AC006059.1 2
network AC016722.3 2
IncRNA Degree AC025165.1 2
MIR100HG 40 AC120049.1 2
MAGI2-AS3 36 AL139147.1 2
AC080038.1 30 AP001528.2 2
AC010478.1 29 CADM3-AS1 2
MEF2C-AS1 27 AOM-AST 1
RAP2C-AS1 27 AC079630.1 1
AC022034.2 25 AL356599.1 1
AC104825.2 21 IncRNA, long non-coding RNA; ceRNA, competitive endogenous
Table 2 (continued) RNA.
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Figure 4 The degree distribution of the IncRINA in ceRNA network. IncRNA, long non-coding RINA; ceRNA, competitive endogenous

RNA.

Survival analysis

According to analyzed the clinical characteristics and
outcome, the IncRNA AL139147 were identified
significantly affecting prognosis (HR 5.884, P<0.05)
(Table S1). AL139147 differentially expressed in GC
samples (log,FC =1.407, P<0.001) (Figure 64). Kaplan-
Meier analysis was applied to investigate overall survival
for AL139147 in GC samples. As a result, AL139147 were
detected negatively correlated with overall survival by
univariate Cox regression analysis (log-rank, P=0.0116)
(Figure 6B).

Discussion

Decades of evidences have demonstrated that the
carcinogenesis and progress of cancer is a complex
multiple “hits” process with breaking the balance between
oncogene and tumor suppressor gene, rather than up or
down regulation of one simple gene. The recent ceRNA
hypothesis accord with it, which explains the IncRNAs
function as the post-transcriptional gene regulator.
LncRNAs were involved in the ceRNA network, cross
talking with specific RNAs (including mRNAs, circular
RNAs and pseudogenes) via sponging the MREs and
upregulating the target RNA expression subsequently

© Translational Cancer Research. All rights reserved.

(7,8). The imbalance of the ceRNA network may lead
to various diseases. The ceRNA network has been
constructed and further proved in breast cancer, liver
cancer, lung adenocarcinoma, CRC, ovarian cancer and
other malignancies, helping us discover crucial IncRNAs as
the new diagnostic or therapeutic targets (9,10,12,13,22).
Several IncRNAs have been detected playing an important
role as members in ceRNA network in GC and closely
related to prognosis. HOTAIR was a better-characterized
IncRNAs in GC as ceRNAs, modulating the depression of
HER?2, which was related to lymph node metastasis and
poor prognosis, via competing with miR-331-3p (11,14).
The IncRNA GAPLINC functions as the miRNA 211-3p
sponge to regulate CD44 mRNA, which involved in tumor
proliferation, angiogenesis and migration (16,17). IncRNAs
such as FER1L4, H19, TUSC7 and GACAT1 may interact
with the well-known onco-mRNA, like RB1, PTEN,
CDKNI1A, VEGFA, E2F1, IL-10, HIPK3, PAK7 or P 53 in
GC through preliminary studies (18,23).

In present study, 44 IncRNAs were detected to participate
in the constructed ceRNA network, with differential
expression and target miRNA as well as correlationship of
interactions screening to obtain high reliable algorithms.
MIR100HG, MAGI2-AS3, AC080038.1, AC010478.1
and MEF2C-ASI1 ranked as the most involved IncRNAs in
this ceRNA network by topological features. Their target

Transl Cancer Res 2019;8(4):1116-11281 http://dx.doi.org/10.21037/tcr.2019.06.32
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genes were enriched in GO biological process categories
as “cellular metabolic process”, “cell proliferation” and
“regulation of Wnt receptor signaling pathway”, which
were closely related to tumorigenesis and progression.
The IncRNA MIR100HG, located in chromosome 11, is
a miRNA host gene which encodes miR-100, let-7a-2 and
miR-125-b. It was reported holding an intronic coding
region, which makes it as a proapoptotic molecule through a
caspase-dependent mitochondrial pathway of cell death (24).
It is also correlated with the gap junction and TGF-B
pathways to participate the tumor development (25).
The high expression of MIRI00HG is detected in acute
megakaryoblastic leukemia as well as cervical cancer, and is
associated with the poor prognosis. Analysis of TCGA CRC
date found that increase expression of MIR100HG with
stage-dependent pattern. Researchers applied MIR100HG
as the diagnostic method for cervical cancer, and the ROC
curve showed promising discrimination power with areas
under the curve of 0.801 (26). Furthermore, Lu et al.
revealed that MIR100HG mediate de novo and acquired
cetuximab-resistant in CRC cells via Wnt signaling (27).
Overexpression of miR-100 and miR-125-b has been
observed in GC, but how the expression of MIR1I00HG
changed in GC and the way it involved as the ceRNA,
need further research. MAGI2-AS3 is a newly discovered
IncRNA, recognized as a tumor suppressor in breast
cancer, via regulating Fas/FasL signaling pathway. Breast

© Translational Cancer Research. All rights reserved.

cancer cells low expressed MAGI2-AS3. And MAGI2-AS3
expression was negative related with histological grade,
TNM stage and HER-2 expression (28). IncRNA MEF2C-
AS1 is an antisense RNA to MEF2C, which is identified
as the potential oncogene in T cell acute lymphoblastic
leukemia (29). Study revealed that MEF2C might be the
molecular mechanism of chemotherapy resistance in acute
myeloid leukemia (30). Luo et /. showed that IncRNA
MEF2C-AS1 significantly downregulated in diffuse GC,
and the in-vitro assays detected that the knock-down of
MEF2C-AS1 promoted aggressive tumor behaviors (31).
Another highlight IncRNA, AL139147 is located in
chromosome 1 and is suspected with disease as psoriasis,
atrioventricular septal defect and peripheral arterial
occlusive till now. It regulated the mRNA SGIP1 and
DKFZp761D221 variant protein. Although the connection
between ALL139147 and cancer has not been found yet, the
expression of AL139147 in GC samples was significantly
higher than that in normal ones through analysis of TCGA
database. Meanwhile, our constructed network indicated
that it interplayed with other ceRNAs and miRNAs
in the GC as a network node, targeting MYOCD and
FRMDG6, which were contributing to tumor development
pathway (32). Furthermore, according to the Kaplan Meier
analysis of the clinical statistics of the 365 samples, high
expression of AL139147 has a tendency of poor prognosis
(P<0.05). Till now, there has been few research on IncRINA

Transl Cancer Res 2019;8(4):1116-11281 http://dx.doi.org/10.21037/tcr.2019.06.32
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ALL139147, AC080038.1 as well as AC01047. Evidences
suggest that our constructed ceRNA network is highly
associated with tumorigenesis and chemotherapy resistance,
and the crucial IncRNAs in the network might be promising
biomarker and therapeutic target for GC.

To draw a comprehensive of the IncRNA-miRNA-
mRNA crosstalk in the network, we listed the top five
highest degree miRNA, which were hsa-miR-93-5p, hsa-
miR-17-5p, hsa-miR-200a-3p, hsa-miR-200b-3p and hsa-
miR-141-5p. According to literature review, hsa-miR-93-
5p, hsa-miR-17-5p, and miR-141-5p were significantly
up-regulated in 75.8% CRC, breast cancer and ovarian
cancer respectively (33-35). A negative correlation of hsa-
miR-17-5p with overall survival was found in TCGA
breast cancer specimens, and miRNA-200 family members
were detected associated with brain metastases of gastric
adenocarcinoma (36). The IncRNA target genes, as ZEBI,
BTG2, MYOCD and FRMDG6 are strongly related to
tumorigenesis and progression. ZEB1 is widely known as
the activator of an epithelial-mesenchymal transition (EMT)
and has important roles in metastasis. Mounting evidences
showed the double-negative feedback loop of miR-200
and ZEBI control multiple genes involved in migration,
invasion and metastasis (21). Furthermore, it might play a
role in tumor regulation of PD-L1, leading to intratumoral
immunosuppression (37). MYOCD, contacting with SRE,
functions in cardiac muscle and smooth muscle, plays a role
in nasopharyngeal carcinoma, breast cancer, and uterine
leiomyosarcoma (38,39). BT G2 is known as the tumor
suppressor, take part in cell differentiation, proliferation,
DNA damage repair and apoptosis (40). The down
regulation of BT G2 was detected in breast cancer, renal
clear cell carcinoma, GC and prostate cancer. In studies,
it was related to tumor size, grade, metastasis, recurrence
and poor survival in patients with breast cancer (41).
FRMDG6 expression activates the Hippo signaling pathway
regulating organ size control, cell proliferation and
cancer development and antagonizes oncogenic YAP (32).
Clinically, it has been identified from microarray data as
significantly predictor for the survival of patients with CRC
compared to the conventional Dukes’ classification (42). In
our ceRNA network, the above genes interact with multiple
IncRINAs, which indicates that the IncRINAs in the network
are worthy of our researching.

In conclusion, our study constructed a high confidence
level of ceRNA network by genome-wide analysis of gastric
adenocarcinoma patients from TCGA database with strict
filtering criteria according to IncRNA-mRNA-miRNA

© Translational Cancer Research. All rights reserved.

inner logical relationships. The dysregulated of the cancer
specific IncRNAs namely MIR100HG, MAGI2-AS3,
AC080038.1, AC010478.1 and MEF2C-AS1 were identified
as the candidate for diagnostic biomarker and therapeutic
targets. IncRNA AL139147 might be a promising
biomarkers for predicting prognosis. Our research may help
us further understanding of the ceRNA pathogenesis in GC
and guide for further investigation.
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Figure S1 The heatmaps of differentially expressed mRNAs (A), miRNAs (B) and IncRINAs (C) with top 100 FDR (false discovery rate). miRINA, microRNA; IncRNA, long non-coding RNA; FDR, false discovery rate.

C

—

=

ikl
=i
——

%‘I 1

l|1l

I]l~
i

u'

2 |

I

?II

I Ij
IIIIIIIII

I

1111

i |
bl
l

uﬁ:

!

(| I

pmn III! LI

III! i IIII III.III i II ]| IIIII

|

PR TEHE AORTI R, (R

| I |II IJ II“ ||| I II | lIIII | IIII II I IIIII‘I" :IIII
| I I | III IIII I“ | I ll IIIII AR I: III | :II

iI I I II ‘ III : IIII : r“ it I IIIIII
‘..” -'III.*'I..‘ it A IEERA A

I. I I H”I 1R I I||I I | IIIII IIII I‘II

[ IlIII I| ! :
|
| I |
I I|| IIIIIiIII RN ARE (I LN | 1 ] [ 1]

II mIIIl 1II Il I i I | :l | |
AR |;..u Tt LA I
-IIrI || 'l II III I'I'I[I :'"I W ||I'IIII;|'1 Al I”I |||.1||”|| WL ””IIIlI I h
L 1 LR I "||| | il \Hli | WL
‘I\ iR b f B Iin' ' II”I alt | || My ”II' Wi ® i B ) ‘III'IIII
II 'I'I iyl |"' i 0l i i i
AR o L e o e
I‘ III T i nII' i ! | 0L
1l i |I‘ I J
| bt M (il 811 LT | 8
&1 it} G
IJIIII"III IIIIIIIIII[IIII:I T III]II nimm il L R o mm !
| 00 L |
{00 |
||I||.|:n||I WL III 5 1o i|+|l1 1 W I
b 1 :‘IIII Iyl IIII g mlmn TR T U
(1L II”“[I |”i ! IIII!II‘II il | |' Ll
| | I | |
LRI A T i Il L |['I 11 1|] | ' " E||' | |I'|”I |
Lk || | I il | |
(el | S ' '( |1 § 00 L |'| |
i III | gl LRt |'I'II|'I|I" LRTTRRIE A ALY |IIIIW'I |m|I

ClassSample

LINC01050
MIR4435-2HG
C 108463,

>

(@]

Qx=

N

3)

e
Do

wnwn
N L

—>0.
ZO
mo o8
) =35
) o
SARERHN
JOBELP®

A XY

OPWRO
wﬂ?mﬁw%;;_\
| ORONG 0y, O,
NR L TRoD NARwo 1T 5~
OWRONNP AL RPONRIGE= A
SN A e
O NI - SR N
— —

OO S SN
T
RONP
>
9

™!
s}
ggmmm
NS

L%

T
=y
N
%

B

1

>

w

=

NP oo

o
foo
AN L GOUTR A L LN

()

(%)

SN0
=PRNNOOO
LU
N_\.

-u
e
T
o™

A7)

N

4 ClassSample

-4

normal
tumor



A B negative regulatlon of canonical Wnt

regulation of smoscle cell receptor signaling pathway
differentiation

regulation-of smooth muscle cell

differentiation regulation’ef canonical Wnt receptor
signaling pathway
negative re Iatlon of Wnt/receptor a
signaling pathway regulation of smooth muscle contraction
regulation of muscle cell differentiatio

regulation; nt receptor signaling
pathway regulatlon o muscle contraction
regulation of muscle @ erentiation iti
negative regula/tlon of signaling pathway =

regulatlon of cell differentiation

regulatlonw cell prolites |on of cell CPrPon n a l

régula
latin of cell

\

biolpgical process v Fos tive reg ation of multicellular

Dedpsocess regulation of system process

reeqsulatlon ticellular organismal

rogess

negative regu\etlon of cell pri Ng
. regulatlon of \cellular pro
positive régulatigh of 0e ,ma/ );o ess

/\ e ulatl‘
positive regulatiefrof cellular metab - c

proce

gntiation

posmve/r . 4 rL fnregu

posntlve regula\f.?n\—m1 1 rﬁ‘]e
biosynthetig procs s

positive r
A @ bOl a |

regulatign of cellular prodess

positive regulan ofg fe exiog diition of &

itive egul i?{ﬁ%f\ r?F Qg

ellular metabolic

of niftoen compound biological\)regulation
i - 0 gﬁgn ry metabolic process \

geg tlo ’ot Ntydes 3
|t|vere ulatl RNAMResSsiand ndcie i
- . ’rle e
e

regulation of|biological pro

e :k; SgL : D . '-
P M Rabol process TN, o
gative égul ‘ 3 ‘/Slgnab,gg\m
I‘

negative regulatio ar) process - uIa on of metabollc process T
regul u”on of ene &xp Cssig ;{ biosynthetic generation of neurons
Taf/\v regutation q TEANS
negative regulafion of biologicgl process pOSitiVS'\G,egu plgr? d%fnttr nscrip Shakation of it T
& s on of nitrogen / .
) gulation df FRA gp?exal@m:mlic: procegss cgllular process neldrogenesis

. . regul@on of cellular metabolic|process ! wregu ation of transcription
regulation of nifrogen compound g ; ' ) ) positive regulation of trangfl %Pon tradn:nctr?pauon sig nallng pathway
metab negative reguta of etabolic RNA polymerase Il prom s orgats
o negative regulation of RNA metabolic synapse)orgats; ent of synaptic specificity at
rocess resp‘onse to stimulus ‘system development neufomuscular junction
regulation/of transcriptiBRGASIYERRGIAton of transcription,
9 polyrrker:}]‘fa Il prgmoter WNR -dependent cell surface treceptor linked signaling
egative regulation o pathway stem development

regulation of bif eosids neuromuscular junction development
negatlve reguldtion of transcription from

A polymerase Il promoter

ejopmen
differe tlatlon

oothened%\ﬁ“ﬂg

response’ to inorganic substa

th : RS ‘ :ﬁn"monpé‘ﬂﬁﬁm'\oderm morphogenesis
smoothened al structuedan deejonsss S
f in ventral spioe & 9 athway lnvoiveg N— X eletal muscle fiber development
negative regula#®m-¢f macromolecule S i in spma ord motor n&uron cell fate ¢ loRac i /
: requgfé, to metal ion spocifioation i tls o elopment
regulation ion metabolic process i3

organ morpho 2 striate

d (scle tissue development

regionalization -~ muscle| organ@ﬂ%@\%ﬁ%n@e"el men
dorsal/ve’ﬁtfaﬂpémegmétion |nne an development
semncnrcu]ar\ nal deve pment
sensory organ developme skeletal muscle tissue development
) . / skeletal musé@;velopment
regulation oflgene expression

anterior senficircular cangl developm&a development
lateral semicircular canal development

regulation-of smooth muscle cell
C g ﬁn rentiation

negative regulation of stress fiber
salive el

\'\ re gulation o/fﬁe fiber assembly

regulatlon ‘of muscle cell differentiation ;
A regulatlon of acﬁé‘g@{t%? krElS?zﬁlonb?factm filament
\ - uple assem

regulation of’cy S| ele[ orgam atfon

posm(\iipfre ulation of plolem

ificadion proc ) . -
regulation of protein modlﬂcatmn regulation-of aqtispdl: ; g‘%é’l}@f@&m bundle
/ p‘ro €ss p}ocbss organ
/
/ positive/fdgulation of protegulmmngﬂ:ﬁﬂrdcﬁ‘eﬂhpnﬂmferanon/ /
positive Jebgulacuorr(n) gefsge tion, pro em ino ngilon of organc}k organ{zauon regulation \l:;f Can()nlcal Wnt receptor
mga P ephosp! ory atLon % s way
positive regulatf)n of pr / T \gulauon ofcell/éommumcauon ’t Fveegulati f | Wit
ellular protein'metabolic > - nega Ivegegulation ol canomcal Wi
PIOGSss rQce: posmve regulation of d al?o g Srane paﬁ?way

Qi }?fﬁgmug m pgek%knont nt receptor sn;,n
negatwe gul’alm of Wnt receptor

T _signaling pathway

sitation of signaling pathway

positi\‘:e regul W i mé
positjve re;

osy tic pmdess

v J‘e
?i‘cn iia guelabo c
ic process

pxz\&regf a§1o%g on

4 1% process | l
S gulauon oft: llul )
Vit ()TG\}, pro

A
0%@25’82@&"‘;(( n\ggmtmn oiggl!é)gmal ro S

mguizmymptﬁwgnalmg pathway
¥ r process

i X l%gﬁg‘uﬂlﬂ{igration

positive regu‘loﬁtsilto o}“

W S
jolt} f@e 1o ﬁﬁ 5 v A t tio;
M prbgess T process P _ N 1 y regmtation gl ocaltion ot
POSiti[‘S reg tion of tra t g-/l%t e "'cgsig@“ Wlﬂ%@c ocess  \ regulatjon of epithelial cell migration
~dGRgdtion ¢ OT1 Ryt B \ PO TN — ~\ regulatidbn of multitellular organismal
- 10synthefic proce ~ momgeregulatlonr&cell migration
" £ . ~ \ lis m regulatlon ‘of locomotion-—
posRlT\\I/e s {mé(ggsg I}rlglll}grcnré tlron Top) Bulation of RNA m ived Lol hte 1caprﬁodc)ess ﬁspho neganw‘r;egulatlon of epithelial cell
A n ganve 1
\ re%l Loe ftrggcrlptlbn Q\' abolic i tlon \of nﬁcleo ase, ‘regulation ofphosphorylatlon
ne gatlve regli@m}ﬁe\re@ i %g:s;‘" nucleic acid nega]% 4% }Jgai;c}ghegg phosphale
1egu]a 1(>1 H@cnpnon m RNA negative regulation of nitrogen
o merASe 11 romoterl((J 3 taboli & \
poly P! auve Seoition of RNA lﬁQ{HBBHB metabolic process \

A\l \
e ot B Iption, negative tegulation of phosphorylation

negative re ulﬂ( on of transcription from
gRN %ymerase 11 promo%)er

biological regulation

L

steroid, hormone rece signa
progesterofie/seceptor-sigta g{sﬂn@ﬁl ar ece]gl%r mediated signaling

intraceHular signaling pathway

sm otheneii signa[lmg athway involved
1 0cor nterneuron
10N

. * .
I/ ce]ls\urﬁce receptor linked signaling

aned-Si ing Hathwa 1m‘3f%d
a cord pa ter}(mg
lgnalmg /

c‘ell fate eclﬁcatm

lateral semicircular canal develogg}ﬁpﬁ /
» lﬁ*e \it

T

cellular response to endoge&mﬁl i ﬁmqmﬁﬁeﬁesulm stimulus
smomned signaling pathway > ? m'?tfgloulfs@ W

| A\ © devel f Cd‘ 1ﬂerentlaﬁ3n in Spmaégﬁ e cor/m}\; - cellularﬂ"esporrse o hormdne stimulus |
anterior semurcu‘erc al development vemral Spmal cmti § 10p ent /smnal cord dorf,alfl rall pattemmg ‘ / “.
semicircilar canal deve]opmem generanomeﬂmhﬁfnmtlatlon [y 0 oglca_process response tﬁ i"dogen(%f/: stimulis espgase 1o insulin stimulus
— cellular rgsponse to organi
/4 / lla-ll " o dz { ' TeSponse 10 snmulus e E:resp ofrse to-h OW Bﬁmd% ?ﬁmne stmuiis
/ spingl cord developmen evelopmenta
) ) ntral nervous syst gev? ent spimal \(ned 11_7' y \m n m%ﬁ;{%ﬁ&%ﬁa \g/ag/ '{{g’,ﬁﬁ@ar;csponsc to Chlecal stlmu 3
ear developmenns earglevelopmen " neurdgenesis ) j |
tissde c[é'.'ﬁel%g cla] smgcture e((o pment IticelluldPisad e“fﬁ% pibe cellul;'n ;ft:’%gssjelhdar I’GSPOHSC to stimu respopse (0 organic substance
A YA /d development al pr6 o\css // \\ : ‘\ response torchemical stimulus
‘ n ; system devel }x
heaft development A5 . re/glo alizatjor dl
TN le elopmem lorsal/ventral neura] iﬂhe ;l)attermng
sensory organ development ! C ms LA\ . . et metabolic process
-organ d Eggtem devel cellular@lkgzim\ :.1'3 al/entral panem rn,u on
eye( deﬂTopment )i i // v \ " responsé {0 inorganic substance
camerastypeeye develop}| nt / atomlcal structure morpnogenesmafg’—m spwﬂﬁm pracassing " ‘\
cranial niérve (;EVelopg " devel ) cellular metabolic\process
onjc deve opmen 7 .
ceye morghogenesj ¥ e 1y tfphogme s\{omcfrgan develo) \{ “‘ primary metabolic process response to metal ion

camera-fypeseye morphogenesm T

T \ |
. cranial nerve mor| ‘n esi | .
optic nerve development) lip \::/etg S% nig, gencms macronlolecule metabolic process

chordatee ryonk developmem |/ { response to calcium ion
I'U.B evelogmem ending in birth |/ ‘ L

an nic organ\morphogen/sls or egg hatc \l 4 _#1 .
optic nervehalotpk syﬁmmorphoge esis Ce”mafp'}éggg’ d ARl rocess
iembryoni/c: skeletal system development \ ,/"
e r \/
em?nr%m lggle(ggtlgl system macrom_olecul‘i W’odiﬁcation

cellular protein metabolic process

/
J

Y .
protein modification process
T

/,\

\
pe"“dy' af’r‘é{‘e"l&‘gﬁ%ﬁ‘é’ §%Ration

N- terml ro;tem amino
ication

protein a n?ndgj IX '%ylgff’(g{ﬁcamn
peptide clr rmgm amino-terpinal /

\ / /
N-terminal protein ammo\ahd acetylation

< peptidyl:lysine acetylation

\
\

A\

\

1
N-terminal peptidyl-lysine acetylation

Figure S2 Gene ontology (GO) enrichment analysis of IncRNA MIR100HG (A), MAGI2-AS3 (B), and MEF2C-AS1 (C) target genes in ceRNA network.



Table S1 IncRNA survival data

IncRNA ENSG HR P value 4
MIR100HG ENSG00000255248 1.048411 0.175386 1.355098
MAGI2-AS3 ENSG00000234456 1.242736 0.06959 1.81457
AC080038.1 ENSG00000274565 3.360686 0.065983 1.838537
AC010478.1 ENSG00000259663 1.182393 0.385268 0.86823
MEF2C-AS1 ENSG00000248309 1.749401 0.552753 0.59364
RAP2C-AS1 ENSG00000232160 1.050688 0.822708 0.224064
AC022034.2 ENSG00000237807 0.969829 0.614905 -0.50308
AC104825.2 ENSGO00000251615 1.056401 0.573507 0.562894
NR2F1-AS1 ENSG00000237187 1.288318 0.159086 1.408151
MBNL1-AS1 ENSG00000229619 0.991053 0.737805 -0.33476
AC135012.3 ENSG00000268505 1.245253 0.629784 0.482031
ADAMTS9-AS2 ENSG00000241684 1.042312 0.899259 0.126598
PART1 ENSG00000152931 1.063839 0.620626 0.494964
SNHG14 ENSG00000224078 1.166315 0.407183 0.82886
PWAR6 ENSG00000257151 0.997848 0.989369 -0.01332
AC067750.1 ENSG00000272631 1.047768 0.901524 0.123736
CTD-2201118.1 ENSG00000249825 1.319286 0.336403 0.961297
MIR99AHG ENSG00000215386 1.617249 0.037948 2.075419
AC005358.2 ENSG00000265489 6.525081 0.257969 1.131205
HAND2-AS1 ENSG00000237125 0.984551 0.605558 -0.51642
LINC01266 ENSG00000224957 3.270522 0.342831 0.948586
LINC01354 ENSG00000231768 2.658016 0.228987 1.202973
AC008808.2 ENSG00000250360 1.040367 0.728891 0.346601
AC079789.1 ENSG00000261672 1.566297 0.392122 0.855776
AC105942.1 ENSG00000235501 1.021449 0.650374 0.453242
AC124312.5 ENSG00000271347 1.0101 0.948257 0.064896
AC233702.10 ENSG00000272780 3289.664 0.287533 1.06355
GAS1RR ENSG00000226237 2.448866 0.227506 1.206807
LYPLAL1-AS1 ENSG00000228063 0.715678 0.774458 -0.28655
ZNF667-AST1 ENSG00000166770 1.038709 0.601017 0.522939
AC007495.1 ENSG00000246379 1.699957 0.577916 0.556431
AL691447.2 ENSG00000232063 1.542672 0.40415 0.834232
FENDRR ENSG00000268388 1.011148 0.650783 0.452674
RBMS3-AS3 ENSG00000235904 1.083634 0.864213 0.171014
AC006059.1 ENSG00000230084 1.419768 0.335101 0.963891
AC016722.3 ENSG00000260977 1.097406 0.845642 0.194682
AC025165.1 ENSG00000224713 1.232356 0.676442 0.417323
AC120049.1 ENSGO00000267414 1.392001 0.242593 1.16853
AL139147.1 ENSG00000248458 5.839658 0.016491 2.397861
AP001528.2 ENSG00000255471 1.547054 0.05401 1.926756
CADM3-AST ENSG00000225670 2.802363 0.064674 1.847502
A2M-AS1 ENSG00000245105 1.011894 0.929037 0.089057
AC079630.1 ENSG00000225342 2.810959 0.173474 1.361126
AL356599.1 ENSG00000235652 0.679064 0.504824 -0.66692

IncRNA, long non-coding RNA.
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