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ey, RBEE, FRE', #EH, B, FHx', AgR, THF
(1. RPN REBCMAE AR, P52 7100685 2. 28 AP 50— R BE Bl R e B, 75 710032)

[ E] BH: X0 WUIE R Al —— N 2 K 1 (endothelin 1, BT 1)l A% T 2 68 1 40 i M0 L4 i
(human induced pluripotent stem cell derived cardiomyocytes, hiPSC-CMs) PR 3 RS B s ok AT 4R
YR B0, BRITK IR S B RNA (long non-coding RNA, IncRNA) 1) 15§ I 5 44 Py P54
RNA(competing endogenous RNA, ceRNA)FAFEM 4%, FHik: EGEO(Gene Expression Omnibus) %l
it P v 0 8 o JULAE JEE A O 6 BRUES J X T A A R B AR SRS B 0 RS SR R AT T AL B
OINE S E SN N S *'Jﬁﬁi%%&%%gli%g(practical extraction and report language, Perl))ﬂﬁﬁ
TR AR AR EE, X 3 HiIncRNA S mRNA . FIHRIE FHlimmatl 43 5] 53 A incRN As il
mRNAs [ FEFFiE T M HAEL T IR E TS 5 IncRNASKTE A microRNA(miRNA) o
e Al F *'JFH%:J:TargetScan, miRDB HlmiRTarBase [ FUM 4044 XF miRN A A #E 35 K (mRNA) i#F
A3, [)J\Cytoscape3.7.likﬁ:ﬁjﬁlncRNA-miRNA-mRNA ceRNAVHFER 4% . 1 Xt ce RN AT 4% ) 4%
F ) AL TR Emﬁ%ﬁfEEDAVID&Sﬁﬁ?%Zlgﬁgi/ﬁ(Gene Ontology, GO) & HE4r¥r, IFi
TELE T HKOBAS3. 047 5t AR 3 R AN 5E IR 4 H B4 45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) MM e E0 M. &R: S MAMI, ETUHEhiPSC-CMs 119 MncRNAFI717/ mRNA
KikEFHASITE L, i, IncRNARIL B A4D, TRAAL1ST; mRNAKS L
A 3124, FWAIA 405D, BN T ceRNATFE M4, Z M4 d, B3 FiHMIncRNAMLTE
AC017002FIMIR210HG, 4159, 101 miRNAKERZ Y], &% FIHMALINC00342, H 594
miRNACHEE Y], % M4 h i JE R 2324, HorpasAs i, 14Nl XL 3T GO R %4
Br, KRBPCREEERMMIE I, FEMEAS S F 13N ARMGOTH T, KEGGH L0k
e BEE DR R R BIMAPKAS SOl % . ML T . W5 S0E BK . JAK-STAT{R il . TNF{F 5 il
HE20ME S E . B AU T ceRNAMZS, NI IncRNAS 5.0 UL JE S0 L 52
HET — B AL . LncRNAW] REIE 1T ce RNATHFE M 45, 200 UL R & A K J€ . 7EceRNAM 45 rh
A3 IncRNA(FE 1L i NAC017002 . MIR210HG, 35 FilIA HLINC00342) A fELL T4 1 “iff
AR miRNARY 7 X T IHFmRNAR R IL K, AP, -MYC, PIM1%EiAs i, ASKI(HD
MAP3KS), MSK1/2(RIRPS6KAS) KX SFRP1FIA i, Jfill il /EMAPKSE Sl . 48T, Wnt
{5 DB JAK-STAT {5 53 B . TNFA5 530 B IR 20 5 150 JDUNE I 4 A G A o KBS PR A7
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Bioinformatics analysis of IncRNA expression profiles

and competing endogenous RNA network of myocardial

hypertrophy model: human induced pluripotent stem cell

derived cardiomyocytes stimulated by endothelin |

YOU Hongjunl, ZHAO (lianqianz, CHANG Fengjunl, HAN Wenqil, CHENG Gongl, SHOU Xilingl,

LIU Fugiang', DIAO Jiayu'

(1. Department of Cardiology, Shaanxi Provincial People's Hospital, Xian 710068; 2. Department of Clinical Immunology, First Affiliated

Abstract

Hospital of Air Force Military Medical University, Xian 710032, China)

Objective: To perform bioinformatics analysis on the gene chip data of myocardial hypertrophy model-human
induced pluripotent stem cell derived cardiomyocytes induced by endothelin-1 (hiPSC-CMs), and to explore the
expression profile of long non-coding RNAs (IncRNAs) and competing endogenous RNA (ceRNA) regulatory
network. Methods: The gene chip related to cardiac hypertrophy in the Gene Expression Omnibus (GEO)
database was screened, and the downloaded original probe matrix information and platform annotation file were
preprocessed to obtain the gene expression matrix information. The different biotype attributes were assigned to
the genes by using the Practical Extraction and Report Language (Perl), to distinguish IncRNAs from mRNAs.
Gene differential expression analysis of IncRNAs and mRNAs was performed using the R language limma package.
The microRNAs associated with each IncRNA were predicted using a database downloaded online. On this basis,
target genes (mMRNAs) of microRNAs were predicted using prediction softwares based on TargetScan, miRDB
and miRTarBase. The IncRNA-miRNA-mRNA ceRNA regulatory network was constructed using Cytoscape 3.7.1
software. The Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis of target genes from the ceRNA network were performed by the online database
DAVID6.8 and the web servers KOBAS3.0. Results: Compared with the control groups, there were 19 IncRNAs
and 717 mRNAs expressed differentially in ET 1-stimulated hiPSC-CMs with statistical significance, among
which 4 IncRNAs up-regulated, 15 IncRNAs down-regulated, 312 mRNAs up-regulated and 405 mRNAs down-
regulated. ceRNA regulatory network was constructed successfully, in which IncRNA AC017002 and MIR210HG
were up-regulated, LINC00342 was down-regulated. The 3 IncRNAs related closely to 9, 10 and 9 miRNAs,
respectively. There were 32 target genes in the network, among which 18 up-regulated and 14 down-regulated. GO
enrichment analysis showed that the target genes were significantly enriched to 13 different GO subsets, including
cell proliferation, plasma membrane, protein binding and so on. KEGG enrichment analysis found that the target
genes were enriched to 20 signaling pathways, including the MAPK signaling pathway, apoptosis, Wnt signaling
pathway, JAK-STAT signaling pathway, TNF signaling pathway and so on. Conclusion: Our study constructed
the ceRNA network, providing a new perspective for exploring the pathogenic mechanism of IncRNAs involved
in cardiac hypertrophy. LncRNAs may affect the pathogenesis of cardiac hypertrophy by regulating in the ceRNA
network. In the ceRNA network, up-regulated AC017002 and MIR210HG and down-regulated LINC00342
may regulate the expression level of downstream mRNA by means of competitive “sponge adsorption” of miRNA,
so that the expression of AP1, c-MYC and PIM1 were up-regulated, and the expression of ASK1 (MAP3KS),
MSK1/2 (RPS6KAS) and SFRP1 were down-regulated. These genes were involved in the pathophysiological
process of cardiac hypertrophy through MAPK signaling pathway, apoptosis, Wnt signaling pathway, JAK-STST
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signaling pathway and TNF signaling pathway. It may become a potential therapeutic target, and the development

of drugs that block the above-mentioned IncRNAs and/or downstream target genes may have profound clinical

significance in the treatment of cardiac hypertrophy.

Keywords
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52 30260 LGN I mT R R . BRIk
M. N Z1(endothelin 1, ET-D)HMM AN BT ZE
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RN O N E R B FEEREA BE A Y E B HR
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GEO (https://www.ncbi.nlm.nih.gov/geo/ ) &4 & H
5 16 ET- 1413 Y hiPSC-CMs I RN A 28 3K 1% 65 %L
Wi, WA AEWERY I, RO 2R R
ik 5& [Hl (differentially expressed genes, DEGs), 14
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Affymetrix Human Genome U133 Plus 2.0 Arrayf-
£, LIhiPSC-CMs HWFFEN 42, ET1HIIMhiPSC-
CMs A LU (34H), JCET 1AL AYhiPSC-CMs iy X}
MR (34).

1.2 EHEAIE

X T R SRR PR I A EOR T R S
AT AL B, RO R R M5 B . SR
PEHUE T (Per]) B ORI T3 KB P, LXK 43
IncRNAFImRNA . PerlJE—FhEmgk . . sh&M
TR T

1.3 LncRNA #1 mRNA £ B RIEDH

KGR 3.5.0 FIRIE 75 limma il 73 BT 3
Rk 225, %KM A E T Bioconductor i %] H
TAb BRI TE N F B . Limma K460 A 22 56
DU R 35 FH TR ET 1434 1 hiPSC-CMs 55 X i
1 Z [ DEGs. DEGsik 5514 0 25 7 A5 $klog
fold change>lﬂz<—1, P<0.05, Fiz HRIE T 2
K, LA #{LDEGs.

1.4 il miRNA FEEE R

il 5 23 00 B30 4 M Per 5T 45 1N Inc RN A
MR miRNA, #AJ5# i TargetScan, miRDB
HmiRTarBase 55 FUI A5 7 mi RN A 9 48 2k [
(mRNA); FlHCytoscape3.7. 15 {44 @ IncRNA-
microRNA-mRNA ceRNA AJ 0 £k 845 W 2%
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(Gene Ontology, GO)RInTARHE A 5 R K 4 5 F
445 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) il # & £ 70 1o A £ L AR EDAVID
6.8(https://david.ncifcrf.gov/)jﬂ’%i&ﬁ?GO%%
T, FEAEY)S#FE (biological processes, BP).
20l 2 73 (cellular component, CC)Fl4r T Hifig
(molecular function, MF)J7 I X} 3& K ¥ 47 ) BE 1
B FIHAEL T HKOBAS(http://kobas.cbi.pku.
edu.cn/anno_iden.php) #F1TKEG Gl } & % 717,
HRITDEGs % W RN fF T . P<0.0ShERA
Gt X

2 /R

2.1 BEERRIEHH

S5XF A, ETUHIPWhiPSC-CMsH1194>
IncRNAFI717/ mRNAZE 7RI HA G2 E L,
H ) IncRNAZKE A4, THEPF 15
mRNAZ A FIA 3124, PG 405h, 25
FIREMIncRNAFImRNARIEL H W1, LncRNAFI
mRNAZE SRRkl B (B, &2, 3). X%
SR IncRNA M BB/ mRNAZ HI R WK 2, 3.

F1ERFIZEFEHHE (logFC>15{<-1)
Table 1 Number of DEGs (logFC>13{<—1)

FR2LncRNAZ R RIEDH
Table 2 LncRNA differential expression analysis

LncRNA LogFC  AveExpr t P B

ZBEDS-AS1  —1.666 6.512 -16.254 1.58E-05 8.514

HAND2- -1.212 8.085 -16.128 1.64E-05 8.450
AS1
C1QTNFI1- -1.15§ 5.561 -14.693 2.33E-05 7.675
AS1
ASB16-AS1  -1.054 4.45S -14.220 2.77E-0S 7.402

RARA-AS1 1.086 7.538  12.024 S5.31E-0S §5.991

AC017002 1.469 4775  11.397 6.76E-05 5.541

GATA6-AS1  -1.221 9.675 -10.822 8.70E-05 S5.106

LINCO01351 -1.507 6.212 -10.680 9.29E-05 4.995
LINC00648 -2.406 5.344 -9.767  <0.001  4.247
A2M-AS1 -1.382 5.087 —-8.897 <0.001 3.472
PXN-AS1 -1.420 5.627 —8.889 <0.001  3.465
PAXIP1-AS1 -1.124 5.769  —8.689 <0.001 3277
FGF13-AS1  -1.196 5250 -8.652 <0.001 3.242
LINC00342 -1.060 5.733  —8.445 <0.001  3.043
LINCO00702  2.565 8.613 8.178 <0.001  2.780

CAHM —1.001 4.713  =7.587 0.001 2.173

UNCSB-AS1 -1.038 9.967  -7.389 0.001 1.961
MIR210HG  1.406 6.101 5.949 0.002 0.279

LOHI2CR2 -1.212 4403 -5.493 0.003 -0.311

LncRNA
Regulation ) mRNA expression
expression
Up-regulation 4 312
Down-regulation 15 405
Total Sum 19 717

Volcano

logFC

0 1 2 3 4 S 6
~log10 (adj.P. Val)

B ERERRAENLE(RLIENTRAZERFAER)
Figure 1 Gene differential expression profile volcano map (DEGs

were showed in dotted box)

“logFC” J& P 4 1K fELIA] A2 08 Jie o A 1 22 A A
B, “AveExpr” NPIFRILHL, “B” Ny DLt
JE A5 B B BR 22 X R
“LogFC” is the change multiple of logarithmic base 2
between the expression values of two groups, “AveExpr” is
the average expression, “B” is the logarithmic value of the

standard deviation obtained after bayes test.

2.2 MERFMM LR
T 5 £ ncRNA G A miRNA,  FF 70
SOILH, B ER W4,

2.3 LncRNA-miRNA-mRNA [ £&#3

T2 20045 B HIncRNA-miRNA-mRNA
ceRNAMZ% (Kl4) . BT . =MAE . HE
JE 73 It IncRNA, miRNA, mRNA, [i#H
AC01700259 1 miRNAFKEEZE Y], f1ffhsa-miR-
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27a-3p, hsa-miR-425-5p, hsa-miR-135a-5p, hsa-
miR-142-3p, hsa-miR-761, hsa-miR-3619-5p, hsa-
miR-23b-3p, hsa-miR-338-3p, hsa-miR-449¢c-Sp;
EIHBMIR210HG 510 miRNAK B # V), 4145
hsa-miR-135a-5p, hsa-miR-206, hsa-miR-761,
hsa-miR-3619-Sp, hsa-miR-216b-5p, hsa-miR-24-
3p, hsa-miR-27a-3p, hsa-miR-449c¢-Sp, hsa-miR-
125b-5p, hsa-miR-129-Sp; FIMMLINC003425
9P miRNAXKIK VI, fd4fhsa-miR-139-Sp, hsa-
miR-142-3p, hsa-miR-193a-3p, hsa-miR-761, hsa-

33 mRNA(HI20) E RRIAD
Table 3 mRNA differential expression analysis (top 20)

miR-3619-5p, hsa-miR-217, hsa-miR-27a-3p, hsa-
miR-338-3p, hsa-miR-129-5p([¥l4). 1% 4% i 5
R 3324, HrigA~ B, ®WiGTPM3, PIMI,
AMOTL2, INPPSF, FSCNI1, KANK4, LITAF,
SLC7Al, KCNJ2, GBA2, ENPEP, BDNF,
TNFRSF21, FOS, LIMS1, SPRY4, MYC,
PLAU; 147 Fi4, ©FSEMA6D, ARLIS,
RPS6KAS, NR3C2, SFRP1, TGFBR3, BMF,
EZH2, MAP3KS, SLC16A1, MXI1, GPAM,
ZWINT, BHLHBY,

mRNA logFC AveExpr t P B

SERPINEI 4.200 7.151 39.741 1.13E-06 15.005
FJX1 2.258S5 6.458 31.737 3.13E-06 13.607
MAP2K]1 2.862 10.059 30.913 3.13E-06 13.431
CCL4 5.791 6.929 28.842 3.80E-06 12.954
SPRY4 2.232 6.845 27.881 3.80E-06 12.714
LPL 2.639 7.797 27.794 3.80E-06 12.692
ENPEP 2.527 4.204 27.296 3.80E-06 12.563
ALDHIBI 1.827 6.659 25.730 4.60E-06 12.133
EMLI -2.010 6.723 -25.679 4.60E-06 12.119
NANOSI 2.134 9.218 25.568 4.60E-06 12.087
RDHI10 2.132 7.505 24.837 5.33E-06 11.872
DRD1 =3.391 5.712 -24.197 S5.63E-06 11.676
HELLS -2.120 4.735 -24.187 S5.63E-06 11.673
UBE2]1 1.634 7.302 23.791 S5.76E-06 11.548
SOX9 3.802 7.528 23.641 S5.76E-06 11.500
IRS2 2.275 8.519 23.354 S5.76E-06 11.408
GINS1 -1.558 8.633 —-23.080 S.76E-06 11.317
PDYN 2.209 5.625 23.071 S5.76E-06 11.314
NUDT6 -1.816 6.512 -23.049 S.76E-06 11.307
TRIMSS 1.754 10.989 22.704 6.08E-06 11.192

“logFC” AL ZREIA(E ] A2 A X Bk i AR T 45,
ZI AL

“LogFC” is the change multiple of logarithmic base 2 betwe

“Avebxpr” HFAFILE, By UUNEIRK S 1 B HObRE

en the expression values of two groups, “AveExpr” is the average

expression, “B” is the logarithmic value of the standard deviation obtained after bayes test.
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Figure 3 mRNA expression profile heatmap (con: hiPSC-CMs stimulated without ET1; treat: hiPSC-CMs stimulated with ET1)
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Figure 2 LncRNA expression profile heatmap (con: hiPSC-CMs stimulated without ET1; treat: hiPSC-CMs stimulated with ET1)

LSE0LVLINSD

LH4)

8¥E0.LVLINSD

0SE0LVLINSD

2SE0LPLINSD

LINC00702
GATA6-AS1
UNC5B-AS1
ZBEDS5-AS1
LINCO01351
HAND2-AS1
RARA-AS1
AC017002
MIR210HG
CAHM
ASB16-AS1
LOH12CR2
PXN-AS1
C1QTNF1-AS1
PAXIP1-AS1
LINC00342
LINC00648
A2M-AS1
FGF13-AS1

8¥E0LYLINSO

0SE0LYLNSD

ANKRD13A
uGCG
cCL4
SOX9
SERPINE1
MAFF
PDYN
ST6GAL2
LRRC8B

HELLS
STAMBPL1
UHRF1
MCMm2
TMEM14A
EML1
TTLLY
CDCé
TCF19
TNFAIP8
FANCG
NUDT6
MCM5

2SE0LYLINSD

Type

100 con
treat
9

Type

10 treat



UL JEARY .

P2 1 A SR Z2 R T AR IR TECULANAR IncRNA F6A1E & ceRNA MZS AW B2 ek, 45

2795

F4 LocRNAKX B miRNATE 4 B R R HE T B E E (mRNA, F720)F
Table 4 Prediction of miRNAs and downstream target genes (mnRNA) associated with IncRNAs (Top 20)

miRNA Target gene miRDB miRTarBase TargetScan Sum
hsa-miR-216b-Sp TPM3 1 1 1 3
hsa-miR-216b-Sp MCM4 1 1 1 3
hsa-miR-761 PIM]1 1 1 1 3
hsa-miR-761 AMERI 1 1 1 3
hsa-miR-24-3p AMOTL2 1 1 1 3
hsa-miR-129-Sp El24 1 1 1 B
hsa-miR-27a-3p NPEPPS 1 1 1 3
hsa-miR-125b-Sp CSNK2A1 1 1 1 B
hsa-miR-142-3p CLTA 1 1 1 3
hsa-miR-23b-3p ZMYM?2 1 1 1 B
hsa-miR-27a-3p NR2F2 1 1 1 3
hsa-miR-425-5p LCOR 1 1 1 3
hsa-miR-142-3p RICTOR 1 1 1 3
hsa-miR-142-3p AKTIS1 1 1 1 3
hsa-miR-129-5p SORBS2 1 1 1 3
hsa-miR-10a-Sp MTE2 1 1 1 3
hsa-miR-142-3p KAT7 1 1 1 3
hsa-miR-10a-Sp MEDI 1 1 1 3
hsa-miR-129-Sp DUSP10 1 1 1 3
hsa-miR-125b-5p ZNF385A 1 1 1 B

“miRNA” H1lncRNAXKEX [{)microRNA,

miRTarBase =Ml F,  “Sum” fRF L,

“Target gene” AHAHN miRNARJHLIEE , JLIM %L T TargetScan, miRDBAFI
A3 337 Rl R34 BCH8 128 Hh S5 IE W DA R O, A miRNA R SEE A

“miRNA” is the microRNA associated with IncRNA. “Target gene” is the target gene of the corresponding miRNA, and its prediction is

based on 3 databases of TargetScan, miRDB and miRTarBase. “Sum” represents the total score. If the score is 3, it means that the mRNA

is the target gene of corresponding miRNA proved in the three databases simultaneously.

2.4 GO EENHT

XF ce RN AR £ i i §E 3L A 64T GO & A 43 HT
KO F Y E LB NAFRBNGOTHESY, 4
BP, CCHIMF 375, Hri#& A&l EEENT
L5y AN G BE . BRI ER 145 A (RS), 5
HA G752 X (P<0.05) . RHIRIE H ggplot2fi it
ATl AL 2B (D S) o

2.5 KEGG BE LS
Xt ce RNA M 4% v i 50 3k R FfTKEG G il % &
LN, KB I B e E B 20015 5l I b

(£6), EREAGI#E X (P<0.05), XFFH%E
KAYLL EKEGGHE %, R ARE T 47355 ol 4k
I (E6), X E R ENE B MAPKSS
S (7). WIEET(FS) . wWatfs 5 i ([
9). JAK-STAT(5 5 % (Kl 10) . TNF{5F 78 i
(F11) . LAl s IR RGeS . e b i
miRNAs ., MEE SN F5 5 . FARME . B
B . APEBER G . S E . BERC A
MRBRAE 2 fik . L AIHF 5 . 4B R AR 5@ . RE
TR SEAR IR . cAMPIR S IE I IE T R AR
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Figure 4 IncRNA-miRNA-mRNA ceRNA network construction
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Table 5 GO enrichment analysis of target genes in IncRNA-miRNA-mRNA ceRNA network

Types GO subgroup No. of enrich genes P Genes
BP G0:0071356 (cellular response to tumor necrosis factor) 3 0.016 TNFRSF21, MAP3KS, SFRPI1
BP G0:0071391 (cellular response to estrogen stimulus) 2 0.023 SERP1, MYC
BP G0:0014898 (cardiac muscle hypertrophy in response to 2 0.026 EZH2, INPPSF
stress)
BP G0:0008283 (cell proliferation) 4 0.027  FSCNI1, PIMI1, ENPEP, MYC
BP GO0:0014911 (positive regulation of smooth muscle cell 2 0.035  SEMA6D, MYC
migration)
BP GO:0051894 (positive regulation of focal adhesion 2 0.037  LIMSI1, SFRPI
assembly)
BP G0:0016477 (cell migration) 3 0.038 ESCN1, TGFBR3, ENPEP
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RS

Types GO subgroup No. of enrich genes 2 Genes

BP G0:0042127 (regulation of cell proliferation) 3 0.043 TNFRSF21, EZH2, PLAU

BP G0:0006306 (DNA methylation) 2 0.044  FOS, EZH2

CC G0:0005886 (plasma membrane) 14 0.013 TNFRSF21, LIMS1, LITAF,
PIM1, ENPEP, KCNJ2,
GBA2, SLCI6AI1, SFRPI,
SEMA6D, SLC7A1, GPAM,
BMF, PLAU

CC GO:0005887 (integral component of plasma membrane) 7 0.030 TNFRSF21, SLCI6AI,
SEMA6D, SLC7AI,
TGFBR3, ENPEP, KCNJj2

CcC G0:0005790 (smooth endoplasmic reticulum) 2 0.043 GBA2, KCNJj2

MF GO:0005515 (protein binding) 22 0.036 TNFRSF21, LIMS1, LITAF,

FSCN1, EZH2, NR3C2,
PIMI, MXII, AMOTL2,
SPRY4, TPM3, RPSGKAS,
FOS, MAP3KS, SFRPI,
ZWINT, SLC7AI, INPPSF,
TGFBR3, BMF, MYC, PLAU

G0:0071391 (cellular response to estrogen stimulus)
GO0:0071356 (cellular response to tumor necrosis factor)

G0:0051894 (positive regulation of focal adhesion assembly.

G0:0042127 (regulation of cell proliferation)

G0:0016477 (cell migration)

-log10(PValue)

G0:0014911 (positive regulation of smooth muscle cell migration)
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G0:0014898 (cardiac muscle hypertrophy in response to stress)
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Figure § Visualization of GO enrichment analysis of target genes (barplot)
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% 6 LncRNA-miRNA-mRNA ceRNA W&l E F KEGG B EE N

Table 6 KEGG pathway enrichment analysis of target genes in IncRNA-miRNA-mRNA ceRNA network

KEGG No. of enrich

pathway code KEGG pathway genes P Gene code
hsa05206 MicroRNAs in cancer 8 7.70B-00  90427|6541|5292|9252|2146|4609|6624|5328
hsa04010 MAPK signaling pathway S 7.49E-05  2353|4217|627]9252|4609
hsa04668 TNF signaling pathway 3 0.003  2353]4217]9252
hsa04722 Neurotrophin signaling pathway 3 0.003  9252]4217|627

hsa05216 Thyroid cancer 2 0.004  7170]4609

hsa05219 Bladder cancer 2 0.007 9252|4609

hsa05221 Acute myeloid leukemia 2 0.011  5292]4609

hsa05210 Colorectal cancer 2 0.011 2353|4609

hsa04713 Circadian entrainment 2 0.023  2353]9252

hsa04725 Cholinergic synapse 2 0.027 3759|2353

hsa05200 Pathways in cancer 3 0.027  2353|7170|4609
hsa04210 Apoptosis 2 0.032 2353|4217

hsa04310 Wht signaling pathway 2 0.032  6422]4609

hsa05161 Hepatitis B 2 0.032 2353|4609

hsa04261 Adrenergic signaling in cardiomyocytes 2 0.032 9252|7170

hsa04630 Jak-STAT signaling pathway 2 0.032 5292|4609

hsa04921 Oxytocin signaling pathway 2 0.032 3759|2353

hsa05202 Transcriptional misregulation in cancer 2 0.039 5328|4609

hsa04024 cAMP signaling pathway 2 0.045 2353|627

hsa0520S Proteoglycans in cancer 2 0.045 5328|4609

hsa05221 Acute myeloid leukemia
hsa05219 Bladder cancer
hsa05216 Thyroid cancer

hsa05210 Colorectal cancer

hsa05206 MicroRNAs in cancer

hsa05205 Proteoglycans in cancer

hsa05202 Transcriptional misregulation in cancer
hsa05200 Pathways in cancer

hsa05161 Hepatitis B

hsa04921 Oxytocin signaling pathway

hsa04725 Cholinergic synapse

hsa04722 Neurotrophin signaling pathway
hsa04713 Circadian entrainment

hsa04668 TNF signaling pathway

hsa04630 Jak-STAT signaling pathway
hsa04310 Wnt signaling pathway

hsa04261 Adrenergic signaling in cardiomyocytes
hsa04210 Apoptosis

hsa04024 cAMP signaling pathway

hsa04010 MAPK signaling pathway

o
N
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Figure 6 Visualization of KEGG pathway enrichment analysis of target genes (barplot)
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