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Abstract: [Objective] Identifying differentially expressed genes in renal clear cell carcinoma (ccRCC) and their asso-
ciated miRNA and IncRNA. Exploring potential biomarkers for diagnosis and treatment of ¢c¢cRCC. [Methods] Screening
out differentially expressed genes of ¢ccRCC from TCGA database and GEO database and get them intersected. Then GO
function analysis and KEGG pathway enrichment analysis were carried out for differentially expressed genes. Next, the
MCODE software was used to screen out core genes in differentially expressed genes. Finally, the mirDIP database and
STARBASE database were utilized to predict miRNA and IncRNA of the core genes. [Results] A total of 427 differential-
ly expressed genes were identified, which were mainly involved in the functions of Catalytic activity, Receptor activity and
Cell adhesion molecule activity according to GO analysis. And the KEGG signal pathway enrichment results indicate that
these genes mainly related to signal pathways such as PPAR signaling pathway, Rap1 signaling pathway, and Cytokine—cy-

tokine receptor interaction. A total of 11 core genes were selected from the differentially expressed genes and 134 miRNA
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corresponding to them were predicted. Then 6 IcRNA were predicted in STARBASE database for 5 miRNA which were re-

lated to patients’ overall survival in ccRCC. Finally, an interaction network was constructed in CYTOSCAPE including In-

cRNA, miRNA, core genes, and corresponding signaling pathways. [ Conclusions] Bioinformatics technology was carried

out by combining TCGA database with GEO database to reveal differentially expressed genes in ¢ccRCC. The miRNA and

IncRNA corresponding to the core genes were predicted and analysed, which will help to discover clinical diagnosis bio-

markers in ¢ccRCC and improve the treatment measure.
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112 o8 M A% E R (https : /lwww.
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1.4 TFiE#Z O E E K& miRNA fil

1E STRING H1%i A DEGenes , 28 7 ¥ HoA HAE
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Table 1 Top 5 differentially expressed genes in TCGA

database and GEO database

mRNA log FC Adj. P Value
TCGA

GSG1L2 10.139322 <0.0001
PAEP 9.2965821 <0.0001
MUC17 8.8974649 <0.0001
SLC18A3 8.7315433 <0.0001
CFHRS5 8.337594 <0.0001
AQP2 -8.921997 <0.0001
UMOD -8.538155 <0.0001
SLC12A1 —-8.248671 <0.0001
TMEM207 -8.117681 <0.0001
ELF5 —7.828425 <0.0001
GEO

AQP2 12.037058 0.0005
ATP6VOA4 9.3015473 <0.0001
HRG 9.2568289 0.0001
CASR 9.0198089 <0.0001
GDF3 8.6193453 0.0028
HERPUD2 -9.680816 0.0079
CA9 -8.269913 <0.0001
FABP7 —7.724973 0.0001
HAVCR2 -7.341618 0.0008
SDC3 —7.241941 0.0011

log FC: log fold change

TCGA

GEO

339 427 1925

Footnote: 427 represents common differentially expressed
genes in two databases
1 TCGA ¥#EES GEO HiEEH ccRCC ZFFIA
ERAFEE
Fig.1 Venn diagram of differentially expressed genes in
ccRCC from TCGA database and GEO database
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Molecular Function for DEGenes
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Caspase activator activily ( 0.5&
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Signal transduction (27.2% )

Biological Process for DEGenes
/ Transport (10.6% )

Regulation of immune

response (0.7% )

— Lipid transport (0.5% )

l _Immune response (5.2%)

Cell adhesion molecule activity (3.5% )
Catalytic activity (4.9% )

Cell proliferation (0.9% )
——  Inflammatory response (0.5%)

x Spindle assembly (0.2% )

Lipid transporter activity (0.5% )

Hormone activity (0.7% )

Receptor activity (3.8%) Lipid storage (0.2% )

Extracellular matrix structural consitituent (2.3% ) Cell communication (26.3% )

Intracellular ligand—gated ion channel activity (0.9% )

DEGenes : differentially expressed genes.
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Fig.2 GO analysis results of differentially expressed genes

®2 ERREEEKEGG STER
Table 2 KEGG analysis results of differentially expressed genes

Pathway description FDR Genes (part )

PPAR signaling pathway 0.0151 ANGPTIA, APOAS, FABP1
Rapl signaling pathway 0.0151 ANGPT2, APBBIIP, EGF
Cytokine—cytokine receptor interaction 0.0151 BMPRIB, CCL11, CCRS
HIF-1 signaling pathway 0.0151 ANGPT2, EGF, EGLN3
Focal adhesion 0.0151 BIRC3, CCNDI1, COL4A4
Cell adhesion molecules (CAMs) 0.0151 CD86, CLDN11, CLDNI14
Complement and coagulation cascades 0.0151 C3,C7, FIl

Leukocyte transendothelial migration 0.0151 CLDNI11, CLDN14, CLDN16
Aldosterone—regulatedsodium reabsorption 0.0151 FXYD4, KCNJI, PIK3RS
Pathways in cancer 0.0151 BIRC3, CCNDI, CDKN2A
Melanoma 0.0151 CCND1, CDKN2A, EGF
PI3K-Akt signaling pathway 0.0166 ANGPT2, CCND1, COL4A4
Bladder cancer 0.0208 CCNDI1, CDKN2A, EGF
Pancreatic cancer 0.0333 CCND1, CDKN2A, EGF
Small cell lung cancer 0.0344 BIRC3, CCNDI, COL4A4

FDR : false discovery rate.

22 GOMgEN M KEGCEREENTER

1E FunRich 13 47 GO 4347 % 3L, DEGenes {F
41 I1HE (molecular function, MF) |+ 3= B AE th 7E
AT (catalytic activity ) 32 A% PE (receptor ac-
tivity ) 1 2Jf] Jfd 25 FfF 43 F 16 P (cell adhesion mole-
cule activity) 5 Y HE I, X 26 ) GR 78 4= ) 2 i 2
(biological process, BP) I+ 3 5 4 it i iH ( cell com-
munication) [5 5 5 5 ( signal transduction ) LA A 1]
G PE N 25 (regulation of immune response ) 55 % 1]
G Ho, 3% PER/MERF , MF 5 BP & 44521

BT 10 44 S FH 56 F& R FE DEGenes A9 5 Ho 45 51 W
€12, 78 STRING 1% DEGenes #£17 KEGG 4341 &
X AP 3222 5 PPAR {5 5 i % (PPAR signal-
ing pathway) . Rap1 {5 5 i [ (Rap1 signaling path-
way ) LA K 2 i [R5 52 14 AR /R H (eytokine—cyto-
kine receptor interaction) 55 {55 5 i % A7 % % V) HK
Z . M FDR (false discovery rate) < 0.05 FrifE, #H
O B % B G I B 44 WL 2.
2.3 ccRCC E Rz ERE K H miRNA

¥ DEGenes 3 A STRING Ji5 Bz 25 9Kz JC A H.
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CONDH— DACHZ Chorfas FGF1 N CASR RAB42 &
5@ TFAP2A F11 <« S NRils  CREB3LS
= TENM1 FGF9 \ 8 o S ESRRG VATIL
PSMBS
TFAP2B FLRT1 EGLN3 GBP2 NROB2 NLGN1 =
DACH1 SPTBN2 LRAT
NUDT1 CAPZA3 KCNJ10
uDT10 TSPANS  AVPR2 SERPINAS Sl
AQP2
PP ¥ Aps SLC9A2 ATP2A -~ UMop ' ABF® B N
MELK gz, SRGAPS > S’ 18620 NMUR2
™X2 ARL4D UBD PTHIR SUAL cLONG
L K< L
T L1
AMBP SCN2A
DTL TFAP2C SCNN1A SLC12A3 CLEN NBVER
.\ 4 SCN7A SONN1B ~ yie BSND CLPNI
NUSAP1 RRM2 MYO38 PCSK8
TRIMo 1G
? sLc2A3 e ol
ASPM SH3GL2 it
CENPM GMPR GCGR ALDOB
BCAZ  yeps &
AMPH BEST4
EPN3
GABRD A
EPO
PDE1A
oAz K2

YRR BE R 1394~ 4 3 4% 288 A~ HAT HH AR FH 1Y)
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K # f# M1 (k—core decomposition) , % “MCODE” %k
NG O 16 2% Hh IR R 2548 (B 3B) , %8R
FELEM A 1143 (KNGI . CCRS .CXCR4 , CX-
CLI3. C3. CXCL5. CASR . SAAI. FPR3 . NMUR2 .
NPY5R) F155 S5 M B AE FHOC R X, X 11 AN
mirDIP $54f5 78 35 75000 21 134 4> %F 197 A9 miRNA , N
ff B e miRNA X1 5 22 52 i 500, I CYTO-
SCAPE % {444 2t mRNA-miRNA M4 & (&1 4) ,
24 mMRNAZEGESIER

R B “Survival " 1% 31X 134 miRNA 4 £7
Ay HT4E SRR $ IR P < 0.05 I e br e, tfg 54
miRNA A2 35 7K 5590 BT 16 SR 2 AT A
(K5), HH hsa—mir-21 hsa —mir—221 .hsa —mir—
223 LA } hsa —mir-301b iX 4 1> miRNA kK F 5

A Interaction diagram of differential expressed genes (part) ;
B: Interaction diagram of core genes.
3 ERFRZEREEXRERZOCEREEXRE
Fig.3 Interaction diagram of differential expressed genes

and core genes
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hsa-MiRIS48D - T > hea-iRi257 A
-miR-54 -miR-1 -miR-
sa-mi . sa-mil hsa-miR-146b g hsafmiR:765
hsa-miR-656  hsa-miR-520h hsa-miR-429 5
. hsa-miR-214
hsa-miR-3163 = :
hsa-miR-367 hsa-miR-410 : hsa-miR-200c
hsaimiR622  hsaimiRise1 hsamiR:92b Nsa-MmiR-25 hsa:miR-195 X hsa-miR-200b
hsa-miR-424 h iR-222
hsa-miR-512  hsa-miR-708 . hsa-miR-23b sa-miR-
hsa-miR-513b 5 .
. : hsa-miR-223 hsa-miR-149
hsa:miR-3g0 _Nsa:MmiR-188 hsa:miR-129 hsamiR-494 e
i i’ hsa-miR-342 hsa-miR-49 2
hsa:miR-605 hsamiR-92a| hsa-miR-32 hsa-miR-1323 hsa-miR-15b
hsa-miR-889 \ i |
= hsa-miR-376¢ 3 el 45— iR 51 hsa:miR-646 ~hsamiR-491
hsa-miR-133: hsa-miR-369
hsa-miR-548
hsa-miR-495 : A hsa-miR-221
hsa-miR-374b hsa-miR-548n ; hsa-miR-607 hsa-miR-16 g
hsa-{iR5200 /5258 O’ hsaimiRio7 | hsa-miR-146a
: hsa-miR-141 7 hsa-miR-503
hsa-miR-421 hsa-miR-5011 . hsa-miR-23a
hsa-miR-548;
hsa-miR-433 hsa-miR-1277 :
hsa-miR-374a hsa-miR-577 & hsa-miR-590
hsa-miR-363 <, miR-200a
hsa-miR-28 "
hsa-miR-548¢ hsagilgy130
hsa-miR-543 hsa-miR-203a hsa-miR-186
hsa-miR=548a | . miR"548d
hsa:miR-212 hsa-miR-1
hsa-miR-374c o
hsa-miR-302c
hsa-miR-125b hsa'mia_zoahsa-mlR-EZOe hsa-miR-655
‘ hsa-miR-548x hsa-miR-381
hsa-miR-498 hsa-miR4125a hsa-miR-548aj
g hsa-miR-302a
hsa-miR-924 5 -miR-"
heaiiiyi627 hsa-miR-3120 V' hsalmiRwea4 sa-MiR-54se
hsa-miR-628 i -
hsa-miR-875 e hsa-miR-338
hsa-miR-485 hsa-MiR5480  hsamiR-224
hsa-miR-345 hsa-miR-548f ; hsa-miR-588
hsa-miR-211 hsa-miR-302e
hsa-miR-613 hsa-miR-302b hsa:miR-579
§ hsa-miR-301b hsa-miR-204 hsa-miR-9 hsa-miR-300
hsamiR=20b hsa-miR-185
hsa-miR-106: hsa-miR- iR-:
nsa- @302 sa-mi a sa-miR: EXOZdr| B 37r;sa-m|R 373 nsaliRss7
hsa-miR-455 G £
hsa-miR-301a
hsa-miR-130b
hsa:miR-454 hsa-g@y°c° ’
hsa-miR-532 hsa-miR-17 :
hsa-miR-519d hsa-miR-942

The diamond represents core gene and the ellipses represent miRNA , respectively.
B4 BoLEEREME miRNA
Fig.4 Core genes and their corresponding miRNA
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Fig.5 Survival analysis results of miRNA

I miRNA DL IncRNA 747 B0, 5 ) 3 i 258
S BT Y — 5 ccRCC 42 AH 3¢ 1 IncRNA-
miRNA-mRNA R %% .

P 2 55 2 4 R W Ui ok 1 Y 427 4> 22 53R
KEEH GO TIRE /M M KEGG 5 5 3 w4 2 28
AR TPAESZ AR TR P A0 ARG B O 3 PR AR D RE DL
PPAR Rapl %-{5 51 ¢, X 2L Ty g 5 15510
15 ccRCC 1Y KA R A A AR 7 IR &R . 4N
Eichelberg 55" {38 7£ ccRCC H , 1 K7 41 Kl ff 43+
- HE % 5 el i R 40 L ) T B RN AR 22 e ) L a2
ccRCC 337 T J5 8 45 o Collet %' & B PPARYy
PEh I BENSFE LI ccRCC 78 P Y Z2 B i i A5 10 e
AN A0 AR 9 VE -] . Rapl 6 K Z2 i 9
MAEKSEELIR, KmFVHREAELS
ccRCC ML A 54 7% % VAR O, PR T ml A Sy v e
MRS AL

JE % i RNA (non- coding RNA, ncRNA) H T
FLRF o HoA P b PR T fg , JF HA 2L mT L)
TEA E IR A/ B 8 S Ry e Rk 4R+
IR A2 IR e TR RIS A R AR LR
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circRNA) 28 JLAp 25 #8017 A5 B £8 958 (ovarian can-
cer, OC) ™, miR—376a 7 i 41 21 v v e 3R FE ]
DA 1 vk 92 40 B 1 1 5 S e B, DRLTTT S mT A Sk OC
AR R SR FAR R ™ . T 7E B 9 (gastric
cancer, GC) H', B #1519 IncRNA-HOTAIR 3 1 %
B miR—331-3p #f 1fij ¥ ¥ HER2 1) 2% 35 7K - fifi 7L
FEIRHEAN , T 75 2638 B9 HER2 5 GC Ay B R T2 B
TG AN R ARG, R, & 335 9 HOTAIR ] LA
YEH GC G A RIZW 73 FhnaE® ™. Ao
TE mirDIP Z5040 2 r 000 4% 0o 3 PR A9 L 3 miRNA
FEA4 33X 28 miRNA ) TCGA 34 7 b ceRCC (116
IRFEA AT A A7 50 B, R E] 5455 ecRCC B
SR AR A7 R B AH C M 19 miRNA, P 20 hsa—-
mir-21  hsa—mir-221 X e 2 g LU SE H 5
ccRCC P & IR B B IR R AR5
FIH H e L R 2B & B9 STARBASE B0 %X 54
miRNA _FJ#%) IncRNA $E47F00 , i3 2544 0 G &R
XF 2 AR R B LA B g A B B0 IE , i
F] 6 4~ IncRNA (XIST . GAS5 .KCNQ10OT1 . NEATI .
MIR17HG . H19) . H 1, H19 7 ccRCC H 7] L) 38
I W% Bff miR-29a-3p MM 8 45 E2F1 Rk K, it

52 W 9 1 R R R B A e . NEAT1
YE R IncRNA H B 253 ¥, Z HT7E ccRCC H i
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Table 3 MiRNA and corresponding IncRNA
miRNA IncRNA Cancer Type P-Value
hsa-miR-21 XIST Breast cancer (BRCA) <0.000 1
hsa-miR-221 GAS5 Urothelial bladder cancer (BLCA) 0.048 5
hsa-miR-221 GAS5 Head and neck squamous cell carcinoma (HNSC) 0.000 1
hsa-miR-221 GASS Lung adenocarcinoma (LUAD) <0.000 1
hsa-miR-204 KCNQ10T1 Glioblastoma multiforme (GBM) 0.014 6
hsa-miR-204 NEAT1 Urothelial bladder cancer (BLCA) 0.004 8
hsa-miR-204 NEAT1 Chromophobe renal cell carcinoma (KICH) <0.000 1
hsa-miR-204 NEAT1 Papillary thyroid carcinoma (THCA ) 0.000 6
hsa-miR-223 GAS5 Urothelial bladder cancer (BLCA ) 0.003 3
hsa-miR-223 GASS Colon and Rectal adenocarcinoma (CRC) 0.013 4
hsa-miR-223 GASS Lung adenocarcinoma (LUAD) 0.001 0
hsa-miR-223 GASS Lung squamous cell carcinoma (LUSC) 0.040 4
hsa-miR-223 GASS Ovarian serous cystadenocarcinoma (OV) 0.037 6
hsa-miR-223 GAS5 Cutaneous melanoma (SKCM ) <0.000 1
hsa-miR-223 GAS5 Papillary thyroid carcinoma (THCA ) 0.002 1
hsa-miR-223 GAS5 Uterine corpus endometrial carcinoma (UCEC) 0.012 0
hsa-miR-223 MIR17HG Glioblastoma multiforme (GBM ) 0.003 4
hsa-miR-301b XIST Breast cancer (BRCA) <0.000 1
hsa-miR-301b H19 Breast cancer (BRCA) <0.000 1
{JP hsa-miR-301b H19 Papillary thyroid carcinoma (THCA ) <0.000 1
hsa-miR-301b KCNQ10T1 Breast cancer (BRCA) 0.001 2
hsa-miR-301b KCNQ10T1 Acute Myeloid Leukemia (LAML) 0.018 8
M%Fﬂii_i? IncRNA Al 185 | K ~[0] B Ak
hsa-miR- 1132 ﬂ[j F;JL E/Jljz_F*EE o o FX ﬂ% 4 /l\ IncRNA {'/"/F&
gﬁﬂ*ﬁffﬁé@ki?’i%ﬁﬁmm 1B AR AT TR
-miR-Zzﬂ/h*G ccRCC W AR ST , I (A5 FRAT T AT E IR A
AT S R
hsa-miR- _[l:[jﬁﬂ:}f_‘j\_k_)ﬁ?l_ ccRCC EF'E@%#%%L%IJ{F
/‘ SRR 5 AT 5 E A0, H B T
ﬁ. ORI, BfFl_igiXﬂLi;Jﬂﬁﬂ‘%D%ﬁ
- T T AT R T
IncRNA . miRNA . mRNA DL 5 53 114 ) 2% ]
y 3 o 10190 24 VT T A A A 2 4 I A
ol ST SRR T B, 0 ceRCC 10 71512 7 A1
I SR AE T RIS, D FREHTHY ccRCC IR AR
The triangle, ellipse, diamond and octagon represent IncRNA, EWIFEME T M . zrg,ﬁﬁﬁjrﬁ H %T/@Z,AL &I
miRNA, mRNA and pathway, respectively. . %*HTL%EAXT%EE,Q fﬁ {y" #’/T?:U\E/Lﬁ\ﬁlz i {BEE
6 IncRNA-miRNA-mRNA-pathway [ %% [&] 5
Fig.6 Network of lncRNA—miRNAp—mRNZ—pathway ERBTTCRLEE P S A S50 Mo HE01 , S UL
IEAER) ccRCC HYIZIBT BT r #L s R 2 l i T
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