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EC M ENESE . DUT & HETA AR B ZEARE
a. ZREME, Sl R RNA T EAAEY(E B2 e
ZAE HAZE Y R R T R E IR RNAL fB 1
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Fig.1 The main mechanism of circRNA function in tumor cells
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Table 1 circRNA related database
F1 IKRNAHEXEIRE

Hhhs e Pl FEIIRE %R
circBase http://www.circbase.org/ FRALFRRNARFEE RS [36]
CircBank http://www.circbank.cn/index.html FRAE AN FIRRRNARFAE 7 R, (8]
circAtlas http://circatlas.biols.ac.cn/ FRAPORRNARFIE 2 D) e R [37]
CircularRNA Interactome*  https://circinteractome.nia.nih.gov/index.html 514 JsiRNA 11, miRNA. RBPHE & 75l [38]
CSCD 2.0% http:/geneyun.net/CSCD2/# FEREAH S FRRN ARRE K Th RE B [39]
circMine http://www.biomedical-web.com/circmine/home %5 FORRNAKL St H 5 N ISPIRFHE, SRFIRIRAASE  [40]

LAy

ENCORI https://starbase.sysu.edu.cn/ JeiE ceRINA AR [P 4 Tl [41]
CircNet 2.0 https://awi.cuhk.edu.cn/~CircNet/php/index.php  Ji#iEceRNA H_{F k4 2% Fi [42]
circPrimer2.0* https://www.bio-inf.cn/ HIRRNAL F AT fi40 [43]

RNAhybrid*

RNA22*

https://cm jefferson.edu/rna22/Interactive/

https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid %5 T /5 4 7l ceRNAZE 53 71, &M T REEAE FEvE [44]

BHIRIRRNA ST
FeT T ceRNALE #3877, &R T AR EIEEE  [45]
BHIRIRRNA ST

SRR SR AT

2 IRIRRNAZEWTHRER

Bifi o v 3l ST . AR A E B AR
MR, i RE WT I FE & 2100 R A1,
FEWT HR LT BOok 2 1) 22 R RNA .
FIIEHE FE I, 2 E A9 FR AR RNA 5 WT A 92417 R
FYUEG, WiGAEEE . M. . R3E. A
L JE S BEL s A bR A A A . 7E WT rh 5 i R
RNA F2L5# o miRNA “VE48” ML 5 e AR 9
AT N . MR RNA 5 WT 13 2211 A BUERE
WA, ALFEIE I NG PR 30 . ek, ZINER
TR TR Y 3R I, R S R U BR BURE PRIk RNA 7]
A A A0 R R AR o AR TR RS T ERR
RNATEWT A RINE L . B2 Dhne it , LA
KHAEWT W, BUS AR A Y7 P A T LR I R
i H
2.1 IMKRNAZEWTHRFRIE

TR EEENTRA, B RMBTT KR
RNA7E WT iRtk wRe A WA TIhe .
Zhou 5§ 38 F U BE I Iy & W circCDYL 7 WT 41
ZUh I N H . Cao%F 17 I 3 XTHCXT 9 WT 2141
HVgE 55 1 SV TR RNAGE i, 0 1) 28
FE 2018 3 BRAT TR PRI RNAL B, 1
AR TR S A P ERR RNA 7E 10 4 FE X

WT I 22 i 3Rk K, Horb circ0093740 78
B PR LRI B kb, RGN
M2 293T AL, circ0093740 76 WT 4 il & G401 Fil
SK-NEP-1 i 3Rik . B, LRI p s fm
TEREFRTE AR AT

J9 7 BE— AR WT 2141 R FRR RNA 0 58 8
FIRIE, AUREA F AR 4 6T E A1 R WT F
A HE AT AR RNA B B 7 0 )y A
RNase REFH b 2 AbSME SEASR JG HE1 TPk RNA
W EES7 SCE . 78 8 AN PR, AR 4
JPre g KT 11 Gb, WA 30 MELL b, I,
N FTAT REAS B0 e S At AR AT B b . Bk
W SE 119 23 978 343 Z5 Mtk RNA 5 2 119 5088
circBase (http: //www.circbase.org/) #E4TIHLE, A
10 884 Z MR RNA O R4 7 B ARIE T 51K IR
KZEZE (84.18%) AN T, 11.72% N & F,
4.10% & 0 T K& R A X sk . AR P BROA 0 vk 2 8
([log,FCI>1 F1P<0.05), M1 755 25Kk
[ ERR RNA, Hir 7494~ B, 10061~ T, 7E
Ub, 25T HEA SRR Y 25 5 R MR RNA 1 B4R
FRE (22). Z5IIRRNA B GO TR, 3£
AREEEGF AT INB R, S 59528, 401
HEFE RN 20 M SR I A A
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Table 2 Basic characteristics of 19 differently expressed circRNAs in Wilms tumor

R2 WTHIINERRIZIFKRNAREARHFE

ZFR fir ME ERAK gk SRAIEFID RS Fik
pal [ /bp [ /bp g
circZNF208 chr19: 21974729-21988909 - 14 181 302 ENSG00000160321 ZNF208 i
circ_0006549 chr8: 124392768-124392917 - 149 149 ENSG00000156802 ATAD2 sl
circEYA1 chr8: 71244603-71271897 - 27295 314 ENSG00000104313 EYAl il
circ_0009035 chr12: 49991998-49992655 - 658 375 ENSG00000161800 RACGAPI1 il
circPKHD1 chr6: 52010309-52035721 - 25413 638 ENSG00000170927 PKHDI1 T
circNPNT chrd: 105911149-105911732 + 584 584 ENSG00000168743 NPNT T
circ_0002563 chrl: 44757556-44758140 + 585 247 ENSG00000142945 KIF2C i
circ_0005620 chr10: 103622470-103661114 - 38 646 4865 ENSG00000107957 SH3PXD2A TiA
circ_0085465 chr8: 123337625-123339446 - 1822 333 ENSG00000156802 ATAD2 LA
circ_ 0008122 chr19: 23134080-23136043 + 1964 223 ENSG00000183850 ZNF730 A
circ_0001900 chr9: 135881633-135883078 - 1 446 425 ENSG00000130559 CAMSAPI1 A
circ_0001495 chr5: 69174877-69175537 + 661 378 ENSG00000134057 CCNBI1 LA
circ_0044833 chrl7: 59197544-59197789 + 246 157 ENSG00000068489 PRR11 LA
circ_0006151 chr10: 68468123-68470163 - 2 041 367 ENSG00000138346 DNA2 el
circ_0004425 chr9: 100498765-100516771 + 18 007 364 ENSG00000241697 TMEFF1 el
circ_0072391 chr5: 43295752-43297166 - 1415 331 ENSG00000112972 HMGCSI1 i
circ_0006357 chr7: 148846470-148847305 - 253 ENSG00000106462 EZH2 sl
circ_0005015 chr8: 121628714-121629340 - 627 ENSG00000170961 HAS2 sl
circ_0001821 chr8: 127890589-127890998 + 410 ENSG00000249859 PVTI1 il

My 25 RAAEAENCBI-GEOBIRE D, SR ATFIREL, Mhkhttps://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE197046 .,

2.2 INKRNAE T ceRNAHLH = WTid R
2.2.1  ceRNAMLHl L WTH I AE ) circRNA-miRNA-
mRNA X 4%

ceRNA 5 15t 52 Salmena 2575 2011 4F 1E =42
() — i LA A 60 A0 6 PR R iR PR A =X 1 i
AR, miRNA 7] 3 o 5 8 5L R 25 5 1 52 e 48
mRNA [ FaE M 87 3% 5% 5 7K T4 oF B A (]
2a). 7F miRNA FlmRNA 2545 HLEIh, A — i
& 0 i miRNA B 2 7/ (microRNA response
elements, MREs). 1FJ&H T mRNA FAEAERIEAY
MREs 4 (& 5 miRNA 454 . Fifi 5 % s 40 B 58 i R
A, W5 B K B MREs ANMUAFAET mRNA LA
ETIIRRNA I, HA AR MREs 1Y) RNA 43 F
A LS e P4 A miRNA, R, & 32 5 A0 BR0R
RNA AJ/E 5 miRNA “VF43”, B0 H] miRNA
HHIENEEG, EAk, BOREZ MRS R AR
RNA i 1 ceRNA ML WT AR (K 2b).
W WT 1 cireSLCTA6/miR-107/ABL2 #l 5 |
circCDYL/miR-145-5p/TIP1 #l1 4" | ¢irc0093740/
miR136/145-DNMT3A %l ') 5§ circEYA1/miR-619-
Sp/TPS3 % 8. (HAHE A E, AR RNA ]

A& A Z M miRNA 45 507 88 . B4 circ0093740 A]
LAy 3145 4 miR136 FlmiR145 47 [Ktt, 41t ER
SR RNA FEEF GBS miRNA 5 5L ELA B R AAYT
T # . 38 40 4 B WT 41 21 25k RNA L
miRNA Fl mRNA £iAi%, Tian % “Y 75 WT g 2
T—ALIFRR RNA RO R 78 25 . 45 H
CHEFE IR B B A TS AR OCHE , (HR 4 Rk
RNA 3 1AWy D ReAT s Bk — AL 50k
222 HOIRRNA B ceRNA ML £E WT H (89 4= 1) 27
Titie

IR RNA 1Y ceRNA HLI7E WT H 1 0F 55 R
M, BOFSCERERI, JRIEAIR RNA 7E WT
RS R AR I S EBOE R, TSR
ZYAEYISEIRE, INAERF ARG AR | fE SR A
1278 . 75 540 5 9 BE W 5 (I 2b) o il
circSLC7A6 . circ0093740 Fll circEYA1 7 fift 8 4H 21
HiZeik FIE, it miRNA “UE48” HLHI R B0
YEH, T circCDYL 7EAMRE L 4T Fe ik N, it
miR-145-5p/TIP1 441 il WT 4 Jf 76 44 S0 Fn 44 ;9 1)
g, IR TS 5REWT A Y A R
IR RNA. 5 miRNA FllIncRNA (long non-coding
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Fig. 2 circRNAs act as miRNA sponges to participate in Wilms tumor progression
B2 IRKRNAEIT “ 548 ” miRNA ( ceRNAHLEI ) JHEWTHE

RNA, KIAEZAGZRNA) ML, J&F IR RNA B
D, WS 5 WT 3 19 miRNA F1 IncRNA

4y 4 T8 [ B ] 2% Sk [51-521.

Table 3 circRNA regulated the malignant biological behavior through a competitive endogenous RNA (ceRNA )

mechanism in Wilms tumor
£3 WIHIKRNAR T ceRNANLH AR M Z1T H

FIRRNA £k Bl EiES ke LAY =4

SCHk

circSLC7A6 - miR-107/ABL2  HFWT. WiT49f117-94 {RibdifsésE. T, RIBMAmPT: A sEss . [50]
6J5 BALB/cHE

circCDYL il miR-145-5p/TJP1 SK-NEP-1#1G401  #GIAAIgsA. TR, RZBMMMFEIHMER RS afsess.  [46]
4 BALB/cHE,

circ0093740 L miR136/145/ SK-NEP-1#1G401 {2 4uffassg. T iz o ses:.  [47]
DNMT3A 4] BALB/cHE R

circ0017247 - miR-145 - - [53]

circEYAl i miR-619-5p/TP53 WT-CLSI Rt AN G sE . TR, (228, AU RAhansEse (48]

2.3 IMRRNAEAWTEERNISHAMBUERE

2 PN FRIR RNA B 35 B 32 1) HLAE ) % AE R
fife Z (B PR A, SRR D) AL AN T 2
AN, A WS HGE FRAR RNA A 38 i S A i 4243
WE MM B SR FRIRRNA SRR EtE . &
= I B ORST MA RRAE 90 A OC % FROIR
RNA ZRA W S0 EWbRiEy) o Bl Dy B R il
YRR R R, fEAMER . B, MRS
MNER B 2B T " EE PR RNA, WHF
WARTEAG 5550, —SBBEROMR RNA 7885 UF B HLAA H
55 O AR AR Y PR FUS Ml . FEB
EG A YARic Y WT 1, R RNA 7] e A 7%

FEIR M E . 7EWT R, circSLCTAG 75 i 21 21
AN Z8 ek BRSO X HAl R A BT T R
circSLC7TA6 fE45 H s aih 3k Fil, It 58,
1B Y A AE AR A O B cireSLCTAG6 TEIFE /N4 i fii
P ZUh B T IR AR MR AT | ke 2%
. MR PR AR B BUS % VIR 5E ', Zhou
S5 100 5@ ok W 4 M & PR cirecCDYL  (hsa_cire
0008285) 7EWTHAPRIA T, Ff5H qPCR
I 25 151 WT 20 23 b Hogi 55 1 # 2 21 cireCDYL 1Y
Fik, SR EMFHEZER —HmEsE, JFH
circCDYL (1) /5 #6155 /NG g AR . iy B A%
ARG IR A ¢, Az aT5 WTImAERKA
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Ko ZIRRRNA 3T A SLAL MR PR AR )2 .
L HEET, 20 TRE TN, RIS
AN . R EE R A TNM 434 56 1 7
FLBRIE T, circCDYL 7 R 4 2R L H 1) e 42
I8 55 v g e L AR A U RII OR R N A 25
5 circCDY L #E 2 4 i bk T 98 i85 il v v 3
ik, ROC Mk B n HHAZKME ;5 circCDYL
7E = BRI AL SUR AN AR, IR
HERBEEFAREEML ) cirecCDYL S5IENLAR
TP J e A ) T e AR AR O [, RS
RIBEFRWT R FOR RNA A2, BT
FRABEA R, PR RNA K Y 8 5 P F e Sk
W ARTER R IR A EINIESE . IbAh, WA LT
IR RNA 5 WT Bl 5 AHOCHE A
2.4 IRARNAEAWTEERETHRA
YENAEHTS RNA, IR RNA KR TAEGE A/
ST . FR RNA 95 i S 5T 1B R T 48447
ZRpfa gy, R EA RIFASHEAE . 5K
THURZIAELL, B4 5 2rE A S U5 B o M 240
M. TR E A, FRAR RNA FIHAD AR 4 RNA
BAMBMRITRE ' 556, B THIRRNA K
R A R 1, 15 S8 40 M T B0 PR R RNA
SRR T RE A RIFHIPURMER . Ry RibaS
B circSLC7A6. circ0093740 Fll circEYA1 2 5 i
5 WT 4k 2, UOBR X BB 3R R RNA 4T
FEVRPIVRMARSN = T AR Ve . B . TSl
HIF B g % PDX /N BRI 55 22 B, 8 ) B0
FRIR RNA 1Y siRNA B shRNA fig A R 30 il b A4 K
FERS B oot SRR, WT H AR PO AR 52 AR5
R AR, X BRI T HR RNA 19367 Uik
Jo YT IR RNA 7E WT 3 ik i v 1) g 52/ 1
FAF FRAR RNACKE R AE N WT Frig )y fLS M E 5
WA

3 HuWARERME

RUE HATEIF T 38 /R T 3K RNA 76 WT i @
HTIRE, 4R XA MR R T T AR
o SR, 5HAARSES RNA M, X80T
TN ik Bz i o B 58, S48 miRNA Vg4
P E IR RNA R IETIRE# WALE, (3 i
(IRIFTEALF-2ok B M . F 9% 3 W R A9 4R
RNA 1 _F i L] A e A R WL, 40 IncRNA
LT, P AT gmidne gy . WA
. Hop— 2 RNA %54 % H (RNA binding

proteins, RBPs) LAy Al LI T #AR RNA 194
Yy oo, HOR, TERIT CHEART AILEI I
JEFRIR RNA W3R F 2. IR EEPRIR RNA B35
HEE M mRNAZE G078, H Mg WHReE
WAL, BAh, HEIXT WT H 3R RNA #9168
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Expression Profiles, Biological Functions and Clinical Significance of circRNAs
in Pediatric Wilms Tumor’
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Abstract Wilms tumor (WT) is the most common renal malignant tumor in children. The traditional clinical
hierarchical diagnosis and treatment scheme cannot achieve the clinical goal of guiding precise risk stratification,
especially in patients without high-risk factors. For example, patients with the same clinical phenotype and
receiving the same treatment may have significant differences in prognosis, indicating that the disease is much
more complex than previously recognized. This individual heterogeneity requires more in-depth molecular
phenotypic studies to determine new markers and targets. Circular RNA (circRNA) is a newly discovered non-
coding RNA. A large number of studies have reported that dysregulated circRNA mainly plays the role of miRNA
sponges to regulate multiple phenotypes of cancer cells, including proliferation, invasion, migration, cycle arrest,
and chemotherapy resistance. This molecule may also become a promising marker and target for cancer diagnosis
and treatment. Compared with adult cancers, the study of circRNA in WT is still in its infancy. Based on the
existing literature, this paper systematically reviewed the latest progress in the expression pattern, biological
function, and clinical value of circRNA in WT, and discussed the limitations of current research and future

directions.
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