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Abstract

Alzheimer’s disease (AD) is the most common cause of dementia. It will lead to the damage of
neurons in the aging brain and the degradation of cognitive function. There is evidence that
non-coding RNAs (ncRNAs) are involved in the pathogenesis of AD and reveal the potential rela-
tionship between AD and competitive endogenous RNA (ceRNA) network. In view of this, this
study deeply discusses the potential relationship between ceRNA regulatory network and the pa-
thogenesis of AD disease, so as to provide a basis for clinical treatment. Differential mRNA and
miRNA were screened by GEO2R. DAVID was used for go enrichment analysis of differentially ex-
pressed mRNA to screen differentially expressed mRNA in pathways related to nervous system
diseases for follow-up study. The miRNAs of top 10 (5 up-regulated miRNAs and 5 down-regulated
miRNAs) were selected, and the targeting relationship between them and the target differentially
expressed mRNA was predicted using miRWalk 3.0 database. The intersection of the predicted
target mRNA and the target differentially expressed mRNA screened by the pathway was taken as
the target differentially expressed mRNA for subsequent research. The relationship diagram of
miRNA-mRNA targeted regulation network was constructed by Cytoscape software. DIANA and
ENCORI database was used to predict the relationship between IncRNA-miRNA and circRNA-miRNA.
Finally, circRNA-miRNA-mRNA and IncRNA-miRNA-mRNA ceRNA regulatory networks were con-
structed and analyzed, which will help to understand and clarify the pathogenesis of AD and pro-
vide possible biomarkers for clinical diagnosis of AD.
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1. 518

B[ 7R IR I BRI (Alzheimer’s disease, AD) & — Fiig M EAT P AP 2 1R AT I 9 » A2 B LI & A g R 2R Y
[1]. AD HIA AL H 1 R 58 4 B

BE & Se 1 A B DR AN SR A S R R R R, ORI R 02, N REER AL 80% i 3 Ak
4t RNA (ncRNAS), 7E4 i HH AT 5 E I ThRE[2] . neRNA & — AN KM 2 K (1 R A gn A 54 S 5% »
T 22 AN [ AR AL At 32 ) 2 R s R e SR e T 4 M D - SR AR E W 5 AD AH S ) neRNA ELE circular RNA
(circRNA). long non-coding RNA (IncRNA). microRNA (miRNA)%% .

T4 PE YR RNA (competing endogenous, ceRNA)E —Fhfgis 354+ 45 & RNA HI1EFH oi:, @
InNcRNA 1 circRNA 2554+ 45 & miRNA. ceRNA 4% [ 25 A 45 [0 RNA, Bl mRNA. miRNA. circRNA
AT IncRNA, H miRNA &b T 4% A% oA .

MiIRNA & —35 ¥4 RNA 2> 1, BEFt R, miRNA 55l Th AEACAZ I o e b 104 2 48 5 S DA
K[3] [4]. miRNA 1EN— MG RIEH EZ D 7, HIEPEAT 42 IncRNA GEIE “i4n” W7 iRz
INCRNA T IESE 25 AD Bl g IER BRI AE . Rl . A EFRR TR ER. RAE. LRED)RE
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PRRG. SAALRIEEE 2 A R [5] [6] [7].
circRNA 1] DL miRNA. 5 mRNA 54 8 E AR BAE B0 1 sk s L N R0k, HZm]
PABHIE = A2 K. BOL RIS En, circRNA 78 AD &R 1T TR [ R Jg e 25 EEAEHI[8].
R 2 [ FE I neRNAs 5 AD AL A C[9], AW, 5 AD A ceRNA V4% I 45 1t
FIRD W, A6 ceRNA iM% 5 AD KIRHLHII O RIAT RGEMIZHE, IRAIR ceRNA JF M 4%
5 AD B K IEHLEITEE R &R, AIGIRIAIT FE At LAl .

2. MRS
2.1. #

T8 56 1 E LAY HERAE B O (NCBI)- & 13 R R IA 256 295 2 GEO (Gene Expression Omni-
bus), ENFEPFH T LL“ Alzheimer’s disease ” Ay S 1] - FRAH CEE & Fr, 70 5l 24 % mRNA F1 miRNA
R E s . ATUE T # mRNA £iA1% GSE18309 (M4 H #: 2021/07/18)F1 miRNA ik il GSE120584
(FEHW: 2021/07/18)3k4T Ji B:404 7347 .

2.2. ERTIETH

FIH] GEO %## e H 4 122 Ha\Ek i T GEO2R %} GSE18309 (3 > AD FEAAN 3 AN IEHFEA)
A1 GSE120584 (1021 > AD FEAHI 288 AN IEHAEA) B ML HEAT 700, 7E miIRNA F1 mRNA 1 HUE H:
T o R ZH AT AD 2H HR A7 7E 22 S A 15 B, 0 tH 22 2 0 miRNA T mRNA (P {E14<0.05, H H miRNA
¥edi4E FDR 1<0.05).

2.3. DAVID ERFEEENABFRINEER ST

i H DAVID % 7 K IA[1) mRNA #E1T GO % & i, MWA4% 1 #4(BP, Biological Process).
4l B B 43 (CC, Cellular Component) 5 43 ¥ Zfit (MF, Molecular Function) =M, XX S 3L X (1) Th g iR 4T
FIR,  DURSIE R AW DI Re A B, TRty P < 0.05.

2.4. B¥sERATHE
DT FERE, BT EE, fiks AD KRS Sl IER T 0.
2.5. BAFEA ceRNA BIERILE 54T

JEHUFRIA B =1 top 10 miRNA, {4 miRWalk 3.0 24 ZE 7l 10 4~ miRNA 2[R mRNA, 55 1
M EHE R mRNA FE S AD & AH I B i % 21 (1) H br 22 773815 mRNA BUAc 4, R Cytoscape 3.8.2
7 miRNA-mRNA [25C 2 &, F|FH DIANA 45 X top 10 miRNA #4711, 3K43 INRNA-miRNA
KFEXT; FIAH ENCORI 4 2 7l top 10 miRNA #E [H] circRNA, 3K15 circRNA-miRNA X &%, G
5wk S RIE R AD A< circRNA A2 48, 5 2IHIE S circRNA {E 4 B bx circRNA. 55 A DL - #E
% &, #%2 circRNA-miIRNA-mRNA £ InNcRNA-miRNA-mRNA ceRNA H# M %, 45T H 5 AD K%
LGP

3. &R
3.1. AHEmiFEPERMRIZ MRNA K miRNA BFiE
F GEO2R >kfiiit % R R IEH) miRNA fl mRNA, 53 1819 N2 5 RIEH mRNA, A% 769 4~ i
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FERAN 1050 A FiEFEE; 742 N ZFEKIER miRNA, B35 642 4 FEEIZE miRNA F1 100 N FiERIE
miRNA.

32. ERREERNAKLINEERSH

7t DAVID # R AT B F AR IR T)aE S 5 GO T K, ZRKIAHFH, ITGB1, SPARC,
COL13A1 Fl ITGB5 45 36 ™k [F 7£ 41 it 415 Jii (extracellular matrix organization) i 2E 727 i f i 4
ITGB1, RAB1A, FOXE1l 1 WWC1 %5 26 ME:AI{E4H T (cell migration) A=)k #2 ke,
SPON1, NRP2, ITGB5 il ITGB4 %5 53 /™[RI 7E4H A ki Fff (cell adhesion) H & FEAE FH o #R¥E P E K/NHERY
GO b Hi A= ok 72 ' 42 45 S A 20 44 P B B /NG SR (LK 1)

G0:0007507~heart development

G0:0006631~fatty acid metabolic process
G0:0035987~endodermal cell differentiation
G0:0032332~positive regulation of chondrocyte differentiation
GO0:0006836~neurotransmitter transport

G0:0015711~organic anion transport

G0:1900181~negative regulation of protein localization to nucleus
G0:0030030~cell projection organization

G0:0006939~smooth muscle contraction
G0:0007626~locomotory behavior

G0:1902476~chloride transmembrane transport
G0:0051384~response to glucocorticoid
G0:0007229~integrin-mediated signaling pathway
G0:0030182~neuron differentiation

G0:0007160~cell-matrix adhesion

GOZhRE B — it fEsp

G0:0042060~wound healing
G0:0007268~chemical synaptic transmission
G0:0007155~cell adhesion

G0:0016477~cell migration

G0:0030198~extracellular matrix organization

7 -6 -5 -4 -3 2 -1 0

uPEX RN (BL102AJE)

Figure 1. Functional enrichment of differentially expressed gene GO—BBP results of biological process
E 1 ZRFEEE GO MEEE—EMFIEBP £ER

7 S 3 0k B IR 7E 40 9 3% 2 (cell junction) . 2 i i (basement membrane) . & 15T 4 i A 2
(proteinaceous extracellular matrix) &b & /E ] » R4 P H K/NER, GO 2 # FH i il 7 & 4245 SR 20
& P AEXT /NG R (L] 2) .

7 7 R IB BN AE T 3 45 & (heparin binding) . #5545 (calcium ion binding) . 4HEAMEC A 145 & i@
18 % 1k (extracellular ligand-gated ion channel activity)25 /> 7 IhAg e /E . W P AEK/NHERE, GO 20 #r
W T Ihe AR A5 AT 20 4 P RN O /NGE RO 3).
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G0:0034707~chloride channel complex
G0:0098794~postsynapse

GO0:0060076~excitatory synapse

G0:0034678~integrin alpha8-betal complex
G0:0030425~dendrite

G0:0008076~voltage-gated potassium channel complex
G0:0005576~extracellular region

G0:0016324~apical plasma membrane
G0:0009986~cell surface

G0:0045202~synapse

G0:0005788~endoplasmic reticulum lumen
G0:0045211~postsynaptic membrane
G0:0008305~integrin complex
GO0:0005856~cytoskeleton

G0:0005887~integral component of plasma membrane
G0:0005886~plasma membrane

G0:0005796~Golgi lumen

G0:0005578~proteinaceous extracellular matrix
G0:0005604~basement membrane

G0:0030054~cell junction

GOIZREE R —4H 4l 5cc

u P ECR/N (BLIOHJED

Figure 2. Functional enrichment of differentially expressed gene GO—cell component CC results
2. ERFIEERE GO e E&—4HAMLE S CCHER

GO0:0003714~transcription corepressor activity
G0:0004222~metalloendopeptidase activity
G0:0005516~calmodulin binding

G0:0005506~iron ion binding

G0:0005518~collagen binding

G0:0005249~voltage-gated potassium channel activity
G0:0005089~Rho guanyl-nucleotide exchange factor activity
G0:0008092~cytoskeletal protein binding
G0:0030170~pyridoxal phosphate binding
G0:0016594~glycine binding

G0:0047555~3',5'-cyclic-GMP phosphodiesterase activity
GO0:0004890~GABA-A receptor activity
G0:0005201~extracellular matrix structural constituent
G0:0004114~3',5'-cyclic-nucleotide phosphodiesterase activity
G0:0050839~cell adhesion molecule binding
G0:0005267~potassium channel activity
G0:0016491~oxidoreductase activity
G0:0005230~extracellular ligand-gated ion channel activity
G0:0005509~calcium ion binding

G0:0008201~heparin binding

GOThRE B — 4> FIhREMF

mP{EXTER/N (LU0

Figure 3. Functional enrichment of differentially expressed gene GO—results of molecular function MF
3. ERFILERE GO MREEE—7 FINRE MF 4R

3.3. ThEES T

{5 DAVID X} % 5 KX 1) mRNA 3T GO @K & &4, KA IR, it 7 18 &Kk 5MA R
GEBIR AN R B (WLFR 1), eIk Bo i i A o B A 6 IR, e S a0 S, A 1 i TR 3 AT B B TS R
ik, L83 252 NEE .,
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Table 1. 18 pathways related to AD

% 1. 5 AD tH%<HY 18 &K

Term Count P Value Genes
OPRD1, CHRNA4, KCNA1, NRXN1, CACNAI1B, GRIK2,
GO:0007268~chemical GJC1, GLRA3, HTR7, KCNMB2, DLGAP1, MBP, HCRT,
synaptic transmission 32 0.001211904 NTSR1, UNC13C, HTR1D, PMCHL2, GAD2, SLC6A11,
OPRM1, SSTR2, SYN2, GABRG1, GRIN1, LRFN5, DLG4,
SST, KCNQ2, KCNQ5, FGF12, RAPSN, SCN2B
GO:0030182~neuron BTG4, WNT10A, TRPC6, WNT2B, NLGN4X, WNT5B,
differentiation 16 0.003318537 DAPK3, WNT5A, ATP2B2, FZD10, SMARCA1, WNT16,
POU3F2, HIPK2, WNT6, NNAT
. GABRB3, GABRA2, GABRP, CLIC5, GABRB1, SLC12A1,
trgr%%z%ﬁ;ﬁ;ﬁt‘gggfgn 15  0.006875807 SLC4AL, ANO4, GABRG2, CLCN1, GABRGL, CLCN7,
GLRAS3, FXYD1, SLC17A7
G0:0006836~neurotransmitt 7 0.009331592 GABRAZ2, SLC6A8, SLC6A16, SLC6A15, SLC17A7,
er transport ' SLC6A11, SLC17A8
DGKG, CHRM3, SPARC, RAPH1, ARR3, ANTXR1,
ARHGAP44, GRB14, ADGRA1, AKT2, RASSF6, SOX9,
HLA-DOA, CHRNB4, TLE1, KCNK10, IGFBP2, ANK?2,
TOMI1L1, CLDN4, BCAM, S100A6, PLA2R1, PDE9A,
PDE1C, CHRNA4, CABP5, CABP2, SAV1, C3, CD79B,
CASKIN1, OR51B5, CGA, MAP2K7, HMGA2, NR2F2,
ESR1, GNG11, ARHGAP33, CXCL11, FGF14, RHEB,
GO:0007165~signal DLG4, DLGS5, FGF18, PPP1R1B, FGF12, LRP12, NOX1,
transduction 105 0.013442611 GABRB3, ACVRL1, BCAR3, GABRB1, TRADD, LIMD1,
ARHGAP5, ADRA1A, WISP1, CXCL5, SMPD1, PDE4A,
PRKG1, TMED4, RPS6KL1, ANXA1l, SMAD5-AS1, PDE4D,
1L19, TRAF4, CEACAMG6, RARA, PDESA, PLCB1, DOCK1,
DEPDC4, ROCK1, PLA2G1B, NRXN1, NEDD9, ACVRI1B,
PDE11A, ERBB3, WIF1, SPOCK3, PDE6B, PAK5, PAK4,
GABRP, RCVRN, EGF, AMFR, KCNIP3, LIMK1, NR1H4,
ACVR2B, SMOC2, P2RX6, KITLG, CDKN2AIPNL, DLC1,
SARM1, RGS12, SIGLECS8, FCGR2C
G0:0043524~negative GABRB3, DLX1, JUN, ROCK1, CITED1, ANGPT1, ITSN1,
regulation of neuron 18 0.014571801 NDNF, AMBRAL1, GRIK2, HIPK2, GRIN1, TOX3, ERBB3,
apoptotic process STAR, BIRC5, LGMN, SNCA
GO:0019934~CGMP-mediat ;1160939627 EDNRB, PDE3A, PDE9A, PRKG1
ed signaling
G0:0035024~negative
regulation of Rho protein 5 0.019592119 ITGB1, DLC1, TNFAIP1, ADRA1A, ARHGAP35
signal transduction
G0:0007200~phospholipase
C-activating G-protein 1 0.019716351 OPRD1, CCKAR, EDNRB, HTR1D, AGTR1, PLCE1,
coupled receptor signaling ' OPRM1, HCRT, ESR1, ADRA1A, GNG13
pathway
BCAR3, DOCKG®, ITGB1, TRIO, DENND5B, RGSL1, ITSN1,
KNDC1, FZD10, ARHGAP5, ARHGAP35, RCBTB2,
ARHGAP44, PREX2, RASGEF1C, PLCE1, AGFG2,
GO:0043547~positive GARNL3, PDGFRA, ARHGEF12, FRS2, AXIN2,
regulation of GTPase 55 0021952213 CDC42EP4, IL3RA, PKP4, DENND6B, RAPGEF5, PLCB1,

activity

DOCK1, RGS18, ARHGEF28, RGS16, NPRL3, AGAP11,
ASAP3, ARHGAP18, AGAP1, ERBB3, EPS8L2, FARPL,
JUN, ANGPT1, EGF, ARHGEF39, GRIN1, ARHGAP33,
KITLG, DNMBP, DLG4, DLC1, FGF18, GNAS, RGL3,
RGS12, FGFR4
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Continued

G0:0007266~Rho protein 9 0026142736 ROPN1B, COL1A2, ROCK1, CDC42EP4, LIMK1, RHOJ,
signal transduction ' AGTR1, EPS8L2, ARHGAP5

G0:0051924~regulation of
calcium ion transport

G0:0050808~synapse
organization

6 0.026410095 OPRD1, RCVRN, SLN, CACNA2D1, CACNA1B, ANK2

7 0.029193173  NFASC, NLGN4X, LRRTM1, LRP4, TNR, ATP2B2, SNCA

G0:0035023~regulation of PREX2, FARP1, PLEKHG4, ARHGEF10, DNMBP, TRIO,
Rho protein signal 12 0.031283484 ARHGEF12, ARHGEF39, DLC1, ARHGEF28, ITSN1,
transduction EPS8L2

G0:0007413~axonal
fasciculation
G0:0035725~sodium ion 11 0036961832 SLC13A1, SCNN1G, SLC34A2, SLC4A9, SLC6AS,
transmembrane transport ' SLC24A3, SLC4A11, SLC17A7, KCNK1, SLC17A4, SCN2B
MEG3, NRP2, NRXN1, SEMA3A, WNT5A, NTN4, CRMP1,
G0:0007411~axon guidance 19 0.039233935 EFNA5, ARHGAP35, EFNA1, NFASC, RPS6KA5, EFNA2,
FLRT3, FEZ1, BOC, TNR, CNTN4, EPHB2

5 0.036960688 SEMAS3A, NRCAM, CNTN4, EPHB2, ARHGAP35

G0:0060079~excitatory

: - 6 0.048161299 SLC17A7, GRIK2, OPRM1, HCRT, GRIN1, SNCA
postsynaptic potential

3.4, ZRFE miRNA By EHE

FIH miRwalk 3.0 ##fE ZE 7l 10 /> miRNA (W4 2)HE ] mRNA, % 0 B9 52 ) mRNA FTiE 2% 55
IEF B H bR 2 5718 mRNA B4R, 193 181 AN E G 1) 2 R R IA LA .

Table 2. 10 highly expressed miRNAs
= 2. 10 MEFRIEH miRNA

miRNA 4 i MIRNA £k
has-miR-208a-5p BT
hsa-miR-6761-3p iR
hsa-miR-3646 A
hsa-miR-595 i
hsa-miR-6754-3p i
hsa-miR-125a-3p T
hsa-miR-6131 T
hsa-miR-24-3p iR
hsa-miR-125b-1-3p T
hsa-miR-22-3p iR

3.5. mMiRNA-Gene $8[aBiEM4E R E

FIFH miRWalk 3.0 #5452 F 10 >3k miRNA FHE [ mRNA, x5 50 i #E ) mRNA FILE i 57
HEEIA B AR 2 5 %8 mRNA BUAZ 4, 75 2IHE X 19 miRNA-mRNA ¢ 254, R BUA 5 2 4 B 5% £ ) miRNA
1 mRNA (_E 7 miRNA XA R mRNA, R i miRNA X5 _F i mRNA), 1#f Cytoscape 3.8.2 #4%k
mMiRNA-MRNA $E[a /25, a0~ (LIE 4), a7 DUE L EIHS A= o
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bnas
o _FXo® PLOB1 )

POU3F2
([ ] L
HTR1D/" RHEB

SN [
YAV 7/
“if:}k‘\\" RA74 hsa-miR-3646

‘\\\\ ARHBEF39

d — '. < '// hsa- "
° GRBRE_—/ 0 PR ® ’ CLIC
SLC hsa- > ‘ H
oo~

® SA h N "'\
=1 \ CCKAR
NRS / Aykz Pt \
o [ ] 7 | | DENND5B
GAB Y HIPF‘/ \IR\% o
WNT6
R
° \K / P 1 °
.—Felh. e o
KCNA1
DLG5 .// hsa-miR-596IMK1 RASGHF1C o ©
wigs” @ O NR2F2
PLCE1

ToM1L CDC42EP4 LGMN JUN

o
ﬁOV ARHGAP35

]
NcB1

KCNE@

.\ .
.-AKW// IR RCVRN
sLcen® o

ve p" - FGF14
® VAR @
cry @]9 @ “‘ \ §%§ .< CACNA2D1
EaRAT LT “%”O“/ ’ VW/“/\ °
e ‘\/\‘ ‘\‘ ,,’//‘) ®  RAPGEF5
¢ /‘\ﬁi //, ANGPTT
y e s r. @®:-3p &SLC4A1
[ o / ® m\cs °
s o 7o | “s\cn@ ® ores
PDE3A UNC,. MAP2 @ CXCL11

KITLG
RGS18

e A eRE B, GERE T J7ITEARE miRNA, BEIEAE mRNA
(=1 miRNA XTR T  mRNA, T miRNA XTR i mRNA).

Figure 4. miRNA-Gene targeting regulatory network
[& 4. miRNA-Gene B &% M4

3.6. INRNA-miRNA % Z&%}F0 circRNA-miRNA 3% Z& %} B9 T

HMH] DIANA #4s PE3ETS INRNA-miRNA ¢ 200f, 261X Score = 1 f IncRNA (.3 3); #JH ENCORI
o FE P F circRNA-miRNA ¢ &5, 2R J5 5 3CRk - AT AD #3551 circRNA HUAC 48, 73 31 # & 1) circRNA
(W7 4).
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Table 3. Relationship between INCRNA-miRNA-mMRNA
%= 3. INcRNA-miRNA-mRNA X &%

miRNAs

MRNA

IncRNAs targeting the miRNAs

hsa-miR-208a-5p

hsa-miR-6761-3p

hsa-miR-3646

hsa-miR-595

hsa-miR-6754-3p

hsa-miR-125a-3p

hsa-miR-6131

hsa-miR-24-3p

hsa-miR-125b-1-3p

hsa-miR-22-3p

ARHGEF39; FXYD1; GABRB3; GABRP;
GJC1; GLRAS; GNAS; HTR1D; KCNK10;
KCNQ2; NPRL3; PLA2R1; PLCB1; POU3F2;
RHEB; RHOJ; SSTR2; TOX3; WNT2B;
WNT5A

AGAP1; AMBRAL; ANK2; DLG5; EDNRB;
FGF12; GABRB3; GABRP; GJC1; HTR1D;
KCNK10; NRXN1; PRKG1; RASSFG;
SLC6A15; TOX3; WNT2B

AGAP1; CLIC5; DENNDSB; RASSF6

ANK2; ARHGAPS; CDC42EP4; DLGS;
FGF12; GABRB3; GLRA3; KCNQ2;
PLA2R1; TOM1L1; WNT5B

ANK2; ARHGEF39; CCKAR; CLICS;
DENND5B; GABRB3; GJC1; HIPK2;
HTR1D; JUN; KCNAL; KCNK10; KCNQ2;
LGMN; LIMK1; NR2F2; PLA2R1; PLCEL;
PRKG1; RASGEF1C; RASSF6; RHOJ; SAV1;
SSTR2; TOX3; WNT2B; WNT5A; WNT6

AGFG2; ANGPT1; ARHGEF12; C3; CABPS;
CACNAZ2D1; CHRNB4; CXCL11; DLC1,;
DLG4; ESR1; FARPL; FGF14; ITSN1;
KITLG; MAP2K7; MBP; OPRML1; PDE1C;
RAPGEF5; RGS18; SCN2B; SLC4AL;
SLC6AL1; SNCA; SYN2; TRIO; UNC13C

ADRALA; AGFG2; AKT2; ARHGEF12;
CABPS5; CHRM3; DLGAPL; ESR1; FARP1,
GAD2; GRIN1; HMGAZ2; ITGB1; KCNMB2;
OPRML1; PDGFRA; SCN2B; SLC6A11,;
SLC6A8; SYN2

AGFG2; ANGPT1; ARHGEF12; BIRCS;
CABP5; CACNA2D1; CHRMS3; DLC1; ESR1,
FGF14; ITSN1; MBP; PDE1C; RAPGEFS5;
RAPH1; RCVRN; SOX9

AGFG2; ANGPT1, BIRC5; DGKG; DLC1;
DLG4; FGF14; FZD10; ITSN1; MBP;
OPRML1; PDE1C; PDE3A; SCN2B; SLC6A11,
SNCA; SYN2; TRIO; TRPC6

MBP; ADRA1A; ARHGAP35; ESR1,;
ROCK1; ITSN1; RAPHL; PDE1C

chr22-38_28785274-29006793.1; KCNQ10T1

XLOC_011696;
chr22-38_28785274-29006793.1;
XLOC_002204; AC006548.28:
XLOC_012784; CTB-83J4.2; NUTM2B-AS1;
CTB-92J24.2; TSIX; MIR6818; LINCO0665;
KCNQ1OT1; RP11-96K19.4

chr22-38_28785274-29006793.1;
XLOC_001711; XLOC_013708

RP11-780024.2;
chr22-38_28785274-29006793.1;
CTD-2291D10.2; RP11-274B21.9;
XLOC_013272; RP11-47L3.1, TTTY10;
LINC01002; XLOC_003171;
RP11-586K12.10; AF127936.7;
RP11-1437A8.4; XLOC_002461;
RP11-34P13.13; RP11-9802.1; KCNQ1O0T1;
XLOC_013276; AC018717.1; XLOC_007621;
XLOC_004058

chr22-38_28785274-29006793.1; KCNQ10T1

chr22-38_28785274-29006793.1;
LOC100190986; KCNQ10OT1;
XLOC_009222; AC114776.3, MIR6818

chr22-38_28785274-29006793.1;
XLOC_013272; XLOC_007432;
XLOC_006331; RP11-856M7.6; KCNQ1OT1;
MIR4534; RP11-856M7.6; XLOC_009043;
XLOC_007663; RP11-402G3.5

chr22-38_28785274-29006793.1,
XLOC_006684; XLOC_003973;
XLOC_010383

DOI: 10.12677/biphy.2022.101001 9

TV


https://doi.org/10.12677/biphy.2022.101001

Table 4. Relationship between circRNA-miRNA-mRNA

%= 4. circRNA-miRNA-MRNA %%

miRNAs

mMRNA

circRNAs targeting the miRNAs

hsa-miR-24-3p

hsa-miR-22-3p

AGFG2;
ANGPTZ;
ARHGEF12;
BIRC5; CABP5;
CACNA2D1;
CHRM3; DLC1,;
ESR1; FGF14;
ITSN1; MBP;
PDEI1C;
RAPGEF5;
RAPH1,
RCVRN; SOX9

MBP;
ADRAIA,
ARHGAP35;
ESR1; ROCK1,
ITSN1; RAPHI;
PDE1C

LRRC47; ACOT7; MTOR; DNAJC16; NECAP2; USP48; ID3; WASF2;
YTHDF2; ZMYM4; PPCS; AKR1AL; FAF1; EPS15; DHCR24; JAK1; VCAM1;
NOTCH2Z; NOTCH2NL; PEX11B; PBXIP1; ASH1L; UCK2; CREG1,; DCAF®6;
CEP350; STX6; ELK4; BIRC6; FEZ2; PRKCE; TTC7A; RTN4; USP34; GGCX;
SAP130; UGGTL; MGATS; ITGAG; GLS; IGFBPS5; TNS1; CTDSP1; CULS;
PSMD1; ARMC9; CMTM6; MYD88; CTNNB1; MAPKAPK3; ROBO1;
ZBTB11; BBX; CDV3; TOPBP1; WWTRL; GFM1; NMD3; LPP; OPA1; HESI;
PPP1R2; CTBP1; FGFR3; WHSC1; TMEM165; GRSF1; ANKRD17; G3BP2;
WDFY3; PDLIM5; TBC1D9; SLC12A7; NSUN2; VCAN; UQCRQ; HSPA4;
DDX46; MATR3; PDGFRB; WWC1; MAML1; C6orf62; BTN3A3; CDKN1A;
TFEB; CNPY3; EEF1A1; SENPG; SNX3; GJAL; HIVEP2; SCAF8; TMEM181;
EIF2AK1; TNS3; GBAS; BAZ1B; BCL7B; HIP1; CDK14; CDK6; LMTK2;
CUX1; TMEM209; NUP205; ZC3HAV1; UBN2; HIPK2; MTMRY;
TNFRSF10B; SCARA3; PROSC; BAG4; PCMTDL1; YWHAZ; UBR5; PHF20L1,
KANK1; AGTPBP1; FAM120A; IKBKAP; ZBTB34; TSC1, CAMSAP1,
NACC2; NOTCH1,; LRRC20; ADK; SMC3; FAM53B; ZRANBL1; CTBPZ2;
TEADI; NAV2; ARHGAP1; MTCHZ2; SDHAF2; AHNAK; POLR2G;
CDC42EP2; FCHSD2; DYNC2H1; TRAPPC4; TNFRSF1A; CHD4; HDACT,
SP1; CTDSP2; ATP2B1; ATP2A2; MED13L; PAN3p; UBL3; KPNAS3;
TUBGCP3; SUPT16H; LRP10; AMD4A; FBX034; PPM1A; SLC39A9; YLPML,
GALC; Cl4orf2; PACS2; NIPA2; TIP1; MGA; AP2K1; ARIH1; ADPGK;
IQGAP1; SRRM2; CREBBP; ABCC1; CHD9; OGFOD1; NUP93; FAM192A;
NAE1; CYB5B; AARS; AP1G1; ZFHX3; SLC7AS5; TUBB3; MYOL1C; MYH10;
TAOK1; CPD; ATAD5; SUZ12; PTRF; LSM12; CDC27; LRRC59; RNF213;
RNMT; RIOK3; ATP8B1; PIGN; CTDP1; DAZAPL; LMNB2; SAFB2; INSR;
ZNF780B; CIC; PPP1R13L; VASP; RPL13A; RPL28; ATRN; CDS2; GSS;
C200rf24; RBL1; ZMYND8; ARFGEF2; CSE1L; BACH1; IFNGR2; RRP1B;
PCNT; TRIOBP; GTSE1; MBTPS2; MED14; HUWE1

LRRCA47; MTOR; NECAP2; MRTO4; ID3; WASF2; STX12; ATPIF1; YTHDF2;
PUM1; HDAC1YARS; PPT1; UQCRH; RAB3B; DHCR24; GNG12; VCAM1,
GPSM2; NOTCH2; PBXIP1; ASH1L; UBQLN4; CEP350; STX6; KIF14;
CNIH4; HEATR1; PDIAG; ZFP36L2; PRKCE; USP34; ACTR2; GGCX; IMMT,;
TXNDCY; AFF3; MAP4K46; IL1IR1; POLR1B; WDR33; UGGT1; MGATS;
ITGAG; IGFBP5; TNS1; CTDSP1; ACSL3; PTMA; MKRN2; STT3B; FYCOL1;
SCAP; MAP4; ATRIP; PCNP; ATP6V1A; PIK3R4; SRPRB; NMD3; PDCD10;
MFN1; GNB4, TRA2B; LPP; MAEA; FGFR3; WHSC1; PDS5A; TMEM165;
ANKRD17; SEC31A; HSD17B11; HERCS5; KIAA0922; NSUN2; RAI14;
PPWD1; HMGCR; VCAN; CHD1; UBE2D2; CANX; MAMLL; EXOC2;
CDKNI1A; TMEM14A; RWDD1; UTRN; ARID1B; EZR; WTAP; FAM120B;
CDK13; TNS3; GBAS; VKORC1L1; RABGEF1; BAZ1B; HIP1; ARPCI1A,;
POP7; CUX1; LAMB1; NUP205; CREB3L2; NDUFB2; SCARA3; MCM4;
ARFGEF1; UBRS5; KIAA0196; PHF20L1; KANK1; VLDLR; RCL1; SMUL,
FAM120A; NIPSNAP3A; ZBTB34; ABL1,; TSC1; NOTCH1,; SFMBT2; ZEB1,
ZWINT, DDIT4, KIF11; CUTC; MGEAS5; NOLC1,; CTBP2; NAV2; EXTZ,
RTN3; PPFIAL; RPS3; RSF1; NARS2; MTMR2; ATM; WNK1; CCND2;
TNFRSF1A; CHD4; EPS8; HDACT; SP1; ITGA5; CTDSP2; PPP1R12A;
TXNRD1; CORO1C; MED13L; RAN; AKAP11; LCP1; DAD1; LRP10; PSMEL,;
BAZ1A; PRPF39; SAMD4A; PLEKHG3; EIF2B2; SEL1L; GALC; ATG2B;
TJP1; MGA; HERC1; ZNF609; MAP2K1; ARIH1; EDC3; ETFA; SLCO3A1,
IGF1R; TM2D3; SRRM2; CLUAPL1; ABCC1; ORAI3; TGFB1l11; CHDS;
FAM192A; ZFHX3; KARS; CRISPLD2; MYO1C; PITPNA; KDM6B; MYH10;
SUZ12; ATADS; LRRC59; MMD; VEZF1; MTMR4; TRIM37; CLTC; USP32;
MED13; BPTF; RNF213; PIGN; PTBP1; LMNBZ2; INSR; NOTCH3; KCTD15;
HNRNPULL; CIC; MARK4; PPP1R13L; VASP; ARHGAP35; ZNF544; ATRN;
ITCH; RALGAPB; SDC4; TAF4; YTHDF1; RRP1B; PCNT; DIP2A; TRIOBP;
NUP50; PDK3; FTSJ1; HUWE1L; RPS4X

DOI: 10.12677/biphy.2022.101001

10 A B e


https://doi.org/10.12677/biphy.2022.101001

FEH %

4. ¥ig

AD &P AT YR S RAT R, R At SRS NR I E R . RAEERR ST 1B Fia 7
AD W27 AT T EORSS ), B H AR A AR, XN N BT AL 2250 = [ #AE B T Bk
AR B 4H

X mRNA FIEA, miRNA 25 7240 i, GFEE. F. ot 328, N6
PRI N, DLRE « GO IIVE . BEIRTE . AD A 2R AT M #2568 N8P0 [10]. AHF i B 1
10 NERIE A miRNA (5 A Eif, 54T i),

FEARBE TR R, SHIRAMLEL, AD B35 miR-125b &35 Fif. M4k, 7E APP/PSL H55E R/ A
R4l 2 UAEFR miR-125b Ji/b[11]. 755 — Wi 7i+, Galimberti % A miRNA PCR F£51 74, A1
RIL miR-125b 22 T if[12]. 7£ famyloid (AB)JHELIRA T, miR-125b KA PRI f Bt & o 2 5t
RN IR . miR-125b FF RIS T fe /e AD fiki A #h22 Th BEREAG Y IR K 2 —

H.EAH CHRRIE hsa-miR-22 5 hsa-miR-24 7£ AD Jig N RERIL, S5AWTFTH A I —2: Jovicic 5%
[13]45 H miR-22 7ERM /R MG BURE S8 3 HIRRIE, HY58 miR-22 SRk ] fE & V097 M4 IBAT s 1 & BEYA
JT MG . Hu S5E[14]38 5 25250 K3 miR-24 75 AD 35 Ml B R IR RIA .

7 RIEFHE D GO Dyhe s —AEW i 1% BP /i 4 b, FRATENL T 18 2% 5 i & RGTHIwAH K
(IR (AN 1), X T 42 1) mRINA FIUIE EK 08 31 1) H A 22 73 K1k mRNA BUZR 8, BRE A2 RE
RFE AL 181 .

Wit 3 kL, Estrogen Receptor 1 (ESR1). Intersectin 1 (ITSN1). Myelin Basic Protein (MBP).
Phosphodiesterase 1C (PDELC). Ras association and pleckstrin homology domains 1 (RAPH1)% L i 2 K1 5
hsa-miR-22 Al hsa-miR-24 5% 3¢ &, H 1 Bertram 2541, ESR1 Pvull Al Xbal £ 45PE5 AD KUK HHE,
I RG LA, ESRL ZEKIFIRE R AD K ik £ K[ 15]

7R {457 B K94 DiscsLarge Homolog (DLG4). DLG4 5K 48 5 Ik 52 444t 72 3 R J5 A 5%
DLG4 )5 RIL v e F R AR B &L 15 1 &AL 1A, DLGA Z 5T iEmFtE A b UifR[16]. 1E
BT, 75 AD BE A E] LR DLG4, DLG4 fEfb2 =R it . {555 2 =R
K BB (GTPase) i M A IE R #5 & 5 TH A 45 1E ., H DLG4 54 N miRNA hsa-miR-125b-1-3p I
hsa-miR-125a-3p ¥ X MK &R, KUIHAE AD HWEEIEH, CF kg LA DLGA ATgEfE N AD
A= Hbs EXI[LT] .

BeAh, CA BT I AT AR T4 2 miRNA Rl DBER circRNA-CDR1-AS £ AD K 1 3%
NVAB]. A B AT R ILAE N i RO [ fi5E o — b = 5 R A 1) circRNA ciRS-7 (cerebellar degeneration-related
protein 1 antisense, CDR1as), ‘EAEAN N UEME. HUAMAR miRNA HIHIRIEL “HE4 7 SRili miRNA-7
R IEH ThRE[18]. ZRTMT, £ AD AJm B hdad HABALH A& 3% 4 FH B cireRNA (B4n, 12y 8 F o B R
M. 5 A A AR R cire Ribonucleoprotein ZEAFE 5 mRNA [ B cireRNA), 75 Bt — 5 K.

I EMUFER, ceRNARUEC A KER LIS FTUESE . SR, ceRNA LI S AR FAE FH W 2% i) it
R EAEIENT TP HEAT[19] [20]. JEAER, BEFTN BITIR RGEHAR TS ceRNA XK & P4 1R AT 1150 1Y)
VNS, BT ceRNA A EAE M 22 2 IR, EATT AT AR IX B8 5 0% (A 2R AT PR (R A 78 i B
i#h; ceRNA network A4 A Bl TR 00 T A 25k R U 428 20 AL, AT B 2 b B A - F AD )R Tl
i, AR B G T HE ROMSRAS A S s B AR A OS5 R

FAVAEET ceRNA 73 Wk BN TG« SEIRAIw 2 Wi AN S i R DR ER 0 1) P47 RS o 2R,
RO A — e m R, B, X RN B AT A NG A, Dl — IR FRAT T K
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