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Abstract

Objective: To investigate the biological functions of differentially expressed circular RNAs (circRNAs)
in the peripheral blood of Alzheimer’s disease (AD) patients by bioinformatics methods. Methods:
AD-related dataset GSE186929 was obtained from Gene Expression Omnibus (GEO), screening for
differentially expressed circRNAs in the peripheral blood of AD patients, applying Circinteractome
and miRDB databases to predict circRNA-targeted miRNAs, and applying Starbase, miWalk, Tar-
getScan8.0 online target gene prediction website to predict target genes, and used jvenn to obtain
target gene ensembles to analyze differentially expressed target genes. Gene ontology (GO) and
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed
using David tools. Protein Interaction (PPI) network was constructed through String online website
and Cytoscape was applied to screen three key genes. Results: A total of 47 differentially expressed
circRNAs were screened, of which 13 were down-regulated and 34 were up-regulated. The most
significantly different has_circRNA_0001928 was selected for further miRNA prediction, and the
miR-142-5p, which had good prediction results in the database, was selected for target gene predic-
tion, resulting in 63 target genes. GO and KEGG enrichment analyses showed that the target genes
were involved in the functions of RNA transcription, cell division, and regulation of gene expression
as well as the signaling pathways regulating stem cell pluripotency, lipid and atherosclerosis signaling
pathways, and human cytomegalovirus infection, etc. The three key genes were PUM2, 0TUD4, and
RANBP2. Conclusions: CircRNAs and their target genes may play an importantrole in the pathogenesis
of AD, and circRNAs may be potential biomarkers and therapeutic targets for AD.
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B[ 7R 7% 165 BR 95 (Alzheimer’s disease, AD) & —Fh P X #4 R HIBAT I, I R I LAAS ] 306 4 1)
TCAZARN I T BEIAE , CAR RS . AT AT NRFE[L], FERELRIUN B ie kAR (A UTRE o 4 4 1
BE DL St FE R AL I tau 25 1 R SRR A & A 4E 4845 (NFTs) [2], &2 F R 1w Wi E . R
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2. MFEE
2.1 BumRE
FAAE GEO ¥ e P A % 5 AD 1 circRNA FHIC RS, K% O )y “ Alzheimer’s disease (All

Fields) AND circRNA (All Fields)” , #F# v A2 “(Homo sapiens)” , #&2% H il &I 5 (1 IE 4 iY RNA
GSE186929, H-A {7 3 4 AD BH M 4 Xt AL ML BAE A circRNA {5 2.

2.2. ZRFIEHY circRNA B EFEEELE

{# ] GEO2R #4727 &i5 4 #71. Lllog2Fold Chang| > 1 #1 P adj < 0.05 Jyfifiidk 4115 51 22 7 Lk 1)
circRNA, K H ggplot2 0.2 il £ s 5 1 22 5 1A 1) circRNASs [k 1L

2.3. circRNA Fill miRNA

BAMEH Circinteractome [6] (http://circinteractome.nia.nih.gov) A1 miRDB [7] (https:/mirdb.ora/) ¥ 2 3k
50 circRNA HE [ miRNA. FATIE HBCE P9 AN H e vh B SOR RS 1 miR-142-5p BEAT3E— 5707

2.4. miRNA BY#0E 750

M.H Starbase [8] (http://rnasysu.com/encori/). miRWalk (mirwalk.umm.uni-heidelberg.de). TargetScan8.0
[9] (https://www.targetscan.org/vert 80/)7F £k I I (R Tl i sty , R ¥ AL, H A\ miR-142-5p 43l Tl
T miIRNA FHERE R 3 5 H . R =5 B 26 T A jvenn (https:/jvenn.toulouse.inra.fr/app/index.html) % 3 4>
o S T (1 LS R AT 20 5, PRATREE D 54 .

2.5. ZRFIAM circRNA IS B30T

{i [ David T.H (https://david.ncifcrf.gov) % 2 7 R IA K] circRNA SEIE Rl AT 3 R AA 1 (GO) 73 #r Al
SRR SRR 2 B R H(KEGG)IEER 73 HT . GO & 543 Mt 2 o B DRUAI 2 1353 T RE R AT B e A IR, #H
A=Wt F5 (biological process, BP). 4 i 2H i (cellular component, CC) A4 g (molecular function, MF) =
k. KEGG /et 7 i RIS FL R B A it 5 S A AR @ B MDY RESCIG . 4% GO =&/ th a6
53 & £ I i 3 (p-value) ) 10 /> GO TjRE A KEGG H 10 % pathway #E47 AT AL .

2.6. ERRBEEIER (PPI)MLEHIER I K X i 2 H ik

FIFH STRING #i## £ [10] (http://cn.string-db.org) AT AR 2% CL A1 2R 15 -5 0 & (53 2 (R C B, IR A
THIE AR - EEAFAAHTERER. B2 5 circRNA I 1R SN STRING ¥R, $58E LR
HAEH % . @il Cytoscape {4 cytoHubb #ift, fiidkt 3 MNSCEEIEA, 1EA miR-142-5p JCEEHEIELA .

3. &R
3.1. ZRFIAEH circRNA Bk
R ¥ |log2Fold Chang| > 1 1 P adj < 0.05 §iiife AD 41N xS 20 72 73 K IA 1) circRNAs, 5 X REZHAH

tb, AD HILFHH 47 DR FIAR circRNAs, Hrr 13 4 circRNAs i, 34 /> circRNAs Fiff, W& 1
Kb, R B A B M 2 71 has_circRNA_0001928.

3.2. T miRNA

@it Circinteractome F1 miRDB %4 2 S #iill circRNA #E [ [ miRNA, 43362 H 246 4N Fl 587 4
mMiRNA, HUAZ4E J5 1 BUAE 5 AN B 12 b 7500 R0 #0831 miR-142-5p #E4THE— 25 70 Hr
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Figure 1. circRNAs differentially expressed in AD and control blood VVolcano plot. Horizontal
axis represents normalized differences, vertical axis represents normalized p-values, blue
represents significantly down-regulated circRNAs, red represents significantly up-regulated
circRNAs, and grey represents circRNAs with no significant difference

[& 1. AD FoxBBLE M HE FFRIAM circRNA AILE., i RIVELES, YhEt
gL p E, EEAREETIEN circRNAs, d&aRFZEZE LK circRNAs, 7
BRELEZZFA circRNAs

3.3. miRNA BY#0E 750

NH Starbase. miWalk. TargetScan8.0 £ 4k $E4E P& F50lll i i 43 7l £ % tH 2079 1004, 950 4™ miR-142-
Sp MIHERLEA . I 3 B B2 T jvenn X 3 /Nt Tl #E B R S £, 1931 63 AMERIE R (1] 2).

3.4. EHENEEST

XF ik fE R BE R 2T GO LhReM KEGG s & 0. GO 4B /R(& 3), HERNFEHSS
RNA RE&H 11 JH3 TS BARZZRL. AL EMNKN GUS #A4r, JetaiEm, FH
FRILAEE LD S 54%. 40, fE0R. BRETEAE.. FEREIRE. Ko TE61%k
LAMWA R 5P AR R X DNA 856 kR it &S 746 EARS 650 T,
KEGG 4 R Eon(# 4), 5 cAMP (E5 i@ 8. 7T T4000 2 REVER(E S8 Bk . P9 i I Hh (9 5 0 Jsm T2
P NFEE M d R RS BB ARG (5 Sl R . B BIRAT B0 . A E IR RS SR E R
P
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Figure 2. miR-142-5p predicted Wayne plots of target genes
[& 2. miR-142-5p FUNEEE FE Ay F R E

3.5. SEFEHEEERMSE S

i3 Cytoscape #ff cytoHubb fB1E 7 Mt gt PPI 4%, ik 3 AL (14 5), HE RAN 454
12 (RANBP2). OTU %32 £1kl§ 4 (OTUD4). pumilio RNA 454 5 R 7 2 (PUM2).
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Figure 3. GO enrichment analysis of miR-142-5p target genes. The horizontal coordinate is the GO entry
and the vertical coordinate is the number of genes enriched in that GO
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Figure 4. KEGG pathway enrichment analysis of miR-142-5p target genes. Horizontal coordinate is the pro-

portion of genes, vertical coordinate is the Pathway pathway, the circle represents the number of genes, the

larger indicates that the number of genes enriched to the pathway is more, the more orange the color is, it
y

means that the genes are enriched to a higher degree in the pathwa
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Figure 5. 3 key target genes of miR-142-5p
[ 5. miR-142-5p K 3 N X HEENEEH

4. ¥1ig

AD & 5 h 2 IRAT VS, E 2R I 68 )1 T B AICIZ TR [1]. AD 1)K KR e
K2R, HOEALH A 2TE . B ATA A G IT T BORFLIE R R RE R . K, AD 1
R E %A AD B796 AR E

CIrcRNA [ HRIES 5ME RGPF[11]. BR[12]. BEERIE[L3]. O ML P05 [ 14] 55 22 Pz i IR
HEFE, HAET circRNA ©2& AR RS, TS AL ) y6 7 0 78 108 4R . A 2 e K iE
FILH cireRNA, EATRIAATES A MEERThAE. A TCRRE . RINR 5B UIAHDG, @il i
MEAER, ML, AW, ARETRIERS, S5 20 SPERE M PR 4 R G800 1K
AR, 41 AD. #RAVEFRAE[11] [15]. MOREZ AT FLIRH circRNA 5 AD KA KRR REY],
U circRNA 76 Ap I7F=4 . IR UL R B b R 355 EEAEH, 25 AD FIRIREFE[16], circAp-a 75 A
HEALH— MRS AB I ABLTS Z KM TIEE AB /i circtHDACY 5 miR-138 454, 1fi miR-138
Al ADAMI0 [(J3RIE, st A I/=4:; ciRS-7 #F AD B A RIA N, /5B miR-7 Al
SR T kB 5 510, T AS FHELE. B L circRNA JRFEH1Z 01 555 A T g B A5 11 5200
AD IR, i circ_0000950 [17]+ circAXL [18]. circLPAR1 [19]. 45 #F %2 mmu_circRNA 012180
A mmu_circRNA_013636 5 AD %4k S i 15 A 55 [20]

RiE—IRFE circRNA 7E AD HOETE/ERH, ABFFRILTR I 47 A2 7RIEM circRNAs, L,
hsa_circ_0008297 (1 1.3 /K5 &5 4% 0 ™ B FE B AH O, hsa_circ_0009024 1T GeAE A 3l 1t 45 4% 93 12 W 1
R A bR W[ 21]: hsa_circ_0091073 7E It /8 7 14 il 48 S8 385 b 1) e ik 22 5 W 25 [22] s hsa_circ_0091074
A B8 A S 2 PR A VB E VR T 4R A [23]: hsa_circ_0092222 il i Janus 1 2 (JAK2)/ME 545 SR i
5 1 (STATI) {5 5 il % A1 Wit {5 538 B% 3 B0 B 5 i 7 [24] 5 . U b iR B B E M E R
has_circRNA_0001928 T Ja Z0ff 7t o 8k 7E 2 i il $EJE (R, e 806 63 A 22 e 3Rk ) BB L (R ik AT )
REE LT GO T RELIE R T BRI I RNA 3, i3, Je i s, JERRIA RIS RS
25 AD ¥ . KEGG 640 AT i $E I DA ] BEE Rk R 15 T-40 i 22 GE 1 105 S M % . a9 b 1) 2R
FBUM L8RS A5 S AR AE TG . A SEE A ARt . BB IR R AD R AR
R BRFFERY, EANMEESEG SN tau & AMAKCERIBERRL, TRES 2 AD IR A4 K E[25];
WH TR, AD BFFARRNRIVE, WK RENKRE, 22T IEE A[26].

M. STRING 4 % & Cytoscape # ¥kt 3 N OCEEREEL K (PUM2, OTUD4, RANBP2). PUM2 5
PUF ZXJE R —Fh RNA 456 81, R4 20 B R 3RiA H B BAAE TAE e, 1@ X H L& 1 mRNA
(G VR RIE ALV EThRE . WHUREL, PUM2 TEARZTCIhRE R RIEZ MR, AU 02 e 28
TEAS, A 1625 AR 4 2R G0 5 fuk 898271, H HLARE 5 3T H 3R (b & oid 55340 [28] .« [F] R, PUM2
X R A DI Re B OCE 2L, 2 AD KK RE[29]. OTUD4 2 OUT KR, =—MEZ R
W, 25 2R A0 22 502 505 545 R AR I MR A 5 00 22 1R AT 153 0 31 27 i R AH O [30]
FEIE S KB (NEF/NR) H, OTUDA 7Rl SHEARANMZE . ORI 40 i = I 2 BR e i & oo b B9 AA(E, 7ER
RS S A AL R rh R VR [31). AR T, OTUD4 RAZ 59wtz KR RNF216 5%
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I G R I 2 S BURURE[32] . RANBP2 J2 —FiiZfLEE 1, LS G0 CEE RSy, 8% s i
PR 9 25 22 Fh D RE AP 41 i 52 1 2 5 1 2 41 it #2[33] . RANBP2 i 8l R 48 2 S 3 2 Rl , Wil
FPVEBR . BEIRBOPERGR « JEAE . RIS . I SRR, AD BB KW Ran KA, XAl e
[ 4252 RANBP2 %i%[34]. XA W5t # ], RANBP2 5 AD #kfEAH5%, i@ ##) IGF1IR-RanBP2-SUMO1
SEMIER, Ui AD IM& b T MR A8 [35]. HEl, BROFFRE PUM2, OTUD4.
RANBP J&[K 5 IR AT BRI OE, (HHTEMZIBAT IR R IEH WA e 25 2, FEE—PIRE.

5. &

i Epnk, AWFFUELAYE BETTE, Tk AR L b 2 R RIE ) circRNAs, 0 B A B 7R 1
CIrcRNA HEATIR AT o I XHHERE A 3E4T GO Zhise & KEGG I & M, #IP IR HAE AD il
S 5KEYF IR G 58 FRN, 8N 3 N EFEAED, HE— P RER circRNA ££ AD H £
YERS. #euk, FATHED circRNA FTRERZ AD ¥ LEMATTHE R K2 Wibs 5. SR1M0, circRNA ££ AD 1)
a5 B R PR AT it — P AL
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