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WZE: B MWEICKRNA (circRNA )-8V RNA (miRNA ) -5 RNA (mRNA) %M R RNA (ceRNA) W&, FRITHTET)
SEAAFSHNBESREMFA(AIH)/NRER R NEERENS, FRIEXBERNREASHRGNXR, AiE EH
5 18 28R IF 1 Z 57 R IA B circRNA . miRNA 1 mRNA, £ F Pearson 48 X 43 #7 #1 Miranda #2 /= U miRNA 5 mRNA &
circRNA FYECXS K R , B ceRNA W&, WNEHNERFIAEEH#TTCOFMKECC EE 7. LB SPF R4 4 C57BL/6
INRRR, RBEVNBFR LA HBAMERE, 086 X, ERARBTREFHCTIHNEEE AME ATH/NRIER, xR
RiF st A B K, BiE qRT-PCR 1 Western Blot 77 3 3 1IF circ_0001577 . miR-7055-3p #1 Akt3 B9 3RiA . M E M5 % R &
(ALT.AST)FFTAELR R B (MDA)R—EHR(NO)EE, HAoMESERFANEXME, ITEFRFAE LB R AR
B % ., F A Spearman AP ATE D IMERAREERMGIERZBIANEXRME. ER METEE 5795 circRNA-
miRNA-mRNA EC XS 89 ceRNA W&, K I cire_0001577 AHFLERE . S RA/NR LR, REH B Y cire_0001577 F Akt3 F
1% _FIA, miR-7055-3p T i, ZF WA Git F 2 X (P1E<0.05) , B circ_0001577 5 Aki3 2 IE 48 % (r=0.861, P<0.001) , miR-
7055-3p 5WEZ A< (rE 59 5 4-0.644.-0.855, P{E19<0.05) , HERE/NRFEAKG EARELEEZES TIEA(1.04=
0.10 vs 0.72+0.06, t=—6.49, P=0.001) , 3 5 circ_0001577 £ IE 48 3% (r=0.579, P=0.048) , 5 miR-7055-3p £ T 18 5% (r=-0.891, P<
0.001), #REVH/NERMIE ALT.AST M FFZAZ MDA NO 2 2R3 BAH B E LN (P1EH<0.05), FiR FRBIEIRS circ_
0001577 Akt3 2 I3 (r{E4> 514 0.849.0.865.0.811.0.801;0.889.0.954.0.938.0.961, P {E15<0.05) , 5 miR-7055-3p £ A
X (r B 5 4-0.687.-0.818.-0.833.-0.870, P {E19<0.05) , B 5 Akt EEAFRIL EIEE X (rED 55 0.648.0.796.0.848
0.860, P{E1<0.05) o £  circ_0001577 @id 3= 1 WMt miR-7055-3p, S5 Akt3 I R, SEMEH AKB ORIL , 25
AIHMEHE LR, cire_0001577 & HARKBER o] BE A A ATH OB VAT EE = o

KEIE: FE, BRREM; RNA, IRK; BRNAs; RNA, {54; /MR, 132 C57BL
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Construction of a circRNA-miRNA-mRNA competitive endogenous RNA network based on microarray data and
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GUO Di, LIU Ying, LIU Yang

College of Basic Medical Sciences, Shanxi University of Chinese Medicine, Jinzhong, Shanxi 030619, China
Corresponding author: LIU Yang , liuyang1980@sxtcm.edu.cn (ORCID: 0000-0002-6627-5002)

Abstract: Objective To construct a circRNA-miRNA-mRNA competitive endogenous RNA (ceRNA) network, to investigate its

potential regulatory mechanism in a mouse model of autoimmune hepatitis (ATH) induced by concanavalin A (ConA) , and to
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verify the association between the expression of key genes and liver injury. Methods High-throughput data were used to identify
differentially expressed circRNAs, miRNAs, and mRNAs, and the Pearson correlation analysis and the Miranda program were
used to predict the pairing relationships between miRNAs and mRNAs/circRNAs and construct a ceRNA network. The gene
ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analyses were performed for the differentially expressed genes
in the network. A total of 12 specific pathogen-free male CS7BL/6 mice were divided into control group and model group using a
random number table, with 6 mice in each group. The mice in the model group were given injection of ConA via the caudal vein to
establish a mouse model of AIH, and those in the control group were given injection of normal saline. The methods of qRT-PCR and
Western blot were used to validate the expression levels of circ_0001577, miR-7055-3p, and Akt3. The serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were measured, as well as the content of malondialdehyde (MDA )
and nitric oxide (NO) in liver tissue, and their correlation with gene expression was analyzed. The independent-samples ¢ test was
used for comparison of continuous data between two groups, and the Spearman correlation analysis was used to investigate the
correlation between gene expression levels and liver injury indicators. Results A ceRNA network containing 5 795 circRNA-
miRNA-mRNA pairings was constructed, and circ_0001577 was identified as the central gene. Compared with the control group,
the model group had significant increases in the expression levels of circ_0001577 and Akt3 and a significant reduction in the
expression of miR-7055-3p (all P<0.05), and circ_0001577 was positively correlated with Akt3 (r=0.861, P<0.001), while miR-
7055-3p was negatively correlated with circ_0001577 and Akt3 (r=-0.644 and —0.855, both P<0.05). Compared with the control
group, the model group had a significantly higher protein expression level of Akt3 in the liver (1.04+0.10 vs 0.72+0.06, t=—6.49, P=
0.001) , which was positively correlated with circ_0001577 (r=0.579, P=0.048) and was negatively correlated with miR-7055-3p
(r=-0.891, P<0.001). Compared with the control group, the model group had significant increases in the serum levels of ALT and
AST and the content of MDA and NO in liver tissue (all P<0.05), and these liver injury indicators were positively correlated with
circ_0001577 and Akt3 (r=0.849, 0.865, 0.811, 0.801; 0.889, 0.954, 0.938, and 0.961, all P<0.05) and were negatively
correlated with miR-7055-3p (r=-0.687, —0.818, —0.833, and —-0.870, all P<0.05) ; in addition, they were positively correlated
with the protein expression level of Akt3 (r=0.648, 0.796, 0.848, and 0.860, all P<0.05). Conclusion This study shows that
circ_0001577 promotes the expression of Akt3 by competitively adsorbing miR-7055-3p and relieving the inhibition of Akt3,

thereby participating in the development and progression of AIH.
Key words: Hepatitis, Autoimmune; RNA, Circular; MicroRNAs; RNA, Messenger; Mice, Inbred C57BL
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SERAR RO ERR Y . DTSR, cireRNA 16 &
G £1 BEAR I 028 I OG5 48 55 11 B S92 PP vh &
PR OCHEAE HT 45 ) 2 8 VA 455 A 95 B VL A A8 e 2 N 7
(TR P51 131 B v IR [f it 7/ I ey gt A=
HEITSE b, DR 3 3 B 91 e R i i 1 0
3K H A (ConA )i 5 Y ATH /)N BB R (Y cireRNA 26 35
i 48R T cireRNA 75 ATH 5 72 o (0 S e 4 JH7 L AT
SEFIFHETIHIERTS %) ConA 53 15/ BRBSERY 9 2 St 2 2
Bl b cireRNA-miRNA-mRNA 3% 41 P4 5 RNA
(competitive endogenous RNA , ceRNA ) 4%, 143 #1112 9 2%
FIVEAEAE )2 F D RE S L5 ATH S G BE A AR 1, B 7
20 B ATH B8 bR SRR T AR T HE A

1 MR ERIZE

1.1 Z%sha XA SPF M C57TBL6 /N (25 ~
28 g) , LG B AE PP VF AT IE RS - SCXK (3 )2021-0006,
R AT HIE 4 5 : SYXK () 2020-0006, ConA (db3ER
KRR A RAF, 75 . C8110) , ALT AST, — & L&
(NO) FIPN % (MDA ) 6 I3 71) 6 (B ot A= 9 T AR
FEIT, 425 : C009-2-1,C010-2-1,80021S 11 A003-1-2) , UNLQ-
1043 5L RNA $2BGR 5 £ . 2X SYBR Abstart Master Mix ([ 76
AT TR A PR W), 525 : B511321 ,B110032) ,
Total Protein Extraction Kit (7 #4184 4 T A BRA T,
B9 : AR0146) , Akt3 £ FEFEHTIA (Cell Signaling Technology ,
FH 5545 :4685) , B i E ALY BERR 10 09 LI E BT 1eG
(B DOE R AE Y HR A BRA A, 525 1 A21020) , 41
B-Actin AT (DLW R A P AR A BRA R 1845
A01010) .

1.2 circRNA-miRNA-mRNA ceRNA W %4 #9 #3&  AHF
5% ceRNA [ 25 14 #2 7 {ff F 22 55 %235 cireRNA (differently
expressed circRNA, DEC) . miRNA (differently expressed
miRNA, DEMi) 11 mRNA(differently expressed mRNA, DEM)
Bt , K F AR A BARTHIR B4 ConA 175 5 /)N B 47458 75
(i S BRS040 274 DEC.49 4~ DEMi F1 512 4
DEM. B 4%, % M Pearson A 3¢ 23 ¥t (Pearson A8 % 2 5>
0.80, P<0.05) Il Miranda #£J3* (Max Score>140, Total Energy<
~2.0) i1 miRNA-mRNA F1 miRNA-cireRNA 22 [A] ) HH B A
o SRIG, 3T ceRNA MuTATE 77 32 Fl 8 JLART 43 A B ik
T4 ceRNA 1843, I PEAE cireRNA Al mRNA 3£ 5 miRNA
(9 48 T 0 M LA T 6 P B9 mRNA-
circRNA ¢ 5, I 55 ceRNA #3550 LSS £, #4 HE ceRNA W)
“% . S5, i Cytoscape 3.9.1 34 vI L4k Hi {1 200 X

circRNA-miRNA-mRNA (4% ceRNA 15 53 B 77 HE 51 ) 41 A%
FRITRT A ceRNA W25, L) W] i 26 2 S5 2 IR L A A T A 1A
FEIIRE .
1.3 A B A 4K (gene ontology, GO)F= 7% #R AL B 5 2K K 48
& #4 F (Kyoto encyclopedia of genes and genomes, KEGG)
FESH NN ceRNA %5 H1 DEMs (2E9)2- D g, ok
HIR 4.3.1 8463, i3 Fisher R 4G55I ) L] 3 A 2 0E
17 GO A KEGG &40 GO /Wit 4 T T fiE
(molecular functions, MF) . 4= ) iz # (biological processes,
BP) Fll 2l ffg 2H 43 (cellular components, CC)3 P25, &
A GO 4 H I & % BE ™ . KEGG 4B FI T4
DEM 5 15 538 i AU A 5GP . DL P<0.05 s i e B R
(false discovery rate, FDR)<0.05 24 B , P (AR, & £E
PR
1.4 ceRNA M 25 R B R A B0iE Oy T B0iE ceRNA [
ZE T E R R B RGN AL, AT FE ST T ConA 55211
ATH /N EUBERL . SR F B ML 7 2 poft 12 HU/N B3 R 4
ML FIRHLEH , B eH 6 H o BBV 3 o 2 Dk T35 ConA
Pt ATH /)N FRUBEHY , X0 BRZH T 56 AR B K . SR i e 2
BRIEAE & R 3Cik 7

R ceRNA W45 (145 56 2, L H] qRT-PCR J5 i
X cire_0001577 \miR-7055-3p Fll Akt3 (1) &35 /K - A7 56
YE. d ] UNIQ-10 Column Trizol 32 BUIF 4141 2L RNA,
% H SYBR Green IE7E Step One Plus R&H 444 H Hr 3k
o FEFFIRIKFELAN S U6 5 GAPDH IH—1k, [
2O AR X R A I A B 4K (fold change,
FC) RN s kK- o JERIRAE K25 19 510 43 33)
W12,
1.5 Western Blot 5~ #7 i F Western Blot £ Il JiF 21 4
Aki3 8 R BKF . FHE AR R R PO 2L
1, I BCA IR & 35 k. SRE R 8 AR
#E47 SDS-PAGE HLIK 73 5 , I 54 % 2 PVDF JIE |, 5% Jiii
NEA- WA 2 he B PR M A3 HUASE E PVDF i,
FEF A2 ROGHE B AAIRIC KA ] . s Jm DL Bactin
NSRS R A TSR Akl 2 R AR 3R
ki,

%1 HET qRT-PCRIGIFHE F4HE
Table 1 Gene characteristics for gRT-PCR validation

gL PG
HEH %5 ﬁf FC  Pd gg
cire_0001577 ¥ chr7 235 9.04x10° i
miR-7055-3p MIMAT0028015 chr7 -6.37 6.83x10° i
Akt3 XM_006496821.3 chrl 231 3.85x107™* [
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Table 2 Primer sequences
FEF 519(5°-3") K (bp)
circ_0001577 F:TGATTATGTCCAGGCCCTTC 141
R:TATCTCACAGGCACCCTCAAC
miR-7055-3p RT:CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTGGTGGG 21
F:ACACTCCAGCTGGGTTGCTACTTTGATAC
R:TGGTGTCGTGGAGTCG
Akt3 F:CATTGCTTTCAGGGCTCTTG 246
R:TGCCGTCGTCGTCATACTTT
GAPDH F:GGTTGTCTCCTGCGACTTCA 183

R:TGGTCCAGGGTTTCTTACTCC
U6 F:CTCGCTTCGGCAGCACA
R:AACGCTTCACGAATTTGCGT

96

1.6 i sk ZBFA MR RSN MHEA, =
IR E 30 min J5 , 1 000Xg, B0 15 min 43 B L o
SpectraMax Plus 384 fl-fL AR 12 44 i 38 ax L A 2 I i ot
1§ ALT R AST /K- FRA A B A T34

1.7 MDA A=NO#§ @ A H/NREC100 mg fiFEU2
I il 1L SpectraMax Plus 384 fifL AR 13250 #5 5 I MDA Fl
NO K- AR B0 2 Ul kAT

1.8 itk il SPSS 25.0 AR HEAT Gt 4y
Bro THREBURH xts 3R, PRALIR] HE R I UAH « K 56
i FHl Spearman A 573 M1 125 23 B7 4k X 3635 15 T4 3 46 A
Z IR . P<0.05S HZERA G X,

2 #R

2.1 ARAEERZEXZHH RIFRENFEE(Pearson
HH 9% F $>0.80, P<0.05, LA } Miranda f J¥ Max Score>
140 . Total Energy<-2.0) , A58 HAA5 T 62 7541 miRNA-
mRNA %} | 28 4~ miRNA-circRNA %} 1 78 524 /> mRNA-
circRNA FEZ2 6 (GEASE) .

22 ceRNA M ey M £ P<0.05 &M, (5T
6 8921~ ceRNA Xf o # — P T ceRNA 1443 5 mRNA-
circRNA 38 5C R 4E , it 5 795 4 circRNA-
miRNA-mRNA ceRNA X}, ¢ 351 Hi T ceRNA 1543117 10 {37
1 ceRNA XJ o iX2E ceRNAXJHH 11 1781 DEM .49~ DEMi
1274 DEC L [FIRE B, S B TV AE Y ceRNA J84% I 45
PAH A%, mRNA 55 cireRNA 5 H 4k 52 49 miRNA A6 1
MR . M T AU ET 200 X circRNA-miRNA-mRNA £
ceRNA 2% (#¢ ceRNA 1353 BT HESD) o Wnl& 1a T
circ_0001577 BN N FE ATH B & A= Hrold SCHEVE T, R
HAE R0 IE AL T ceRNA RIS LG, b JRR T
miR-101¢ .miR-1927 .miR-7055-3p .miR-802-5p il miR-877-
3p5 cire_0001577 H45 A7 54

23 GO 5 KEGG & &4 4 MRS Fisher ¥ K3 55 1 45
J,956 41~ DEM & 4E %] 914 /4~ GO 45 H w, Hirf 930 4>
DEM ¥ J 649 > BP, 932 /) DEM # ) 86 4~ CC, 922 1~
DEM # }2 179 4~ MF (P<0.05) . 7E FDR<0.05 i I {H T ,
LR 3304 B FE ) GO 4 H , 45 2394 BP.34 1~ CC
1574~ MF. P{EEMEAITHT 34 GO 4 H 45 M i &
S F2 (GO :0002376) 4 4E S (GO : 0006954 ) Fl 5 K
B P8 JL N (GO: 0045087) o 7E 45 A2 v, PH SR AR
GO 2% H 430 2 MF rh (1 595 5 G2 3 72 (GO : 0002376)
CC H Y4 L (GO - 0005737) Al MF H 2R 454 (GO
0005515) . Kl 2 /R T ir 45 GO 4% Bt P {H AR Y Hif
30 N ARIE LSRRI ZE 50 PAE AR AT 104~ ATE (3% P
EHFHFHES)

MR LA 3 A 1 i T E B 45 2 72 956 1~ DEM 1,
A 466 N B RS KEGG . b, 1048 B P
{H.<0.05, 1fij 76 4 1E J5 A9 45 R, A 83 4 % 19 FDR<
0.05. 7EATA b3 w8 AL n9iE b, P A S AR A T 348
7351 NOD #5321 15 538 #% (path : mmu04621) . TNF {5
5 38 #% (path : mmu04668) F1 45 1% (path : mmu05152) ,
TEULIE 3,
2.4 qRT-PCR %&dE 555 B/ BUMH H, AR 2 cire_
0001577 1 Akt3 7EH% sk /KPR A B35 F I, 1 miR-
7055-3p FIFRIE B NI (P{EI<0.05) (Kl 4a) o Spearman
AT 2, miR-7055-3p 35 5 cire_0001577 (r=
-0.644, P<0.05) 1 Akt3 (r=-0.855, P<0.05) [ £ ik &t &l
F A (B 4b.e) |, T cire_0001577 55 Aki3 £
K5 2 IE A (,=0.861,P<0.05) (8 4d) .
2.5 Western Blot 41  FEHIZH /N BRI A Ake3 25 13 1)
AT 3k f i 3 5 T R 2 (1.0420.10 vs 0.72+0.06, 1=
-6.49, P=0.001) (& 5) . Aki3 & H W K55 circ_
0001577 By s K V- 23k 22 IE AR C, 11 5 miR-7055-3p 1
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R3  #ZceRNA T FEFHESIAIAT 10 4> ceRNA EL Xt
Table 3 Top 10 ceRNA pairs in descending order of

ceRNA Score

mRNA circRNA

A4 miRNA  P{E

ceRNA
55

XM_006519062.2 circ_0001577

XM_017318309.1 circ_0001577

XM_017314716.1 circ_0001577

XM_006495688.3 circ_0001577

XM_006495684.3 circ_0001577

XM_006495682.2 circ_0001577

NM_133833.3 circ_0001577

XM_017314712.1 circ_0001577

XM_017314794.1 circ_0001577

XM_017314741.1 circ_0001577

miR-7055-3p <0.001
miR-101¢
miR-877-3p
miR-1927
miR-802-5p
miR-7055-3p <0.001
miR-101c
miR-877-3p
miR-1927
miR-802-5p
miR-877-3p 0.026
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.019
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.019
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.019
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.019
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.019
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.014
miR-802-5p
miR-1927
miR-7055-3p
miR-877-3p 0.014
miR-802-5p
miR-1927
miR-7055-3p

0.017 2

0.014 5

0.014 4

0.0135

0.013 5

0.013 5

0.0135

0.013 5

0.0125

0.0125

mmu_circ_0001577

T s a, ceRNA 2% BT 200 1 cirecRNA-miRNA-mRNA B¢ %F2H il . 4% 4,
S 0= A0 O @R 55 5 43 $£0 3 DEC .DEMi FIDEM., 1§
2k S KR E A A PH4E X R o b, miR-101c . miR-1927 . miR-7055-3p .
miR-802-5p I miR-877-3p £E cire_0001577 FE41) b Ay Fiii 45 &0 5 . 41
6 5 P 7 cire_0001577 )35, 4 25 5 €6 8 26 3R B AR miRNA (125

A

1 ceRNA WERIHE
Figure 1 Constructed ceRNA network

e S KT 33k 2 A 56 (B 53 511 0.579.-0.891, P 1A
1<0.05) (K 6).
2.6 AFHGAeARagseR SXTIRAR EE BRI /N Y
1L ALT \AST 7K L) K BF 4141 MDA FIENO ) & & 44
S ERAIN(PAE<0.05) (F 7).
27 BEX R RELBIFFG ARG AL ALT,
AST MDA FI NO 5 cire_0001577 4 Akt3 [%% 55 AK F- 3234
P4 TE A6 (# (B 43 9124 0.849 .0.865 .0.811.0.801;0.889 ,
0.954.0.938.0.961, P {f1]<0.05) , ifii 5 miR-7055-3p [ %%
SRRV 2k 52 A 6 (B2 1) i —-0.687 . —0.818 . —0.833
-0.870, P{H14<0.05) (& 8 ~ 10) . ItAk, X ELATF AT FE b1
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Figure 2 GO enrichment analysis
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