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(qRT-PCR) I [ BT EP7E ( Western blot) Rl 0y LA ZH cire TLK1 \miR-26a-5p \YES1 mRNA FIEE FA3RiE , WHGH
Tl 4% 45 L RS20 RNA 45 & 85 1 S B2 L VE (RIP) B84IE cire TLK1/YES1 Fl miR-26a-5p Z MMM EAEH, &8 5
Sham ZHAH H, MIRT ZH/N B EF (FS O ILALZY miR-26a-5p K- 5.3 P4, LVEDD \ LVESD | IfiL 7% LDH ,CK-MB i {4 fn
¢Tnl 7K O WLANREIA T2 O WLZH S cireTLK1 YEST mRNA F17E 7K B2 FH 5 (3 P<0.05) 0 L4 il HED ) 25
WL, 2 8] PR A 98 P MR 5 cire TLK AR TT 4838 98 miR-26a-5p, ] YES1 263k, g3 FiR$8Hr28 1k (1 P<
0.05) , W0 LS s 306 miR-26a-5p T35 198 YES1, 8 3059 cire TLK1 RAIRX MIRI BIARPVEIT . WE6%
FE 15 2 R S48 A RIP SIESE T cire TLK1 Fl miR-26a-5p 22 18] B B AZAH BAEF , YES1 J& miR-26a-5p WIHLFR, £518
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via the miR-26a-5p/YES|1 axis
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[ Abstract]  Objective To investigate the role and underlying mechanism of circular RNA tousled-like kinase 1
(¢cireTLK1) in myocardial ischemia/reperfusion injury ( MIRI). Methods Forty-eight C57BL/6 mice were divided into a

[E£TH A TAEEZRHIT H (202213014836) ; fif BATRHE 113155 H (hyzdxjh202103) ; BIFG 24 HARBHAIL GG 545 H
(2023]J60356)

[{EER A 1 FHUN(1984—) | T B+, FIREEIT , BF 95 5 1) o 0o BAE A SERE I 55 E-mail ; hnsyxnwzl@ 126. com

[BIS1EE ] K& (1987—) , 5B Wit , IR W, A58 7 W) FAELE,  E-mail ; zhangy20052005@ 126. com



Hh [ LA R 2 24 2023 4F 8 H 4 33 B:5E 8 1 Chin J Comp Med, August 2023, Vol. 33,No. 8

87

sham operation group (Sham) , MIRI group, sh-NC group, sh-circTLK1 group, sh-cir¢TLK1 +antagomir-NC group, and
sh-cireTLK1+antagomir-miR-26a-5p group with eight mice per group. The MIRI mouse model was established by ligation of
the left anterior descending coronary artery. Left ventricular ejection fraction, left ventricular fractional shortening, left
ventricular end-diastolic diameter, and end-systolic diameter were measured by echocardiography to assess cardiac
functions. Serum levels of lactate dehydrogenase, cardiac troponin I and creatine kinase isoenzyme were measured by
ELISA. Histopathological changes of myocardial tissue were assess by hematoxylin-eosin staining. Cardiomyocyte apoptosis
was detected by TUNEL staining. mRNA and protein expression of circTLK1, miR-26a-5p, and YES1 in myocardial tissue
were measured by real-time quantitative PCR and Western blot. An interaction between circTLK1/YES1 and miR-26a-5p
was verified by dual luciferase reporter assays and RNA-binding protein immunoprecipitation. Results Compared with the
findings in the Sham group, the ejection fraction, fractional shortening, and the level of myocardial tissue miR-26a-5p in
the MIRI group were significantly decreased, the left ventricular end-diastolic diameter, end-systolic diameter, activities of
serum lactate dehydrogenase and creatine kinase isoenzyme, the level of cardiac troponin I, myocardial cell apoptosis rate,
and mRNA and protein levels of circTLK1 and YESI in myocardial tissue were significantly increased (all P<0.05).
Moreover, cardiomyocytes were disordered, and inflammatory cell infiltration was observed among interstitial cells.
cireTLK1 knockdown significantly upregulated miR-26a-5p expression, inhibited YES1 expression, improved the changes in
the above indicators (all P<0.05), and reduced myocardial injury. Inhibition of miR-26a-5p significantly attenuated the
protective effect of circTLK1 knockdown against MIRI by upregulating YESI expression. Dual luciferase reporter assays and

RNA-binding protein immunoprecipitation confirmed the direct interaction between circTLK1 and miR-26a-5p, and YES1

was a target of miR-26a-5p. Conclusions

Knockdown of cireTLK1 may exert a protective effect against MIRI by regulating

the miR-26a-5p/YES1 axis, and circTLK1 may be a potential therapeutic target for MIRI.

[ Keywords ]

oncogene 1; apoptosis

myocardial ischemia/reperfusion injury; circular RNA tousled-like kinase 1; miR-26a-5p; YES proto-

Conflicts of Interest: The authors declare no conflict of interest.

S0 9 A2 — ™ e T N SRR 10 I
W, R R B N BE R BGR A FE RN 2
FEHEAIG T 2 H AT Rl il LR A 80T B, R
117, O WUFRE A S B 2 1 — 20 3 B0 FIL B ot P8 3
i 5 ( myocardial ischemia-reperfusion injury,
MIRI) P %, BRIk RNA (cireRNA ) E #0E ] ]
JA5 5 MIRT #F B A G40 F iR 42, AR R8T G 7
D BF AR oK, PR RNA % AL RE R 1
(circular RNA tousled-like kinase 1, cireTLK1) 7E
MIRT /)N RS D -3 ] fin el MIRT 3 Ji& | 1y i B8R
cireTLK1 0] 8 5% 32 453 19 .0 JOE g 68 FF: ek /D> 498 3E
R AR — 25T T A HB e R PR T LA

P4 18 | circRNA A] fE & microRNA ( miRNA )
“UFL” AT miRNA KK miR-26a-5p E.
PEUESEAE MIRT AR, R ek vl S 40 L4
Ji b5z IR B 48 R AR Sl B O T R B Y
YIS B s YES JBE N 1 (YES
proto-oncogene 1,YES1) J& miR-26a-5p HJHEFE A | 1M
YES1 7E MIRI J&i iR b, StarBase K35 12 T
M2 7R ,miR-26a-5p F cireTLK1 J¥ 31 22 [A] 4776 H.#h
P, WIS WAIE L, WK cireTLK1 RT3 33 F 8 miR-
26a-5p , W R B I T A 2o BT

IR B HEI cire TLK1 V] GE 38 45 87 miR-26a-
Sp/YES1 Sl MIRT (R BRESRE . Ik, AWF5T 5
TEM B cireTLK1 7E MIRT F 0L

1 #RFFE

1.1 SKIEEhY

M BT 3 v S ik SE I sh A RN R LI A
C57BL/6 /MR 48 H (SPF %%, 6~ 8 i i% , Mt (A
20~30 g) [ SCXK (1) 2019-0004 ] , it sh ¥ 75 e 4
KEFME S —BEBE 12 h/12 h G IR B IEIN R
(22+2)°C, 1B FF (55 ~ 60) % M4 b E 55 1F T 4l 332
[ SYXK(1)2020-0002 ], 52405 8y 45 28 g A K2
R 5 — 5 B 52 50 20 4 4 R0 0 2% B 2 e o
(SCU-AE-2022013) , 74 3R J&]
1.2 FERKFSMNE

HB W) cireTLK1 Y% % 9 RNA (sh-cireTLK1) B
PEXF B shRNA (sh-NC) . miR-26a-5p #5414 ( miR-
26a-5p mimic ) | B 409 B M X # ( miR-NC ) | miR-
26a-5p #1 il 7] ( antagomir-miR-26a-5p ) A1 il 7] BH
X} R (antagomir-NC ) i 8. B 7 GenePharma 23
"] % 3 R A R /b Bl LDH (. ml002267 ) . CK-MB
(ml037723) ELISA {55 & W [ & ¥ B I A= Wy k) 47
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AR ] ¢Tnl ( E-EL-M1805) ELISA X7 & H I
it TR A2 W) B A RS W5 HE 8GR & (G1120) |
TUNEL &7 & (T2190) 1 B 4L 5T Solarbio 23 &l ; 4
Ji—¥T YES1 (ab109265) .GAPDH ( ah9484) ity H 5«
& Abcam /A F] ; Millipore Magna RIP™RNA %% &
FIARBEDLHE (RIP) 35450 & (17-700) 14 A S [E EMD
Millipore 23 F] , Vevo 2100 /N#R R RAZAN (in&
K VisualSonics 23 7] ) ; DM3000 Y27 & 3 B8 (12
Leica 22 7)) ; 7500 5 i 2% 5t 52 B PCR X (€
Applied Biosystems 2\ 7] ) ; Multiskan FC i Fr {2 ( 38
[E Thermo 2y H] ) ; PowerPace Basic HiL kI ( 3 Bio-
Rad A 7] ); E-Gel Imager BE R & AY (3%
Invitrogen A F ) .
1.3 SKAHE
L3.1 i dl 54k

1o @ sh-circTLK1 | sh-NC antagomir-miR-
26a-5p Fl antagomir-NC ¥ I AH OCHR B AAV 45
Wi B 48 HU/NE AR A Sham 4H MIRI 4 sh-NC 4 .
sh-circTLK1 #H . sh-circTLK1 + antagomir-NC 2H | sh-
circTLK1+ antagomir-miR-26a-5p 41, 441 8 H ., sh-
NC 4 sh-circ TLK1 ZH/NRESE 3 d i it Rk e 3
HEHF sh-NC 8 sh-cireTLK1 f AAV % 14 i k7 (2 x
10" 4~ AAV 4Rk, 2 | sh-cire TLK 1 +antagomir-
NC 2 . sh-circTLK1 +antagomir-miR-26a-5p 21 /> FL7E
2 R IKE SHEH sh-cire TLK1 AAV 3440k Y [7]
A, A1 9 K B ) 4 antagomir-NC | antagomir-
miR-26a-5p [ AAV FARL (2x10" 4> AAV Zifk
KL/ ) Sham 41 MIRT 270 B i Jk v 56 74 3840
Ko SR AAV ik 5 d J5, X/ R T
B P E TR, AT MIRIE AR
1.3.2 BRI

K F3 45 4L 76 5 IR 3h ik 1T B 2 (Tleft anterior
descending coronary artery, LAD) ¥J%E MIRT A 55114
P 240 (40 mg/ kg ) I T S0 JRR T R Bl , %2 5 fifg
o TR, 6-0 224454, LAD, AR B /2 0 &
HIREAZ A 8, DR s , 6 A L, O L H
PRI, SRI05 S 30 min J5, T &5 L4, KB O
WU . s, 585 Mk, T R4 (Sham 4H) /)
BANGEFL LAD , Hor 58/ BUARTA]
1.3.3 L3 EAGI N LG L fE

ANRTEFFE S 48 h BT 19 %1 2 4k
(40 mg/kg) BRI APEMALE E , 5 Vevo 2100 A
RGEHEAT 28 Mo 7 0 Bl ARG I /0N B JUE ERE

¥ 1. 4-F Millar 8486 A/NRBBI K, S8 516 A ZL L
% RN A2 U 2 5 153 %8 ( ejection fraction, EF) | /F
LNEE 5% 77 KX (fractional shortening, FS) | e .0 % &F
AR W 4% (left ventricular end-diastolic diameter,
LVEDD) Fl.{» %8 W 46 A 1 N 42 (left ventricular end-
systolic diameter, LVESD) ,
1.3.4 ELISA ¥l [fiL % LDH,CK-MB %4 1 ¢Tnl
7K

O DB DU 52 B, /0 BRU A IR BRI, 4°C R
3000 r/min #5015 min, 7378 M7 , -80°C /17, %
HEGAGR) & BEBA I 2 /N BRUALTE H LDH  CK-MB i 4 1
cTnl 7K, K¢ ELISA 35 & h i AR e S B 2R
[l BE (o A o b VR R £ SR AR A
B bR ot £8 8 %F LDH ,CK-MB 36 4 F1 ¢Tnl
KF
1.3.5 HE Jetafiil.o L4 806 B4 A5k

Wit 52 B, b A6 /N B, BRUHE 50 0 K38 430 AL
HBVRAELE-BOC VKA ; 73— 53 B 7E 4% 2 R H
i 24 h, 76 A S R UL SR YT A (4 ) 5 28
Ja CREU R AE R IR B R AR 2B E K, I
FHIRANE G 4 min LY 2 min, 7E627 1
filBE F IEE O LA 219 B4 A8 Ak, I3 i b Sl B 4L
AP A
1.3.6 TUNEL He e l.co LA T

O WL S0 B8 R e — R i 0, FH 4 9
LR IK BRIGTE 37°C T H 100 mg/mlL 25 i K 57
B 30 min, 3% 1L EALEIFE 10 min, BlEJERX
$64] 5 TUNEL R W IRAYITE 37°C TFE 1 h, B
R ER 92 MRS BB 3 IR, 4 L% ] DAPT IS €5, 5
min, H PBS ¥k 3 A, 7EZOE BB T WD)
Fo TR =P T Ao (L) /40 i S8 (i )
x100% ,
1.3.7 qRT-PCR Kzl .0 LA L1 cireTLK1 |, miR-
26a-5p Ml YES1 JL[R Fik

TRIzol X5 F T 43 55 - 80°C R A7 H 3B 400 LA
2R RNA, 43 66 BE TR I RNA (¥R B2, (8
cDNA & BURFI 0% 2 e RNA 055 541 % cDNA,
JEUEFT Y8 Ll GAPDH 1 U6 fE i N 2, i it
27880 AR I miRNA Fl mRNA B33k, 2 1
JEIE
1.3.8 ZE A JF Bk ( Western blot) 43 #r .0 IL4H 7
YES1 # [k

RIPA 24 42 BOO ML, R A SDS-
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PAGE 438355 0 SR FIRE R OOT S M6, W B A s
5—$T(YESI(1 : 1000) ,GAPDH (1 : 2000)) 7¥
ACTME SR, IR 3 KRG, 59k G
(HRP) =3t (1 : 2000) FEZEIR FIEE 1 h, ZJ5,1H
FHBE 58 k2% & 363K 7 (enhanced chemiluminescent
reagent, ECL) XJ I _I 19 5% & & Wt 17 o] 44k, IF:
K H Image J #AFA-HT IR BEAR T H IR I R0A
1.3.9  BUSOGER B B A
FI A StarBase %% 8% FE Bl M miR-26a-5p 5

circTLK1 3%, YES1 Z [Al B 25 5 s, i | HEK 293
T 400 R A miR-26a-5p 5 circTLK1 8 YES1 22
[ RAHEAE . 20 306 & A miR-26a-5p 456 i
S cireTLK1 1 YES1 37 EFHIEIX (3 UTR) J¥9113F
M 5E [ B pGLA ¢ R g 4 2 2R b, SR e A At
circTLK1 A1 YES1 3° UTR ¥4 4 (wild type, WT) F
AR (mutant, MUT) ik ( FH GenePharma 5¢ %) .
i Ffl Lipofectamine 3000 14 2 it 5¢ ) 28 g4 5 o
ki ( cireTLK1-WT ., circTLK1-MUT, YES1-WT #l
YES1-MUT) 5 miR-NC B{ miR-26a-5p mimic JhiE gy
HEK 293 T 4 /it 48 h. 48 h J& , W4 40 il o 2%
REHE
1.3.10 RIP 43#7

circTLK1 Fl miR-26a-5p 2 [8) 1) A . 4F H 38 i
RIP 437, i RIP K ST R4, fmS 2,

B YL miR-NC B{ miR-26a-5p mimic %78 B0 ULZH
M i, IF 5 45 & A Ago2 Bt 1K (10686-1-AP,
Proteintech ) 5% 1gG ( Thermo Fisher Scientific ) f*) il ¥k
TE4CTE 4 h, 1eG HEXT R, AR5, @it qRT-
PCR K:MUTHE RNA Y cire TLK1 17K,
1.4 FitFEHZE

KH GraphPad Prism 8.0 4 #4748 it 70 #r,
THEGORLE YR e bR i 22 (x£5) TR, WL ER
it 15 PR A RIP 4307 FO R H ¢ R, /N B D e 4
bR L% LDH , CK-MB i 4 Fl ¢Tnl 7K F .0 L2 fE
FTR OWLIH D cireTLK1  miR-26a-5p H1 YES1 3
KRR B R J5 22 20 A fi SNK-¢ K 5, P<
0.05 FmERAGIFE L,

2 HR

2.1 HBAHMROAEINBELLEE

55 Sham ZHAH [, MIRIL 40/ B EF FS 1 % 1%
it ,LVEDD \LVESD & 7} & (3 P<0.05) ;5 MIRI
2  sh-NC 4 #H ., sh-cireTLK1 #2H F1 sh-cireTLK1 +
antagomir-NC 2H /N EF.FS B F T & , LVEDD |
LVESD B #FA% (3] P<0.05) ;5 sh-cireTLK1 4
sh-circTLK1 + antagomir-NC 4 A I, sh-circTLK1 +
antagomir-miR-26a-5p £ /NEL EF, FS I 2 [% 1,
LVEDD LVESD & #}& (¥ P<0.05) , W2,

&1 5195
Table 1 Primer sequences

LA G957 -37) B g19(s*-3")

Gene Forward primer Reverse primer
circTLK1 CAGTCAATGGAGCAGAGAA CCATTCTTGTTGCCTTTTTG

miR-26a-5p GGATCCGCAGAAACTCCAGAGAGAAGGA AAGCTTGCCTTTAGCAGAAAGGAGGTT

YES1 AGAACAAGTGGAGCGAGGATACA CATCAATTCATGGAGGGATTCTG

GAPDH TGAAGGTCGGAGTCAACGG TCCTGGAAGATGGTGATGGGA
U6 CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG

x2 HH/NECIEIBE L (x2s,n=8)

Table 2 Comparison of cardiac function of mice in each group

ZH % Groups EF (%) FS(%) LVEDD(mm) LVESD( mm)

Sham £ Sham group 75.36+8. 15 41.55+4. 62 2.87+0. 34 2.06+0. 25
MIRI 4 MIRI group 54.2146.08" 26.38+3.19" 5.62+0.61" 4.1120.43"
sh-NC 41 sh-NC group 53.94+6.27" 26.27+3.40" 5.90+0. 65 * 4.090. 44

h-cireTLK1 41 , ", ,
sh-ere 68. 18+7. 35" 35.48+3.77 "% 3.48+0. 42% 2.61+0. 35"
sh-cir¢TLK1 group

h-cireTLK 1 +antagomir-NC 41 , , .
s anagomit 68. 457, 20" 35.90+3. 82 ** 3.37+0. 40" 2.570.31%

sh-cir¢TLK1+antagomir-NC group
sh-cir¢TLK1+antagomir-miR-26a-5p 2H

“A$
sh-circTLK1+antagomir-miR-26a-5p group 57.0626. 43

28.57+3.3174% 5.25+0.59 4% 3 8440, 4028

£ 5 Sham 4UHIH, * P<0.05;5 MIRT LA H, *P<0.05; 5 sh-NC 4LAH H, ¥P<0.05; 5 sh-cireTLKI 4141k, “P<0.05; % sh-cireTLK1+

antagomir-NC ML, 5 p<0. 05,

Note. Compared with Sham group, * P<0.05. Compared with MIRI group, *P<0.05. Compared with sh-NC group, “P<0.05. Compared with sh-
cicTLK1 group, “P<0.05. Compared with sh-circTLK1+antagomir-NC group, * P<0. 05.
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2.2 FHHEMRMFEOANEEKTELE

5 Sham ZHA4H H, MIRT 41 LDH , CK-MB {i # F1
¢Tnl 7KV THE (P<0.05) ; 5 MIRI 2H . sh-NC 21
AH L, sh-cireTLK1 2 fil sh-cir¢TLK1 + antagomir-NC
20 LDH, CK-MB i P F1 ¢Tnl 7K ¥ & 3% FEAK (P <
0.05) ;5 sh-circTLK1 2  sh-circTLK1+antagomir-NC
ZAAA HE , sh-circTLK1 +antagomir-miR-26a-5p 21 LDH ,
CK-MB &£ ¢Tnl 7K 25 F+ 85 (P<0.05) ., L
%3,
2.3 BHEMRONALRREZSTN

HE e {f 5 /R | Sham 4/ BLC ILEF4EHES A
TCARNELRMIZ N , T MIRT 20 H1 sh-NC 41/ BLC L4
JLHE 51 25 5L, 200 B ) 5T A 48 Pk 4t 33 5 MIRI
2 . sh-NC 40 AH b, sh-cireTLK1 2H Fl sh-circTLK1 +

antagomir-NC LU LA A3 B e, AT /b R
MR, L LA B HE S B AT ¥ 5 5 sh-cire TLK1
ZH AN sh-circTLK1+antagomir-NC 21 #H [t , sh-circ TLK 1
+antagomir-miR-26a-5p 200> WILH0 405 78 B hin 2, 4 g
HEF 2L, e i g . WLIsT 1,
2.4 FHNROCAAERRET R

TUNEL 3¢ (4453 7R, 5 Sham 414 L, MIRI
G100 WL4H R 7% B TR (1 P<0.05) 3 5
MIRI £ sh-NC 41 # [, sh-circTLK1 41 Fil sh-
circTLK 1 +antagomir-NC 2.0 JJL 20 A2 8 7~ 2% g 3 %
fK(#) P<0.05) ; 5 sh-circTLK1 4 | sh-circTLK1 +
antagomir-NC ZH #H I, sh-circTLK1 + antagomir-miR -
26a-5p 410 WLAH ML T2 8 2 T (34 P<0.05)
WK 2,3% 4,

R 3 KHE/NBEINKE LDH CK-MB JEVER ¢Tnl #KCF L (x+s,n=8)
Table 3 Comparison of serum LDH, CK-MB activity and ¢Tnl levels of mice in each group

415 Groups LDH(U/L) CK-MB(U/L) Tnl(ng/mL)
Sham £ Sham group 486. 75+63. 10 175.3224. 54 1. 43+0. 20
MIRI 41 MIRI group 1462. 31+89. 45 * 1241. 50+83. 03 * 5.26+0. 64

sh-NC 2 sh-NC group 1507. 42+95.36* 1229.41x92. 16 5.37+0.61"

sh-circTLK1 41
sh-circTLK1 group

sh-circTLK1+antagomir-NC £
sh-circTLK1+antagomir-NC group
sh-circTLK1 +antagomir-miR-26a-5p 41
sh-circTLK1+antagomir-miR-26a-5p group

814. 60+90. 52 "¢

802.35+91. 78 **¢

1237. 46+84.30 % #4 %

452.70+65. 58 **& 2.62£0. 35"

436.82+61. 43 2.55£0.39 " #

1071.29+78. 05 **4*# 4.74+0.52*4%

1. 5 Sham #HAHLL, * P<0.05; 5 MIRI 4 AHLL, *P<0.05; 5 sh-NC £H#H L, P<0.05; 5 sh-cireTLK1 ZHAH L, *P<0.05; 5 sh-circTLKI +

antagomir-NC ZHAf L, 5 p<0. 05,

Note. Compared with Sham group, * P<0.05. Compared with MIRI group, *P<0.05. Compared with sh-NC group, ¥P<0.05. Compared with sh-
cicTLK1 group, 4p<0.05. Compared with sh-cir¢TLK1+antagomir-NC group, $ P<0. 05.

Sham#1
Sham group

sh-circTLK 144
sh-circTLK1 group

sh-circTLK I+antagomir-NCZH.
sh-circTLK 1+antagomir-NC group

MIRIZH
MIRI group

> r 4 Gl
> -~
3 = -

sh-NCZH
sh-NC group

sh-circTLK 1+antagomir-miR-26a-5pZH
sh-circTLK 1+antagomir-miR-26a-5p group

B1 S4/hROIHS HE 6

Figure 1 HE staining of myocardial tissue of mice in each group
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R4 AN TR LB (225, n=8)
Table 4 Comparison of apoptosis rate of cardiomyocytes of
mice in each group

255 TUNEL FHM:40 (% )

Groups TUNEL positive cells
Sham 41
. 18+0.
Sham group 3. 1820.50
4
MIRL L 14.25+1.47"
MIRI group
- 4
shoNC AL 14,4941, 61 °
sh-NC group

sh-circTLK1 2

* #&
sh-circTLK1 group 6.8320.72

sh-circTLK1+antagomir-NC £f

48
sh-cir¢TLK1+antagomir-NC group 6.70+0.85

sh-cir¢TLK1+antagomir-miR-26a-5p 41
sh-circTLK1+antagomir-miR-26a-5p group

;5 Sham 41AHLL, * P<0.05;5 MIRI 414 L, *P<0.05; % sh-NC
ZHAHIL, €P<0.05;5 sh-cireTLK1 ZHAH X, 2P<0.05; 5 sh-cireTLK1
+antagomir-NC ZHAH L, % P<0.05,

Note. Compared with Sham group, *P<0.05. Compared with MIRI
group, *P<0.05. Compared with sh-NC group, $P<0.05. Compared
with sh-cicTLK1 group, “P < 0.05. Compared with sh-cireTLKI +
antagomir-NC group, ® P<0.05.
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Figure 2 TUNEL staining of myocardial tissue of mice in each group
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Figure 3 Expression of YESI protein in myocardial tissue of mice in each group
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x5 FHHNFONEHR cireTLK1 miR-26a-5p Fl YES1 ik Hei (x+s,n=8)
Table 5 Comparison of expressions of cireTLK1, miR-26a-5p and YES1 in myocardial tissue of mice in each group

2151 Groups circTLK1 miR-26a-5p YES1 -mRNA YES1 M YES1 protein
ham 4
Sham 21 1. 00+0. 00 1. 00£0. 00 1. 000. 00 0. 17+0. 03
Sham group
MIRI £ . . .
2.46+0.33" 0.43+0. 06 4.250.56 0. 69+0. 08
MIRI group
sh-NC 41 . . .
2.5740.35" 0.41£0.05" 4.3420. 50 0.72+0. 09
sh-NC group
sh-cireTLK1 28 . .
some 1. 38+0. 20* 0.82+0.09°*  2.26+0.31 " 0.380. 05 **¢
sh-cir¢TLK1 group
_ci ir- 4]
sh-cireTLK 1 +antagomir-NC 1 1. 34£0. 19 0.8520.10°*¢  2.19+0.28** 0.370. 06 " *

sh-circTLK1+antagomir-NC group

sh-circTLK 1 +antagomir-miR-26a-5p 41
sh-cir¢TLK1+antagomir-miR-26a-5p group

2.25+0.30 *4%

0.59+0.07 *4% 3.87+0.45*4% 0.61+0.07 *4%

145 Sham ZHAAFL, *P<0.05;5 MIRI ZHAH I, *P<0.05; 5 sh-NC ZHAH I, $P<0.05; 5 sh-cireTLK1 4140, *P<0.05; 5 sh-circTLK1+

antagomir-NC HAL, ¥ p<0. 05,

Note. Compared with Sham group, * P<0.05. Compared with MIRI group, #P<0.05. Compared with sh-NC group, $P<0.05. Compared with sh-
cicTLK1 group, “P<0.05. Compared with sh-circTLK1+antagomir-NC group, * P<0. 05.

A hsa-miR-26a-5p NM_001136554 TLK1 circRNA Binding Site of hsa-miR-26a-5p on
Show 10 v entries
¢hr2:171906634-171906655(-] Target: 5' ugaacaacaaaaAUUACUUGA2 3 SindingSite ! Class  Alignment
chr18:724052-724057-] 1 6mer Target: 3 ABARAACTUGAG 3
C 154 mm miR-NC D 1.5 mm miR-NC E
2 . - : .y 8
" E B3 miR-26a-5p mimic N :*; 3 miR-26a-5p mimic ;E) * - 1eG
=R T =8 T ' Ago2
=510 $I & 0 - E 6 = Ag
& 2 & 9 fr
% 5 4% = fﬁk;
R E g £5 4
w 2 ":1 15} -)’;2
2o 054 * 20,54 . =E
=z &2 - 5 2
=5 z25 r'l i
& o)
0.0 ’ 0.0 r r 0
circTLK1-WT  circTLK1-MUT YESI-WT YESI1-WT miR-NC  miR-26a-5p mimic

1 2 A s cireTLK1 Tl miR-26a-5p 22 18] T ANES G007 s P 25 5 s B YES1 F miR-26a-5p 22 [A) L AMEE & 7 s Tl 25 5 €. I T 3RAIE cire TLK1
HI miR-26a-5p 2 [6] 3¢ 2 B CR BN E L5 H D FH THAIE YES1 Fl miR-26a-5p 2. [8) 54 22 B W2 6 2 BN 2 45 9L B RIP K& IE 52
circTLK1 5 miR-26a-5p Z [Alf H 45454 . 5 miR-NC ML, * P<0.05,

& 4

cireTLK1 33 3434k miR-26a-5p {23 YES1 #ik

Note. A, Prediction of complementary binding sites between circTLK1 and miR-26a-5p. B, Prediction results of complementary binding sites
between YESI and miR-26a-5p. C, Double luciferase determination results used to verify the relationship between circTLK1 and miR-26a-5p.

D, Double luciferase determination results used to verify the relationship between YES1 and miR-26a-5p. E, RIP detection confirmed the direct

binding between circTLK1 and miR-26a-5p. Compared with miR-NC, * P<0. 05.

Figure 4
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circTLK1 promotes YES1 expression by sponging miR-26a-5p
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FEiK B IITR T miR-26a-5p FEIBFEA%, YEST ik
X 5 LRI 45 R — 80, LAb, cire TLK1 1)
W LV T miR-26a-5p ik, AL T YES1T mRNA
A K, 3% T MIRI /N RO IEZh BE, bdb T
O WL B T, A% 7O WL 5, miR-26a-5p S
cireTLK1 WIHRFR , YES1 & miR-26a-5p HHEIL )
il miR-26a-5p Ad L B YES1, i & 9855 cireTLK1
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M MIRL B P/ 37 4 FH . 3 26 55 48 6 B, R IR
cireTLK1 W] B30 3 75 miR-26a-5p/ YES1 B{E MIRI
H R ER

circRNA f&—28 1 RNA R &R 11 5% 52 19 3840
FIA B EE JE g i RNA , ELAT 8 1A] 5 4% miRNA 8§
fEffi RNA(mRNA) FIRENS™  FEARMIGE P, £ 4
Wi T cireTLK1, —FhfE M Z oo K& R I W
circRNA , JE4HE & 2l e i 4w XUS bl 28035
f3t I HAE MIRT ik LAY i se 4 3
fi7s, 75 MIRI /N U cireTEK1 09 36 3k TF &, 1
cireTLK1 g5 6t O LA M 98 T B AT R4 PE L, O
WA T /B MIRL, AT L, cire TLK1 20 LR I () )2
T, 55 MIRI B0 LA T2 B2 . circRNA A
Phid et 75 miRNA W4k W R KK, 2 5
MIRI'®2Y | % T circRNA % circRNA/miRNA/
mRNA 2 H WM 45A B T R GEH T MIRL 1) & 4 F
K, £ MIRI /N U, miR-26a-5p B %3k T 14,
AWFFEEE A W5 B2 qRT-PCR 20 Hr, 490 A4 4
circTLK1 5 miR-26a-5p 1 X &, SR Ja A7 W &R
it 45 3 RS, IE 52 cire TEKT $7 9815 miR-26a-5p
[k ; RIP i — 20 5E cireTLK1/miR-26a-5p Y H.
Peeh G, N T HE— 2 WAE cireTLK1 J& 75 7] UL i
miR-26a-5p 7& MIRI HV R EAE ], AR FRAE cireTLK1
AR AY 34 | R H antagomir-miR-26a-5p Tk T
P8 miR-26a-5p , 25 F W78 miR-26a-5p ()T WM T
cireTLK1 #efIX MIRT #5345 9 £ 37 V5 s R B miR-
26a-5p X MIRI HAG W 7E M R4 T, X 5 DAY
WFFR LS IR —2, 7R, cireTLK1 W] 3@ 33 7187 miR-
26a-5p #i5% 5 MIRI,

AN ARG miR-26a-5p BIWETEREAR AT T
SN, BB miR-26a-5p 5 YES1 mRNA fY 3° UTR £7
TESS G LR, WK B R I 338 miR-26a-
S5p FEAR T YESI-WT BZOE R MEG k. #2718 , miR-
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YES1 J& A8 dE o —Fh ] $E g JE 2 iR
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