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High expression of Circ-PALLD in heart failure is transcriptionally regulated by the

transcription factor GATA4
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Abstract: Objective To determine the changes in the expression of circular RNA Circ-PALLD in heart failure and explore the
biogenesis of Circ-PALLD. Methods We analyzed second-generation sequencing results of human and murine heart failure
samples to identify the candidate CircRNAs. Sanger generation sequencing was performed after PCR amplification, and the
sequencing results were compared to determine the reverse splicing pattern of the corresponding CircRNAs. We further
examined the expressions of CircRNAs and linear RNAs in 8 patients with heart failure admitted in our hospital, and RT-
qPCR was performed to detect the expression levels of Circ-PALLD and PALLD in the failing myocardium. Bioinformatic
analysis was performed to predict the transcription factors that may regulate PALLD. Small interfering RNAs (siRNAs) against
GATA4 were used to determine the regulatory effect of the transcription factor GATA4 on PALLD. Results Sanger sequencing
and sequence alignment verified the reverse splicing of Circ-VWAS, Circ-VMP1, Circ-PRDMS5, Circ-PLCL2, Circ-PALLD, Circ-
NFATC3, Circ-MLIP, Circ-FAM208A, Circ-ANKIB1, and Circ-AGTPBP1, demonstrated their loop-forming nature and
determined the exon arrangement of reverse splicing. Semi-quantitative PCR results showed that the expression levels of Circ-
PALLD, Circ-NFATC3 and Circ-AGTPBP1 were significantly increased while the expression level of linear PALLD was
significantly decreased in the myocardial tissues of heart failure patients. Bioinformatic analysis suggested that the
transcription of PALLD was regulated possibly by the transcription factor GATA4. RT-qPCR showed that the expression level
of Circ-PALLD was significantly increased, while PALLD expression was significantly decreased in the failing myocardium,
which was consistent with the results of semi-quantitative PCR. In primary mammary rat cardiomyocytes, GATA4 knockdown
resulted in lowered expressions of both Circ-PALLD and PALLD. Conclusion Circ-PALLD is highly expressed in heart failure
and can be used as a novel molecular marker for chronic heart failure, and GATA4 may play important role in regulating its
transcription. Circ-PALLD points a new direction for investigating the molecular mechanism of heart failure and may also
serve as a potential therapeutic target for heart failure.

Keywords: heart failure; GATA4; Circ-PALLD; biomarker

rFm HHA:2023-02-28

EeTWA:F K A L5 5 £:(81760076)

Supported by National Natural Science Foundation of China (81760076).
EBBN T 5 T4 E-mail: d18647053228@163.com
BIEEE WU, 151, 20%  E-mail: hst7312@163.com

TE B YRR, K2 90% 1) Jik PR S 3k
TEIX B SR b A 1%~2 %25 8 5, HeAth R
R AR S RNA (ncRNA) . AEZAS RNA A
TR T, (HAE R R IR R th R E 2R . B
PEAFFE R , BiA RNA (pre-mRNA ) ] DL i A [R] At 3



+ 1372 -

J South Med Univ, 2023, 43(8): 1371-1378

http://www.j-smu.com

PRI A AR RNAFPZE S A& mRNA AT 8%
] 8§ 32 08 W — A L A0 A R0 i 225, st 2
CircRNAs, Jf:H CircRNAs R 5H2 7 =, Sk
PE RNAFH G, kb 573 L 555 1 1 3% poly-A 2
454, It H CircRNAs 191 5 I /N 2P RNA 43
T, CircRNAs FIHEEH R0k , 7T USRS UAZ B IR
AU B A DR RNA Jr 3 f BRI . [ i
CircRNAs 1] DA I 526 RNA #6538, Ui R 358
FIEE 1 BT al BRBHIE  AEV 2 AR i R ke 4 2 G2
YERR™. PERAE CircRNAs F5E 5 P85 4R 45
S AR ZE AL CRARAE R, R ) 1y 2R e —, JIf
HAECMAE SR b 55 800 CircRNAs /R RO 45
PRI RIS RHIRTUS 195 PR CI L S RIS 7
A

A HIAFR CircRNAs 2 5.0 T35 O JUEFEFILE
JEEE A4 A B AR (0 AT /D4 Cire RN As B IEI
OIHEA XS 3086 CireRNAs & 75 518088 )6, O
HZ5T .0 1380 ZIRHLE AN RS A Rett—2C 0
8", BIEFTCA IR NAE RS CireRNAs FUTRFEHLTI
AR O FRE T SO CHRGE L, T
5 CireRNAs 7EC LR A DI BEFIVE T, A5
X B HGE AR RN B O AR Hp S i ek 1 10
CircRNAs 7+ F #4700 )3 " 2 3R it 51 9, 8R4t
CircRNAs 5HZ: RNA (linear RNA)AE A TE& LT
FERTEOCIART He AT, b Hh e e oL AT
Fi5 2% HHY CircRNAs—Circ-PALLD, PLLEAR ZHF
573, CircRNAs 1] DL 555 5 R 45 G R 3L R p0 5=
ik [EXEE CireRNAs IIHLHIBFFE A1 Z £/ AT
FY3E AR W B IR A5 PALLD fo s 5t D 3464 79
W BRI FENE PO i R R Cire-PALLD W TE A4
IR, IRXT CircRNAs ) 1 fi#

1 ERFFE
1.1 AR %
111 JRBRR FrARefik A THEZEZE R 2 — Y
JBEERE 2021 4E5 H 1 H~20234FE2 H 15 H ME w2
WifFa CHF BB AFR=18 %, 03 >6 1 H .
B B g R E .
1.12 52334 SPFSD K6 H,1~3 diit, [ F
T A R T L sh Y 287K . SPF 43
Vb imgs A SO sh ) S st A ot T B R A s
SR A SO HE RS S:2017-014)
1.2 27

IR (RARAAR) 5 75% 00K (2546141 5
Hank's AR ( FIFRIE AR ) ;1% 1 AURJE
fit},Brdu (Sigma);/ifi 4~ IfiL ¥, RIPA 2 (L3R =

KAY)) s DMEM #5375 (PG 584: B s Hieff
Trans™ fig AR R, Y7, 2 xHieff PCR Master Mix
CBLEAEYIBHY ) s Trizol Reagent, PVDF (B¢ ) ; [
557 & HiScript Il RT SuperMix for gPCR(+gDNA
wiper) iR 77| & , DNA marker (5 ME# 4= 4 ) ; SYBR®
Green Pro Taq HS Tilj 7! qPCR i & (ZFHm W) ) ;
ARG P PR FE anti-GATA4 |, anti-GAPDH
(ABclonal) ; BAR i AL PIBEHIE — P (Abways) stk
FOCHRGE B YRHEL) s AHFE 05 1) 23828
AR AN T L sSIRNA Y M A M A I
BB HABAE AR ik 11 o2k al [ 7= i
1.2 CircRNAs # Sanger | 5>

1 4 i i2F NCBI 5 Circbase %% #% /4 #x #% Circ-
VWAS, Circ-VMP1, Circ-PRDMS5, Circ-PLCL2, Circ-
PALLD, Circ-NFATC3, Circ-MLIP, Circ-FAM208A,
Circ-ANKIBI1, Circ-AGTPBP1 (I Ri{AF 51, Primer3 %
T PCRE|¥), 4 PCRY 4152 L) - CircRNAs J¥31), B

EWHEERS B UK S AT DI, OF36 22 B 4 8wl A T

Sanger Jll ¥, KHE LA I CircRNAs 2 [a] 5542 73X 51
YIFAIEE 1,
1.3 SLRAJRAR S Lam AL by 35 7

Kt A 1~3 dHTAE SDFLER T 75 %A i i
B, UL E TS TAES UL ONE S SR O R
HUE T IR B HBSS PR 7, FH IR IR B B4
D EF N mm’ A A HAU IR R AL PR
10 cm BEFRIL, A 8 AT 1% 1 BUR Y D-
Hanks i ,4 ‘CIF A . B 5ERUG , TRk 780K
FTEHZETCAAS A AR . B0 10 minf5 748
A EA 10%H644 75 1) DMEM K77 S E2k A,
FEA 10 cm 5 R0, 37 °C, 5% CO B F- 4 & 2 h,
2 hJE BTSSRI, K iR CONLAHAR) R0 T 6 L
M, 37 °C, 5% COSHFRAA TG FR 48, R AU RE

¥k (7 1% Brdu DMEM)
1.4 mppst
GATA4 siRNA 5 %] if siRNA Z: Jf 5 B 45, fdi

Hieff Trans TM IR BUARZ IR % YLt 04 T A s, 4%
SIRNAFEYL A 12 U T B AL B Lo LA
1.5 JRA&H4 X B (PCR AL )

TERFER TP AR AL, PR 20 215 B/ N TE A
HH B A, IR A I A 22E B 50~100 mg ZHAU A
I CRE TrizolVEI EP A, SEAMRA YA . Al
5 min, i FH Trizol Reagent M\ 41 ffd/ZH 21 $2 U RNA,,
I B skt &5 HiScript 1T RT SuperMix for qPCR
(+gDNA wiper) il &5 1 cDNA, fifi ] 2xHieff PCR
Master Mix, #4175 Bk 0, 35 AME G 21 731
NEREBEC LUK, 50X TAE Z2 i H 2538 /K g, LA



http://www.j-smu.com

J South Med Uniy, 2023, 43(8): 1371-1378

+ 1373

=1 EER5I9F7

Tab.1 Primer sequence for the target genes

Gene Species Forward Primer Reverse Primer
Circ-VWAS Human TCCCTGGCTTGAAATCGAGA TGGAGGAAAGGGTTGTGGAA
Circ-VMP1 Human TGTCTTCTGTTGGGCTTGGA CAAGGTAATGAGCGGCTGTC
Circ-PRDM5 Human AAGGTTTGTCTTCGCTGTGT TTGTGGCCAGAAATTTGCCA
Circ-PLCL2 Human ACCTTAGGCTCTGCATGTCA AATGGAGCTGCAGGGAATTG
Circ-PALLD Human TTCCTGCATGTCTGAGAGGG GCATTGCTACCAGGACAACC
Rat CTCCCAGAGTCAGAAAGC AGCACTTCTGCCCTCTTC
Circ-NFATC3 Human GGGACCACCTAATGGGCTAT AAACTGAAGGTAGCCGAGGG
Circ-MLIP Human CCTGAGCTGTGCAGGAAAAT GGAGTAATTCGCCCAGTACC
Circ-FAM208A Human AGACACCCATGGAAGGACTG ACAGAAAATCCCTCCAGCAC
Circ-ANKIB1 Human TATTGTGCTGGTAGGGCTCC TGGTATTCTCACGGGATCCC
Circ-AGTPBP1 Human ATTGCCAGAATTCCCAGATG CGACCAGGTGTTGCTTACAG
VWAS Human GGCTTAGCTCTCGATCATGG TGGAGGAAAGGGTTGTGGAA
VMP1 Human GCCCTCTTCATCTGGACAAA CAAGGTAATGAGCGGCTGTC
PRDMS Human TTCAGGCTAAAAGCCAAATCA TTGTGGCCAGAAATTTGCCA
PLCL2 Human TGAAACAGCAGCAAAATGGA AATGGAGCTGCAGGGAATTG
PALLD Human GGCACCTTCAATGAACACCT GCATTGCTACCAGGACAACC
Rat CCATTCAGGAGCGATTCTTCAGACC CCATTCTCACGGACCAGCATCTTG
NFATC3 Human TGATTCGATGCACCTGGTAA AAACTGAAGGTAGCCGAGGG
MLIP Human TCAGCATGTGAGAGGGTCTG GGAGTAATTCGCCCAGTACC
FAM208A Human GGTATCCTCGGTCTCCCAAA ACAGAAAATCCCTCCAGCAC
ANKIBI Human TACCCACTTGGTGGTGGAGT TGGTATTCTCACGGGATCCC
AGTPBP1 Human GGATTGTGTGCTGATTCCAA CGACCAGGTGTTGCTTACAG
Human TCCAAACCAGAAAACGGAAG CTGTGCCCGTAGTGAGATGA
OATAS Rat CTGTGCCAACTGCCAGACTA AGATTCTTGGGCTTCCGTTT
Human CGAGATCCCTCCAAAATCAA TTCACACCCATGACGAACAT
GAPDI Rat ATGGGAAGCTGGTCATCAAC GTGGTTCACACCCATCACAA
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Fig.1 Diagram showing reverse splicing of CircRNAs.
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Fig.3 Agarose gel electrophoresis of the amplified CircRNAs from failing myocardium. *P<0.05, **P<0.01 vs

Normol (n=4).
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Fig.4 Agarose gel electrophoresis of the amplified linear RN As from failing myocardium. *P<0.05 vs Normol (n=4).
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2.4 3#iM3:F% BT GATA4J5 Circ-PALLD ## PALLD #4
FK AR,

qRT-PCR A 5 v, WL 4L GATA4 Rk 5
RIN, GATAATE R I PRk (P<0.001, £
8A) . NIRVI PALLD %4 a5 e 1552 GATA4 (W52,
¥ GATA4 11 siRNA L A J5AREL RO LA AR, 22 B0
i GATA4 Ji5 (P<0.01, [8] 8B) , Circ-PALLD #1 PALLD
HIFEIRHIRE (P<0.05,/K18C.D).,

3 Tk

B 22 TS 2 1 CircRNAs 5 22 R0 1L &5
I IR AL A O, 70 ISP h R S A EAT
[ CircRNAs A Z il )5 3, CireRNAs 7] L H b
B NET AR RN G TR >, IR
CircRNAs fy A 7 R A E E . AWF5T
Sanger —{ Uil FFHAIE T Circ-VWAS, Circ-VMP1 , Circ-
PRDMS5, Circ-PLCL2, Circ-PALLD, Circ-NFATC3,
Circ-MLIP, Circ-FAM208A. Circ-ANKIBI1, Circ-
AGTPBP1 ¥ /& i A & F 52 [n] 85 32 s 0 19,
CircRNAs RS HRAIL TRV =R

O T E ) S A B S O I EE A,
O BET VN D REIGR , Rz 4D 6E
ZAR, [ TR AN T3 ERTIGR L5 F e
JRAIN S i 6 IR A B RBP4k O 1 30 i 432 B T
JE A bR (BT I A AR 2 S A
PR ) 3 TR e S E A BRI LAEk,
CircRNAsHHIE] 5.0 ML HERR 4 RGP
FUESAE AR Y, CAR R CireRNASTECAL
MM 1B O AW 5 5 A P T
A AAE AT VR, T E— LA A ™
FFFE N GG 0 7 308 R I e K
2253 FKH) CircRNAs . iX 3R CircRNAs TEIZ W AIiG
Y70 g T R ERTE ™, AW E S e
5 I FL KRN A 580 JJLHT CireRNAs 5 linear RNA
() 281k K- & BR Circ-PALLD 263k /K0 @ -
I Cire-PALLD TECE oA H2AE M, JF BT g2
WER DR E bR

PALLD (Palladin) & —#1Z &35 M L5 2 R0
L S W Byt 0N 2 S & S | v (S ES N
SR ISR, 2 S Pl ek, KB Fnlies ™ . A



http://www.j-smu.com

J South Med Univ, 2023, 43(8): 1371-1378

© 1377

77
2

N

E7 EEHREIERAMYS

Fig.7 Protein interaction network.

A_ 1o, B 16-
E 9- koksk g 14_
5 5] 5
© 7] S 127
5} =
E 64 % 1.04
:E 5 'i 0.8 1
z 44 = 0.6 -
O 3 é
54 o 0.4
¥ 21 e
5 1 E 021
[=4 0 &

Normol Heart failuer 0~

C 1.2, D ~

= 1.2
1.0 2
o) ] < 1.0
SF 08 g
§Q T T>) 0.8
55 i
ES 061 A 0.61
235 04 =
o 044
~§§ . = 044
o

< 029 2 02
| S

0 2 .

NC

si-GATA4

NC

NC

R R PALLD 25 T i/ MR sh ik s 18 i H 5
WY1 27 7 < B 7 (K e WY, [ e A B = = 4]
bR EY ™ . AWFSEIE T RT-qPCR HE— A6 % PR
Circ-PALLDA/37E 3. oA T, {H PALLD 7£ 305
D I EFRIEACEEISRAR I , X 15BH Circ-PALLD 5
PALLD 70 LY HH 1 DI BE PT REAFAE 22 57, PRl gk
15087, e D ILP kTR A9 Cire-PALLD £ Il
EPIR AT eI E A A FEXT Cire-PALLD 7E:0>
M I TIRE H RTH-BA A, A 109 F
FEAT RO M BRI W AT TR AR 1 S . 8
I SLIREE I 1T, AR UL, Cire-PALLD 55
ik FIRAT R PALLD %Kl B i st fmkor-32 31
S
WFFEHGE RS 55 1 (TF) G AR Ay T
L O I O — P A T ™. ARWFFE L B
SEET AT 7 S T GATA4 B 1845 5L PALLD
HORMRTRENE. O MR RV, GATA4 2 OER B

NC  si-GATA4 7

GATA4 ‘ ] 52000
GAPDHI — ey \

e

33000

si-GATA4

si-GATA4

8 B RET GATA4 2 PALLD #0 Circ-PALLD BYRIZFE(R
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