CN 43-1262/R " [ s ikafifb 24 7 2025 4556 33 555 10 ] 849

ACHIUN: EWH, KB, FHEEE, A CRTC2 i il O LA 8RS0 T e o LA I AE R [0 ], o [l 3 Bk AL 2%
2025, 33(10) ; 849-858.  DOI: 10.20039/j. cnki. 1007-3949.2025. 10. 003.

[XEHES]  1007-3949(2025)33-10-0849-10 . SEIGFFEE -
CRTC2 i L kO WLANAR Bk B 1~ g 48O LA NE K

FREA', %lef FHRE', BB, BF, AH, % E
Xz, BRPABY', =& &', N’ EHM
IR E S N N R kT zﬁﬂkﬁi%%«%}]%éﬁ 23 Mﬁi KA A IR 55 9 lFT?F-I'in”J%Fr/\ﬂ"FfEi&
HEAHT AT 42100152 AFRFERR AYADBRARBRELER T ARIRBEXSIHHF
FTERRE LRESTEFETEERE IR AR T 210093

[ =] [B8Y] HACREBAVHZEHMERTF 2(CRTC) A Lmigfe R F eyt R AL RENH, [F
R] B MEES A E AR E (1SO) M CSTBL/6 /) R s B8 Mlam I K AL A | 35K ] Western blot i) &
MELLLR P CRTC2 8945k, M#E CRTC2 JL B 3R/ SR A R D3 4o sh 2 F AU R /s 5o 7 4% | 38 i Masson
FE s RS IR R PR R L 442, K A Western blot &M s B IELB A P S Lam L le K48 X &8 —— B 5%
M al-PLzh % & (ACTAL) a4k (BNP) Ansk st =40 % & & —— B AL 5 B A A BB K48 KRR R 4(ACSIA) AR
HARRKET R A 11 (SLCTALL) A AWt pkit BAC B 4 (GPX4) KA 48 A4k & TR A & RO EHE R P4 S
F 4% 34 CRTC2 55 ltm e K Fngk e T hg A8 6 M A 1SO 55 HOC2 2m ML 2 L4 e e K AR SPAE A A%
A %k 581 74 7 Ferrostatin-1( Fer-1) F#U& , %M CRTC2  ACTA1 .BNP ACSI4 SLC7A1l & GPX4 9% & & ik, i@
it 1SO # % CRTC2 & & ik #) HIc2 4m it 2 L 2m AL K AR SPAE AL 46 55 o UL 4w B JIE K R 4k 3 1= 48 % 89 45 4%,
VIR F CRTC2 s i fie R ¥ e9 /e AL, [ER]  SxFRatait 150 # F49- Mlaa e K s oo k2828 F
CRTC2 &G #y & k3 m(P<0.05), 5F AR DKM, CRTC27 DA S B, ZI A £ T4 KRANZ
(LVEDD) £ &0k 4% K W42 (LVESD) | £ % 5 8 B (LVPWT) & &/ F K E(HW/TL) fo8 /4 & (HW/
BW) 3 #n 42 4b 45 42 % (FS) Ao g fo o 4% (EF) MeAK,, S IELR 22 P IS R 45 4 A5 38 A o5 L 2m JEIE K AR % & & ACTAL
Fo BNP 9 £ ik 71 & 4k L T X & & ACSIA 49 mRNA fo & & £ 15 7+ & ,SLCTALL F= GPX4 4 mRNA & & £ 4 %
MK, SR P4 B T4 E 75 (P<0.05 3 P<0.01), #4282 5,5 ISO 2848k 1SO+Fer-1 41 CRTC2 & & %
X TR 2 EAL(P>0.05) ,ACTAL #= BNP & & %4 & ik AR, & L2 i & @478, v, ACSLA & & 89 & ik 4% SLCTALL
F= GPX4 & G #9 & A 15 (P<0.05 & P<0.01) ;5 1SO 2848k | LV-CRTC2+1S0 48+ AL 4m it & & ARk ¥ (P<0.01) ,
ACTA1 .BNP #= ACSIA & & #9 kA A%, SLCTALL #= GPX4 & G #9 &k 3% /m ROS Fo%k B F 4 & AL (P<0.05 &
P<0.01), [£5i8] CRTC2 =it 474 Jlim fLsk 56 T8 228 ILam JLAE K, 4R 37 5 Th Ak,

[%487] CREBEY#FZFEERF2, wM@milek, #4ac; FRFLRE

[HE42S] R363;R5 [ XEkARIZAD] A

CRTC2 attenuates cardiomyocyte hypertrophy by inhibiting cardiomyocyte ferroptosis
WANG Zhaoyue' , ZHENG Hongyu', WANG Yanxia', ZHAO Yuangin', DENG Wei', ZHOU Kun', XU Qian', LIU
Huiting' , OUYANG Shao' , JIANG Miao', YANG Zhongzhou® , JIANG Zhisheng'

1. Institute of Cardiovascular Disease, University of South China & Key Laboratory for Arteriosclerology of Hunan Province &
Hunan International Scientific and Technological Cooperation Base of Arteriosclerotic Disease, Hengyang, Hunan 421001,
China; 2. Nanjing University Medical School & State Key Laboratory of Pharmaceutical Biotechnology & MOE Key

[WFsBEH] 2025-04-23 [fEEIHH#I] 2025-05-11

[E€WmB] EFRAKBEIEESTE (91839103 1 81670429) ;iim 4 H &M & 1131 H (2020SK2105) 52021 455 44 I R
EFFHARAIH S 30 H (20218K51712) 3 IR A 2 HE T RLA0F 3T FH T H (23A0318)

[PEEEN] EWRA A5 A W57 ) R 3 bk ok A A Ak 0 ILE 493 04 & I HIL D A2 B 36 5T, E-mail : dawangguaiguail @
163. com, FFFVHE—1EH ML E, W0+ BF 58 A, BF 58 05 1) 2 20 Jok 545 A B 1 000 L8 495 199 2 99 DL 1 22 B 3R F 5%, E-mail «
3231641660@ qq. com, FBIFVEF 22 ME, B, LW 5828 S0, W 5 07 1) 2y 3 Ik oS A0 B Ak 000 UL 493 194 2K o AL ol % B ¥ F
7 9t , E-mail ; zsjiang2005@ 163. com,,



850

ISSN 1007-3949 Chin J Arterioscler, Vol. 33 ,No. 10,2025

Laboratory of Model Animal for Disease Study & Jiangsu Key Laboratory of Molecular Medicine, Nanjing, Jiangsu
210093, China
[ ABSTRACT]
(CRTC2) in cardiomyocyte hypertrophy.

Aim To investigate the role and regulatory mechanism of CREB regulated transcription coactivator 2
Methods A pathological cardiomyocyte hypertrophy model was established
in C57BL/6 mice by intraperitoneal injection of isoproterenol (ISO) , the expression of CRTC2 in cardiac tissue was detec-
ted by Western blot.  The CRTC2 knockout mice model was constructed, the cardiac function of mice was detected by
small animal echocardiography, the collagen fiber content in mice cardiac tissue was detected by Masson staining, the car-
diomyocyte hypertrophy related proteins: skeletal muscle al-actin (ACTA1) and brain natriuretic peptide (BNP) , as well
as ferroptosis related proteins; acyl-CoA synthetase long chain family member 4 ( ACSI4) , solute carrier family 7 member
11 (SLC7A11) and glutathione peroxidase 4 (GPX4) in mice cardiac tissue were detected by Western blot, the iron ion
content in mice cardiac tissue was detected by iron ion kit, to evaluate the correlation between CRTC2 and cardiomyocyte
hypertrophy and ferroptosis.  H9¢2 cells were induced by ISO to construct an in vitro model of cardiomyocyte hypertrophy,
the protein expressions of CRTC2, ACTA1, BNP, ACSI4, SLC7A11 and GPX4 were detected after intervention with fer-
roptosis inhibitor ferrostatin-1 (Fer-1). H9c2 cells with CRTC2 overexpression induced by ISO were used to construct an
in vitro model of cardiomyocyte hypertrophy, the related indicators of cardiomyocyte hypertrophy and ferroptosis were detec-
ted to explore the mechanism of CRTC2 in cardiomyocyte hypertrophy. Results Compared with the control group, the
expression of CRTC2 protein in the cardiac tissue of ISO induced cardiomyocyte hypertrophy mice was increased ( P<
0.05).

ventricular end-diastolic diameter (LVEDD) , left ventricular end-systolic diameter ( LVESD), left ventricular posterior

wall thickness (LVPWT) , heart weight/tibia length ( HW/TL) and heart weight/body weight ( HW/BW ), decreased

Compared with wild-type mice, CRTC2™" mice showed worsened cardiac function, manifested as increased left

short axis shortening (FS) and ejection fraction (EF), increased collagen fiber content in cardiac tissue, upregulated ex-
pression of cardiomyocyte hypertrophy-related proteins ACTA1 and BNP, increased mRNA and protein expression of ferrop-
tosis-related protein ACSI4, decreased mRNA and protein expression of SLC7A1l and GPX4, and elevated iron ion
content in cardiac tissue (P<0.05 or P<0.01). In vitro experiments showed that compared with ISO group, the ISO+
Fer-1 group had no significant change in CRTC2 protein expression ( P>0.05) , the expression of ACTAl and BNP protein
decreased, the surface area of cardiomyocyte reduced, the expression of ACSIA4 protein decreased, and the expression of
SLC7A11 and GPX4 proteins increased ( P<0.05 or P<0.01). Compared with the ISO group, the LV-CRTC2 +1SO
group showed a decrease in surface area of cardiomyocytes (P<0.01), a decrease in ACTA1, BNP and ACSI4 protein ex-
pression, an increase in SLC7A11l and GPX4 protein expression, and a decrease in ROS and iron ion content (P<0. 05 or
P<0.01).
roptosis in cardiomyocytes.

[ KEY WORDS |

Conclusion CRTC2 alleviates cardiomyocyte hypertrophy and protect cardiac function by suppressing fer-

CREB regulated transcription coactivator 2;  cardiomyocyte hypertrophy; ferroptosis; isoproterenol
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MERREAEREREEC, KE, BIHEER
AW RFEWAE, R FENRAATHF ;A
AR 423 5, FlF Image-pro plus 6.0 % 41+ 4
5 AR 2 AR 2 %% (collegen volume fraction, CVF) |
BiREERS 48 mAR A,
1.8 Western blot ¥l

Jl PIPA #1 PMSF Z&f# 20 0 2 0 I 41 4, R B
EAR,ABCAERNEARKE, BF,WEAE
H 25 wg/FLHEATH 3K (110 V.90 min) , # £ (400 mA |
35 min), A 5% MiEFMERAHA2 0, 25, BH
—F(4 CEARAIR), BE-_H(ZEFEK2h),
e, A28 NFRLEGINAAER, St A
Image J #UF X & B 4 KL EIHAT RAT 24T,
1.9 RT-qPCR &

BB 40 M B 40 4 RNA, 448 BUBY RNA 347
4 AR N E g, R R B FOA & K 3R By RNA
R 4% F K cDNA, Pl B-actin # 7 &, 34T qPCR 4
MR 27 4 mRNA KF, 5477 Lk 1,

x1. 51953
Table 1. Primer sequences

EIE/ B2 HE2d
B-actin 1E[i] 5'-TATGCTCTCCCTCACGCCATCC-3

2 [ 5'-GTCACGCACGATTTCCCTCTCAG-3'
CRTC2 1E [ 5'-CCTACCTGACCTCACCAACCTAC-3'

B8] 5'-GACCTCCACTGATGCCCAAATG-3'
ACSLA 1E [ 5'-CTTCCTCTTAAGGCCGGGAC-3

F216) 5'-TGCCATAGCGTTTTTCTTAGATTT-3'
SLC7TALl  iF[i 5'-GTTCGCTGTCTCCAGGTTATTCTAC-3'

J I 5'-AGAGCATCACCATCGTCAGAGG-3'
GPX4 1E [ 5'-ATACGCTGAGTGTGGTTTGC-3’
JZ 1] 5'-CTTCATCCACTTCCACAGCG-3’

1.10 &L

AR A 7 M A (reactive oxygen species, ROS) 4 |
KA B % DCFH-DA A 7 ot 7% 3 3% 0k 3%
BE1 21000 By Eb ) Fi B, 200k I E 10 wmol/L,
% B 40 f 55 27 00, fm O\ B # B ) DCFH-DA % i, #
REBREG T EEHAET, ME, YHRET
37 CHy¥EF A P 20 min, B0 T % 40 403
IR I 3 K, DAAT R UE TR R B 4 B R K B
DCFH-DA, #&J& , AKX B MAEHATHNE,
1.11 WGA %

& F| HBSS %% o 3% & 4% 48 f8 2 WK, 7 A 100 pl

iFluor 594-WGA TAEE K, 7E 37 °C THE#H 10 ~30 min,
Bk F) HBSS & iU ik 40 ML 2 K, 4, A DAPI
TAER T 37 CH & 404 3 min, A HBSS % % &
WIKREBE, EHARALEMENEFHE, FH
Image-pro plus 6.0 # #F *f 40 f & @ A 3 17 4 it
AT
1.12 #S%BEFEERN

BAMEBOCWAM EERRALARES
B B RAE N A AR, 0.5 mL R & K
L5mL#BERETZEAEF, ¥ 0.5 mL 2 mg/L
BARER AR5 mL 4 8 &R E TARES +,%
0.5 mL M B A0 1.5 mL % B &% & Tl 24
HORAE, KBS min, RAKAH BBELEWNE
100 wL AN 96 FLAR # , 6 Fl B A7 CU 520 nm
Ab Wy H % JE (optical density, OD) B, % & ¥4 &=
[ (M OD f-= 8 OD 1)/ (4= OD f-% & 0D
) xR ER R EFNEATERE,
1.13  SitZESHh

% A GraphPad Prism 8 # {347 41t 44, IE
A AT AR VA wks KT, T4 1] bl B R R A ST B A
¥, ZAMMRXAEREFT EZ0N; EFEA D
A B 5 DL LB (1 AL A BB ) & T, 41 TR bL AR R A
Kruskal-Wallis H # %, P<0.05 h % % LA & it %

/:%:‘Xo

2 # B

2.1 DALRAEBE R/ BEZE LR R CRTC2 BIRIE
+iA

LB S5 R R, 5% AT AE H IS0 4/
B EF FEAE (P <0.05), .0 B/H2 5 K B (heart
weight/tibia length, HW/TL) 1 .0> #/{K B ( heart
weight/body weight, HW/BW ) #4 /i1 ( P<0.05 1% P<
0.01) . Western blot £5 5 7, 5 X5 BUZAH LL, 1SO
LA ZUH ACTAL FIl BNP 25 [ B9 k88 i ( P<
0.05) , F&7m Lo AILAH M 0 AR 0 Ay 3 1l 1) 5 o0 JUiE 4 21
H CRTC2 FEH AN (P<0.01) , $£/8 CRTC2
A RES 5.0 WLANMEAE R s B AE LT R (B 1)
2.2 CRTC27 /MR IhEEFE(R B O AR R AR X

Western blot Fll RT-qPCR 455 87w, 5 %} B4
FHLE, CRTC2™ 4I/NEOAEZ 2L CRTC2 mRNA Fl
FEAMEL R EEM(P<0.01; E 2), X %M
CRTC2™ /NERAYEE AL .
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PL C57BL/6 /N X IR CRTC2 ™~ /N U 0o HL
FIR 7Rt ST BHAIG, #2750 WILAT AR AE K, o0 BILAF X
B, A R SR, CRTC2 ™ /N BLC B) fiE28 4k B
i, R A CRTC27 /Nl LVEDD 1 LVESD 34 i,
FS 1 EF TR, LVPWT HW/TL Fil HW/BW 3 i1
(P<0.05 5 P<0.01), 5 WT /MR AHLL, CRTC27"
IS B FR I 3 K ( P<0. 05) . Masson 44 {6, i
78,5 WT 4N FHEEE , CRTC2 ™ /N B IEZH 21 1 R
45 ETHE (P<0.01) , Western blot 253 7,
5 WT B/ BUM B, CRTC2 ™ /s BLRY O JIE 2H 21
ACTA1 f1 BNP Z& [ () F L (P<0.01; & 3),
DI 255 R CRTC2 ™ /R AR A O LA IRAE S, o0

AN\ o
Control ISO
E S
&
s &
ACTA1 EI 39 kDa
BNP | ™% #% | 15kDa

Relative protein expression

Titie & A,
2.3 CRTC27/MNROAAMBREE £ HET
RT-qPCR 455 o, SXTRRZHAH LE, 1SO 41/ R
ACSIA mRNA 9y 3 i5 F+ &, SLCTA1l 1 GPX4
mRNA & KRR (P<0. 05 B P<0.01) , 47 1SO
P 10 JIL 200 M AT R /s B UL 40 M A BT
5 WT /NEAH G, CRTC2 7 /NG LR &+ & = Tt
B (P<0.05), Western blot 45 @7, 5 WT /M
AHH, CRTC27 /N Bl ACSL4A 5 1 ) % 15 T &,
SLC7AL1 1 GPX4 25 [ 1) B &K (P<0. 05 3 P<
0.01;&4), DL g5 R, CRTC2™ /N FUL HLAH
MAE R B % A T BB S ERIE T 6
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g E
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A /N L EhIEL B LC AT D 40318/ EF L HW/BW Rl HW/TL 532041 Bl E A Western blot Kl /N UL IEZH 4 ACTAT
BNP Fil CRTC2 2 [ ik G n=3. a N P<0.05,b 4 P<0.01, 5% R4 ok,
Figure 1. ISO induced cardiomyocyte hypertrophy and upregulation of CRTC2 expression in mice
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Figure 2. The expression of CRTC2 mRNA and protein in mice cardiac tissue
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Figure 3. CRTC2 knockout promoted cardiomyocyte hypertrophy in mice
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Figure 4. CRTC2 knockout promoted cardiomyocyte ferroptosis in mice

2.4 Ferrostatin-1 M 1SO 1% S8 ANLZH AR AE X
Hy T it P RAE O WA MEIE R S PRI TR,
i 1S0(25 mg/L) Bk-A BRIE T il 5] Ferrostatin-1
(Fer-1,10 wmol/L) ZbH HOc2 ZHfitd , K5 40 a4 3
2l X HRZH ISO ZH T 1ISO+Fer-1 20, Western blot 4%

REIR, 5XHBAA L, 1SO+Fer-1 41 CRTC2 & H Y
FIRREAE (P<0.05) ;5 1SO 4 AH L, 1SO +Fer-1 41
CRTC2 MR i5 JTCH .48 fk, ACTA1 Il BNP 2
F A ZRIB AR (P<0. 01) , /0 L4 A 2 T AR /D (P<
0.01), 5 1SO AL, 1SO+Fer-1 41 ACSLA &K
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Figure 5. Fer-1 alleviated ISO induced hypertrophy and ferroptosis in H9¢2 cells
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Figure 6. Overexpression of CRTC2 alleviated ISO induced hypertrophy in H9¢2 cells
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Figure 7. Overexpression of CRTC2 alleviated ISO induced ferroptosis in H9¢2 cells
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