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(HE] BH BWRABRINAKRIEFESEE A 2(PACS-2) X I & E ik £ 1T (Ang 1) % S 1.0 JLIE K 1Y 52
RHAMH, Fix SO A 1~2 d 1 SD REFLE .0 JEALZL, SR A 25 300 BE 1 4K HCRL LG LA B (NIRC-
Ms), JEACEE 3% 24 h, PLWKJE R 1.5 pmol/L ) Ang [l AE B NRCMs 0.3.6.12.24 h, 2K Western blot J7 ¥ # il 41
fiih FUN14 87 4 1(FUNDC1D) \PACS-2 , = B LB 52 7K 2R 1 (IP3R) (19 3R 35 7K F- . 2R F SR 98 6 28 i PCR(RT-
qPCR) J7 1 K I 41 B o0 S IR CANP) B IR (BN P) B-ILER & B T4 (B-MHC) mRNA i £k KF . B NRCMs
S A~C 4, A 8 FHIC I E B 35 52 55 9%, BLC 400 )55 e si-NC Fll si-PACS-2, K ] Western blot J7 ¥ ¥ 4% 41
it PACS-2 # F MR IBKF . # NRCMs 43 D~G 4, D 414 FHJC 1 3 85 52 5 57 57 . E 4l LIk ¥ 0.15 pmol/L
B Ang Il 335 ,F.G 42 %5 Y si-NC.si-PACS-2 J5 F LA 0.15 pmol/L 9 Ang Il 5% . 5% I TRITC- 4 2 3 ik
Yoo H ARG I 45 20 0 LGN 2 17 AL, RT-qPCR R il 45 4 40 it ANP .BNP .B-MHC mRNA %35 K, Lh Fluo-4,
AM FREF R I 4 41 28 B I BT Ca®* (7K. 4 NRCMs 43y H~K 41, H 20 FH 0 1M v 35 3% 56 35 3% . 1.0 20 430 5t
si-NC,si-PACS-2,K A 4t si PACS-2 I H LAMREE 1 pwmol/L (955 ¥ 4 1 (CaMD #EH 7 &b B S , 5% ] RT-qPCR J7
R4 AL 40 ANP .BNP .- MHC mRNA [FERKF-, ER  PIKE 1.5 pmol/L 1Y Ang Il 4 ¥ NRCMs 0.3,
6.12.24 h,NRCMs #1 ANP .BNP .-MHC mRNA 31k /K- 5 i [B] 48 P F 4 (F =25.73~58.30, P <0.05) ,
If HALFREE 24 /N AR T55 0 /NP 24 3 R (0 =5.35~37.50, P<C0.05), LAYRJE 1.5 pmol/L 1 AngIT 4t
FE NRCMs 0,3,6,12.24 h,NRCMs # IP3R,PACS-2 A & FUNDCI & A 1Y 2 3k 7K - 27 5 i a4 fi v 38 (F =
5.37~9.07,P<C0.05) , Jf HALHRES 24 /NS B AR AL T 58 0 /NI B 1 25 T (1 =6.55~7.42,P<C0.05) . 5 BAIM L,
C 41 NRCMs H PACS-2 3 H I F kK5 T =5.92,P<<0.05), 5 F 4 M .G 41 NRCMs H .0 JLZ0 ig %
S K ANP \BNP \B-MHC mRNA FJRBKF MG Ca®' KFH il (:=3.50~26.60,P<C0.05), 45 J ZA4A
I, K 41 NRCMs ft ANP ,BNP .3-MHC mRNA £ik/KFHEZFEFIH(=3.27~5.13,P<<0.05), &it AL
PACS-2 [ 341 NRCMs 1 il i Ca®" 7K, If H ] fig LA Ca® " -CaM #4975 2 T Ang [1 5000 WUIE K & 4=
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EFFECT OF PHOSPHOFURIN ACIDIC CLUSTER SORTING PROTEIN 2 ON ANGIOTENSIN I -INDUCED CARDIAC HYPER-
TROPHY AND ITS MECHANISM  YANG Fuqging » AO Xiang , XIAO Dandan, LIU Bingyan, WANG Jianxun, SONG Lin
(Department of Biochemistry and Molecular Biology Basic Medicine, Qingdao University, Qingdao 266021, China)

[ABSTRACT] Objective To investigate the effect of phosphofurin acidic cluster sorting protein 2 (PACS-2) on angiotensin
II (Ang Il )-induced cardiac hypertrophy and its mechanism.  Methods The heart tissue of neonatal Sprague-Dawley rats aged
1—2 d was clipped and digested, and the differential adhesion method was used to obtain neonatal rat cardiomyocytes (NRCMs) ,
which were primary cultured for 24 h. After NRCMs were treated with 1.5 umol/L Ang Il for 0, 3, 6, 12, and 24 h, Western blot
was used to measure the protein expression levels of FUN14 domain-containing protein 1 (FUNDC1), PACS-2, and inositol 1,4,
5-trisphosphate receptor (IP3R) in cells, and RT-qPCR was used to measure the mRNA expression levels of atrial natriuretic pep-
tide (ANP), brain natriuretic peptide (BNP), and B-myosin heavy chain (3-MHC) in cells. NRCMs were divided into groups A—
C, group A was cultured with serum-free medium, and groups B and C were transfected with si-NC and si-PACS-2, respectively,
Western blot was used to measure the protein expression level of PACS-2 in each group. NRCMs were divided into groups D—G.,
group D was cultured with serum-free medium, group E was cultured with 0.15 pmol/L Ang Il , and groups F and G were trans-

fected with si-NC and si-PACS-2, respectively, and were then cultured with 0.15 pmol/L Ang Il , TRITC-phalloidin staining was

(Y= B HEI] 2023-03-09; [EITHHI] 2023-05-18 used to measure the surface area of cardiomyocytes in each group,
[(E£TH] HEAARREREEFRIINA (81970253) ; ILAR RT-qPCR was used to measure the mRNA expression levels of
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Email : Ismelon@163.com used to measure the level of cytosolic Ca’" in each group. NRCMs

ANP, BNP, and 3-MHC in each group, and Fluo-4,AM probe was
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were divided into groups H—K, group H was cultured with serum-free medium, groups I and ] were transfected with si-NC and si-
PACS-2, respectively, and group K was transfected with si-PACS-2 and cultured by 1 pmol/L CaM inhibitor; RT-qPCR was used
to measure the mRNA expression levels of ANP, BNP, and B-MHC in each group. Results After treatment of NRCMs with
Ang Il at a concentration of 1.5 pmol/L for 0, 3, 6, 12, and 24 h, the mRNA expression levels of ANP, BNP, and 3-MHC in
NRCMs gradually increased over time (F=25.73—58.30,P<C0.05) , and the levels at 24 hours of treatment were significantly up-
regulated compared with those at 0 hour (¢ =5.35—37.50,P<C0.05). After treatment of NRCMs with Ang Il at a concentration of
1.5 pmol/L for 0, 3, 6, 12, and 24 h, the protein expression levels of IP3R, PACS-2, and FUNDC1 in NRCMs gradually de-
creased over time (F=5.37—9.07,P<C0.05), and the levels at 24 h of treatment were significantly downregulated compared with
those at 0 h (t =6.55—7.42, P<C0.05). Compared with group B, group C had a significant reduction in the protein expression level
of PACS-2 in NRCMs (¢ =5.92,P<C0.05). Compared with group F, group G had significant increases in the surface area of cardio-
myocytes, the mRNA expression levels of ANP, BNP, and B-MHC, and the level of cytosolic Ca*" in NRCMs (1 =3.50—26.60,
P <C0.05). Compared with group J, group K had significant reductions in the mRNA expression levels of ANP, BNP, and B-MHC
in NRCMs (1 =3.27—5.13,P<C0.05).  Conclusion ~Knockdown of PACS-2 can increase the level of cytosolic Ca?" in NRCMs

and aggravate Ang Il -induced cardiac hypertrophy in a Ca?" -CaM-dependent manner.

[KEY WORDS]| Phosphofurin acidic cluster sorting protein 2; Cardiomegaly; Endoplasmic reticulum; Mitochondrial mem-
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(FUNDCD) \PACS-2, = # g WL 32 {4 2 11 (IP3R)
A TTREHL R M A 3 E Abcam 2 F; 85 # &E H
(CaM)FEHLHIM [ 25 MCE A 7] s PACS-2 /M3
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NRCMs #FF 6 fLAR N 85 5% 24 h, 75 40 i & B
213K T0 %I, PR TC LT 75 R SE 0Lk BE 9% 12 h s,
FREFEIAIARE 1.5 pmol/L /) Ang I . 53 51 55
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—Pi 4 CHE LRGP ERBEE 1 h.HH
M ECL KW 5% . 1 Image J 345 #7 4H
FEE B . LA B-Actin IS I, H 1 HE A
AT 2R IR K- DL H B 88 K B/ 9 2 BB K B
{Hit% . fF & NRCMs 7 IP3R,PACS-2, FUNDCI
R AR R IR KT

®1 SIMEBEREERFT

H R 751 KB (bp)
ANP F:5'-GAGGATGGAGGTGCTCG-3' 17
R:5-GGATCTTTTGCGATCTGCTC-3' 20
BNP F.:5-GACTCCGGCTTCTGACTCTG-3' 20
R:5-CACTGTGGCAAGTTTGGCT-3' 19
B-MHC F:5'-AGCCTCCAGAGTTTGCTGAA-3' 20
R:5-TTGATGAGGCTGGGGGTTCTG-3' 21
GAPDH F.5-ATGCCGCCTGGAGAAACC-3’ 18
R:5-GCATCAAAGGTGGAAGAATGG-3' 21
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NRCMs 4 g PACS-2 W KB K Ko
) NRCMs 7 F 6 FLALKE 7% 24 hILHELH 70%
Bf, T H R ARV IR 12 h J5. 508 A~C
M., AW TC MG B R AR 3R 24 h, BLC 4H 535
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NRCMs, #% i Fluo-4 45 2§ + #5 I 32 1) & vl W] 45 2
SR F B R IR B, PBS BE¥ 3 KGN A Fluo-4,
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Image ] FF 43 Bt 40 i P9 85 25 1 (19 2 6 5 B2 LA Ik
R ML BT Ca™ KT,
1.2.8 RT-qPCR ikt H~K A4 fih ANP .
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) NRCMs % #0F 6 fLA N 35 9% 24 h LA E L5
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H~K 4., H 40 Jo i 85 77 255 9% 48 hi 1)
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Yol 9% 24 h R si-PACS-2 J5 HER5 5% 24 h,
WG R UG R RT-qPCR 7 iER I H~K 4
MM A ANP .BNP .3-MHC mRNA #iA/K¥,3
FhILR YR L GAPDH HNZ R,
1.3 “%itaam

f#i il Graph Pad Prism 8.01 %4 i# 17 48 i1 47
Mr. IiASCRES 3 W, 25 RHAME, iFHEFER
Phats Fom, AR LR R ¢ ki; 24 R
FHHLR R 7 22701, P EL 3R LSD— /56, DU
P<C0.05 W ZERA G E L,
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2.1 Angll s NRCMs 48 % K B F= & & £ 2 %k
PAMEREE N 1.5 pmol/L B Ang Il 4k NRCMs
0.3.6.12 }% 24 h PLJ5,NRCMs {1 ANP . BNP .
B-MHC mRNA ByRIEKF- 27 BA BES it
¥ Y (F=25.73~58.30,P<C0.05), Hh7EfmA
1.5 pmol/L B9 Ang [l At B NRCMs 2% 6.,12,24 /)
I AR T AL BRSSO /NAF B, Bk 3 A AR K FE R &
KK FA B FHME(t=4.46~37.50, P <<0.05),
W 2, HwHLLEEKRIERLE Ang Il 43 NRCMs
55 24 /NI 25 5 0 B 3 (P fE SR/ I TR R AT S
VIR EE N 1.5 pmol/L B Ang Il 43 NRCMs
0.3.6.12.24 h J§.NRCMs ' IP3R,PACS-2 L) }%
FUNDC1 AWM ERIE KL 2 2 HA W E
(F=5.37~9.07,P<C0.05); b il A 1.5 pmol/L
7 Ang [l Zb B8 NRCMs 5 24 /NI A AH 45 T 4k 3545
0 /NI, B3R 3 DMIRFRFEAT I EE, 22 R ¥ B A 3
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P (1 =6.55~7.42,P<C0.05), WF 2,
2.2 A~C % NRCMs ¥ PACS-2 H @ s £k %
223

Western blot #4558 W~ , A~C 44 NRCMs
b PACS-2 FH 3Rk K P43 51 2 1.00 +0.00,
0.9440.06 F1 0.57+0.12, B H LK 2% % H B E M
(F=24.40,P<C0.05); 5 B4 # It .C 414 PACS-2
A YR IRKOF B 3 AR (1 =5.92, P<C0.05) ,
2.3 D~G 4 NRCMs #) % i & & 2 A & ANP |
BNP .3-MHC mRNA # % ik K H 4z

2 Ang Il F 4y si-PACS2 /b B S, D~G 4
NRCMs (1) 4 g ¢ 1 AR b A 22 e 34 B W 1k (F =

#2 Angll 3 NRCMs HHXEEMEHRIEMN

679.4,P<<0.05), Hr 5 EF AT lLE.D.G 4
NRCMs 2 i 2 11 AR 25 S AT W 1k (e = 11,92~
26.52,P<C0.05), WK 1.,

D~G #4 NRCMs  ANP .BNP DL} B-MHC
mRNA fRBKF- R 27 EA B EFE L (F=
12.55~42.96, P <<0.05), 5 D @M I&K.E.F 4
NRCMs H1 iR 3 F i R FE R ik K F 22 7 6 18
EFM(P>0.05) ;5 E 4L, F 40 NRCMs H Lk
3 FRIE R HE R Y R 38 K- 25 5 0 B 3 1 (P =>0.05) 5
5 E.FAMIL.G 4 NRCMs 1 ik 3 i K L A
MRBKFEFAAREEG=2.74~15.18, P <
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MM (n=3,xts)

b 5 ] ANP mRNA BNP mRNA B-MHC mRNA IP3SR HEH PACS-2 & H FUNDC1 & 11
0h 1.00+0.07 1.00£0.18 1.00£0.10 1.00£0.00 1.00£0.00 1.00£0.00
3 h 1.260.14 1.3920.10 1.060.07 0.75220.20 0.59740.11 0.944-0.18
6 h 1.5440.15 1.58+0.16 1.5640.11 0.64+0.12 0.52+0.18 0.8640.16
12 h 1.98+0.32 2.55+0.46 1.82+0.08 0.634+0.11 0.49+0.16 0.81+0.16
24 h 2.264-0.08 3.7140.18 2.0140.25 0.524-0.11 0.3524-0.17 0.514-0.13

1 D~GCAXRAROCUAMMMMREARLLE (400 1)

*3 D~GALMRBKRERMFKILKEIMMKER
Ltk (n=3,x=*s)

i ANP BNP B-MHC 2 ffd % 1 AR
- mRNA mRNA mRNA X/ %)
D#4 1.00+0.21 1.004+0.26 1.00+0.16 100.00£21.77
E#4 1.374+0.11 1.2740.13 1.24+0.08  127.01+22.07
F4 1.3040.11 1.3540.12 1.26£0.06  124.91+27.24
G4l 2.33£0.50 2.1440.36 2.024+0.14  205.72444.88
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0.24,1.9840.23 1 2.61+0.25, 4 241 NRCMs HJify
BT Ca™" KF #2253 (F =29.51, P<C0.05),
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ESRHAA B EN(1=5.35~8.25,P<C0.05); 5 E #4
AL, F 40 NRCMs Hh i it Ca®™ /K 22 55 0 ik 25 1
(P>>0.05),

2.5 H~K 4 NRCMs ¥4 ANP . BNP A & B
MHC mRNA 4 ik K -F W4z

Zad 5E Y si-PACS-2 DA K LA CaM ZE 11410 i 51
(1 pmol/L) kb ¥ NRCMs J5 . H~K Z1 NRCMs
ANP .BNP .3-MHC mRNA () %5 KF 45 2% 5
YR B EME(F=14.69~18.69,P<C0.05); 5 ] 414
I, H.I.K 44 NRCMs H 3R 3 I K3 R i) 2 3k
K27 HA B EMEG=3.27~8.31,P<0.05); 5
H #1714 NRCMs H iR 3 FIE K 5L
RBKFHEZRI TR EZ L (P>0.05), U
4,
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F4 H~KEADAMBXEENHEINFRIEKENLLE
(n=3,x=*s)

il ANP mRNA BNP mRNA B-MHC mRNA
H4H 1.00£0.30 1.00£0.09 1.00£0.14
I 4 0.9640.15 0.91£0.14 1.20+0.23
T #H 2.4440.39 1.92+0.21 2.2740.44
K4 1.16£0.38 1.30£0.25 0.91+0.11
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PRGA L MAMs B AEZ MG DI REE 1,
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3.6.12.24 h,RT-qPCR Fll Western blot J7 12 & i
ZER R OB KK ANP .BNP . B-MHC 1
B K 1 2 1 R AR P b o R v £ B R R PR A
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W 2 L R G % RNA A [ 5 35010 B4 fit
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() GBS #0 B 1 2 — , FL R S5 3K MAMSs 2544 il
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H AL PACS-2 25 11 5 30 I ) 401 1 T 9, 42
N PACS-2 20U KA R85 5. 1k —
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PLFEAIE NRCMs 1 PACS-2 3 [H () % 3k, IF % FH G
W (0.15 pmol/L) Ang [l 4 # NRCMs, L) i3 B @
Il PACS-2 Xf NRCMs % A= .0 WUIE R B SR P 1 5%
M, NRCMs £55 ¢ si-PACS-2 24 h J5. 4 TR
J 0.15 pmol/L # Ang Il &b 38 24 h LU, 4347

TRITC- K 4 DL J2 RT-qPCR K, 25 5L &
ARV B ) Ang 1L gk AT DU #F NRCMs 41 Jifd & i
TR BRI PACS-2 BERSIE UE Ang 1 5 519
NRCMs 2 ift 35 10 AR W] S 3 K 5[] Bf ARk B2 Ang 1l
%f NRCMs 1 ANP .BNP .3-MHC K £k T &
FHRW LM EE PACS-2 R Ang 1 553X 3 Ff
O LIE R FEF R GA 8 T, DL g5 R i,
ik PACS-2 Al #£ % NRCMs %F Ang 1 35 5 #.0 JIL
JIES R g R

o B WLIE KA 2 9 AL o A HE 522 2% , 7 i 3
P K A U PR B R R A T i R A 2T 4k b
B LA e Ca™ " AR A1 0 B 5E & B, PN T R A
LARZ Y Ca® T2 PACS-2 #4745, 1M
PACS-2 1T & g 7 BN B 19 ) g 5 B i Ca™ 4
st e, f Ik PACS-2 #27% NRCMs X Ang
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