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[ ABSTRACT ] Aim To investigate the role and molecular mechanism of phosphofurin acidic cluster sorting protein-2
(PACS-2) in hypertension-related cardiac remodeling and dysfunction. Methods A mouse hypertension model was
established by continuous infusion of angiotensin Il (AngIl ) , combined with PACS-2 knockout mice for group comparison.
Systolic blood pressure (SBP) and echocardiography were used to evaluate cardiac function. ~ Myocardial hypertrophy was
assessed by heart weight/body weight ratio (HW/BW) , heart weight/tibia length ratio (HW/TL), and cardiomyocyte
cross-sectional area. Masson staining and immunohistochemistry staining were performed to assess myocardial fibrosis.

Immunofluorescence was used to detect macrophage subsets, Western blot was used to detect myocardial fibrosis- and in-
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flammation-related protein expression, and qPCR was used to measure inflammatory and fibrotic gene expression.  In par-
allel, an in vitro Ang Il -induced macrophage model combined with PACS-2 siRNA transfection was used to evaluate M1/M2
polarization and related functions. Results Compared with the control group, PACS-2 and the macrophage marker
gene Mac-2 were significantly upregulated in the hypertension group, showing co-localization with Mac-2 (P<0.05).

SBP was elevated (P<0.05) , left ventricular ejection fraction (EF) and fractional shortening (FS) increased ( P<0.05),
HW/BW, HW/TL and cardiomyocyte cross-sectional area were enlarged, and the expression of atrial natriuretic peptide
(ANP) and brain natriuretic peptide (BNP) was increased (P<0.05).
collagen deposition and increased o-smooth muscle actin ( @-SMA ) expression, accompanied by elevated transforming
growth factor-B (TGF-B) and p-Smad2 protein levels (P<0.05).

macrophages, upregulation of interleukin-18 (IL-1B) , interleukin-6 (IL-6) , tumor necrosis factor-a (TNF-a) and mono-

Myocardial fibrosis analysis revealed significant

Inflammatory assessment showed an increase in M1

cyte chemoattractant protein-1 (MCP-1) mRNA, and enhanced phosphorylation of IkB kinase a (IKKa) and p65 ( P<
0.05) , whereas M2 macrophage-related factors arginase 1 (Argl ), chitinase 3-like protein 3 ( Yml) and interleukin-10
(IL-10) remained unchanged. =~ PACS-2 knockout significantly reduced SBP, EF, FS, myocardial hypertrophy and
fibrosis indices, suppressed M1 polarization and pro-inflammatory cytokine secretion, and downregulated TGF-/Smad and
nuclear factor-kB ( NF-kB) signaling (P<0.05). In vitro, Angll induced an increase in M1 macrophages and inflam-
matory cytokine expression, while PACS-2 knockout effectively inhibited these effects ( P<0.05) without significantly af-
fecting M2 macrophage-related factors. ~ Moreover, PACS-2 knockout reduced macrophage adhesion to and migration
toward human umbilical vein endothelial cells (P<0.05). Conclusions PACS-2 aggravates hypertension-related my-

ocardial hypertrophy and fibrosis by promoting M1 macrophage polarization and inflammatory cytokine production and co-ac-
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tivating the TGF-/Smad and NF-kB pathways.

Inhibition of PACS-2 markedly attenuates cardiac remodeling and inflam-

matory responses, highlighting its potential as a therapeutic target.
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ron, H AR)HATAMN, BINRETEHEREN, T2 %
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SHE, ME,H3%H,0, 2B NELELEA M
#1810 min, B DA 5% BSA % if 3 1 30 min, ¥ K
i# A — 4, A 4 1 PACS-2(1 : 200, ¥ & & X Pro-
teintech 2~ & )\ #1 a-F & AL AL 20 & & ( a-smooth
muscle actin, a-SMA) (1 : 400, J § Abcam /A ),
4°CHE R ;KB PBS %% 3 ok, i v HRP 4%
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6, HAEELE RAZER, PR, £2
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ACHERM, KB, PBS k3 Kk, K AR
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Fo fE SRR T 3 BXS3 KB s & & B &, A
Image-Pro Plus 2 % FH 1 48 i % B R 7% ot 8 %
TR
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il 4 DAPL RO K& Al H f o AR LB M
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RAHALNE E D 100 A0 AL 48 0 E R OF
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PACS-2 /% J& 44 J fiK (atrial natriuretic peptide , ANP) |
i 44 ik ( brain natriuretic peptide, BNP) (IL-18 . IL-6,
TNF-a \MCP-1 Argl . Yml | IL-10 , Mac-2 , a-SMA | Jisd
FEE 1 ffRE & G I H mRNA ki, fH 27
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kinase o, IKKa ) ,p-IKKa . p65 ,p-p65 #1 GAPDH, 3
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Table 1. Primer sequences

A IEm5#(5'—>3") S 514 (5'—=3")
GAPDH AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
PACS-2 ACTGGTGGTGGAGATGAAGC TCCAGGTTCTCAGTGTCCAG
ANP GCTTCCAGGCCATATTGGAG GGGGGCATGACCTCATCTT

BNP GAGGTCACTCCTATCCTCTGG GCCATTTCCTCCGACTTTTCTC
IL-1B GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
TNF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
MCP-1 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT
Argl CTCCAAGCCAAAGTCCTTAGAG AGGAGCTGTCATTAGGGACATC
Yml CAGGTCTGGCAATTCTTCTGAA GTCTTGCTCATGTGTGTAAGTGA
IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
Mac-2 TCCACGGTGGTGAAAGAAAG CTGGAAGTGGCAGGGATGTA
a-SMA GTCCCAGACATCAGGGAGTAA TCGGATACTTCAGCGTCAGGA
e A | GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG
A CTGTAACATGGAAACTGGGGAAA CCATAGCTGAACTGAAAACCACC

1.6 ZHAESCLE

1.6.1 s E vk o R IR T 8 & & DR
FERREEE, AR EHEEERREM AR, E
T 1640 HHRE(EH10% F iE 1% FEEZ-#F
%.20 pg/L M-CSF) #3577 X, %R ok h E %
i, e ERER RFEEHME=95%, ANk
W %8 B (human umbilical vein endothelial cells,
HUVEC) ¥ 8 % [ ATCC %8 i1 B= (45 .CRL-1730™) ,
KA NEERIEFRE (4 5% B4 i 1% A
B A K R A R 1% WA B gk R A A 3T C
5%CO, BEiR M, O NEARBE, 46K

80% ~90% Bt X, LI E 3 ~5 R4 ML T 5250,
1.6.2 mfpst KWESHMS AT EH,
PACS-2 & & %1, Angll 41 %1 PACS-2 # & +Angll 41,
PACS-2 & % i 3¢ siRNA /> 5 oy 3 & 9 % £ 3,
PACS-2 siRNA Fn[f 1t B siRNA 7 b & 34 24
BARARAF A K, R FH K2, 44 0a
43k 60% ~70% Bt , % Ji Lipofectamine 3000( 14 B In-
vitrogen ) 4 50 nmol/L PACS-2 siRNA = [f M xf #
SIRNA # %¢  4 ffil of | 2 % 48 h 5 3 3t qPCR £
PACS-2 mRNA 7K-F, DLFA Pt B siRNA 40 9 5 | 2%
PACS-2 mRNA A& 1K =70% i, 114 # 44 3%,

£ 2. siRNA Fol{E R

Table 2. siRNA sequence information

siRNA 271 1EEE(5'—>37)

B SR (5'—3")

PACS-2 siRNA
BH M XT HE siRNA

GCAUUGAGAUCCUGAAGAATT
UUCUCCGAACGUGUCACGUTT

UUCUUCAGGAUCUCAAUGCTT
ACGUGACACGUUCGGAGAATT

1.6.3 tmiafbm =% $#£ 77 24 h % HUVEC #
T 24 FAR(5x10°/30) , 35 3 F 40 o gk 43K 80% .,
B ok 40 j 4 PKH-26 ok %4 (W B Sigma) #78
30 min,PBS % &, #% E ¥ 40 46 : HUVEC % 10 : 1
Y m N E SRR R 37 CEH 1 h,PBS ik 3
REGRKRBEMNE R4, £RLEBHE T
VIS AMALEF 5O B By PKH-26" B v 40 JL 8L, 3F
B HEHAT R 2T

1.6.4 &\t 4% 5 3 & F 24 3L Transwell /)
F(8 pm L), THE A 500 pl HUVEC 4 13

FFE(FFRA8 h By L), BN 5x10" B % 28 A
B (100 pL T fiE 1640 57 #£),37 CEH
24h, BMELRE, AMERZ LR LERTH 4
M, T4 4 4% % R ¥ B B 15 min 3F L DAPI
e, EREBME THAERS MLE, o #E
% M E B B EHAT R AT
1.7 SEitZEHHh

f# A SPSS 26.0 R HEHATHIT 2T, FTAH L5
B xxs Ko, WAL LR A LB AR ¢ 4D
B, Z 4 R R E R =00, 4 EHA L
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(#] P<0.05) , 0 RIES A 22 F IG5 L,
AR Sl A R R R R A 2 0 2 A 4 T e
5, EF FFS B0 B4 43 il 32 55 29 31% i1 32%
(P<0.05) ;1M PACS-2 @&+ MR EF F1FS %5
IR0 53 5 R R 249 14% F1 17% (P<0.05;1812) .

Hoechst Merge

B 1. SlEMROHEALR P PACS-2 RIEFEH 5 ERMAMIREY Mac-2 HE L
A:PACS-2 #l Mac-2 mRNA FiKERIT ;B OMEA LR PACS-2 AR U A e (6 (FLBIR =200 wm) 5 C 0o 40 i
Mac-2( £L6%) 5 PACS-2( & 8) W G 5Ot 6, Hoechst e A 6 (HLHI =25 pm) . n=6, a i P<0.05, 5% M2 LA,
Figure 1. Upregulation and co-localization of PACS-2 with the macrophage marker Mac-2 in the heart tissue of hypertensive mice
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a h P<0.05, 5% RAL LA ;b O P<0.05, SR R4 e,
Figure 2. Effect of PACS-2 knockout on Ang Il -induced hypertension and cardiac function
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2.3 PACS-2 BE3 S M E /N ER O ALBR 2 9 52 i
5% RRLAR EE , e 0% 2H /0N BRI 4 B S a0
WUAEJEE AR AE , o HW/BW F1 HW/TL 43 513 i 24
32% F1 50% (P<0.05) , O JULZH i A 465 v A 4 o 24
3.1 f%(P<0.05) , ANP il BNP mRNA f4Z<35 543 7

PACS-2RF 4

FTH41150% F190% (P<0.05) . T PACS-2 R+ i
FRLH R FEAR A 45 v ML R 4 . 5 B A, Herp HW/BW
HHW/ TL 53 BIREARZ) 13% F1 21% 0> L2 B A 5
FHRAAR 2 39% , ANP 1 BNP mRNA 1 %35 543 31
FREZY 40% F134% (4 P<0.05;183)

HW/BW/(mg/g) <
B [} o2} o

)

PACS-2BiBR+ 5 EH

()
T

BNP mRNAERT FixE @
—_ nN
T T

ANP mRNA#E3t ik

o

B 3. PACS-2 sk 3 & I E /MR ORI SMm
AL HE Qe i (HFIRN =0.5 mm) ;B WGA Jefa ( LLBIR =20 wm) ;C 4HIA HW/BW A9 HLEE 5 D - 41 110 LAT B R R v AR A b
E: 415 HW/TL A HL#; F: ANP mRNA K35 E #5347 ;G . BNP mRNA KiKE R, n=6,
a N P<0.05, 5% IR H# ;b A P<0.05, 55 R4 HE
Figure 3. Effect of PACS-2 knockout on myocardial hypertrophy in hypertensive mice
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Masson J¢ 0, g 7% , o L D G R 1o FRUAE 5 1L R
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JEHFEAR (3 P<0.05) , ffEH LML G4 BIR,
o-SMA PR TR =5 R AL 0% RE A 38 T, 78 PACS-2
i + e I A e R 2> (3 P<0.05),
a-SMA mRNA (1) A 7E /& Il T 4 80T B4 i, 7E
PACS-2 w5 + 17 Il Fe 20 %58 ey I FE 20 B AIG (3 P<
0.05) ., BFEFEEATAI mRNA 33K 78 & 1L R 24 5
X BEEH T 57, 7 PACS-2 5% + g I H 241 ¢ v I 21
A% (34 P<0.05) , Western blot 45 5: 3], TGF-B il
Smad2 YA 7E /5 I 2 506 FRAL 34 T, 76 PACS-2

RIS -+ v L 2 8 e MR ZH RATR (34 P<0. 05381 4)
2.5 PACS-2 B3t Ang 15 SHI/NR O BER FE R
oA apA
BagZE ¢ o I 25 R 8w,/ B0 ik 4 2

CD68"iNOS" M1 Y |5 I 4 Jfd 50 555 7 5 1M e 2 50T 1R
ZHIE TN, 7E PACS-2 RIS+ e I 20 5 v o s 26 ik 2>
(¥ P<0.05), CD68*CD206" M2 & [ Ik 241 fify %k
TEAS LB () 22 S R Ge 27 2 3, RAE A 45 U 45
R R,IL-18 IL-6 . TNF-a 1 MCP-1 mRNA A9k
T 155 1A 430 RERAH T i, 7E PACS-2 R Bk + 15 1l e
ZH A 7R I 4L FRAG (24 P<0.05) . M2 R 5 I 41 i
AT Argl . Yml 1 IL-10 mRNA 7E 45 21 [a] (1) 2%
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Figure 4. Effect of PACS-2 knockout on myocardial fibrosis in hypertensive mice
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Figure 5. Effect of PACS-2 knockout on Ang II -induced cardiac inflammatory response in mice
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Figure 6. Effect of PACS-2 knockout on Ang Il -induced activation of M1 macrophages in vitro
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Figure 7. Effect of PACS-2 knockout on macrophage adhesion and migration ability
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