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Abstract: [Objective] To investigate the role and related mechanisms of mast cells (MCs) in alcoholic
cardiomyopathy (ACM). [Methods] An ACM model was established in C57BL/6 mice by feeding them with alcohol liquid
diet, and some model mice were intervened with cromolyn sodium, a mast cell stabilizer. Cardiac function, myocardial
remodeling and the expression of related proteins were evaluated by echocardiography, tissue staining and Western blot. In
vitro, neonatal rat ventricular cardiomyocytes (NRVCs) were stimulated with mast cell granules (MCGs) and/or alcohol,

and pathway inhibitors were used to explore the underlying mechanisms. [ Results] Long—term alcohol feeding caused
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significant cardiac dysfunction and mast cells activation in mice, accompanied by increased expressions of chymase,

NOX2, NOX4 and apoptosis—related protein cleaved Caspase—3 (c—Caspase3) in myocardial tissues (P<0.05).

Pretreatment with cromolyn sodium improved cardiac function, inhibited mast cell activation, and reduced the expressions

of the above proteins. In vitro experiments showed that treatment with MCGs or alcohol alone up—regulated the expressions

of c—Caspase3, NOX2, NOX4 and phosphorylated PKCB1 (p—PKCB1) in cardiomyocytes, and the combined stimulation

of the two had a synergistic effect. Protease—activated receptor 2 (PAR2) inhibitor down-regulated the MCG—induced

expressions of the above proteins. PKCB1 inhibitor also inhibited the MCG—induced expressions of c—Caspase3, NOX2

and NOX4. Chymase inhibitor exerted a partial inhibitory effect on MCG—induced cardiomyocyte apoptosis. [ Conclusion]

During the development of ACM, mast cells are activated, and the released MCGs may promote cardiomyocyte apoptosis

through the PAR2-PKCB1-NOX2/NOX4 signaling pathway, in which chymase plays an important role.
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Table 1 Biometric, echocardiographic, and MC morphometric parameters of mice in different group
[(% +5),M(P,-P,)]

Alcohol+PBS Alcohol+CRO
Item CON (n=8) Alcohol (n=8) F/H P
(n=6) (n=7)
Body weight/g 30.72+0.90 31.51+0.56 30.77+1.01 28.70+0.77 2.223  0.110
Heart/body weight/(mg/g) >0 ! 72 +90 4754 0.191
eart/body weight/(m, . L
Y e (4.84-6.13) (4.47-5.15) (4.54-5.07) (4.74-5.42)
59.41 50.51 54.64 58.22
EF/% 13.257 0.004
(58.74-63.00) (49.09-51.69)* (50.27-55.99) (57.86-58.37)"
30.68 25.24 27.26 29.79
FS/% 12.640 0.005
(29.98-32.85) (24.18-25.72)* (24.99-28.46) (29.59-29.91)"
3.11 3.54 3.49 3.32
LVEDD/mm 5.800 0.117
(2.84-3.40) (3.30-3.87) (3.34-3.63) (3.09-3.38)
LVESD/mm 2.15+0.12 2.68+0.11%* 2.55+0.09 2.29+0.06 6.271  0.008
0.87 0.77 0.83 0.78
LVPW.d/mm 8.537 0.036
(0.82-0.92) (0.76-0.83 ) * (0.80-0.94) (0.77-0.80)
1.17 1.07 1.02 1.06
LVPW.s/mm 2.680 0.444
(1.06-1.22) (1.03-1.11) (0.93-1.29) (1.00-1.17)
LV MCs number 7.50 7.50 6.00 5.00
1.012  0.798
per section (5.50-8.75) (3.75-9.75) (6.00-7.50) (3.25-9.00)
46.43 100.00 91.67 55.00
MCs degranulation/% 12.019  0.007

(40.71-54.17)

(92.50-100.00) *

(83.33-100.00)

(12.50-65.00)

CON': control diet; CRO: cromolyn sodium; EF: ejection fraction; FS: fractional shortening; LVEDD: left ventricular end—diastolic diame-

ter; LVESD: left ventricular end-systolic diameter; LVPW.d: LV posterior wall thickness in diastole; LVPW.s: LV posterior wall thickness in sys-

tole; MC: mast cell. Data are presented as mean + SEM, or median and quartile. One=Way ANOVA or Kruskal-Wallis H was used to test the differ-

ence between groups. P < 0.05 vs. CON group; * P < 0.05 vs. Alcohol group.

22 BHBRWAIMEERMMS/NROINEW .
e T R BB K 4 B U

Masson 4 (0 25 2L W7, 55560 FEZHAH LE , < 0990
MR AT I 2 N BGO LA 2L IR DR . e
FLEH S AR LA TR B B 2 fd ]
JIE IR A0 B A ) € H PR BN T T A 5 RS 9 i i
TR 5 A g8 T 15 3] 4 (B D) .

SRS 2H /N B JUU P S K 240 i B T W 3 22
S AETP RS PR3 2 %) A R A4 e s 36t 285 1 %
HRZH (3R 1), T € T 1 B A 38 m A 303 il ix — B

%o GNP ER TR MR A AT DL AL T IR A
4 JIES A 4t A, HL ] 1 93 A 4 22 TR s 1 R 5 AH b =2
T, %k PR 5o R A Ak B2 ) L 2 A AT K 4
A . PBSALHEXT [ iRHEAR IR .
DR ISR 12 J8])5 |, c—Caspase3
FR 3 LI (P<0.05), 1 (0 H RGN TS it e
A (P<0.05) . [RIARE, RS 75 SH0 NOX2 FINOX4
ARSI E AR G H RN TS S22 6 . Wk
MR 32 /N BLC L2 21 Chymase 7K F- 8 8 35 T &
(P<0.05), 1Mt HER A BT AR RN (F 2) .



55 330] PRI, 45 S A B (2 2R DRS P O U A9 LR 455

TUNEL Masson

Toluidine Blue

Alcohol

Alcohol+PBS Alcohol+CRO

Representative images of heart sections from the indicated experimental groups stained for collagen deposition (Masson’ s trichrome), apoptosis

(TUNEL) and MCs (toluidine blue). Scale bar=20 pm.

1 O ALZAZ Masson . TUNEL & RIS B4R
Fig. 1 Masson, TUNEL and toluidine blue staining of myocardial tissues

ku
c-Caspase3 ‘ R 19
NOX2 -— 65

NOX4 % w70
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carpy D D G

CON Alcohol Alcohol+CRO

Protein/GAPDH ratio

2.0 == CON
= Alcohol
* % 3 Alcohol+CRO
r l% & %
1.5 . I
[

1.0~
0.5
0.0

c-Caspase3 NOX2 NOX4  Chymase

Protein levels of ¢—Caspase3, NOX2, NOX4, and chymase in heart tissues from the indicated experimental groups. GAPDH serves as a loading

control. Data are expressed as median and scatter dot plot; n=3. One=Way ANOVA or Kruskal-Wallis H was used to test the difference between groups
(c—Caspase3: F=35.438, P=0.000; NOX2: F=14.266, P=0.005; NOX4: H=10.385, P=0.016; Chymase: F=28.992, P=0.001). *P < 0.05.
2 BALA L e—Caspase3 . NOX2,NOX4 & Chymase B3R %
Fig.2 Expressions of c—Caspase3, NOX2, NOX4 and Chymase in myocardial tissues
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CON

Alcohol MCGs Alcohol+MCGs
Representative TUNEL staining (green) showing apoptosis in NRVCs treated with alcohol (100 mmol/L), MCGs (50% volume), or their

TUNEL

DAPI

combination for 24 h. Nuclei were counterstained with DAPI (blue). Scale bar=50 pwm.
B3 FAREAETAXROCMARABATER

Fig. 3 Apoptosis of neonatal rat ventricular cardiomyocytes under different stimulations
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0
c-Caspase3 NOX2 NOX4 p-PKCBI

A: Protein levels of c—Caspase3, NOX2, NOX4, and p—PKCB1 in NRVCs treated with alcohol (100 mmol/L), MCGs (50% volume), or both for
24 h. B-D: Effects of pharmacological inhibition of PAR2 (FS,200 pmol/L) (B), PKCB1 (G0o6976, 1 pumol/L) (C), or chymase (SBTI, 100 pg/mL) (D) on
protein expression in NRVCs challenged with MCGs and/or alcohol. FS or Go6976 was preincubated with NRVCs for 30 min prior to treatment, SBTI
was preincubated with MCGs for 30 min before treatment. GAPDH serves as a loading control. Data are median and scatter dot plot; n=3. One-Way
ANOVA or Kruskal-Wallis H was used to test the difference between groups (A: c—Caspase3: F=21.113, P=0.000; NOX2: H=10.385, P=0.016; NOX4:
F=64.704, P=0.000; p—-PKCB1: H=8.641, P=0.034; B: c—Caspase3: H=11.633, P=0.020; NOX2: H=10.700, P=0.030; NOX4: F=49.391, P=0.000; p—
PKCB1: F=16.048, P=0.000; C: c—Caspase3: F=19.756, P=0.002; NOX2: H=7.200, P=0.027; NOX4: H=6.489, P=0.039; D: c—Caspase3: H=7.200, P=
0.027.; NOX2: H=7.200, P=0.027; NOX4: F=75.410, P=0.000; p—PKCB1: F=155.908, P=0.000). *P < 0.05, **P < 0.001.

E4 AEAZHA0E T PAR2-PKCB1-NOX2/NOX4 i@ I INE A #EE SO ALAE T
Fig.4 Mast cells exacerbate alcohol-induced cardiomyocyte apoptosis via the PAR2-PKCB1-NOX2/NOX4 pathway
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