- 1664 - 25254 Acta Pharmaceutica Sinica 2022, 57(6): 1664 —1672

FGF21 ZERIAF % M) 03 B0 1 R RO B 5

KRBT, TEEL RTEL K ORT

(1. AT RF M 5AEY TR 2R, 2280 &4 230601; 2. dbEAWEZWF 50 AT, L5 100091,
3. HEFRFEREAR R S — R Bt (LB SR PR, % B AR 230022)

FE: KB ER J0 47 4 B 40 i 2 K L1 21 (fibroblast growth factor 21, FGF21) £E 4K 15 51 1% (empagliflozin,
EMP) #1032 op (0 /E AR S WL . R G0 FGF21 @i b (FGF21 knockout, FGF21 KO) /s i Al & B 4= 7 (wild
type, WT) /N4 F %2 L Lt 2 (doxorubicin, Dox) i 5 & 37 O FEAL T, K EMP 522 B AT T 7. SR R B
7R, £ WT Fl FGF21 KO /iR 7, Dox (5 mg-kg™) #4615 75 5 7= 4 70 ({0 FESECIR 76 WT /N B, 48 TG B/ IR
EMP (10 mg-kg™") T, /& 8 EMP 0] LA, 3% o4 3% 1 Dox 51 &2 (1.0 I T RE S 4, 32 BRI kst O LI AR Thig 420
B 5 I 23 B 446 8 23 000 R B S0 LR (R 1T A& 2 R S R T R il VIR s L 2 T T ot S i R 7L T 3 e S Bl 7 ==
A0 BE Ak, Dox 51 10 I 25 4E A | 98 RE AT ARAL B2 4% EMP S35 o . R /E FGF21 KO /MR HY, EMP X T+
O FEM LRI AR M. DL L4 RHR, EMP BT ORI SRR KT FGF21, AR FHLHI 7] §E 5 FGF21
U AT Y L JORE RS AL BT A K.

SR R AT e REMZE K7 20, 03 ZRWE, SR 44k, KO, FAb BB

& 525 RI66 RRFRINED: A N E S 0513-4870(2022)06-1664-09

The role of FGF21 in inhibition of heart failure with empagliflozin
and related mechanisms

ZHANG Meng-xue', WANG Yuan-yu?, DUAN Ya-jun®, ZHANG Shuang"”

(1. School of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China;
2. Beijing Institute of Biomedicine, Beijing 100091, China; 3. The First Affiliated Hospital of USTC
(Anhui Provincial Hospital), Hefei 230022, China)

Abstract: The aim of this study is to investigate the role of fibroblast growth factor 21 (FGF21) in
empagliflozin (EMP) in treatment of heart failure and the related mechanisms. FGF21 knockout (FGF21 KO) and
littermate wild-type (WT) mice induced by doxorubicin (Dox) were used to establish heart failure mouse model in
vivo. The experiment process and animal welfare follow the regulations of Animal Ethics Committee of Hefei
University of Technology strictly. The results suggest that Dox (5 mg-kg™) induced typical heart failure symptoms
in both WT and FGF21 KO mice. In WT mice, EMP (10 mg-kg™) significantly improved Dox-induced cardiac
atrophy, decreased myocardial systolic function, decreased left ventricular ejection fraction and shortened fraction;
EMP treatment also significantly inhibited the increase of Dox-induced cardiotoxicity indexes (aspartate amino
transferase, creatine kinase, hydroxybutyrate dehydrogenase, lactate dehydrogenase) in mice. Dox induced cardiac
fibrosis, inflammation and oxidative stress were also significantly improved by EMP. However, in FGF21 KO
mice, the therapeutic effects of EMP on heart failure was significantly inhibited. The results suggest that the
function of EMP in treating heart failure partly depends on the presence of FGF21, and the mechanism may be
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related to the effect of FGF21 on improving fibrosis, inflammation and oxidative stress.
Key words: empagliflozin; fibroblast growth factor 21; heart failure; doxorubicin; fibrosis; inflammation;

oxidative stress
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Figure 1 The schedule of in vivo experiment. WT and FGF21 KO mice were randomly divided into 3 groups (8 mice/group), respectively.

Ctrl was intraperitoneally injected with PBS once a week and intragastriclly administrated with PBS daily; Dox or Dox + EMP group was

intraperitoneally injected with 5 mg-kg™ body weight Dox once a week and intragastriclly administrated with PBS or 10 mg-kg™ body
weight EMP daily for 4 weeks. WT: Wide type; FGF21 KO: FGF21 knockout; Ctrl: The control group; PBS: Phosphate buffer saline; Dox:

Doxorubicin; EMP: Empagliflozin
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Table 1  Primer sequence used for real-time quantitative PCR: GPX1: Glutathione peroxidase 1; PRDX1: Peroxiredoxin 1; SQSTM1:
Sequestosome 1; CAT: Chloramphnicol acetyltransferase; UCP3: Uncouplingprotein 3; SOD1: Superoxide dismutase 1; FABP3: Fatty acid
binding protein 3; FGF21: Fibroblast growth factor 21; FOXO3a: Forkhead box O3a; Nrf2: Nuclear factor erythroid 2 related factor 2;
NLRP3: NOD-like receptor protein 3; a-SMA: a-Smooth muscle actin; TGF-A: Transforming growth factor-beta; IL-14: Interleukin 1 beta;

f-actin: Beta-actin

Gene Forward primer Reverse primer
GPX1 5-AGTCCACCGTGTATGCCTTC-3' 5-TTGCCATTCTGGTGTCCGAA-3'
PRDX1 5-TGCCAGATGGACAATTCAAA-3' 5'-TCCATGCCAGATGACAGAAG-3'
SQSTM1 5'-GTGCCCAGACTACGACCTGT-3' 5'-GACTCAGCTGTAGGGCAAGG-3'
CAT 5'-TATCTCCTATTGGGTTCCCG-3' 5'-CCGCAATCCTACACCATGTC-3'
UCP3 5'-TGCTGAGATGGTGACCTACG-3' 5'-GCGTTCATGTATCGGGTCTT-3'
SOD1 5'-GCCTTGTGTATTGTCCCCAT-3' 5-ACCATCCACTTCGAGCAGAA-3'
FABP3 5'-CATCGAGAAGAACGGGGATA-3' 5-TCCCGTCAACTAGCTCCCTA-3'
FGF21 5'-AGGCCTCAGGATCAAAGTGA-3' 5'-CGCAGTCCAGAAAGTCTCCT-3'
FOXO3a 5'-GGGGAGTTTGGTCAATCAGA-3' 5-GCCTGAGAGAGAGTCCGAGA-3'
Nrf2 5'-TCACACGAGATGAGCTTAGGGCAA-3' 5-TACAGTTCTGGGCGGCGACTTTAT-3'
NLRP3 5'-TACGGCCGTCTACGTCTTCT-3' 5'-CGCAGATCACACTCCTCAAA-3'
a-SMA 5'-ACTGGGACGACATGGAAAAG-3' 5'-GTTCAGTGGTGCCTCTGTCA-3'
TGF-p 5'-GCTGAACCAAGGAGACGGAA-3' 5'-AGAAGTTGGCATGGTAGCCC-3'
IL-18 5'-CAGCCAGATGCAGTTAACGC-3' 5'-AGCTCATATGGGTCCGACAG-3'
p-actin 5'-ATGGAGGGGAATACAGCCC-3' 5-TTCTTTGCAGCTCCTTCGTT-3'
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Figure 2 Cardiac function was analyzed by M-echocardiography. A: Echocardiogram image; B: Ejection fraction of mice; C: Fractional
shortening of mice; D: Heart weight and body weight ratio of mice. n = 5, mean + SEM. P < 0.01, ""P < 0.001, “"P < 0.000 1 vs Ctrl
group in the indicated type of mice; P < 0.05, *P < 0.01, **P < 0.001 vs Dox group in the indicated type of mice; *P < 0.05, *P < 0.001 vs

Dox + EMP group in WT mice
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Figure 3 Effect of EMP on Dox induced cardiotoxicity in mice. A: H&E staining of mice heart tissue. Scale bar: 50 um; B-E: Mice serum
were prepared and determined AST (B), CK (C), HBDH (D) and LDH (E) levels. n > 5, mean + SEM. “P < 0.01, P < 0.001, “""P < 0.000 1
vs Ctrl group in the indicated type of mice; **P < 0.001, **P < 0.000 1 vs Dox group in the indicated type of mice; °P < 0.05, **P < 0.01 vs
Dox + EMP group in WT mice. AST: Aspartate amino transferase; CK: Creatine kinase; HBDH: Hydroxybutyrate dehydrogenase; LDH:

Lactate dehydrogenase
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Figure 4 EMP improved Dox induced cardiac fibrosis and inflammation in mice. A: Determination of collagen content in heart tissue by Masson

staining (left) and relative statistics (right); Scale bar: 50 um; B: The degree of fibrosis in heart tissue was determined by Picrosirius Red staining
(left) and relative statistics (right); Scale bar: 50 um; C: Expression levels of IL-18, IL-6, NLRP3, TGF-£ and a-SMA in mice heart were analyzed
by Western blot and statistic. n = 5, mean + SEM. "P < 0.05, “"P < 0.001, “"P < 0.000 1 vs Ctrl group in the indicated type of mice; “P < 0.05,
P < 0,001, **P < 0.000 1 vs Dox group in the indicated type of mice; *P < 0.01, **P < 0.000 1 vs Dox + EMP group in WT mice
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