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Role of the HSF1/AMPK signaling pathway in the pathogenesis of

ferroptosis—involving diabetic cardiomyopathy
Zhou Kang ,Song Junhua,Zhou Mi,Yang Yanli,Chen Haibin,Zhang Li
(Department of Endocrinology , The Fourth Hospital of Changsha , Hunan Normal University)
[ Abstract]Objective : To investigate the effect of ferroptosis regulated by the heat shock factor 1(HSF1)/adenosine 5’ —monophosphate—
activated protein kinase (AMPK) signaling pathway on the pathogenesis of diabetic cardiomyopathy (DCM ). Methods : This was an
experimental study with a blank control and multiple experimental controls. H9¢2 cells were randomly divided into 4 groups : low
glucose group (control, Con) , high glucose (HG) group, HG+HSF1 group, and HG+HSF1+compound C (CC) group. The cells were
stained by rhodamine colloid protein, and tested for mitochondrial reactive oxygen species (ROS) and cellular lipid ROS. The AMPK
signal expression was analyzed by Western blot. Male C57/BL6 mice were randomly divided into four groups: negative control (NC)
group, NC+HSF1 group, DM group, and DM+HSF1 group, with 12 mice in each group. The cardiovascular function parameters of mice
were evaluated by echocardiography. Results : Compared with the Con group, the levels of HSF1 and pAMPK/AMPK in the HG group
decreased significantly ( P=0.005, 0.002) , and the relative cell surface area, mitochondrial Fe*" level , mitochondrial ROS level ,
and cellular lipid ROS level increased significantly (P=0.001, 0.003, 0.006, 0.002). Compared with the HG group, the HG+HSF1
group significantly reversed these changes (P=0.001,0.001,0.002,0.006,0.007,0.003) , but the reversal effect of HSF1 was obviously
weakened when CC was added (P<0.05). Compared with the NC group, the ejection fraction, fractional shortening, mitral ratio of peak
early to late diastolic filling velocity (E/A) ,and E'/A" as well as the expression levels of HSF1 and pAMPK/AMPK in heart tissues in
the DM group were significantly decreased (P<0.01) , and the levels of Fe*, ROS, malondialdehyde , and 4—hydroxynonenal protein in
heart tissues were significantly increased (P=0.004, 0.003, 0.001, 0.004) ; the DM+HSF1 group significantly reversed these changes.

Conclusion : HSF1 plays a cardioprotective role in the pathological
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tial medium, DMEM ) (32 [# Hyclone /A &l ) 57 5% . 41 MU FEHL
G314 20 < AR 45 4 (Cons JILA 5.5 mmol/L 7 25 4% 15 7% 48
h) | 5 3 4 B 2H (high glucose, HG ; il A 33 mmol/L 4 %5 #5 1%
7748 h) HG+HSF1 (4] A HSF1 2 11, % [ Abcam 24 H] ) |
HG+HSF1+1L&W) C (compound C,CC,EH MedChemExpress
AT]) o HG+HSF1 4141 F 33 mmol/L i % B 15 75 i1 , FH 50
ng/mL HSF1 b3 1 h. HG+HSF1+CC 4140 itd ] 33 mmol/L %
R IR, H 50 ng/mLHSF1 A1 5 wmol/L CCAL¥R 1 h.
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£ [E abcam 2 Al , PUO 80 K (atrial natriuretic peptide, ANP)
PR (1:1 000, 3 [H Abcam /A &) ) , $T 4- 5 3k T 5 TR (4—hy-
droxynonenal , 4-HNE ) LA (1:2 000, 35 E Abcam A F] ),
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vated protein kinase, AMPK)$HTHR(1:1 000, ZE[H Cell Signaling
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[ Cell Signaling Technology /A ] ) , Ht A< 58 Ik I o A hi ik
4 (long—chain acyl-CoA synthetase 4, ACSL4) HLAR(1:1 000,
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R, SR IGELL 2 d W N 4 IR A/ 1A 2 (streptozocin,
STZ, i TH RS i, 50 mg/ke) 175 i R Rk =
RS MOBEAE , DA B MBS >11.1 mmol/L i A DM ZEA i 2™
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21 (hematoxylin—eosin, H&E)Yett . teAh, O EY] B Masson
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HSF1 1A 1, P<0.01
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Con HG
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5 Con 4 Lt , HG 41 48 ffi fig 5T ROS 7K F W] g 3 fin (P<
0.001), HG+HSF1 414155 ROS/KF-B BAKF HC+Vector
2H (P<0.001)(2),

Con HG

A. C11 BODIPY 581/5914%f4
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»,
.

T
HG+  HG+HSF1
HSF1 +CC

B. 4 a8 FRROS/KF
¥ 8404 Oxidized bodipy, 2144 non—oxidized bodipy, #% {4,y Hoechst,
FEBIIR=25 pmo a, 5 Con 4L, P<0.001;b, 5 HG 4AH L, P<0.001;
¢, 5 HG+HSF1 Mt , P<0.01
B2 HSF1_LiF3tHGIHSAIHIc2 4 A AR ROS K&
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2.3 HSF1 i@t & AMPK s34k 56 % I 42 39 15 R

BE AMPK J2 VA7 HG 5 5 10 JUE 35 7k 19 — Rl 72 L
X ORISR, DLTTE) — S 58 T2 MR 1T 7 AMPK 7ERBET
BYVEF, IFUESE T HSF1 % AMPK B938% A5 ™. 15 Con 2HAH
He, HG 4 41 rh pAMPK/AMPK . pACC/ACC ,GPX4 35 it
R ARG (A1 %5 7K S 2 1.00 + 0.02 vs. 0.65 = 0.06, 1.00 = 0.02 vs.
0.72 £ 0.07, 1.00 = 0.03 vs. 0.53 = 0.04, P<0.01) , Fil ACSL.4 &
5 B B R X /K S+ 1.00 + 0.02 vs. 1.23 +0.08, P<0.01) .
5 HG 40 A Lt , HG+HSF1 41 41 §d - pAMPK/AMPK . pACC/
ACC . GPX4 ik B i 384 Jin CAHXT 7K SF- £ 0.65 + 0.06 vs. 0.98 +
0.07,0.72 + 0.07 vs. 0.90 = 0.06, 0.53 = 0.04 vs. 0.89 +0.07,
P<0.01) , Fll ACSLA 3% ik W] 1 B AR (FH XS 7K F-: 1.23 £ 0.08 vs.

HG - + + +
HSF1 - - + + 2.0 ™
cc - - - +

p-AMPK [ S S W]
ANPK [ e e |
p-ACC

ACC

GAPDH [se S - — 0,54

GPX4 [ v - |

AR Fe b4
s
1

GAPDH | wis Gl >

Acsi4 [ B 2 2

GAPDH [ s e |
A. Western blot/ & 1761k

0.0=

1.03+0.08,P<0.01) . J— it , k&%) C(CC),—Fh AMPK
B0 0], 04 T HSF1 A AMPK 15 5 (03805 75 H (| 3) .
IEAh, CC YA T HSF1 T HiJ5 HG AL (1% HIe2 41 i ANP
FEHAKF(F 1B) AEX 4 i 2% 15 L (P<0.01) (& 1C) FAR T
ROS /K- (P<0.01) (K1 2B) .,
2.4 HSF1 Lifi*t HG# S04k 50 1= F S btk S0 %R

FE HG AL FR Y HOC2 20 vy , SRLAA Fe 7K -4, Zeks
A ROS 7K it 22 38 i (P<0.01) . HSF1 #4340 T HG
V5 TR ZORLIAR Fe FZORL IR ROS 7= A 1 3d L 3R (P<0.01) .
SRINT, HSF1 b X6 2 b 14 1) {7 47 VB JH 9 CC 100 %% (P<0.01)
(K4).

Con

=

B HG

= HG+HSF1
E= HG+HSF1+CC

ACSLA4/
GAPDH

p—ACC/ GPX4/
AMPK ACC GAPDH

B. AR IBAE R

Hra, 5 Con ML, P<0.01;b, 5 HG 4 AHLL,, P<0.015¢, 5 HG+HSF1 ZHAH L, P<0.01
B3 pACC.ACC.p-AMPK.AMPK.GPX4.ACSL4#1 GAPDHHZE AR EKE

Con HG HG+HSF1

A. Mito-FerroGreenJea, ( FU A ] =25 pm )

HG+HSF1

C. mitoSOXH(?, ( FLfl/R=25 pm )

HG+HSF1+CC

= 1504

%

= 1004
0_

Con n(; H(y+ U(,+
HSF1 HSF1+CC

B. 2K ke /K5 5 HT

2501

1G+HSF1+CC
HG+HSF1+ 2004

il

Con H; H(,+ H(,+
HSF1 HSF1+CC

D. MitoROS7KF

MitoROS(%)

7 40} Mitotracker, 214 Mito SOX, #% (50 DAPL, a,tj Con 4AHILL, P<0.01;b, 5 HC 4 AL, P<0.01;c, 5 HG+HSF1 4141 LL , P<0.05
El4 HSF1 LA HGIBFESHE T PFENES R
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2.5 HSF1 8 id 7 By & AL 4w Bk 38 T PR 37 S R 3 4E

5 NCHA L, DM 45 S0 ME 4 SR B s A, D ILN
B4 210 4 DL B T AR S04 0 (4 P<0.01) , FILC LA HSF 1
FIE BRI (P<0.01), 5 DM ZLAH L, DM+HSF1 2.0 Bk 20
LU E AN AN N TR 508, O LA 2L HSF 13
S BN (24 P<0.01) (KB SA~F) . WBAOEIESHIER, 5
NC ZH#H [t , DM 4 EF% . FS% . E/A  E'/A" W i [ (1 P<

209

NC ~ NC+HSF1

15+

10+

LA EAE (pm)

A HE 22 03 BB

NC NC+HSF1

0.01), FILVEDd B i 4411 (14 P<0.01) , DM+HSF 1 28 W] {53 %%
Tk AL (56 3£ 1), BRAET-FEhR TR, 5 NC 4 AH
I, DM 4H.0 IF2H 27 Fe?* \ROS MDA 7K *F-H1 4-HNE 45 [ 7K
7B R B4 N (35 P<0.01) , LA & GSH 7K F-F1 GPX4, pAMPK/
AMPK 23k W L J4AK (44 P<0.01) , DM+HSF 1 2H i 3530056 T 3%
ARk (P SH~K . 38 1) o 5% B rak , HSF1 b i 38 o 076
AMPK XHFET /) DCM B W & 4P E

NC+HSF1

-

I
DM DM+HSFI1

B. L UL40 I A C. DAY Masson's = a4,
( Hﬁﬁ JR=20 pm ) ( FbHIR =50 pm )
NG NC+HSFI
201 31
a
~ 154 RS
S b B 2 b
s —— Pl ==
= 104 %é
(= DM DM+HSF1 o
kS 7
& 54 T a
oy
0= T T
NC  NC+HSFI DM DM+HSF1 . NC  NC+HSFI DM  DM+HSF1
D. [8) AT AE TR 5 40T E. HSFlﬁaﬂﬂﬂcméE’J UWE,/HEJJ)# F. HSF1& ik ik
FEA R =50 pm )
NC NC+HSF1 _ NC_NC+HSF1 DM DM+HSF1
— e 4=
B3 NC
- a B3 NC+HSFI
e = oM
#, b B3 DM+HSFI
oy 2
DM DM+HSF1 =

MY Py ] g SR P ] R

NC  NC+HSFI DM DM+HSFI
p-AMPK - . L ] .

S —
AMPK

oo [ .

J. Western blot/3#7.0 IHZ i [ 0k
¥ :a, 5 NC LA LL, P<0.05;b, 5 DM ZHAH L, P<0.05

5 HSF1i@idFksO AL RSk IE TR0 AETh BE

GAPDH S0 i e s e e |

H. Western blot/3H1.0 JILZH L R 11 e ik

4-HNE GPX4
1. 4-HNE, GPX4[1JE fEA3Hr
2.0+
b
£ 157 : ==
=
<
f 1.0
=
<
L 0.5 a
0.0~ T
NC NC+HSF1 DM DM+HSF1

K. p-AMPK . AMPKHJE =M

(n=6)
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F1 MR OEEESEHIOATARKTE THXSEH (n=6)
A NC NC+HSF1 DM DM+HSF1 F{H P
EF(%) 63.76 = 1.25 62.93 +2.30 47.67 +0.73" 5834 +1.62" 24.09 0.000
FS(%) 35.95+1.58 35.50 + 1.34 22.81 + 0.60° 3293 £1.12 28.07 0.000
LVEDd (mm) 3.15+0.08 3.16 £ 0.10 3.61 +0.03" 3.25+0.03" 20.04 0.000
E/A 1.25 £0.02 1.23£0.03 0.67 0.04* 1.06 = 0.03" 14.91 0.000
E'/A’ 1.40 £0.09 1.37£0.08 0.72 £0.04* 1.10 £ 0.05" 22.53 0.000
Fe** (umol/mgprot) 8.62+3.14 8.94+3.26 16.78 = 2.80" 11.56 +2.71 42.06 0.000
ROS(fold change) 1.02£0.08 0.92 +0.12 1.88 £0.16° 1.21+0.13" 27.15 0.000
MDA (nmol/mgprot ) 1.45+0.57 1.51£0.62 2.47 +0.74° 1.83+0.71" 22.15 0.000
GSH(wmol/mgprot) 19.32+2.17 18.74 + 1.83 8.27 + 1.35° 16.72 + 1.55 19.12 0.000

H:a, 5 NCAA L, P<0.01;b, 5 DM 4L I, P<0.05

3 3t it

DM J2& 5 3505 O LA 0 1 32 IR D [
H T, DCM 1Y &5 5% 76 DM B & thg s fin . seil
WFFEIESE , BRET & DCM Y 1 > FBA4FAE . O JIL4H
MLB AW e 5| A T O WUIE K O WLEF 4k, DL &
W AR FNET K REZ 41, BRAET I —Fh DL 2k
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