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[Abstract] Objective To investigate the effects of mitochondrial transcription factor A (TFAM) in the myocardial tissue of
mice with diabetic cardiomyopathy (DCM) on oxidative stress and apoptosis in cardiomyocytes. Methods Twenty-four male db/db
mice were randomly divided into three groups (n=8 per group): db/db group, db/db+TFAM overexpression group and db/db+
TFAM empty vector group. An additional 8 db/m male mice served as blank control group. Mice in db/db+TFAM overexpression
group received a tail vein injection of MyoAAV1A-TFAM at a dose of 5x10" vg/mouse to establish the TFAM overexpression model.
db/db+TFAM empty vector group received a tail vein injection of an equivalent total amount of MyoAAV 1A serotype-CON, while
db/db group received an equal volume of normal saline via tail vein injection. The mRNA expression levels of TFAM and
mitochondrial DNA (mtDNA) in myocardial tissue were detected by PCR. The reactive oxygen species (ROS) content in myocardial
tissue was measured using the 20,70-dichlorodihydrofluorescein diacetate (DCFH-DA) probe. The activity of superoxide dismutase
(SOD) and the contents of malondialdehyde (MDA) and ATP in myocardial tissue were assessed using commercial assay kits. The
apoptosis rate of cardiomyocytes was determined by TUNEL staining. The protein expression levels of TEAM, Caspase-3, B-cell
lymphoma-2 (Bcl-2) and Bcl-2-associated X protein (Bax) in myocardial tissue were detected by Western blotting, and cardiac
function indices of mice were measured using a small animal ultrasound system. Results Compared with db/m group, the
expression levels of TFAM protein (P<0.01), mitochondrial ATP content (P<0.0001), and mtDNA expression level (P<0.001) in
myocardial tissue of db/db mice were significantly reduced; the contents of ROS and MDA were significantly increased (P<0.0001),
and the activity of SOD was decreased (P<0.001); the rate of TUNEL-positive cells in myocardial tissue increased (P<0.0001), the
expression levels of Caspase-3 and Bax proteins were increased, and the expression level of Bcl-2 protein significantly reduced (P<0.0001).
Compared with db/db group and the db/db+TFAM empty vector group, the mitochondrial ATP content and mtDNA expression
level in myocardial tissue of mice in db/db+TFAM overexpression group were significantly increased (P<0.01), the contents of ROS
and MDA were significantly decreased (P<0.0001), and the activity of SOD was increased (P<0.05); the rate of TUNEL-positive cells
in myocardial tissue was significantly decreased (P<0.01); the expression levels of Caspase-3 and Bax proteins were decreased
(P<0.0001), and the expression level of Bcl-2 protein was significantly increased (P<0.01). HE staining showed that compared with
db/m group, myocardial cells in mice of db/db group were significantly hypertrophic and necrotic, and the arrangement and structure
of myocardial cells were disordered; Compared with db/db group and db/db+TFAM empty vector group, the disorder of myocardial
fibers in mice of db/db+TFAM overexpression group was improved, and the number of necrotic or inflammatory cells was
significantly reduced. Cardiac color Doppler ultrasound showed that compared with db/m group, the left ventricular ejection fraction
(LVEF), left ventricular fractional shortening (LVFS), and E/A ratio in mice of db/db group were significantly decreased (P<0.0001);
Compared with db/db group and db/db+TFAM empty vector group, the LVEF, LVES and E/A ratio in mice of db/db+TFAM
overexpression group were significantly increased (P<0.001). Conclusions TFAM protein may alleviate diabetes-induced
myocardial damage by improving mitochondrial function, inhibiting oxidative stress, and suppressing apoptosis.
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O MU RIE MR R EBOE . BOR . SR CEENY, MR AYLREZ 85 R i & AR
J5L BRI B PR 9 0 L9 (diabetic cardio myopathy, i ZEHL A A0 M A FE PP PEAE T2 02 DCM 1Y 32 % s i
DCM) J2: 1 B AR DG B BERR AR R IR S R A LA BRE, (HRARRY IR ALE] B AT A . ki
RS SO T REREAS R RRAE A0 5 O ARERY, E 5k A -F A(mitochondrial transcription factor A, TFAM)
BRI I B T DA AL SO U R RZRR DI RER OCEE A 1, SRR R s MRk
W, BRSO I RERER, RAKRIENOIIREAN B S EEOR AT R SCE . A g B AR R B
2, DCM M RIRHLE SR . GORRTIRER: BRI/ BLO ILZE 21 TRAM 3R KK FREAR, AT
fiF . AR O T4 OC07 BRTRORE e LR A i S ) R SR, TS e LR A Y
FEUESE, RS R RIRTIRER AL & AEYETIRE. SR, TEAM 2R 12 7538 2 s R
RS RERE 7 A . AEMIACI A AL TR BT O JILEORL PR B BILRE RE T I O LA D 4 A I B



AT, HETMAEE . AWFIELL db/db BE IR %
INEUCHERY . WiEE TEAM A DCM ZRIRThAE . Adk
R, JAT SO RS RERSE I, LA & P DCMB )
THITHE

1 MRERE

1.1 SEEREhY) s AW SPRYR . {aRE . METERE IR K
/N (db/db)24 H, DL HA [RIRE AL 8 S i i pEAE
BRI/ (db/m)8 L, $90 F VLIRS 1 s 25 R
A RN A [ LR YA = VF TS . SCXK(7h)
2020-0009]. S5 IR T H IR B 25 K24 s
TSR, 20 C, MXEE 40%~70%, 12 h G
ETRAEIR o AMFFE AR H R v B 245 R4 5256 3 4 16 2R
72 DL IE(SY2023-705) , SEBGAE H i o B 25 K25k
Errunse . S RS B R YRR XY
PR AR

1.2 S R BT SRS BRGE A PRI R 2 ]
Jasrhadl: db/m#4l, db/db4l. db/db+TFAM it
IKZH Al db/db+TEAM %5 3541 . K 8 H db/m /N AE N
fEERRXT AL, 24 K db/db/INRAENTLKL . db/db /)N
SRR T 2 OB PR (T2DM) AR Y L, 25T 33 o A
F%, T FEI A SR )N R 25 IR IS (FPG), 45 FPG
>16.7 mmol/L, BFPEAMEFRIGHIL/ NS AL . T
16 JE FH/INSh A8 A SR db / db 2H K db /m ZH/NERUR)
Uite: 5db/m4l/NRELES, db/db A/ IDRERH
W2, B DCMABRRGE I, K24 H 16 JE#H S
592 db/db/NRFEREREN 71553 320 (1)db/db+
TFAM i Feik 41 [ it ik i S BRAH S 2 AL IS U 2%
A& (MyoAAVIA-TFAM), Jii#itt h 5x10" vg/H, 4
TSGR e A A L] (2)db/db+TFAM %5 %5
2H (BB bk S AR )R 2 ) MyoAAVIA {5 #-CON) ;
(3)db/db 41 (J& i bk i 5 41 [R] 1 A= B AR OK), BRd
8 H. ATV L 44/ NRTALEEE, 4k207E SPE4K
SRR IR TR 3, Aok, 3RE, &
2 e E 3 HU/INER, MR T A 39 1 B LE 4R
(3 ml/kg) RIS AR BT, PR HE O i A 2O ) 45 %
HY R, BTIOLRMEE TSR T, B
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TFAM jof RIXBEARLIER T, B S FR ORI - 2/
BRI

L3 /NEUODIREAT I RS A 3% 1N L2 AN
(3 ml/kg) FRIF A ZH/INER L R TR &5 43 B3/ N sh
7 AR 2 B8 VEVO 3100 F1 30 mHz HCMA 84714 S )
E/NEGONEDIRE, TESRZE O ZE ST 15X (left ventricular
ejection fraction, LVEF) Ke 720 %45 58 0 B (left
ventricular fractional shortening, LVES), (R (= )
ARG 34> 19

1.4 JEAHCHNHE (adeno-associated virus, AAV)/EGL.>
WUEY R WV Uiy O BEZH 2R U0 R JEEJE S wm 1Y) ¥
e, AHAh ROt RGN, HSgr R, T
P WARTE T MEEDO RO, LIS AAV Ry
LWL,

1.5 HE QL0 LA S EN e &
HLOMUEHZ T R, MU Z b i i 2 1K
X 8~10 min, JHIC/K LBEHER S minx2 UK, SRJ5 733
JHRBIE 2 BE(95% . 80%. 70%)VEiS, UK PER 2 min,
5 FHZE 7K vk 10 minx2 UK 5 8 IR AHS L M
PEeiigets, CBERK 2K, K 1~2min, “HIH
B 1 min, HVERCE s AEGS AR S WLETT
.

1.6 RT-PCRAGI /N L JLLH L TRAM . AL 14
DNA (mitochondrial DNA, mtDNA) i mRNA 3 ik 7K
Vo BUDAIZ1 20 mg, BT 4 CHIA ) PBS ki,
SR BT OB AL 0 W = 5 RS, I 1 ml
TrizolidF], FHRSMAC T WATHHIYNREG, Fil
FUE S min, 7E4 °CF 12 000 r/min 250> 5 min, MK
FIEWE TR E.OE T, U200 wl S
f£ 4 °C K 12 000 r/min &5 0> 10 min; H 35 W I 0
0.5ml 5% N BE W, 7E 4 °CF 12 000 r/min &5 0>
10 min, ¢ FIEWIFIIA 1 ml80% £ (-20 CHI¥Z),
£ 4 °C'F 12000 r/min .0 3 min J5 37 L3, ST
RNA S min, [1] 85045 HFOITAGE A9 25 RNA BEK A %
RNA, 3 [E Thermo Fisher Scientific 2> 7 %1134 %
TFAM . mtDNAK:RI519)(% 1), LA GAPDHAE RN
ZeXf BEEIR i R & U0 B A3 A 7 S 2 S e 1

&1 RT-PCR5|¥TS
Tab.1 Sequence of primers for RT-PCR

FLH K 5191751 (5—3") 519K (bp)
iE[i]: GAAACGCCTAAAGAAGAAAGCA

TEAM ) 28
JZ1i]: AAGTCCATGGGCTACAGAAAAA

DNA iEli]: CTGATACTAGTGGCATTCTCCGAGTTGCTGCTAA 26

mit.
JZI1: TACCGGAATTCTTGTGAGGGACGGTAAAAGG
iFli]: CACTACCGTACCTGACACCA

GAPDH 20

JZ M : ATGTCGTTGTCCCACCACCT

TFAM. R RS 55K F A; mtDNA. 2k & DNA
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1.7 Western blotting K00 /)N B ILEH 22 vp TFAM,
Caspase-3. Bax, Bd-2#KHMFRE  BUONILZ140 mg,
I TEE i) e ) 2 289 54 i (RIPA: PMSF=100:1), 7E1I%
AR T FHA LS K AR 50K, FEvK b 24f#% 30 min,
TE4 °C'F 12 000 r/min &[> 15 min J57 , W& B3, H
BCA £ IRl 0 G A e &, HUG &8 R
w5 LK Buffer 2% MR G, 17 SDS-ZR VA s ik e 56
JEHL Uk, PR (A ) . AR E . K B4R
35K ST HCHT . PVDE R, WK E4E3 9K | WA
H e B e (IEAR ) Je BRI G “ = BR”, #F
280 mA fH I T FF4E 90 min ¥4 15, FH 5% i R W3 #9251
# A 2h, IA—$0(1:500) & P (1:5000, Hir),
4 CWFH L, 1x TBST 2% Mt ¥ PVDE fi, ECL
R L B, AR SHEANKEM, H
Image] A5 AT 45 25T IR L

1.8 TUNEL kil A TR 00 K il a5
R L ZIY) N F R B S~10 minx2 YK ;. FHIE
IK LT BB 2B (90% . 70% )73 53614 3 min, A
2R I KI5 (20 pg/ml) 7K 15 min, AT 3% 14
LAY PBS 7E 5 IR R E 20 min; I PBSWEIS)S, 1E
Y1 R i 0 A v Mo 4% T2 B B8 il (T T) 2% v i A
60 Wl TAT Wk, T°37 CWEHE 1h; WU T
i, A PBS URIKE IMASRMC R 2k, =i
I F 10 min; Bl 0 ACBC #4519 Streptavidin-HRP T
YEW , Z IR F 30 min, Ji% /i 0.2~0.5 ml DAB . {4,
W, ZIEMFE 30 min, PBS WPEIFLEY] A Ll ABL

JEHERK ES R R, WESFHARRGE T JA T B 4h
J%

1.9 O ULZHZUN AN R bR G

1.9.1 1 ]”i" /fh (reactive oxygen species, ROS) 7J(S'Z *ﬁ
A S BURTOEIRE 20,70- —SHIOER "L
W21 (DCFH-DA) K $4 5] & 158 B 5 T il ROS
PREE, 4 090 WL 238 YR U0 i 7E PBS HHiR I
10 min, AR 0 S0 wl Be i 4 B9 ROS #54t, IF:
1£ 37 C T8 30 min, DAPIY:{S 10 min, PBS iy
REEE YR, IR IMPTPOCH K E R, Gy b
Ra, MO RERMBERER F, JFMEH
Image] HAF 34T .

1.9.2 ALY AL (super oxide dismutase, SOD)
WK >R SOD Kl & (WST-8 1%, FifEs
BREYIBARIBANAT IR A1) o IO A i il o
WS 40 mg DULAHZ, B ARSI A P25 3 min,
12 000 r/min 50> 3~5 min, B V5 AE R R IURE A
P2 HiT O 1 4F WST-8 TAEMR S s sl SO TAEWR, 4% 18
Wb B A5 I s S A R, SRS AR A SRS I A
AN TE 450 nm FAYOGEAE, 15 SOD A .

1.9.3 N _J#%(malondialdehyde, MDA) g R
JH MDA il 32057 & (13 = R A Y BRIy A1 R
ocul, B S01318) M o M AsFE AR & vk T 5
AR, BV RIS, BC A& A e
WA, RS U A LR, B PR YAE 532 nm (8]
530~540 nm) T I WO BEAR , MBS 1, 2. 5.
10, 20. SO pwmol/LARME M BEME, Hl s AnifEh
284 y=0.0009x+0.0454, R*=0.9884, 4t ife ik 7y
FEVFSEAREI & v ) MDA 75 5t

1.10 O ALHZI R ATP S AN R ATP %6
R AR & (V3 = RAEE AR AR AR, 57
*5-50026) M 5 o e FRA T G 6 W A5 R A TR A A A
AIECH], BC40 mg D LALIZY, Jin200 pl 2460, H
SRR FE A1 I AR, 7E 4 °CF 12 000 r/min
B0 Smin, WV, SR ZUIGEBFRCRIN 0.01
0.03, 0.1, 0.3, 1. 3. 10 wmol/L ATP Anifiia ik i1k,
22 R EHR B (relative light unit, RLU), il 2545 /il
2. i IE 1:100 FLBIRC T ATP RGN TAER, B TAER
A 96 fLAR , R HZ DfgBtn e H RLUME, &
Ja A4 ATP 5 #E i £k (y=767.0436x-22.5197, R’=
0.9658) 115 ATP & it .

111 GEif=#ab B R SPSS 28.0 M GraphPad Prism
AT G AE ] . SEE R A DL ets R
Z A 8] LSRR R 7 22500, i — 20 LA
K LSD-t# 4 . P<0.0S N2 FAG %5 X,

2 # R

2.1 FFRIK TRAM FRAH SCHR 75 1Y % Y4 S TEAM ik
TEH 96BN AT UL db/db+ TEAM 1 321k 41
db/db+TFAM %5 Z41 /N U O LA U b ¥ S 58
Y6 1 (GEP) 3k, 1 db/m 2H f db/db 2H JC GFP 3
ik (B &l 1,  https://dx. doi. org/10.11855/j. issn. 0577-
7402.1243.2025.0924F]), U] TFAM 2 335 B AH O
BEFE YR, 5 db/db 41 K db/db+TFAM %5 241 /N
IL#, db/db+TFAM i 3k 41 /Iy By O L2 21
TFAM mRNA K 3 [ & ik 7K °F B &8 7+ & (P<0.001,
Kl1A. B).

2.2 1L FI8 TEAM X BE IR/ RO LR Dy RE 1Y)
P 5 db/m 40 A, db/db 4/ BUAY O LA R
mtDNA #% U1 $ & ATP & 2 44 B & F#{IX (P<0.0001) ;
£j db/db. db/db+TFAM %5 # 41 L #, db/db+TFAM
1 235 20 1 mtDNA 45 D1 S ATP % it 34 W i T i
(P<0.05), TMidb/db%H 5 db/db+TFAM %5482, mtDNA
P& DU S ATP & it 284k 22 S TG 12 2 L (P>0.05)
(Kl2).

2.3 iR IRk TEAM AR R /s BC WU AR N S 52
M SEOGnR M R R, 5 db/m 4l AL,
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Fig.1 Comparison of mRNA and protein expression of TFAM in myocardial tissue of mice in each group
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db/db 20 /N FLC I ZH 21— & 2 8¢ (dihydroethidium
DHE) J DCFH-DA [ %¢ 63 JEE 158 , ROS 75 5 14
(P<0.0001); 5 db/db2H % db/db+TFAM %5 #4H HL 4%,
db/db+TFAM 2 3R IK 2 (9638 BE I 55 . ROS 7% i
B & 9 7> (P<0.0001); 5 db/db 41 Lb #, db/db+
TFAM 75 #4156 FE & ROS 7 i AR AL L4024 7
S (E3A, B). AR FFE ISR BN, 5 db/m
A H4E, db/db 4] MDA % T (P<0.0001) . SOD i
RN % (P<0.001); 5 db/db+TEAM 55 241 J db/db £

b #, db/db+TFAM i 3 ik 41 o MDA & &t [ ik
(P<0.0001), SOD {ff 1 14 3 (P<0.05); 1M db/db+
TFAM %5 # 4l 5 db/db 41 MDA 7 & & SOD i £ 751k
TG 5 L (P>0.05) (K 3C).

2.4 JERIE TEAMOX B R /N B O LA B0 T2 F) 5%
Wi)  Western blotting K M 45 R 7, 5 db/m 41 LL#4,
db/db H-C WAL {E P T-HE ] Caspase-3. BaxFik/K
TR, PUE TS H B2 2638 K PR (P<0.0001) ;
%j db/db+TFAM %5 4 41 Fl db/db 41 [ %, db/db+
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Fig.3 Changes of oxidative stress indexes in myocardial tissue of mice in each group

TEAM #5154 Caspase-3. Bax A /KER#{IK(P<0.001),
Bcl-2 k7K EFHE (P<0.001); 11 db/db+TEAM 25 2k 41
5j db/db 41 Caspase-3. Bax. Bcl-2 Kik/K PTG
P12 L(P>0.05) (Fl 4A) . TUNEL BAG I 25 3R R
5 db/m4 HL#, db/db 4H/NRCIZH 4 TUNEL FH
P 41 i Eic i (P<0.001) 5 5 db/db 4111 db/db+TEAM
S A, db/db+TFAM i 63k 2H TUNEL BH 144
Ji 455k /0 (P<0.05, P<0.01); ifij db/db+TFAM 25 #% 2H
55 db/db 21 TUNEL [H 14 41 il 028 b o 48 i 24 5 X
(P>0.05, K14B).

2.5 £EFIK TEAM X BE PRI /)N BC LS 47 7 52
HE 045 5 BoR, db/m ZH/NBUO LSS E S, O
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