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[ ABSTRACT] Objective; To investigate the effects of p53 upregulated modulator of apoptosis ( PUMA) on the apoptosis of HIC2
cardiomyocytes induced by high glucose and its mechanisms. Methods; H9C2 cardiomyocytes were treated with 5. 5mmol/T. ( control
group) or 35 mmol/L glucose (HG group) for 6 h, 12 h, 24 h or 48 h respectively to induce apoptosis, each group sets 5 multiple
wells. Apoptosis was tested by TUNEL assay. PUMA mRNA was measured by RT-PCR and protein expression was measured by West-
ern blot assay. The mitochondrial membrane potential was detected by JC-1 method. The expressions of cleaved caspase-3 and cyto-
chrome C (Cyt C) protein in mitochondria and cytoplasm were determined by Western blot assay. HOC2 cardiomyocytes were randomly
divided into four groups, control group (5.5 mmol/L), HG (35 mmol/L) group, HG+si-scramble group( si-scramble treatment for 24
h, then 35 mmol/L high glucose treatment for 24 h) and HG-si-PUMA group (si-PUMA treatment for 24 h, then 35mmol/L high glu-
cose treatment for 24 h). Si-PUMA was transfected into cardiomyocytes and the effects of PUMA on high glucose-induced apoptosis
were studied. Results: Compared with the control group, high glucose increased cardiomyocyte apoptosis and enhanced PUMA mRNA
and protein expressions significantly ( P<0.05 or P<0.01). Cell injury and increased PUMA expression were time-dependent and there
was no significant difference between the high glucose 24 h group and the high glucose 48h group. The following experiment used high
glucose 24 h as the stimulation time. The cardiomyocytes transfected with si-PUMA to inhibit PUMA expression had decreased apoptotic
rate and cleaved caspase-3, increased mitochondria membrane potential and decreased Cyt C release ( P<0.05 or P<0.01). There
were no significant differences between the HG+si-scramble group and the high glucose group (P>0.05). Conclusion; PUMA medi-
ates high glucose-induced cardiomyocyte apoptosis suggesting PUMA may be an important target gene of diabetic cardiomyopathy.
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Fig. 1 High glucose induced HIC2 cell apoptosis (n=3)
H9C2 cells were treated with or without high glucose for in-
dicated intervals

A: TUNEL assay;

B: cleaved caspase-3

Tab. 1 High glucose increased the expression of PUMA and cell apoptosis (x+s)

G Cell viability Tunel positive cells (% )  cleaved-caspase-3 PUMA mRNA PUMA protein
o (n=5) (n=3) (n=3) (n=3) (n=3)

Control 1 2.70+ 2.89 0.21+0.04 1 0.19+0.06

6 h 0.96+0.02" 13.50+ 5.60" 0.30+0.03 " 1.17+£0.08 " 0.34+0.06"

12 h 0.90+0.03 ™ 20.87+ 8.17" 0.45+0.10° 1.42+0.13"° 0.50+0.12"

24 h 0.77£0.04 ™ 34.33+£10.02™ 0.86+0.10" 2.02£0.29 ™ 0.83+0.11™

48 h 0.55+0.04" 38.33+ 9.04™ 0.87+0.15" 2.01+0.17" 0.86+0.13™

"P<0.05, "P<0.01 ws control group

2.2 HHEX HIC2 41 PUMA mRNA FfIZEREX  SXRAME, S 6 h,12 h,24 h,48 h 40/

BRI PUMA mRNA &3k K FFE2E T+ (P<0. 05 5 P<

YHMIZE T E BEAL P 6 h,12 h,24 h,48 h, W%
PUMA mRNA F1#E H ik E M, RT-PCR 45 R B,

0.01,K2,% 1), SXIIRLAMIL, @A 6 h, 12
h,24 h,48 h ZH )il PUMA 2 H R IBFFLL T (P<



R A AR 2024, 40(1)
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BFIE] A 24 b,

PUMA o e o e S

GAPDH il
Control 6h 12h 24 h 48h

Fig. 2 High glucose increased the expression levels of PUMA
in HOC2 cells (n=3)
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— R PUMA X0 JUL 20 Ji o35 A7 9 5008 1 114 52
BEE S LA, Ui = A0 B R 5 2 B 7R control 4
100 : 4125 : 5,150 : 6 175 : 7.5 ZHFE Y343 51K
(%) :0.22+0. 16 37.20+6.46 42.40+10. 11 .79. 20
+3.96 .60.80+11.28,4 siRNA 5 Lipo 2000 1 L 44
9150 = 6 B e OR e, Ludl oy 175 + 7.5 g
AR RRAR, WO A 2 e S 5 o 26 B siRNA 5 Li-
po 2000 A LLAIA 150 = 6.,
2.4 FLFEO LR E R
Si-scramble #4440 (0. 99+0. 01) Fl si-PUMA #%
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5 IR (HG Ab3EL 23 il PUMA mRNA K3k (P<
0.01) ,HG+si-PUMA 414 /il PUMA mRNA ik i
I/ (P<0.01) , si-scramble #% 4%} PUMA mRNA 3%
ETCH] BN (P>0.05,%2) .

Western blot 455 2 7~ , HG Ak ¥ I & 3 fin PU-
MA 1335 (P<0.01) , si-PUMA %% YL 41 it BH 15 1)
il HG 531 PUMA & H 33k (P<0.01) , si-scram-
ble X PUMA & 3R i5 o W2 m (P>0.05, & 3,
F2) 3R si-PUMA F 34473900 PUMA mRNA Fl
EHAMRIL,
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Fig. 3 The expressions of PUMA after transfected with si-PU-
MA in H9C2 cells (n=3)

Tab. 2 The effect of si-PUMA transfection on HOC2 cells subjected to HG(x+s, n=3)

Group PUMA mRNA PUMA protein Apoptosis cells (% ) Cleaved-caspase-3
Control 1 0.31+0.70 1.30+1.05 0.51+0.11
HG 1.97+0.30™ 0.95+0.06 37.00+7.56 ™ 0.83+0.09"
HG+si-scramble  2.02+0.29 ™ 0.97+0.07 36.00+9.16™ 0.79+0.10"
HG+si-PUMA 1.32+0.21% 0.36+0.07" 10. 87+4. 73" 0.50x0. 10

*P<0.05, "P<0.01 s control group; *P<0.05,"P<0.01 vs HG group

2.6 si-PUMA # £33 S HERIE HOC2 /L AIL4H A 4
b s EA )

KRS T PO LA ML PUMA £3A /5, HG+
si-PUMA ZH 40 i T3 5 @A L, 22 5 R A 48
T3 X (P<0.01) ,HG +si-scramble ZHIH TR 55
BHAAH L TC W B PE22 5 (P>0.05, K 4A,%2), 5
FFHEZLAH HE , HG +5i-PUMA 4 Cleaved caspase-3 &
FH#E A B TR (P<0.05) , 11 HG+si-scramble 20 5
(R AR L TG W 5 22 5 (P>0.. 05, K1 4B, £ 2) |1
71 si-PUMA 94 i Bk PUMA 3% 35 AT R v 4 T 3L
T,

A

Control HG . HG+ HG+
si-scramble  si-PUMA

cleaved
caspase-3 S G —

GAPDH s -y < s

Control HG  HG+ HG+
si-scramble si-PUMA
Fig. 4 PUMA knockout decreased H9C2 cells apoptosis in-

duced by high glucose (n=3)
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2.7 PUMA BB = #E %I # HOC2 (0 AL 4 B £ it
k RE R AL R S0

S5XTHR4AH k., HG 4 & HG +si-scramble 4 4§
o/ DS U E B 1 N (P<0.05) . 5 HG 4141
Fb, HG +si-PUMA 41 4% {5,/ 41 (5,756 % b PH 8 [ A%
(P<0.05) , i HG+si-scramble 215 HG 2440 Lt TCHA
WA ((P>0.05,E15,%3) ,$2/5 si-PUMA §4 4
Bk PUMA 3k ] i 28 020 B8 S 10 ok M4 B Fl
ARk,

Control

HG+
si-scramble

Fig. 5 PUMA knockout decreased the mitochondrial membrane
potential of HOC2 cells induced by high glucose (n=3)
Tab. 3 The effect of si-PUMA on the mitochondrial membrane
potential and Cyt C (x+s, n=3)

Ratio of Mitochondria ~ Cytoplasm
Group fluorescence eyt C/ cyt C/

intensity GAPDH GAPDH
Control 1.01+0.02  0.84+0.07  0.22+0.08
HG 1.46£0.17° 0.51+0.10™ 0.45+0.11°
HG+si-scramble  1.43+0.08" 0.57+0.08" 0.44+0.08"
HG+si-PUMA 1.10£0.06" 0.79+0.11"  0.23=0.05"

*P<0.05, *P<0.01 vs control group; *P<0.05,%*P<0.01
vs HG group
2.8 si-PUMA # X SHERIE HOC2 (0 AR £k
fIfk Cyt C BRAHIRIM

53X R0 AH e, HG 20 & HG +si-scramble 4 2%
BARF Cyt C 25 ek I G RRAR, a2 Cyt C B 5
T (P<0.05,P<0.01) ;5 HG ZHAH I, HG +si-PU-
MA HEZ KR Cyt C 8 H KB 8 T m, M b
Cyt C & H W BIE (P<0.05,P<0.01) , ifi HG+si-
scramble ZHZE K7 f& Cyt C MK Cyt C 5t
FH I TCH B AR b (P>0.05, K 6, 3) .
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Mitochondria Cytoplasm
Cytc-,--- Cyt C w—— D < s
GAPDH < < < GAPDH St

Control HG HG+ HG+
si-scramble si-PUMA

Control HG HG+ HG+
si-scramble si-PUMA

Fig. 6 PUMA knockout inhibited the release of Cyt Cin HOC2
cells induced by high glucose (n=3)
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RIAT RS S0 4008 T, 8 1 5 A 40 i R 5
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Bel-xL MCL-1) A{E M T 1Y BH3 & A, {7 BH3 4%
PR 1 7 AR B AR 2 A /E H. PUMA 1Y BH3
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P Bax {5 M5 AORLAAR S I E 75 M | RE AN i £
E O = 85 E2111i 00 3 T A5 7 T N e g ey )
HRER T, 2 TOBE PR S g v B IR ] LA 800
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ORI REREAY . I AE R T R O LR 5
O LA LR T 0 i 0 5 T 1 22 | SR R U T B
TR A AR EENLH . PUMA &GOk (RSN 7%
PEMEEETHE T, BATWERERS T, B &
7R SR T BHIE PUMA 280K {0015 b Ak 34 10
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C B Bkl
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