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Background: This study aimed to investigate the protective roles and mechanisms of taurine on myocardial

ischemia/reperfusion (I/R)-induced cell apoptosis, and thus provide evidence for the treatment of myocardial I/R

injury and the development of related drugs.

Methods: The cardiomyocytes of neonatal rats were used to prepare the hypoxia/reoxygenation (H/R) injury

model; gene transfection and small interfering RNA (siRNA) target gene silencing techniques were performed,

along with methyl thiazolyl tetrazolium (MTT) assay to detect cell survival, flow cytometry to detect cell apoptosis,

and Western blot to measure protein expressions.

Results: Compared with the H/R group, the apoptosis rates of cardiomyocytes in the three taurine (TAU)-protection

groups were significantly decreased (p < 0.05). As the TAU concentration increased, the expression of Bcl-2 protein

in H/R cardiomyocytes also gradually increased (p < 0.05), while the protein expressions of p53 up-regulated

modulator of apoptosis (PUMA), C/EBP homologous protein (CHOP), Bax, glucose-regulated protein 78kD (GRP78),

and caspase-3 gradually decreased (p < 0.01). TAU strongly downregulated the expression of PUMA-transfected

cardiomyocytes. After targeted silencing of PUMA, the apoptosis rate was significantly decreased, while the

expression of Bcl-2 protein was increased, and that of Bax protein was decreased (p < 0.05).

Conclusions: TAU significantly inhibited myocardial H/R-induced apoptosis, and the mechanism may be related to

a downregulated expression of PUMA.
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INTRODUCTION

Coronary heart disease is one of the most lethal car-

diovascular events worldwide.
1-4

After acute myocardial

infarction, timely reperfusion therapy [including throm-

bolysis and percutaneous transluminal coronary inter-

vention (PCI)] and coronary flow restoration are the

most effective measures to reduce the myocardial in-

farction size and improve the survival rate. However,

during the process of blood flow restoration, new dam-

age can be caused, namely ischemia-reperfusion (I/R)

injury.
5,6

Since recanalization techniques are widely used,

myocardial I/R injury has become a primary factor af-

fecting the treatment of ischemic heart diseases. Myo-

cardial I/R injury occurs when the I/R myocardium is ag-

gravated after the blood supply is restored, which usu-

ally occurs within the first 24 hours after reperfusion.

I/R injuries often lead to diastolic dysfunction, arrhyth-

mias, metabolic abnormalities, and structural changes,
7,8
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thus methods to reduce hypoxia/reoxygenation (H/R)

injury have become an important medical issue. Reduc-

ing myocardial I/R injury is important to improve the

clinical treatment of cardiovascular diseases. The me-

chanisms of myocardial I/R are complex, and are mainly

related to post-reperfusion Ca
2+

overload, inflammation,

release of a large number of oxygen free radicals, meta-

bolic disorders,
9

and the activation of a variety of signal-

ing pathways.
10

Myocardial I/R affects heart function

and also limits the efficacy of various clinical infusion

therapies such as coronary thrombolysis, interventions,

and bypass surgery.
11-13

In recent years, several studies have reported that

apoptosis is an important pathological feature of myo-

cardial I/R injury;
14,15

thus, downregulating or inhibiting

myocardial cell apoptosis could significantly reduce myo-

cardial I/R injuries. p53 up-regulated modulator of apop-

tosis (PUMA) is an important member of the mitochon-

drial apoptosis pathway.
16

PUMA is a BH3-only protein

with the strongest pro-apoptotic effects.
17

It is signifi-

cantly upregulated in intestinal I/R injuries and can me-

diate apoptosis through activating the mitochondrial

apoptosis pathway. Knockout of PUMA has been shown

to reduce apoptosis in cerebral ischemia and intestinal

I/R injury.
18

Taurine (TAU) is a sulfur-containing amino

acid normally present in vivo, and its structure is simple.

As a condition-essential amino acid in vivo, TAU has

functions including anti-oxidation, scavenging free radi-

cals, maintaining cell membrane stability and cellular

osmotic pressure, regulating intracellular Ca
2+

homeo-

stasis, and acting as an anti-bacterial and anti-inflamma-

tory agent. In addition, it can inhibit apoptosis and pro-

tect against myocardial I/R injury.
19,20

Whether the car-

dioprotective effects of TAU are related to PUMA is still

unclear. Therefore, this study aimed to elucidate the

molecular mechanism by which TAU inhibits the apop-

tosis of myocardial cells in I/R injury and to expand the

application of TAU in the prevention and treatment of

I/R injury. We found that PUMA plays an important role

in H/R-induced rat cardiomyocytes, but it was not clear

whether TAU protected the myocardium by regulating

PUMA.
21

PUMA is a key molecule in myocardial I/R in-

jury and is considered to be a new target for the preven-

tion and treatment of ischemic heart disease.
17

This

study used a myocardial H/R model and techniques in-

cluding exogenous PUMA gene transfection and small

interfering RNA (siRNA) targeted gene silencing to ob-

serve the changes in PUMA expression and apoptosis in

myocardial cells after H/R injury, with the aim of eluci-

dating the protective roles of TAU in myocardial H/R in-

jury and its molecular mechanisms, and to provide evi-

dence for the targeted therapy of cardiac H/R injury and

drug development. The scientific significance of this

study is that TAU inhibited apoptosis and protected the

myocardium by down-regulating PUMA expression. This

provides a new experimental basis to widen the applica-

tion of TAU in the prevention and treatment of myocar-

dial I/R injury. This study not only elucidated the role

and molecular mechanism of TAU in the prevention and

treatment of myocardial I/R injury, but also provided an

important basis for the prevention and treatment of

TAU for other tissue and organ I/R injuries.

MATERIALS AND METHODS

Primary culture of cardiomyocytes

The separation and culture of neonatal rat cardio-

myocytes were performed in our laboratory. The hearts

of 1- to 3-day-old Wistar rats were removed under asep-

tic conditions, and residual blood was washed away with

pre-chilled D-Hanks solution. After separating the at-

tached tissues, ophthalmic scissors were used to cut the

hearts into 1-mm pieces. To obtain myocardial cell sus-

pension, the pieces were repeatedly digested with 0.08%

protease while being stirred at 37 �C. The cell concen-

tration was then adjusted to 1.0 � 10 cells/mL with 20%

FBS-containing M199 medium and 0.1 mmol/L 5-bro-

modeoxyuridine was added. The cell suspension was

separated into different flasks and cultured at 37 �C and

5% CO2. The flasks were first inverted, then flipped 90

min later for continuous culture. The culture medium

was changed once every 24 h. Before drug treatment,

the cells were cultured with serum-free medium for 24

h. The 4 g/L trypan blue exclusion method was used to

detect myocardial cell survival. This study was carried

out in strict accordance with the recommendations in

the Guide for the Care and Use of Laboratory Animals of

the National Institutes of Health. The animal use proto-

col was reviewed and approved by the Institutional Ani-

mal Care and Use Committee (IACUC) of Nanchang Uni-

versity.
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Preparation and grouping for the rat myocardial H/R

injury model

Referring to the methods established in our labora-

tory,
17

for the third generation of the original cardio-

myocytes, the normal culture medium was first replaced

with 95% N2 and 5% CO2 gas mixture-saturated hypoxic

culture medium. The culture plates were then placed in

one 95% N2 and 5% CO2 gas mixture-saturated hypoxic

well-closed container for 5 h of culture (37 �C). The cul-

ture medium was then replaced with 95% O2 and 5%

CO2 gas mixture-saturated normal culture medium and

cultured in a CO2 incubator (5% CO2 at 37 �C) for reoxy-

genation culture. The cells were divided into five groups:

the normal control group (controls), H/R 2 h group, H/R

4 h group, H/R 6 h group, and H/R 12 h group. Each

group was repeated three times.

Detection of myocardial cell survival and lactic

dehydrogenase (LDH) activity

We used the methyl thiazolyl tetrazolium (MTT) as-

say to detect myocardial cell survival. The cells were cul-

tured in 96-well culture plates at a density of 1 � 10
5

cells/well using 200 �L of liquid per well. Twenty �L of

MTT (5 mg/mL) was added to the test samples (the con-

trol group received culture medium only). After incubat-

ing the cells at 37 �C for 4 h, the culture medium was re-

moved, 150 �L of DMSO was added to each well, and

the plates were oscillated for 10 min to fully dissolve the

crystals. The absorbance of each well was detected at

490 nm on a microplate reader. Cell survival was calcu-

lated with the following formula: (absorbance of the ex-

perimental group/absorbance of the control group) �

100%. LDH activity was measured using an automatic

biochemical analyzer (Beckman, USA).

Flow cytometry

The myocardial cells in each experimental group were

prepared as a single cell suspension and rinsed with 4 �C

pre-cooled PBS twice. Annexin V and PI dye were added

according to the manufacturers’ instructions, and cell sus-

pensions were incubated at room temperature in the dark

for 15 min. Apoptosis of the cells was measured with a

flow cytometer (FACS Calibur, Becton Dickinson, USA).

Ad-PUMA and siRNA transfection

Using methods established in our laboratory, myo-

cardial cells were divided into control, Ad-GFP (adeno-

virus vector containing green fluorescent protein), Ad-

PUMA (adenovirus vectors containing PUMA), and 3

Ad-PUMA+TAU (add TAU 1 hour before transfection)

groups, each with 6 replicas. The Ad-GFP group was

transfected with Ad-GFP, Ad-PUMA and 3 Ad-PUMA+

TAU groups were transfected with Ad-PUMA after 24 h

of myocardial cell culture, respectively, The control group

was a blank control group, without any treatment. Fluo-

rescence microscopy was performed after 72 h. Using

methods established in our laboratory, the myocardial

cells that were cultured for 2 days were transfected with

siRNA, after which over 60% of the culture plate exhib-

ited successful integration of siRNA. For specific siRNA

concentrations and steps, we followed the protocol of

Lipofectamine
TM

2000 reagent. Twenty-four hours after

transfection, we prepared the rat myocardial H/R injury

model as described above.

Real-time polymerase chain reaction (RT-PCR)

For each group, the total RNA of the myocardial cells

was extracted using conventional methods, and RT-PCR

was used to detect the expressions of PUMA and glu-

cose-regulated protein 78 kD (GRP78) mRNA. The fol-

lowing primers were used: PUMA upstream primer: 5�-

AGCGGCGGAGACAAGAA-3�, downstream primer: 5�-

CAAGTCCGTATCTCCATCAGTG-3�, amplified length: 323

bp; Grp78 upstream primer: 5�-CATCCAGGATCGAGCA

GA-3�, downstream primer: 5�-CAAAGTAGAAGAGGGC

AACC-3�, amplified length: 260 bp; glyceraldehyde phos-

phate dehydrogenase upstream primer: 5�-GCAAGTT

CAACGGCACAG-3�, downstream primer: 5�-AGGTGGAA

GAATGGGAGTTGCT-3�, amplified length: 723 bp. Five �l

of the PCR amplification products were run on 1.5%

agarose gel (containing 0.5 mg/L ethidium bromide),

and a gel imaging system was used for photography and

analysis. The results were expressed as the gray ratio of

target gene product band to GAPDH product band.

Western blot

The appropriate amount of pre-cooled protein lys-

ate was added to extract total proteins. After quan-

titating the protein concentration using the Bradford

method, equal concentrations of proteins were used for

SDS-PAGE electrophoresis. The proteins were transferred

onto a polyvinylidene fluoride membrane, then incu-
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bated with the primary and secondary antibodies, re-

spectively, followed by enhanced chemiluminescence

chromogenic exposure, developing, and fixing. After

scanning the films, we used gel analysis software for

analysis and processing, and the results were expressed

as the gray ratio of target gene product band to �-actin

product band.

Statistical analysis

All experimental data were expressed as x � s, and

SPSS software version 13.0 was used for the univariate

analysis of variance (one-way ANOVA).

RESULTS

Impacts of H/R on cell survival and protein

expression

The results of myocardial cell survival and LDH ac-

tivity in the cell culture medium showed that the car-

diomyocytes in the control group grew well, and that

the LDH concentration in the culture medium was low

(Table 1). After H/R, the myocardial cells were obviously

injured, and the survival rate of each H/R group was sig-

nificantly lower than that of the control group, while the

LDH concentration in the medium was significantly higher,

and the difference was statistically significant (p < 0.05).

Figure 1 shows that the mRNA and protein expression

patterns of GRP78 and PUMA in the cardiomyocytes

were basically the same. When compared with the con-

trol group, the expressions of GRP78 mRNA and protein

in the H/R 2-h group and those of PUMA mRNA and pro-

tein in the H/R 4-h group were significantly increased (p

< 0.05). The expressions of GRP78 and PUMA reached

peaks at 6 h and 12 h after H/R, suggesting that H/R

might have caused an increase in the expressions of

PUMA and GRP78 in the myocardial cells, and that this

might be closely associated with myocardial cell injury.

Impacts of TAU on H/R-induced myocardial cell

apoptosis

Figure 2 shows that the myocardial cell apoptosis

rate of the H/R group was high (up to 38.73%) and ex-

hibited a significant difference to the control group (p <

0.01). In addition, the 10 mmol/L TAU protection group

(TAU was added an hour before myocardial cell hypoxia

treatment) had an apoptosis rate of 27.05%, signifi-

cantly different from the H/R group (p < 0.05). The

apoptosis rate of the 20 mmol/L TAU protection group

was only 9.46%, which was 75.57% lower than the I/R
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Figure 1. Expression changes of PUMA and GRP78 in the cardiomyo-

cytes at different time points after H/R (n = 3). (A) RT-PCR; (B) Western

blot; (C) Histogram of the protein expressions.

A

B

C

Table 1. Survival and LDH activity of the cardiomyocytes ( x � s,

n = 3)

Group Survive rate (%) LDH inmedium (U/L)

Control 96.45 � 2.18
# #

141.61 � 12.33*

H/R 2 h *72.51 � 6.31*
# #

756.23 � 61.31*

H/R 4 h 65.37 � 5.23
#

0892.46 � 112.45
#

H/R 6 h 60.66 � 5.48
#

1145.67 � 154.83
#

H/R 12 h 56.49 � 5.12
#

1107.88 � 152.66
#

H/R 24 h 52.13 � 5.76
#

1137.66 � 148.73
#

* p < 0.05,
#

p < 0.01 vs. control.

H/R 2h, hypoxia for 5 hours/reoxygenation for 2 hours; H/R 4h,

hypoxia for 5 hours/reoxygenation for 4 hours; H/R 6h, hypoxia

for 5 hours/reoxygenation for 6 hours; H/R 12h, hypoxia for 5

hours/reoxygenation for 12 hours; H/R 24h, hypoxia for 5

hours/reoxygenation for 24 hours; LDH, lactic dehydrogenase.



group, and exhibited a very significant difference com-group, and exhibited a very significant difference com-

pared with the I/R group (p < 0.01). The apoptosis rate

of the 30 mmol/L TAU protection group was the lowest,

indicating that the inhibition of TAU against H/R-in-

duced myocardial cell apoptosis had a dose-effect rela-

tionship.

Impacts of TAU on protein expression of PUMA and

C/EBP homologous protein (CHOP) in post-H/R

cardiomyocytes

Western blot analysis showed that TAU had different

degrees of impact on the protein expressions of PUMA,

CHOP, Bcl-2, Bax, GRP78, and caspase-3 in post-H/R car-
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Figure 2. Inhibition of TAU against H/R caused myocardial cell apoptosis. Note: TAU was added an hour before myocardial cell hypoxia treatment.

(A) Control group; (B) H/R 6h group; (C) H/R 6h+Tau (10 mmol/L) GROUP, a final concentration of 10 mmol/L taurine was added 1 hour before

hypoxia; (D) H/R 6h+Tau (20 mmol/L) GROUP, a final concentration of 20 mmol/L taurine was added 1 hour before hypoxia; (E) H/R 6h+Tau (30

mmol/L) GROUP, a final concentration of 30 mmol/L taurine was added 1 hour before hypoxia; (F) Statistical analysis of the apoptosis rate. ** p <

0.01 vs. control;
#

p < 0.05,
##

p < 0.05 vs. H/R 6 h.

A B

C D

E F



diomyocytes (Figure 3). As the TAU concentration in-

creased, the pro-apoptotic protein expressions of PUMA,

CHOP, Bax, GRP78, and caspase-3 in post-H/R cardio-

myocytes gradually decreased (p < 0.01), while that of

the anti-apoptotic protein Bcl-2 gradually increased (p <

0.05).

Inhibition effects of TAU on the overexpression of

PUMA in post-H/R cardiomyocytes

Figure 4 shows that at both the RNA and protein

level, the three TAU groups exhibited strong downre-

gulation of the exogenous Ad-PUMA-induced PUMA

overexpression, and that this had a significant dose-ef-

fect relationship (p < 0.05). The results showed that TAU

had a good inhibitory effect on the overexpression of

PUMA in cardiac cells.

Impacts of PUMA silencing on post-H/R myocardial

cell apoptosis and levels of apoptosis-associated

proteins

Figure 5 shows that the myocardial cell apoptosis

rate of the H/R + PUMA-siRNA group was significantly

reduced compared to the H/R + NC-siRNA group (p <

0.05). Figure 6 shows that the expressions of PUMA and

Bax protein in the H/R + PUMA-siRNA group in the car-

diomyocytes were significantly decreased compared to
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Figure 3. Impacts of TAU on expressions of apoptosis-related proteins in post-H/R cardiomyocytes. Note: TAU was added an hour before myocardial

cell hypoxia treatment, the final concentrations of TAU in Tau1, Tau2, Tau3, and Tau4 were 10, 20, 30 and 60 mmol/L, respectively. (A) Result of de-

tecting bcl-2, Bax, PUMA and caspase-3 proteins by Western blot. (B) Grayscale analysis result of PUMA caspase-3 bcl-2, Bax. (C) Grayscale analysis

result of GRP78 CHOP. * p < 0.05, ** p < 0.01 vs. H/R 6 h.

A

B

C

Figure 4. Inhibition effects of TAU on overexpression of PUMA in

post-H/R cardiomyocytes. (A) RT-PCR; (B) Western blot; (C) Histogram of

protein expressions. ** p < 0.01 vs control;
#

p < 0.05 vs. H/R 6 h.

A

B

C
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Figure 5. Impacts of PUMA silencing on post-H/R myocardial cell apoptosis. (A) H/R+Tau group, a final concentration of 10 mmol/L taurine was

added 1 hour before hypoxia; (B) H/R+NC-siRNA group; (C) H/R+PUMA-siRNA group; (D) H/R group, means hypoxia for 5 hours/reoxygenation for 6

hours; (E) Histogram of apoptosis rate in each group. * p < 0.05, ** p < 0.01 vs. H/R.

Figure 6. Impacts of PUMA silencing on levels of apoptosis-associated proteins in post-H/R myocardial cells. (A) Result of detecting bcl-2, Bax,

PUMA and caspase-3 proteins by Western blot. (B) A histogram of relative expression levels of Bax, bcl-2 and PUMA. * p < 0.05, ** p < 0.01 vs. H/R.

A B

C D

E

A B



the H/R + NC-siRNA group (p < 0.01), while the expres-

sion of Bcl-2 protein was significantly increased (p <

0.01). The apoptosis rate and expressions of PUMA and

Bax protein in the H/R + TAU group were significantly

decreased compared to the H/R + NC-siRNA group (p <

0.05), while the expression of Bcl-2 protein was signifi-

cantly increased (p < 0.05), indicating that PUMA plays

an important role in H/R myocardial cell apoptosis, while

TAU may play a role in anti-apoptosis by downregulating

the expression of PUMA.

DISCUSSION

Apoptosis is the primary cause of myocardial cell

loss caused by myocardial I/R injury, and it can lead to

increased infarction size and participate in myocardial

remodeling and conversion to heart failure.
9,22

PUMA is

known as “the center of the mitochondrial apoptosis

pathway,” and it plays a key role in apoptosis.
16

Previous

research studies have found that the effects of Ad-

PUMA were better than Ad-p53 for inhibiting tumor cell

proliferation and inducing apoptosis,
23,24

so PUMA would

appear to have great potential in tumor therapy. PUMA

is also a molecular target in preventing and treating de-

generative diseases caused by tissue and cell damage

due to excessive apoptosis. In these diseases, the goal is

to downregulate or inhibit the pro-apoptotic effects of

PUMA to reduce tissue and cell damage.
18,25

Toth
26

found

that the myocardial infarct size after I/R in PUMA defi-

cient mice was reduced by 50% compared to normal

mice. Our previous experiments showed that the ex-

pression of PUMA was significantly increased during rat

myocardial cell H/R injury,
21

and that it was one of the

primary causes of myocardial cell H/R injury. The results

of this study further confirmed that H/R leads to myo-

cardial cell apoptosis, and that the expressions of PUMA,

Bax, and caspase-3 were increased (Figure 3), while that

of Bcl-2 was downregulated. We also found that tar-

geted PUMA silencing could significantly reduce myocar-

dial cell apoptosis (Figure 5), thus increasing the toler-

ance of myocardial cells towards H/R injury. Therefore,

the overexpression of PUMA was a key element of H/R-

induced myocardial cell apoptosis, and may be a poten-

tial new target for preventing and treating the H/R in-

jury of cardiomyocytes.
27

Numerous studies have demonstrated
19,20

that TAU

is abundantly expressed in the myocardium, and that it

is favorable in the prevention and treatment of ischemic

heart diseases including myocardial I/R injury, myocar-

dial infarction, coronary heart disease, and heart failure.
26

The main molecular mechanisms are involved in the

mitochondrial apoptosis pathway and endoplasmic re-

ticulum apoptosis pathway.
16,25

For example, TAU has

been shown to be able to regulate the expressions and

activities of Bcl-2 and Bax, inhibit the expression of ca-

spase-8/9,
28

the formation of Apaf-1/caspase-9 apop-

totic bodies,
29

and regulate the Akt/Caspase-9 apoptosis

pathway.
30

However, whether its anti-myocardial apop-

tosis effect is related to PUMA has not been reported.

The results of this study suggest that TAU can both in-

hibit H/R myocardial cell apoptosis (Figure 2) and also

downregulate the increased expressions of pro-apop-

totic proteins such as PUMA, Bax, and caspase-3 in post-

H/R cardiomyocytes (Figure 3), as well as dose-depend-

ently enhance the expression of anti-apoptotic protein

Bcl-2. In addition, we found that TAU could downre-

gulate the overexpression of exogenously transfected

PUMA in the myocardial cells (Figure 4). These results

suggest that downregulating the expression of intra-

cellular PUMA might be an important mechanism of TAU

in reducing myocardial I/R injury.

The results of this study also showed that TAU could

downregulate the increased expressions of CHOP and

GRP78 proteins in the H/R cardiomyocytes. GRP78 is a

marker protein for endoplasmic reticulum stress, and

CHOP protein is a PUMA transcription factor
31

which can

promote the expression of PUMA, thus contributing to

the activation of Bax and caspase-3, ultimately leading to

apoptosis. As for the mechanisms by which TAU down-

regulates PUMA expression, we hypothesize that TAU has

an antioxidation effect, scavenges free radicals, and regu-

lates intracellular Ca
2+

homeostasis, thus reducing post-

H/R endoplasmic reticulum stress and CHOP protein ex-

pression, as well as downregulating the expression and

activity of PUMA. Therefore, we believe that the role of

TAU in inhibiting I/R injury-induced myocardial cell

apoptosis is via downregulating the expression and

pro-apoptotic effects of PUMA. This may occur in three

ways. First, reducing ERS of post-I/R myocardial cells th-

rough its antioxidation effect and by adjusting intra-

cellular Ca
2+

homeostasis
19

and inhibiting the expression
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of transcription factor CHOP (Figure 3), thereby resulting

in the downregulation of PUMA.
31

Second, reducing the

neutralization of PUMA towards various anti-apoptotic

proteins of the Bcl-2 family, increasing the expressions of

anti-apoptotic proteins such as Bcl-2 (Figure 3) and Bcl-XL

inside the cardiomyocytes.
19,32

Third, reducing the bind-

ing and activation of PUMA with Bax/ Bak on mitochon-

drial membranes, reducing mitochondrial damage and

the release of apoptosis initiation factors,
19,33

thereby in-

hibiting or reducing the pro-apoptotic effects of PUMA.

Human studies have revealed the nutritional value of

TAU. Of particular note, a World Health Association study

involving 50 population groups in 25 different countries

reported that elevated dietary TAU consumption was as-

sociated with a decreased risk of hypertension and hy-

percholesterolemia.
34

TAU supplementation has also been

linked to a lower body mass index
35

and reduced levels

of inflammation markers in obese women.
36

The benefi-

cial effects of TAU were first noted experimentally and

later proven epidemiologically in humans.
37

Thus, the

cytoprotective actions of TAU may contribute to improve-

ments in the clinical and nutritional health of humans.

Today, TAU has been approved for the treatment of con-

gestive heart failure in Japan and shows promise in the

treatment of several other diseases. It has also stimulated

research into its potential therapeutic uses. Results of

many clinical studies have been encouraging, suggesting

a promising future for TAU therapy.
38

CONCLUSIONS

In conclusion, we used PUMA exogenous gene trans-

fection and siRNA targeted gene silencing technology to

observe the role of PUMA in alleviating myocardial I/R

injury with TAU. PUMA expression and its effect on pro-

moting apoptosis two aspects, establish the PUMA is

TAU against myocardial apoptosis effect of new targets,

clarify the TAU on I/R PUMA expression and its effect on

promoting apoptosis in myocardial cells and the influ-

ence of the molecular mechanisms.
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