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Abstract: Acute myocardial infarction is one of the major causes of mortality worldwide. Reperfusion in a timely fashion is the most 
effective way to limit infarct size. However, reperfusion can itself prompt further myocardial injury. This phenomenon is commonly 
known as myocardial ischemia-reperfusion (IR) injury. Mitochondrial aldehyde dehydrogenase (ALDH2) is an enzyme metabolizing 
acetaldehyde and toxic aldehydes. Increasing evidence has revealed a cardioprotective role of ALDH2 in myocardial IR injury. Evi-
dence from animal studies has shown that ALDH2 diminishes acute myocardial infarct size, ameliorates cardiac dysfunction and pre-
vents reperfusion arrhythmias. The activity of ALDH2 is severely compromised if it is encoded by the mutant ALDH2*2 gene, with an 
incidence of approximately 40% in Asian populations. Epidemiological surveys in the Asian population have depicted that ALDH2 
polymorphism is closely associated with higher prevalence of acute myocardial infarction and coronary artery disease. Therefore, tar-
geting ALDH2 may represent a promising avenue to protect against IR injury. This review recapitulates the underlying mechanisms 
involved in the protective effect of ALDH2 in cardiac IR injury. Translational potential of ALDH2 in the management of coronary 
heart disease is also discussed.
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线粒体乙醛脱氢酶在心肌缺血再灌注中的作用——从实验台到临床
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摘  要：急性心肌梗死是目前严重威胁人类健康的致死疾病之一，及时再灌注是限制心肌梗死面积的最有效方法，然而，再

灌注本身会导致进一步的心肌损伤。线粒体乙醛脱氢酶(mitochondrial aldehyde dehydrogenase, ALDH2)被广泛熟知为代谢乙

醛的酶。越来越多的证据表明ALDH2在心肌缺血再灌注中起到心肌保护的作用。动物实验表明ALDH2可减少心肌梗死面

积，减轻心功能紊乱，防止再灌注性心律失常的发生。突变型ALDH2*2基因编码的ALDH2酶活性显著降低，而该基因的突

变率在亚洲人群中约为40%。在亚洲人中的流行病学调查表明，ALDH2基因多态性与急性心肌梗死面积和冠状动脉疾病发

生率紧密相关。因此，将ALDH2作为治疗心肌缺血再灌注损伤的靶点将很有前景。本文综述ALDH2对缺血再灌注心肌的保

护作用及机制，并探讨 ALDH2的转化应用研究前景。
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1  Ischemia-reperfusion (IR) injury 

Coronary artery disease (CAD) is commonly referred 
to as the interruption of coronary blood supply to myo-
cardium, with acute myocardial infarction (AMI) being 
the most severe manifestation and consequence of 
CAD. AMI is the leading cause of morbidity and 
mortality in the world[1]. Up-to-date, the most widely 
employed effective maneuver for AMI is to apply timely 
reperfusion in order to limit myocardial infarct size [2]. 
Paradoxically, such process of reperfusion may itself 
trigger myocardial injury and cardiomyocyte death. 
Thus the process of “IR” may not only mitigate the 
benefits of reperfusion, but also contribute to up to 50% 
of the ultimate myocardial infarct, resulting in cardiac 
arrhythmias, heart failure and death[3]. Thus, protecting 
cardiomyocytes against IR injury should be a very 
important therapeutic strategy for the management of 
AMI. Unfortunately, efforts to protect the heart against 
IR injury remain dismal. 

With the advance of medical technology, the clinical 
approaches of both preconditioning[4] and postcondi-
tioning[5, 6] have greatly improved the clinical outcome 
of IR injury. More recent evidence has revealed a role 
of mitochondrial aldehyde dehydrogenase (ALDH2) in 
the onset and progression of myocardial IR injury. 
ALDH2 is widely known for its role in the detoxifica-
tion of the alcohol metabolite acetaldehyde. The cardi-
oprotective role of ALDH2 was first reported by Moch-
ly-Rosen’s group in 2008[7]. Through an unbiased 
proteomic search, they’ve found that activation of 
ALDH2 is correlated with reduced ischemic cardiac 
damage in rodent models. Then, by using Alda-1 
[N-(1,3-benzodioxol-5-ylmethyl)-2,6-dichloroben-
zamide], a small molecule ALDH2 activator, prior to 
ischemia, infarct size was found to be significantly 
reduced. In another word, activation of ALDH2 by 
Alda-1 prior to ischemic event can mimic precondition-
ing. The potential role of Alda-1 as a drug to limit isch-
emic damage has drawn broad attention recently, lead-
ing to the notion of ALDH2 as a novel cardioprotective 
factor and a promising therapeutic target for CAD [8–11]. 
The underlying mechanisms for the cardioprotective 
actions of ALDH2 have been extensively examined. In 
this review, we will summarize the current understand-
ing of the mechanisms contributing to the effect of 
ALDH2 in IR injury. Translational potential of Alda-1 
in the management of coronary heart disease will also 
be discussed.

2  Physiology of ALDH2

ALDH2 is the mitochondrial isoform of ALDH super-
family[12],  which is located in mitochondrial matrix to 
remove the aldehyde substrates. ALDH2 is a main 
enzyme in ethanol metabolism. Ethanol is mainly 
eliminated through oxidation, first catalyzed by alcohol 
dehydrogenase (ADH) to acetaldehyde, and then 
catalyzed by ALDH2 to acetic acid. In addition to 
acetaldehyde, ALDH2 also removes toxic aldehydes 
such as 4-hydroxy-2-nonenal (4-HNE)[11, 13], a primary 
detrimental product of lipid peroxidation. Structurally, 
ALDH2 is a tetrameric allosteric enzyme located in 
a wide range of organs including the heart. ALDH2 
gene often displays genetic polymorphism. ALDH2*1 
is defined as the wild-type genotype with full 
enzymatic activity, while ALDH2*2 represents the 
mutant genotype. ALDH2*2 encodes inactive subunit, 
containing a glutamate to lysine mutation at the posi-
tion 487 (E487K)[14]. With such change in any of the 
four subunits of aldh2 gene, ALDH2 enzymatic 
activity can be severely compromised. Heterozygotes 
ALDH2*1/2 only exhibit 30%–40% of normal ALDH2 
enzymatic activity, while the mutant homozygotes 
ALDH2*2/2 display negligible activity[7]. The mutation 
of ALDH2 occurs commonly in East Asian populations 
(up to 40%). The incidence of ALDH2  genetic 
polymorphism is rather rare in Caucasians, with merely 
8% among all ethnicities, as opposed to 40% in the 
East Asian population[15]. 

Although ALDH2 is an ethanol metabolic enzyme, a 
unique cardioprotective role of ALDH2 has been noted 
through both epidemiological surveys and experimental 
studies. Epidemiological surveys in the East Asian pop-
ulations have revealed that, compared to those with the 
wild-type ALDH2*1/1 genotype, the mutant ALDH2*2 
allele carriers endure much higher risks of AMI and the 
overall incidence for cardiovascular disease[16], as well 
as higher risks of independent risk factors for cardio-
vascular diseases, such as diabetes mellitus[17, 18], hyper-
tension[19] and dyslipidemia[20]. Evidence from animal 
studies depicted that, activation or overexpression of 
ALDH2 offers beneficial effect in a wide array of 
myocardial pathologies including IR injury[7, 11, 21], al-
coholic cardiomyopathy[22], diabetic cardiomyopathy[23], 
septic cardiomyopathy[24] and heart failure[25, 26]. For IR 
injury, activation or overexpression of ALDH2 was 
shown to protect cardiac injury by diminishing acute 
myocardial infarction size, ameliorating cardiac dys-
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function and preventing reperfusion arrhythmias[10, 11, 27, 28]. 
The mechanisms involved in the beneficial effect of 
ALDH2 in IR injury are quite complicated. Regulation 
of reactive oxygen species (ROS)[11, 13, 28], mitochondrial 
dysfunction[29], apoptosis[23, 25, 30], autophagy[11, 13] and 
endoplasmic reticulum (ER) stress[31] were reported to 
play a role in ALDH2-offered cardiovascular response. 
In particular, accumulation of ROS is often considered 
the early event for an array of detrimental outcome. 
ALDH2 is believed to suppress ROS production through 
detoxification of aldehydes, a main avenue for the cardiac 
protective role of ALDH2. Moreover, Akt and AMPK, 
which play vital roles in many cell signaling pathways, 
can be regulated by ALDH2 in various pathological 
conditions. Regulation of Akt and AMPK is considered 
a main route that underlies the cytoprotective property 
of ALDH2 including detoxification of aldehydes [11].

3  ALDH2, reactive aldehydes, ROS and 
mitochondrial injury 

Myocardial IR is accompanied by ROS accumulation 
in reperfusion phase due to the sudden re-supply of 
oxygen[32]. Mitochondria are not only critical organelles 
for ATP production in cardiomyocytes[33], but also the 
main source and the target of ROS[34, 35]. ROS can oxi-
dize cell membranes and organelle lipids with peroxide 
ions. This lipid peroxidation further leads to an increase 
in reactive aldehydes[36–38]. Reactive aldehydes are capa-
ble of modifying key enzymes and genes by forming 
covalent adducts[39–42]. Reactive aldehydes also trigger 
the opening of mitochondrial permeability transition 
pores (MPTP) and inhibit electron transport chain, 
resulting in mitochondrial injury[28, 43]. Reactive alde-
hydes can, in turn, trigger higher levels of ROS[39]. 
ALDH2 can diminish the detrimental effect of reactive 
aldehydes and stop this positive feedback. Normal 
expression and activation of ALDH2 is expected to 
attenuate ROS generation and preserve mitochondrial 
function.

A plethora of evidence has indicated the effect of 
ALDH2 on diminishing reactive aldehydes, attenuating 
ROS generation and reducing mitochondrial injury. The 
activation of ALDH2 significantly reduced 4-HNE for-
mation and ROS accumulation during IR in rodent 
models[7, 11, 28], while inhibition of ALDH2 during IR 
significantly increased 4-HNE and ROS levels, aggra-
vating cardiomyocyte function[44]. Though direct evi-

dence is still lacking for a role of ALDH2 in mitochon-
drial dysfunction in IR injury, a number of reports have 
been seen demonstrating that ALDH2 activation pro-
tects mitochondrial function in several models of cardi-
ac dysfunction[24, 28, 29]. In post-myocardial infarction 
cardiomyopathy, ALDH2 activation was reported to 
prevent inhibition of mitochondrial electron transport 
chain complexes (I and V) and excessive release of 
H2O2

[28]. Similar findings were noted in heart failure [29]. 
In addition, ALDH2 activation also suppressed mito-
chondrial Ca2+-induced MPTP opening and cytochrome 
C release [29]. In LPS-induced septic model of cardiac 
dysfunction, a marked opening of MPTP was observed, 
which was prevented by ALDH2 activation[24].

Given the detrimental roles of aldehydes, ROS and 
mitochondrial injury in cardiac pathology, it is not sur-
prising that cardioprotective effect of ALDH2 may 
work through regulation of ROS, detoxification of 
aldehydes and reservation of mitochondrial function, 
which will be discussed in the following sections.

4  ALDH2 and apoptosis 

Apoptosis is a highly regulated, adenosine triphosphate 
(ATP)-dependent cellular death program that follows 
well-orchestrated signaling pathways resulting in cell 
shrinkage, plasma membrane blebbing, nuclear con-
densation, mitochondrial dysfunction and DNA frag-
mentation. This is followed by the formation of apop-
totic bodies, which quickly undergo phagocytosis by 
macrophages. It was reported that during cardiac IR in-
jury, prolonged periods of ischemia lead to an increase 
in necrosis rate, while reperfusion enhances apoptosis 
levels due to restoration of oxygen and glucose as well 
as the regeneration of ATP[45, 46]. Apoptosis contributes 
to a loss of cardiomyocytes, which are terminally 
differentiated cells and irreplaceable. Thus, inhibition 
of apoptosis can reduce the extent of injury and 
preserve cardiac function. Inhibition of apoptosis 
during IR has been shown to reduce myocardial infarct 
size up to 50%–70% and attenuate IR-associated cardiac 
dysfunction[47, 48].

Apoptosis during IR is closely associated with ROS 
accumulation[49, 50]. ALDH2 has been shown to be an 
anti-apoptotic enzyme involved in oxidative stress- 
induced cell apoptosis[30, 49, 51, 52]. A recent study using 
induced pluripotent stem cell (iPSC)-derived human 
cardiomyocytes showed that levels of 4-HNE, ROS, 
and apoptosis were much higher in the mutant human 
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ALDH2*1/2 cardiomyocytes compared with those in 
wild-type cardiomyocytes, especially under ischemic 
conditions[49]. When given the activator of ALDH2, 
Alda-1, levels of 4-HNE, ROS, and apoptosis were sig-
nificantly decreased. Up-to-date, two independent 
apoptotic pathways have been identified namely the 
extrinsic (or receptor-mediated) and the intrinsic (or 
mitochondrial- mediated) pathways. Extrinsic pathway 
is activated when pathological stimuli lead to the 
binding of ligands, such as Fas ligand or tumor necro-
sis factor-α (TNF-α), to death receptors, following acti-
vation of caspases[53]. Intracellular stress that promotes 
mitochondrial damage is capable of triggering mito-
chondria-mediated apoptosis [53, 54]. The inner mem-
brane of mitochondria contains important functional 
proteins (e.g. cytochrome C)[55]. ROS generation as a 
result of mitochondrial damage leads to the peroxida-
tion of lipids in the inner mitochondrial membrane, 
resulting in cytochrome C release from the inner mito-
chondrial membrane to the cytosol, a key step leading 
to apoptosome formation and caspase-dependent cell 
death[54, 56]. ALDH2 may inhibit cytochrome C release 
in mitochondria-mediated apoptosis by attenuating 
ROS generation. Nonetheless, further study is warranted 
to elucidate such scheme.

ROS is known to turn on the JNK/c-Jun signaling 
pathway, which triggers apoptosis through both extrinsic 
and intrinsic pathways[25, 49]. Excessive ROS-activated 
JNK signaling under ischemic condition was reported 
in ALDH2-deficient cardiomyocytes, resulting in 
increased expression of c-Jun, en route to exacer-
bated inhibition of proliferation and induction of apop-
tosis in ALDH2-deficient cardiomyocytes [49]. Besides, 
ALDH2 may inhibit apoptosis through ERK1/2 [52] and 
p53 pathways[25].

5  ALDH2 and autophagy

Autophagy, together with apoptosis and necrosis, plays 
an important role in the “survival and death” procedure 
to maintain myocardial homeostasis under IR conditions. 
Under IR conditions, autophagy is upregulated[57, 58]. 
Though the purpose of autophagy may be hereby 
myocardial protection[59–63], there is evidence suggest-
ing that autophagy can lead to the demise of cardiomy-
ocytes[13, 64–67]. Thus, autophagy plays a critical and dou-
ble role in cardiomyocyte survival. Mitochondrial 
injury can induce autophagy, called mitophagy. Follow-
ing IR, many autophagosomes were found containing 

mitochondria[68–70].
ALDH2, as an independent factor in cardioprotective 

signaling pathways, plays an important role in the reg-
ulation of IR-induced autophagy. ALDH2 was reported 
to regulate both classical AMPK/Akt/mTOR pathway 
and Beclin-1 pathway. By examining the ischemia and 
reperfusion phases separately, our group found that 
ALDH2 enhanced the beneficial role of autophagy in 
ischemia by activating LKB1/AMPK/mTOR pathway, 
while helped to avoid the detrimental function of 
excessive autophagy in reperfusion through inducing 
PTEN/Akt/mTOR pathway[11], as shown in Fig. 1 and 2. 
ROS and aldehydes play important roles here as well. 
Results from our own laboratory showed that 4-HNE 

Fig. 1. Autophagy pathway in ischemia-reperfusion and the 
beneficial  role of  ALDH2. Ischemia-reperfusion can 
induce oxidative stress, which leads to lipid peroxidation and 
production of 4-HNE. 4-HNE can in turn augment oxidative 
stress. 4-HNE also plays a detrimental role in both ischemia and 
reperfusion phases. In the ischemic phase, induction of AMPK 
by LKB1 can inhibit mTOR, an autophagy inhibitory factor, 
thereby increasing autophagy levels – a beneficial effect during 
ischemia. However, 4-HNE can inhibit LKB1, the inducer of 
AMPK. In the reperfusion phase, induction of Akt by PTEN 
can induce mTOR to avoid excessive autophagy. Yet 4-HNE 
can inhibit PTEN and decrease the Akt induction. ALDH2 can 
significantly decrease the level of 4-HNE, thus restoring the 
AMPK/mTOR/autophagy and Akt/mTOR/autophagy pathways 
during ischemia and reperfusion respectively. 
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compromises the LKB1 and PTEN signaling, which are 
upstream molecules of Akt and AMPK[11]. The result 
that ALDH2 may affect Beclin-1 dependent autophagy 
was found by Junbo Ge’s group in a pressure over-
load-induced cardiac dysfunction mouse model. 
Beclin-1 can bind Vps34, a class III PI3 kinase, to form 
the core of initiation complex required for the initiation 
of the formation of the autophagosome in autophagy. 
However, the core of initiation complex can be disrupted 
by the interaction of Beclin-1 with Bcl-2[71]. Using 
ALDH2−/− mice, Ge’s group found that ALDH2 defi-
ciency exacerbated pressure overload-induced inhibi-
tion of autophagy by suppressing Beclin-1 expression 
and promoting the interaction between Bcl-2 and Be-
clin-1[26].

Mitophagy is a type of selective autophagy aiming to 
degrade defective mitochondria and prevent cell 
death[72]. However, excessive mitophagy is detrimental 
for cell survival, the same as autophagy. The PTEN- 
induced putative kinase 1 (PINK1)/Parkin pathway is 
one of the important pathways to regulate mitophagy. It 
is reported that increased oxidative stress inhibits mito-
phagy by modification and inactivation of Parkin[73]. 
However, the precise regulatory mechanism of mitoph-
agy in IR injury is still poorly understood. Given the 
beneficial role of ALDH2 to control ROS, prevent 
mitochondrial injury and regulate autophagy, mitophagy 
may play a role in ALDH2-offered protection although 
further evidence is needed to consolidate this point. 

6  ALDH2 and ER stress

The ER is a membranous intracellular network respon-
sible for folding and processing newly synthesized pro-
teins. Under normal conditions, about 30% of proteins 
are misfolded and thereby degraded by ER-associated 
degradation (ERAD)[74], while the correctly folded pro-
teins are transported to the Golgi apparatus. But this 
process can be easily disturbed, especially under patho-
logical conditions[75], causing ER stress. ER stress is 
initially considered an adaptive response by triggering 
the unfolded protein response (UPR) to maintain ER 
homeostasis. Nonetheless, excessive ER stress leads to 
inflammation, cell apoptosis and autophagy, which play 
an important role in the development and progression 
of cardiovascular diseases[76], including myocardial IR 
injury. ER chaperones such as GRP78 and three path-
ways are involved in the ER stress response. These 
pathways are the inositol-requiring protein-1 (IRE1) 
pathway, the protein kinase RNA-like ER kinase 
(PERK) pathway and the activating transcription 
factor-6 (ATF6) pathway[77].

The effect of ALDH2 on ER stress was first detected 
by our lab in the chronic alcohol ingestion-induced 
myocardial insulin resistance mouse model. Our stud-
ies showed that chronic alcohol intake upregulated ER 
stress markers[78, 79]. ER stress was already known to 
interfere with insulin signaling[80–82], and we showed 
that ALDH2 ameliorated insulin resistance in this model[79]. 
Further scrutiny is warranted to explore the relationship 
of ALDH2 and ER stress. The result of this study 
showed that ALDH2 reversed alcohol-induced myocar-
dial ER stress[79]. Subsequently, the pivotal role of 
ALDH2 in the regulation of ER stress in cardiac 
dysfunction was demonstrated using ALDH2 knockout 
mice [83]. Another independent study using ALDH2 
transgenic mice also confirmed the beneficial role of 
ALDH2 against ER stress-induced cardiac dysfunction 
involving correction of autophagy[31]. Regarding myo-
cardial IR injury, studies provided evidence that ER 
stress was possibly initiated through ROS generation[76, 84] 
which then triggered cardiomyocyte apoptosis[85, 86]. 
Nonetheless, there is still a lack of direct evidence for 
the involvement for ALDH2 in this ER stress-ROS 
generation process. Although these studies have sug-
gested a link between ALDH2 and ER stress, further 
research is warranted, especially in the field of myocar-
dial IR injury.

Fig. 2. The relationship between autophagy and cell survival in 
ischemia-reperfusion. In the ischemic phase, autophagy is use-
ful for the removal and recycling of damaged organelles, so as 
the autophagy level increases, the cell survival increases. While 
in the reperfusion phase the autophagy level keeps increasing, 
which can lead to the demise of cardiomyocytes. Therefore, 
maintaining the autophagy level in an appropriate range is a way 
to preserve cardiomyocyte homeostasis.  
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7  Translational potentials and approaches 

Given the important role of ALDH2 in cardiac protec-
tion and the high incidence of ALDH2 gene mutation in 
East Asian population, ALDH2 is a potential thera-
peutic target for cardiac injury. As far as we know, 
there are several natural and synthetic ALDH2 activa-
tors, among which Alda-1[87] is the most specific and 
effective one. Alda-1, a small molecule, is unique for 
its capacity not only to enhance the activity of 
wild-type ALDH2, but also to restore the function 
of inactive ALDH2. It can enhance the wild-type 
ALDH2 activity by two-fold, restore activity of the 
mutant ALDH2*2/1 to the near wild-type level, and 
increase the activity of ALDH2*2/2 by ten-fold[7]. 

In rodent models, the potential role of Alda-1 to treat 
cardiac IR injury has received demonstration. It has 
shown that treatment with Alda-1 decreases 4-HNE 
protein adducts, reduces cardiac infarction size, and 
ameliorates damaged cardiac function[7, 11, 28]. For exam-

ple, using Alda-1 prior to ischemia followed by reper-
fusion, the small molecule enzymatic activator may 
mimic preconditioning function and reduce cardiac IR 
injury[7]. After permanent left anterior descending 
artery (LAD) occlusion surgery, Alda-1 treatment 
prevented aldehyde overload, mitochondrial dysfunc-
tion and improved cardiac function[28]. These studies 
have shown a rather promising role of Alda-1 in clini-
cal settings of disease intervention.

However, there is still a major gap for clinical use of 
Alda-1. Much work is needed prior to the clinical 
application of Alda-1. On pharmacokinetics, the 
adverse effects or even the effects of Alda-1 on patients 
suffering from ischemic heart diseases still deserve 
further research.

8  Summary

ALDH2 is capable of protecting against cardiac IR 
injury, while the underlying mechanisms are quite 

Fig. 3. Schematic diagram depicting the signaling mechanisms behind the protective effect of ALDH2 against myocardial IR injury. 
During ischemia/reperfusion, especially in reperfusion phase, ROS level is highly elevated by the sudden supply of oxygen, which 
is followed by lipid peroxidation and aldehyde generation. Aldehydes can induce oxidative stress, and cause mitochondrial injury by 
inducing opening of mitochondrial permeability transition pores (MPTP) and inhibition of the electron transport chain. Mitochondrial 
injury can also lead to ROS generation, which forms a positive feedback loop. Lipid peroxidation causes cytochrome C release from 
the inner membrane of mitochondria to the cytoplasm, which is a key step to inducing apoptosis. ROS can also directly activate the 
JNK/c-Jun pathway to induce apoptosis. JNK/c-Jun can induce apoptosis with or without cytochrome C. ALDH2, which can be acti-
vated by Alda-1, can inhibit apoptosis by stopping the positive feedback loop. Aldehydes can inhibit the activation of Akt and AMPK 
by compromising the LKB1 and PTEN signaling. Thus, in different conditions of IR injury, ALDH2 plays different roles to induce or 
inhibit autophagy to protect cardiomyocytes by regulating Akt/AMPK/mTOR pathway as indicated in Fig. 1 and 2. ALDH2 may also 
regulate autophagy through the Beclin-1 pathway in IR. Mitochondrial injury can directly induce autophagy, called mitophagy, which 
may be inhibited by ALDH2. ROS can also lead to ER stress, which further cause cardiac dysfunction through apoptosis or autophagy. 
ALDH2 can suppress ER stress by inhibiting ROS generation. 
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complicated. In our opinion, detoxification of reactive 
aldehydes, reduction of ROS generation and protection 
of mitochondrial function seems to play a central role 
in many pathways that lead to ER stress, apoptosis and 
autophagy, as depicted in Fig. 3. ALDH2 may exert a 
positive feedback control of these signaling machiner-
ies. In fact, the role of ROS is rather complicated in IR 
injury. Under appropriate levels, ROS may serve as 
signaling molecules to activate the pro-survival factors, 
including ALDH2[88]. The novel ALDH2 agonist, Alda-1, 
has shown potential to treat cardiac IR injury, which 
means a lot to ALDH2*2 carriers especially. However, 
it demands more efforts for better understanding the 
underlying mechanisms involved in the cardioprotec-
tive property of ALDH2 and the promises of applying 
Alda-1 in the management of acute CAD.
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