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Abstract 

Cerebral ischemia-reperfusion injury is a common and irreversible injury in the 
treatment of cardiovascular and cerebrovascular diseases. Modern medicine mainly 
treats ischemic nervous system diseases by regaining blood oxygen supply in ischemic 
region, and the resulting irreversible damage is lack of specific drugs in modern 
medicine. Phosphatidylinositol 3 kinase (PI3K) / protein kinase B (Akt) / rapamycin 
target (mTOR) signaling pathway is the main pathway of many signal transduction. In 
recent years, studies have found that PI3K / Akt / mTOR is involved in the pathological 
process of cerebral ischemia and plays a role in promoting survival and anti apoptosis. 
Activation of PI3K / Akt / mTOR signaling pathway can inhibit autophagy and play a 
neuroprotective role after cerebral ischemia. Therefore, based on PI3K / Akt / mTOR 
signal transduction pathway, the role and relationship between the signal pathway and 
autophagy in cerebral ischemia-reperfusion injury and their relationship will be studied 
in this paper, aiming to provide new ideas for the research of cerebral ischemia-
reperfusion injury, so as to find accurate, efficient and targeted therapy. 
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1. INTRODUCTION 

Ischemic stroke affects about 15 million people every year, and it still has a high incidence, 
mortality and disability rate in the world [1]. Because the brain needs a lot of oxygen to survive, 
cerebral ischemia or decreased blood flow will hinder the supply of oxygen to the brain, and the 
existing clinical thrombolytic therapy to restore the supply of oxygen to the ischemic area will 
lead to more serious brain dysfunction, that is, cerebral ischemia-reperfusion injury 
(cerebralischemiareperfusioninjury, CIRI) [2]. The main mechanism is that the recovery of 
blood leads to the formation of reactive oxygen species, inflammation and free radicals, which 
promotes nerve cell apoptosis and aggravates brain injury [3]. Although modern medicine has 
conducted extensive research on the prevention of CIRI, effective anti-inflammatory and anti-
apoptosis neuroprotective agents are rarely successfully used in basic research, so it is 
particularly important to find accurate and effective pathway targets. In recent years, the 
research on neuroprotective effect by activating PI3K/Akt/mTOR signal pathway is more and 
more extensive. This paper summarizes the existing pathogenesis of CIRI and the relationship 
between PI3K/AKt/mTOR signal pathway and autophagy. 
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2. THE MAIN PATHOGENESIS OF CIRI 

2.1. The Concept of CIRI 

Oxidative stress oxidative stress (oxidativestress, OS) was first put forward by Paniker [4]. It 
means that reactive oxygen species (reactiveoxygenspecies, ROS) produce too much active 
oxygen (reactiveoxygenspecies, ROS) because cells in the body are affected by the outside world, 
which leads to the imbalance of oxidation and antioxidant system, and mitochondrial 
dysfunction leads to the production of reactive oxygen species and free radicals, which leads to 
the increase of oxidative stress, which damages cells through various pathways [5]. As a tissue 
susceptible to oxidative stress, brain injury caused by reactive oxygen species is particularly 
fatal in cerebral ischemia-reperfusion injury. In cerebral ischemia-reperfusion injury, oxidative 
stress will cause damage to nerve cells through the direct injury of reactive oxygen species and 
the activation of other signal pathways. 

2.2. CIRI and Inflammatory Reaction Play A Significant Role in the Regulation of CIRI 

IL-6 and IL--8, as important participants of inflammatory response, indirectly damage 
cerebral vessels and aggravate ischemia-reperfusion injury when their levels are abnormal [6]. 
The former is a kind of cytokine with a variety of biological activities, which plays an important 
role in inflammatory response and immune response, while the latter is a kind of inflammatory 
factor with significant functional activation and chemotaxis to neutrophils. regulate the 
adhesion of endothelial cells and neutrophils. Various proinflammatory enzymes and related 
inflammatory factors can promote the release of chemokines, up-regulate adhesion molecules, 
adhere to vascular endothelium, block microvessels, and cause neurons, cerebral hemorrhage 
and brain edema [7]. Many inflammatory pathways, such as leukocyte infiltration, inflammatory 
mediators and microglia activation, also contribute to neuronal cell death [8]. 

2.3. The Term "Apoptosis" of CIRI 

"Apoptosis" was first put forward by Kerr [9]. Brain cell death mainly includes two ways: 
necrosis and apoptosis. because necrosis occurs with the occurrence of disease, it is of little 
significance in clinical modern research. Because of its unique position in the ischemic 
penumbra, apoptosis can be used as a reference for the study of the target effect of many drugs. 
As the gene family most closely related to apoptosis in ischemic brain, Bcl-2 family and its 
related proteins and Caspase are widely expressed in the process of cerebral ischemia-
reperfusion injury. Apoptosis runs through many stages of nervous system development and 
injury repair, and plays a major role in acute nerve injury [10]. 

3. THE MECHANISM OF PI3K/AKT/MTOR SIGNAL PATHWAY 

Phosphatidylinositol 3-kinase (PI3K) in PI3K/Akt/mTOR signal transduction pathway is an 
intracellular phosphoinositide kinase with serine / threonine (Ser/Thr) kinase activity [11]. 
PI3K is mainly divided into three types, according to its specific structure and substrate 
specificity, among which class I is the most extensive in the study of PI3K, because type I PI3K 
can be activated by cell surface receptors and plays a major role in signal transduction [12]. It 
consists of regulatory subunit p85 and catalytic subunit p110, which contains SH2 and SH3 
domains. The heterodimers composed of I An and I B include I An and I B types. It can be 
activated by cell surface tyrosine kinase and G-protein-coupled receptor, respectively. When the 
interaction between PI3K and the target protein containing the corresponding binding site is 
activated, PI3K is a lipid kinase, which can phosphorylate its substrate PIP2 to PIP3, and activate 
the signal pathway, thus producing intracellular signal molecules. Silicic acid / threonine kinase 
Akt, also known as protein kinase PKB, is an important downstream target of PI3K signal 
transduction pathway. Some studies have shown that it can regulate apoptosis and participate 
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in angiogenesis [13]. Akt can phosphorylate TSC1/2 to prevent its negative regulation of Rab, 
which leads to the activation of mTORC1, and autophagy activity will be inhibited. The core of 
mTOR pathway is composed of complex mTOR complex 1 (mTORC1) and mTOR complex 2 
(mTORC2) [14]. The activation of mTOR signal transduction pathway plays an important role in 
regulating cell growth, proliferation, apoptosis, neuronal morphology, cortical development and 
immune response. Studies have shown that the imbalance of signal transduction mechanism 
caused by mTORC1 and mTORC2 can lead to neurodevelopment and neurodegenerative 
diseases [15]. PI3K/Akt, the upstream component of mTOR, regulates synaptic protein 
synthesis by regulating its downstream protein mTOR, which plays an important role in the 
activation of mTOR. Its main role is that PI3K converts PIP2 to PIP3, Akt, resulting in inactivation 
of tuberous sclerosis complex (TSC1/TSC2) through phosphorylation and activation, which has 
antagonistic pathway activity. Akt is phosphorylated by PDK1, which leads to the negative 
regulation of phosphorylation and inhibition of TSC1/TSC2 complex by stimulation (such as 
PTEN). Phosphorylated forms of PI3K and Akt usually play a key role in cell protection through 
PI3K/Akt signaling pathways [16-17]. It has been found that PI3K/AKt/mTOR signaling 
pathway plays an important role in cell growth, proliferation, differentiation, survival and 
protein formation [15]. (see figure 1) 

 

Figure 1. Schema of the PI3k/AkT 

4. THE RELATIONSHIP OF PI3K/AKT/MTOR SIGNAL PATHWAY IN CIRI 
MECHANISM 

In recent years, more and more studies have fully confirmed that PI3K/Akt/mTOR signal 
pathway is an important signal medium, which is usually related to neuronal proliferation, cell 
metabolism, differentiation and CIRI mechanism [19]. PI3K/Akt/mTOR signal transduction 
pathway mainly regulates CIRI through apoptosis and inflammation, so it is regarded as one of 
the key pathways of neuroprotective signals. The understanding of CIRI mainly emphasizes the 
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results of neurovascular multicellular interactions, such as nerve cell death or degeneration, 
glial cell activation and immune cell infiltration [20]. Studies have shown that activating 
PI3K/Akt/mTOR signal pathway can not only alleviate the injury and death of neurons after 
cerebral ischemia induced by oxidative stress[21], but also PI3K protein family is closely related 
to the regulation of many functional activities, such as neuronal proliferation, differentiation, 
apoptosis and glucose transport. Some studies have shown that the level of pro-inflammatory 
cytokines will increase after cerebral ischemia, and the activation of PI3K/Akt/mTOR pathway 
plays an important role in inflammation and apoptosis [22], which provides a theoretical basis 
for the role of PI3K/Akt/mTOR signal transduction pathway in CIRI. 

5. THE VALUE OF AUTOPHAGY AND PI3K/AKT/MTOR PATHWAY IN CIRI 

Autophagy mainly transfers harmful, excess or dysfunctional substances in cells to lysosomes 
for degradation, so as an intracellular cyclic degradation process, this process is basically at a 
low level under physiological conditions. it can not only promote the death of harmful cells, but 
also promote the normal operation of cells [23-24]. In recent years, many studies have pointed 
out that autophagy is closely related to neuropathy [25]. In the mechanism of CIRI, these 
mechanisms can stimulate autophagy signal pathway to maintain the intracellular environment. 
A large number of studies have shown that autophagy is widely activated in a variety of cells 
after CIRI, and PI3K/AKt/mTOR can promote cell proliferation and growth, accelerate cell 
metabolism and protein synthesis by inhibiting autophagy after activation. This process can 
protect the brain from CIRI [26], and a large number of experimental studies have confirmed 
this process. Carloni [27] and others have observed that neuronal autophagy has a protective 
effect after cerebral ischemia, and this effect is closely related to the activation of PI3K-Akt-
mTOR signal pathway. WangDa-Peng [28] proved that PI3K/Akt signal transduction is activated 
by regulation. Andrographolide treatment 1 hour after cerebral ischemia can improve the 
cerebral infarction and neurological impairment in CIRI mice, and found that the activation of 
AKT/mTOR pathway can inhibit autophagy and protect hippocampal neurons from hypoxia-
induced injury, which is consistent with the results of Pearngam [29] et al. Yu [30] et al found 
that inhibition of autophagy by using autophagy inhibitor 3-MA can alleviate ischemic brain 
injury through PI3K pathway. HouYongying [31]et al found that resveratrol-mediated activation 
of PI3K/AKT/mTOR in Polygonum cuspidatum can increase the expression of BCL-2, reduce 
BAX, cleavage caspase-3 and reduce the number of TUNEL positive cells, thus inhibiting 
apoptosis and autophagy expression in CIRI, which is consistent with the results of S.D.Yang [32] 
who activated PI3K/AKT/mTOR signal pathway to inhibit autophagy and apoptosis. Huang[33] 
et al found that curcumin can attenuate CIRI-induced brain injury in adult rats by activating 
PI3K/Akt/mTOR pathway to inhibit autophagy. Thus, it is widely confirmed that 
PI3K/Akt/mTOR signal pathway has a significant protective effect on CIRI through activation 
and inhibition of autophagy.  

6. SUMMARY AND PROSPECT 

In recent years, the morbidity, mortality and disability rate of CIRI remain high, and gradually 
show a younger trend [34], and the economic burden and pressure brought to people and 
society can not be effectively alleviated, so its prevention and treatment measures and 
pathogenesis is undoubtedly a hot spot. To sum up, a large number of studies have confirmed 
that the PI3K/AKt/mTOR signal pathway is often activated in CIRI and protects the brain nerve 
by inhibiting autophagy, but there are also a small number of experimental studies involving 
the protective effect on the brain nerve in the case of high autophagy activity, which may be 
caused by the differences in experimental methods, the dosage of inhibitor or inducer and the 
duration of CIRI. It can not be denied that this process may bring two-way regulation, but its 
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appropriate regulation undoubtedly plays a core role in the process of protection [35-36]. With 
the increasing incidence of clinical stroke, for the induction and inhibition of autophagy of 
PI3K/AKt/mTOR signaling pathway, we should actively set up the combination of induction of 
related pathways and inhibitors, and look forward to more clinical investment in reverse 
research, in order to seek good news for patients with ischemic stroke. 
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