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Abstract

Renal ischemia-reperfusion injury is a complicated but common condition in 
clinic. Previous research on the mechanism was focused on cell apoptosis and 
necrosis. Recent years it is found that autophagy is inevitable in renal ischemia/
reperfusion injury. Autophagy is involved in either protecting or damaging 
process in renal ischemia-reperfusion injury. Glycogen Synthase Kinase-3β 
(GSK-3β) is a kind of protein kinase with multiple functions in the cell, the 
change of its activity can regulate the level of autophagy in the renal ischemia-
reperfusion. In this paper, we combine the relevant literature of GSK-3β and 
autophagy to brief the relationship between the activity changes of GSK-3β and 
autophagy in the renal ischemia-reperfusion injury. 

Keywords: Glycogen synthase kinase-3β (GSK-3β); Renal ischemia-
reperfusion injury (R/I/R); Apoptosis; Autophagy

III Phosphatidylinositol 3-Kinase (PI3K) complex; autophagosome 
elongation/closure involves Atg12 and Light Chain 3 (LC3), the 
mammalian ortholog of yeast Atg8, the Atg12-Atg5 conjugate, which 
forms the Atg12-Atg5-Atg16 complex, contributes to the stimulation 
and localization of the LC3 conjugation reaction, then the formation 
of Atg12-Atg5-Atg16-Atg8 recruits Atg9 complete autophagosome 
elongation/closure [4]. After formation, the autophagosomes merge 
with lysosomal compartments to form autolysosomes. Finally, 
autophagosome containing macromolecules can be degraded by 
lysosome enzymes. 

Glycogen Synthase Kinase-3 (GSK3) is a glycogen synthase, with 
two isoforms in mammals, GSK-3α and GSK-3β, although these 
two isoforms are expressed over 98% identity within their kinase 
domains. But GSK-3β loss is not compensated by GSK-3α, so GSK-3β 
is important in catabolic progress [5,6]. GSK-3β activity is regulated 
by site-specific phosphorylation. The activity is upregulated by 
phosphorylation on Try216 residue, and conversely phosphorylation 
on Ser9 inhibits GSK-3β activity [5,6]. Normally, GSK-3β is 
suppressed by proliferative, pro-survival signals that increase Ser9 
phosphorylation, such as WNT ligands, p90RSK, EGF, IGF-I and 
-II, and Fibroblast Growth Factor (FGF)16, FGF19, FGF 23, as well 
as Akt [7,8]. Conversely, GSK-3β is activated by noxious stimuli, 
including serum starvation, hypertonic stress, potassium deprivation, 
hypoxia, endotoxin exposure, and tissue ischemia [6]. GSK-3β is an 
ideal “survival” enzyme, because it controls several extra metabolic 
processes that are perturbed by ischemia, including cytoskeletal 
dynamics, gene expression, proliferation, and apoptosis [8,9].

The Relationship between GSK-3β, 
Apoptosis and Autophagy 

Autophagy and apoptosis are linked by aspartic protease 
(caspase), caspase activation will reduces proteins (Beclin-1, Atg5 and 
Atg7) related with autophagy and then close the autophagic response; 
autophagy can also block apoptosis pathway by reducing caspase-8 
[10,11]. For example, autophagy inhibition using an Atg5 siRNA 

Introduction
Autophagy existing widely in eukaryotic cells is a bulk 

degradation pathway responsible for degrading protein aggregates 
and damaged organelles [1]. In the early phase, autophagy can 
generate additional energy supply for starved cells, which maintains 
cell survival, while sustained cellular digestion through the process 
that lead to excessive autophagic cycling eventually results in cell 
death, known as autophagy-dependent cell death [2]. Recently, 
a large body of literature demonstrates that there are multiple 
interchanges at different molecular levels between autophagy and 
apoptosis pathways. As we all know, autophagy activation relevant 
to many biological responses, including inflammation, Endoplasmic 
Reticulum (ER) stress, deprivation of nutrients, a decrease in ATP, 
and an increase in reactive oxygen species, all these biological 
responses also elicit renal ischemia-reperfusion. GSK-3β is a Ser/Thr 
protein kinase, the activity of which is regulated by phosphorylation 
and complex formation with other proteins. Recently, accumulating 
evidence suggests that GSK-3β is also critically involved in the fate of 
cells subjected to extracellular stress including ischemia-reperfusion, 
but the signaling pathways through which these ischemia-reperfusion 
stressors induce autophagy have not been fully worked out. In this 
article, we review the role of GSK-3β in modulating autophagy during 
renal ischemia-reperfusion injury. 

Autophagy and GSK-3β
Autophagy is a catabolic progress that degrades long-lived 

proteins, pathogens and damaged organelles [1]. Autophagy is a 
well-coordinated multi-step process regulated by Autophagy-Related 
Gene (Atg) products originally identified in yeast. In mammals, the 
formation of autophagosomes are involved in initiation, nucleation, 
elongation, and closure, the initiation step of autophagosome 
formation involves the Unc-51-like kinase 1/2 (Ulk1/2) mediated 
phosphorylation of Atg13 and FIP200, comprising Ulk1/2-Atg13-
FIP200 [3]; vesicle nucleation and phagophore formation is 
dependent on a Beclin1 (Atg6 in yeast), hVps34 complex, or class 
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resulted in increased cleaved caspase-3 and increased apoptotic cells 
during renal tubular epithelial cells during prolonged Cold Storage 
and Re-Warming (CS/REW) [12]. The relationships between GSK-
3β, apoptosis and autophagy are closely, and there are also differences. 
A large body of literature has also found that the activity of GSK-3β 
was upregulated in the situation of endoplasmic reticulum stress, 
chemotherapy, oncogene activation, abnormal glucose metabolism 
and so on, then will inhibit apoptosis and protect cells from damage. 
For example, exposure of renal epithelial cells to metabolic stress 
activated GSK-3β, Bax, and caspase 3 and induced apoptosis, 
contributing to tubular injury and organ dysfunction after acute 
renal ischemia [13]. Likewise, GSK-3β has a dual effect on autophagy, 
when GSK-3β negatively activation by Ultraviolet B enhancing 
phosphorylation at Ser9 and suppressing Try216 phosphorylation, 
then activated autophagy in epidermal cells, which was evident by 
the formation of LC3 puncta, the induction of LC3 lipidation, the 
increase in beclin 1 expression, and the decrease in the levels of p62. 
GSK-3β appeared negatively regulated autophagy, and inhibition of 
GSK-3β activity can increase cell survival and cell autophagy [14]. 
Interestingly, some scholars found that under conditions of serum 
starvation, GSK-3β inhibition-induced cell death was in parallel with 
an extensive autophagic response, finally a profound necrotic cell 
death was observed as evidenced by cellular morphologic features and 
biochemical markers [15]. These show that blocking the autophagic 
response switched GSK-3β inhibition induced necrosis to apoptotic 
cell death. On the contrary, scholars have found that treatment of 
human lung cancer cells with perifosine can activate GSK-3β activity, 
furthermore GSK-3β can inhibit mTOR and activate autophagy 
[16,17]. In summary, changes of GSK-3β activity can affect the cell 
death pathway, autophagy and apoptosis.

The Role of GSK-3β in Modulating Autophagy 
during Renal Ischemia-Reperfusion Injury 

Ischemia-Reperfusion (IR) results in tissue injury in a number 
of organs, including the heart, brain, kidney, and gastrointestinal 
tract, which has important implications for patient morbidity 
and mortality. The kidney is one of the high perfusion organ, it is 
sensitive to ischemia-reperfusion injury, during the process of 
kidney transplantation, partial nephrectomy, arterial bypass surgery, 
accidental trauma, hydronephrosis and ureter surgery, it can occur 
in varying degrees of ischemia-reperfusion injury, and it is one of the 
most common reasons that resulting acute renal failure.

Pathogenesis of renal ischemia-reperfusion injury is very 
complicated, renal tissue is in the state of energy metabolism 
and mitochondrial damage during ischemia, during reperfusion 
the recovery of blood flow can cause more damage than tissue 
ischemia injury, there are some of the more important pathological 
mechanisms like intracellular Ca2+ overload, oxygen free radicals, 
activate their own inflammatory response mechanisms, apoptosis, 
no-reflow phenomenon and so on. Primarily studies found that 
pathological changes of renal ischemia-reperfusion injury mainly 
express for the occurrence of renal tubular cell apoptosis in cortex 
and medulla, inhibition of renal tubular epithelial cell apoptosis can 
reduce renal ischemia-reperfusion injury and protect renal function 
[18]. Acute ischemic renal failure remains a common cause of death 
that precipitates organ failure by activate GSK-3β, Bax, and caspase 
3 and induced apoptosis, necrosis, and the desquamation of viable 

proximal tubule epithelial cells from the basement membrane [19]. 
Another study found that silencing of p53 RNA through transarterial 
delivery ameliorated renal tubular injury and downregulated GSK-
3β expression after ischemia-reperfusion injury [20]. During renal 
ischemia-reperfusion injury, downregulating GSK-3β activity led to 
an attenuation of apoptosis and mitochondrial damage ameliorated 
renal tubular injury.

Baseline autophagy plays an adaptive role in the renal, and 
contributes to the maintenance of renal structure and function [21]. 
Activation of autophagy during renal ischemia-reperfusion injury is 
beneficial because of intracellular ATP quickly decreased in tissue. 
Activation of autophagy improves renal cell structure and function 
[22]. For example, the damage of kidney function was increased due 
to ischemia-reperfusion injury and tubular epithelial cell apoptosis 
was increased after the autophagy-related genes Atg5 knockout of 
mice [23], it also showed that autophagy mechanism can maintain 
renal tubular epithelial cell homeostasis and reduce ischemia-
reperfusion injury. At the same time the degree of autophagy 
activation is inconsistent in different stages of renal ischemia-
reperfusion. Although activated during renal ischemia-reperfusion 
appears to be safeguard, excessive autophagy during reperfusion 
enhance autophagy-dependent cell death, which is detrimental to the 
renal, whether autophagy induced during reperfusion is protective or 
harmful to the renal has been controversial. 

Conclusions
With the deepening research of autophagy, regulation of 

autophagy by activity changes of GSK-3β could become a new 
therapeutic target for prevention and treatment of renal ischemia-
reperfusion injury. Because the activity changes of GSK-3β have a 
dual effect in the different stages of renal ischemia-reperfusion injury. 
It is very important to identify whether the activity changes of GSK-
3β play a protective role to the body or aggravate tissue damage when 
use GSK-3β as therapeutic targets. Regulate the activity of GSK-3β to 
protect renal function by genetic or pharmacological methods also 
need further research about the relationships between molecular 
pathways, activation level and cell survival caused by the activity 
changes of GSK-3β in different conditions. Many studies show that 
apoptosis-related genes Bcl-2 and Bax [24], autophagy-related genes 
Beclin-1, and GSK-3β are all involved in the process of ischemia-
reperfusion injury, therefore, further study is needed for the role 
of GSK-3β in modulating autophagy and apoptosis during renal 
ischemia-reperfusion injury needed.
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