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Abstract

Alzheimer’s disease (AD) is the most common form of neurodegenerative disorder with dementia, 

accounting for approximately 70% of the all cases. Currently, 5.8 million people in the U.S. are 

living with AD and by 2050 this number is expected to double resulting in a significant socio-

economic burden. Despite intensive research, the exact mechanisms that trigger AD are still not 

known and at the present there is no cure for it. In recent years, many signaling pathways 

associated with AD neuropathology have been explored as possible candidate targets for the 

treatment of this condition including glycogen synthase kinase-3β (GSK3-β). GSK3-β is 

considered a key player in AD pathophysiology since dysregulation of this kinase influences all 

the major hallmarks of the disease including: tau phosphorylation, amyloid-β production, memory, 

neurogenesis and synaptic function. The present review summarizes the current understanding of 

the GSK3-β neurobiology with particular emphasis on its effects on specific signaling pathways 

associated with AD pathophysiology. Moreover, it discusses the feasibility of targeting GSK3-β 
for AD treatment and provides a summary of the current research effort to develop GSK3-β 
inhibitors in preclinical and clinical studies.

Introduction

Alzheimer’s disease (AD) is the most common form of age-related neurodegenerative 

disorder with dementia. Currently, the estimated number of people living with this disease in 

the United Sates is 5.8 million, a number projected to increase rapidly in the coming years 

due to the aging of the baby-boomer generation and the lack of a cure [1]. In fact, the 

number of Americans age 65 and older is predicted to double from 52 million in 2018 to 95 

million by 2060 representing a potentially substantial social and economic burden for the 

future society [1,2].
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Clinically, AD is characterized by progressive loss of memory and cognitive functions. Early 

symptoms include difficulty recalling recent conversations, names or events. With the 

progression of the pathology, patients develop impaired communication skills, confusion, 

behavioral changes, poor judgment and often experience passiveness and depression [1,3]. 

The pathological hallmarks of this disorder are extracellular accumulation of amyloid-β 
(Aβ) plaques composed of Aβ peptides, neurofibrillary tangles (NFTs) composed by 

hyperphosphorylated tau protein, brain inflammation and atrophy. These changes are 

thought to begin years before the clinical symptoms are noticeable [1, 3]. With the exception 

of the familial form which is the result of mutations on specific genes such as the Aβ 
precursor protein (APP), the presenilin 1 (PS1) and PS2 and which only account for 

approximately 2–4% of the total cases, AD is mainly a sporadic disorder whose etiology is 

currently unknown [4]. In fact, despite intensive research, the mechanisms responsible for 

Aβ accumulation and NFTs formation and deposition are not understood and there is not 

effective treatment for this condition. For this reason, in the past years several signaling 

pathways relevant to some of the pathophysiological processes have been investigated and 

evaluated as possible targets of novel therapeutic approaches for AD treatment.

Glycogen synthase kinase-3 (GSK3) is a ubiquitously expressed and constitutively active 

serine-threonine kinase involved in the regulation of many key cell biology pathways, some 

of which have been also implicated in neurodegeneration. There are two isoforms of GSK3, 

GSK3-α and GSK3-β encoded by two different genes [5]. In the central nervous system 

(CNS), GSK3-β is the most abundant and its expression levels are known to increase with 

age [6]. GSK3-β is found hyperactive in the brain of AD patients and compelling evidence 

supports its contribution to AD pathology by distinct mechanisms [7]. Dysregulation of this 

kinase have been observed to affect both Aβ and tau metabolism and toxicity in vitro and in 

vivo AD models. Additionally, GSK3-β activity has been linked to memory consolidation, 

neurogenesis, synaptic plasticity, long term potentiation and inflammation (Figure 1) [8].

Given the relevance of GSK3-β signaling to the pathophysiology of AD, the therapeutic 

potential of its inhibition has been widely investigated in preclinical and clinical studies. 

This review will focus on GSK3-β physiological function, current data regarding its aberrant 

activity in AD, and the evidence supporting the beneficial effect of GSK3-β modulation as 

therapeutic strategy for the treatment of AD.

GSK3β biological function

GSK3 is a kinase that phosphorylates serine and threonine sites of a variety of substrates [9]. 

It was originally discovered in the 1980s and identified as one of the kinases that modulates 

glycogen synthase activity through phosphorylation leading to its inhibition [10]. Extracted 

from the rabbit skeletal muscle [10], GSK3 has been implicated in the regulation of several 

vital cellular processes including cell apoptosis, differentiation, proliferation and the 

microtubule morphology [11]. GSK3 is constitutively active and abundantly expressed in the 

CNS [9]. As the research on GSK3 has expanded greatly following its discovery, two 

isozymes have been identified, GSK3-α and GSK3-β, which although are coded by different 

genes on chromosomes 19 and 3 share a striking 98% similarity in structure [12]. Contrary 

to their similar structure, these isozymes are known to act on different substrates [13]. In 
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fact, while in-vivo studies demonstrate that the complete elimination of GSK3-β can be 

sufficient to cause death in embryo [14], GSK3-α genetic deletion is found to have no 

significant impact on survival [15].

Although, constitutively active, GSK3-β function can be regulated by phosphorylation and 

de-phosphorylation on different sites. For instance, auto-phosphorylation on 

tyrosine-279/216 mediates GSK3-β activation, while phosphorylation on serine sites 21/9 by 

AKT, protein kinase A and B (PKA-PKB) in the N-terminal which leads to its inhibition 

[16]. Moreover, the phosphate groups added to GSK3-β during phosphorylation are removed 

by protein phosphatase PP2A resulting in GSK3-β reactivation (Figure 2) [17]. From 

postmortem studies to in-vivo and in-vitro studies, in recent years this kinase has emerged as 

a potentially active player in several mechanisms relevant to neurodegeneration [18–20].

GSK3β and Aβ

In vitro and in vivo evidence has shown that GSK3-β activation is involved in Aβ formation 

and accumulation in the AD brain by modulating the cleavage of APP. In the brain two 

different pathways, non-amyloidogenic and amyloidogenic, are involved in the cleavage of 

APP through the action of different proteases [21]. The non-amyloidogenic cleavage of APP 

is done by α-secretase complex consisting of ADAM-10 and −17 and the γ-secretase. The 

cleavage done by α-secretase produces peptides that are easily degraded [22]. By contrast, in 

the amyloidogenic pathway APP is initially cleaved by the β-secretase (BACE-1) enzyme 

followed by the γ-secretase complex processing which causes the generation of Aβ 
peptides, which tend to fibrilize and oligomerize and eventually accumulate as Aβ deposits 

in the AD brain. Previous studies have identified APP and PS1, one of the catalytic 

components of γ-secretase complex [21], as GSK3-β substrates, suggesting that APP 

cleavage and PS1 function are affected by elevated GSK3-β activity causing higher Aβ 
production and subsequent deposition in the AD brain (Figure 3) [23,24].

Some studies exploring the PS1 and GSK3-β relationship suggest that GSK3-β over-

activation alters the function of PS1 as well its localization in the CNS [24]. PS1 is localized 

in Golgi membranes, endoplasmic reticulum and plasma membrane. This gene product is 

associated with N-cadherin/beta-catenin which together forms a synaptic trimeric complex 

consisting of serine residues that are subject to GSK3-β phosphorylation. Over-activated 

GSK3-β can downregulate the efficiency of the PS1/N-cadherin/beta-catenin complex 

causing deficiencies in synaptic and neuronal viability that leads to AD pathology [24]. 

Involvement of GSK3-β in plaque formation has been also linked to BACE1 over-activation. 

Studies exploring the connection between GSK3-β and BACE1 revealed that GSK3-β over-

activation or overexpression promotes BACE1 enzymatic cleavage of APP. Moreover, 

BACE1 expression has been shown to be mediated by GSK3-β, however this event requires 

NFK-beta signaling in order for BACE1 transcription to take place [16]. Studies showed that 

both BACE1 and NFK-β expression are upregulated in AD patients and that NFK-β 
regulates the GSK3-β-induced transcription of BACE1 through manipulation of the cis-

acting p65-binding promoter causing abnormal Aβ production (Figure3) [16, 25]. In support 

of these observations, the inhibition of GSK3-β in APP mutant cell lines has proven to be an 
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effective way to reduce the BACE1 cleavage of APP, which then result in a significant 

decrease of both Aβ 40–42 peptide levels [26,27].

Beside the direct effect on APP, GSK3-β activity can also induce Aβ pathology via 

disruption of the insulin signaling pathway. In vivo studies done using insulin-deficient mice 

models have revealed a positive correlation between Aβ and GSK3-β levels [28]. 

Additionally, insulin degrading enzyme protein (IDE), a major player for Aβ degradation, 

has also been identified to be negatively correlated with GSK3-β levels in diabetic mice 

[28]. Moreover, other findings suggest that brain tissues of insulin deficient rodent models 

show increased GSK3-β and Aβ levels while IDE is significantly down-regulated [29–31].

Interestingly, some studies have proposed a feedback loop interaction between Aβ and 

GSK3-β activation in certain pathways that may ultimately lead to tau hyper-

phosphorylation. Moreover, Aβ can disrupt the normal Wnt pathway activity that prevents 

Wnt from inhibiting the GSK3-β [32], and directly activate GSK3- β which will then 

promote tau phosphorylation [33]. Taken together these findings would support the 

hypothesis that GSK3-β can be considered as the biological link for both AD 

neuropathologies (i.e., Aβ and tau) [21].

GSK3β and tau

Tau is a microtubule-associated protein (MAP) that is known to stabilize the microtubules by 

securing tubulin assembly [34]. Tau is encoded by the MAPT gene located on chromosome 

17 and consists of six isoforms generated by alternative splicing [18,19]. Tau function and 

affinity for the microtubules mainly depends on its phosphorylation status. In AD, tau is 

hyper-phosphorylated and accumulates in the cytoplasm leading to microtubules 

disassembly, loss of neuronal integrity and eventually NFTs formation [35]. The majority of 

early studies on tau hyper-phosphorylation explored the kinase-phosphatase imbalance in the 

brain identifying GSK3-β as a major tau kinase that may be involved in the development of 

the AD tau pathology [16, 20]. There are a considerable number of amino-acid residues of 

the tau protein that are subject to GSK3-β phosphorylation [25]. The localization of the tau 

phosphorylation sites has also been of interest in AD research. GSK3-β mediated 

phosphorylation of tau protein is seen in areas that are in close proximity to microtubule 

binding domains and their amino acid residues [36]. Protein-protein interactions are known 

to take place in these binding domains, therefore GSK3-β induced tau phosphorylation is 

prone to self-aggregate in a toxic manner (Figure 3) [33]. One study using a transgenic 

Drosophila model successfully demonstrated that the aberrant upregulation of GSK3-β 
positively correlates with accumulation of toxic tau aggregates [36]. Consistent with the in-

vivo findings, in-vitro studies also show that human neuroblastoma cells display tau-filament 

aggregates resulting from GSK3-β mediated phosphorylation strikingly similar to AD tau 

pathology [37]. For this reason, and because in vitro and in vivo studies have established that 

GSK3-β inhibition restores hyper-phosphorylation of tau, the majority of drug discovery and 

development programs against tau pathology tends to target GSK3-β activity [38–40].
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Sex differences in GSK3β activity and signaling pathway

Although current knowledge on sex differences for this kinase is insufficient, few studies 

have explored the effects of male and female hormones on GSK3β activity and AD-related 

signaling pathways. In the brain of C57Bl6/J mice, activation of the 17β-estradiol pathway 

has been associated with GSK3β inactivation through serine-9 phosphorylation, and 

therefore with a significant reduction in Aβ accumulation along with decreases in hyper-

phosphorylated tau protein [41], suggesting that estrogen can lower GSK3β initiated p-tau 

(phosphorylated tau) levels and APP processing. Moreover, 17β-estradiol also prevented 

GSK3β induced neuronal apoptosis by inducing phosphoinositol-3 kinase (PI-3K) and 

MAPK3 transduction in hippocampal slice culture [41]. Notably, another study exploring the 

changes in BACE and GSK3β mRNA levels in AD patients reported a 7% downregulation in 

BACE mRNA in female post-mortem brain tissue compared to the male subjects but 

unfortunately, when GSK3β was measured, its levels were below the limits of reliable 

detection and conclusion could not be drawn [42]. Thus, given all the current available data 

more work is needed to address this aspect of the GSK3β neurobiology.

GSK3β, synaptic plasticity and memory

Synaptic dysfunction is an early event in AD pathology [43]. The molecular mechanism 

underlying memory storage involves changes in synaptic strength including Long Term 

Potentiation (LTP), which defines a long-lasting increase of synaptic strength, and Long 

Term Depression (LTD), which is the opposite process [44]. Growing evidence indicates that 

GSK3-β plays a critical role also in synaptic plasticity and memory formation (Figure 1) 

[43]. GSK3-β is highly expressed in the hippocampus and although is mainly found in the 

cytosol, a fraction of this kinase is detected in synaptosomes, dendrites and spines [44,45]. 

Interestingly, GSK3-β can also associate with the AMPA receptor and act like a key 

regulator of the balance between LTP and LTD [43]. In fact, GSK3-β phosphorylation at the 

inhibitory Ser9 site is known to increase upon induction of LTP in the dentate gyrus (DG) 

and in the CA1 region of the hippocampus [45]. Overactivation of GSK3-β instead, impairs 

LTP and promotes the NMDA receptor-dependent LTD [43]. Consistent with this 

observation, transgenic mice conditionally overexpressing GSK-3β display impaired LTP 

and significant deficits in hippocampus-dependent spatial and fear memory formation [43].

Furthermore, GSK3-β inhibition enables stabilization of β-catenin which would be 

otherwise degraded by the proteasome following GSK3-β phosphorylation [46]. β-catenin 

present at both pre- and postsynaptic terminals associates with the cytoplasmic domain of 

cadherin and regulate cell adhesion and influence synaptic size and strength [47–48]. 

Downregulation of the β-catenin signaling pathway due to increase GSK3-β activity has 

been observed in AD brains and implicated in the pathophysiology of learning and memory 

deficits [50,51]. Given the pivotal role of GSK3-β in the regulation of these processes, 

reduction of its activity obtained via both genetic and pharmacologic approach has been 

extensively explored and has been reported to rescue cognitive and memory deficits in 

several animal models of AD [8]. For example, the GSK3-β inhibitor indirubin-3’-

monoxime rescued impairments in the Morris water maze task and, attenuated Aβ 
production and tau hyperphosphorylation in the APP/Presenilin-1 double transgenic mice 

[52]. The GSK3-β inhibitor 2-methyl-5-(3-{4-[(S)-methylsulfinyl]phenyl}−1-benzofuran-5-
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yl)-1,3,4-oxadiazole (MMBO) ameliorated impairments in the Y-maze and the novel object 

recognition test in 3xTg mice [53]. Moreover, 5XFAD mice treated with the selective GSK3-

β inhibitor L803-mts had improved contextual fear memory in association with lower Aβ 
peptide levels [54].

GSK3β and neurogenesis

GSK3-β has also been reported to suppress adult hippocampal neurogenesis and to induce 

neuronal death in the neurogenic niche of dentate gyrus (DG) (Figure 1) [55]. Neurogenesis 

is a dynamic process required for memory consolidation and pattern separation and is altered 

in the CNS of AD patients and animal models of the disease [56,57]. In favor of the 

hypothesis of GSK3-β as an important regulator of adult neurogenesis, transgenic mice 

overexpressing this kinase display reduction in proliferation and maturation of new 

functional DG neurons and significant memory impairments. This depletion of neurogenesis 

is also associated with activation of microglia which further promotes degeneration [56,58]. 

Thus, it seems pretty intuitive that, inactivation of this enzyme could be extremely beneficial 

in order to promote the birth of new functional neurons and booster memory in 

neuropathology with impaired neurogenesis like AD. In vitro and in vivo data seem to 

support this hypothesis. GSK3-β inhibition was demonstrated to enhance proliferation, 

migration, and differentiation of neural stem cells in primary neurosphere cultures in vitro. 

Moreover, its inhibition in vivo with the NP03112 compound (tideglusib) was shown to 

promote neural stem cells proliferation and differentiation in the DG of the hippocampus in 

adult rats [59].

GSK3-β and inflammation

Beside Aβ and tau aggregation, neuroinflammation is another major feature of the AD brain 

pathology (Figure 1) [60,61]. Extensive activation of microglia and astrocytes are observed 

around Aβ plaques and dystrophic neurites [62–64]. Once activated these cells release a 

variety of pro-inflammatory cytokines like interleukin 1 (IL-1), interleukin-6 (IL-6), 

interleukin-8 (IL-8) and tumor necrosis factor alpha (TNF-α) which can promote 

neurotoxicity and contribute to neuronal death [65].

Remarkably, GSK3-β has been recently identified as an important regulator of the 

inflammatory response in microglia via multiple pathways. GSK-3β activation has been 

demonstrated to promote production of IL-1, IL-6, TNF-α but also to activate JNK-, 

STAT3/5- and NF-κB signaling [65]. Indeed, GSK-3β can activate NF-κB by 

phosphorylation of the p65 subunit which results in further expression of proinflammatory 

cytokines and chemokines [65]. In addition, the binding of GSK3-β to STAT3 promotes 

STAT3 association with the IFNγ receptor-associated intracellular signaling complex which 

is required for IFNγ activation [66]. Few studies have also implicated GSK3-β in the 

regulation of microglia migration. For example, treatment of BV-2 microglia cells with 

GSK3 inhibitors has been shown to significantly reduce microglia migration in vitro, in a 

transwell migration assay [67]. Given the substantial evidence for a proinflammatory action 

of GSK-3β, its inhibition might not only reduce Aβ production and tau phosphorylation, but 

also exert anti-inflammatory effects in the AD brain.
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GSK3β as therapeutic approach

Since GSK-3β signaling has been strongly associated with several AD neuropathological 

features including tau phosphorylation, Aβ production, neurogenesis, memory and synaptic 

dysfunction, its inhibition has emerged as a potentially important therapeutic approach for 

the treatment of AD. Loss of function studies have been conducted on several AD mouse 

models and have been proven to be efficient in counteracting many aspects of AD-like 

pathologic phenotype [68,69] The mood stabilizing drug lithium has been shown to reduce 

phospho-tau and Aβ levels in several mouse models of AD and tauopathies [68–72]. 

Tideglusib, a non-ATP competitive GSK-3β inhibitor lowered levels of tau phosphorylation, 

decreased Aβ deposition, astrocytes proliferation and ameliorated memory deficits in 

APPsw-tauvlw mice overexpressing human mutant APP [73,74]. Finally, brain infusion of a 

specific GSK3 inhibitor SB216763 confirmed the beneficial effect of the reduction of 

GSK3-β activity in an AD model [75].

Although GSK-3 is a highly conserved kinase only a few GSK-3 inhibitors (synthetic and 

non-synthetic) previously tested in the preclinical phase have reached clinical trials. 

Additionally, although some encouraging results in animal models, the fact that GSK3-β is 

ubiquitously expressed and involved in several key cellular biological processes have raised 

many concerns and significant toxicological challenges for long-term treatment studies in 

both pre-clinical and clinical phase [76,77]. The first candidate for phase I of clinical trial as 

GSK3-β inhibitor was AZD2558 [78]. This highly selective GSK3-β inhibitor successfully 

reduced tau phosphorylation and gliosis in vitro and in vivo. However, the severity of the off 

target effects associated with its administration in vivo prevented this drug from being tested 

for chronic treatment of AD. A second attempt was made with AZD1080 previously 

validated for its capacity of reducing tau phosphorylation in vitro and in pre-clinic studies 

[78]. Unfortunately, chronic administration of this drug was also associated with significant 

sides effects and the phase I study was discontinued [78]. So far, only one GSK-3 inhibitor 

made it to phase II clinical trial for the treatment of AD and progressive supranuclear palsy, 

Tideglusib [79–81]. Tideglusib has been tested in two small Phase II clinical trials in patients 

with mild to moderate AD, which showed good tolerability but no significant clinical 

improvements [77].

Pilot clinical trials have been conducted with lithium chloride in patients with a clinical 

diagnosis of mild cognitive impairment and AD. Lithium chloride, an FDA approved drug 

for the treatment of bipolar disorders [82], is a weak and unspecific GSK3-β inhibitor. At 

therapeutic doses, it can reduce GSK3-β activity by approximately 25% with no adverse 

effects [82]. Small clinical studies with this agent have shown some positive results 

including improved cognitive performance and reduction in tau phosphorylation [77] 

suggesting that lithium might hold potential as disease modifying therapy for AD.

Conclusions

In the past years, GSK3-β has been recognized as an important key player in the AD 

pathogenesis. Since the initial discovery of GSK3-β overexpression and overactivity in the 

CNS of AD patients, the role of this kinase has been extensively investigated in connection 

to tau and Aβ pathophysiology. As one of the main tau kinases, GSK3-β promotes tau 
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hyperphosphorylation and NFTs formation. Strong evidence has also pointed out that 

increased activity of GSK3-β can induce Aβ formation through transcriptional regulation of 

BACE1 gene expression and through its regulatory function on PS1. Given the existence of 

sex differences in AD incidence, some studies have attempted to address the question on 

whether GSK3β regulation is sexually dimorphic but all the current data available so far are 

not sufficient to conclude any significant gender-related effect on the activity of this kinase 

that could be relevant to the onset of development of AD pathology. In addition, recently 

GSK3-β has been implicated in the modulation of synaptic plasticity, memory, neurogenesis 

and inflammation making GSK3-β an excellent candidate as disease modifying agent for 

AD. However, current clinical research has failed so far to identify an effective and safe 

inhibitor of this kinase. GSK3-β inhibition comes with many challenges related to its 

ubiquitous expression and multiple regulatory cellular functions. Future possible strategies 

aiming at bypassing the potentially serious off target effects should be to specifically direct 

GSK3-β inhibition in the CNS and in the cells of interest. Therefore, given the promising 

preclinical studies, more research needs to be devoted to the development of selective and 

organ specific inhibitors that efficiently and safely regulate GSK3-β activity in the CNS as a 

viable therapeutic approach to prevent or halt AD.
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Highlights

• GSK3-β kinase increases with age and in AD pathology.

• GSK3-β dysregulation modulates Aβ production and accumulation in AD.

• Hyperactive GSK3-β promotes phosphorylation and formation of toxic tau 

species.

• GSK3-β activation is pro-inflammatory and impairs LTP, neurogenesis and 

memory.

• GSK3-β represents a good therapeutic target against AD.
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Figure 1. Role of GSK3-β signaling in AD pathology.
Schematic representation of the potential involvement of GSK3-β in different aspects and 

pathways relevant to the onset and development of Alzheimer’s disease neuropathology. 1) 

GSK3-β activation contributes to neurodegeneration by directly promoting tau hyper-

phosphorylation. Hyperphosphorylated tau dissociates from the microtubules leading to 

impaired axonal transport, NFTs formation, neuronal and synaptic dysfunction. 2) GSK3-β 
promotes amyloid production and accumulation which induces apoptosis and neuronal 

damage in AD. 3) GSK3-β also displays pro-inflammatory functions; it regulates the 

biological response of microglia, primary immune cells of the CNS and promotes production 

of inflammatory molecules. 4) Additionally, GSK3-β play a critical role in the regulation of 

hippocampal neurogenesis, an important process that supports specific form of learning and 

memory and known to be affected in AD pathology. 5) Finally, GSK3-β is also involved in 

synaptic plasticity and memory. Overactivation of this kinase has been linked to inhibition of 

hippocampal long-term potentiation (LTP), a mechanism required for memory formation.
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Figure 2. Regulation of GSK3-β activity.
GSK3-β exists in an active and in inactive form depending on its phosphorylation status. 

Two families of enzymes modulate GSK3-β activity: Serine/Threonine and Tyrosine kinases 

which attach phosphate groups to GSK3-β and phosphatases which remove phosphate 

groups from GSK3-β protein in response to external stimuli. In vitro and in vivo evidence 

have shown that, GSK3-β activation is mediated by auto-phosphorylation on tyrosine-216, 

while its inhibition is mediated by phosphorylation on serine 9 by several kinases including: 

AKT, protein kinase A and B (PKA-PKB) and P90RSK. GSK3-β phosphorylation on serine 

389 by P38 MAPK kinase instead, has been shown to inhibit GSK3-β. Additionally, the 

phosphate groups added to GSK3-β during phosphorylation can be removed by protein 

phosphatase PP2A resulting in GSK3-β re-activation.
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Figure 3. GSK3-β interferes with Aβ and tau metabolism.
Increased activity of GSK3-β promotes Aβ formation via two distinct mechanisms: GSK3-β 
induces BACE1 gene expression via upregulation of NFK-β signaling and modulates γ-

secretase activity. 1) The human BACE1 promoter region contains two functional NF-kB-

binding sites. In vitro and in vivo evidence have shown that GSK3-β activation is involved in 

NFK-β/p65 nuclear translocation and binding to the BACE1 promoter sites, ultimately 

resulting in increased BACE1 protein levels and BACE1 mediated-APP processing and Aβ 
production. 2) GSK3-β modulates γ-secretase activity by direct interaction and regulation of 

PS1 activity and cellular localization. Upon GSK3-β phosphorylation, PS1 shows lower 

binding affinity for N-cadherin and reduced cell-surface expression which alter PS1/γ-

secretase substrate specificity.

Additionally, GSK3-β is one of the major kinases involved in tau phosphorylation. The 

addition of a phosphate group on the specific Thr231 residue of tau protein leads to 

microtubules disassembly and promotes formation of tau oligomers and NFTs contributing 

to neuronal dysfunction and degeneration.
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