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Alzheimer’s disease (AD) affects mainly people over the age of 65 years. AD patients 
suffer from different clinical symptoms such as progressive decline in memory, thinking, 
language, and learning capacity. The toxic role of beta amyloid peptide (Aβ) has now 
shifted from insoluble Aβ fibrils to smaller, soluble oligomeric Aβ aggregates (AβO).
Pathological hyperphosphorylation of Tau is common feature of AD that is known to 
trigger the formation of neurofibrillary tangles. Aβ oligomers (AβO) have been proved 
to be toxic and to promote a hyperphosphorylation of Tau, which directly participates in 
the neurodegenerative process. Glutamatergic system and in particular NMDA receptors 
are key players in the acute toxicity of AβO and in the degeneration observed in AD. 
In vivo/vitro models, the toxicity of AβO is reversed by the presence of NMDA receptor 
antagonists.  Death-associated protein kinase 1 (DAPK1), as a serine/threonine (Ser/Thr) 
kinase, plays a critical role in AD. It has been shown that DAPK1 expression in the brains 
of AD patients is significantly increased compared with age-matched normal subjects. 
Moreover, DAPK1 physically and functionally interacts with the NMDA receptor NR2B 
subunit at extra-synaptic sites and this interaction acts as a central mediator for stroke 
damage. 
In addition, Glycogen synthase kinase-3β (GSK-3β) is a highly conserved protein-serine/
threonine kinase, its activation was proposed as mediator of Aβ1-42 oligomer-induced 
effects on tau phosphorylation in vivo and in vitro. GSK3 is a key kinase contributing to 
abnormal phosphorylation of Tau in the process thought to cause neurofibrillary tangles 
in Alzheimer’s disease
Here, we deeply investigated the hyperphosphorylation of Tau (different epitopes) in 
primary cortical neurons injured with AβO or glutamate. 

Primary culture: Rat cortical neurons (E15) were cultured in 96 well-plates as described 
by Callizot et al., 2013 with modifications. 6 culture wells per condition were assessed.
Pharmacological treatments: On day 11, Aβ1-42 (containing 10 % of Aβ oligomers, precisely 
quantified by WB) was applied for 24 h. On day 13, glutamate (20 µM for 20 min) was applied 
on the culture. After 20 min, the medium was renewed and the culture was maintained for 
additional 24 h.
The pharmacological agents: a) Memantine (an uncompetitive NMDA receptor antagonist 
with strong voltage dependency and rapid unblocking kinetics, to selectively target 
extrasynaptic “death” receptors), b) Tideglusib (inhibitor of GSK3) and c) DAPK1 inhibitor 
(CAS 315694-89-4) were applied 1 h before the injury and were present in the medium 
until the end of the culture.
Immunostaining: After injury, neurons were fixed with a solution of acetic acid (5 %) and 
ethanol (95 %). The cells were incubated with antibodies anti-MAP2, and with antibodies 
specific for different epitotes linked to the phosphorylation sites of Tau (AT100; Tau S356; 
AT8; Tau Thr231). Secondary Alexa488 and Alexa596 antibodies were used. Pictures 
(20x magnification) were acquired an on automated microscope with MetaExpress 
software and automatically analyzed with Custom Module Editor (Molecular Devices).

Tau is hyperphosphorylated on different epitopes after  AβO and glutamate injuries

• Hyperphosphorylation of Tau was observed on AT100, 
Ser356 and AT8 after AβO-injury and glutamatergic stress.

• Hyperphosphorylated Tau on Thr231 was only observed 
after AβO-injury.

• Tideglusib and DAPK1 inhibitors protected the neurite 
network and reduced Tau hyperphosphorylation, but failed 
to improve neuronal survival.

• Memantine, extra-synaptic NMDAR partial antagonist 
prevented (all studied epitopes) Tau phosphorylation and 
was neuroprotective.

• Our results suggest that targeting Tau  
hyperphosphorylation (strongly involved in neurite loss) 
could be an interesting target to prevent AβO neuronal 
damages.

Figure 1: Hyperphosphorylation of Tau (different epitopes) after neuronal injuries.
A. Phosphorylation of Tau on AT100 (mediated by PKA and GSK3), Ser356 (Nuak), AT8 (GSK3, Cdk5) and 
Thr231 (DAPK1) after Aβ1-42 or glutamate injuries.
B. Representative pictures of Tau-P staining (red) in primary cortical neurons (MAP-2, green) in control condition 
or after stress, the overlapping of the staining (yellow) show the accumulation of the Tau-P in the neurons. 
Scale bar = 100 µm. * p<0,05 against CT. Student t-test.

Specific inhibition of kinases involved in the Tau phosphorilation reduces 
the AβO and glutamate neurite network loss

Figure 2: Effects of inhibitors of kinases (Tideglusib and DAPK1) and Memantine on neurite and neuronal survival 
and phosphorylation of Tau after Aβ1-42 injuries.
A. Survival of cortical (MAP-2) and integrity of the total neurite network after Aβ1-42 injury and in presence of Tideglusib 
(TDG), Memantine (neuronsMEM) and DAPK1 inhibitor.
B. Phosphorylation of Tau on AT100, Ser356, AT8 and Thr231 after Aβ1-42 and inhibitor co-application. One-way 
ANOVA followed by a Fisher’s LSD test. C. Schematic representation of the dismantlement of microtubules following 
Tau hyperphosphorylation.
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