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Summary

Pathogenesis in tauopathies involves the accumulation of tau in the brain and progressive synapse 

loss accompanied by cognitive decline. Pathological tau is found at synapses, and it promotes 

synaptic dysfunction and memory deficits. The specific role of toxic tau in disrupting the 

molecular networks that regulate synaptic strength has been elusive. A novel mechanistic link 

between tau toxicity and synaptic plasticity involves the acetylation of two lysines on tau, K274 

and K281, which are associated with dementia in Alzheimer’s disease (AD). We propose that an 

increase in tau acetylated on these lysines blocks the expression of long-term potentiation at 

hippocampal synapses leading to impaired memory in AD. Acetylated tau could inhibit the 

activity-dependent recruitment of postsynaptic AMPA-type glutamate receptors required for 

plasticity by interfering with the postsynaptic localization of KIBRA, a memory-associated 

protein. Strategies that reduce the acetylation of tau may lead to effective treatments for cognitive 

decline in AD.
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Taupathies are age-related neurodegenerative diseases, including Alzheimer’s disease, that are 

characterized by accumulation of tau protein in the brain and cognitive decline. We hypothesize 

that enhanced levels of abnormally acetylated tau in tauopathy disrupts the KIBRA-dependent 

mechanisms that regulate plasticity at synapses leading to memory loss.
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Introduction

The sequence of molecular events in neurons that trigger progressive synaptic decline in 

Alzheimer’s disease (AD) is poorly understood. Aggregation of the microtubule-binding 

protein tau in the brain coincides with synapse and neuronal loss in tauopathy [1–3] and 

implicates tau in the disease progression. Tau is highly expressed in the axons of healthy 

neurons and has been found in both presynaptic and postsynaptic compartments in human 

brain [4,5]. In AD, tau aberrantly accumulates in dendrites [6] and affects postsynaptic 

function [4,7–11]. Interestingly, the spread of pathological tau across brain regions may 

occur at synaptic connections between neurons [12,13]. These studies highlight tau 

localization at synapses and support the notion that tau directly affects synaptic signaling 

networks, leading to synaptic dysfunction (Fig. 1).

Recent research has focused on what makes tau toxic to neurons. Post-translational 

modifications are one possibility. Many residues in human tau are subject to post-

translational modifications, such as phosphorylation [14], acetylation [9,15,16], 

ubiquitination [17,18], and methylation [19,20]. Increased levels of abnormally modified tau 

are a hallmark of AD pathogenesis. Neurofibrillary tangles, containing highly 

phosphorylated tau, form in parallel with the manifestation of cognitive impairments in AD 

[21,22], but tangles may not cause memory loss [23,24] and neurodegeneration [25]. To 

investigate the role of specific acetylated residues, lysine can be substituted with glutamine 

(KQ) to mimic the chemical structure and neutral charge of acetylated lysine [26–29]. We 

used KQ mutations to elucidate the role of acetylated tau (ac-tau) in neurodegeneration [30], 

cytoskeletal dysregulation [31], and synaptic dysfunction [9] related to AD pathogenesis. 

Our laboratory and others have shown that acetylation of tau is associated with tauopathy 

[9,15,16,30–32] and significantly affects tau function in neurons. Acetylation blocks tau 

degradation [15], inhibits tau microtubule binding [16,31], and promotes tau aggregation 

[16,30].

Synaptic transmission is altered in transgenic mice and cell cultures expressing human tau 

with familial mutations that cause frontotemporal lobar degeneration with tau inclusions 

(FTLD-tau) [8,33,34]. In fact, the FTLD-tau-induced impairment of glutamatergic synaptic 

transmission in transgenic mice triggers memory deficits before neurodegeneration begins 

[34], supporting the notion that tau affects synapses early in disease progression. Moreover, 

synaptic impairments are rescued by depleting tau in transgenic mice expressing mutant 

human amyloid precursor protein (hAPP) [35], which demonstrates that tau has a significant 
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role in hAPP/Aβ-induced synaptotoxicity. In another AD mouse model, the postsynaptic 

missorting of tau recruits Fyn kinase. This action leads to NMDA-type glutamate receptor 

(NMDAR)-induced excitotoxicity [7], and raises the possibility of reducing Fyn-dependent 

NMDAR activity to treat AD. Targeting tau-dependent mechanisms that cause synaptic 

dysfunction at the early stages of AD pathogenesis could be an effective strategy to prevent 

memory loss.

Using transgenic mice that express human tau with KQ mutations to mimic acetylation, we 

found that ac-tau inhibits synaptic plasticity underlying impairments in hippocampal-

dependent memory [9]. Acetyl-mimicking tau blocked activity-induced actin polymerization 

and AMPA-type glutamate receptor (AMPAR) trafficking in postsynaptic spines during 

long-term potentiation (LTP). The loss of postsynaptic KIBRA underlies the plasticity 

deficit caused by tau. Here we will discuss how ac-tau contributes to cognitive decline in AD 

and speculate about the postsynaptic mechanisms by which ac-tau affects synaptic plasticity. 

We propose to reduce ac-tau levels to treat cognitive dysfunction in AD. Salsalate, a drug 

that inhibits the acetylation of tau, restored memory deficits in a tauopathy mouse model 

[30]. Ongoing clinical studies are testing salsalate treatment as a new approach for 

therapeutic intervention in tauopathy. Further investigation of the mechanisms that promote 

tau acetylation and the downstream effects of ac-tau may uncover additional strategies to 

prevent cognitive decline.

Pathological enhancement of tau acetylation in neurodegenerative disease

We identified the acetylation of three lysines on tau, K174, K274 and K281, in a tauopathy 

mouse model and human AD brain [9,30]. While acetylated K174 levels were elevated at 

early Braak stages (see Box 1), higher levels of acetylated K274 (ac-K274) and acetylated 

K281 (ac-K281) were found in the brains of severely demented AD patients [9,30]. 

Transgenic mice expressing high levels of hAPP and Aβ had significantly increased ac-

K274 and ac-K281 on tau [9]. Tau acetylation was also increased in cultured neurons treated 

with Aβ oligomers [15]. These results support that the link between hAPP/Aβ toxicity and 

the upregulation of ac-tau represents a novel mechanism that promotes cognitive decline in 

AD.

How do high levels of hAPP/Aβ increase ac-tau? In neuroblastoma cells, expression of the 

Swedish hAPP mutant increased the acetyltransferase activity of p300 [36]. Tau is acetylated 

by p300 [15], and the expression and acetyltransferase activity of p300 is enhanced in AD 

brains [37,38]. The dysregulation of p300 could promote aberrant tau acetylation. Additional 

studies may uncover more acetyltransferases that modulate tau acetylation. Tau also has 

intrinsic auto-acetylation activity that could enhance pathological tau levels [39,40]. Tau is 

deacetylated by sirtuin 1 [15], and sirtuin 1 levels in the brain decrease during the 

progression of AD [41,42]. Treatment of neuroblastoma cells with the amyloid beta (Aβ) 

(25–35) peptide reduced the expression of sirtuin 1 [43], indicating that Aβ toxicity may 

reduce the sirtuin 1-mediated deacetylation of tau. Evidently, a combination of factors could 

enhance the ac-tau levels in neurons under pathological conditions.
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Strategies that reduce tau acetylation could offer novel approaches to treat cognitive decline 

in tauopathies. Activators of sirtuin 1 could be explored as options to reduce ac-tau and 

protect against tau-mediated neurodegeneration. Importantly, salsalate, a prodrug of 

salicylate, inhibits p300 acetyltransferase activity, blocks the acetylation of tau and restores 

memory deficits in FTLD-tau mice [30], supporting the possibility of p300 as a therapeutic 

target. Another study showed that treatment with sodium salicylate restored Aβ-induced 

synaptic and memory deficits in rats [44], supporting the therapeutic potential of salsalate 

for AD. Salsalate did not prevent neurodegeneration in mice expressing an acetyl-tau mimic 

[30], suggesting that the reduction of ac-tau is an important mechanism in salsalate’s 

protective effect. In addition to reducing ac-tau levels, treatment with salsalate could alter 

other molecular pathways that ameliorate cognitive decline. Salsalate may restore synaptic 

deficits by inhibiting cyclooxygenase [44], a protein that is upregulated in AD [45]. 

Moreover, salsalate is a non-steroidal anti-inflammatory drug and may be protective due to 

its anti-inflammatory effects [46]. Salicylate could also have a beneficial effect by activating 

adenosine monophosphate-activated protein kinase (AMPK) and increasing autophagy [47]. 

Given that salsalate can target different pathogenic mechanisms, including lowering ac-tau 

levels by p300 inhibition, salsalate treatment may improve clinical outcomes in tauopathy 

patients due to multiple benefits.

The acetylation of each residue in AD could involve distinct mechanisms and functional 

outcomes. K274 acetylation was observed in neurofibrillary tangles and neurotic plaques in 

AD and other tauopathies [31,32]. It was also enhanced in AD brains at late Braak stages 

(5–6), compared to early stages (0–2) [31]. Whether acetylation of K281 is associated with 

pathological tau inclusions in human brain remains to be determined. Enhanced levels of 

K281 acetylation were associated with dementia [9], but there was no difference in ac-K281 

levels across Braak stages [31]. Moreover, brains from mildly demented AD cases (clinical 

dementia rating, CDR=0.5) had higher ac-K281 levels than non-demented cases, but they 

had comparable ac-K274 levels [9]. Given these differences, ac-K281 could have a role in 

the early stages of cognitive decline, whereas K274 acetylation contributes later, coinciding 

with the progression of tau pathology. Full-length tau has four microtubule-binding repeats 

(4R), but alternatively spliced tau has only three repeats (3R) and contains K274, but not 

K281. Neurofibrillary tangles in AD contain equivalent amounts of 3R and 4R tau [48], 

indicating that 3R tau with ac-K274 could be characteristic of pathology independently of 

ac-K281.

Post-translational modifications have been identified on many of tau’s residues [49], 

including the acetylation of more than 20 lysines [15]. However, we found that the 

acetylation of K174, K274 and K281 is associated with tau pathology and dementia [9,30], 

indicating that they may play a key role in AD pathogenesis. K274 and K281 are located in 

the microtubule-binding domain, where most of the familial FTLD-tau mutations are 

located. Several studies suggest that the acetylation of specific lysines on tau can alter its 

function in different ways. The acetylation of K274 and K281 on tau triggers synaptic 

deficits and tau mislocalization into the somatodendritic compartment [9,31]. The 

acetylation of K274/K281 and K280 in the microtubule-binding domain can reduce the 

interaction of tau with microtubules [16,31], whereas K280 acetylation can enhance tau 

aggregation [16]. The acetylation of K174 regulates tau homeostasis and promotes 
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neurodegeneration [30]. In contrast, the acetylation of RXGS motifs inhibits tau 

phosphorylation and aggregation [50]. Although many detailed underlying mechanisms 

remain to be determined, we speculate that the aberrant increase in the site-specific 

acetylation of tau marks a key event in AD associated with synaptic pathophysiology and 

cognitive decline.

Acetylation affects the buildup of distinct toxic tau species

Acetylation of tau could induce pathogenesis by promoting the accumulation of forms of tau 

that are known to be toxic, including phosphorylated or truncated tau. Mimicking the 

acetylation of K274 and K281 on human tau with glutamine (tauKQ) in transgenic mice did 

not alter the phosphorylation of several residues associated with tau pathology, but reduced 

phospho-serine 202/205 (AT8) levels in the hippocampus [9,31]. Mimicking the acetylation 

of other lysine residues led to either an increase or decrease in the level of tau 

phosphorylation [30,50,51]. Thus, the pathogenicity induced by acetylated tau is likely to be 

distinct from that induced by phosphorylated tau. How acetylation affects the 

phosphorylation status of tau and subsequent pathogenesis may depend on which lysine is 

acetylated. Caspase-cleaved tau fragments have been implicated in pathological tau 

accumulation in the brain [52]. However, we observed KQ-induced deficits in transgenic 

mice lacking caspase-cleaved tau, suggesting that caspase-cleaved tau fragments are unlikely 

involved in the synaptic and cognitive deficits caused by ac-K274 and ac-K281 [9].

The acetylation of tau may promote toxicity by enhancing tau oligomerization. Tau 

oligomers are upregulated in AD brain and may play a role in the early stages of 

pathogenesis [53,54]. Human tau oligomers injected into mice caused impaired memory and 

synaptic deficits [55], but the mechanism that initiates pathological tau oligomerization 

remains to be determined. MC1-positive pathological tau could contribute to the 

pathogenesis triggered by acetylation, because it was observed in the hippocampus of 

tauKQ-expressing mice [9]. The accumulation of the abnormal conformation of tau 

recognized by the MC1 antibody is an early event in Alzheimer’s disease [56]. This 

pathological tau species is positioned to alter synaptic circuits because MC1-positive tau has 

been implicated in the spread of tau from the entorhinal cortex to synaptically connected 

neurons in the hippocampus in aged transgenic mice [12]. Tau oligomers found within 

presynaptic and postsynaptic compartments may indicate the trans-synaptic spread of 

oligomers [5]. Whether ac-tau propagates from cell to cell in the brain is unknown. It is 

possible that the toxicity induced by enhanced levels of ac-tau at synapses is exacerbated by 

the trans-synaptic spreading of MC1-positive tau or tau oligomers.

Acetylated tau promotes AD-related memory loss

Early in the progression of AD, patients show symptoms of impaired episodic memory 

[57,58]. A crucial aspect of forming episodic memories is the ability to distinguish between 

similar experiences. Hippocampal neurons mediate this process of pattern separation that 

involves the encoding of sensory inputs as distinct neural representations in the brain 

[59,60]. Human behavioral studies showed that patients with mild cognitive impairment 

(MCI) or AD have impaired pattern separation, which likely interferes with their ability to 
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form new memories [61–63]. Moreover, MCI patients displayed abnormal activation of their 

entorhinal cortex-dentate gyrus-CA3 circuitry during a behavioral task of pattern separation 

[63]. Mice lacking NMDA-type glutamate receptors exclusively in dentate granule cells have 

impaired dentate gyrus LTP and perform poorly in a test of context discrimination, 

indicating that dentate granule cell function is required for pattern separation [59]. TauKQ-

expressing mice were similarly impaired in distinguishing between experiences, and LTP 

was inhibited in dentate granule cells [9], supporting that ac-tau affects pattern separation in 

the dentate gyrus.

Hippocampal synaptic dysfunction also underlies behavioral impairments in spatial memory 

in mouse models of tauopathy [8,35,64–66]. In the Morris water maze, tauKQ-expressing 

mice learned the location of the hidden platform, but could not retain the spatial memory of 

the platform location during a probe trial [9]. In another study, mice expressing K174Q 

human tau also demonstrated memory deficits in the Morris water maze [30]. These findings 

support that the enhanced acetylation of individual lysines on tau can have a significant 

effect on the encoding of hippocampal-dependent memory.

Tau mediates synaptic dysfunction

The activity-dependent modulation of synaptic strength is believed to enable the encoding of 

new memories. Synapses are enriched with a complex network of proteins that orchestrate 

the physiological and structural modifications needed to change synaptic efficacy. NMDAR-

dependent LTP in the hippocampus involves the long-lasting strengthening of synaptic 

transmission when additional AMPARs are recruited to the surface of the postsynaptic 

membrane [67,68]. Hippocampal LTP deficits are observed in mouse models of tauopathy, 

including FTLD-tau mutant mice [8,34,69–72]. FTLD-tau mutants also affect basal 

glutamatergic synaptic transmission [8,34]. Furthermore, the amplitude and frequency of 

AMPAR-mediated miniature postsynaptic currents were reduced by expression of tau 

mutated to mimic the phosphorylation of 14 residues [8], indicating that phosphorylated tau 

affects postsynaptic receptor stability. The mechanism for the effect of phosphorylated tau 

on glutamate receptors is unknown. Recordings from tauKQ mice revealed that ac-tau 

inhibits LTP in the dentate gyrus, but basal synaptic transmission was not affected [9]. 

Unlike phosphorylated tau, the mechanism by which ac-tau causes synaptic dysfunction is 

specific to activity-induced changes in synaptic strength. Together, these findings suggest 

that distinct forms of toxic tau may affect synaptic properties in different ways. Neuronal 

pathways in the brain have diverse synaptic characteristics and express distinct types of 

plasticity [73]. Therefore, the impact of tau on synaptic transmission could also depend on 

the unique features of the particular synapse in the brain that is affected. To tease apart the 

pathogenic events at synapses in AD, it will be necessary to delineate the mechanisms by 

which tau affects synaptic machinery leading to dysfunction.

Acetylated tau disrupts activity-dependent synaptic signaling

We detected ac-K274 and ac-K281 on tau in the postsynaptic density fraction extracted from 

human AD brain [9]. How does ac-tau get to postsynaptic sites? Tau can be found in the 

nucleus [74], raising the possibility that tau is acetylated by p300 in the nucleus. On the 
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other hand, p300 can also modify proteins in the cytosol [75,76]. The exact locations where 

tau is acetylated in neurons remain to be determined. Nevertheless, our study showed that 

ac-tau is missorted to the somatodendritic compartment [31]. One likely mechanism involves 

destabilization at the axon initial segment by ac-K274 and ac-K281 [31]. Another possibility 

is that ac-tau is transmitted from presynaptic to postsynaptic sites. The formation of 

neurofibrillary tangles in AD occurs in a hierarchical progression through brain regions, 

starting in the entorhinal cortex and appearing at later stages in the hippocampus and cortex. 

This observation suggests that tau propagates across synaptic circuits [77]. Studies on 

transgenic mice confirmed the spreading of pathological tau from entorhinal cortical neurons 

into the hippocampus [12,13,78]. Neurons secrete tau in response to enhanced network 

activity [79,80], and the depolarization of synaptosome preparations from human AD brains 

evoked more tau release than control brains [81]. In addition to acetylated tau missorted into 

dendrites [31], secreted tau may be acetylated, offering a potential mechanism by which 

acetylation affects the release and propagation of tau at synapses.

Filamentous actin (F-actin)-rich structures in spines dynamically modulate the strength of 

glutamatergic transmission and anchor signaling complexes in the postsynaptic density [82]. 

Actin polymerization in spines is required for the activity-dependent recruitment of synaptic 

AMPARs and the maintenance of LTP [83,84]. Our results suggest that ac-tau blocks the 

assembly of F-actin required for AMPAR trafficking during potentiation [9]. Spines contain 

specialized regulatory proteins that can modulate F-actin levels in response to synapse 

activation [85]. TauKQ did not affect basal actin polymerization in spines or glutamatergic 

transmission [9]; therefore, it probably affects the function of actin-binding regulatory 

proteins that specifically modulate F-actin during plasticity.

Tau can interact directly with F-actin [86,87] and induce actin filament organization [88,89]. 

The accumulation of F-actin caused by an FTLD-tau mutant expressed in Drosophila was 

linked to neurodegeneration [89]. Mimicking the phosphorylation of 14 residues was 

sufficient to induce abnormal actin polymerization and toxicity [89], suggesting that 

phosphorylated tau increases F-actin assembly. Mimicking ac-K274 and ac-K281 on tau 

weakened its interaction with F-actin and inhibited activity-dependent actin polymerization, 

indicating that ac-tau has a distinct effect on the cytoskeleton. These divergent effects may 

involve the subcellular localization of pathogenic tau. Ac-tau blocks actin dynamics in 

spines [9], whereas phosphorylated tau promotes the bundling of actin in the soma [89]. 

Indeed, a unique role for tau in the regulation of postsynaptic actin is supported by a study 

that showed that synaptic activity or Aβ oligomers trigger the movement of tau into spines 

where it interacts with F-actin [90]. The physiological significance of tau binding to F-actin 

in spines is unknown. In addition to tau translocation, synaptic activity can promote 

microtubule polymerization from the dendrite into F-actin rich spines [91,92]. In a cell-free 

system, tau binding to F-actin cross-linked the actin and microtubule cytoskeletons and 

enhanced their coordinated polymerization [93]. Tau may facilitate crosstalk between actin 

and microtubule networks in regulating synaptic strength.

Together with F-actin, many proteins are involved in the dynamic regulation of AMPARs 

during plasticity [94]. KIBRA is one of these postsynaptic proteins that is of particular 

interest: it has been linked to human memory performance [95] and to the risk for late-onset 
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AD [96–98]. KIBRA is required for the expression of hippocampal LTP, and mice deficient 

in KIBRA have memory impairments [99,100]. TauKQ reduced KIBRA levels in spines, 

and elevating KIBRA expression in neurons restored the tau-mediated inhibition of 

postsynaptic actin polymerization and AMPAR delivery [9]. The inhibitory effect of tau on 

KIBRA signaling represents a novel mechanism underlying the tau-mediated impairment of 

synaptic plasticity (Fig. 2A). How ac-tau lowers the KIBRA levels in spines has not yet been 

established. Since tauKQ did not affect the overall expression of KIBRA in the 

hippocampus, ac-tau may block the trafficking of KIBRA into spines or compromise the 

stability of KIBRA in the postsynaptic milieu. The effect of postsynaptic ac-tau on KIBRA-

dependent signaling and activity-dependent cytoskeletal dynamics supports the specific role 

of ac-tau in disrupting synaptic plasticity without affecting basal synaptic transmission.

KIBRA-dependent signaling is impaired in AD

Studies on individual genomic variation revealed that a single nucleotide polymorphism in 

the KIBRA gene is associated with a predisposition for AD [96–98]. The effect of this gene 

polymorphism on KIBRA function in neurons and how it may increase risk for AD is 

unknown. KIBRA mRNA levels were greater in neurons of the hippocampus and middle 

temporal gyrus from AD brains than in control brains [97]. We showed that levels of KIBRA 

protein were significantly decreased in the superior temporal gyrus in AD cases with severe 

dementia, and this decrease correlated with an increase in levels of ac-tau [9]. Evidence from 

tauKQ mice supported that ac-tau disrupts the postsynaptic localization of KIBRA. The 

upregulation of KIBRA mRNA in AD brain could be explained as a compensatory 

mechanism for the tau-induced loss of KIBRA in spines.

KIBRA is crucial for the expression of LTP and long-term depression (LTD) in adult mice, 

and it modulates activity-dependent AMPAR trafficking [99]. How KIBRA regulates the 

molecular events during plasticity expression is unclear. KIBRA could control synaptic 

signaling pathways through its different protein-interacting domains (Fig. 2B). KIBRA has 

two WW domains that bind to the postsynaptic proteins dendrin and synaptopodin, which 

are both involved in actin cytoskeleton regulation [101–104]. Similar to mice with the 

genetic deletion of KIBRA [99], synaptopodin deficient mice have impaired LTP [105]. Our 

data suggest that the tau-mediated KIBRA deficiency disrupts actin dynamics in spines [9]. 

The decrease in KIBRA may compromise the regulation of actin by synaptopodin during 

plasticity. In human podocytes, KIBRA interacts with synaptopodin, co-localizes with actin 

and tubulin accumulation at lamellipodia and regulates cell migration [102]. Dynein light 

chain 1 is another cytoskeleton-associated protein that interacts with KIBRA [106] and links 

motor proteins with the cytoskeleton and protein complexes in spines [107]. KIBRA may 

serve as a platform for the interaction of actin regulatory proteins and other postsynaptic 

signaling components to regulate activity-dependent actin polymerization.

KIBRA may regulate AMPAR trafficking through its interaction with protein kinase Mζ 
(PKMζ) [108,109] and PICK1 [99]. PKMζ is the catalytic domain of an atypical protein 

kinase C (PKC) that continually phosphorylates substrates because it lacks the PKC 

regulatory domain. KIBRA can be phosphorylated by PKCζ/PKMζ [108], but the effect of 

phosphorylation on KIBRA function is unknown. PKMζ mRNA is locally translated at 
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synapses [110], and its protein synthesis is enhanced during LTP [111]. PKMζ activity 

increases AMPAR-mediated synaptic transmission [112] and may regulate LTP expression 

[112,113] and memory [114]. However, whether it is required for LTP and memory is 

controversial [115]. Tau-mediated downregulation of KIBRA in spines may affect PKMζ 
activity. Interestingly, increased PKMζ levels were observed in neurofibrillary tangles in the 

hippocampus of human AD brain [116], which supports the notion that tau affects PKMζ 
function in disease. The interaction of KIBRA with PICK1 in a postsynaptic complex with 

AMPARs could also regulate plasticity [99]. PICK1 binds to AMPARs and modulates their 

cycling to the postsynaptic membrane [117–119], and PICK1 depletion impairs hippocampal 

LTD and LTP [120]. Since KIBRA is involved in several pathways that regulate cytoskeletal 

dynamics and receptor trafficking, KIBRA deficiency in AD may disrupt synaptic plasticity 

by obstructing multiple postsynaptic mechanisms.

Conclusions

Tau plays a significant role in changing synapses during AD pathogenesis. The underlying 

mechanisms, however, are not well understood. We propose that increased levels of tau 

acetylated on K274 and K281 promotes hippocampal-dependent memory loss in AD by 

blocking postsynaptic signaling required for plasticity. Specifically, ac-tau reduces the 

postsynaptic localization of KIBRA, which blocks actin polymerization and AMPAR 

trafficking. Multiple lysines on tau have been identified that are hyperacetylated in 

tauopathy, and the acetylation of each lysine may have distinct effects on the brain and 

cognition. The success with salsalate in preclinical mouse studies supports the feasibility of 

partial reduction of p300 activity as a strategy to counteract tau-mediated neurodegeneration 

and cognitive decline. Replenishing KIBRA or restoring its downstream signaling at 

synapses could be another strategy for therapeutic intervention in AD. The prospect of 

restoring memory loss in AD will continue to improve as we further our understanding of 

how synaptic mechanisms are affected by tau in disease.
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Box 1

Braak Stages

Pathological tau gradually accumulates in AD brain forming neurofibrillary tangles 

(NFTs). The emergence of NFTs at specific locations in the brain is classified into six 

characteristic Braak stages during the progression of AD. Braak staging indicates the 

extent of tau pathology in the brain and the severity of the disease. In the early Braak 

stages I–II, pathological accumulates in the transentorhinal region. In Braak stages III–

IV, NFTs are observed in limbic areas, including the hippocampus. In Braak stages V–VI, 

NFTs extend into neocortical areas.
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Figure 1. 
Pathological tau at synapses in AD. In normal conditions, tau is predominantly localized in 

axons, but it can also be found at synapses. In disease, pathogenic tau is missorted and 

accumulates in the somatodendritic compartment of neurons. The buildup of toxic tau can 

affect synaptic transmission by downregulating postsynaptic AMPA-type glutamate 

receptors and blocking the expression of synaptic plasticity. Pathogenic tau can also promote 

the loss of dendritic spines. The propagation of toxic tau among neurons could be trans-

synaptic and induced by activity, but the mechanism for tau release is still unclear.
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Figure 2. 
Acetylated tau blocks KIBRA-dependent signaling. A: Increased levels of ac-tau in AD 

brain causes a reduction in postsynaptic KIBRA. The KIBRA deficiency blocks activity-

dependent actin polymerization and AMPAR insertion into the postsynaptic membrane 

during LTP. B: The functional domains of KIBRA include two WW domains, a C2 domain, 

a glutamic-rich domain and a PDZ binding motif. The tau-mediated loss of KIBRA could 

affect the function of proteins that bind to KIBRA at synapses including dendrin and 
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synaptopodin, which regulate the actin cytoskeleton, and PICK1 and PKMζ, which regulate 

AMPARs.
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