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Alzheimer’s disease (AD) is a neurodegenerative disease with proteopathy characterized by 
abnormalities in amyloid beta (Aβ) and tau proteins. Defective amyloid and tau propagate and 
aggregate, leading to eventual amyloid plaques and neurofibrillary tangles. New data show 
that a third proteopathy, an altered conformation of the scaffolding protein filamin A (FLNA), 
is critically linked to the amyloid and tau pathologies in AD. Altered FLNA is pervasive in 
AD brain and without apparent aggregation. In a striking interdependence, altered FLNA 
is both induced by Aβ and required for two prominent pathogenic signaling pathways of 
Aβ. Aβ monomers or small oligomers signal via the α7 nicotinic acetylcholine receptor 
(α7nAChR) to activate kinases that hyperphosphorylate tau to cause neurofibrillary lesions 
and formation of neurofibrillary tangles. Altered FLNA also enables a persistent activation 
of toll-like-receptor 4 (TLR4) by Aβ, leading to excessive inflammatory cytokine release 
and neuroinflammation. The novel AD therapeutic candidate PTI-125 binds and reverses the 
altered FLNA conformation to prevent Aβ’s signaling via α7nAChR and aberrant activation of 
TLR4, thus reducing multiple AD-related neuropathologies. As a regulator of Aβ’s signaling 
via α7nAChR and TLR4, altered FLNA represents a novel AD therapeutic target.
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INTRODUCTION

A l z h e i m e r ’ s  d i s e a s e  ( A D )  i s  a  c o m p l e x 
neurodegenerative disease characterized by a 
variety of synaptic and receptor dysfunctions, 
neuroinflammation, insulin resistance, degeneration 

and atrophy. Although the pathogenesis of AD is 
debated, the disease itself can be considered a 
proteopathy, a disease of abnormal proteins, due to 
the misfolding and aggregation of amyloid beta (Aβ) 
and hyperphosphorylated tau in brain areas critical 
to cognition and memory. These abnormal proteins 
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ultimately form the histopathological hallmarks of AD 
brain: amyloid plaques and tau-containing tangles. 
Misfolded dysfunctional proteins and their aggregation 
occurs in many other neurodegenerative diseases 
including Parkinson’s disease, dementia with Lewy 
bodies, multiple systems atrophy, frontotemporal 
dement ia,  amyotrophic lateral  sc lerosis and 
Huntington’s disease[1-4]. Typically, misfolded proteins 
self-aggregate, creating intracellular inclusions that 
become extracellular deposits following cell death. In 
many cases, misfolded proteins propagate in a cell-to-
cell “prion-like” manner[1-3,5].

The proteopathy of Aβ in AD is an amyloidosis, 
meaning the protein converts from an α-helix-rich 
state to a β-sheet conformation. To enter an amyloid 
or β-sheet state, proteins must expose the backbone 
amide N-H and C=O groups to allow hydrogen 
bonding[4]. Cleavage of amyloid precursor protein into 
Aβ42 by secretases can expose these amide N-H and 
C=O groups and promote a β-sheet conformation[4]. 
Elevated concentrations from overproduction or 
insufficient clearance/processing may also contribute. 
The hydrogen bonding of the pleated, β-sheet 
conformation between parallel or anti-parallel β-sheets 
is much stronger than that in native α-helices, making 
reversal unlikely. Additionally, the β-sheet conformation 
allows hydrogen bonding between separate, stacked 
molecules, promoting oligomerization and eventual 
plaque formation[4]. Aβ is proposed to form a toxic, 
small oligomer “seed” requiring 3 or 4 molecules 
used as a template to “infect” native molecules and 
propagate in a prion-like manner[6].

The proteopathy of tau, or tauopathy, in AD is primarily 
caused by hyperphosphorylation. Hyperphosphorylated 
tau loses its function of stabilizing microtubules and 
dissociates from them[7]. The increased pool of free 
tau after dissociation from microtubules is likely an 
important first step to aggregation in AD[8]. Untethered 
from microtubules, hyperphosphorylated tau twists 
together to form the paired helical filaments (PHFs) 
found in neurofibrillary tangles. In a toxic gain of 
function, hyperphosphorylated tau also actively disrupts 
microtubules and inhibits their assembly[7,9] and even 
sequesters functional tau and other microtubule 
associated proteins [9]. Hyperphosphorylation also 
changes tau’s localization from axon-predominant to 
include dendrites, neuronal cell bodies and presynaptic 
areas, leading to synaptic dsyfunction[10-12].

This mini-review focuses on a third, interconnected 
proteopathy in AD and its critical role in 2 toxic 
signaling pathways of soluble Aβ. The newly 

described proteopathy is an altered conformation of 
the ubiquitous scaffolding protein filamin A (FLNA), 
induced by Aβ42 and without apparent aggregation[13]. 
The 1st toxic cascade of Aβ enabled by altered 
FLNA is Aβ’s signaling via α7 nicotinic acetylcholine 
receptor (α7nAChR) to hyperphosphorylate tau. The 
2nd signaling pathway is Aβ’s aberrant activation of 
toll-like-receptor 4 (TLR4), by binding CD14 [14], to 
induce neuroinflammation. In both cases, altered 
FLNA associates with these receptors to allow their 
aberrant signaling by Aβ[13,15]. Native FLNA in control 
brains does not associate with either receptor. 
Whether the altered conformation precedes or is a 
consequence of these receptor linkages is discussed. 
The interdependence of altered FLNA with Aβ 
signaling to hyperphosphorylate tau and promote 
neuroinf lammation has been elucidated via the 
reversal of the FLNA proteopathy by a small molecule 
therapeutic candidate, PTI-125.

Aβ SIGNALING VIA α7NACHR TO 
HYPERPHOSPHORYLATE TAU

The most toxic form of Aβ is considered soluble Aβ 
oligomers rather than plaque deposits[16,17]. Evidence 
that soluble Aβ induces tau pathology has grown, with 
hyperphosphorylation as the primary pathological 
modification[18]. Extensive research has elucidated 
the role of the α7nAChR in the toxicity of soluble Aβ42 

and the consequent hyperphosphorylation of tau[19-24]. 
Soluble Aβ42 in monomeric or oligomeric form binds 
and signals via α7nAChR[25-28], essentially hijacking this 
receptor to abnormally activate various kinases[27,29-31] 
to heighten tau phosphorylation. Supportive data 
include co-localization of Aβ42 and α7nAChR in AD 
pyramidal neurons and a complete blockade of Aβ42-
induced tau hyperphosphorylation in vitro by α7nAChR 
antisense oligonucleotides[32]. Aβ42 dose-dependently 
activates tau kinases to persistently phosphorylate tau 
at the three proline-directed sites, resulting in elevated 
hyperphosphorylated tau in neurofibrillary tangles. 
This Aβ-driven tau hyperphosphorylation can also be 
blocked by the α7nAChR antagonist α-bungarotoxin 
o r  o t he r  α7n ACh R l i gands  i f  adm in i s te re d 
prophylactically[32-35]. The hyperphosphorylation of tau 
renders it dysfunctional, alters its cellular distribution 
and disrupts axonal/dendritic transport, leading to 
neurofibrillary lesions, dendritic breakdown, and 
ultimately, neurofibrillary tangles [27]. Importantly, 
soluble Aβ42 binds α7nAChR with an extraordinarily 
high (high femtomolar) affinity, rendering the Aβ42-
α7nAChR interaction nearly irreversible[26,36].

Though other targets have been demonstrated for 
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soluble Aβ42, their nanomolar or lower affinities 
suggest high off-rates and limited target engagement, 
in contrast to Aβ42’s nearly irreversible sub-picomolar 
interaction with α7nAChR. Other targets of soluble Aβ 
include PrPC, a prion receptor, which Aβ binds at 50-
100 nmol/L to suppress LTP in slice cultures[37]. Acting 
as a co-receptor for the Aβ-PrPc complex, mGluR5 
also plays a role in the impaired LTP[38]. Soluble Aβ 
has also been shown to bind neuroligin-1, a post-
synaptic cell adhesion protein, in the nanomolar range, 
and this interaction has been proposed to promote Aβ 
oligomer formation[39].

Evidence that phosphorylation can alter tau’s 
conformation comes from a study showing that a 
particular AD-specific phosphorylated tau species 
is only formed when specific phosphoepitopes in a 
proline-rich region are sequentially phosphorylated by 
GSK-3β (at Thr212) and then by PKA (at Ser214)[40]. 
Whether tau’s hyperphosporylation contributes 
to protein misfolding prior to formation of PHFs is 
speculative, particularly as its pathological structure 

has not been elucidated. The tau proteopathy in AD, 
therefore, involves hyperphosphorylation, but may or 
may not include misfolding. The formation of PHFs 
requires hyperphosphorylated tau, and tau protein in 
neurofibrillary tangles is hyperphosphorylated, most 
notably at Ser202, Thr231 and Thr181[41]. Interestingly, 
the alpha-synuclein that forms fibrils and is abundant 
in Lewy bodies in Parkinson’s disease is also 
hyperphosphorylated, at a single serine site[42].

ALTERED FLNA LINKS Aβ AND TAU 
PROTEOPATHIES

We recently described a third, atypical proteopathy in 
AD that is critically interconnected with the toxicities 
of both Aβ42 and tau. This third proteopathy is an 
altered conformation of the scaffolding protein FLNA. 
It is induced by Aβ42, and in reciprocal action, enables 
Aβ42’s toxic signaling via α7nAChR to activate kinases 
that hyperphosphorylate tau[13]. Altered FLNA enables 
Aβ42’s signaling via α7nAChR by associating with this 
receptor[13,15]. Although FLNA constitutively associates 
with other receptors including the mu opioid receptor 
and insulin receptors[43], FLNA does not normally link 
to α7nAChR. We hypothesize that upon Aβ42 binding 
to α7nAChR, FLNA is recruited to this receptor and 
its conformation altered to enable Aβ42’s aberrant 
signaling [Figure 1]. FLNA in control brains can be 
induced to link to α7nAChR by incubation with Aβ42 in 
vitro or by ICV Aβ42 infusion in vivo[13,15]. The altered 
conformation of FLNA is also illustrated by the 100-
fold difference in binding affinities of the novel drug 
candidate PTI-125 to FLNA immunopurified from 
human postmortem AD vs. control brain [13]. One 
distinct difference between altered FLNA and other 
proteopathies is that the altered conformation of FLNA 
does not appear to promote self-aggregation.

Best known for cross-linking actin to enable cell 
structure, flexibility and motility, FLNA is a prominent 
regulator of the actin cytoskeletal assembly and 
dynamics [44-46]. The actin cytoskeleton, a vital 
component in synapses and the dendritic network, 
is impaired in AD[47]. Hence, the FLNA proteopathy 
might also disrupt synaptic and dendritic function 
in AD by disrupting actin dynamics. FLNA exists 
as an intracellular homodimer and dimerizesin a 
membrane-bound, C-terminal domain. It is a large 
(280-kDa) protein with 24 immunoglobulin repeats 
that are natively β-sheet pleated, forming two rod-like 
domains separated by two hinge regions. The nature 
of the conformational change of FLNA in AD is not 
yet known, thoughit is interesting that native FLNA is 
predominantly β-sheeted. Demonstrating induction by 

Figure 1: Altered FLNA linkage to α7nAChR enables Aβ42’s toxic 
signaling via α7nAChR to hyperphosphorylate tau. Monomers or 
small oligomers of Aβ42 bind α7nAChR, which recruits FLNA to link 
to α7nAChR. This recruitment likely alters FLNA’s conformation, 
which in turn increases the aff inity of the Aβ 42-α7nAChR 
interaction to a femtomolar affinity and enables the signaling. 
ERK1 and JNK kinases are activated to hyperphosphorylate 
tau. Hyperphosphorylated tau loses its function of stabilizing 
microtubules and dissociates from them, eventually creating PHFs 
and neurofibrillary tangles. FLNA: filamin A; Aβ: amyloid beta; 
α7nAChR: α7 nicotinic acetylcholine receptor; PHF: paired helical 
filament
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Aβ, the altered FLNA conformation exists not only in 
postmortem human AD brain and in triple transgenic 
(3xTg) AD mice, but also in ICV Aβ42-infused wildtype 
mice and in Aβ42-treated postmortem human control 
brain[13].

This altered form of FLNA was evidenced by a shift 
in isoelectric focusing point (pI) from 5.9 in the native 
state to 5.3 in postmortem human AD brain or brains 
of mouse models[13]. An altered pI can indicate an 
altered conformation, reflecting changes in hydrogen 
bonding, charge-charge interactions or accessibility 
of ionizable residues within the molecule [48-50]. In 
this case, the shifted pI is resistant to complete 
dephosphorylation by alkaline phosphatase. Hence, 
unlike the proteopathies of tau and alpha-synuclein, 
the altered conformation of FLNA is not due to 
changes in phosphorylation state. Further studies are 
needed to reveal the details of FLNA’s conformational 
change and whether altered FLNA is unique to AD. 

The induction of the altered conformation by Aβ42 may 
suggest a direct interaction or some sort of cross-
protein templating by Aβ42. However, Aβ42 and FLNA 
do not directly interact because neither protein can be 
co-immunoprecipitated with the other (our unpublished 
observations). Although it is tempting to presume 
that FLNA must be in its altered conformation to 
associate with α7nAChR, we hypothesize that it is 
FLNA’s transmembrane recruitment to this receptor, 
induced by Aβ42’s extracellular binding, that changes 
FLNA’s conformation. Aβ42 binds α7nAChR with 
high femtomolar affinity, the highest known binding 
affinity of Aβ42. Interestingly, prevention of the FLNA 
linkage to α7nAChR by FLNA-binding compound PTI-
125 decreases Aβ42’s affinity for this receptor 1,000-
10,000-fold, illustrating that FLNA enables not only 
Aβ42’s toxic signaling but also its high-affinity binding 
for α7nAChR[15]. Although this observation appears 
to suggest that altered FLNA is responsible for Aβ42’s 
binding, we propose a dynamic, sequential process: 
(1) Aβ42 binds α7nAChR to induce FLNA recruitment; 
(2) recruitment alters FLNA’s conformation; and (3) 
FLNA’s altered form secures (locks in) an ultra-high 
affinity Aβ42-α7nAChR interaction. The reasoning 
behind this hypothesis is that Aβ42 induces both the 
aberrant FLNA conformation and its recruitment to 
α7nAChR (either by ICV Aβ42 infusion to wildtype mice 
or by in vitro Aβ42 incubation of postmortem control 
brain)[13,15] and that Aβ42 and FLNA do not themselves 
interact.

Enabled by FLNA, Aβ42, in monomeric or small 
oligomeric form[51], signals via α7nAChR to activate 

kinases to hyperphosphorylate tau protein[30,32,33,52]. 
We know that the l inkage of altered FLNA is 
required for this Aβ signaling pathway because 
the novel drug candidate PTI-125 prevents the 
FLNA-α7nAChR linkage and greatly reduces tau 
hyperphosphorylation [13,15]. Hyperphosphorylated 
tau loses its ability to stabilize microtubules and 
dissociates from them, thereby increasing the pool 
of free phosphorylated tau that eventually appears in 
neurofibrillary tangles. We suggest that the signaling 
of Aβ42 via α7nAChR contributes prominently to a 
variety of AD-related neuropathologies in addition 
to, or perhaps elicited by, tau hyperphosphorylation 
because these additional neuropathologies are also 
reduced by PTI-125’s disruption of Aβ42’s signaling 
via α7nAChR[13,15]. Alternatively, they may be related 
to the neuroinf lammatory signaling that is also 
disrupted by PTI-125 as discussed below. An obvious 
consequence of the toxic signaling through α7nAChR 
is that the normal function of α7nAChR is impaired. 
Because α7nAChR is an upstream regulator of the 
N-methyl-D-aspartate receptor (NMDAR) [53,54], the 
impaired NMDAR signaling in AD brain and 3xTg AD 
mice is very likely related to the impaired signaling 
via α7nAChR. This assertion is supported by the 
improvement in signaling function of both receptors by 
PTI-125[13,15]. Aβ42’s signaling to hyperphosphorylate 
tau also contributes to eventual formation of Aβ 
deposits and tau-containing neurofibrillary lesions[55,56], 
because disrupting this signaling via PTI-125 markedly 
reduces both Aβ deposits and neurofibrillary lesions in 
3xTg AD mice or ICV Aβ42-infused wildtype mice[13,15]. 
Finally, reiterating the improved receptor function 
by PTI-125 and implicating this toxic Aβ signaling 
pathway in cognitive impairment, PTI-125 also 
improved working and spatial memory and nesting 
behavior abnormalities in 3xTg AD mice[13].

ALTERED FLNA ENABLES Aβ-INDUCED 
NEUROINFLAMMATION 

The proteopathy of FLNA enables a second toxic 
signaling pathway of Aβ: its activation of the innate 
immune receptor TLR4 [13,15]. Aβ42 binds the CD14 
co-receptor[14], complexed with TLR4, to induce an 
aberrant FLNA linkage to TLR4[13,15], which appears 
to reciprocally enable a sustained Aβ-mediated 
TLR4 activation [Figure 2]. Hence, the FLNA-TLR4 
linkage, allowing Aβ activation of TLR4, promotes 
persistent inflammatory cytokine release and elicits 
neuroinflammation characteristic of AD. As with 
α7nAChR, native FLNA in control brains does not 
associate with TLR4, unless treated with Aβ42 by ICV 
infusion to wildtype mice or by in vitro incubation of 
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control postmortem human brain[13,15]. Like the FLNA 
recruited to α7nAChR, FLNA that links to TLR4 in 
the presence of Aβ42, or in AD postmortem brain or 
3xTg AD mice, has an altered conformation[13]. The 
question arises again whether Aβ42 binding to CD14 
induces the FLNA linkage to TLR4 and the altered 
FLNA conformation in the process, or whether this 
linkage happens only after FLNA’s conformation is 
altered. With two receptors seemingly controlling 
FLNA’s conformation by recruitment, it is tempting to 
speculate that one linkage or the other induces the 
altered conformation, unleashing further aberrant and 
persistent receptor associations with FLNA. Notably, 
even in its non-diseased state, FLNA interacts with 
more than 90 different protein partners including a 
few receptors and many signaling molecules[44]. With 
multiple interactions, it is possible that one or more 
specific protein interactions - induced by Aβ - could 
alter FLNA’s conformation and subsequent behavior. If 
so, it is then possible that the alteration in FLNA could 
also affects its interaction with other protein partners 
and their functions, disrupting the integrity of circuitries 

to propagate dysfunction in AD brains.  

REVERSING FLNA’S ALTERED 
CONFORMATION

The primary evidence for the role of FLNA’s altered 
conformation in Aβ42’s toxic signaling via α7nAChR 
and TLR4 comes from the small molecule therapeutic 
candidate PTI-125. The altered conformation of 
FLNA was first inferred from the efficacy (as well as 
safety) at relatively low doses of PTI-125 in mouse 
models and in vitro, despite a ubiquitous target. 
We subsequently determined that PTI-125 binds 
altered FLNA (in AD postmortem brain, in 3xTg AD 
mice or in ICV Aβ42-infused mice) much more tightly 
than native FLNA (in control postmortem brain or in 
control mice): a femtomolar affinity was measured 
for altered FLNA vs. a substantially lower, picomolar 
affinity for native FLNA[13]. Using the same isoelectric 
focusing point assessment that demonstrated FLNA’s 
altered conformation, we further showed that PTI-
125 binding, by in vivo treatment of mice or by in 
vitro incubation of postmortem AD brain, restores 
the native conformation of FLNA[13]. By reversing the 
FLNA proteopathy, PTI-125 dramatically reduces 
FLNA’s aberrant linkages to both α7nAChR and TLR4, 
consequently reducing tau hyperphosphorylation 
and neuroinflammation [13,15]. By attenuating Aβ’s 
pathogenic drive, PTI-125 treatment improved function 
of three key receptors: α7nAChR, NMDAR and insulin 
receptors[13,15]. The improved insulin receptor signaling 
may also reflect reduced neuroinflammation by PTI-
125, as neuroinflammation has been linked to impaired 
insulin receptor function[57]. Disrupting the FLNA-TLR4 
linkage, PTI-125 potently and efficaciously reduced 
inflammatory cytokines by at least 80% in 3xTg AD 
mice and in ICV Aβ42-infused mice[13,15]. Correlating 
with the improved NMDAR function, synaptic plasticity 
was also improved by PTI-125 treatment of either 3xTg 
AD mice or Aβ42-treated postmortem human control 
brain, evidenced by improved activity-dependent 
expression of the master synaptic plasticity regulator, 
activity-regulated, cytoskeleton-associated protein 
(Arc) [13]. These beneficial effects of PTI-125 in AD 
mouse models and postmortem AD brain elucidate 
a critical role of the FLNA proteopathy in multiple 
toxicities of Aβ and tau, including neuroinflammation 
[Figure 3]. We also speculate that altered FLNA may 
alter actin dynamics, given the primary role of FLNA in 
the actin cytoskeleton. 

LIMITATIONS OF INTERPRETATION

There are limitations to our interpretations of our data. 

Figure 2: Altered FLNA linkage to TLR4 enables persistent Aβ42-
induced TLR4 activation and neuroinflammation. Aβ42 binds the 
CD14 co-receptor to induce FLNA recruitment to TLR4. As with 
α7nAChR, the FLNA linkage likely alters the FLNA conformation. 
With Aβ42 binding CD14, altered FLNA linkage to TLR4 enables 
a sustained TLR4 activation, leading to substantial inflammatory 
cytokine release and the neuroinflammation characteristic of 
AD. FLNA: filamin A; Aβ: amyloid beta; α7nAChR: α7 nicotinic 
acetylcholine receptor; TLR4: toll-like-receptor 4
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Figure 3: Proposed model of pathological consequences of altered FLNA-enabled Aβ42 signaling via α7nAChR and TLR4. Soluble Aβ42 

monomers or small oligomers bind α7nAChR or CD14, complexed with TLR4, inducing recruitment of FLNA to these receptors. Dimers of 
native FLNA, coupled to insulin receptors but not to α7nAChR or TLR4, are depicted as straight rods; red curly FLNA depicts the altered 
form, which is recruited to α7nAChR and TLR4 (and possibly also insulin receptors). Enabled by altered FLNA’s new linkages, Aβ42 

activates α7nAChR to hyperphosphorylate tau and persistently activates TLR4 to induce inflammatory cytokine release (TNFα, IL-1β and 
IL-6) by reactive astrocytes. This neuroinflammation likely contributes to insulin receptor desensitization[57]. Although the insulin receptor 
is constitutively associated with native FLNA, it is possible that altered FLNA also contributes to the insulin receptor dysfunction in AD. 
Aβ42’s aberrant signaling through α7nAChR impairs function of α7nAChR and of NMDARs, restricting calcium influx through both receptors. 
Increasing Aβ42 piling onto α7nAChR leads to intraneuronal Aβ42-α7nAChR complexes. The hyperphosphorylated tau dissociates from 
microtubules, disrupting microtubule stability, axonal transport and neuronal function. Along with dysfunctional tau, impaired NMDARs 
reduce LTP and heighten LTD. Dendritic spines and synapses are lost. Neuritic plaques, neuropil treads and neurofibrillary tangles are 
formed, and neurons degenerate. FLNA: filamin A; Aβ: amyloid beta; α7nAChR: α7 nicotinic acetylcholine receptor; TLR4: toll-like-receptor 
4; TNFα: tumor necrosis factor-α; IL: interleukin; AD: Alzheimer’s disease; NMDAR: N-methyl-D-aspartate receptor; LTP: long-term 
potentiation; LTD: long-term depression
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First, the alteration in FLNA has not been directly 
demonstrated. It is implied by a shift in pI for FLNA in 
AD vs. control brain and supported by the differential 
binding affinities of PTI-125 to FLNA in control vs. AD 
brain. Representing an aggregate pKa for all amino 
acids in a protein, a shifted pI is assumed to reflect 
a change in structure. Second, the possibility exists 
that PTI-125 has additional significant targets besides 
FLNA’s altered conformation that have confounded our 
interpretation of its effects. We believe this is a remote 
possibility because: (1) PTI-125 showed no interactions 
in a lead profiling screen of 68 receptors, channels 
and transporters; (2) the binding affinity of PTI-125 in 
AD brain was virtually identical to its binding affinity for 
FLNA immunopurified from AD brain[13], indicating a 
lack of other CNS targets; and (3) PTI-125 shows good 
CNS penetration and more than sufficient brain levels 
for a femtomolar target. 

Both Aβ and tau as AD therapeutic targets have been 
questioned following multiple clinical trial failures, and 
this skepticism may extend to altered FLNA as a viable 
therapeutic target for AD. Furthermore, several partial 
agonists or positive allosteric modulators to α7nAChR 
have also failed, challenging the significance of this 
Aβ signaling pathway. As commonly suggested, 
potential reasons for these failures include treating too 
late in disease progression, because neuropathology 
precedes symptoms by 10-25 years [58,59], and the 
possible protective effect of amyloid[60]. Additionally, 
agents that target aggregation of Aβ or tau may be 
downstream of significant dysfunction, as suggested 
by the pathways discussed here. Perhaps most 
impor tantly, the femtomolar interaction of Aβ42 
with α7nAChR imposes substantial competition for 
antibodies or small molecules seeking to compete 
directly with this interaction. 

An additional caution to interpretation of our data 
may be our use of synthetic, monomeric Aβ42 rather 
than oligomeric Aβ, thought to be the most toxic 
Aβ species. Though transgenic mice generate both 
monomeric and oligomeric Aβ, Aβ42 in vitro forms a 
mixture of monomers and small oligomers as well, and 
both signal via α7nAChR[51].

Finally, despite the broad spectrum of beneficial effects 
demonstrated preclinically by PTI-125’s reversal 
of FLNA’s altered conformation, Aβ42 signaling via 
α7nAChR and TLR4 are only two of many pathogenic 
cascades in AD. A variety of other approaches have 
demonstrated similar results in mouse models, and the 
difficulty of clinical translation remains. We believe our 
strongest data validating FLNA’s altered conformation 
as a novel target for AD drug development are 

those using postmortem human AD or Aβ42-treated 
control brainwith postmortem interval < 10 h. PTI-125 
demonstrated efficacy in postmortem human brain at 
concentrations as low as 1 pmol/L[13]. 

CONCLUSION

Abnormal FLNA is inter twined with the Aβ and 
tau proteopathies in AD. Aβ42 induces the altered 
conformation of FLNA, and altered FLNA enables 
sustained Aβ42 signaling via α7nAChR and TLR4, 
possibly by securing high affinity binding of Aβ[13,15]. 
Aβ42’s toxic signaling via α7nAChR activates kinases to 
hyperphosphorylate tau[25-31], leading to its dysfunction 
and aggregation, and the FLNA-enabled Aβ 42 
activation of TLR4 enhances neuroinflammation[13,15]. 
Moreover, the altered conformation of FLNA is an 
important catalyst of Aβ toxicities and tau dysfunction, 
including neuroinflammation and synaptic dysfunction. 
The novel therapeutic candidate PTI-125 offers the 
possibility of dampening these toxic cascades by 
restoring the native conformation of FLNA. In addition 
to its novel target, preferentially binding and reversing 
an altered protein conformation is a novel mechanism 
of action for any drug candidate. An advantage 
of its mechanism is that PTI-125 dramatically 
attenuates Aβ’s aberrant activation of both α7nAChR 
and TLR4 without directly affecting these surface 
receptors. PTI-125 preserves tau’s neuronal function, 
preserving axonal transport, and reduces Aβ-induced 
neuroinflammation and synaptic/dendritic damage 
while maintaining health of the receptors. AD is a 
disease of multiple dysfunctions. Interconnected with 
several toxicities of Aβ and tau and implicated in 
many AD-related neuropathologies, the proteopathy 
of FLNA represents an entirely new target for AD drug 
development.
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