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Abstract

Introduction—Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder that is a
significant burden to society. With continual expansion of our understanding of the disease, novel
therapies are emerging as potential therapeutics to either halt or reverse progression of the disease.

Areas Covered—This paper aims to provide an overview of current drug therapies aimed at
targeting the tau protein. With this protein known to be a noted pathologic finding of the disease,
trials of therapeutics aimed at this protein have been under investigation. This article is based on
data obtained from PubMed searches, TauRx, ALZFORUM, and Clinicaltrials.gov with search
terms including: anti-tau, tau therapeutic agents in Alzheimer’s disease, phase 0, I, II, Il1 trials in
Alzheimer’s disease, monoclonal antibodies, vaccines.

Expert opinion—Broad based treatments that target tau, including microtubule stabilization and
tau aggregation inhibitors, appear to be of greatest promise. Immunotherapy appears relatively safe
and efficacious but narrow while protein kinase inhibition has not demonstrated clinical benefit to
date.

1. Introduction

Alzheimer’s disease (AD), a stepwise neurodegenerative disorder, is known to be the most
common cause dementia. This disease causes a significant disease of morbidity and
mortality. Pathologic hallmarks of AD include an abundance of amyloid-beta plaques (ap)
and neurofibrillary tangles composed of tau, a microtubule associated stabilizing protein[1]
The disease also requires a clinical deterioration depicted by decline in cognition, language,
visuospatial skills, executive function, personality, and sleep among other signs and
symptoms. This disease accounts for over 50% of diagnoses of causes of dementia and leads
to death often within a decade of the time of diagnosis. With over 5 million cases of AD in
2010 in the US alone, the rate is projected to increase 3-fold by 2050[1]. This disease has
many medical, social, financial, and emotional implications to the say the least with a
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significant burden placed on individuals, family members, caregivers, and health care
providers. While a timely diagnosis may allow for a projected lifetime course for the patient,
current therapies prove to only fail to abate the progression of the disease but only temporize
the inexorable prognosis [2].

The mainstays of current therapeutics directed towards Alzheimer’s Disease include
cholinesterase inhibitors (ChEI) and N-methyl-D-aspartate (NMDA) receptor agonists such
as memantine. Such therapeutic regimens are FDA and EMA approved. However the
aforementioned therapeutics are only symptomatic and not curative or preventative.

The hyperphosphorylation of the tau protein forms conglomerates known as paired helical
fragments whose deposits are that of the known neurofibrillary tangles[3]. Tau is associated
with pathology in numerous diseases known as tauopathies including but not limited to AD,
Progressive Supranuclear Palsy (PSP), Pick’s Disease, corticobasal degeneration, post-
encephalitic parkinsonism, frontotemporal dementia (FTP), and more[4]. With clinical trials
previously showing limitations to the treatment of af, a focus on treatments of the other
pathologic mechanisms of AD is worth investigation. With numerous protein kinase
enzymes responsible for the phosphorylation of tau, this leads to multiple avenues for
research for potential targets for intervention [5]. It has been noted that neurofibrillary
tangles are more closely associated with cognitive decline versus amyloid beta and that
reduction of these tangles in mice models results in improvement in overall cognitive
function[6]. Therefore, a current movement to explore avenues for combating tau can prove
to yield significant gains in altering the landscape for treatment of AD. Current ongoing and
prospective efforts on therapeutics directed against tau are analyzed in the following.

2. Tau Based Drugs of Note

2.1 Immune Therapy

2.1.1 AADvac-1 (also known as Axon peptide 108 conjugated to KLH)—This
form of therapy includes active immunization. A DC8ES8 (pathologic regulatory domain)
epitope was used to construct a vaccine trial for a transgenic rat model. The vaccine was
constructed using an N-terminus peptide (Sequence: KDNIKHVPGGGS) involved in tau-tau
interaction conjugated to the metalloprotein keyhole limpet hemocyanin (KLH). The results
in this trial demonstrated a decrease of pathologic hyperphosphorylated tau in response to
the vaccine that triggered a humoral response to discriminate between physiological and
pathological tau. The results also demonstrated improved function of the rats with a
favorable side effect profile. Currently, the AADvac-1 in phase 1 trial by Axon Neuroscience
has been completed as of March 2015 with data pending[7].

2.1.2 Acl-35—This is a liposomal-based vaccine that also provides active immunization.
The vaccine utilizes a synthetic peptide, which imitates phosphorylated tau protein at
specific amino levels to induce a powerful antigenic response in Tau.P301L mice. The
specific amino acid areas incorporated into the vaccine include phosphorylated S396 and
S404 residues. The vaccine itself corresponded to residues 393-408 of the tau protein
simulating the Tau 441 isoform. The study demonstrated efficacy with reductions in
phosphorylated tau on pathology of brains, increased IgG titers in vaccinated mice, and
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improved motor function of vaccinated mice. The vaccine also demonstrated safety with
regard to decreased markers of inflammation as measured by immunohistochemistry for
astrocytes, microglial activation, immunoglobulin levels, and the number of CD45 T and B
cells[8]. Currently, a phase Ib trial is underway by AC Immune to assess for safety profile
along with secondary outcomes including markers as well as phenotypic changes.

2.1.3 BMS 986168 (also known as IPN 007)—While not currently approved for
Alzheimer’s Disease, Bristol-Myers Squibb is currently testing a phase | trial with this
monoclonal antibody directed towards extracellular tau (eTau)[9]. A study demonstrates a
correlation between eTau and ap both /n7 vitro and two transgenic in vivo mice models. Of
interesting note is the reduction in ap that occurs when eTau is targeted with an antibody.
The study notes that eTau and a3 may be involved in a feed forward cycle that may
exacerbate the pathologic process. The study identified four types of eTau varying in the size
of amino acid sequence. IPN 002 is an antibody specific to eTau in this study. Thisisan N
terminal antibody encompassing amino acids 17-28. Treatment with this antibody was
demonstrated to show reduction in amyloid /7 vitroand in vivo. [10].

2.1.4 RG7345—A human monoclonal antibody targeting a specific tau phosphorylated
epitope at site pS422. This site was used to conduct a vaccine trial, which demonstrated that
vaccination directed toward a specific epitope improves transgenic mice performance in the
Y-maze test with also decreased levels of tau by immunohistochemical and biochemical
testing [11]. A transgenic mouse trial involving passive administration of the antibody
demonstrated clearance of tau with the proposed mechanism being intracellular clearance of
antigen-antibody complexes [12]. Currently, a phase | trial for safety by Roche is underway.

2.2 Microtubule Stabilizers

2.2.1 Davunetide (also known as NAP, AL-108)—While there are currently only
planned trials for the safety and efficacy of davunetide, this drug is derived from activity
dependent neuroprotective protein (ADNP) to stabilize microtubules, which could offer a
tau-based therapy for AD. The mechanism of action of davunetide is multidimensional and
thought to not only affect tau aggregation but also involved in gene regulation and through
interaction with other protein complexes. Newer hypothesized mechanisms postulate that
davunetide and related compounds affect microtubule stabilization through interaction with
microtubule severing proteins via expression of tau. A recently identified binding target for
davunetide and ADNP are microtubule end binding proteins 1 and 3 (EB1 and EB3) which
are directly implicated in neuronal plasticity and neuroprotection [13] A phase 2 trial in
2007-2008 demonstrated improvement in patients with mild cognitive impairment (MCI)
with well tolerable side effects [14-15]. The results in the pure tauopathy, progressive
supranuclear palsy (PSP) were unimpressive [16], suggesting intervention at early stages of
the disease [17-18].

2.2.2 Epothilone D (also known as BMS-241027)—This is a small molecule
microtubule-stabilizing drug. With phosphorylated tau leading to poor solubility and
increased pathogenesis from poor microtubule function, stabilization of microtubules can
prevent the pathogenic mechanism in AD. Two studies of PS19 tau transgenic mice treated
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with Epothilone D demonstrated both behavioral and pathologic benefit. Mice treated
represented decrease pathologic tau in the forebrain with preservation of neuronal
framework in the hippocampus. Behavioral and cognitive deficits were reduced when mice
were treated[19-20]. Bristol-Myers Squibb conducted a phase I trial to evaluate for safety
with measurement of spinal fluid levels of tau and cognitive behavioral testing as secondary
outcomes. The trial involved 40 mild AD subjects treated with 1V BMS-241027 with three-
week interval testing cognitively and measurement of CSF at the 70 day mark. Currently
there is no data from the trial and no further trials to investigate the effects of Epothilone D
on tau in AD [21].

2.2.3 TPI 287—Developed by Cortice Biosciences, this drug falls in the taxane class and is
currently undergoing phase | testing to evaluate for safety in increasing doses. The
mechanism of action involves microtubule stabilization along with affecting levels of
phosphorylated tau. Preliminary data from a preclinical trial indicates that transgenic mice
treated with TP 287 demonstrated improvement in the Morris Water Maze and decreased in
phosphorylated tau on brain gross histopathology [22].

2.3 Tau Aggregation Inhibitors

2.3.1 LMTX (also known as Methylthionium Chloride, Rember TM, Tau
Aggregation Inhibitor (TAI), TRx-0014, TRx0237, Methylene Blue)—Currently
being marketed by TauRx and initially as Rember TM, this drug is a tau aggregation
inhibitor (TAI). This class of drugs is believed to reduce existing neurofibrillary tangles. The
premise of the mechanism revolves around failure of intracellular processing by endosome-
lysosome complexes leading to tau molecule self binding induced feed forward mechanisms
propagating itself [23] Phase Il trials of Rember demonstrated a decrease in the rate of
cognitive decline by 90% through cognitive testing (Alzheimer’s Disease Assessment Scale-
cognitive subscale) and with functional SPECT/PET demonstrating improvement in regions
of the brain affected by AD, most notably medial temporal and temporoparietal regions.
Three different doses of the medications were used in this trial with 138 mg/day being
deemed the safest minimum dose. The most commonly reported adverse effects included
diarrhea, dysuria, and urinary frequency[24].

LMTX is a stabilized compound related to Rember through modification and reduction of
the compound, which is thought to be better, tolerated and absorbed. Rember has the
oxidized form of the chloride salt of the compound methylthionine, which resulted in dose
dependent limitations. LMTX is currently undergoing three different Global phase 3 trials
with reports to be expected in 2016.

2.4 Protein Kinase Inhibitors

2.4.1 Tideglusib (NP031112, Nypta®, Zentylor™, Glycogen synthase kinase 3
inhibitor, NP12)—Tideglusib functions as an inhibitor of glycogen synthase kinase
(GSK-3). A phase2b trial was conducted in 30 patients with mild to moderate AD with
varying increasing dose of tideglusib versus placebo with the main focus to assess for safety.
Performance on numerous cognitive tests was used to measure other outcomes. The only
concerning adverse effect was asymptomatic elevation of transaminases, which were
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reversed, with withdrawal of the agent. The patients did demonstrate improvement in the
cognitive tests but the small sample size precluded conclusions on significance for a general
population [25]. A subsequent phase 11 trial known as ARGO was conducted to assess safety
and efficacy. This was a double blinded, randomized trial in mild to moderate AD patients
who were treated for 26 weeks. ADAS-cog15 was used to measure outcomes however the
results demonstrated no statistically significant findings but the drug was well tolerated with
diarrhea and asymptomatic transaminase elevations as the only side effects. The authors
conclude that further studies of increasing dose and duration would be required to make
deductions on efficacy of the drug [26]. There are no current FDA approved trials ongoing.

2.4.2 Lithium—While Lithium has played a role in mood and affective disorders, its
implication in the treatment of tau-based disease, neurodegenerative disorders is of note. The
mechanism involves regulation of GSK-3, a protein kinase. A trial of lithium of 12 months
in patients with mild cognitive impairment (MCI) noted improvement in cognitive function
as well as decrease in CSF related markers of p-tau[27]. However a study of chronic lithium
administration in adults found that chronic use leads to decreased glucose uptake in the
cerebellum and hippocampus however the low sample size precluded any significant
conclusion[28]. A study of 10 weeks of lithium administration to patients with AD showed
no significance with reduction of p-tau levels in CSF and GSK-3 activity in
lymphocytes[29]. Lithium is also thought to mediate improvement in cognition through
neutrotrophic mechanisms and with response to triggers including oxidative stress,
inflammation, and responses to maintain homeostasis[30].

2.4.3 Valproic Acid—L.ike lithium, valproic acid’s proposed mechanism of effect on
reducing neurofibrillary tangles is through mediation of GSK-3 and CDK-5, two protein
kinases. A study involving APP presenilin 1 transgenic mice treated daily for 12 weeks
demonstrated reduced phosphorylation at three specific amino sites with also inhibitory
effect on the kinases[31]. Valproic acid has been studied extensively as a treatment for
agitation without significant benefit demonstrated. The design of the phase |1 study also
looked at the potential to slow the rate of decline in subjects with AD as a means of testing
an anti-tau effect. Administration of valproic acid was not associated with slower decline
[32]. Another study demonstrated that chronic use reduces brain volumes as measured by
MRI with patients showing poorer performance on cognitive testing at 12 months [33].

2.4.4 L-3-n-butylphthalide (L-NBP)—L-NBP, derived from seeds of Apium graveolens
Linn or Chinese celery reduces tau phosphorylation in APP presenilin 1 transgenic mice
treated daily for 3 months with reduced phosphorylation at specific sites and with an
inhibitory effect on GSK-3 and CDK-5 with improvement in task function as compared to
controls [34].

2.4.5 2-methyl-5-(3-{4-[(S)-methylsulfinyl]phenyl}-1-benzofuran-5-yl)-1,3,4-
oxadiazole (MMBO)—An animal trial of this synthetic compound demonstrates that it
inhibits GSK-3 leading to reduced tau phosphorylation in the hippocampus along with
improvement in rat task function in the Y maze and object recognition [35].
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2.5 Conclusion

Tau based therapy for AD has become a point of increasing focus in recent years. This
recent shift in therapeutic and preventative approaches to AD appears to have great potential
from limited data available to provide approaches for combating one of the main yet elusive
pathologic mechanisms for AD. While the scope of evidence for the use of tau based therapy
continues to grow, current and previous investigational therapies can be grouped into four
categories: immune based therapy, microtubule stabilizers, tau aggregation inhibitors, and
protein kinase inhibitors.

3. Expert Opinion

Anti-tau immunotherapy is the area of greatest ongoing clinical trials. Preliminary results as
above have demonstrated great promise for their use. The two current vaccines undergoing
trial investigation include AAD-vacl and Acl-35. Preclinical trials demonstrating safety and
efficacy are the rationale for current phase I clinical trials. The ability to trigger an immune
response that can discriminate physiologic from pathologic tau has the potential to provide
not only a therapeutic benefit but also a preventative benefit. Peptide based vaccines provide
therapeutic benefit via gross evaluation along with behavioral benefits. Reductions in
pathologic tau along with decrease in tau phosphorylation contribute to this benefit.
Likewise, monoclonal antibodies targeting specific epitopes can effectively reduce levels of
eTau in preclinical trials. The future implications of immune therapy include determining
various epitopes to develop vaccines and monoclonal antibodies towards targeting tau as the
heterogeneity of conformations of pathologic tau is numerous. Data from current clinical
trials will shed light on safety, tolerability, and efficacy in humans.

Microtubule stabilizers are another class of drugs directed towards tau that have
demonstrated promise. This class of drugs may demonstrate the greatest potential as it has
the ability to target protein misfolding to prevent symptomatology related to pathologic tau
irrespective of the underlying cause. With numerous pathological mechanisms postulated for
the basis of neurofibrillary tangles, the root of this hallmark stems from protein misfolding
and targeting this area to encompass all disease causing mechanisms can have large
implications. Davunetide has had clinical data demonstrating improvement in patients with
MCI. Epothilone D was conducted in patients with mild AD however data is still pending.
The current clinical trial involving TPI 287 is ongoing. Future data will shed light onto the
safety and efficacy of this drug. Of particular interest is to evaluate the gross density of
neurofibrillary tangles, improvements in cognitive and behavioral testing, and the total tau
and composite tau levels.

Methylene Blue in its current investigative formulation LMTX is the furthest advanced
clinical trial to date. The premise revolves around inhibition of tau aggregation. With phase
Il data from Rember demonstrating relative safety and efficacy, TAls in the form of
methylthionium chloride have made large strides. With the ability of these drugs as well to
be tolerated well along with inhibiting pathologic tau-tau aggregation leading to the
formation of PHF while simultaneously allowing physiologic tau interaction, these drugs can
provide a broad approach to tau therapy. As mentioned earlier, a broad based approach to tau
therapy appears favorable due to the numerous pathologic mechanisms for tau pathology.
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The proponents of TAI argue that the primary mechanism of pathology is from tau-tau
aggregation through self-binding based on high affinity tau substrates. Notwithstanding, the
therapeutic benefit that has been reported and data from current phase 111 trials will allow us
to glean on the larger scale impact of LMTX and their therapeutic potential.

While numerous protein kinases can be implicated in the phosphorylation of tau, GSK-3 and
CDK-5 have been studied in preclinical and clinical trials. While Tideglusib showed no
significant benefits in a larger clinical trial. Lithium did show promise in patients with MCI
however did not demonstrate any benefit in patients with AD. The remaining protein kinase
inhibitors demonstrated efficacy in preclinical trials. While preclinical trials have been
reassuring to implicate protein kinase inhibition as a mechanism to combat tauopathy,
clinical trials unfortunately have not demonstrated this benefit. This may be attributed to the
relatively narrow mechanism of focus for this class of drugs but further research on safety
especially of the mood stabilizing agents along with efficacy of novel protein kinase
inhibitors will allow us to see what future lies with this class of drugs.
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