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The ‘Tao’ of tau?

In the recurring debate of tau vs.
amyloid, we take a look at how
anti-tau research is progressing

BY JEFFREY BOULEY
N LOOKING AT NEURODEGENERATIVE DISEASES
for this gpecia focus section on neuroscience, it seemed
fittingto check in not just on the cons stently hot topic of
Alzheimer's disease, but more specificaly theissue of the
tau protein and some of the recent insights and progress
on the anti-tau front.

Alzheimer’s has aready proven to be a particularly complex
and challenging diseasefor life-sciencesresearchersand pharma/
biotech companies And in adisease where sticky tangles of pro-
teinsseemsto atrophy the brain and choke of cognition, one of
the gtickiest areas has been the issue of the amyloid protein vs.
thetau protein. The aggregation of thetau protein isahalmark
of Alzheimer’sdisease, but traditionaly much of the energy and
ef ort has gone toward focusing on ways to reduce the number
of amyloid plagues.

AsEmily Underwood wrotein a2016 articlein Saence “Oneof
thetelltale signs of Alzheimer’sdisease (AD) is<ticky plaques of
[3-amyloid protein, which form around neuronsand are thought
by alarge number of scientiststo bog down information pro-
cessing and kill cells For more than a decade, however, other
researchers have fingered a second protein called tau, found
insde brain cells, asapossible culprit”

The topic Underwood was addressing was an imaging study
of 10 people with mild AD that indicated tau deposits, rather
than amyloid, are closaly linked to memory loss, dementiaand
other AD symptoms. It wasn't evidencethat actually resolved the
amyloid-tau debate—amost certainly both proteins play major
roles, and perhaps other factors as well—but the findings did
serve as a potentia jumping-of point for additional ef ort on
tau-targeting treatments and better diagnogtic tools.

And on the subject that tau and amyloid likely represent more
of a“pair of culprits’ rather than an “either-or” stuation, we can
go back acouple yearsto a JAMA Neurdogy paper by G.S Bloom
that cast B-amyloid protein andtauin a“trigger and bullet” meta:
phor. Astheauthor noted in theabstract, “Duringthe past dozen
years, a steadily accumulating body of evidence hasindicated
that soluble forms of A and tau work together, independently
of their accumulation into plagues and tangles, to drive healthy
neuronsinto the diseased state and that hallmark toxic proper-
tiesof AB requiretau. For instance, acute neuron desth, delayed
neuron death following ectopic cell cycle reentry, and synaptic
dysfunction aretriggered by soluble, extracellular AP speciesand
depend on soluble, cytoplasmictau. Therefore, AB isupstream of
tau in AD pathogeness and triggersthe conversion of tau from
anormal to atoxic sate, but thereisaso evidencethat toxic tau
enhances Ap toxicity viaafeedback loop”

There is no resolution as to whether amyloid plaques or tau tangles are more important in the etiology of
Alzheimer’s disease—or if either is more important than the other—but tau continues to gain interest as a target
even as the shadow of amyloid research continues to loom over it.

Druggability of tau

So, fast forwarding back to the
present day—or June 28, 2018, a
|east—we see one company con-
tinuing the trend toward more
focus on tau as news came out of
Cantabio Pharmaceuticalsinc. that
the company, which isworking on
therapeutics for AD, Parkinson's
disease and related neurological
disorders, had seen publication
of a peer-reviewed article. Lead
authored by Cantabio's CEO Dr.
Gergely Toth, aong with collabo-
rators at the Hungarian Academy
of Sciences and German Center
for Neurodegenerative Diseases
(DZNE), thework appearedin the
journa ACSChemical Neuroscience.

The paper was titled “The
sructurd basis of small molecule
targetability of monomeric Tau
protein” and reported structure-
based evidence that native
monomeric tau can be a viable
target for drug-like smal molecules
despiteitsheterogeneoussructure.

As the company noted of the

news, the aggregation of monomer-
ictau protein islinked tothe onset
and progression of Alzheimer’s
disease and other tauopathies and
thisstudy and the scientific team’s
previousfindingsprovidetheoreti-
ca and experimenta evidence for
the ability of monomeric tau to
be a receptor of small molecules
designed to prevent the aggrega-
tion, which leads to toxicity and
cell death.

Asper Prof. Eckhard Mandelkow,
aco-author of the publication and
group leader at DZNEin Bonn, this
isfurther evidencethat inhibition of
tau aggregation by small molecules
may be a viable therapeutic
approach for tauopathies such as
Alzheimer’'sdisease. He noted that
“These molecules are currently
being evauated in anima models
of tau-induced pathology”’

“We are excited to publish
further scientific evidence that
establishes a structural biology
basis for Cantabio's tau small-
molecule pharmacological

chaperone program, which aims
to prevent and reduce aggregeation
of tau protein as a therapeutic
strategy for Alzheimer’s disease
and other tauopathies such as
concussion-related chronic
traumatic encephalopathy,” said
Cantabios CEQ, Dr. Gergely Toth.
“The tau protein haslong been a
major target for Alzheimer’s drug
development, but duetothenature
of itsstructure, it has historicaly
proven to be adif cult target for
small-molecule drug candidates.
Our work at Cantabio represents
a significant step forward in
developing atherapy that is able
to prevent the formation of the
toxic protein aggregates that are
associated with neurodegeneration
in these diseases”

Tau as a therapeutic
and diagnostic target

And, perhapsin asign of how much
tau research remainsin the shadow
of amyloid research, our next piece
of fairly recent news comes from
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the end of last year, when AC Immune
SA, a clinical-stage biopharmaceutical
company with abroad pipeline focused on
neurodegenerative diseases shared the top-
level insightsfrom akey opinion leader (KOL)
luncheon meeting on the importance of tau
asatarget in Alzheimer’s disease and other
neurodegenerative diseases. The meeting
featured presentations by KOLs Dr. Khalid
Igbal of the New York Sate Institute for
Basic Research in Developmentd Disabilities
and Dr. Michael Rdfii of the University of
Cdlifornia, San Diego, and the University of
Southern Cdifornia.

Igbal highlighted the critical importance
of tau asatherapeutic target in Alzheimer’s
disease and other neurodegenerative
diseases and how inhibition and prevention
of the Tau pathology can potentially rescue
the pathology of Alzheimer’s disease and
cognitive impairment, commenting:
“Neurodegeneration leadsto tau pathology,
andtau pathol ogy leadsto neurodegeneration.
Wherethereisno tau pathology, thereisno
Alzheimer’s disease. Tau-based therapeutic
approacheshave significant potentia totreat
arange of neurodegenerative diseases”

“We are excited to publish
further scientific evidence
that establishesa
structural biology basisfor
Cantabio'stau small-
molecule pharmacological
chaperone program, which
aimsto prevent and reduce
aggregation of tau protein
asatherapeutic strategy
for Alzheimer’sdisease and
other tauopathiessuch as
concussion related chronic
traumatic encephalopathy.
Dr. Gergely Toth, CEO of
Cantabio Pharmaceuticals

Rafii discussed tau-mediated pathology
and the importance of tau diagnosticsin
people with Down syndrome, a population
with a genetic predisposition to develop
Alzheimer’s-related neuropathological
changes, including 3-amyloid plagues and
tau tangles

“Biomarkers of Alzheimer’s, including
Tau-PET, can bereadily sudiedin adultswith
Down syndrome asin other preclinica AD
populations” Refii noted. “By understanding
the link between Alzheimer’s and Down
syndrome, we may not only be able to help
the Down syndrome community, but the
broader population as well. People with
Down syndromeare an important population
to study as we enhance our understanding
of early intervention and prevention of
Alzheimer'sdiseasein genera”

Also at the KOL meeting, Dr. Andreas
Muhs chief scientificof cer of ACImmune,
highlighted the company’s relevant Tau
programs.

« ACI-35, an anti-tau vaccine in Phase 1b
and developed in collaboration with Jans-
sen Pharmaceuticasunder a2014 licensing
agreement

- RO7105705, an anti-tau antibody in
Phase 2 and devel oped in collaboration with
Genentech under a2012licensingagreement

- Morphomer Tau, a small molecule in
preclinical development and developed
in-house

- PI-2620, a Tau-PET imaging agent
developed in collaboration with Piramal
Imaging under a2014 licensing agreement.

“We are delighted to share the valuable
ingghts of these world-leading experts with
our investorsand stakeholders. Thesetypesof
exchanges are vitd s0 we can dl work more
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AC Immune is heavily invested in neurodegenerative research and conducted a key opinion

leader luncheon last year at which experts weighed in on the importance of the tau protein
both as a therapeutic and diagnostic target.
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ef ectivelytogether toachievethecommon
goal of an approved disease-modifying
therapeutic and earlier diagnosis of
Alzheimer’s disease—one of society’s
biggest challenges of the century,” said
Prof. AndreaPfeifer, CEO of ACImmune.

Potential monotherapy?

Also late in 2017, TauRx Therapeutics
Ltd. reported the full results from its
second Phase 3clinical study of LMTX, a
tau aggregation inhibitor for Alzheimer’s
disease, which were published online
in the Journal of Alzheimer’s Disease.
The company noted that results from
this study (TRx-237-005) are consistent
with those from the first Phase 3 study,
recently published in The Lancet in mild
to moderate Alzheimer’s disease, in
supporting the hypothesis that LMTX
might be ef ective as monotherapy at a
dose aslow as4 mg twice daily.
Theresultsof the earlier sudy showed
significant differencesin favor of two
higher dosesof LMTX (75mgand 125mg
twice daily) when taken as monatherapy
compared with theintended 4 mgcontrol
dose taken as monotherapy or as add-on
therapy to currently pproved treatments
for AD in prespecified pogt-hoc anayses
In afurther anaysis, the sasmedif erence
in favor of monotherapy compared with
add-on treatment was found in patients
taking the 4 mgtwice-daily dose.
Accordingto TauRY, in both the LMTX
monotherapy and add-on therapy groups,
wholebrain atrophy (measured viaMRI
scans) initially progressed as expected
for patients with mild Alzheimer’s
disease. However, after nine months of
treatment, the annualized rate of whole
brain atrophy in monotherapy patients
reduced significantly and becametypical
of that reported in normal elderly
controls without Alzheimer’s disease.
The comparable rate seen in the add-on
therapy group progressed asreported for
patientswith mild Alzheimer’s disease.
And early this year, the company
reported preclinical study results,
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Cantabio researchers
recently published
levidence that native
monomeric tau can be a
viable target for drug-like
small molecules despite
its heterogeneous
structure.

“By understandingthe
link between Alzheimer’s
and Down syndrome, we
may not only be ableto
help the Down syndrome
community, but the
broader population as
well. People with Down
syndromearean
important population to
study aswe enhance our
understanding of early
intervention and
prevention of Alzheimer’s

diseasein general”
Dr. Michael Rafii of
UC San Diego and USC

published online in Frontiersin Mdecular
Neurostience, showing that LMTM, the
active pharmaceutical ingredient in the
LMTX product developed for thetreatment
of Alzheimer’s disease, may aso be useful
for thetreatment of Parkinson's disease.

It isworth noting that in 2016, there
was some significant disagreement
regarding LMTM when Phase 3 results
were presented showing that the drug
missed its co-primary endpoints of
dowing cognitive and functiona decline
in mildtomoderate AD. Somehad argued
that the placebo and drug results were
nearlyidentica and, asacommentator on
the Alzforum website argued, ascientist
involvedin thetria presented “asubgroup
analyssthat held no gatistica credence
yet purported to show astrongbenefit on
cognition and brain atrophy.”’

Someother takesaround the sametime
contended that LMTM might not benefit
AD patients who are receiving standard
of care but, as amonotherapy, the drug
might stabilize cognition and reduce
brain atrophy:.
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Picking apart PD

Aroundup of recent news
on R&D rdated to
Parkinson'sdissase

BY JEFFREY BOULEY

NEW YORK—A recent sudy from researchers
at the Icahn School of Medicine at Mount
Sinai provides new insights into a link
between inflammatory bowel disease (1BD)
and Parkinson’s disease (PD), and may have
significant implications for the treatment
and prevention of PD.

The study, published in JAMA Neurology,
shows that individuals with IBD are at a
28-percent higher risk of developing PD
than those without IBD. However, if they
are treated with anti-tumor necross factor
apha (anti-TNFa) therapy, a monoclonal
antibody that is commonly used to control
inflammation in IBD patients, then their
risk of developing Parkinson’s goes down
significantly, and becomes even lower than
that in the generd population.

These new insights may alow for better
screening of IBD patients for Parkinson’s
disease, given that IBD onset usudly precedes
that of PD by decades, and they aso offer
evidence to support exploring anti-TNFo
therapy to prevent PD in at-risk individuds.

Whilepreviousresearch had shown genetic
and functiona connectionsbetween IBD and
Parkinson'sdisease, clinica evidencelinking
the two has been scarce. The authors of the
study previoudy identified a number of
genetic variants that contributed to either
an increased risk of both PD and of Crohn’s
disease, atype of IBD, or a decreased risk
of both diseases, which prompted them to
further study the co-occurrence of the two
diseases

“Systemic inflammation is a major
component of 1BD, and it’s also thought to
contribute to the neuronal inflammation
found in Parkinson’s disease,” explained
Inga Peter, aprofessor in the Department of
Genetics and Genomic Sciences at Mount
Snai and lead investigator in the study. “We
wanted to determine if anti-TNFa therapy,
could mitigate apatient’srisk in developing
Parkinson’s disease”

TheMount Sinai team found a 78-percent
reduction in the incidence of Parkinson’s
dissaseamong| BD patientswhoweretreated
with anti-TNFo. therapy when compared to
those who were not.

It was previoudy thought that anti-TNFo
therapies had limited ef ects on the centra
nervous system, the site where molecular
mechanisms of PD are found, because the
large moleculesin theanti-TNFo compounds
cannot independently pass through the
blood-brain barrier. The outcomes of this
study suggest that it may not be necessary
for the drugto passthrough the blood-brain
barrier to treat or prevent inflammation
within the centra nervous system, or that
the blood-brain barrier in patientswith IBD
may be compromised, alowing the large
moleculesof the compound to passthrough.

Preclinical evidence for

DJ-1 protein targeting

SAN FRANCI SCO—Cantabio Pharmaceuticas
Inc. recently presented results of the
company’s DJ1 protein-targeting small-

molecule pharmacological chaperone
therapeutic program at the Neuro4D
Conference (Advancesin Drug Discovery for
Proteopathic Neurodegenerative Diseases) in
Mainz, Germany.

Loss of DJ1 protein function has been
linked to the onset of a variety of diseases,
such as Parkinson's disease, Alzheimer’s
disease, sroke, amyotrophiclatera scleross
chronic obstructive pulmonary disease and
type2diabetes TheDJ1proteinisconsdered
to be one of the primary therapeutic targets
for Parkinson's disease, asit is genetically
linked to the onset of familia PD.

The presentations described the postive
thergpeutic activityin cellular modelsandin
an MPTP mouse model of PD of Cantabios
novel D31 candidates.

“We are excited to present positive
invivo ef cacy results of one of our orally
biocavailable DJ1 protein targeting small-
molecule pharmacol ogical chaperones. This
drugcandidate hasshown excellent drug-like
characterigics and its Significant protective
function in arecognized mammalian disease
model for Parkinson'sdiseaseisamajor step
forward for Cantabid’s drug development
programs’” said Cantabids CEO, Dr. Gergely
Toth. “We are looking forward to testing
this molecule in further disease models of
Parkinson'sand Alzheimer'sdiseaseandtothe
further development of multiple candidates
from our other programs. Theseresultsalso
provide excellent validation of our in-house
DJ1 drug discovery platform's ability to
generate prospective drug candidates and
for our DJ1targeting therapeutic program's
potentia for becoming a disease-modifying
therapeutic for Parkinson’s and Alzheimer’s
disease”

Axovant licenses
investigational gene therapy

BASEL, Switzerland—Axovant Sciences in
early une announced that it had licensed the
exclusive worldwide rights to develop and
commerciaize OXB-102, now AXO-Lenti-PD,
from Oxford BioMedica. AXO-Lenti-PD isan
investigationa gene therapy for Parkinson's
disease that ddliversthree genesencoding a
criticd set of enzymesrequired for dopamine
synthesisin the brain. Oxford BioMedicais
aworld leader in lentivira vector product
development and manufacturing, and will be
the clinical and commercia supplier of AXO-
Lenti-PD. Axovant expectsto initiate a Phase
12 dose escdlation sudy of AXO-Lenti-PD in
patientswith advanced PD by theend of 2018.

Under thetermsof thelicense agreement
with Oxford BioMedica, Axovant obtained
rights to AXO-Lenti-PD, as well as its
predecessor product ProSavin, for an initia
payment of $30 million in cash, $5 million
of which will be applied as a credit against
the process development work and clinica
supply that Oxford BioMedicawill provideto
Axovant. Oxford BioMedicaisasoeligibleto
receive additiona development, regulatory
and commercial milestone payments
potentialy in excess of $812 million, and
tiered roydtieson net sdesof AXO-Lenti-PD,
if approved. Roivant has agreed to purchase
$25 million of Axovant common shares,
which will support theclinical development
of AXO-Lenti-PD and additional business
development activities
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