WO 2015/000032 PCT/AU2014/050107

METHOD FOR PREVENTING AND/OR TREATING CHRONIC
TRAUMATIC ENCEPHALOPATHY -1

Field of the Invention

The present invenlion relates 10 a method of preventing and/or treating chronie traumatic

encephalopathy.

Backsround of the Invention

Concussion has become an imporiant public health problent in the United States, Australia
and elsewhere internationally. Jt is conmmon in & number of contact sports including the
Australian football codes such as AFL and NRIL, ice hockey, American football, and
boxing, amongst others. In the United States alone, over 300,000 sports related
concussions occur annually and numbers are increasing worldwide (Ellenbogen et al.,
2010, Waorld Newrosurg. 74, 560-575). Congussive injuries are also a problem in the
military and industrial worksites. In the case of the former, concussive injury resulting
from exposure to the force of a detonation tigger similar neuropathological mechanisms
leading to neuwropathology and sequelac indistinguishable to  chronic traumatic
encephalopathy (Goldstein et al (2012) Sei. Transl. Med. 4(134): 1-16). Concussion
causes 1o pross pathology, such as hemorrhage, and no abnormalitics on structural brain
imaging (McCrory et al,, 2009, Phys. Sportsmed. 37, 141-159).  There alse may be no loss
ol conscioushess, but many other complaints such as dizziness, nausea, reduced altention
and concentration, memory problems, and headache have been reported. A greater
likelihood of unconscigusness occurs with more severe congussions.,  These types of
concussive head impacts are very frequent in American football whose uthletes, especially
linemen and Hnebackers, may be exposed to more than 1,000 impacts per season {Crisce et
al., 2010, J. Athl. Train. 45, 549-359), The effects of multiple concussions are becaming
betier recognized in these profesgianal footballers, but much less is known about the long
term-effects of repeated concussion in the brains of amatewr teenagers and adolescents,

Moreover, the amateur codes of football are less regulated than the professional codes, and
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ihe adolescent brain may be more vulnerable to voncussion. The better-developed neck
musculature of the professional footballer, the more sirictly controlled tackling and the
betler aftercare of the concussed professional means that the long-term public health

problem of concussion in sport is grossly underestimated.

Military personnel who have experienced concussion experience a range of detrimental
and chronic medical conditions, Concussion occurring among seldiers deployed in Iraq is
strongly associated with PTSD and physical health problems 3 to 4 months after the
soldiers return home, PTSD and depression are important mediators of the relatiouship
between mild traumatic brain injury and physical health problems. PTSD was strongly
associated with mild traumatic brain injury. It was reported that overall, 43.9% of soldiers
wha reported loss of consciousness mot the criteria for PTSD, as compared with 27.3% of
those with altered mental status, 16.2% of those with other injuries, and 5.1% of those with
no injuries (Hoge et al, N Engl ] Med, 2008; 358,453-63), Also, more than | in 3
returning military troops who have sustained a deployment-related concussion have
headaches that meet criteria for postiraumatic headache (Thecler ¢f al., 2010, Headache: J
Head and Face Pain 30, 1262-1272). It has been shown that nearty 15% of combat
personnel sustained concussion whilst on daty (Hoge et al, N Engl J Med. 2008; 358,453~
63). Repeated concussion is a serious issue for combat personnel, with a study showing
that a majority of concussion incidents were blast related. The median time between events
was 40 days, with 20% cxperiencing a second event within 2 weeks of the first and §87%
within 3 months (MacGregor et al, 2011, J Rehab Research and Develop, 48, 1269-1278).

The impact of concussion and PTSD has resulted in a significant economic burden, (The
Congress of the United States - Congressional Budget Qffice, The Veterans Health
Administration’s Treatment of PTSD and Traumatic Brain Injury Among Recent Combat

Veterans, February 2012).

While an isolated concussion has been widely considered o be an innocuons event, regent
studies (McKee et al,, 2009, J Neuropath Exp Neurol 68, 709-735; Blennow et al,, 2012,
Neuron 76, 886-99) have suggested that repeated concussion is assoviated with the

development of a neuwrodegenerative disorder known as chronic traumatic encephalopathy
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the sports or military career has ended (McKee et al,, 2009, J Neuropath Exp Neurol 6§,
709-735; Stemn et al,, 2011, Physical Med. Rehab. 3, 8460-7). About one-third of CTE
cases are progressive, but clinical progression is not always sequential or predictable. The
clinical symptoms vary extensively, which {s probably due to varying, multiple damape
sites amongst athletes with the condition (Stern et al,, 2011, Physical Med, Rehab. 3, S460-
71. The severity varies from mild complaints to severe deficits accompanied by dementia,
Parkinson-like symptoms, and behavioral changes. Clinical symptoms include neurological
and cognifive complaints together with psychiairic and behavioral disturbances. Farly
neurelogical symptoms may include speech problems and impaired balance, while later
symptoms include ataxia, spasticity, impaired coordination, and extrapyramidal symptoms,
with slowness of movements and tremor (Blennow et al., 2012, Meuron 76, 886-99; Stem
et al., 2011, Physical Med. Rehab. 3, S460-7). Cognitive problems, such az attention
deficils and memory disturbances, often become major factors in later stages of the
disease, although may occur at varying times throughout the course of CTE. Psychiatric
and behavioral problems include lack of insight and judgment, depression, disinhibition

and euphoria, hypomania, initability, aggressiveness and suicidal tendencies.

In post-mortem studies of athletes with CTL, the extensive presence of neurefibrillary
tangles has been reported (McKee et al,, 2009, ] Neuropath Exp Neurol 68, 709-735; Stern
et al,, 2011, Physical Med. Rehab. 3, S460-7). Tangles are found intracellularly in the
cytoplasm of neurons and consist of threadlike aggregates of hyperphosphorylated tau
protein. Tau is a normal axonal protein that binds to microtubules via their microtubule
binding domains, thus promoting microtubule  assembly and  stability. The
hyperphosphorylated form of tau causes disassembly of microtubules and thus impaired
axonal transport, leading to compromised neuronal and synaptic function, incressed
propensity of taw aggregation, and subsequent formation of insoluble fibrils and tangles.
Unlike in Alzheimer’s disease, tangles in athletes with CTE tend to accumulate
perivascularly within the superficial neocortical layers, particularly at the base of the sulei.
Tau pathology in CTE is also patchy and irregularly distributed, possibly related to the

many different directions of mechanical force induced by physical frauma {(MeKee ot al.,
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2009, ] Newropath Exp Neurol 68, 709-735). If is the accumulation of hyperphosphorylated
tau protein that is thought to result in the development of CTE and its associated

psychiatric and behavioral distarbances.

Given these psychiatric and behavioral disturbances in athletes with CTE, there is a clear
need for a therspeutic inlervention to prevent and/or treal chronic traumatic

encephalopathy.

A reference herein to a patent dogument or other matter which is given as prior art is not to
be taken as an admission that that document or matter was known or that the information it
containg was part of the common general knowledge as at the priority date of any of the

claims.

Summiary of the Invention

The present invention arises from studies into the association of substance P with tau
hyperphosphorylation and development of chronic traumatic encephalopathy or & related

condition having overfapping neuropathology and sequelae after coneussive injury.

It is taught herein that the level of substance P is significantly increased following
concussion.  Substance P initiates tau hyperphosphorylation. It is prepared herein that
substance P receptor antagonists are effective in reducing tau hyperphosphorylation

thereby ameliorating the effects of CTE and related conditions.

Accordingly, in one aspect the present invention provides a method of preventing and/or
treating chronic traumatic encephalopathy or a related condition in a subject, the method
including administering to the subject an effective amount of 4 substance P receptor

antagonist,
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In angther aspect, the present invention also provides use of a substance P receptor
antagonist in the preparation of a medicament for preventing and/er treating chronic

traumatic encephalopathy or a related condition in a subject.

In a further aspect the present invention also provides a pharmaceutical composition when
used to treat chronie traumsatic encephalopathy or ¢ related condition, the composition

including a substance P receptor antagonist.

In still a further aspect the prosent invention alse provides a methoed of inhibiting
progression of & disease, condition or state associated with tau hyperphosphorylation in a
subject, the method including administering to the subject an effective amount of a

substance P receptor antagonist.

In still a further aspect the present invention also provides use of a substance P receptor
antagonist in the preparation of a medicament for inkibiting progression of a disease,
condition or state associated with tau hyperphosphorylation in g subject, for instance a

concussive injury.

In a further aspect the invention provides a method for treating a subject with a concussive
injury, including the step of administering to said subject an effective amount of a

substance P receptor antagonist.

In a further aspect the invention provides methads for treating psychiatric and behavioural
problems associated with CTE in a subject in need thereof, including the step of

administering to said subject an effective amount of a substance P receptor antagonist,

In an embodiment the psychiatric and behavioural prablems are selected from the group
gonsisting  of  depression, irritabilily, disinhibition and  cuphovia,  hypomania,

aggressiveness and suicidal tendengies.
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In a fwther aspect the invention provides methods for treating cognitive problems
associated with CTE, in a subject in need thercof, including the step of administering to

said subject an effective amount of a substance P receptor antagonist.

In an embodiment the cognitive problems associated with CTE are selected from the group

consisting of attention deficits and memory distrubances.

Various terms that will be used throughout the specification have meanings that will be
well understood by a skilled addressee. However, for ease of reference, some of these

terms will now be defined.

The term “chronic traumatic encephalopathy (CTH)” as used throughout the specification
is a condition appearing in response to repeated concussion resufting in acewmnulation of
neurofibrillary tangles consisting of hyperphosphiorylated tau protein. The perivascular
appearance of these neuroflibrillary tangles within the superficial neocortical layers, and
particularly at the base of the sulci, is unique to athletes and has been associated with the

subsequent development of psychiairic and behavioral disturbances.

The term “tau hyperphosphorylation™ as used throughout the specification is to be
understood {0 mean the phosphorylated form of o that causes disassembly of
microtubules and thus impaired axonal transport, leading to compromised neuronal and
sviaptie function, increased propensity of tau aggregation, and subsequent formation of

insolubile fibrils and tangles.

In this regard, a discase condition or state known as chronic traumatic encephalopathy is
associated with accumulation of hyperphosphorylated tau protein, leading to compromised
newronal and synaptic function, increased propensity of tau aggregation, subsequent
formation of insoluble fibrils and tangles, and the development of psychiatric and

behavioral disturbances.

A related condition is a condition having overlapping neurepathology and sequelae,
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The term “substance P receptor antagonist” gs used througheut the specification is to be
understood to mean an agent that directly or indirectly inhibits the binding of substance P
to one of its receptors. In this regard, it will be appreciated that & substance P receptor
antagonist includes a derivative, a variant, an analogue, a pharmaceutically acceptable salt,

a solvale, a tautomer or g pro-drug of a substance P receptor antagonist.

In this regard, substanice P is an excitatory neurotransmiticr and is a peptide having the
structure RPKPEEFFGLM-NH; (SEQ 1D NO 1), Methods {or defermiming the ability of an
agent to act as a substance P receptor antagonist are known in the art (Caseieri et al., 1983,

J Biol Chem 258, 5138},

The term "varianl” as used throughout the specification is to be understood to mean an
amino acid sequence of a polypeptide or protein that 1s altered by one or mare amino acids.
The variant may have "conservative” changes, whercin a substituted amino acid has similar
structural or chemical properties to the replaced aming acid {e.g., replacement of leucine
with isoleucing). A variant may also have "non-conservative” changes (e.g., replacement of
a glveine with a tryptophan) or a deletion and/or insertion of one or more amine acids. The
term also includes within its scope any insertions/deletions of amino acids fot a particular
polypeptide or protein. A “functional variant” will be understood 1o mean a variant that

retaing the functional capacity of a reference protein or polypeptide.

Conservative substitutions typically include substitutions within the following groups:
glycine and alanine; valine, isoleucing, and leucine; aspartic acid and glutamic acid;
asparagine and glutamine; serine and threonine; lysine and arginine; and phenylalanine and
tyrosine, Under some circumstances, substitutions within the aliphatic group alanine,
valing, leucine and iseleucine are also considered as conservative. Sometimes substitution
of glycine for one of these can also be considered conservative, Other couservalive
interchanges include thuse within the aliphatic group aspariate and glutamate; within the
amide group gsparagine and glutamine; within the hydroxyl group serine and threonineg;

within the sromatic group phenylalanine, tyrosine and tryptophan; within the basic group
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lysine, arginine and histidine; and within the sulfur-containing group methionine and
gysteine. Sometimes substitution within the group methionine and leucine can alse be
considered conservative, Substitutions as described above are conlemplated within the

scope of the present invention,

The term “prevent” as used throughout the specification is to be understood to mean an
intervention that prevents or delays the onset of a disease, condition or state in a subject.
“The term “freat” as used throughout the specification is to be understood to mean an
infervention that improves the prognosis and/or state of a subject with respeet to a disease,

condition or state,

The term “sublect” as wsed throuphont the specification 1s te be understood fo mean a
i

human or animal subject,

The present invention furthermore has military applications such as administeving a
substance P anlagonist at an aid station shortly after a blast injury or traumatic events

involving the head or during post recovery.

It will also be undersiood that the present invention [urther includes within its scope
veterinary applications. For example, the animal subject may be a mammal, a primate, a
livestock animal (eg. a horse, a cow, a sheep, a pig, or a goat), a companinn animal (eg, a
dog, a cat), a laboratory test animal (eg. a mouse, 4 raf, a guinea pig, a bird, a rabbit), an

animal of veterinary significance, or an animal of economic significance.

Brief Description of the Fisures

Figure 1 shows immunohistology using antibody for phosphorylated tan of sections of a
human brain diagnosed with CTE demonstraiing the pevivascular appearance (A) of
hyperphosphorylated tay within the superficial neocortical layers, and particnlarly at the

base of the sulei () (from McKee et al, 2009, J Neuropath Exp Neurol 68, 709-735).
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Figure 2 shows substance P immunoreactivity in normal (A) and injured vais (B) at 3 days
followinig mild concussive injury (B). In the injured animals, note the darkly stained,
perivascular substance P posilive axong and the presence of substance P positive neurones

after injury {B) Bar - 100uwm.

Figure 3 shows the effects of a NK1 receptor antagonist (n-acetyl-L-tryplophan) on tay
phosphorylation after concussive injury. Nole that concussive injwry in the rat causes
exiensive tau phosphorylation (C,D)) by 3 days after the concussive event compared fo non-
injured animals (AB). The administration of an NKI receptor antagonist (n-acetyl-L-
tryptophan) at 30 min after the induction of injury results in almost complete inhibition of

tau phosphorylation at this 3 day time point (E,F),

Figure 4 shows a schematic model of how concussive events resull in substance P release
and subsequent hyperphosphorylation of tau, Neuronal sensory fibres surrounding blood
vessels nndergo stretch in response o a concnssive gvent. The resultant mechanical
stimulation activates mechanoreceptors and triggets substance P orelease,  Sabstance P
binds to ils receptors, activating an array of kinases known to be associated with
hyperphosphorylation of tau. Hyperphosphorylation of tau destabilises microtubules and
results in neurofibrillary tangles.

Figure 5 shows stress fields following simulated rotational acceleration in models
replicating brain tissue with no sulei (A) to brain tissue with complex sulet formation (B-
D). Higher stress is indicated as black and is focused at the base of the sulei irrespective of

the sulcus morphology.

Gieneral Description of the Invention

As described above, the present invention provides a method of preventing andfor treating
chronic traumatic encephalopathy or a related condition in a subject, the method including

administering to the subject an effective amount of a substance P receptor antagonist.
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This embodiment of the preseni invenlion is directed to preventing and/or ireating a
disease, condition or state associated with taw hyperphosphorylation by administering to a

subject one or more substance P receptor amtagonists.

Tau hyperphosphorylation may be induced by a variety of reasons, including for example,
a concussive event or a mechanical impact that activates brain mechanoreseptors. In this
regard, tau hyperphosphorylation may be asscciated, for example, with either or both an
accumulation of hyperphosphorylated tau over time as measured within the one subject, or
may be an accurnulation of hyperphosphorylated tau in one subject compared to the

accumulation of hyperphosphorylated tan in a population.

Discases, conditions or states assogiated with accumulation of hyperphosphorylated tau in
a subject in the various embodiments of the present invention inelude chronic traumatic

encephalopathy (CTE).

Chronic traumatic encephalopathy {CTE) is normally classificd as a discase associated
with accumulation of tangles containing hyperphosphorylated tan, with these tangles
tending to accumulate perivascularly within the superficial neocortical layers, particularly
at the base of the sutci, There is currently no blood or laboratory test that is definitive for
the disgnosis of CTE, with disease confirmation usually occurring after postmoretm
examination of brain tissne. Nonetheless, a number of clinical criteria plus a history of
concussive events in the subject are usually sufficient in making a tentative diagnosis, In
this regard, the Diapnostic and Statistical Manual of Mental Disorders {American
Psychiatric Association) is commonly used to assess a number of parameters to provide an
indication of the presence and severity of CTE in a subject, Nuclear medical imaging,
inzluding Positron Emission Tomography (PET), may also be used to assess the presence
and severily of CTE. Methods of assessing CTE in a subject using PET include for

example Small of ol (2013) Am. J. Geriatr. Psychiniry. 21; 138-144,

Accordingly, in a further embodiment the invention may include o CTE diagnestic step

which may be performed by injecting the subject with a PET mwlecular imaging probe (1o



WO 2015/000032 PCT/AU2014/050107

S11 -

visualise CTE in living humans), Such imaging probes are known, for instance, FDDNP(2-
1-{6-{(2-[F-181Tluoroethy){methylamino]-2-napthyl }ethylidene)malononitrite. Such

probes are able to visualise tan tangles.

In a further embodiment the disgnostic step may include an assessment of the plasma
levels of total tau {T-tan) using an immunocassay for instance, as described in Rissen ¢f al,

Nature Biotechnology 2010;28:595-599 (which is incorporated by reference in its entirety).

In an embodiment diagnosis of CTE may be made based on a plasma level of Tau (based
on the aforementioned assay) of above 1.5 ngL", for instance, above 1.8, ahove 1.7, above
1.8, above 1.9, above 2.0, above 2.1, above 2.2, above 2.3, above 2.4, above 2.5, above

2.6, or above 2.7 ngL"‘l.

In one specific embodiment, the disease, condition or state assoclated with accumulation of

hyperphosphorylated tau is chronic traumatic encephalopathy.

In another specific embodiment, the diverse, condition or stale associated with

accumulation of hyperphosphorylated tau is 2 conenssive event or injury.

Substance P binds to a number of receptors including the NK1 receptor {neurokinin 1
receptor), the NK2 receptor and the NK3 receptor. Substance P antagonists inhibit the
binding of substance P to any one of its receptors. Accordingly, NK1, NK2, and NK3
receptor dntagonists will also function as substance P receptor antagonists, Tt will be
appreciated that the term “substance P" includes within iis scope various variants,
iruncated forms or analogues of the peptide, for example as described in US Patent No.

4,481,139,

The identification of a substance as a substance P receptor antagonist may be determined
by their ability o inhibit the binding of substance P at its receptor sites in bovine caudaie
tissue, employing radioactive ligands to visualize the tachykinin receptors by means of

autoradiography,  The substance P antagonizing activity of the herein described
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compounds may be evaluated by using the standard assay procedure deseribed by MLA.
Cascieri el al,, as reported in the Jownal of Biological Chemistry, Yol. 258, p. 5158
(1983}, The method involves determining the concentration of the individual compound
required to reduce by 50% the amount of radiclabelled substance P ligands at their receplor
sites in said iselated bovine therehy affording characteristic 1Cs, values for eaclh compound

tested.

Table | - NK1 Receptor Antagonists

Chemical Code | Chemical Name

T Casopitant (28,48)-4-(4-Acetyl-1-piperazinyl}-N-[(1R)-1-[3,5-
bis{trifluoromethyhphenyl|ethyl }-2-(4-fluoro-2-methylpheayl)-N-
methyl-1-piperidinecarboxamide

CGP49823 (2R A8)-2-benzyl-1-(3,5-dimethylbenzoyD}-N-{{4-quinolinylimethyl}-
d-piperineamine) dihydrochloride

CP-123,721 {(+)-28,38)-3-(2-methoxy-S-trifluoremethexybenzyamine-2-
phenylpiperidine

CP-96.345 28,38)-cis-(2(diphenyvimethyD=N-[(2-methox yphenyDmethyl]-1-
azabicyelo[2.2.2]octan-3-amine

CP-99,994 ((28,38)-cis-3-(2-methoxybenzylamine }-2-phenyl-
piperiding)dihydrochloride

FK 888 (N2-[{(4R}-4-hydroxy-1-(1-methyl-1H-indol-3-yljcarbonyl-L-propy\-
N-methyl-N-phenylmethyl-L-3-(2-naphthyl}-alaninamids

(R 82334 [D-Pro9, jspiro-gamma-lactam]Leul 0, Trpd ! {physalaemin-(1-11)

GR 94800 PhCO-Ala-Ala-DTrp-Phe-DPro-Pro-Mle-NH2

GR203040 (28,38 and 2R,3R}-2-methoxy-S-tetrazol-1-yl-benzyl-{2 -phenyl-

piperidin-3-ylj-amine

GR-205171 3-Piperidinamine, N-{[2-methoxy-5-[ S-(tnfluoromethyl)- 1 H-letrazol-
Iylphenyljmethyl]-2-phenyl-, (28-cis)-

GSK 1144814 Unknown

5K206136 Unknown
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Chemieal Code

Chemical Name

(8K 424887 Unknown
GWET8769 Unknown
HSP-117 3-Piperidinamine, N-[[2,3-dihvdro-5-(1-methylethyl}-7-

benzofuranyljmethyl)2-phenyl-, dihydrochloride, (25-cis)-

L 703,606

1 -Azabicycio [2.2.]octan-3 «a.mine, 2-{diphenyimethyl)-N-[(2-
idophenyDmethyl]-, (28-cis)-, oxalate

L 732,138

N-acetyl-L-tryptophan

L. 733,060

{{28,5)-3-((3,5-bis{trifluoromethyphenylymethyloxy - 2-phenyl
piperidine

L 742,694

(2-(8)-(3,5-bis(trifluromethylbenzyloxy)-3-(S)-phenyl-4-(5-(3-oxo-
1,2, 4-triazolo)methylmerpholine

1.668,169

L-Phenylalanine, N-[2-[3-[{N-{2-(3-[(N-[2-{3-amino-2-oxe-1-

pyrrolidinyl)-4-methyl- T-oxopentiyl |-L-methionyl-L-glutaminy-D-
ryplophy!l-N-methyl-L-phenylalanylJamino]-2-oxo-1-pyrrolidinyl]-
4-methyl-1-oxopentylj-L-methionyl-L-glutaminyl-D-tryptophyl-N-
methyl-,cyclic (8-»1)- pbp'ﬂdﬁi [3R- {1[8*[&‘(8*)]} IR*}-

LY 303241

1-Piperazineacetamide, N—[Z—[ax,ety}[{”-
methoxyphenyDmethyHamino]-1-(| H-indol-3-ylmethyl){ethylj-4-
phmv (R}~

LY 303870

(R)-1-[N-{2~methoxybenzyDacetylamina |-3-{ 1 H-indol-3-y1)-2-{N«(2-
{4-(pi peridinyl)piperidin- b-yljacetylyamine|propane

LY 306740

1-Piperazingacetamide, N-[2-‘acetdl[ {2~

- methoxypehenylmethyljamino -1-{1H-indo]-3-yimethylethyl]-4-

cyclmhmvh (R)-

Maropitant

(TR, 88)-N-[{5-lert-Butyl-: *mdhmyphcnyl)xmthyﬂ 7-
[di{phenylymethyl]- 1-azabicyclo[2.2. 2joctan-§-amine

MEN 11149

2-(2-naphthyl)-1-N[{1R,28)-2-N-[ 1{Findot-3-
vicarbonyllaminoeyclohexanecarbonyl]-1-[N’ -ethyl-N"-(4-
n*}ethylphfmylaccty 1} disminoethane

Orvepitant

(2R, 48)-N-((R)-1-(3,5- bm(mﬂumametiwijphcn)1 ethyl}-2-{4-fluore-
2-methylphenyl)-N-methyl-4-{(8§-6-oxchexahydropyrrolo[1,2-
alpyrazin-2(1H}-yDpiperidine- | -earboxamide maleate
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Chemical Code

Chemieal Name

P 154075

(2-benzofiran-CH2ZOCOT-(R)-alpha-MeTrp-(S)}-NHCH(CH3)Ph

R-544

| Ac-Thr-D-Trp(FOR)-Fhe-N-MeBzl

RP-67580

(3aR, 7aR)-7,7-diphenyl-2{ l-imino-2(2-methoxyphenyl}-
{ethyl]+++perhydroisoindol-4-one hydrochloride

RPR 100893

(3a8,48, 7a8)-7, T-diphenyl-4-(2-methoxypheny)-2-{(8)-2-(2-
methoxyphenyl)proprionyl|perhydroisnindel-4-ol

(58)-8(8)-[[1(R)-[3,5 bis(trifluoremethylphenyl jethoxy methyl]-8-

SCH619734
phenyl-1,7-dlazaspirof4,5 [decan-2-one)

Spantide 11 D-NicLys1, 3-Pal3, D-C12Phe5, A6, D-Trp7.0, Nlel1-substance P

Spantide HI [ -Norleucinamide, N6-(3-pyridinylcarbonyl)-D-lysyl-L-prolyl-3-{3-
pyridinyl)-L-alanyl-L-prolyl-3,4-dichioro-D-phenylalanyl-L~
asparaginyl-D-tryptophyi-L-phenylalanyl-3-(3-pyridiny)-D-alanyl-
L-leueyl-

Spendide Tyr-D-Phe-Phe-D-His-Leu-Met-NH2

SR140333 {8)-1-]2-]3~(3,4-dichlorphenyl}-1 (3-isopropoxyphenylacetyl)
piperidin-3-y1] ethyl}-4-phenyl-1 azaniabicyclo |2.2. 2jectane

Vestipitant (28)-N-[{1R)-1-[3,5-bis(trifluoromethyDphenylJethyl]-2-(4-fluero-2-

methylphenyl)}-N-methylpiperazine- | -carboxamide

WIN-41,708

{17beta~hydroxy-17alpha-ethynyl-Salpha-androstanc{3,2-
bipyrimide] 1,2-albenzimidazole

WIN-62,577

1H-Benzimidazo[2,1-bjeyclopental5,6 naphtha[1,2-g]quinazolin-1-
ol, 1-ethynyl-2,3,32,3b,4,5,15,152,15b,16,17,1 7a-dodeachydro-13a,
17a-dimethyl-, (1R, 3a8, 3bR, 15aR, 1568, 17a8)-

Table 2 - NK2 Receptor Aniagonisis

Chemical Code

Chemical Name

SR-48,968

(8)-N-methyl-N[4-(4-gcetylamino-4-[phenyipiperiding}-2-(3,4-
dichlorophenyl)-butyl]benzamide

1.-659.877

Cyelo[Gin, Trp,Phe,Gly Leu Met]
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MEN 10627 Cyclo(Met-Asp-Trp-Phe-Dap-Leujeyclo(2beta-5beta)
SR 144190 (R)-3-(1-[2-(4-benroyl-2-(3,4-dilluorophenyl)-morpholin-2-y1}-

ethyl]-4-phenylpiperidin-4-y1}-1- dxmcihylurca

GR 94800 PhCO-Ala-Ala-D~Trp-Phe-D-Pro-Pro-Nie- NH"

Table 3 — NK3 Receptor Antagonists

Chemical Code | Chemical Name

SR-1 45:801 {S}N)-(1-(3-{ 1 -benzoyl-3-(3,4-dichlorophenyDpiperidin-3-
yl)pmpyl)~4—phenylpiperidin-ii—y]}-N~m<:thyi acetaide

RE20 3-Indotylcarbonyl-I lyp~Phg-\](Mn,} -l

VR486 H-Asp-Ser-Phe-Trp-beta-<Ala-Leu-Met-INI-H2

SB 222200 (8)-{-)-N-(a-ethylbenzyl)-3-methyl-2-phenylquinoline-4-carboximide

L 758,298 Phosphonic acid, [3-[[2-[1-]3,5-bis(irfluoromethylphenyljethoxy |-3-

{4-flucrophenyl)-4-morpholinyljmethyl]-2,5-dihydro-doxo-1H-1,2,4- |
tuazo -1-¥1]-, [2ZR-[2a(R*), 3a]}-

NK-608 2R A8Y-N-[1-[3,5-bis(triflunrmethyl}-benzoyl}-2-(4-chioro-benzyl)-
4-piperidinyl]-quinoline-4-carboxamide

Other examples of substance P receptor antagonists are as described in US patents
4,481,139 and 5,977,104, Examples of NK1 receptor antagonists are as described in US
patent 5,990,125,

In one embodiment, the substance P receptor antagonist is one or more of a NK1 receptor

antagonist, a NK2 receptor antagonist, and a NK3 receptor antagonist,

In one embodiment, the NK1 receptor antagonist is selected from one or more of the group
consisting of Casopitant, CGP49823, CP-122,721, CP-96,345, CP-99,994, FK 888, GR
82334, GR 94800, GR203040, GR-205171, GSK1144814, GSK206136, GEK424887,




WO 2015/000032 PCT/AU2014/050107

(GW679769, HSP-117, L 703,606, L 732,138, L 733,060, L 742,694, 1.6068,16%, LY
303241, LY 303870, LY 306740, Maropitant, MEN 11149, Orvepitant, PD 154075, R-
544, RP-67580, RPR 100893, SCH619734, Spantide 11, Spaniide 1, Spendide, SR140333,
Vestipitant, WIN-41,708, WIN-62,577, or a derivative, & varianl, an analogue, 2

pharmaceutically acceptable salt, solvate, tautomer or pro-drug thereof.

In another embodiment, the NKZ receptor antagonist is selected from one or more of the
group consisting of SR-48968, L-639877, GRI103537, MGN-10627, SRI144190 and
GRO4R00, or a derivative, a variant, an analogue, a pharmaceutically acceptable salt,

tautomer or pro-drug thereof.

In another embodiment, the NK3 receptor antagenist is selected from one or more of the
group consisting of SR-143,801, R820, R486, SB222200, L758,298 and NKP60DE, or a
derivative, a variant, an anglogue, a pharmaceutically acceptable salt, tautomer or pro-drug

thereof,

In one embodiment, the substance P receptor antagonist is 1-732,138, namely N-acetyl-L-
tryptephan, or a derivative, analogue, pharmaceutically aceeptable salt, solvate, tautomer
or pro~drog thereof, Examples include lipid soluble analogues, N-acetyl-L-tryptophan 3,5-

bis(triltuoramethyDbenzyl ester and N-acetyl ryptophan methyl ester.

Oue or more substance P receptor antagonists may also be used in the preparation of a
medicament for preventing and/or treating chronic fraumatic encephalopathy or a related

condition.

Accordingly, in another embodiment the present fnvention provides use of & substance P
receptor anfagonist in the preparation of a medicament for preventing and/or treating

chronic tranmatic encephalopathy or a related condition.
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One or more substance P receptor antagonists may alse be used in a pharmaceutical
composition, to prevent and/or treat chronic traumatic encephalopathy or a related

condition,

Accordingly, in another embodiment the present invention provides a pharmacentical
composition when used to prevent and/or treat chropic tranmatic encephalopathy or a

related condition, the comnposition including a substance P receplor antagonist,

The adminisiration of ong er more substance P receptor antagonists may also be used to
inhibit progression of the disease, condition or state associated with chronie fraumatic

encephalopathy or a related condition in the subject.

Accordingly, in another embodiment the present invention provides a method of inhibiting
prograssion of chronie traumatic encephalopathy or a relaled condition, the meihod
including administering to the subject an effective amount of & substance P receptor

antagonist.

The effeclive amount of a substance P receptor antagonist to be delivered in the various
embodiments of the present invention is not particularly limited, so long as it is within
such an amount and in such a forny that generally exhibits a useful or therapeutic effect,
The term "effective amount" is the quantity which when delivered, improves the prognosis
of the subject. The amount to be delivered will depend on the particular characteristics of
the condition being treated, the mode of delivery, and the characteristics of the subject,
sach as general health, other diseases, age, sex, genotype, hady weight and tolerance 1o

drugs.

In an embediment, an effective amount of a substance P receptor antagonist is an amount
to be delivered 1o restore plasma levels of total tau (T-tau} {for instance by the
immunoassay identified hereinbefore) to less than | ngl”| for instance, less than 0.9 ngl.”,

or less than 0.8 ngL.™!. This may involve a single dose or repeated dosages,
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Accordingly, a suitable dosage of the substance P receptor antagonist for delivery to the

desired site of action in the various embodiments of the present invention may be selected.

In an embodiment the method relates to a method for treating a concussive imjury which
involves a patient being exposed to multiple (more than ong) concussive events, In such a
method, the attendant physician would determine that the subject is concussed and that the
subject has had at least one previcus concussion. Methods Tor determining whether or nor
a subject has been concussed includes for instance a variety of uneuropsychological
assessment tools (Kelly et al,; 2012, Arch Clin Neuropsycho 27, 375-88; Echemendia et
al., 2012, Clin Neuropsychol 26, 1077-91). Hewever, the detection of Ioss of memary, an
alievation of mental state (mental cloudiness, headache, dizziness, confusion,
disorientation), possible loss of consciousness, or focal neurological deficits is more
commonly used for on-field diagnosis of a concussive event, Other diagnostic criteria arc
outlined in detail in the American Society for Sports Medicine posilion statement (Br J
Sporis Med, 2013, 47, 15-26) and are summarised on the regularly updated Centres for
Disease Control and Prevention (USA) website (httpi/fwww.cde.goviconcussion/
sports/index. himl). Once this has been established the physician would then administered

an effective amonnt of a substance P receptor antagonist,

In one embodiment, the dosage of the substance P receptor antagonist administered to a
subject in the various embodiments of the present is in the range from 0.1 mg/kg to 100

mgke,

In a specific embodiment, the substance I receplor antagonist is administered to the
subject at a dose of 0.25 mp/kg to 25 me/kg. For example, a svitable dose of N-acetyl-

tryptophan is 2.5 mg'kg.

In an embodiment the effective amount 1s an amount which is able to maintain the blood
concentration of the substance P receptor antagonist in the therapeutic range for at least 3
days, for instance at least 4 days, at least 5 days, at least 6 days, at least 7 days, at least &

days, at least 9 days, at least 10 days, at least 11 days, at least 12 days, at least 13 days, at
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least 14 days, at least 13 days, at least 16 days, at least 17 days, 4l least 18 days, at least 19

days, or at least 20 days.
In an embodiment the effective amount is administered as 4 single dose,
In an embodiment the effective amount is administered a5 a single oral dose.

Accordingly, in another aspect the invention provides a method for lreating a subjeet
which has been exposed to multiple concussive events including the step of administering
to the subject a substance P receptor antagonist ag a single oral dose in an amount which is
able to maintain the blood concentration of the substance P receplor antagonist in the
therapeutic range for at least 3 days, wherein the administration step is performed after the

second concussive event and again after each additional concussive event as required.

inn an embodiment the substance P receptor antagonist s administered within 24 hours of

the concussive event.

Inn an embediment administration is provided within 20 hours such as within, 19 hours, 18
hours, 17 hours, 16 howrs, 15 hours, 14 hows, 13 hours, 12 hours, 11 hours, 10 hours, 9
hours, § hours, 7 hours, 6 hours, § hours, 4 hours, 3 hours, 2 hours and within 1 hour, of

the concussive event.

In an embodiment the oral dose is in the form of & tablet, capsule, drink solutions or

pargnteral.

Generally, the dosage of the substance P recepior antagonist in g pharmaceutical
composition may be in the range from 10-5,000 mg per subject, and typieally will be in the

range of 50-2,000 mg per subject.

Suitable dosages are generally as deseribed in US patents 4,990,125 and US 5,977,104

{(incorporated within by reference in its entirety).



WO 2015/000032 PCT/AU2014/050107

S0 -

Examples of formulations are described in US patent 5,990,125 {incorporated within by

reference in its entirety),

Methods for the preparation of pharmaceutical compositions are known in the arl, for
example as described in Remington's Pharmaceutical Sciences, 18th ed., 1990, Mack
Publishing Co., Easton, Pa. and U8, Pharmacopeia: National Formulary, 1984, Mack

Publishing Company, Easton, Pa.

As discussed previously herein, administration and delivery of the compositions may be
for example by the intravenous, intraperitoneal, subcutaneous, intramuscular, oral, or
topical route, or by direct imjection. The mode and route of administration in most cases

will depend on the severity and frequency of the concussive events.
The dosage form, frequency and will depend on the mode and roule of administration,

As described above, the administration of the substance P receptor antagonist and other
agents may also include the use of one or more pharmaceutically acceptable additives,
including pharmaceutically acceptable salts, amino acids, polypeptides, polymers, solvents,
buffers, excipients, preservatives and bulking agents, taking into consideration the
particular physical, microbiological and chemical characteristics of the agents to be

agdministered,

For example, the substance P receplor antagonist and/or the other agents can be prepared
inte g variety of pharmaceutically acceptable compositions in the form of, e.g., an aqueous
solution, an oily preparation, a fatty emulsion, an emulsion, a lyophilised powder for
reconstiiution, ete, and can be administered as a sterile and pyrogen free intramgscular or
subcutaneous injection or as injection to an organ, or as an embedded preparation or a5 4
transmucosal preparation through nasal cavity, rectum, uterus, vagina, lung, etc. The

composition may be administered in the form of oral preparations {for example solid
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preparations such as tablets, caplets, capsules, granules or powders; liquid preparations

such as syrup, emulsions, digpersions or suspensions).

Composilions containing the substance P receptor antaganist and/or the other agents may
also contain one or more pharmaceutically acceptable preservatives, buffering agents,
diluents, stabilisers, chelating agents, viscosity enhancing agents, dispersing agents, pH

controllers, or isotonic agents.

Examples of suitable preservatives are benzoic acld esters of para-hydroxybenzoic acid,
propylene glycol, phenols, phenylethyl alchohol or benzyl alcohel. Examples of suitable
buffers are sodium phosphate salts, citric acid, tartaric acid and the like. Examples of
suitable stabilisers are, antioxidants such as alpha-tocopherol acetate, alpha-thioglycerin,
sodium metabisulphite, ascorbic acid, acetyleysteine, 8-hydroxyquinoline, chelating agents
such gs disodium edetate. Examples of sullable vistosity enhancing agents, suspending or
dispersing apgents are substituted cellulose ethers, substituted cellulose esters, polyvinyl
alchohiol, polyvinylpyrrolidone, polyethylene gleols, carbomer, polyoxypropylene glycols,

sorbitan monooleate, sorbitan sesguicleate, polyoxyethylene hydrogenated castar oif 60.

Examples of suitable pH controllers include hydrochloric acid, sodium hydroxide and the
like, Bxamples of suitable isolonic agents are glucose, D-sorbite] or D-mannitol, sedium

chloride,

The administration of g substance P receplor antagenist and/or the other agents in the
various embodiments of the present invention may alse be in the form of a composition
contgining a pharmaceutically acceptable carrier, dilvent, excipient, suspending agent,
lubricating agent, adjuvant, vehicle, delivery system, emulsifier, disintegrant, absorbent,
preservative, swiactant, colorant, glidant, anti-adheran(, binder, flavorant or sweeteper,
taking into account the physical, ehemical and microbiological properties of the agents

being administered.
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For these purpeses, the composition may be administered orally, parenterally, by
inhalation spray, adsorption, absorption, topically, recially, nasally, mucesally,
transdermially, bucally, vaginally, intraveniricularly, via an implanted reservoir in dosage
formulations containing conventional son-toxic phammaceutically-acceptable carriers, or
by any other convenient dosage fomn. The termy parenteral as used herein includes
subculaneous, intravencus, Lutramuscular, intraperitoneal, intrathepsdl, intraventricular,

intrasternal, and intracranial injection or infusion techniques,

When administered parcuterally, the compositions will normally be in a unit dosage,
sterile, pyrogen free injectable form (solution, suspension or emulsian, which may have
been reconstituted prior to use), which is generally isotonie with the blood of the recipient
with a pharmaceutically acceptable cartier. Examples of such sterile injectable forms are
sterile Injectable aqueous or oleaginous suspensions. These suspensions may be formulated
according to techniques known in the art using suitable vehicles, dispersing or welting
agents and suspending agents. The sterile injectable forms may also be sterile injectable
solulions or suspensions in non-toxic parenterally acceptable diloents or solvents, for
example, as solutions in 1,3-butanediol. Among the pharmaceutically acceptable vehicles
and solvents that may be employed are water, ethanol, glycerol, saline, Ringer's selution,
dextrose solution, isotonic sodium chloride solution, and Hanks' solution. In addition,
sterile, fixed oils are conventionally employed as solvents or suspending mediums. For this
purpose, any bland fixed oll may be employed including synthetic mono- or di-glycerides,
corn, cottonseed, peanut, and sesame oil. afty acids such as cthyl oleate, isopropyl
myristate, and oleic acid and its glyceride derivatives, including olive oil and castor ail,
pspecially in their polyoxyethylated versions, are useful in the preparation of injectables.
These oil solutions or suspensions may also contain long-chain aleohol diluents or

dispersants.

The carrier may contain minor amounts of additives, such as substances thal enhance
solubility, isotonicity, and chemical stability, for example anti-oxidants, buffers and

presgrvatives.
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In addition, the compositions may be in a form to be reconstiiuted prior to administration.
Examples include lyophilisation, spray drying and the like to produce a suitable solid form

for reconstitution with a pharmaceutically acceptable solvent prior to administration.

Compositions may include one or more buffers, bulking agents, isctonic agents and
cryoprotectants and lyoprotectants. Examples of excipients include, phosphate salts, citric
acid, non-reducing such as sucrosc or trehalose, polyhydroxy alcohols, amino acids,
methylamines, and lyotropic salts which are usually used instead of reducing sugars such

as maltose or lactose.

When administered orally, the substance P receptor antagoenist will usually be formulated
irto unit dosage forms such as tablets, caplets, cachets, powder, granules. beads, chewable
lozenges, capsules, liquids, aqueous suspensions or solutions, or similar dosage forms,
using conventional equipment and icchniques known in the art. Such formulations
typically include a solid, semisolid, or liquid carricr, Exemplary carriers include excipients
such as lactose, dexirose, sucrose, sorbitol, mannitol, starches, gumy acacia, caleium
phosphate, mineral oil, cocoa butter, oil of theobroma, alginates, tragacanth, gelatin, syrup,
substituted  cellulose  ethers,  polyoxvethylene  sorbitan  monolaurate,  methyl

hydroxybenzoate, propyl hydroxybenzoate, tale, magnesium siearate, and the like.

A tahlet may be made by compressing or melding the agent optionally with one or more
accessory ingredients, Compressed tablets may be prepared by compressing, in a suilable
machine, the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert dilvent, surface active, or dispersing agent,
Moulded tablets may be made by moulding in a suitable machine, a mixture of the

powdered active ingredient and a suitable carrier moistened with an inert Hquid dilvent,

The administration of the substance P receptor antagomist may also utilize controlled

release technology.
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The substange P receptor antagonist may alse be administered as a sustained-velcase
pharmaceutical compuosition, To further increase the sustained release effect, the agent may
be formulated with additional components such as vegetable dil (for example soybean oil,
sesame oil, camellia oil, castor oil, peanul oil, rape seed oil); middle fatty acid
triphveerides; fatty acid esters such as ethyl oleate; polysiloxane derivatives; altornatively,
water-soluble high molecular weight compounds such as hyalurenic acid or salis thereof,
carboxymethyleellulose sodium  hydroxypropyleellulose ether, collagen polyethylene
glyeol  polyethylene oxide, hydroxypropylmethyleellulosemethylecllulose,  polyvinyl

aleohol, pelyvinylpyrrolidene.

Alternatively, the substance P receptor antagonist may be incorporated into a hydrophobic
polymer matrix for controlled release over s period of days. The agent may then be
moulded into a solid implant, or externally applied patch, suitable for providing efficacious
concentrations of the agents over a prolonged period of time without the need for frequent
re-dosing. Such controlled release films are well known to the art, Other examples of
polymers commonly employed Tor this purpose that may be used include nondegradable
sthylene-vinyl acetate copolymer a degradable lactic acid-glycolic acid copolymers, which
may be used externally or  internally. Certain  hydrogels such  as
poly(hydroxyethylmethacrylate) or poly(vinylaleohol) also may be useful, but for shorter

release cycles than the other polymer release systems, such as those mentioned above.

The carrier may also be a solid biodegradable polymer or mixture of biodegradable
polymers with appropriate ime-release characieristics and release kinetics. The agent may
then be moulded into a solid implant suitable for providing efficacious concentrations of
the agents over a prolonged period of time without the need for frequent re-dosing, The
agent can be incorporated into the biodegradable polymer or polymer mixture in any
suitable manner known to one of ordinary skill in the art and may form a bomogencous
malrix with the biodegradable polymer, or may be encapsulated in some way within the

polymer, or may be moulded into a solid implant.
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For topical administration, the substance P receptor antagonist may be in the form of a
solation, spray, lotion, cream (for example @ non-lonic cream), gel, paste or ointment.
Alternatively, the composition may be delivered via a liposome, nanosome, tivosome, or

nuiri-diffuser vehicls,

Tt will be appreciated that other forms of administration of agents are also contemplated,

including the use of a nucleic acid encoding a polypepiide for delivering of such agents.

Description of Specific Embodiments

Reference will now be made to experiments that embody the above general principles of
the present invention. However, it is t0 be understood that the following description is not

to limit the generality of the sbove deseription.

Concussion results in accunmdation of Ryperphosphorylated taw.

A nuntber of clinical and experimentsl studies have now shown that there is an
accumulation of hyperphosphorylated tau following concussive injury, Accunmlation of
neurofibrillary tangles containing hyperphosphorylated taun is a hallmark pathology of
chronie fraumatic encephalopathy, especially when this accumulation is perivascular and
predominanily found within the superficial neocortical layers, particularly at the base of
the sulei. Tn human studies (MeKee et al., 2009, 1 Neuropath Exp Neurol 68, 709-735)
such a distribution of hyperphosphorylated tau is readily apparent in subjects who have a
history of repeated voncussive events (Figure 1). In this particular example, localization of
hyperphosphorylated tau is shown in an NFL football plaver with a history of repeated
concussion. Note the perivascular localization of hyperphosphorylated tau (A) with highest
accumulations at the base of the sulel. This pathology is unigue to chronic fraumatic

encephalopathy, Similar accumulations of hyperphosphorylated tau have been shown
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following experimental concussion in antmals, although the abgsence of sulei in the
experimental animals used in these studies to date has precluded the demonstration that

such accumulation replicates the human patiern of localisation at the base of the sulei.

Example 2

Cancussion resulls in perivasculor substance P refease

Having cstablished that hyperphosphorylated tau accumulales perivascularly following
concussive injury, we used an animal model of concussion to investipate whether
congussion causes perivascular release of substance P. We developed a rodent miodel of
concussion to replicate the congussive event (Donkin et al, 2004, 7th Imternational
Newrotrawma  Symposium, pp 75-78, Medimond Publishers, Bologna, ltaly) and
subsequently determined whether substance P was released after such an event. There was
a clear increase in brain perivascular substance P immunoreactivity after the concussive
event (Figure 7). We propose that mechanical stimulation of sensory nerve fibres was
responsible for this perivascular release of substance P. These results are consistent with
previous studies in non-brain tissue demonsirating that mechanical stimulation of sensory
nerve fibres induces substance P release (Ang et al,, 2011, PLoS One 6, ¢245335),

BExample 3

Administration of @ NKI receptar antagonist prevenis low phosphorylation

Having shown thal mechanical injury causes release of substance P afler coneussive injury,
we then investigated whether a substanse P NKI receptor antagonist reduces tau
hyperphosghorlation after concussive injury. Figure 3 shows the effects of an NKI
recepior antagonist (n-acetyl-L-tryptophan) on tau phosphorylation after concussive injury.
Note that concussive injury in the rat causes extensive tay phosphorylation (C,12) by 3 days
after the concussive event compared to non-injured animals (A,B). The administration of
the NK1 receplor antagonist at 30 min after the induction of injury results in almost
complete inhibition of tau phosphorylation at this 3 day time point (EJF). Thus,
administration of an NK1 receptor antagonist prevents tau hyperphosphorylation and thus

prevents the development of CTE,
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The mechanism by which subsiance P aniaganizis infiibit taw hyperphasphorylaiion

Having established that substance P antaponists inhibit tau hyperphosphorylation after
concussive injury, we propose that the mechanism by which this occurs is through
substance P binding to its NKI1 receptor and activating various biochemical enmzymes
(kinases) that will result in the hyperphosphorylation of tau and the development of
chronie traumatic encephalopathy (CTE). The mechanism of this activation is shown in
Figure 4. Activation of mechanoreceplors during concussive injury causes the reicase of
substance P (cxampie 2 and Ang et al,, 2011, PLoS One 6, £24535). Furthermore the
extent of the substance P release and the activation of its receptors is proportional to the
frequeney of the stimulation {(Maatyh, 2002, J. Clin. Psychialry 63, 6-10). Specifically,
repeated exposure to a SP-releasing mechanical stimulus such as concussion increases
expression of the substance P receptors for a prolonged period (38 days), leading o more
potent activation of adjacent substance P receptor expressing newrons, Furthermore,
repeated stimulation leads to greater substance P release, resulling in greater diffusion of
substance P away from the perivascular site of release and the stimulation of more distant
neurons. It has been estimated thal approximately 3-5 times more newrons are activated in
responge to more frequent stimulation (Mantyh, 2002, I. Clin. Psychiatry 63, 6-10). As
shown by us in example 3, administration of a substance P receptor antagonist prevents the
getivation of the substance P receptor, prevents the activation of enzymes responsible for
tan hyperphosphorylation, and thus prevents such taw hyperphosphorylation and the

development/progression of chronic traumatic encephalopathy.

Example §
Concussion results in the greatest mechanival stress at the base of sulc

Having established that both release of substance P and accumulation »f
hyperphosphorylated tau ocenrred following a concussive event, it remained fo be shown
why accumulation of hyperphosphorylated tau in human CTE was prominent at the base of
the brain sulci. We have shown in example two that substance P release ocowrs in response
to stimulation of mechanoreceptors on sensory nerve fibres, One highly innovative step in
the current disclosure is the realization that in gyrencephalic snimals, including man, sulci

protect the brain cortex from mechanical injury by focusing the stress points to the base of
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the sulel. This is best illustrated in models of brain tissue that both incorporate and exclude
sulei within them, and subsequently simulating the effects of mechanical stregs (Cloots et
al., 2008, Ann. Biomed. Eng. 36, 1203-1213%), The simulation of the effects of mechanical
strain typical of rotational acceleration in models replicating the brain tissne with and
without sulei is shown in Figure 5. Higher mechanical stress is indicated as black. These
results clearly show that the addition of sulci to the model focuses the stress to the base of
the sulei, irrespective of the suleus morphology. This mechanical siress pattern is
remarkably similar to the postamortems localisation of hyperphosphorylated tau reported in

CTE and shown in Figure 1,

This example confirms that in a gyrencephalic brain, exposure to a mechanical concusgive
gvent will focus the mechanical forces to the base of the sulel, therebry preferentially
getivating mechanoreceptors on sensory nerves in that location. HExample 2 has already
shown that activation of mechanoreceptors on sensory nerve fibres will cause the

perivascular relgase of substance P.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Use of a substance P receptor antagonist which is a NK1 receptor antagonist in the
preparation of a medicament for preventing and/or treating a disease, condition or state

associated with chronic traumatic encephalopathy.

2. A use according to claim 1, wherein the disease, condition or state is due to tau
hyperphosphorylation associated with chronic traumatic encephalopathy.

3. A use according to claim 1, wherein the NK1 receptor antagonist is selected from
one or more of the group consisting of Casopitant, CGP49823, CP-122,721, CP-96,345,
CP-99,994, FK 888, GR 82334, GR 94800, GR203040, GR-205171, GSK1144814,
GSK206136, GSK424887, GW679769, HSP-117, L 703,606, L 732,138, L 733,060, L
742,694, 1668,169, LY 303241, LY 303870, LY 306740, Maropitant, MEN 11149,
Orvepitant, PD 154075, R-544, RP-67580, RPR 100893, SCH619734, Spantide I,
Spantide Ill, Spendide, SR140333, Vestipitant, WIN-41,708, WIN-62,577, or a

pharmaceutically acceptable salt or a tautomer thereof.

4. A use according to any one of claims 1 to 3, wherein the substance P receptor
antagonist which is a NK1 receptor antagonist is to be administered to the subject at a dose
of 0.25 mg/kg to 25 mg/kg.

5. A use according to any one of claims 1 to 4, for reducing progression of the
disease, condition or state associated with chronic traumatic encephalopathy.



