Office de la Propriete Canadian CA 2933372 A1 2015/06/18

Intellectuelle Intellectual Property
du Canada Office (21) 2 933 372
(Lj’,[‘ng[%?rfi“esgaena i mjgtf;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2014/12/15 (51) Cl.Int./Int.Cl. A67K 38/07 (2006.01),

A61B 5/055 (2006.01), A61P 25/00 (2006.01),
A61P 25/24 (2006.01)

(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2015/06/18
(85) Entree phase nationale/National Entry: 2016/06/09

(86) N° demande PCT/PCT Application No.: US 2014/0/70340 NORTHWESTERN UNIVERSITY, US
(87) N° publication PCT/PCT Publication No.: 2015/089503 (72) Inventeur/Inventor:
(30) Priorité/Priority: 2013/12/13 (US61/915,835) MOSKAL, JOSEPH, US

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : PROCEDES DE TRAITEMENT DE TROUBLES DU CERVEAU OU D'IDENTIFICATION DE BIOMARQUEURS ASSOCIES A
CEUX-CI
(54) Title: METHODS OF TREATING BRAIN DISORDERS OR IDENTIFYING BIOMARKERS RELATED THERETO

(57) Abrege/Abstract:
The present disclosure relates Iin part to methods of treating cognitive disorders and/or identifying biomarkers.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02933372 2016-06-09

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
VRO R 0 R A AT 0 DR

Organization oS
International Bureau moane™ . o
gy (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2015 /089503 A3
18 June 2015 (18.06.2015) WIRPO I PCT
(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
A61B 5/055 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
, o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ LA. LC. LK, LR, LS. LU. LY, MA. MD., ME. MG.
PCT/US2014/070340 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
15 December 2014 (15.12.2014) SD, SE, 8G, SK, SL, SM, ST, SV, S§Y, TH, TJ, TM, TN,
IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
o . (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARTPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
61/915,835 13 December 2013 (13.12.2013) US TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DF,
(71) Applicant: NORTHWESTERN UNIVERSITY DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[US/US]; 633 Clark Street, Evanston, IL 60201 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

, , : ) SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventor: MOSKAL, Joseph; 2775 Sheridan Road, Evan GW, KM, ML, MR, NE, SN, TD, TG).

ston, IL 60201 (US).
Published:

(74) Agents: KENDALL, John, T. et al.; Goodwin Procter
LLP, Exchange Place, Boston, MA 02109 (US). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every (88) Date of publication of the international search report:
kind of national protection available). AE, AG, AL, AM, 1 October 2015
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

2015/089503 A3 |l NI )T 000 A A 0 0 0 0

o (54) Title: TREATING BRAIN DISORDERS AND BIOMARKERS RELATED THERETO

W

(57) Abstract: The present disclosure relates in part to methods of treating cognitive disorders and/or identifying biomarkers.



CA 02933372 2016-06-09

WO 2015/089503 PCT/US2014/070340
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CROSS REFERENCE TO RELATED APPLICATIONS

OO0 This apphication claims the beneiit of United States Provisional Application MNo.
61/915,835, tiled on December 13, 2013, which 1s incorporated herein by reference i ifs

enfirety.

5 BACKGROUND

B0 The N-methvi-D-aspartate (NMDA )} receptor (NMDAR) has been implicated in
neurodegenerative disorders including stroke-related brain cell death, convulsive disorders, and
lcarning and memory, NMBAR also plavs a central role in modulating normal synaptic
transmission, synaptic plasticity, and excitotoxicity in the central nervous system. The NMDAK

10 18 further involved in Long-term potentiation (L'TF).

{B003] The NMDAR 15 activated by the binding of NMDA, glutamate {((Glu), and aspartate
{Asp}. It 15 competitively antagonized by D-2-amino-S-phosphonovalerate (ID-APS; D-APV),
and non-corppetitively antagonized by phenvleycliding (PCP), and ME-831. Most mterestingly,
the NMDAR 18 co-activaied by giveine (Gly) (Koztkowska et al., 1990, Jowrnal of Medicina!

15 Chemistry 33:1561-1571), The binding of ghycine occurs at an allosteric regulatory sile on the
NMDAR complex, and this imcreases both the duration of channel open time, and the frequency

of the opening of the NMDAR channel.

{004 NMDA-~-modulating small molecule agomst and antagonist compounds have been
developed for potential therapeutic use. For example, recent hurnan clinucal studies have

20 identified NMDAR as a novel target of high interest for treatment of depression. These studies
conducted using known NMDAR antagonists CPC-1{31,606 and ketamune have shown
significant reductions in the Hamidton Depression Rating Score o patients suffenng with
refractory depression. Although the efficacy was significant, the side effects of using these
NDMAR antagonists were severe. Such compounds may also have utility for learning or for

25 treatment of cogmitive disorders.
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RUHIRT However, there remains a need for understanding how these compounds work and/or

identification of patient populations in need of such freatment.

{OG06] Recently, an improved partial agonist of NMDAR, termed as GLYX-13, has been
reported. GLYX-13 exhibits nootropic, ncurgprotective and anfinociceptive activity, and
cnihancces icarning, memory and cogrnition in vive. GLYX-13, has also becen shown to exhibat
rapid-acting, robust, and sustained antidepressant activity and to lack the pyschotomimetic side

£

ctiects associated with other drugs and mechanisms that target the NMDA receptor.

SUMMARY
{3687 in one aspect, the present disclosure relates in part o methods of treating a cogmtive

disorder or enhancing cognitive function and/or learning in a patient i necd thereof, comprising:
cencrating a MRY signal that 18 a measurement of brain activity in a patient; identitving the signal
as a normal or abnormal bramn state of the patient; and administering to the patient an ctiective
amount of a NMDAR partial agonist, e.g., GLYX-13, based on the signal identification. Some
cmbodiments can include one or more of the following featurcs, which can further be combined
with one or more other features disclosed herein. Generating an MRJ signal can include using
tunctional magnetic resonance maging, ¢.g., the functional magnelic resonance 1maging can
include blood-oxvgen-icvel dependent contrast imaging. The brain activity can be ncural

activation, ¢.g., neural activation mn learning and/or memory related regions of the brain.

{O003] in another aspect, a method s provided for identifying a biomarker related to neural
activation, learning, or memory ot identifving a patient population who is more susceptible 1o

such disorders, comprising adnumstering a NMDBAR partial agomst, e.g., GLY X-13 to a subject
{¢.g., an animal, e.g., human or rodent}); imaging the animal using funchional magnetic resonance
to create measurable activity such as blood oxvgen levels; analyzing the activity; and identifving
the biomarker as resulf of the activity, Some embodiments can include one or more of the
followmng features, which can turther be combined with one or more other features disclosed
heremn. Using functional magnetlic resonance to orgate measurable activity can mclude using
biocod~-oxygen-loevel dependent contrast immaging. The measurable activity can mnciude changes
biood flow and/or blood oxidation m one or more regions of the bram in the animal. The

biomarker can be a blood~oxvgen-~-level dependent contrast signal i one or more regions of the
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brain in the ammal. The method can hurther include associating a patient or subpopulation of
patients with the biomarker. The method can {urther include one or both of the following: {a}
determining whether GLY X-13 would be therapeutically effective for treating a cognitive or
mental disorder; and (b} determining susceptibilitv/receptivity in patient or a subpopulation of
patients suffering from a cognifive or mental disorder {¢.g., depression, ¢.¢., refractory

depression).

{33 09] in a further aspect, a method 1s provided for treating a disorder selected from the
ecroup consisting of epilepsy, AIDS dementia, multiple system atrophy, progressive supra-
nucicar palsy, Fricdrich's ataxia, autisim, fragile X syndrome, tubcrous sclerosis, attention deficit
disorder, oltvio-ponto-cercheliar atrophy, cerebral palsy, drug-induced optic neuritis, peripheral
uropathy, myciopathy, ischemic retinopathy, glaucoma, cardiac arrest, behavior disorders,
impulse control disorders, attention deficit disorder, attention deficit hyperactivity disorder,
schizophrema, anxiety, amchioration of opiate, micoting and/or ethanol addiction, spinal cord
mnjury, diabetic retinopathy, traumatic brain injury, post-fraumatic stress syndrome, Hunfington’s
chorea, Alzheimer’s disease, memory ioss that accompanies carly stage Alzheimer’s disease,
depression conditions, Major Depressive Disorder, Dysthyoue Disorder, Psychotie depression,
Postpartum depression, Seasonal atfective disorder (SAD), mood disorder, depressions caused
by chronic medical conditions such as cancer or chromc pain, chemotherapy, chronic stress,
Bipolar disorder, and mamc depressive disorder, 1in a patient in need thereof, comprising:
cenerating a MR signal that 1s a measurement of brain activity 1n a patient; identifying the signal
as a normal or abnormal brain state of the patient; and admnisienng to the patient an effective
amount of a NMDAR partial agonist, e.g., GLYX-13, based on the signal identification. domg
erubodiments can include one or more of the following teatures, which can further be combined
with onc or more other features disclosed herein. Generating an MR signal can include using
functional magnetic resonance imaging, ¢.g., the functional magnefic resonance imaging can

include blood-oxvgen-ievel dependent contrast imaging.

{010 in still another aspect, a method s provided for sdentifying a biomarker related to a
disorder selected from the group consisiing of epilepsy, AIDS dementia, multiple system

atrophy, progressive supra-nuclear palsy, Friedrich’s ataxia, autism, fragile X syndrome, fuberous
sclerosts, attention deficit disorder, olivio-ponto-cerebellar atrophy, cercbral palsy, drug-induced

optic neuriiis, peripheral neuropathy, mvelopathy, ischemie retinopathy, glaucoma, cardiac
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arrest, behavior disorders, mmpulse control disorders, atiention defictt disorder, atiention deficit
hyperactivity disorder, schizophrenia, anxicty, amelioration of opiate, nicotine and/or cthano!
addiction, spinai cord injury, diabeiic retinopathy, traumatic brain impury, post-traumatic stress
syndrome, Huntington's chorea, Alzheimer’s discase, memory 1oss that accompanics early stage
Alzheimer’s disease, depression conditions, Major Depressive Disorder, Dysthyvmic Disorder,
Psvchotic depression, Postpartum depression, Scasonal atfective disorder (SAD), mood disorder,
depressions caused by chronic medical condifions such as cancer or chronic pain, chemotherapy,
chronic stress, Bipolar disorder, and manic depressive disorder, or identifying a paticnt
population who 18 more susceptible to such disorders, comprising adminsiering a NMDAR
partial agonist, ¢.g., GLYX-13 to a subject {e.g., an amimal, ¢.¢., human or rodent); imaging the
arumal using functional magnetic resonance to create measurable activity such as blood oxygen
levels; analvzing the activity; and identifying the biomarker as result of the activity. Somge
ernbodiments can mclude one or more of the following features, which can further be combined
with one or more other features disclosed herein. Using functional magnefic resonance {0 create
measurable activity can mclude using blood-oxvgen-level dependent contrast imaging. The
measurable activity can mchude changes m blood flow and/or blood oxadation 1 one or more
regions of the brain i the animal. The biomarker can be a blood-oxveen-level dependent
contrast signal in one or more regions of the bramn w the amimal., The method can further inchide
associating a patient or subpopulation of patients with the biomarker. The method can hurther
include one or both of the following: {8} determining whether GLY XA13 would be
therapeutically etfective for treating the disorder; and (b} determining susceplibility/receptivity

i1t patient or a subpopulation of patients suifering from the disorder.

{3011 fn still another aspect, a method 1s provided for fracking treatment progress and/or
treatment endpoints i a patient suffering from a cognmitive or mental disorder comprising
oencrating a MR signal that 15 a measurement of brain activity in a paticnt; identiftying the signal
as a normal or abnormal brain state of the patient; and admimistering {o the patient an cffective
amount of GLYX-13 based on the signal identification. Some embodiments can inciude one or
more of the following features, which can further be combined with onc or more other features
disclosed hercin. Generating an MR signal can include using functional magnetlic resonance
imaging, ¢.2., the functional magnetic resonance imaging ¢an mnchude blood-oxygen-ievel

dependent contrast imaging.
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BRIEF DESURIPTION OF THE DRAWIRGS

{3612} FI(5. 1 15 a tlow diagram summanzing the study design for the study described in

Exampie 2.

LHEER]: FI(. 2 15 a tlow diagram summanzing the study flow for the study described in

Exampie 2.

{014 FI(5. 3 15 a diagram that summarizes the design of the item category association task

used i the study described m Exampile 2.

{B015] FI(5. 4 15 a diagram that summarnizes the second level fixed cfiects analyses performed

in the study described in Example 2.

{B016] FI(3. 5 15 a graph showing that GLY X-13 and Placebo treated subjects show a robust

and comparable learning cffect across eyele.

{6017 F1(5. & provides a series of IMRI images of regions showing significant change in

BOLD activation across learning cvcles.

{3018} FIGS. 7TA-TF provide a series of tMRI images of regions showing that among
identificd regions, six demonstrated significant group by cvele mteraction effects on extracted
mean %o signal change, all of which demonstrated enhanced activation among GLYX-13 vs.

Placebo treated individuals.,

DETALLED BESURIPTION

{319 The present disclosure relates 1in part to methods for identifying a biomarker related to
neural acivation, learning, or memory or identifving a patient population who 1S more
suseepiibic to such disorders, comprising admuinstering GLY X-13 to an animal; imaging the
animal using functional magnetic resonance to create measurable activity such as blood oxygen

levels; analyzing the activity, and identifving the biomarker as result of the activity.

{B0201 Also provided herein are methods of freating a cognitive disorder of enhancing
cognitive function and/or learning n a patient in need thercof, comprising:  generating a MRI
signal that 18 a measurement of brain activity in a patient; wdentifving the signal as a normal or
abnormal brain state of the patient; and administering to the patient an effective amount of

GLYX-13 bascd on the signal identification.
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{0211 Functional magnetic resonance imaging or functional MRI (tMRI} 15 a functional

neuroimaging procedure using MRI technology that measures bran activity by detfecting
associated changes in blood Hlow, This fechnique relies on the fact that cerebral blood flow and
neuronal activation arc couplied. When an arca of the brain 1s in use, blood flow to that region
also increases. The primary form of IMRI uses the Blood-oxygen-level dependent {(BOLD)

contrast, IMRI can in some embodiments, aiso be combined and complomented with other

measurgs of brain physiology such as EEG and NIRS., Other methods may largely usc

biomarkers other than the BOLD signal.

{36221 Contemplated methods include a methods of treating, or method of dentifving
biomarkers of |, aufism and/or an autism spectrum disorder. In some embodiments, paticnts
sutfering from autism also sutfer from another medical condition, such as Fragile X syndrome,

tuberous sclerosis, congenital rubella syndrome, and untreated phenyiketonuria.

{023 in another embodiment, methods of treating, or method of identitving biomarkers of,
wheretn the disorder 1s sclected from group consisting of: eptiepsy, AIDS dementia, multiple
system atrophy, progressive supra-nucicar paisy, Friedrich's ataxia, autism, fragile X syndrome,
tuberous sclerosis, attention dehicit disorder, ohivio-ponto-cerebellar atrophy, cerebral palsy,
drug-induced optic neuritis, peripheral neuropathy, myelopathy, ischemic retinopathy, elaucoma,
cardiac arrest, behavior disorders, and impuisc control disorders that includes administering an

identified compound.

{324} in an embodiment, contemplated herein are methods of treating or identifying
biomarkers related to attention deficit disorder, ADHD {attention deficit hyvperactivity disorder),
schizophrenia, anxicty, amclhioration of opiate, nicotine and/or cthanol addiction {¢.g., method of
treating such addiction or amcliorating the side cffects of withdrawing from such addiction),
spinal cord injury diabetic retinopathy, traumatic brain mnjury, post-traumatic stress syndrome
and/or Huntington’s chorea, n a patient in need thercof or wdentifving a biomarker for one or
more of these disorders, that incluydes admmistening an wdentilied corapound. For example,
paticnts sutfering from schizophrenia, addiction {¢.g. ethanol or opiate}, autism, Huntington’s
chorea, traurnatic bramn myury, spinal cord mjury, post-traumatic stress syndrome and diabetic

retinopathy may all be sulfering from altered NMDA receptor expression or funcfions.
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{0825]  In another embodiment, disclosed methods relate to Alzheimer’s disease, or e.g.,

treatment of memory loss that e.g., accompanies carly stage Alzheimer’s disease. In another
crmbodiment, disclosed methods may relate to common depression conditions including Major
{Drepressive Disorder and Dysthymic Disorder. Other depression conditions develop under unique
circumstances. Such depression conditions mchude but are not hmited to Psychotic depression,
Postpartum depression, Seasonal affective disorder (SAD), mood disorder, depressions caused
by chronic medical conditions such as cancer or chronic pain, chemotherapy, chronic stress, post
traumatic stress disorders, and Bipolar disorder {or manic depressive disorder). Refractory
depression occurs in paticnts suffering from depression who are resistant to standard
pharmacological treatments, mcluding tricyclic antidepressants, MAQOIs, SSEIs, and double and
iriple uptake mhubitors and/or anxiolytic drugs, as well non-pharmacological treatments such as
psychotherapy, eleciroconvulsive therapy, vagus nerve stimulation and/or {ranscramial magnetic
stimulation. Treatment resistani-patient or animals {¢.g. humans) are contermplated for treatment
or dentilied as one who fails fo experience alleviation of one or more symptoms of depression
{¢.g., persisient anxious or sad feehings, fechings of heiplessness, hopelessness, pessimnism)
despite undergoing one or more standard pharmacological or non-pharmacological {reatment, In
certaim embodiments, a treatment-resistant patient 18 one who fails to expenence alleviation of
ong or more symptoms of depression despite undergoing treatment with two different
antidepressant drugs. In other embodiments, a treatment-resistant patient 18 one who fails to
experience alleviation of one or more svmptoms of depression despite undergomg treatment with
four different antidepressant drugs. A treatment-resistant patient may also be identified as one
who i1s unwilling or unablc {o tolcrate the side effects of once or more standard pharmacoiogical
or non-pharmacociogical freatment. In certain embodiments, methods for treating refractory
depression by administering an cffcctive amount of an dentified compound {0 a treatment-
resistant paticnt i necd thereot are contemplated. In an embodiment, methods of treating
depression 18 contemplated when a pationt has suffered deopression forc.g. 5, 6, 7, 8 or more
weeks, or for a month or more. .

{3026 in another embodiment, methods of treating a disorder in a patient need thereof are
contemplated, whercin the disorder 1s selected from group consisting of: epilepsy, AIDS
dementia, multiple system atrophy, progressive supra-mucicar paisy, Fricdrich's ataxia, autism,

fragiic X syndrome, tuberous sclerosis, attention deficit disorder, olivio-ponto-corebeliar
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atrophy, cerchral palsy, drug-induced oplic neuriiis, peripheral ncuropathy, myelopathy,
ischemuc retinopathy, glaucoma, cardiac arrest, behavior disorders, and umpulse control disorders

that includes adnunistering an identificd compound.

{B027] Treating includes any cftfget, ¢.2., {essening, reducing, modulating, or climinating,

that resuits i the improvement of the condition, discase, disorder and the hike. “Individual”

By

“patient,” or “subject’ are used mterchangeably and mclude any animal, including mammals,
preferably mice, rats, other rodents, rabbits, dogs, cats, swineg, cattic, sheep, horses, or primates,

and most preferably humans.

{3028] The term “effective amount” refers to an amount of the subject component, ¢.g.,
10 GLYX-13 {or a composition containing (GLY X-13) that will clicit the biclogical or medical
response of a tissue, system, animal or human that 18 being sought by the researcher,

veterinarian, medical doctor or other clmician,

{0029]  As ysed herein, the torm “GLY X peptide”™ refers to a peptide having NMDAR glycine-
sitec partial agonist/antagonist activity. GLY X peptides may be obtained by well-known

15 recombinant or synthetic methods such as those described in US Patents 5,763,393 and
4,086,196 herein incorporated by reference. In some cmbodiments, GLY X refers to a
ietrapeptide having the anuno acid sequence Thr-Pro-Pro~Thr (SEQ ID NO: 13}, or L-threonvl-
{~-prolyl-L-prolyi-L-threonine anude. In sorme embodiments, candidate compounds have the

same nucroarray resulis as GLY X-13 and/or the below commpounds.

20 {B830] For example, GLYX-13 refers to the compound depicted as:

Formuls §.
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{0311 Also contemplated are polvmorphs, homologs, hvdrates, solvates, free bases, and/or
suttabie sait forms of GLY X 13 such as, but not limited to, the acctate salt. The peptide may be
cyclyzed or non-cyclvzed form as further described in US 5,763,393, in some embodiments, an a
GLY X-13 analog may include an msertion or deletion of a moiety on one or more of the Thr or
Pro groups such as a deletion of CH,, OH, or NH; moiety. In other cmbodiments, GLYX-13
may be optionally substituied with one or more halogens, C-C;5 alkyl {optionally substituted with
halogen or anmuno}, hydroxyl, and/or amino. (lyvcine-siic partial agonist of the NMDAR are
disciosed m US 5,763,393, US 6,107,271, and Wood et al., NeuroReport, 19, 1059-1061, 200K,

the enfire contents of which are herein incorporated by reference.

(G032 in some embodiments, a therapeutically effective amount of GLYX-13, e.g., for adult
human treatment, can be in the range of {rom about §.81 mg/kg to about 133 me/ke peor
admirustration {e.g., about .01 mg/kg to about 100 mg/kg, about .01 mg/kg to about 50 myg/kg,
about 0.01 mg/kg to about 25 mg/kg, about .01 meg/ke to about 10 mg/ky, about 0.1 mg/kg to
about 100 mg/kg, about 0.1 mg/keg to about 50 mg/kg, about 8.1 mg/kg to about 30 mg/kg, about
0.1 mg/kg to about 10 myg/kg, about { mg/kg to about 1080 mg/kg, about | mg/kg to about 50
mg/Ke, about 1 mg/ke to about 50 mg/kg per day, about | mg/keg to about 10 mg/kg, or about |
mg/ke to about [0 mg/ke per admunistration, ¢.g., once a week, twice a week or three times a
week and/or as described anywhere herein). The dosage of GLYX-13 may be at any dosage
including, but not himited to, about 1 ug/kg, 25 ug/keg, 530 uve/ke, 75 ug/kg, 100 v ugke, 125

ug/kg, 130 ug/ke, 175 ug/kg, 200 ug/ky, 225 uwg/kg, 250 ugke, 275 ug/kg, 300 ug/kg, 325

Ur""

ue/kg, 350 ug/kg, 375 uglkg, 400 ug/ke, 425 ve/kg, 450 ug/kg, 475 ug/ke, 500 ug/kg, 525 ug/kg.
S50 ug/kg, 575 ug/ke, 600 ug/kg, 625 ug/ke, 650 ug/kg, 675 ug/kg, 700 ug/kg, 725 uve/kg, 750
ue/ke, 775 ue/ke, 8O0 ug/ke, 825 ug/ke, &850 ue/ke, 875 ug/kg, 900 ug/ke, 925 uvg/kg, 950 ug/kg,
975 ug/ke, I mo/ks, 2 me/ke, 3 ma/kg, 4 mo/ke, 5 mg/ke, 6 me/ke, 7 mg/ke, 8 me/ks, 9 me/ke,
10 meg/ke, 15 me/kg, 20 me/ke, 25 mg/ke, 30 mo/ks, 35 mo/ke, 40 mg/ke, 45 mo/ke, 5O ma/ks,
63 mg/ke, 70 me/ke, 80 mg/ke, 90 mg/kg, or 1080 mg/ke. In certain embodiments, GLYX-13
may be therapeutically effective with a range {¢.g., an mftravenous dose range} of about 1 fo
abouti® me/ke, c.g., about 5 to aboutl{l mg/kg, e.g. about 1 mg/ke, about 5 mg/kg, or about

13mea/kg.

{333 in some cmbodiments, any of the GLYX-13 dosages desertbed herein can be

adminisicred on a less than daily basis, ¢.g., every other day {e.g., every two days}); one or two
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fimes a week; one, two or three fimes a week; two or three times a week: twice weekly {¢.¢g.
cvery 3 davs, every 4 days, every 5 days, cvery 6 days or ¢.g. admimstered with an mnferval of
about 2 to about 3 days between doses); every three to four days; onee a week; once cvery two
weeks {(bi-weekly), twice monthiy; once a month, once cvery two months, once every thre
months, onee cvery four months, oncce cvery five months, once every six months, or cven fess
often. In certain embodiments, GLY X-13 1s administered at a frequency of once a week, twice a

WeeK, once every two weeks, or any combination thereof,

{30341 in certamn cmbodiments GLY X-13 18 admmistered at a range {£.2., an infravenous
dose range} of about | 1o aboutl mg/kg, ¢.2., about 5 to abouti{} mg/kg, ¢.g. about | mg/kg,
about 5 mg/ke, or about 10mg/kg, and/or GLY X-13 1s administered at a frequency of once a

week, once every two weeks, or any combination thereof,

{B035] The present disclosure contemplates “combination therapy,” which includes (but 1s
not timited to) co-administering an cifective amount of GLY X-13 and onc or more other
biologically active agents {¢.g., one or more other anti~depressant agents) as part of a speafic
freatment regimen mtended to provide the benclicial effect from the co-action of these
therapeutic agents. The beneficial effect of the combination inchudes, but 1s not hinuted to,
pharmacokinetic or pharmacodynamic co-action resulting from the combination of therapoufic
agents. Combination therapy s iniended to embrace adrnistration of multiple therapeutic
agents in a sequential manner, that 18, wherein cach therapeutic agent 18 adnunmstered at a
different time, as well as admnistration of these therapeutic agents, or at least two of the
therapeutic agents, in a substantially simuitancous manner. Substantially simultaneous
adminstration can be accomnplished, for example, by administening to the subject a single tablet
or capsule or L.v. solution having a fixed ratio of cach therapeutic agent or wn multiple, single
tablets, capsules, or 1.v. solutions for cach of the therapeutic agents. Sequential or substantially
simultancous adminstration of cach therapeutic agent can be effected by any appropriate rouie
inchuding, but not limited fo, oral routes, infravenous routes, mtramuscular roudes, and direct
absorpiion through mucous membrane fissues. The therapeutic agents can be administered by
the same route or by different routes. For example, a first therapeutic agent {c.g., GLYX -13} of
the combination selected may be admimstered by intravenous injection while the other

therapeutic agents of the combination may be administered orally. Alternatively, for example,
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ail therapeutic agents may be admunistered oraily or all therapeutic agents may be administered

by intravenous mjection,

{30 36] GLYX-13 as well as any other pharmacological agent {c.g.., one or more other
antidepressant agents)  of the present mvention may be admunistered by various means,
depending on their intended use, as 18 well known in the art. For exampie, if compositions of the
present invention are to be administered orally, they may be formulated as tablets, capsules

sranuics, powders or syrups. Alfernatively, fornmmlations of the present mvention may bo
admimstered parcnterally as mjections {(intravenous, intramuscular or subcutancous), drop
infusion preparations, or suppositories. These formulations mayv be prepared by conventional
means, and, if desired, the compositions may be mixed with any conventional addifive, such as
an cxcipicnt, a binder, a disinfcgrating agent, a lubricant, a corrigent, a solubilizing agent, a

sgspension ard, an emulsifying agent or a coating agent.

{37 in some cmbodiments, GLY X-13 hercin may be administered parcnicrally to a patient
including, but not limtied to, subcutaneously and ntravenously. In some embodiments, one or
maore of the components of the combinations described herein may also be admunstered via slow

controlled 1.v. infusion or by release from an 1mplant device,

{303E] in formulations of the subject mvention, wetiing agents, emuisifiers and lubnicants,
such as sodium lauryl sulfate and magnesium stearate, as well as coloring agents, relcase agents,
coating agents, sweetening, flavoring and perfunung agents, preservatives and antioxadants may

be present i the formulated agents.

{3039 Subject compositions may be suitable for oral, topical {(mncluding buccal and
sublingual), rectal, vaginal, acrosol and/or parenteral admumstration. The formulations may
converuently be presented in unit dosage form and may be prepared by any methods well known
in the art of pharmacy. The amount of composition that may be combined with a carrier malerial
to produce a singie dose vary depending upon the subject being treated, and the particular mode

of administration.

{3040 Methods of preparing these formulations mclude the step of bringing mto assocation
compositions of the present invention with the carnier and, optionally, ong or more accessory

mgredients. In general, the formulations are prepared by uniformly and mtimately bringing mnto
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association agents with higuid carriers, or finely divided sohid carriers, or both, and then, if

necessary, shaping the product.

LHIESE Formulations suifable for oral administration may be in the form of capsules, cachets,
pills, tablets, lozenges {using a flavored basis, usuaily sucrose and acacia or fragacanth),
powders, granuics, or as a solution Or 4 SUSPCRSIon I an aqucous of non-aqueous higquid, or as an
oil-in-water or water-in-oil hquid emuision, or as an chixir or syrup, or as pastilics {using an mert
base, such as gelatin and glyecrin, Or sucrose and acacia), each contamning a predetermined
amount of a subject composition thercot as an active ingredient. Compositions of the present

invention may also be administered as a bolus, cicctuary, or paste.

{0042} in solid dosage forms for oral adnunistration {capsulcs, tablets, pills, dragees,
powders, granules and the like), the subject composition 18 nuxed with onc or more
pharmaccutically acceptable carriers, such as sodium citrate or dicaicium phosphate, and/or any
of the following: {1) fillers or extenders, such as starches, lactose, sucrose, giucose, manniiol,
and/or stlicie acid; {2) binders, such as, {or example, carboxymethylceliulose, algimates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; {3) humectants, such as glveerol; (4} disintegrating
agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alguuc acid, certain
stiicates, and sodium carbonate; {3) solution refarding agents, such as parafling {6} absorption
accelerators, such as qualernary ammoniurn cornpounds; (7} wetling agents, such as, for
example, acctyl alcohol and glycerol monostearate; (8) absorbents, such as kaolin and bentonife
clay; {9} lubnicants, such a tale, calcium stearate, magunesium stearate, sohid polvethyiene glveols,
sodium Iyl sulfate, and nuxtures thereof; and (1803 coloring agents. In the case of capsules,
tablets and pills, the compositions may alse comprise bulfering agents. Scohd compositions of a
simitar type may also be employed as fillers i soft and hard-filled gelatin capsules using such

excipients as lactose or mulk sugars, as well as ligh molecular weight polyethyiene glveols and

the lLike.

$843 A tablet mav be made by compression or molding, optionally with one or more
- . o &9 .

accessory ingredients. Compressed tablets may be prepared using binder (for exampie, gelatin or

hydroxypropyimethyl celiulose), tubricant, wert diloent, preservative, disintegrant (for example,

sodim starch glycolate or cross-linked sodium carboxymethyi cellulose}, surface-active or

dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of the
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subject compostiion moistened with an inert hiquid diluent. Tablets, and other soiid dosage
forms, such as dragees, capsules, pilis and granules, may optionally be scored or prepared with
coatings and shells, such as cnieric coatings and other coafings well known in tho

pharmaccutical-formulating art,

{3044} Ligquid dosage forms for oral admunistration mclude pharmaccutically acceptabic
cmuisions, microcmuisions, solutions, suspensions, svrups and chxirs. In addition {o the subject
composition, the higuid dosage forms mayv contain inert diluents commonly used in the art, such
as, for cxample, water or other solvents, solubilizing agents and emulsifiers, such as cthvl
aicohol, sopropyl alcohol, cthyl carbonate, cthyl acectate, benzvi alcchol, benzyi benzoate,

propyience glveol, 1,3-butyicne giveol, ous {in particular, cottonsced, groundnut, corn, germ,

olive, castor and sesamce ouls), glveerol, tetrahvdrofuryl alcohol, polyethviene glveols and fatty

7

acid esters of sorbitan, cyclodextnns and mixtures thereof.

{345] Suspensions, in addition to the subject composition, may contain suspending agents
as, for cxample, cthoxvlated sostearyvl alcohols, polyvoxyethyvlene sorbitol and sorbitan esters,
nucrocrystalline cellulose, alunmunum metahydroxide, bentonite, agar-agar and fragacanth, and

mixiyres thereot.

{(046] Pharmaceutical compositions of this mvention suttabie for parenteral administration
comprise a subject composition i combination with one or more pharmaceufically-acceptable
sterife isotonic aguoous or non-agucous solutions, dispersions, suspensions or ermulsions, of
stertie powders which may be reconstituted nio sterile mjectable solutions or dispersions just
prior to use, which may contain anfioxidants, butlers, bacteriostats, solufes which render the

formulation 1sotonie with the blood of the tended recipient or suspending or thickening agents.

{3047 “Pharmaceutically or pharmacologically acceptable” imclude molecular entities and
compostiions that do not produce an adverse, allergic or other untoward reaclion when
admnistered to an ammal, or a liman, as appropnate.  For human administration, preparations
should meet sterthity, pvrogenicily, genecral safety and puritty standards as required by FDA
(Othce of  Biologics standards. The term  “pharmaceutically  acceptable  carner”  or
“pharmaceutically acceptable excipient” as used herein refers to any and all solvents, dispersion
media, coatings, wotonic and absorption delaving agents, and the like, that are compatible with

pharmaceutical administration. The use of such media and agents for pharmaccutically active
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substances 18 well known in the art. The combinations described hercin may also contain other
active compounds providing supplemental, additional, or cnhanced therapeutic functions.
Examples of suitable agueous and non-agqueous carriers which may be cmployed in the
pharmaccutical compositions of the invention include water, cthanol, polyols {(such as glveerol,
propyiene glyeol, polvethyiene glveol, and the like), and suitablec mixtures thercof, vegetabic
oils, such as olive oil, and mmjectable organic esicrs, such as cthyl oleate and cyclodextrins.
Proper thuidity mav be mamntained, for exampie, by the use of coating matenals, such as lectthin,
by the mamienance of the required particle size in the case of dispersions, and by the use of

surfactants.

{3048} Prsclosed compounds may be provided as part of 2 liguid or solid formulation, for
cxample, aqucous or oily suspensions, solutions, cmuisions, syrups, and/or elixirs. The
composiiions may also be formulated as a dry product for constitution with water or other
stittable vehicle betore use. Such hguid preparations may contamn addiives imncluding, but not
lumuted to, suspending agents, emulsifying agents, nonaqueous vehicles and preservatives.
Suspending agent include, but are not lumted o, sorbitol syrup, methyl cellulose, glucose/sugar
syrup, gelatin, hydroxyethvicellulose, carboxvmethyl celhulose, aluminum stearate gel, and
hydrogenated edible {fats. Enmulsitying agents mclude, but are not limited to, lecithin, sorbitan
monooieate, and acacia. Nonagueous vehicles include, but are not hinuted to, edible oils, almond
oil, fractionated coconut oil, oily esters, propyiene glycol, and ethyl alcohol. Preservatives
include, but are not himited to, methyi or propyl hydroxvbenzoate and sorbic acid. Contemplated
compounds may also be formulated for parenteral adminustration including, but not hmited to, by
injection or confinuous mnfusion. Formulations for injection may be in the form of suspensions,
solutions, or emulsions i oy or aqueocus vehicles, and may contamn forrmulation agents
including, but not limited o, suspending, stabilizing, and dispersing agents. The composition
may also be provided in a powder form for reconstitution with a suitable vehicle mcluding, but

not limited to, sterile, pvrogen-frec walcer.

RHLERE The present disclosure has multipie aspects, tlustrated by the following non-limiting

examples.
EXAMPLES

Exampie 1: Neuwral activation i hippocampal and related learning and memory regions
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RUIRTH GLY X-13 was used to investigate whether this compound changed functional

activation in hippocampal and related learning regions healthy voung adults.

{51 Methods Twenty-four healthy individuals underwent functional magnetic resonance

imaging (MR} after randomization to IV-injection of 5 mg of GLY X-13 (n=12} or placeho
(n=12}. Groups were matched on demographic factors, estimated Q) and dose volume., While
undergoing scanming, subjects performed an item category assoctation task m which they icamed

over repeated cycles which of two categorics a serigs of numbers were assigned. Change in

bicod-oxygen level dependent {BOLDY) activity was measured during correctly performed trials,

and differences in activation between groups were compared across lcarning cveices.,

{B052 ] Resuls Both groups demonstrated mmcreascd task accuracy over successive cveies

showed enhanced activation over learning cyceles in several learning and memory regions
including hippocampus, parahippocampal gvrus, and amvygdala, as well as other regions
including supenor temporal, nuddie frontal, and inferior fronfal gyn, There were no regions n

which Placebo demonstrated greater activation compared to GLY X-13.

G053 These findings suggest that GLY X-13 functionally influcnces neural regions involved

| -

in learming in humans, and thus may be a promising cognitive ¢nhancer,

fxample 2: Study Showing that GLYX-13 Enhances Neural Activation in Learning and
Memaory Related Regions i Healthy Young Adults
{0054] We mvestigated whether a single IV adminwstration of GLY X-13 compared o

placcho changed functional activation among healthy voung adults perfornung a learmning and

memory task while undergoing fMRI,

LULRRY: Methods.

0056] fnclusion {riferia. The mnchusion criteria for adult subjects participating 1o the study
were as follows (1) 18—480 years of age; (1) estimated I within what 1s considered o be the

norrmal range (80-120); and (111} no personal medical, neurclogic, or psychatnic history, or

reported history of psychiatric tllness among first degree relatives.

{0057 Stuedy Desigan (randomized, single-bhind, paralicl group). A flow chart showing the

study designiis shownin FIG. | After mutial (Visit 1), patients were randonuzed (o cither single
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{5 mg/kg} or placebo on subsequent visit {Visit 2}, iMRI studies

started within 20 minutes post-infusion. Subjects returned approximately one week after Visit 2

to compicte behavioral tasks in scanner and asses

e ottects,

8 any advers

in FIG. 2, and the subject characteristics are summarized in Table 1.

EHERET: Table 1

The study flow 1s shown

--------------------------------------------------------------------------------------------------------------------------

B value {Significance
iavel from one way
ANOVA tor continuous
measures or ¥2 test for
categorical measures)

- acquusition time (o)

Age {years} 27.2{4.5) 252 (5.0) .25
Sex MF) BT K o9 les2
Race (Ca:AAAs) 14:4:3 12:4:2 (3.93
E'E—?5581%'&}'{%.%5; """"""""""""""" 19:2 62| 072
Estimated IQ 1035.7 (8.2) F06.8 (8.4} 0.71
Da.,x;umcqmu """"" wmx) """""""""""""""""""""""" so(Ly  les2
E"'ﬁ'é';é‘%&'ﬁié"é """""""""""" &“4’340) """"""""""""""""""" 840338y  jos

{OUS8] frem Category Assaciation Task (see, ¢.

o., Unur OA, Schlaepter TE, Kukoha J, Bauer A,

Jeung H, Patin A, Otte D-M, Shah NJ, Maier W, Kendnick KM, Fink GR, Hurleman R (2010},

The N-methyi-D-aspartate receptor co-agomst D-Cyclosering
hippocampal activity i humans, Biol. }'383/’@11iairy,, 67,

arbitrary group membership (A or

B}o

1205},

2

tacilitates d

cclarative learning and

Subjects were asked to learn

-digit numbers. Visual feedback was provided

immeediately following choice {(button press) to mndicate correct tem category association, There

were cight category memberships to be learned, which were presented over eight cyeles

repititions} for a total of 64 trials per run; three se

nimber sets.

B060]

fmape Acquisision. 31 TiIM Trio

See Fi(G. 3.

ots of learning runs {cach with diffc

-

"
!

{1.¢.,

3-digit

svstem {Stemens Medical Systems) with 32

channel coil. High resolution 3D Tl-weighted MPRAGE sequence for spatial alignment and

standardization {TE=3

V6 msee, TR=2400 msee, 1 x| x| mun voxels:
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tume). IMRI (189 volumes collected consisting of 32 axial images acquired paraliel to A-P

)

commuissure using an EPI sequence contrast per run {TE=20 msee, TR=2000msec, FOV=22{ x

206num, tlip &G, 1.7 X 1.7 x 3.0 mum voxels); 6.40) min. acquisition time per functional run).

{H061] Functional Analysis. Event related IMRI analysis conducted with FSL (FMRIB

software library)’s FEAT tool {(bramn extraction tool (BET) used fo remove non-brain tissue; high
pass temporal filter applicd with 100 msec cutoft; tunciional data corrected for head motion
using MCFLIRT, transformed into MNI space and smoothed with Gaussian Kernel of FWHM 5
mm; functional data regisicred to hugh-resolution structural scan and then transtormed into
standard MINI space). The first-level fixed effects analyses were performed on mdividual runs to
model activation per learning cycle associated with correct, mcorrect, and no response trials.

The sccond-level fixed effects analyses combined individual subjects activation for lecarning
cycle across three runs for correct trials, Sce FiG. 4. Mixed effect meta analysis (MEMA)}
AFNT was used in whole brain analyses to model changes in BOLD activation during correctly
nerformed trals as a function of learning cvele, thereby wWenfilving cucuitry supporting category

lcarning on thus task.
LIS Resuilis

{063 Behavioral Task Performance. GLYX-13 and Placebo treated subjects show a

robust and comparable learnmg effect across cyele. See FIG. 3.

{3064]  SMRT Results. FIG 6 provides a series of IMRT wmages of regions showing
sigruficant change wm BOLD activation across learning cveles. FIGS, TA-7F provide a series of
IMIRT images of regions showing that among wdentified regions, six demonstrated sigmiicant
group by cycle micraction effects on extracied mean % signal change, all of which demonstrated

erthanced activation among GLY X-13 vs. Placebo freated individuals.,

{0065] in the context of comparable performance, healthy mmdividuals who received a single
administration of GLYX-13 demonstrated an enhanced BOLD signal change 1 a task-eliciie
circuit relative to those mdividuals who recerved placebo. These results suggest that GLYX-13

tunctionally mfluences neural regions wvolved wn learning and memory in heaithy individuals,

EQUIVALENTS
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{3 66] While specific embodiments of the subject disclosure have been discussed, the above
spectfication 1s diustrative and not restrictive. Many variations of the disclosure will become
apparent to those skilled 1in the art upon review of this specification. The tull scope of the
disclosure should be determincd by reference to the claims, along with their full scope of

cquivalents, and the specification, along with such variations.

{30671 Unless otherwise indicated, all numbers cxpressing guantifics of ingredients, reaciion
conditions, parameters, descriptive features and so forth used in the specification and claims arg
to be understood as being modificd 1n all mstances by the term “about.” Accordingly, unless
idicated to the contrary, the numerical parameters set forth in this specification and attached
claims arc approximations that may vary depending upon the desired properties sought to be

obtained by the present invention.
INCORPORATION BY REFERENCE

{3 68] All publications and patents mentioned herein, including those itoms listed below, are
hereby incorporated by reference in their entirety as if cach individual publication or patent was
specifically and individually indicated to be incorporated by reference. In case of contlict, the

present application, including any definitions herein, will control,

OG0 What 1s claimed is:
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CLAIMS
1. A method of treating a cogmitive disorder or enhancing cogmtive function and/or fcarming

i1t a patient in need thereot, comprising:
generating a MRI signal that 1s a2 measurement of braw aclivity 1n a patient;
identifying the signal as a normal or abnormal bramn state of the patient; and

adimimistering to the patient an effective amount of GLY X-13 based on the signal
identification.
2. The method of claim 1, wherein the generating an MRI signal comprises using functional

magneiic resonance umaging.

3. The method of claim 2, wheren the functional magunetic resonance imaging comprises

bigod-oxygen-tevel dependent contrast imaging.

4. The method of claim 1, wherewmn the brawn activity s neural activation.
3. The method of claim 4, wherein the neural activation s neural activalion in learning

and/or memory reiated regions of the bran.

53 A method for identifying a biomarker related to neural activation, learning, o memory or

identifving a patient population who s more susceptible to such disorders, comprising:
admunistening GLYX-13 {0 an animal;
imaging the amimal using functional magnetic resonance {0 create measurable activity;
analyzing the activity; and
wdenfitving the bromarker as result of the activity.

7. The method of claim 6, wherein using functional magnetic resonance 1o creale

meastrable achivity comprises using blood-oxygen-level dependent contrast imaging.

3. The macthod of claim 7, wherein the measurable activity comprises changes in blood How

and/or blood oxadation i one or more regions of the brain i the anmmal.

4. The method of claim 6 or 7, wherein the biomarker 1s a blood-oxygen-~-level dependent

contrast signal in one or more regions of the brajn i the animal.

SUBMTITUTE SHEET (RULE 26)



CA 02933372 2016-06-09

WO 2015/089503 PCT/US2014/070340
~ 240 -
18, The method of claim 6, wherein the method further comprises associating a patient or

subpopuiation of patients with the biomarker.

i1,  The method of claim 6, wherein the method further comprises one or both of the
following: {(a) determuning whether GLY X-13 would be therapeutically effective for treating a

cognitive or mental disorder; and (b} determuning susceptibility/receptivity 1n patient or a

subpopulation of patients sutfering from a cogntiive or mental disorder.
12. The method of claim 11, wherein the mental disorder 15 depression.
13. The method of claim 11, wheremn the depression 18 refractory,

14, A method of treating a disorder selected from the group consisting of epuepsy, AIDS
dementia, multiple system atrophy, progressive supra-nuciear palsy, Friedrich's ataxia, autism,
fragiie X syndrome, tuberous sclerosis, attention deficit disorder, olivio-ponto-cergbellar
atrophy, cercbral palsy, drug-induced optic neuritis, peripheral neuropathy, myclopathy,
ischemic retinopathy, glaucoma, cardiac arrest, behavior disorders, impuise conirol disorders,
attention delicit disorder, attention deficit hyperactivity disorder, schizophrenia, anxiety,
amcilioration of opiate, nicotine and/or ethanol addiction, spinal cord mjury, diabetic retinopathy,
traumatic brain mjury, post-tragmatic stress syndrome, Huntington’s chorea, Alzheimer’s
discase, memory loss that accompanics carly stage Alzhcimer’'s discase, depression conditions,
Major Depressive Disorder, Dysthymic Disorder, Psychotic depression, Postpartum depression,
Scasonal affective disorder {(SAD), mood disorder, depressions caused by chronie medical
conditions such as cancer or chronic pain, chemotherapy, chronic stress, Bipolar disorder, and

mami¢ depressive disorder, in a patient i need thereof, comprising:
generating a MRI signal that 18 a measurement of brain activity in a patient;

wlentitying the signal as a normal or abnormal brain state of the patient; and

admmistering to the patient an cltective amount of GLY X-13 based on the signal

dentification.

13. The mcthod of claim 14, wherein the generating an MR signal comprises using

functional magnefic resonance maging.

10, The method of claim 15, wherein the functional magnetic resonance wnaging comprises

biood-oxvgen-level dependent contrast imaging,
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17. A method for identifving a biomarker related to a disorder selected {rom the group
consisiing of epilepsy, AIDS dementia, multiple system atrophy, progressive supra-nucicar
palsy, Friedrich’s ataxia, autism, fragile X syndrome, tuberous scicrosis, atiention defict
disorder, olivio-ponio-cerebeliar atrophy, cerebral palsy, drug-induced optic neuritis, peripheral
neuropathy, myelopathy, ischemic retinopathy, glaucoma, cardiac arrest, behavior disorders,
impuise control disorders, attention defictt disorder, attention deficit hyperactivity disorder,
schizophrenia, anxicty, ameclioration of opiate, nicotine and/or cthanol addiction, spinal cord
injury, diabetic retinopathy, traumatic brain injury, posi-fraumatic stress syndrome, Huntington’s
chorea, Alzheimer’s discase, memory ioss that accompanies carly stage Alzheimer’s disease,
depression conditions, Major Depressive Disorder, Dyvsthyoue Disorder, Psychotic depression,
Postpartum depression, Scasonal atfective disorder {(SAD), mood disorder, depressions caused
by chronic medical conditions such as cancer of chrom¢ pain, chemotherapy, chronic stress,
Bipolar disorder, and mamce depressive disorder, or wdentifving a patient population who 18 more

susceptible to such disorders, comprising:
admumsterimg GLY X113 to an animal;
imaging the animal using functional magnetic resonance o create measurable activity;
analyvzing the activity, and
identifying the biomarker as resuit of the activity.,

I8, The method of claim 17, wherein using functional magnelic resonance o create

measurable activity comprises using blood-oxygen-level dependent contrast imaging.

19, The method of claim 18, wherein the mcasurable activity comprises changes m blood

flow and/or blood oxidation in one or more regions of the brain in the animal.

24, The method of claim 18 or 19, wherein the biomarker s a blood-oxygen-level dependent

contrast signal in one or more regions of the bramn n the animal.

21 The method of claim 17, wherein the method further comprises associating a patient or

subpopulation of patients with the biomarker.

22. The method of claim 17, wherein the method further comprises one or both of the

following: {a) determuung whether GLY X-13 would be therapeutically eliective for treating the
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disorder; and {b) determining susceptibility/receptivity in a patient or a subpopulation of patients
sutfering from the disorder.

23. A method for tracking treatment progress and/or treatment endpoints 11 a patient
sutfering from a cognitive or menial disorder comprising

generating a MRI signal that 15 a measurement of brain activity in a patient;

o

identitving the signal as a normal or abnormal brain state of the patient;

wt

e

andadministering to the patient an cffcctive amount of GLY X-13 based on the signal

identitication.
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& 90

S E

= D . - GLYX-13 (n=21)
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Learning Cycle

Repeated measures ANQVA identihed significant (linear) effect of learning cydie
(F 7 3y=63.7, p<G.0001), and no group (F o=1.7, p=20}, or group by
cycie (b5 =1.3, p<=25) effects.

FIg. 5
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Mixed effects: Cycler F iy 40=3.7, p=001; Group:t |

Cycdle X Group! b7 55a=2.1, p=04,

Fig. 7F
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