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BRAIN-DERIVED NEUROTROPHIU FACTOR {(BDNFR-TROPOMYOSINE KINASE
B {TRKB) INHIBITION FOR IMPROVING COGNITIVE DEFICTTS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application clams priority to US, Provisional Patent Apphication Ser.
No. 62/241.362 filed October 14, 2018, which is incorporated herein by reference in #is

entirety.

The instant apphication contains a Sequence Listing which has been subnutied
electronically in ASCH format and is herehy incorporated by reference in iis enfirety. Said
ASCH copy, created on Qctober 1), 2016, i3 named O1001-004974-WO0_SL.TXT and is
1,273 bytes in size.

GRANT INFORMATION
This vention was supporied in part with government support ander NIH grant
munber R21 MHO99251 awarded by National Institutes of Health, The United Stales
Government may have cortain rights in the invention,
FIEED OF THE INVENTION

The present invention relaies to methods and treatments for umproving cognifive
functioning in patients in need thercof In certain aspects, the wmethods comprise
administering at least one brain-derived neurotrophic factor {Bdaf)-troponivosine kinase B
{TrkBY inhibitor.

BACKGROUND OF THE ¥

Studies showed that histone deacetylase (HDAC) inlubitors can reverse cognitive

deficits found in nevrodegenerative disorders and age-related memory decline. However, the
role of HDACs in stress-indoced cognitive deficits has not been investigated. Deficits in
axecutive cognitive fanctions occwr 11 20 to 30% of patients with major depression (Mcntyre
et al, 2013; Millan et al., 2012) as well as m g large subset of patients with onipolar
depression {Trivedt and Greer, 2014}, Such deficits include widely replicated findings of
defionts i working memory (WM) and attention, Le., deficis thal are puncipal mediators of
psychosocial impairment, including tmpaived workforce performance (Malntyre et al,, 2013).
The observations that patieais in remission from depression still exhibit cogmtive deficits,
and that the presence of such deficily contribules to relapse, indicates that the cognitive
deficits are core deficits rather than an epiphenomenon of depression (Millan et al., 2012;
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Mekntyre et al., 20133 The causes of these cognitive deficits are pot known and, at present,
no mechamsms have been identified that conld expla theyr emergence.
Thus, there is an urgent need for thetapeutics and treatments for stress-induced and
related copnitive deficits.
SUMMARY OF THE INVENTION

In certain embodiments, the present mvention relates (o a method of treating cogmilive
defects in a mood disorder in a patient in need theveot| comprising administering a
therapeuticalty effective amowunt of at least one brain-dertved newrotrophic factor (Bdnf)-
rropomyosine kinase B (TrkB) inhibitor o the patient.

in addinonal embodiments, the present invention relates to a method of improving
cognitive functioning in 3 patient in need thereof comprising adimimstering a therapentically
effective amount of at least one brain~derived newotrophic factor (Bdud)}-tropomyosine
kinase B (TrkB) intubitor to the patient.

In certain embodiments, the freating comprises at feast a 1096 improvement of
cogniive functiopimg, compared with a baseline cognitive functioning reference or control,

In additional embodiments, the cogrutive functioning improvement is greater than
about 0%,

In additional embodiments, the TrkB nhibitor is a TheB antagonist.

In further embodiments, the TrkB inhibitor is administered by mouth, topically,
rectally, or intravenously.

in additional embodiments, the mood disorder is an anxiety disorder or stress-
mchuced disorder mcluding early hife siress, or a combination thereof.

I additional embodiments, the mood disorder 18 8 panic disorder, an obsessive
compulsive disorder, a post-traumatic stress disorder, or any combination thereof.

In additional embodiments, the patient is an adolescent or voung adult.

In additional embodiments, the TkrB inhibitor comprises ANA-12.

In additional embodiments, the method further comprises administering at least one
selective serotonin reuptake wnhibitor (SSRY) selected from the group consisting of
Citalopram (Celexa); Escitalopram (Lexapro, Cipralex); Paroxetine {Paxil, Seroxat);
Flooxetine (Prorac); Fluvoxamine {Luvox); Sertraline (Zoloft, Lustral}, and combinations
thereof.

in certain embodiments, the patient exhibits & mood disorder comprising an anxiely

disorder or stress-indaced disorder including early life stress, or a combination thereof.
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In additional embodiments, the patient exhibits @ mood disorder comprising a panic
disorder, an obsessive compulsive disorder, @ post-traamatio stress disorder, or any
combination thergof.

In additional embodiments, the patient i3 3 manumal. In additional smbodiments, the
patient is o lnonan. In additional embodiments, the patient exhibils a cognitive deficit in one
or more of the following features: working memory or attention set-shifting.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-C are diagrams showing the experimental design and dosing timeline for the
model mice. Fig. 1A Is a tmeling showing that mice exclusively ased for HDACT and
HDACS ChiPs were exposed to the IMS from P2 and PIS, weaned at P28 and raised ©
adulthood {Pal}). At P60, their brains were removed. SFR mice raised m paralel served as
controls. Fig. 1B 15 a timehne showing how other groups of mice were chronically treated
with either Ana~12 (IMS Balbdc mice) or with MS-275 (SFR Balb/c mice) fromw postaatal age
P35 until P59, At the end of treatment, mice were tested in the ASST followed by training
and lesting in the WM test. One hour post completion of the WM test at 20 s delay (typically
around PR4}, brains were collecied for real-time RT-PCR and ChIP expeniments. Age-and
sex~-maiched vehicle-treated mice served as controls, Fig, 1C shows a timeline of the Forster
IMS C3TBI6 or foster IMS Balbdc mice that were raised by Ballvc mothers durmg IMS
exposure, weaned al P28, and tested i the ASST in aduelthood (at P66} One howr post
completion of the EDS phase of the ASST, brain were collected for real-time PCR and ChIP
experiments. Age-~ and sex-matched non-tested mice served ss controls.

Figs. 2A-D are graphs showing reduced HDACT levels at promotor Hi of the Bdnf
gene i IMS Balb/c mice. Fig. 24 18 a graph ilhustrating companison of the levels of HDACH
and HDACS at promotors [ and IV of the Hdnf pene and the prowmotors of the Kgr? and Fos
zenes in SFR and IMS Balb/c mice, Datla are mean £ sem {n = 8/group for the HDAC3 Bdwf
PHI ChiP (4 males and 4 females) and n = &'group for all other groups {3 males and 3
fomalesy) and were compared by Siudent's t-test. SFR and IMS Balb/ie mice differ
significantly in their levels of HDAC! associated with Bdnf promotor HI. Fig. 2B shows Bdnf
transcript variant H expression i non-tested and WhM-tested {20 s delay) SFR and IMS
Balb/c mice. Data {mesn & sem; n = S/group) were compared by 2-way ANOVA (see
Results) and siatistical dilferences were resolved post hoc (Tukey HSD test) as indicated. Fig.
2C shows a comparison of the levels of Pol 1l association at Bednf promotor I between non-
tested and Whi-tested IMS Balbic mice. Data (mean £ sem; n = &/group) were compared
using two-tailed Student's 1 test. Fig. 2D shows Egr2 mRNA expression levels in non-tested
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and Whi-ested SFR and BMS Balbic mice. Data {mean = seny, n = 6/groep} were compared
by 2-way ANOVA that revealed no significant differences.

Figs. 3A-B are graphs showing the effects of adolescent ANA-I2 treayment of IMS
and SFR Balb/c mice on cognitive {ask performance in adulthood. Fig. 3A 1s 3 grapl showmg
performance of SFR, IMS and Ana-12-treated SFR and IMS Balb/c mice i the ASST. Data
are mean = sem of 8 animals per group (4 males and 4 fernales) and were compared by 2-way
ANOVA (see Resulis), Statistical differences were resolved post hoo (Tukey HSD fests) as
indicated. Compared to SFR mice, IMS Balb/c mice exlubited significant deficits in the EDS
phase of the ASST, a deficits that 15 abolished in Ana~12-treated IMS mice. In contrast, Ana-
12 weatment of SFR Balb/c mice led to the same deficits found i IMS mice. Fig. 3B 15 a
graph iHustrating the performance of the same groups of mice in the WM test. Data were
compared by 2-way ANOVA (see Resulis} and significant differences resolved post hoe
{Tukey HSD tests) are indicated. When tested at 20 s inter-tniad delays, the percentages of
correct arm entries of IMS Balbht and Ang-12-treated SFR mice were significantly lower
compared 10 non-freated SFR and Ana-12-treated IMS mice.

Figs. 4A-D arve graphs tlustrating the effect of adolescent MS-275 treatment of SFR
Balb/c nuce on cognitive task performance and expression of Bdef and Egr2 mRNA. Fig. 4A
is a graph guantifving the performance of SFR Balb/c mice treated with MS-275 m the
ASST. Data are mean £ sem (n = Ngroup). Significant differences between non-ireated and
MSE-275-treated SFR mice were found only for the EDS phase of the ASST (Student’s ttest).
Fig. 4B is a graph Hlustrating the performance of the same group of mice shown in Fig, 44 in
the spatial WM test. At 20 s delay, significant differences were found between the two groups
{Student’s { test). Fig. 4C is a graph of the real-time RT-PCR measures of Bdnf transeript
varignt {1 expression. Data gre mean + sem {n = 6/groap). Significant differences revealed by
one-way ANOVA (F (2,16} = 456 p = 0.02) were resolved post hoo (Tukey-Kramer
multiple comparisons test) only for tested MS-275-treated mice that exhibited significantly
mereased expression of Bdnf mRNA. Fig. 4D is a graph for the same group of mice shown in
Fig. 4C, quantifving the realtime RT-PCR megsures of Egr2 mRNA and revealed no
significant differences between the three groups (ANOV A, F(2,16) = 8.5, p=(1.62).

Figs., SA-B are graphs showing that Foster IMS C37BFG mice have deliciis in the
ASST and reduced HDACH levels at the promotor of the Kgr? gene. Fig. 5A 15 a graph
ilustrating ASST performance of SFR and IMS C37BI6 mice rased by thewr biological
mothers and foster IMS CS7BU6mice raised by Balbic mothers. Data are mean = sem
(n=T/group} and were compared by Z-way ANOVA (see Examples). Statistical differences
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were resolved post hoo {Tukey HSDY fesis) as indicated. Fig. SB s & graph comparing the
fevels of HDACT and HDACS ot promotors HE and TV of the Bafyf gene and the promotors of
the £gr? and For genes in SFR and IMS CS7BEG mice raised by their biological mothers and
foster IMS C57V6 nuce raised by Balbic mothers. Data are mean + sem {n=0/group). One-
way ANOVA revealed significant diffsrences between groups only for the levels of HDACH
at the Fgr? gene promotor (F{2,14)=912; p=0.005). Post hoc Tukey-Kramer nuliiple
comparisons resolved these differences for fostey IMS C57BFS mice that had significantly
fower levels of HDACT compared to SFR and IMS CS7BY6 mice.

Figs. 6A-D are graphs showing that Forster IMS CS7BE6 mice exlubit increased Egi2
mRNA expression after ASST testing and increased histone H3 acetviation at the £ge2
promotor. Fig. 6A is 3 comparison of Bdn! transcript variant 1l and Fig. 6B shows Egi2
mRNA levels between non-ested and ASST-tested foster IMS C57BES and Balbic muce.
Data (mean & semy; n=6/group) were compared by 2-way ANOVA {see Resalis). Significant
differences resolved post hoe (Tukey HSD tests) are indicated. Whereas foster IMS Balb/e
price exhibited increased Bdonf mRNA expression afler ASST testing, ASST tested foster
IMS C57BI6 mice expressed significantly higher levels of Egr2 mRNA. #*p < 0.05 n (Fig.
6AY and p < 0.01 in (Fig. 6B). Fig. 6C shows the comparison of the levels of Pol I
association with the £372 promotor between non-tested and ASST-tesled foster IMS C37BES
mice. Data {mean £ sem; n = &fgroup) were compared using two-tailed Stadent's 1 test, Fig,
613 shows the vatio of acH3IKY over H3K%med fevels associated with the Egr2 promotor of
SFR and IMS C37BU6 and Balb/c mice compared to foster IMS C37BE6 mice. Daia are
mean & semt {n = Sigroup) Une-way ANOVA revealed siznificant differsnces between
groups (F(4,19) = 3.9, p = 0.02) that were resolved post hoc for foster IMS C57BY6 mice that
exhibited a significantly higher acH3IKS/HIKOme3 ratio. ¥p < 0.05 compared to all other
groups.

DETAILED DESCRIPTION

In the stress-susceptible mouse strain Balbie, early bfe stress triggers a persistent
decregse in HDAC expression in the forebrain neocortex, including reduced expression of
class I HDACs, The same mice show pronounced cognitive deficits n adolthood, namely
deficits inworking memory and attention sei-shifting. The present dala iHustrate that these
mige also exhibit reduced associption of HDACY with promotor I of the brain~derived
neurotrophic factor (Beitf) gene, and that cognitive testing leads to abnormally increased
Bdnf mRNA expression. A pharmacological reduction of Bdnfropomyvosine kinase B
receptor signaling effectively veverses the cognitive deficits, indicating that enhanced
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franseriptional activation of the Bdyy gene contributes o thew emergence. In contrast o
Balb/e mice, CSTRES mice only develop attention set-shifting deficits when raised by Balbic
foster mothers during the time the pups are exposed to early life stress. HDACH levels at By
promotor H are unaltered in such CS7BY6 mice, although they exhibit decreased levels of
HDACT at the promotor of the sarlv-growth response gene 2 (Fgr?) and abnormally
increased Egr2 mRNA expression after cogmitive testing. Hence, contrary to the beneficial
effects of HDAC mmhibition in neuwrcdepenerative diseases, the rediuced HDACE levels at
promotors of distinel plashieity-associated genes predispose anhmals exposed to eatdy life
stress o enhanced expression of these gemes upon cogmitive challenge, an effect that
negatvely influences copnitive task performance.

One prominent risk factor for depression is early life stress (ELS) as described in
Pechtel and Pirzagalli, 2011, Mouse models have been utilized as comelating with hwman
developmental learning, and models of hunwn emotional behavior for many years (See
Millan, M. 1. 2008 and Schmauss et al, 2014}, For exanyple, P1-P2R (mouse pup day 1-
mouse pup day 28) mice correspond developmentally to early hwman childhood, with P21~
P28 as the typical weaning time for the mouse pups. Mice bevond P28 to P60 correspond to
human adolescence (See Millan, M. 3. 2008). Mice that are beyond P60 {mouse pup day 60),
and in particular bevond Po6 are considered to correspond o hunan adults.

Numerous studies on aninwl models of eady hife stress have demonstrated persistent
changes in emotional behavior that are also found in buman depression. For example, in the
inbred mouse strain Balbie a widely employved rodemt paradigm of emrly hife stress, infant
matermal separation (IMS}, eliciis not only increased anxiety and depression-like behavior in
adudthood, but also pronounced deficits in spatial WM and attention set-shifting (Mehta and
Schimauss, 2011} Morgover, several of the gene expression changes found in IMS Balb/c
mice are found in the forebrain neocortex, and they are attribuiable © a histone-based
epigenetic response 1o IMB exposure, namely increased acetylation of histone H4 protem that
is due {o decreased activily of several class VIT HDACs, including class THDACs 1 and 3
{Levine et al., 2012), This epigenetic phenotype emerges during adolescent development and
persists into adelthood. While it ameliorates the severity of the emotional phenotype in
adulthood {Levine et al., 3012} snd ncreases responsiveness to antidepressant ireatment
{Schrauss, 2015), only & pharmacological treatment that activated class T HDACs | and 3
during adolescent development of IMS Balb/c mice was able to abolish their cogmitive
deficits {Schmauss et al., 2014). This supgests that reduced HDACT andior HDACS activity
contributes o the emergence of cognitive deficits, a hypothesis tested in the present study.
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Contrary 1o the propounced deficits in WM and attention sef shifling found i IMS Babbic
nuce, these cognitive functions are wnatfected after IMS exposure of the more resibient strain
C378V6 (Melta and Schmauss, 2011). However, C57BY6 foster pups raised by Balb/ic
mothers during IMS exposare also develop deficits in attention set-shifting, but no deficits
WM {Schmauss et al., 2014). Whather or not the comparatively milder cognitive deficits of
foster IMS CS7BVG nuce are also functionally related to reduced HDACE andior HDACS
activity, is another hypothesis addressed i the present study.

The data provided herein ilustrate that both IMS Balb/c mice and foster IMS CU37BV6
nuce exhobit reduced HDACT association with promotors of distinet plashoity-associated
genes, and that cognitive test exposure tniggers an abnormally increased expression of these
genes, However, the affected penes differed between the two strains: I IMS Balbéc mice,
redaced HDAC! levels are found on promotor HI of the Hdn/ vene, and increased expression
Bdof and hence, increased Bdnf-tropomyosine kinase B (TrkB) receptor signaling can
explain the cognitive phenotype of IMS Balbéc mice. Moreover, a pharmacologival reduction
of HDACT activity during adolescent development of non-stressed Balbic mice precisely
recapitulates this effect. In contrast, in IMS CS7BI6 mice fostered by Balb/c mothers,
reduced HDACT levels were detected at the promotor of the carly growth response gene 2
(Egrd), and coguitive task gxposure also enhanced the exprassion of the Egr? gene above
normal levels. Hence, while reduced HDACT association at promwtors of distinet plasticity-
associated genes is & conmnon denominator contmbuting o earlv-life stress-triggered
cognitive deficits, the genes affected are determined by the genetic backgrounds.

The present data using validated mouse models for these early siress conditions and
corresponding cogmtive deficits illustrate that in certain embodiments pharmacological
reatment of a patient with a TrkB inhibitor such as ANA~12 will lead 1o inyprovement of the
cognitive deficiis and mprovement in cognitive functioning {executive cognitive functions
such as working memory and attention set-shifting), which may also serve to benefit certain
emotional phenotypes or conditions such as MDD {major depressive disorder} withowt any
ackditional pharmacological imtervention. In certain glternative mstances, it is expected that in
addition to ireating a patient with a TrkB inhibitor such as ANA-12, that treating with one or
more SSRI {includimg sny combination of Citalopram {(Celexa); Esoitalopram (Lexapro,
Cipralex); Paroxeting (Paxil, Seroxat); Fluoxetine {Prozag); Fluvexamine (Luavox); Seriraline
{(Zolofy, Lustral)y would result in inyrovement o both the copnitive deficits and emotional

phenotype e.g., depressive condition/s as described herein.
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Abbreviations

ASS=attention set-shifting;

ASST= attention set-shifting test;

Ce= compound discrimination;

EDS=extradimensional shift of attention;

ELS= early life stress (for example events during cluldhood that exceed the child’s coping
resowrces mchuding physical, sexual, emotional and verbal abwse, neglect, social deprivation,
disaster, household dysfunctions such as witnessing violence, oriminal activity, parental
separation parental death or iliness, poverty, and substance abuse. See, Pechiel and Phazagalh
2011y

TDS= intradimensional shill of attention;

IMS= infant maternal separation;

MDD= nmjor depressive disorder;

SD=simple discrimination, for example betwesn odor (scented tarra cotta pols) of texturs
{different digging media);

WM = working memory.

TrkB Iuhibitors

ANA-12 1s a selective, small-molecule pon-competitive awtagonist of TrkB (Rd =10
oM and 12 uM for the high- and {ow-affinily sites, respectively), the main receptor of brain-
derived neurotrophic factor (BDNF/Bdnf) {Cavorla 2011} The compound crosses the blood-
brain-barrier and exerts central TikB blockade, producing effects as early as 30 nunutes
(~400 nM} and as long as 6 hows {~10 aM) following ntraperitoneal injection in mice
{Cazorda 2011). 1t blocks the seurotrophic actions of BDNF without compromising neuron
survival (Carorla 2011). ANA-12 produces rapid antidepressant- and anxiolytic-like effects
in antmal models, the former of which have been elucidated to be mediated by blockade of
BDNF signaling 1o the nucleas accumbens, {(Zhang JC 2015 and Shiravama Y 2015).

MS-278 is also kpnown as Entinostat, or SNDX-275 and is a bemsamide histone
deacetvlase inhibitor undergoing climcal trials for weatment of varicus cancers, Entinostat
fnbibits class I HDACT and HDACS with 1Cq, of 051 M and 1.7 g, respectively. It has
the formula; Ca NGy

Examples of additional exemplary TrkB mhibitor compounds mclude LOX0-101; N-
TO4;, AZ623 and Entrectintb. Tt s expected that any TrkB imhibitor that can penetrate the
blood brain barmer will be suitable for the methods described herein. For example, LOXO-
101 is expected to be a suitable ihibitor and 15 described 1 Cancer Discovary 5:1049-1057,
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2015 Robert C. Doebele ef ¢l Ap Oucogenic NTRK Fusion i a Patient with Soft-Tissue
Sarcoma with Respomse to the Tropomyvoesin-Relned Kinase Fusion Inlubuor LOXQ-101.

The term “effective amoum” of a compound is & guantity sufficient o achieve a
destred therapeutic and/or prophylactic effect, for example, an amount which results in the
alleviation, prevention of, or a decrsase in the symptoms associated with a disease that is
being treated.

“Activation,” “stimulation,” and “treatment,” as it applies o cells or o recepiors, may
have the same meanng, e.g., activation, stinudation, or treatment of a cell or receptor with a
higand, unless indicated otherwise by the context or exphicitly. “Ligand” encompasses natoral
and synthetic ligands, e.g, cvtokines, cytokine variants, analogues, nmuteins, and binding
compmpids denived from antibodies.  “Ligand™ also encompasses small molecules, eg.,
peptide mimetics of cyiokines and peptide mimetics of antibodies. “Activation™ can refer to
cell activation as regulated by internal mechanisms as well as by external or environmental
factors, “Response,” e.g., of a cell, tissue, organ, or organism, encompasses a change in
biochemical or physiological behavior, e.g., concentration, density, adhesion, or migration
within a biological compartment, rate of gene expression, or state of differentiation, where
the change is corrclated with activation, stmulation, or treptment, or with bmemnal
mechanisms such as genetic programining.

“Activity” of a molecule nwy describe or vefer to the binding of the molecule to 2
ficand or 1o a receptor, fo catalytic activity: o the abtlity o shonudate gene expression or cell
signaling, differentintion, or maturation; fo antigenic activity, fo the modulation of activities
of other molecules, and the like. “Activity” of a molecule may also refer (o activity in
modulating or matntaining cell-to-cell mteractions, e 2., adhesion, or achivity in maintaining a
structare of a cell, g.p., cell membranes or cytoskeleton. “Activity” can also mean specilic
activity, e.g., lcatalvtic activityimg protemn], or [immunoclogical activityimyg protein],
concentration in a blological compartment, or the like. “Activity”™ may refer to modulation of
components of the innate or the adaptive nmmune systems.

"Homology"” refers 10 sequence sinularity between two polynuclectide sequences or
between two polvpeptide sequences when they are optimally aligned. When a position m
hoth of the two compared sequences 1s oceupied by the same base or soine acid monomer
subunit, e.g., if a position in each of two DNA molecules s ocoupied by adenine, then the
molecules are homologous at that posttion.  The percent of homology is the number of
homologous positions shared by the two sequences divided by the total number of positions

compared x100. For example, if 6 of 10 of the positions in two sequences are matched or
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homologous when the ssquences ars optimally aligned then the twe segquences are 60%
homologous.  Generally, the comparison 15 made when two sequences are aligned to give
maxinum percent homology.

“Isolated nucleic acid molecule™ means a DNA or RNA of genomic, mRNA, cDNA,
or syathetic origin or some combination thereof which is not associated with all or o portion
of a polynucleotide 1 which the isolated polynucleotide s found 1o nature, or is hinked to a
polvmicisotide to which it is not linked in nature. For purposes of this disclosure, # should
be understood that "a nucleic acid molecule comprising” a particelar nucleotide sequence
does not encompass intact chvomosomes.  Isolated nucleic acid molecules “comprising”
specified nucleic acid sequences mayv include, in addition to the specified sequences, coding
sequences for up 10 ten or even up to twenty or more other proteins or portions or fragments
thereof, or may include operably hinked regulatory sequences that control expression of the
coding region of the recited npucleie acid sequences, andfor may inchude vector sequences.

The phrase "control sequences” refers to DNA sequences necessary for the expression
of an operably linked coding sequence in 3 particydar host organism. The control sequences
that are suilable for prokarvotes, for example, include a promoter, ophionslly an operator
sequence, snd a rthosome binding site.  Bukaryotic cells are known o use promoters,
polvadenviation signals, and enhancers.

A nucleie acid s "operably linked” when it is placed into a fimctional velationship
with another nucleic acid sequence. For exarnple, DNA for a presequence or seeretory leader
is operably Huked to DNA for a polypeptide if it is expressed as a preprotein that participates
m the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding
sequence i it affects the ranseription of the sequence; or a ribosome binding site is operably
finked to o coding sequence if it is positioned so as to facilitate transtation. Generally,
“operably linked” means that the DNA sequences being linked are contiguous, and, in the
case of a secretory {eader, contiguous and 1y reading phase. However, enhancers do not have
to be contiguous. Linking is accomplished by Hgation at conventent restriction sites. If such
sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance
with conventional practice.

2

As used herem, the expressions “eell” "cell line,” and "cell culture” ave used
interchangeably and all such designstions include progeny. Thus, the words “transformants™
and “transformed cells” clade the primary subject cell and cultures derived therefiom
without regard for the mumber of transfers. It is also wnderstood that not all progeny will
have precisely identical DNA content, due {o deltberste or inadvertent mutations.  Mutant
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progeny that have the same function or biological sctivity as screensd for in the oviginally
transformed cell are incladed. Where distinet designations are imtended, 1t will be clear from
the context.

As used herein, "polymerase chain reaction” or "PCR" refers fo a procedure or
technique in which specific nucleic scid sequences, RNA andior DNA, are amplified as
described in, e, U.S. Pat. No. 4,683,195, Generally, sequence wformation from the ends of
the region of interest or bevond is used to design olipomuclectide primers. Thase primers will
be identical or similar i sequence o opposite strands of the templaie {o be applified. The ¥
ternunal nucleotides of the two primers can cotncide with the ends of the amplified material.
PCR can be used to amphly specific RNA sequences, specific DNA sequences from total
genomic DNA, and ¢DNA wanscribed from total cellular RNA, bacteriophage or plasmid
sequences, etc. See generally Mullis ef of. (19873 Cold Spring Harbor Svmp. Quant. Biol,
51:263; Erlich, ed., (1989) PCR TecHNOLOGY (Stockton Press, NUY ) As ased herein, PCR i
considered to be one, but not the only, example of a nucleie ackd polymerase reaction method
for amplifying a nucleic acid test sample comprising the use of a known nucleic acid as a
primer and a nucleic acid polymerase to amplify or generate a specific piece of nucleic acid.

With respect to cells, the torm "isolsted” refors 1o g cell that has been isolated from s
natural environment {e.z., from a tssue or subject). The term "cell ing” refers o a population
of cells capable of continuous or prolonged growth and division i vitro. Often, cell hines are
clonal popolations derived from a single progemior cell. It is further known in the art that
spordaneous or induced changes can occur in karyotype durning storage or transfer of such
clonal populations. Therefore, cells dertved from the cell hine referred {0 may not be precisely
identical to the ancestral cells or cultures, and the cell hne referved to cludes such vanants.
As used herein, the tonms "recombinant cell” refers 1o a cell wnto which an exogenous DNA
segment, such g5 DNA sepment that leads to the transcription of a biologically-active
poivpeptide or production of a biclogically active nucleic acid such as an RNA| has been
imtroduced.

The term "vector” includes any genetic element, such as g plasinid, phage, wansposon,
cosniid, chromosome, artificial chromosome, virgs, wvitlon, ele., which is capable of
replication when associated with the proper conteol elements and which can transter gene
sequences between cells. Thus, the term includes cloning snd expression vehicles, as well as
viral vectors. In some embodiments, vseful vectors are contemplated to be those vectors i
which the nucleic acid segment to be transcribed is positioned under the transcriptional
control of a promoter. A "promoter™ refers 1o a DNA sequence recognized by the syathetic
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machinery of the cell, or intoduced synthetic machivery, requived o nitiate the specilic
transeription of a gene. The phrases "operatively positioned.” “operatively hnded,” "under
control,” or "under transcriptional control” means that the promoter is in the correct location
and orientation in relation to the nucleic acid to control RNA polymerase mitiation and
expression of the gene. The term "expression vector or consinwt” means any type of genetic
construct containing a nuecleic acid s which part or all of the nucleic acid encoding sequence
is capable of being wanscribed. In some embodiments, expression includes transcription of
the nucleic acid, for example, o generate a biologically-active polypeptide product or
fnhitbitory RNA {e.g., shRNA, miRNA) from a transenbed gene,

“Infubitors” and “antagonists,” or “activators” and “agonists,” refer to inhibitory or
activating molecules, respectively, e.g., for the activation of, e.g., 8 ligand, receptor, cofactor,
a gene, cell, tissue, or organ. A modulator of, e.g., a gene, a receplor, & Heand, ora cell, isa
molecule that alters an activity of the gene, receptor, ligand, or cell, where activity can be
activated, mnhibited, or altered in s regulatory properties. The modulator miay act alone, or it
may use a cofactor, e.g., a protein, metal jon, or small molecule. Inhibitors are compounds
that decrease, block, prevent, delay activation, inactivate, desensitize, or down regulate, e.g.,
a gene, protein, hgand, receptor, or cell. Activators are compounds that increase, activate,
facilitate, enhance activation, sensitize, or up regulate, e.g., a gene, protein, ligand, receptor,
or cell. An inhibitor may also be defined as a compound that reduces, blocks, or mactivates a
constitutive activity.  An “agonist”™ i a compound that interacts with a fargel © cause or
promaie an increase in the activation of the target. An “antagonist” is a compound that
opposes the actions of an agonist. An antagonist prevents, reduces, inhibuts, or neutralizes the
activity of an agomist. An antagorust can also prevent, inhibit, or reduce constitative activity
of & target, e.g., a target receplor, even where there 1s no dentified agonist.

To examine the extent of whibition, for example, sanmples or assavs comprising a
given, e.g., profein, gene, cell, or organism, are treated with a potential activator or inhibitor
and are cmnpared to control samples withowt the inlubitor. Control samples, Le., samples not
treated with gntagonist, are assigned a relative activity valoe of 10(R%. Inhibition is achieved
when the activity vahse relative to the control is about 90% or less, typically 85% or less,
more typically 80% or less, most typically 75% or less, generally 70% or less, more generally
65% or less, most generally 60% or less, typically 33% or less, usually $0% or less, more
usuaily 45% or less, most usually 30%% or less, preferably or less, more preferably 30%
or less, still more preferably 25% or less, and most preferably less than 253%.  Activation is

achieved when the activity value relative o the control is about 110%, geverally at lsast
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120%, more generally at feast 140%, more generally at least 160%, often at least 180%;, more
often at least 2-fold, most often at least 2.5-fold, esually at least 5-fold, more usually a8 least
10-fold, preferably at least 20-fold, more preferably at least 40-fold, and most preferably over
$0-fold lugher.

Endpoinis in activation or inhibition can be montlored as follows.  Activation,

mhibition, and response to freatment, e.g.,

of a cell, physiological fhnd, tissue, organ, and
animal or human subject, can be monilored by an endpoint. The endpoint may conyrise &
predetermined quantity or percentage of, e.g., indicia of inflammation, oncogenicity, or cell
degrannlation or secretion, such as the release of o oyvtokane, toxic oxygen, or a protease. The
endpoint may comprise, .., a predeternuned quantity of ton flux or ransport; cell migration;
cell adhesion; cell prohiferation; potential for metasiasis; cell differentiation; and change in
phenotype, eg., change in expression of gene relating to inflammation, apoptosis,
transformation, cell cvele, or metastasis {see, e.g., Knight (20003 Ans. Clin Lab. Sci 30145
158; Hood and Cheresh (2002} Natwre Rev. Cancer 2:91-100; Twme, e af. {2003) Curr
Drug Targets 4:251-261; Robbims and Hekowitz (2002} Med. Clin, North dm. 86:1467-1495;
Grady and Markowitz (2002) Ansu. Rev. Genomics Hum, Gepet, 3:101-128; Bauer, ¢f ol
{2001) Glig 36:235-243; Stanimirovic and Satoh (2000) Bradn Parkel 100113-126).

An endpoint of inlubition is generally 75% of the control or less, preferably 50% of
the control or less, more preferably 25% of the control or less, and most preferably 10% of
the control or less. Generally, an endpoint of activation s at least 150% the control,
preferably at least two times the control, more preferably gt least four times the control, and
maost preferably at least ten times the control.

“Soall molecule™ ts defined as a molecude with a molecular weight that s less than
10 kDa, wpically less than 2 kDa, preferably less than 1 kDa, and most preferably less than
about 300 Da. Small molecules mchude, but are not limited fo, inorganic molecules, organic
molecules, organic molecules containing an inorganic component, molecules comprising a
radicactive atom, synthetic molecules, peptide mumetics, snd antibody mimetics. As a
therapeutic, & small molecule nwy be more permeable o cells, less susceptible 1o
degradation, and less apt to elicit an mmmune response than large molecules.  Small
mwolecules, such as peptide numetics of antibodies and cytokines, as well as small molecule
toxins, have been described (see, eg., Casset, or @/, (2003) Biochem. Riophys. Res. Conmaun.
307:198-205; Muyldermans (2001} J Biofechnol T4277-302; Li QQ000) Nar, Biotechnol,
18:1231-1286; Aposiolopoulos, ef ol (2002) Curr. Med. Cham. 9:411-420; Monfardini, ef af.
(2002) Curr. Pharm. Des. 8:2185-2199; Donungoes, ¢f af, {1999y Nor. NSirucr. Rind. 6:.652-
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636; Sato and Sone (2003} Bieckem. J. 371603-608, US. Patent No, 6326 482 fssued to
Stewart, et al),

“Freat” or “weating” refers to administering a therapeuti agent, such as a
composition contaming a TrkB mhibutor (e.g., ANA-12 } or combipations with one or more
SSRI whibitor {e.g., Cilalopram (Celaxa);  Escitalopram (Lexapro, Cipralex);  Paroxetine
(Paxil, Seroxat); Fluoxetine {(Prozac), Fluvoxamine {Luvox); Serfrabive (Zolofi, Laostral), or
similar compositions described herem, mmtemally or externally o a subject or patient having
one of more diseass symptoms, of being suspected of having a disease or being at elevaled at
risk of acquiring 8 disease, for which the agent has therapentic activity. Typically, the agent is
admimstered in an amount effective 1o alleviate one or more disease symptoms in the treated
subject or population, whether by mducing the regression of or mlubiting the progression of
such symplony(s) by any chmcally measurable degree. The amount of a therapentic agent

oo

that is effective to alleviate any particular disease symptom {also referred to as the
“thergpeuntically effective amount™) may vary according to factors such as the disease siate,
age, and weight of the patient, and the abiity of the drag to ehictt a desived response in the
subject Whether a disease sympiom has been alleviated can be assessed by any climscal
negsurement typically used by physicims or other skilled healthcsre providers o assess the
severity or progression status of that symptom. While an embodiment of the present
myention (e.g, a treaiment method or article of manufacture) may not be effective m
alleviating the target disease symptom{s) i every subject, i should slleviate the target
disease symptoni(s} m a statistically significant nomiber of subjects as determined by any
statistical test known in the art such as the Student’s t-test, the chi*-test, the U-test according
to Mann and Whitney, the Kruskal-Wallis test (H-test), Jonckheere-Terpstra-test and the
Wilcoxon-test.

“Treatment,” as i applies to a human, veterinary, or resgarch subject, refers (o
therapeutic treatment, prophylactic or preventative measuares, to research and diagnostic
apphications.  “Treatment” as it apphies to a lweman, veterinary, or research subject, or cell,
fissue, or organ, encompasses combination treatments mcluding: one or move TrkB inhibitors,
optionally in combination with one or more SSRI inhibitor (described herein), or related
methods described berein as applied to 8 human or animal subject, a cell, tssue,

physiological compartment, or physiological flaid.
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Pharmaceutical Compositions and Administration

Formudations of therapeutic and diagnostic agents may be prepared by mixing with
acceptable carriers, excipients. or stabilizers in the form of, eg. lvophlized powders,
sharries, aqueous solutions or suspensions {see, e.g., Hardman, ef &l (2001} Geoodman and
Gilman's The FPhormacological Baxts of Therapentics, McoGraw-Hill, New York, NY;
Gennaro {2000} Remington: The Science and Provtice of Pharmacy, Lippincott, Williams,
and Wilkins, New York, NY; Avis, ef gl {eds.} (1993) Pharmaceutical Dosage Forms:
Parenteral Medications, Marcel Delker, NY; Licherman, ef o, {ads.} (1990} Pharmacensical
Dosage Forms: Tablets, Marcel Dekker, NY: Lieberman, ef ol {eds.} {1990) Pharmaceutical
Dosage Forms: Disperse Systems, Marcel Dekker, NY, Wemer and Kotkoskie (2000}
Fxcipient Toxicity and Safery, Marcel Dekker, Inc., New York, NY)

Toxicity and therapeutic efficacy of the therapewtic compeositions, admimstered alone
or in combination with another agent, can be determined by stendard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDs (the dose
lethal to 50% of the population} and the EDs (the dose therapeutically effective m 509 of
the population}. The dose ratio between toxic and therapeutic effects 1s the therapeutic index
{(LDso/ EDspy. In particulor aspects, therapeutic compositions oxhibiting high therapeutic
indices are desirable. The data obtained from these cell culture assavs and animal studies can
b used w formulating 2 range of dosage for use i haman. The dosage of such compownds
ties preferably within a range of circalating concentrations that include the EDys,; wath hittle or
no toxictly. The dosage may wvary within this range depending upon the dosage form
employed and the route of admunistration.

I an embodiment of the invention, a composition of the mvention 15 adnunistered to
a subject in gaccordance with the Physicians' Desk Reference 2003 (Thomson Healtheare, 57th
edition (November 1, 2002)).

The mode of admimstration can vary, Suitable routes of administration include oral,
rectal, {ransmucosal, intestinal, pavenmteral; intramuscular, subcutaneous, intradermal,
intrameduliary, intrgthecal, divect intraventvicular, intravenous, intraperitoneal, intranasal,
intrapculay, inhalation, nsufflation, topical, cutaneous, transdermal, or infra~arterial.

in panticulsy embodiments, the composition or therapeutic can be admumstered by an
imvastve rowte such as by mjection {see above). In further embodiments of the invention, the
composition, therapsutic, or pharmaceutical composition  thersof, is  administered
miravenously, subculaneously, miramuscularly, intraavterially, Intra-articulady (eg.

arthnitis joints), itratumorally, or by iuhalation, aerosol delivery.  Administration by non-
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invasive roules {ep., orally; for example, in 3 pill, capsule o Wablet) 5 alsoe within the scope
of the present invention

Compaositions can be administered with medical devices known in the st For
example, a pharmaceutical composition of the invention can be adininistered by mjection
with a hvpodermic neadle, including, e.g., a prefilied syringe or asioinjector.

The pharmaceutical compositions of the mvention may also be admimstered with a
negdleless hyvpodermic injection device; such as the devices disclosed in U8, Patent Nos.
6,620,135, 6,096,002; 3309.163; S383,851; §312,335, 5064413, 4,941 8R0; 4700824 or
4,596,556,

As used hergmn, “inhibit” or “west”™ or “westment” includes a postponement of
development of the symptoms assoctated with a disorder andior a reduction in the severity of
the sympioms of sach disorder. The ferms further include amebiorating existing uncontrolled
or unwanted symptoms, preventing additional symptoms, and ameHorating or preventing the
anderiving causes of such symptoms, Thus, the terms denote that a beneficial resalt has been
counferred on a vertebrate sabject with a disorder, disease or symptom, or with the potential to
develop such a disorder, disease or symplom.

i certain embodiments, the present methods are suitable for wreating sdolescent or
voung adult patients (with tvpical age ranges froom 10-22; but including those as young as §-
I, In cerlaim embodiments, patients w need of reatment will include those that have
experienced ELS {early life stress, as deseribed for example in Pechiel and Przzagalli 2011),
In certain embodiments, it is expected that the patient will exhibit a cognitive deficit in one or
more of the following features: working memory and attention set-shifting.

Tn additional embodiments, it is expected that the patient will exhibat improvement in
at least one of these features including working memory snd attention set-shifting, dunng and
following treatment with an effective amount of af least one TrkB inhibitor, when compared
to normal basehine or a conirol patient value. Addidonally, in certain instances and based on
the present resulis in the model data, treatment should continue until improvements are
observed, at which time treatment can be stopped. The benefits of the treatment are expected
10 endhare following treatment, as shown in the model data provided herein.

n certain embodiments, patients in need of the present treatments will also benefit from
receiving an effective gmount of one or wore of g selective serotonin reuptake inhibitor
{SSRI's), such as one or more of the followmng:

»  Clitalopram {Celexa)

«  Escitalopram (Lexapro, Cipralex)
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"

¢ Paroxetine {Paxil, Seroxat)

+«  Fhoxetine {Prozac)

»  Fluvoxamine (Luvox)

«  Sertraline (Zoloft, Lustral)
in cerfam embodiments, the TrkB mmhibitor {82, ANA-I2) and desired SSRI may be
combined o one formulation for ease of patient delivery and compliance.

The pharmacentical compositions may also contain & pharmaceutically acceptable
excipient. Such excipients include any pharmaceutical agent that does not iself mduce the
production of anttbodies harmful to the individual receiving the composition, and which may
be adnunistered without undue toxicity. Pharmaceutically acceptable excipients include, but
are not limited to, liquids such as water, sahine, glycerel and ethanol. Pharmaceutically
acceplable salls can be included therein, for example, mineral acid salts such as
hydrochlorides, hyvdrobromides, phosphates, solfates, and the hke; and the salts of orgamie
acids such as acetates, propionates, malonates, benzoates, and the like. Additionally, auxiliary
substances, such as wetting or emulsifving agents, pH buffering substances, and the hike, may
be present m such vehicles. A thorough discussion of pharmaceutically acceptable excipients
is avgilable in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. Co., N1
1991}

Kits

The present invention also provides kits comprising the components of the
combinations of the invention In kit formy. A kit of the present invention includes one or
more components mchuding, but not linited to, one or more TrkB inhibiting compounds
{such as Ana-12) as discussed herein, in association with one or more additional components
including, but not limited to a pharmaceutically acceptable carrier andior an SSRI agent, as
discussed herein, Kits may also include primers, buffers, and probes along with nstructions
for determining elevated levels of nucleic acid, proteins, or protein fragments of a desired
targed.

In one embodiment, g kit includes additiongl compounds/composition of the invention
or a pharmaceuntical composition thereof in one contaier {e.g., 1 a siertle glass or plastic
vial} and a second pharmacestical composition inanother container {e.g., in a sterile glass or
plastic viah.

in another embodiment, the kit comprises a combination of the invention, including
ore or more TrkB inhibitors {e.g. ANA-12) i1 combination with one or more SSRI mmhibitors
(as described herein) along with a8 pharmaceutically acceptable carrier, optionally in
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combination with one or pore additional therapeutic agent components formulated together,
aptionally, iy a pharmacentical composition, in g single, common container.

if the kit nclodes a pharmaceutical composition for parenteral administration o a
subject, the kit can include a device for performing such adpunistration. For example, the kit
can inchide one or more hvpodermic needles or other mjection devices as discussed above.
The kit can incluede a package nsert imcluding information concerning the pharmaceutical
compositions and dosage forms in the kit Generally, such infonmation aids patients and
physicians in using the enclosed pharmacentical compositions and dosage forms effectively
and safely. For example, the following information regarding a combination of the invention
nay be supplied in the msert: phanmacokinetics, pharmacodyunanucs, chinical studies, efficacy
parameters, indications and usage, coniraindications, wamings, precautions, adverse
reactions, overdosage, proper dosage and admimistration, how supphied, proper slorage
conditions, references, manufacturer/distribator information and patent information.
EXAMPLES
Example 1. Reduced levels of HDACT at Bdaf promoeter I and increased Bdnf mRNA
expression in IMS Balb/c mice exposed to cognitive tests,

The finding that activation of HDAC! and HDACS during adolescent development
abolished the WM and attention set-shifiing deficits of IMS Ballvc nuce {Schmauss et al.,
2014 suggests that reduced activity of these HIXACTS i3 fmctionally linked (o the emergence
of these deficits. To test this, we fust performed chromatin wunoprecipitation (ChIP)
experimenis to compare the levels of HDAC!T and HDACY at promotors of selected
plasticity-associated genes betwesn standard facility-reared (SFR) Balb/e controls and IMS
Balb/c nuce gt postnatal sge P60 (see Fig. 1A). To thus end, we focused on the promotors of
the Bevf gene because of the proposed role of Bdaf expression in modulating synaptic
plasticity 1 the prefrontal cortex (PF(), the anatomic regions that povemns the cogmitive
functions affecied by early hife stress exposure (Lewis et al., 2005) We further targeted the
promotors of two bnmedigte-early genes that encode transcription factors known to
participate in the modulation of synaptic plasticity in response to cogmitive challenges. One of
the targeled geves s Agr?2. It was previously shown with immunocytochemical studies on
C37BY6 nuce performing an atiention-set shifting task (ASST) that Egr2 umunoreachivity
was specifically incressed i the ventrolateral orbutal frontal cortex snd the pre- and
infralimbic subregions of the medial prefrontal cortex (mPFC) during the associative learning
phases of the ASST, and that mfralimbic Egr2 expression further ncreased when mice
performed the set-shifting phases of the ASST (DeSteno and Schmauss, 2008). In contrast to
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ASSTested muice, mive that perfonmed a spatial WM test did not exhibit induced Egr? gens
expression {DeSteno and Schunauss, 2008). This differs from the other gene targeted in this
study, namely the Fos gene. We previously showed that stimulation-induced levels of Fos
gene expression m the anfenior cingulate and prelimbic sulwegions of the mPFC posttively
cogrelate with the performance of mice in the spatial WM test. Moreover, exposure to the
ASST leads o induction of Fos gene expression 1 all subregions of the wPFC, and the
magnitude of this mduction is critical for optinzal ASST performance (Ghickstein ef al., 2002;
Cilickstem et al ,2003). In contrast to Epr? gens induction, ASST-tested mice also exhibit Fos
gene induction in other brain regions, including orbital, motor and somatosensory cortices,
hippocarpus, dorsal stristum, nuclens accumbens, thalamus, and hypothalanmwus (Glickstem
el al., 2005

In the present studies, forebrain neocortical tissue that inchudes the entive mPFC was
used to determine the fevels of HDACT and HDACS on promotors of the Bdwy, Eer2, ad Fox
genes. As showa i Fig, 24, in SFR Balb/c mice the highest levels of HDACT were found at
Renf promotor B, and HDACT association with the same promotor was significantly reduced
m IMS Balb/c mice. In contrast, the levels of HDACT at Bdnf promotor IV as well as the
HDACT levels at the promotors of the £gr2 and Fos genes were indistinguishable between
SFR and IMS mice. Morgover, no significamt differences were found for HDAC3
associations with any of the promotors examined.

suggests incregsed acetviation of histones marks of open chromatin and facilitated gene

o
1

franscription, thus allowing increased gene {ranscription from this promotor either at baseling
or in response to stinwdation. The later option is supported by previous results showing, for
example, that enhanced serotonergic stimulation led to moreased envichment of acetyviated
histone H4K12 (acH4K12) and RNA Polymerase I (Pol 1) at Bdnf promotor HI along with
increased expression of Bdnf mRNA transcribed from this promotor in IMS Balb/e mice
{Schmauss, 2015}, Here we compared the expression of Bdnf transcript variant I mRNA in
non-tested and WM-tested SFR and IMS Balb/c mice. In this study, tesied mice had
completed the WM test at 20 s delay one hour prior to brain collection {see Fig. 1B). Age-
and sex matched non-fested SFR and IMS nvce served as contrels, The resulis of real-time
RT-POR experiments are shown in Fig, 2B, A 2-way ANOVA revealed a signilicont man
effect of rearing groups (SFR and IMS; F(1,20) = 21.9; p << 0.0001), a significant mam effect
of treatment {lested versus non fested; F120) = 30.4; p = 0D.0001), and a significant
interaction between these main effects (FO1L20)= 18.5, p = (.0004). Post hoe Tukey HSD tests
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resobved these differences for WM-tested IMS Bally'c mice that expressed significantly more
Bdnf mRNA compared with non-tested DMS muice as well as tested and non-tested SFR puce.
This enhanced transcriptional activation of Bdyf promotor 111 is consistent with results of
ChiP experiments demonstrating significantly increased density of the actively elongating
form of RNA polymerase 11 (Pol I} at Bduf promotor HI in WhM-tested compared with non-
tested IMS Balbfc mice (Fig. 2C). The levels of HDAC!T at Bdnf promotor HI of Wii-ested
mice did not differ from the bassline levels determsined for IMS mice at Pe (172%% 27811
{IMS at P60} and 2.5 209 {WMtested IMS at P84},

T contrast o the farge increase in Bdnf mRNA expression in WM tested IMS Balbic
nuee, Egr2 mRNA levels did not significantly differ between Wi-tested and non-tested SFR
and IMS Balb/c mice (Fig, 2D), and WM test exposwre did also not lead to increased
recruitmient of Pol I to the £gr2 promotor {not shown). Finally, both SFR and IMS mice
exhibited 4 stnular test-induced induction of o-Fos mRNA expression.

Example 2. Reducing Bdnf-TrkB signaling during adolescent development improves
the cognitive functions of IMS Balb/c.

Next we asked whether overexpression of the Bdnf gene coniributes to the cognitive
deficits of IMS Balbic mice. Since Bdot protein mediates its effect through TrkB receptors
{kaplan and Miller, 2000), we took z pharmacological approach to reduce Bdnf-TikB-
recepior activation using the low-molecalar weight TrkB antagomst Apa-12. Ana-12 has
been shown to penetrate the blood-brain barrier, to bind selectively 1o TrkB receptor, and to
prevent TrkB-receptor activation by Bdnf with high potency. Ana-12 does not to affect TrkA
and Trk(C receptor funetion (Cazorla of al., 2011). In the study shown in Fig. 3, wa treated
both SFR and IMS Balb/c mice with Ana~12. Treatment was initsted at postnatal day 33
{P35; the developmental time point at wiach reduced HDAC levels were firmly established in
the forebrain neocortex of IMS mice (Levine et al, 20121, and #t continued until P39 (see
Fig. 1B). At the end of this treatment, SFR and IMS mice and thewr non-treated IMS and SFR
controls were tested in an attention set-shifting test (ASST), followed by training and testing
in the spatial WM test,

Fig, 3A summarizes results obtaimed from the ASST. In this test, mice proveed
through 4 consecutive test phases, beginping with a simple disctinmmation {8D) between two
different odors or textures to find 3 food reward, and followed by a compound diserimination
{CD) in which an additional stimulus property {one new odor or texture) is added that does
not guide correct vesponse selection. Then, a completely new set of odors and textures is
presented, but the stimulus property {odor or texture) that associated with cotrect response

20



10

15

20

25

3G

WO 2017/066434 PCT/US2016/056822

selection in the CD sull guides correct response selection. This 1s the lnfradimeusional set
shifting phase (D3} of the ASST. Finally, another set-of new odors and textures 15 presented,
but i this exiradimensional set-shifting task (EDS), the previously imrelevant stimslus
dimension {odor or texture} 1s now guiding correct response selection. For all groups of mice,
Repeated Measures ANOVA and post hoe Tukey-Kramer multiple comparisons showad that
the number of trials to criterion was signiftcantly hgher for the EDS phase compared with all
other test phases, including the DS {SFR: p < 0001 SFR-Apal2 p < 00015 {IMS: p «
0.001; IMSARal2: p< 0.0 Moreover, 2-way ANOVA revealed a significant main effect of
treatment (F{3,108) = 7 2, p = 0.0002), a significant main effect of test phase (F{3,108=73 8,
p o< .0001), and a sigmificant mteraction between these mam effects (F(O108= 6, p <
(.0001}. Post hoc Tukey HSD tests resolved these differences for the EDS phase of the
ASST: Consistent with our previous findings (Mehta and Schmauss, 201 1), compared to non-
treated SFR mice, non-treated IMS Balb/c mice required significantly more tninls to criterion
o complete the EDS phase (Fig. 3A). This deficit, however, was not detected i IMS Balb/e
price that were treated with the TrkB antagonist Ana-12 during adolescence {Fig. 3A).
Strikangly, &Ana-12 weatment of SFR mice significantly impaired thewr performance in the
EDS phase. These findings indicate that hoth hepo- snd hyperactivation of TrkB-recepior can
cause deficits in this test.

A sinatlar result was found 0 a delaved alternation spatial W iest {1 mave). Here, 2-
way ANQVA revealed a sigraficant main effect of geatment (F3,67) = 34, p = 002), a
significant main effect of delay periods (F(3,67) = 194, p < 0.0001), and a sigmiicant
mteraction between these main effects {(F{6,67) = 2.4, p = 4.03). Post hoo Tukey HSD tesis
resolved these differences for the groaps of mice tested at 20 s inter-triad delay. At this delay,
non-treated IMS mice had a sigmficantly lower percentage of correct srms entries compared
to non-treated SFR mice, but Ana-12 treated IMS mice did not differ from non-treated SFR
mice (Fig. 3B). Moreover, similar to the effect of Ana-12 treatment of SFR mice on the
performance in the EDS phase of the ASST, Ana-12 treatment of SFR mice also impaired
significantdy their WM performance when tested at 20 s delay, again indicating that both
hypo- and hyperactivation of the Bdaf-TrkB signaling pathway can cause cognitive deficits.
Example 3: Reducing HDAC 1 activity daving adelescent development of SFR Balb/c
nrice also leads {o cognitive deficits.

The resulis shown above indicate that, in IMS Balb/c mice, enhanced Bdni~TrkB

signaling plavs a significant role in the emergence of their execative copmitive deficits. To

further test the role of reduced activity of HDAC!T m this process, we conducted additional
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studies on SFR Balbdv mice that were treated during adolescence (P35 to PSS with ME-275,

an inhibior of class T HDACS with nanomwolar affimty to HDACL, a 100-fold lower affinity

Fig. 4A. compared to non~treated SFR mice, MS-275-treated SFR mice exhibit deficits in the
EDS phase of the ASST that are stmlar fo those found in IMS mice. Moreover, they exiubii a
significant deficit in the spabial WM test at 20 s inter-tnial delay {Fig. 4B). Nexi we compared
the levels of mRNA transcribed from Rdnf promotor 1 and the Egr2 promotor betwesn SFR
Balb/c mice and non-tested and Wh-tested SFR Balb/c mice that were treated with MS-275
using real-time RT-PCR. The tested MS-275-treated mice completed the spatial WM test
{205 delay) one hour prior to brain collection (see Fig, 1B). Fig. 4C illustrates that, although
the levels of Bdaf mRNA did not differ between SFR and non-tested MS-275-treated Balb/c
mice, tested MS-275-treated Balb/c mice expressed significantly more Bdaf transcript variant
I mBNA. In contrast, Eer? mRNA levels did not significantly differ between the three
groups of nuce {Fig. 4B} Hence, MS-275 peatment during adolescent development of SFR
price leads to the same cogmitive deficits detected in IMS Balb/c mice and the same test-
mduced increase of Bdaf transenipt vanant HI mRNA expression.

Exanmple 4; Cognitive deficits of CS7BI/6 mice fostered by Balb/c mothers during TMS
exposure,

H was previously shown that C37BY6 mice rased by Balb/v mothers and exposed to
the TMS paradigm do not develop WM deficits but strikingly, they do exhibut deficuts in the
EDS phase of the ASST (Schnwauss et al., 2014). We rephcated this finding in the present
study in which C37BE6 mothers raised either their own pups with and without IMS exposure,
and Balb/c mothers fostered CS7BES pups during IMS exposure {see Fig, 1C),

For the ASST performance of SFR and IMS C37BV6 nuce raised by their iological
mothers, Repeated Measures ANOVA and post hoe Tukey-Kramer multiple comparisons
revealed that their mumbers of trials to criterion were significantly higher for the EDS phase
compared to all other test phases, mcluding the IDS phases {p < 0.01) {Fig. 5A). The EDS
performance of foster IMS CA7BE6 nuce raised by Balb/c mothers also differed significantly
from ali other lest phases, mchuding the 1DS {(p < 0.001) (Fig. 5A) A 2-way ANOVA further
revegled a signilicant weain effect of rewing growps (F{2,76) = 1046, p =0.0001), a
stgnificant main gffect of test phase (F3.76) = 3431, p < 0.0001}, and a sipnificant

interaction between these main effects (F(6,76) = 5.0, p = (.0002). Post hoc Tukey HSLD tests

PN
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In order to test whether foster IMS C37BV6 nuce also exdubit decreased HDACH
assoviation with promotors of avy of the three plasticuy associated genes studied here at
haseline {P6{}; see Fig. 1A}, we performed HDAC! and HDAC3 ChiPs on forebrain
neocortical tissues of SFR and IMS C37Blonuce raised by their biclogical mothers and on
foster IMS C37BIO muce that were raised by Balb/e mothers. No significant differences were
found between the three groups for the levels of HDACT and HDACS at Bdif promotors HI
and 1V and the For promotor (Fig, 5B). A different result was obtained for the HDACT ChlP
targeting the Fgr? promolor: Compared with SFR and IMS CSTBIS mice, the levels of
HDAC! {but not HDACS) were significantly lower in foster IMS CS7BY 6 mice (Fig, 5B}

We further measured Bdnf iranscript variant {1 and Egr2 mRNA in ASST-tested and
non-tested foster IMS CS7BI6 mice by real-time RTPCR and conypared these resuls to non-
tested and ASST«tested IMS Balb/c mice. In these experiments, all paps raised by Balbic
maothers were foster paps, and brains of tested animals were collected 1 b after completion of
the EDS phase of the ASST (xee Fig. 1C). For Bdnf mRNA expression, 2-way ANOVA

revealed a signiﬁcam main effect of test exposie {F{ 1,1 6}214,'}_, p o O.{'}S} and & Sigmﬁcam

tests resolved these differences for ASST-tested foster TMS Balbic mice that g\hibxicd
stenificantly Increased Bdof mRNA expression compared o all other groups of nuce (Fig.
6A). {The magminde of this increase. however, is only ~2.5-fold compared o the ~10-fold
merease detected in Wh-ested IMS Balb/c nuce (see Fig. 2B)).

For Egr2 mRNA expression, 2-way ANOVA also revealed significant main effects of
test exposure (F{LIX) = 685 p = 0.02)) and swain (F{1,18) = 44, p = 0.05)), and a
significant mieraction between them (F = 436, p = 0.05). Post hoe Tukey HSD tests showed
that Egr2 mRNA levels were significantly elevated in tested foster IMS C57Bl6 mice
compared with all other groups of mice (Fig. 6B}, a finding consistent with the ncreased
tevelds of Pol I at the Egr2 promotor in ASSTutested foster IMS (57BUV6 mice relative o
non~tested foster IMS CSTRIS mice (Fig. 6C). The HDACH levels at the Epr2 promotor of
ASSTtested foster IMS C57BIS mice, however, did not ditfer from corresponding baseline
levels measered at P60 (1/2°% 0,42 « 0.09 (foster IMS CS7BU6 at P60) and 6.37 = 0.03
{ASST-tested foster IMS CSTBYG at P66)). In sununary, foster IMS CS7RES mice that have
only deficits in the ASST diller from IMS Balb/c mice by exhubiting reduced HDACH lovels
at the £gr2 promotor rather than promotor 1T of the Bdnf gene, and they exhibit increased

Eor2 mRNA expression rather than increased Bdnf mRNA expression after ASST testing.
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Finallv, there ave also differences in lustone wmodifications assoclated with Rdaf
promotor T and the #wr? promotor between IMS Balbic and foster IMS CSTBES nuce.
Whereas IMS Balb/c mice have increased acH4K 12 levels associated with Bdwy promotor TH
compared with SFR Balb/c mice {Schmauss, 2015}, the levels of acH4K 12 at thiz pronwotor
did not differ between SFR CSTBY6 controls and foster IMS CSTBUS mice (125 3.01 &
1.03 (SFR C57BY6) and 3.18 & 0.9 (foster IMS CS7BV6) {p=0.9}). For the &gr2 promotor,
however, we observed a significant reduction of the levels of a repressive mark of gens
transeription, namely H3K9med, i foster IMS C37BVFS mice. Since reduced levels of
acHIK9me3 were not found i IMS Balb/c mice, we conducted addwsonal ChiPs targeting
the Egr? promotor using an antibody directed agminst acH3IK9, a marker of active pene
transcripiion, and we expressed these results as the ratic of acH3KY/H3K9meld levels
associated with the Egr? promotor. As shown in Fig, 8D, foster IMS C37BU6 mice (raised by
Balbfc mothers) had a significantly higher acH3K9H3K9me3 ratio compared 0 SFR and
IMS C57BI6 and Balbic mice {raised by their biological mothers). Hence, although reduced
promotor-associated levels of HDACT are a common denominator for Balbic and C57Blé
mice raised by Ralb/c mothers during IMS exposure, the genes affected and the histone
modification profiles gt the promotors of the affected genes are also influenced by the genetic
backgrounds of the pups.

Example 5: Treatments for Adolescent and Young Adults with Stress-Induced/Related
Cognitive Impairment

The below outline 1s iHustrative of a method for improving cognitive functioning in g
patient in need thereof comprising administering a therapeutically effective antount of at least
one brai-derived neurotrophic factor (Bdnf)-tropomyosine kinase B {(TrkB) inhibitor to the
patient.

A population of patients that will benefit from the present reatment methods include
the following: an adolescent (tvpically 10-18} or voung adult petieny {(I18-34} with 8
moodiemotional disorder which can be an anxiety disorder or stress~ induced disorder,
including early life stress, or a combination thereof. Additionally, the mood disorder can also
be a pamic disorder, an obsessive compulsive disorder, a post-tranmatic stress disorder, or any
combination thereof. In cerlain embodiments, 1t 12 expected that adulls could also bepelit
from treatments described heveln.

The patient will be treated with an effective amount of a TrkB inhibitor that is capable

of crossing the blood heain barrier,
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It is expecied, based upon the mode! mouse data shown hereiy, that the treated heman
patient will exhibat at feast 2 1H0% bprovement of cognitive fimctioning, conypared with a
haseline cognitive functioning reference or control. In certain instances it is expected that the
gognitive functioning improvement will be greater than about 50% following treatment with
an effective amount of a TrkB mhibilor such as ANA-12. It is also expected that the treated
buman patient will exhibil an improvement in one or more of the typical iadicators of
cognitive functioning mcluding working memory and aitention set-shifting. The treatment
will be continued for a period of tme unti! these improvements are observed and mainfaingd
and this thme can vary from several weeks, © several months. It is expected that these treated
patients will be less likely to expenence a relapse.

In additional instances, the patient will be evaluated {ether stmultaneousty or prior to
TrkB inhibiior treatment, or sabsequent to TrkB inhibitor treatment) for symptoms that would
ndicate treatment with an SSRI would be mdicated (See Millan et al. 2012 and Melntyre ot
al. 2013}, In these instances where {reatment with one or more SSRI are indicated during
freatment with at least one TirkB ihibitor, the patient will be treated with  at least one
selective serotonin reuptake nhibitor (8SRI) selected from the group comsisting of
Citalopramy  {Celexa), Escitalopram  (Lexapro, Cipralex); Paroxctine (Paxil, Seroxat);
Fluoxetine {Prozac); Fluvoxanune (Luvox); Seriraling {Zolofl, Lustral}, or any combination
thereof. It is expected that for patients freated with both a TikB mhibitor and at least one
SSIR, that both thelr cognitive and emotional phenotypes will exhibit improvement and will
be less hikely to experience a relapse. The treatment will be continued for a period of time
until these improvements are observed and mamntained and this time can vary from several
weeks, to several months,
Discussion

Optimal cognitive task performance depends upon a finely-tunsd balance between
negronal activation and inhibition, a balavce that & maintaioed by tightly regulated gene
induction and repression (Rao et al., 2006, Millan et al, 2012; Pezze ot al, 20143 Since
HDACs are in a strong position to mwodulate the expression of plasticity-related genes
implicated in the control of cognitive fanctions, the present study asked whether the cognitive
defionts found o muce exposed to early Iife stress can be explained by reduced expression of
class T HDACs 1 andior 3 that we previously detected 1o IMS Balbic mice {Levine et al,,
2012). We found that IMS Balb/c mice exhubit reduced association of HDAC! (but not
HDAC3) specifically with Bduf promotor I, and that cognitive task exposwre leads to
increased density of the transcriptionally active form of Pol I at thas promotor, a finding
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cousistent with the large inerease in Bdnf transcript variant I expression found afler
cogniive testing. Morcover, when non~stressed Balbic mice were trested diming adolescence
with the HDACH-preferring inhibitor MS-273, they exhibit the same cognitive deficits found
i IMS mice as well as the same enhancement of test-induced Bdyf gene expression. The
resulfs of these pharmacological studies indicate clearly that the cognifive deficits and the
associated change i Bdaf gene expression are due to reduced HDAC! activity.

Our finding that blanting the Bdnt-TikB recepior signabng during adolescencs
abolishes both the WM and attention set-shifiing deficits w IMS Balb/c muce indicates that
overexpression of the Bdnf gene contributes substantially to the emergence of these delicits.
However, we found that SFR mice treated with the TrkB receptor mntagonist Ana-12 also
exhibit deficits i spatial WM and the EDS phase of the ASST. While this result was
unrexpecied, it is consistent with the prevalent view that both hypo- and hyperactivation can
cause cogmiive deficits (Rao et al, 2000; Perre ot al, 2014}, 1.¢., both reduced and enhanced
Bdnf-TikB recepior signaling can have detrimental effects on cognitive functions,

Strikingly, m IMS Balb/c mice, the same HDAC-dependent increase in Bdnf{-TrkB
signaling has been shown to enhance the antidepressant efficacy of adolescent trestment with
fluoxetine (Schimauss, 2013), However, the present findings can oxplain why adolescent
westment of IMS Balbdc mice with fluoxetine (an exemplary SSRI}, although sffectively
uaproving thelr emotional phenotvpe, does not improve their cognitive deficits {Schmauss et
al, 2014} This raises the miguing question whether antidepressant drug treatiments that
enhance the Bdnf/TrkB-signaling effects benefit those patienmts that also have cogaitive
deficits, a question particularly germane 0 findings that patients n remussion from
depression that continue o have cognitive deficits are wore likely to relapse (Millan et al.,
2012; Melatyre et al., 2013, Trivedi and Gregr, 2014).

Although studies tlustrated that the effect of IMS exposure on pups is due to the
IMS-triggered alteration in maternal care (Huot et al., 2004; Schmauss of al, 2014}, we found
that IMS<riggered cognitive deficits as well as the rveduced HDACT association with
promotors of distinet plasticity-related genes are influenced by the genetic backgrounds of the
paps. IMS C37BY6 mice raised by Balb/c mothers during IMS exposure exhibit deficits in
atfention set-shilling, but no WM deficits. Moreover, whule theiv levels of HDAUCT at Bdel
provactor [ are unaliered, they exhibit decrensed HDACY levels at the promotor of the £ze2
gene, a gene selectively induced in the venirolateral orbital frontal cortex and the pre- and
miralimbic subregions of the mPFC daring ASST (bat not WM} exposure (DeSteno and
Schmauss, 2008). Indeed, only foster IMS C37BI6 nuce exhibit a robast (-5 fold) ncrease
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of wranscription of the £gr? pene upon ASST exposwe. Since we previously showed that
nnce with enhanced ASST performance expressed lower levels of Egr? than those with
dimimshed ASST performance (DeSteno and Schmanss, 2008), the present finding lends
further suppott for the conclusion that overexpression of the £gr? gene associates specifically
with ASST-selective cognitive deficits.

Compared with IMS Balbic mice, foster IMS C5S7BV6 mice also exhubit a different
histone modification phenotvpe at the Egrd promuotor that is characterized by an increassed
ratio of acetviated H3KY (3 histone mark of open chromatin and aclive gene transcription)
over H3K%me3 (o marker of gene repression) While IMS Balb/c wice exhibit increased
acetylation of histone H4 protein, especially histone H4K12 acetylation at Bdnf promotor I
{Schmauss, 20158}, increased acetyvlation of histone H3 protein was not detected in these mice
{Levine gt al., 2012). Hence, IMS Balb/c and foster IMS C37BYS mice do not only exhibit
redaced HDAC! levels at promotors of different genes, the promotors of the affecled genes
also differ in thewr histone modification profiles, Nevertheless, despite the cognitive task-
mduced enhanced transcription of different plasticity-related penes in both straina of mice,
reduced HDACT associabion with the respective promolors 18 a common epigenetic
phenotype. Tmporiantly, just as ongoing cogaitive experience has been shown 1o regulate the
molecular consequences of HDAC inlubition (Sewal et al., 2013}, the present study shows
that the effect of reduced promotor-associated HDACT levels on gene expression is polently
unmasked by coguitive challenge. Moreover, v mice exposed to early hife stress, reduced
HDACH levels are not found on promotors of all plasticityv-associated genes examined here,
and cognitive challenge exerts different, gene-specific effects i different genetic
backgrounds. This finding pomis to a sensitive nteraction between genomic sequence
varigtions {acting in cis) and the stress~-modulated epigenome, an interaction unlikely 1o be
mimicked with studies on genetically modified mice harboring a conditional HDAC!
deficiency.

Contrary 1o the present study that wncovered a vole of reduced HDAC!T activily in the
emergence of early-life stress-triggered cognitive deficits that are largely governed by the
PRC, several other stadies have demonsivated that HDAC inhibitors can ameliorate age-
related cogmitive decline (Peleg et al, 2010} or memory impainpents in newrodegenerative
disorders, Le., functions that are primarily governed by the Wppocampus (Fischer et gl., 2007,
Kilgore et al,, 2010; Graff et al, 2012). For example, 11 an aninsal model of inducible severe
uneurodegeneration and synapse loss, the noun-selective HDAC inhibitor sodivm butyrate
mereased fstone H3 and H4 acetyvlation i the hippocampus, promoted assoclative and
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spatial learning, and ereased expression of synaptic proteius ip rempaining nedrons {Fischer
et al, 20073 Simlarly, n an animal model of Alzheimers Disease with early onset
contextual memory Impairment, three non~selective HDAC inlubitors (sodivm butyrate,
sodin valproate, and suberovianilide hvdrorxamic acid (SAHAY rescued memory deficis
and led to stably maintained consolidated memory for two weeks (Kilgore et al., 2010). Yet,
the study of Kilgore et al. (2010) also showed with blochenucal assays that all three HDAC
inhibitors share in common a potent inhibition of class I HDAUs 1-3, and other studies
pointed to a specific role of HDACY in the modudation of distinct cognitive functions. For
hines of mice exhibit decreased acetviation of histone H4K12 mn the hippocampus, only
HDAC2 overexpressing mice have deficils i associative spatial learning {(a lappocampal
function} and WM (a PFC function) {(Guan et al., 2009). Conversely, HDAC2 knockout mice
with increased histone M4 and HZB acetvlation in the hippocampus exhibit increased
assoctative learning and improved WM, and they have increased hippocampal spine density
and synaptic ierminals (Guan et al., 2009). HDAC2 deficient mice also exhibit increased
acetviation of histone H3I and H4 at Bdnf promotor VI, Egr2, and Fos, and they are
refractory 1o the effect of SAHA on synaptic plasticity and leaming (Guan ¢ gl 2009),

A specific role of HDAC2 m memory impairment is {urther supported by findings of
wereased HDAC? expression m the hippocampal CAL subfield and the PFC in an animal
model of severe neurodegeneration. In this wodel, shRNA-mediated HDACZ knockdown
lead to ingcreased acetylation of histone H4K12 at promotors of plasticity-associsted genes
along with increased expression of these genes, re-instated morphological and synaptic
plasticity of sarviving neurons, and improved associative and spatial memory {Graff ot al,
2012).

Finally, studies also identified specific roles for HDACT and HDACS w distinet
nppocampal-dependent cognitive processes. (Une stady showed that viras-mediated
overexpression of HDAC!T i the hippocampus did not affect WM and short- and long-term
memory. However, it facilitaled the extinction of fear memories gnd, conversely,
hippocampal njection of MS273 or knockdown of HDACT with siRNA sigmificantly
sopaived fear extingtion. The suthors linked these affects to binding of HDACT to Foy and
Eer? promotors where it affects bhistone H3IKY acetylation {Babar-Javan et al, 2012)
Another study on mice with a focal deletion of dorsal hippocampal HDAC3 and increased
fustone H4KE acetylation {thal correlated with increased Fos and Nrda? geng expression)
revealed a cognitive phenotype of facilitated long-term memory (McQuown et al, 2011).
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it is evident from the studies summarized above that olass T HDAUSE-3 play distinet
rodes 1 several copuitive functions. However, while reducing the activity of hippocampal
HDACs1-3 {and possibly also prefrontal cortical HDAC2) can exert a plethora of pro-
cognitive effects, the present study revealed that early-life stress-trigaered cogmtive deficits
arise primarily from reduced HDACT association with promotors of distinet plasticity-
associated genes. Whether reduced HDACT activity in mice exposed to early hife stress only
affects executive cognitive function governed by the PFC, or whether hippocampal-related
functions are also affected by reduced HDACT (or HDAC3 activity) remains io be
determined. However, since the HDAC-dependent epigenetic response of IMS Balb/c mice is
only finmly established by mid-adolescence (P35} (Levine et al., 2012) it is conceivable that it
predominantly affects functions governed by late-maturing brain regions such as the PFC
{(Pechtel and Purvagalli, 201 1),

Regardless of this physiological determination, as the present data vsing validated
mouse models for these sarly siress conditions and corresponding cogitive deficits Hlustrate,
that pharmacological treatment of a patient with a TekB inlubitor such as ANA-12 will lead
1o improvement of the cognibive deficits and buprovement in cogmitive funchioning {including
inprovement to working memory and attention set-shifting), which may also serve o benelit
certain emotional phenotypes or conditions such as MDD {major depressive disorder) without
any additional pharmacological intervention. In certain altemnative instances, i s expected
that in addition to treating a patient with a TrkB mhibitor such as ANA-~12, that treating with
one or more SSRI (including any combination of Cialopram (Celexa), Escitalopram
(Lexapro, Cipralex); Paroxetine {Paxil, Seroxat); Fluoxetine (Prozac); Fluvoxamine {Luvox};
Sertraline {Zoloft, Lustral}) would result in fmprovement to both the cogtive deficits and
gmononal phenotype ez, depressive condition's.

Conclusions

life stress exposure contributes the emergence of working memory and attention set-shifting
deficits, Le. deficis that ofien scconpany mental disorders and that are largely resistant to
treptment. The results show that reduced histone deacetylase 1 levels at promotors of distinct
plasticity-related. geoes allow for absormally woereased expression of these genes upon
cognitive testing, an effect that influences cognitive task performance negatively. The genes
affected by reduced HDACT activity differ in genetically different strains of mice, mdicating

that genomic sequence variations and their differential interaction with the stress-modulated
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-

epigenome contribute to and determine the cntvome of early-life siress-triggered cognitive

frapaivment.

GENERAL METHODS

Standard methods in molecular hiology are destribed Samlyook, Fritsch and Manjatis
(1982 & 1989 2™ Rdition, 2001 3™ Edition) Molecular Cloning, 4 Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY: Sambrook and Russell (2001
Molecular Cloning. 3 ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY;
Wiy (1993} Recombinant DN4, Vol 217, Academic Press, San Diego, CA)  Standard
methods also appear in Ausbel, ¢ ¢l (2001} Guwyeryt Protocels in Molecular Bivlogy, Vols -
4, John Wiley and Sons, Inc. New York, NY, which describes cloning in bacterial cells and
DINA mutagenesis {Veol, 1), cloning in manynahian cells and veast {Vol. 2}, glvcoconjugates
and protemn expression { Vol 3}, and bioinformatics (Vol. 4},

Methods for protein punfication inclading immunoprecipiiation, chromatography,
electrophorasis, centrifugation, and crystallization arve described {Coligan, er wl (200()
Current Pratocols in Protein Scieace, Vol 1, John Wiley and Sons, Inc., New Yorkl.
Chemical analysis, chemical modification, post-ttanslational modification, production of
fusion proteins, glycosylation of proteins are described (see, eg., Coligan, ¢f @l {2000}
Current Frotocels i Protein Science, Fol. 2, Iohn Wiley and Sons, Inc., New York: Ausubel,
et af. 2001y Current Protocols in Molecular Biolegy, Fol. 3, John Wiley and Sons, Inc., NY,
NY, pp. 16.0.5-16.22.17; Sigma-Aldrich, Co. (2001) Products for Life Science Research, St
Louis, MO; pp. 45-89; Amershan Pharnacia Biotech (2001) BinDirectory, Piscataway, N1,
pp. 384-391)  Production, purification, and fragmentation of polyclonal and monoclonal
antibodies are deseribed (Coligan, ef af. 2001) Current Protcols in bamunology, Vel 1, Jobn
Wiley and Sous, Inc., New York; Harlow and Lane (1999) Using Antbodies, Cold Spring
Harbor Laboratory Press, (Cold Spring Harbor, NY, Harlow and Lane, suprw).  Standard
techniques for characterizing ligandireceptor interactions are available (see, e.g., Coligan, er

af. 2001y Crrrent Protocols in Imsmunology, Vol 4, John Wiley, Inc., New York).

Materials and Methods
Animals

Balbv/e] and CS7BIG] mice were housed in a temperature- and hight controlled barrier
facility with free access to food and water, All experiments involving the animals were
performed 1n accordance with the National Institutes of Health Gade for the Clare and Use of
Laboratory Antnals and approved by the Institutional Animal Care and Use Commitiees
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at Columbia University and the New York State Psychiataie Institute.
Infant maternal separation (IMS)

in these experiments, Balbic mothers elther raised thelr own pups or fosiered Balbic
ar US7BYS pups from other hitters from the day of birth. Al pups exposed o the IMS
paradigm were separated from their mothers daily for three hours (from 1:00 to 4.6 PM),
starting at postnatal age P2 and ending at P15, They were weaned at P28 and group housed
by sex {see Fig. 1A} Other pups of Balbic or C37BI6 mothers were lefl undisturbed with
theiy mothers and were also weaned at P28, These mive ave referred to as standard-faoility
Drug treatments

Drugs were administered to mice {nales and fenales) starting at P38 and ending at
P39 {see Fig. 1B). All drugs were administered via the drinking water. Drag intake was
monitored datly and drogs were replemished every 48 h (MS-275; Sigma Aldrich, St. Lousse,
MO} or 24 h {Ana-12; Calbiocheny; Billerica, MA}Y. MS-275 15 also known as Entinostat, or
SNDX-275 and is a benzamide histone deacetylase inhibitor undergoing clinical trials for
reatment of various cancers. Entinostat inhibuts class T HDACY and HDACQS with ICs, of
4.51 udM and 1.7 uM, respectively, and 15 capable of penetrating the bood bram barrier

-
i
K

weakly (See, Hooker J.M, et al, Histone deacetylase inhibitor, MS-273, exhibits poor brain
pengtration: PK stadies of [C]MS-275 using Positron Enussion Tomography. ACS Chem
Neurpsci, 2010; 1{1 :65-73). It has the formula: G HaONSOs.

ANA-12 iz a selective, small-molecule non-competitive antagonist of TrkB {Kd = 10
ah and 12 pM for the high- and low-affinity sttes, respectively), the main receptor of bran-
derived neurotrophic factor (BDNF/Bdnf) (Cazorla 2011}, The compound crosses the blood-
bratn-barrier and exerts central TrkB blockade, producing effects as early as 30 minutes
{(~400 nM) and 85 long av 6 hours (<10 oM) following miraperitoneal injection i muce
{Cazorla 201 1) It blocks the neurotrophic actions of BDNF without compronusing neuron
survival {Cazorla 2011, ANA-12 produces rapid antidepressant- and anxiolytic-like effects
in animal models, the former of which have been shucidated 1o be mediated by blockade of
BDNF signabing in the nucleus accumbens. {Zhang JC 2015 and Shiravama Y 2015). It has
also been found to alleviate methamphetamine-induced depression-hike behavior {including
anhedonia}, behavioral sensitization, and nucleus accumbens neuroplasticity changes with
subchronic {14-day) administralion in mice, whereas the TrkB agonist 7 8-dihydroxyflavone

was ineffective in doing so (Ren Q 2015).
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IMS Balb/omice that received Ana-12 consumed | mpky/day, and SFR mice that
received MR-275 consumed 15 pMdday. We previously showed that neither treatment alteved
the emotional behavior of these mice when tested at the end of this treatment {Schmauss,
2015). However, at the dose adnunistered, Apa-12 effectively blocked the antidepressant
affects of fluoxetine i IMS Balbio mice (Schimauss, 2013) and, in SFR Balb/c muce, M3-275
increased the levels of acH4K 12 and Pol 1T at Bdnf promotor I anly when co-administered
with Nuoxetine {Schmauss, 2615
Cognitive tests

To avoid bter effects, one male snd one female miouse of g tital of at least 4 titers
per treatment group were assigned to cognitive testing. Similar t© a previous study (Mehia
and Schmauss, 201 1), no significant sex differences in cognitive task performance of SFR
and IMS mice were found. Hence, males and females are equally represented in the groups of
mice studied here. Starting at postnatal age P60, mice were food restricted such that they
gradually (over the period of 4 to 5 days) fost 10-15% of thewr free-feeding body weights.
Prior to ASST testing, mice learned to dig for food buried deeply in unscented terra colia pois
filled with famihar bedding wednam. Then, they went through fowr consecubive test phases of
the ASST, beginning with a simple discrimination (8D} between odor {scenied terra cotia
pots) or texture {different digging media), and followed by a compound discrimination (CD)
i which another stumulus property {a second odor or fexiure) was introduced that was not &
reliable predictor of food reward. The third phase vequived an intradimensional shift of
attention {IDS), i.e., both relevant and irelevant stinulus properties were changed, but the
relevant stimulus dimension used i the SD and CD {odor or fexture} remained the same.
Finally, the fommerly irrelevant stimulus dimension became relevant and required an
extradimensiona! shill of attention (EDS). In all test phases, animals had 1o reach a criterion
of & consecutive correct trials, and the number of tnals to criterion was referred 0 as
TESPONSE ACCUIRCY.

Some of the Balb/c mice that completed the ASST were further trawned for alternate
arm entries in the T-maze until they reached more than 70% correct arm entries (in 10 inials
per day} on 2 consecutive days with S 3 inter-trial delay pertods. Then, mice performed the
test with 2 longer inter-trial delays {13 and 20 5, each tested on 2 consecuiive days) to test for
their working memory, (All groups of mice did not maintain spatisl WM st 30 s inter-trial
delay). Only correct arm eninies were rewarded with food, and the percentage of correct arm
eniries i the total number of 10 trials per delay period was taken 83 a measure of response
ACCUTACY.
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RNA extraction and reabime PCR

One hour afler completion of either the ASST or the WM test, forebrain neocorticsl
tissue was dissected from male and fomale mice using the mesodiencephalic junction as the
anatomic landmark for the caudal border of the forebrain. ASST-tested mice were 66 days
ofd {see Fig. 1C), and their non-tested controds were maiched for age and sex. The age of
Whd-tested mice and their nou-tested controls {also dentved from at least 4 dafferent litters per
group) ranged from P8I o P84 (see Fig. 1) Total RNA was extracted using
guanidineg/cesium chioride uwlracentrifugation. Finststrand cDNA was synthesired using
Murine Moloney Leukemia Virus reverse transcriptase (USB, Cleveland, OH) in conjunction
with oligo dT15 pumers. Real time PCR was performed using the 1Q Real Time PCR
detection System (Bio-Rad, Hercules, CA) and SYBR Green (Bio-Rad). Bdnf mRNA was
amplified vsing the primers targeting Bduf transcript variant Hi reported by Tsankova et al.
(2006). Egr2 mRNAwas amplified using the primer
pair S-ATGAACGGAGTGGUGGGA-Y (SEQ D NOd) angd &
AGTAGAGOTGGTCCAGTT-3 (SEQ 1D NO:2) and o~Fos mRNA was amplified using the
primer  par  SCATGATGTTCTCGGOTTITGAA-Y (SEQ 1D NO3Y  and
SCACCGTOGOGGATAAAGTTGG-Y  (SEQ ID NO4). Cyele thresholds (Ct) of
amplification (normalized to those obtain for f-actin) were expressed as 1/2°% values so that
higher numbers reflect higher expression.

Chromatin immunoprecipitations (ChiP)

ChiP was performed on forebrain neocortical tissue of groups of male and female
mice {selected from different litters a5 described above) etther at Pol (baseling) or afisr
cogniive testing with and without drug treatment (see Fig. 1), Dissected tissue was fixed with
1% paraformaldehvde, dounce-homogenized and sonicated using the Microson ultrasonic cell
disrupter (Misonix, Farmungdale, NY) 10 an average DNA length of 200 10 400 base pairs.
Samples were centnifuged at 15000 xg, and 50 gl aliquots of the supematant were
inmmunoprecipitated overnight with 20 pl protein & magnetic beads (Millipore, Temecula,
CA) and ChiP-grade antibodies directed either against HRACT (Millipore), HDACS {Abcam
Inc., Cambridge, MA), RNA Polvmerase II CTD repeat YSPTSPS (Abcam), trimethyl-
histone H3K® {Millipore), or acetyl-histone HAKS (Millipore}. Beads were treated according
to the instruction of the manufacturer. Immunoprecipitated DNA and 2 senial didution of 1%

input were analyzed
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by SYBR-Green veal-ime PUR using primers fargeting Bdol promotor T {oniginal
nomenclature) adopted from Taankova er of (2006} and the promotors of the Egr2 and Fog
genes adopted from Bahari-Javan ef ol (2012).
Statistical analyses

Repeated Measuwres ANQVA and one-way ANOVA were performed using GraphPad
Software (InStat; La Jolla, CA). Two-way ANOVA was performed using the VassarStats
Staustical Computation website (Amernican Library Association, February 27, 2012},
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INCORPORATION BY REFERENCE

Al references cited herein are incorporated by reference to the sante extent gs if each
individual publication, database entry {e.g. Genbank sequences or GenelD) entites), patent
application, or patent, was speaifically and individunlly indicated to be meorporated by
reference, This statement of incorporation by reference is intended by Applicants, pursosnt
to 37 CER. §L37(X1), to relate to each and every mdividual publication, database sntry
{e.g. Genbank seqaences or GenelD eniries), patent application, or patent, each of which is
clearly identified wn complisnce with 37 CFR. §1L57(b)X2), even if such citation i not
immediately adjacent to a dedicated statement of icorporation by reference. The inclusion
of dedicated statements of mcorporation by reference, if any, within the specification does
not in any way weaken this general statement of incorporation by reference. CHation of the
references herein is not intended as an admission that the reference is pertinent prior art, nor
does it constitute any admission as to the contents or date of these publications or documents,

The present myvention i not to be limited m scope by the specific embodiments
described berein.  Indeed, variouws modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modifications are intended to fall within the
scope of the appended claims,

The foregoing writien specilication 1§ considered 1o be sufficient (o ensble one skilled
in the art to practice the mvention. Various modifications of the mvention in addition (o
those shown and described herein will become apparent to those skilled in the art from the
foregoing description and fall within the scope of the appended claims. The entive disclosure
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of each of the patent documents, mncluding centificates of correction, pulent application
documents, scientific articles, sovernmental reports, websites, and other references referrad
to herein is incorporsted by reference herein in its entirety for sil purposes. In case of a
conflict in terminology, the present specification controls.

The mvention can be embodied in other specific forms withowt departing from the
spitit or essential characteristics thereof. The foregoimg embodiments are to be considered in
all respects tlustrative rather than lnuting on the mvention described herein. Further, it
should be understood that the order of steps or order for performing cerfain actions is
immaterial so long as the invention remains operable. Moreover, two or more steps or achons
gan be conducted simultaneously.

Unless defined otherwise, all technica! and scientific terms used herein have the same
meaning as conmmonly undersiood by one of ordinary skill in the art to which this mvention

belongs. In the case of conflict, the present specification will control.

teda
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WHAT ISCLAIMED IS:

i A method of treating cogmitive defects my a mwod disorder in a patieny in need thereof,
comprising administering a therapeutically effective smount of at least one brain-derived
newrotraphic factor (BdaD-tropomyosing kinase B {TtkB) inbibitor (o the patisat.

2. The method of claim 1, wherein the treating comprises at least 8 10% improvement of
cognitive functioming, compared with a baseline cogmitive functioning reference or control.

3, The method of claim 2, wherein the cognitive functioning mprovenient is greater

than aboui 30%.

4, The method of clum 1, wherein the TrkB mdibitor is & ThrB antagonist.
5. The method of claim {, wherein the TrkB inlubitor is sdministered by mouth,

topically, rectally, or mtravenously.

6. The method of claim 1, wherein the mood disorder is an anxiety disorder or strega-
induced disorder inclading early Hfe stress, or a combination thereof.

7. The method of claim 1, wherein the mood disorder is a panic disorder, an obsessive

compulsive disorder, a posi-traumatic stress disorder, or any combination thereof

g. The method of claim 1, wheremn the patient 1s an adolescent or voung adult.
g, The method of claim 1, wherein the TheB induibitor comprises ANA-12.

1 The method of claim 1, further comprising administeriug at least one selective
serotonin reuptake inhibitor (SSR1) selected from the group consisting of Citalopram
(Celexa}; Escitalopram (Lexapro, Cipralex); Paroxetine (Paxil, Seroxat), Fluoxetine (Prozac);
Fluvoxamine (Luvox): Sertraline {(Zoloft, Lusiral), and combinations thereof.

11, The method of claim I, wherein the patient is a marmmal.

12, The method of clanm 11, wherein the patient s 4 human,

13, The method of claim 1, wherein the patient exhibits a cognitive deficit in one or move
of the following features: working memory or atfention set-shifting,

14, A method of improving cognitive funclioning in a patient 1 need thereof compnising
adnmnistering a therapeutically effective amount of at least one bram~dernved neurotrophic
factor {(Bduf-tropomyosing kinase B (TrkB) inbibitor to the patient,

15 The method of claim 14, wherein the improvement comprises at least a 1{¥%
improvement of cogritive functioning, compared with a baseline cogaitive funchoning
reference or control,

16, The method of claim 15, wherein the improvement is greater than about 50%,

17.  The method of claim 14, wherein the TrkB inhibitor is a TheB antagonist.
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18, The method of claim 14, wherein the TrkB infubitor is adnvinistered by mouth,
topicatly, vectatly, or intravenously.

19, The method of claim 14, wheremn the patient exhibits a mood disorder comprising an
anxiety disorder or stress-induced disorder imncluding early Tife stress, or a combination
thergof.

20, The method of claim 14, wherein the patient exinbits a mood disorder comprising a
panic disorder, an obsessive compulsive dizorder, a post-traummatic stress disorder, or any
combination thereof.

21, The method of claim 14, wheren the patient 1s an adolescent or voung adult.

22, The method of claim 14, wherein the ThkrB inhibitor comprises ANA-12.

23, The method of claim 14, further comprising administering at least one selective
serotonin reuptake inhibitor (SSR1) selected from the group consisting of Citalopram
{Celexa); Escitalopram (Lexapro, Cipralex); Paroxetine (Paxil, Seroxat); Fluoxetine (Prozac);
Fluvoxamine (Luvox); Sertraline {Zoloft, Lustral), and combinations thergof.

24, The method of claim 14, wherein the patient exhibits a cognitive deficit in one or more

of the following features; working memory or attention set-shifting.
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International application No.

PCT/US2016/056822

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. Withregard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of intemational search only:

|:| in the form of an Annex C/ST.25 text file (Rule 13er.1(a)).

|:] on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. I:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
fited or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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A. CLASSIFICATION OF SUBJECT MATTER

|PC(8) - AG61K 31/00; A61P 28/00; A61P 35/00; A61P 43/00; A61P 9/00; A61P 9/10 (2016.01)
CPC - AB1K 31/00; A61K 38/00; A61K 38/04; A61K 38/1787 (2016.11)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC - A61K 31/00; A61P 29/00; A61P 35/00; A61P 43/00; A61P 9/00; A61P 9/10
CPC - A61K 31/00; A61K 38/00; A61K 38/04; A61K 38/1787

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 424/143.1; 435/7.1; 436/501 (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, PubMed

Search terms used: ({tropomyosin receptor kinase B) OR TrkB OR (tyrosine receptor kinase B) OR NTRK2 OR (neurotrophic receptor tyrosine
kinase "2") OR (neurotrophic tyrosine kinase receptor type "2") OR (BDNFNT "3" growth factors receptor) OR ("Trk" WF1 "B") (“Trk" WF1 "B") W8
(inhibit* OR antagonist% OR interfer*) (working memory) OR (task switching) OR (set shifting) OR (cognitive flexibility)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0236371 A1 (MCNAMARA et al) 29 September 2011 (29.09.2011) entire document 1-8, 11,12, 14-21
Y 9, 22
X WO 2015/039334 A1 (MERCK SHARP & DOHME CORP. et al) 26 March 2015 (26.03.2015) 1,10, 14,23

entire document

Y CAZORLA et al. "ldentification of a low—molecular weight TrkB antagonist with anxiolytic and 9,22
antidepressant activity in mice,” The Journal of Clinical Investigation, 02 May 2011 (02.05.2011),
Vol. 121, No. 5, Pgs. 1846-1857. entire document

P, X ALDER et al. "Cognitive deficits triggered by early life stress: The role of histone deacetylase 1," |1-24
«~{Neurobiology of Disease, 31 May 2016 (31.05.2016), Vol. 94, Pgs. 1-9. entire document

A WO 2010/000675 A1 (INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE 1-24
MEDICALE et al) 07 January 2010 (07.01.2010) entire document

A ZHANG et al. "Antidepressant Effects of TrkB Ligands on Depression-Like Behavior and 1-24
Dendritic Changes in Mice After Inflammation,” International Journal of
~| Neuropsychopharmacology, 31 October 2014 (31.10.2014), Vol. 18, Iss. 4, Pgs. 1-12. entire

document
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T” later document published after the intemational filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or afier the international X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

g'teg;lor::;zzhg; ;he c;lpfl_:l;‘ljl)catlon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

pe S spe . e considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but laterthan «g» 4o ument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
02 December 2016 ] 9 D E C 2016
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, VA 22313-1450

o PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774
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