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METHODS FOR IMPROVING COGNITIVE
FUNCTION VIA MODULATION OF
QUINONE REDUCTASE 2

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57.

SEQUENCE LISTING IN ELECTRONIC
FORMAT

[0002] The present application is being filed along with an
Electronic Sequence Listing as an ASCII text file via EFS-
Web. The Electronic Sequence Listing is provided as a file
entitled 29280285_1.txt created and last saved on Oct. 23,
2018, which is approximately 3 kilobytes in size. The
information in the Electronic Sequence Listing is incorpo-
rated herein by reference in its entirety in accordance with
35 US.C. § 1.52(e).

FIELD OF INVENTION

[0003] The present invention relates to methods for
improving cognitive function by reducing the level of
expression or activity of quinone reductase 2.

BACKGROUND OF THE INVENTION

[0004] Decline in cognitive function in ageing and neu-
rodegenerative disease is a major health and social problem.
Currently, the approach for improving cognitive function
involves pharmacological intervention targeting neurotrans-
mitter pathways believed to be involved in the process of
memory formation with the aim of increasing neurotrans-
mitter level and thus improve signal transmission.

[0005] Currently, drug therapies for cognitive impairment
are at best symptomatic or supportive. Consequently, there
is an unmet need for therapies and methods for treating
cognitive impairment, a need that is steadily increasing with
the ageing of the world population. The need for improving
cognition is not a prerogative only of cognitively impaired
patients but may also be desired by normally functioning
individuals desiring to improve learning and memory.

SUMMARY OF INVENTION

[0006] In one aspect the present invention is related to an
active agent capable of reducing quinone reductase 2 activ-
ity, for use in improvement of cognition in a subject.
Contemplated active agents may reduce said quinone reduc-
tase 2 activity by decreasing the gene expression level of
quinone reductase 2 or by inhibiting the enzymatic activity
of quinone reductase 2.

[0007] In another aspect the present invention is related to
a vector comprising an active agent that reduces the gene
expression level of quinone reductase 2.

[0008] Inyet another aspect the present invention provides
a pharmaceutical composition comprising an active agent or
a vector as defined herein and a pharmaceutically acceptable
carrier.

[0009] In still another aspect the present invention pro-
vides a method for improving cognition in a subject in need
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thereof comprising administering to said subject an active
agent capable of reducing the expression level of quinone
reductase 2 (QR2).

[0010] In a further aspect the invention provides a method
for improving cognition in a subject in need thereof com-
prising administrating to said subject an active agent reduc-
ing the quinone reductase 2 activity, wherein said subject is
not treated with scopolamine.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 shows that associative taste learning leads to
a significant reduction in quinone reductase 2 (QR2) mRNA
expression in the insular cortex (IC) compared to the control,
which did not undergo a taste learning paradigm. The
RT-PCR results are expressed here and after as relative QR2
mRNA expression with QR2 being normalized to GAPDH.
The pairing of the saccharin (conditioned stimulus (CS))
with the malaise inducing LiCl injection (unconditioned
stimulus (UCS)) causes about 45% reduction in QR2 mRNA
expression in the insular cortex when compared to the
control group which was only exposed to the UCS (unpaired
Student’s t-test, n=10, **p<0.005; error bars represent stan-
dard error of the mean (SEM)).

[0012] FIG. 2 shows that novel taste learning leads to a
significant decrease in QR2 mRNA expression in the IC.
Animals which learned a novel taste (saccharin) exhibited a
~45% decrease in QR2 mRNA expression in the IC when
compared to the control group, which was only exposed to
a familiar taste (tap water), and therefore did not undergo
taste learning (unpaired Student’s t-test, n>10, **p<0.005;
error bars represent SEM).

[0013] FIG. 3 shows that novel taste learning has no effect
on the QR2 mRNA expression in the occipital cortex. There
was no difference in QR2 mRNA expression in the occipital
cortex between the group which received a novel taste
(saccharin) to that which received a familiar taste (water)
(unpaired Student’s t-test, n=8, p>0.05; error bars represent
SEM).

[0014] FIG. 4 shows that novel taste learning has no effect
on QR1 mRNA expression in the IC. There was no differ-
ence in QR1 mRNA expression in the IC between the group
which underwent novel taste learning to that which did not
(unpaired Student’s t-test, n=8, p>0.05; error bars represent
SEM).

[0015] FIG. 5 shows that novel taste learning leads to a
reduction in QR2 mRNA expression in the IC 3 hours
following the learning period compared to the control group
(unpaired Student’s t-test, control-n=12 test-n=10, **p<0.
005; error bars represent SEM). However, there is no
difference between the groups 1 hour (control-n=7 test-n=8,
P>0.05) or 6 hours after the drinking period (n=13, p>0.05).
[0016] FIG. 6 shows that novel taste learning leads to a
significant decrease in QR2 mRNA expression in the IC
compared to baseline levels. The group which underwent
novel taste learning not only had decreased QR2 mRNA
expression in the IC compared to the group exposed to a
familiar taste (one-way ANOVA with Fisher’s Least Sig-
nificant post-hoc test, n=6, *p<0.05; error bars represent
SEM) but also had decreased expression compared to the
water deprived/baseline group (n=6, *p<0.05). Moreover,
there was no significant difference in QR2 mRNA expres-
sion in the IC between the baseline group and the group
exposed only to a familiar taste (n=6, p>0.05).
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[0017] FIG. 7 shows that the novelty of the taste leads to
a significant reduction in QR2 mRNA expression in the IC.
The group which was exposed to the saccharin taste only
once (a novel taste) had not only decreased QR2 mRNA
expression in the IC compared to the group only exposed to
water (a familiar taste) (one-way ANOVA with Fisher’s
Least Significant Difference post-hoc test, n=6, *p<0.05;
error bars represent SEM) but also had decreased expression
compared to the group which was familiarized to the sac-
charin taste (n=6, *p<0.05). Furthermore, there is no sig-
nificant difference in QR2 mRNA expression in the IC
between the group which only drank a familiar taste and the
group which was sacrificed after drinking a taste to which it
had been familiarized (n=6, p>0.05).

[0018] FIG. 8 shows that lentiviral vectors expressing
QR2 shRNA reduces QR2 expression in primary cortical
cells. Rat primary cortical cells were prepared as described
in the M&M part. The primary cells were then treated with
one of the virus types. Following a week long incubation
period, cells were gathered, and QR2 mRNA expression was
evaluated. The viruses containing QR2 shRNA reduced QR2
expression in primary cortical cells compared to the
scrambled virus.

[0019] FIG. 9 shows the construct of the injected viruses.
The virus illustrated in the top part of the figure is the one
containing the QR2 shRNA which was used to decrease
QR2 mRNA expression in the IC. The virus illustrated in the
bottom part of the figure is the scrambled one which was
used as a control.

[0020] FIG. 10 shows that shRNA induced decrease in
QR2 mRNA expression in the IC enhances positive taste
memory. The animals which were injected with the shRNA
reducing QR2 mRNA expression in the IC learned the novel
taste better than the control group which was injected with
the scrambled virus. This can be seen from the higher
preference index (PI) in the shRNA group compared to the
scrambled group (unpaired Student’s t-test, t,; 545;=2.120,
n=12, *p<0.05; error bars represent SEM).

[0021] FIG. 11 shows the aversion index as a function of
time following a CTA paradigm, from which the effect QR2
shRNA on memory extinction can be inferred.

[0022] FIG. 12 shows that stereotactic injection of a virus
expressing QR2 shRNA leads to a reduction in QR2 mRNA
in the IC. We confirmed the efficacy of the virus injection by
evaluating QR2 mRNA expression in the IC. The figure
demonstrates that the shRNA virus was effective in decreas-
ing QR2 mRNA expression in the IC compared to the
control group which was injected with the scrambled virus
(unpaired Student’s t-test, t;,4,0;=3.626, n=12, ** p<0.005;
error bars represent SEM).

[0023] FIGS. 13A to 13D show that specific knockdown
of QR2 in hippocampus (CAl region) enhanced delay fear
conditioning performance in mice. FIGS. 13A to 13D show
levels of freezing response of mice injected with QR2
shRNA (n=10) or scrambled sequence (n=10) during the
conditioned context test on day 2 and tone test on day 3, and
a week later. FIG. 13 A shows a significant difference in the
freezing response of QR2 shRNA injected mice during the
conditioned context exposure on day 2 (Context on day 2; tl
8=-2.344, p=0.031); freezing levels during the testing were
averaged over one epoch of 10-min exposure to the condi-
tioned context. FIG. 13B shows that freezing levels during
the testing periods were averaged over five 10 s tone, and
210 s inter trial interval (ITI) periods. A significant differ-
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ence between QR2 shRNA and scrambled sequence injected
groups in the freezing responses during tone periods on day
3 (Tone period on day 3 tl 8=-3.481, p=0.003). FIGS. 13C
and 13D show that responses to context in FIG. 13C and
tone in FIG. 13D after 1 week, QR2 shRNA injected mice
showed enhanced long term memory (context 1 week later;
t1 8=-2.350, p=0.03, tone 1 week later; tl 8=-2.347, p=0.031
paired t-test). Data are represented as mean+SEM.

[0024] FIGS. 14A to 14C show that a knockdown of QR2
in hippocampus (CA1 region) enhances spatial memory in
mice as tested by Morris Water Maze. FIG. 14A shows that
escape latencies in hidden-platform tests (four trials a day),
plotted as a function of training days, are shorter for QR2
shRNA injected than scrambled injected mice. A repeated
measures ANOVA with a Greenhouse-Geisser correction
determined that mean scores for escape latency of QR2
shRNA injected mice were statistically different between
training days (7(2.216, 19.947)=16.932, p<0.00003). Post
hoc tests using the Bonferroni correction revealed that QR2
shRNA injected mice perform better on day3 to day4 of
training, which was statistically significant (day3; p=0.035,
day4; p=0.00007). QR2 shRNA injected mice were signifi-
cantly more efficient on the latency to find the platform on
fourth day of the acquisition phase compared to scrambled
virus injected animals (t18=-2.267,p=0.036 paired t-test).
FIG. 14B shows that after completion of training, QR2
shRNA injected mice showed preferential quadrant occu-
pancy in comparison with scrambled injected mice (t1I8=-
2.345, p=0.031 paired t-test). FIG. 14C shows that QR2
shRNA injected mice crossed the site where the platform
was located more times (t18=-2.373, p=0.029 paired t-test)
than scrambled injected mice. All results are means+SEM

[0025] FIGS. 15A and 15B show that pharmacological
inhibition of QR2 activity enhances positive taste memory.
FIG. 15A shows that the animals which were injected with
one of the QR2 inhibitors formed better memories of the
taste during the pre-exposure period, as evident from the
lower aversion index (Al). The group which was exposed to
the novel taste once before being subjected to the CTA
protocol (LI-CTA (Veh)) had a significantly lower Al than
the group which was subjected only to the CTA protocol
(CTA (Veh) one-way ANOVA with Fisher’s Least Signifi-
cant Difference post-hoc test, n=8, *p<0.05). The group
which was injected with S29434 before undergoing the
LI-CTA protocol (LI-CTA (S29434)) had a significantly
lower Al than both the group which only underwent CTA
(**p<0.001) and the group which was injected with the
vehicle before undergoing the LI-CTA protocol (**p<0.
001). The group injected with S26695 (LI-CTA (S26695))
before undergoing the LI-CTA protocol had a significantly
lower Al than both the group which only underwent CTA
(**p<0.001) and the group which was injected with the
vehicle before undergoing the LI-CTA protocol (*p<0.05).
There was no significant difference in the Al between the
group injected with S29434 and the group injected with
826695 (one-way ANOVA with Fisher’s Least Significant
Difference post-hoc test, n=8, P>0.05). FIG. 15B shows that
the inventors of the present application determined that the
injection of the vehicle or the inhibitors did not affect the
extinction (repeated measures ANOVA with Greenhouse-
Geisser correction, n=8, #p<0.001).

[0026] FIGS. 16A and 16B show that pharmacologic
inhibition of QR2 activity enhances negative taste memory.
FIG. 16 A shows that animals injected with the QR2 inhibi-
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tors formed stronger memories of the taste as can be seen
from their higher Al. Animals injected with S29434 or
S26695 had a significantly higher Al than those injected
with the vehicle (one-way ANOVA with Fisher’s Least
Significant Difference Test, n=8,** p<0.005 or *p<0.01,
respectively). There was no significant difference in the Al
between the group injected with S29434 and the group
injected with S26695 (p>0.05). FIG. 16B shows that the
inventors of the present application determined that the
injection of the vehicle or the inhibitors did not affect
memory extinction (repeated measures ANOVA with Green-
house-Geisser correction, n=8, #p<0.001).

[0027] FIGS. 17A and 17B show that Alzheimer’s disease
(AD) patients overexpress QR2 mRNA in the frontal cortex.
FIG. 17A shows that QR2 mRNA expression is significantly
higher in AD patients compared to healthy controls (un-
paired Student’s t-test, AD patients: n=28, Heathy controls:
n=1, *p<0.05). FIG. 17B shows that QR2 mRNA relative
quantities are correlated with AR40 levels, (Pearson corre-
lation coefficient test, n=38 (11 healthy controls, 27 AD
patients), R=0.56, p value=0.0002.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0028] Quinones are a class of naturally occurring com-
pounds which are present in organic foods, cigarette smoke,
and car exhaust among other organic compounds. They are
highly reactive compounds which can go through either a
two-electron reduction rendering them relatively harmless
or a one-electron reduction leading to the creation of reac-
tive oxygen species (ROS) which are extremely reactive and
can have many deleterious effects on the organism.

[0029] In mammals there are two primary quinone reduc-
tases: quinone reductase 1 (QR1) and quinone reductase 2
(QR2). The human gene for QR2 is located on chromosome
6p25 and is 20 kBP in length (Jaiswal, 1994). It encodes a
homodimer with each monomer being 231 amino acids
(AA) (Vella et al., 2005). QR2 is highly conserved and is
81% homologous between humans and rats (BLAST) and
82% homologous between humans and mice (Long et al.,
2000). Immunostaining shows that QR2 distribution in the
brain is similar in both rodents and humans. QR2 staining is
particularly abundant in regions associated with cognition
such as the hippocampus and a variety of cortical areas.
Additionally, QR2 appears to be localized in the cytoplasm
of neurons (Benoit et al., 2010).

[0030] The QR2 enzyme catalyzes an electron reduction in
quinones. Currently very little is known about the natural
substrates and co-substrates of QR2. Unlike QR1 activity,
which always leads to quinones being less reactive, QR2
enzymatic activity sometimes leads to quinones being more
reactive resulting in more reactive oxygen species (ROS) in
the cell and sometimes leads to quinones being less reactive.
Therefore, in certain cases, QR2 activity as opposed to QR1
activity leads to cell toxicity (Vella et al., 2005). From the
literature it appears that QR2 primarily leads to decreased
ROS in non-neuronal cells and to increased ROS in neurons.
[0031] Inhibitors of QR2 activity—Melatonin is known to
have three binding sites in the brain, one of which has been
shown to be QR2 (Mailliet et al., 2004) where it binds to the
QR2 catalytic site and inhibits QR2 activity. This may
explain the known antioxidant properties of melatonin
(Mailliet et al., 2005). Another compound which has known
health benefits and antioxidant properties is resveratrol, a
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compound found in red wine and believed to be behind the
so called “French paradox”. It has since been found that
resveratrol targets (Wang Z et al., 2004) and efficiently
inhibits QR2 (Buryanovskyy et al., 2004). In addition to
these natural inhibitors of QR2 enzymatic activity there are
numerous synthetic inhibitors, which bind to the QR2 cata-
Iytic binding site and which, while similar in structure, are
more potent and stable than both melatonin and resveratrol
(Ferry et al., 2010).

[0032] QR2 and diseases—The majority of the research
relating to QR2 and associated diseases has been focused on
its role in skin cancer and malaria. It has been found that
mice, which had the QR2 gene knocked out, are more
susceptible to skin cancer. The theory is that this is due to the
increased ROS in the cells which disrupts the cell’s protec-
tive mechanisms (Iskander et al., 2004).

[0033] The search for the molecular targets of anti-malaria
drugs led to QR2 (Graves et al., 2002). It is well known that
increased ROS can have beneficial effects in organisms
infected with malaria since it prevents further infection by
the parasite. The anti-malaria drugs lead to increased ROS
through the inhibition of QR2. Uninhibited QR2 normally
leads to less ROS in cells but when inhibited by the
anti-malaria drugs are unable to stabilize quinones, leading
to increased ROS, to which the parasite is sensitive. This
increase in ROS protects against the malaria parasite (Kwiek
et al., 2004).

[0034] QR2 and neurological diseases—QR2 expression
is correlated with neurological diseases. Schizophrenic
patients overexpress QR2 in comparison to healthy subjects
due to a mutation in the promoter region for the QR2 gene
(Harada et al., 2003; Wang et al., 2004). This same phe-
nomenon has been noted in patients with Parkinson’s dis-
ease (Harada et al., 2001; Wang et al., 2004) and Alzheim-
er’s disease (Hashimoto et al., 2011). Aged rats which were
shown to be impaired cognitively had higher levels of QR2
expression as opposed to aged rats which were unimpaired
cognitively. Additionally, rats which were subjected to sco-
polamine, a muscarinic acetylcholine receptor (mAChR)
antagonist, which is used to induce animal models of neu-
rodegenerative diseases, also overexpressed QR2 (Brouil-
lette and Quirion, 2008). The exact mechanism by which the
overexpression of QR2 is involved with these disorders is
unknown but theorized to be related to damage due to ROS.
[0035] Quinone Reductase 2 (QR2) has recently been
shown to play a role in learning and memory. Mice in which
the QR2 gene has been knocked out (KO) show improved
learning in hippocampal-dependent tasks. The QR2 KO
mice showed improved spatial learning and memory as well
as enhanced object recognition (Benoit et al., 2010). These
results indicate that QR2 plays a negative role in the learning
process.

[0036] Cognition is a complex process involving among
others memory and learning. Taste learning, like other forms
of learning, requires the regulation of both transcription and
translation (e.g. Bailey et al., 1996; Meiri et al., 1998, and
Rosenblum, 1998). It has been found in accordance with the
present invention that novel taste learning results in reduc-
tion in QR2 mRNA expression (Examples 1-4, 6 and 7) and
conversely that a decrease in the level of expression (Ex-
amples 9 to 11) or activity (Examples 14 and 15) of quinone
reductase 2 results in enhanced taste learning. However, as
it can be clearly seen from Examples 12 and 13, the effect
of reduction of QR2 level is not limited to taste learning
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only, but it is related to more general learning abilities
involving different brain regions such as the IC and hip-
pocampus. It can further be seen from the temporal dynam-
ics of QR2 mRNA expression during the consolidation
period that QR2 mRNA expression is reduced when long-
term memory is formed (Example 5 and 12-13) and that
reducing the QR2 mRNA expression by means of shRNA
results in significant memory extinction on day 3 after
learning. These findings suggest that inhibition of QR2
mRNA expression improves both memory consolidation and
extinction and thus plasticity (Example 10).

[0037] In view of the above, in one aspect, the present
invention provides an active agent capable of reducing
quinone reductase 2 activity, for use in improvement of
cognition in a subject.

[0038] The terms “cognition”, “cognitive function” and
“cognitive performance” are used herein interchangeably
and are related to any mental process or state that involves
but is not limited to learning, memory, creation of imagery,
thinking, awareness, reasoning, spatial ability, speech and
language skills, language acquisition and capacity for judg-
ment attention. Cognition is formed in multiple areas of the
brain such as hippocampus, cortex and other brain struc-
tures. It is assumed that long term memories are stored at
least in part in the cortex and it is known that sensory
information is acquired, consolidated and retrieved by a
specific cortical structure, the gustatory cortex, which
resides within the insular cortex. Another region that has
been shown to be responsible for memory formation and
long term storage is hippocampus.

[0039] Inhumans, cognitive function may be measured by
any known method, for example and without limitation, by
the clinical global impression of change scale (CIBIC-plus
scale); the Mini Mental State Exam (MMSE); the Neurop-
sychiatric Inventory (NPI); the Clinical Dementia Rating
Scale (CDR); the Cambridge Neuropsychological Test Auto-
mated Battery (CANTAB) or the Sandoz Clinical Assess-
ment-Geriatric (SCAG). Cognitive function may also be
measured indirectly using imaging techniques such as Posi-
tron Emission Tomography (PET), functional magnetic
resonance imaging (fMRI), Single Photon Emission Com-
puted Tomography (SPECT), or any other imaging tech-
nique that allows one to measure brain function.

[0040] An improvement of one or more of the processes
affecting the cognition in a patient will signify an improve-
ment of the cognitive function in said patient, thus in certain
embodiments improving cognition comprises improving
learning, plasticity, and/or long term memory. The terms
“improving” and “enhancing” may be used interchangeably.
[0041] The term “learning” relates to acquiring or gaining
new, or modifying and reinforcing existing knowledge,
behaviors, skills, values, or preferences.

[0042] The term “plasticity” relates to synaptic plasticity,
brain plasticity or neuroplasticity associated with the ability
of the brain to change with learning, and to change the
already acquired memory. One measurable parameter
reflecting plasticity is memory extinction.

[0043] The term “memory” relates to the process in which
information is encoded, stored, and retrieved. Memory has
three distinguishable categories: sensory memory, short-
term memory, and long-term memory.

[0044] The term “long term memory” is the ability to keep
information for a long or unlimited period of time. Long
term memory comprises two major divisions: explicit
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memory (declarative memory) and implicit memory (non-
declarative memory). Long term memory is achieved by
memory consolidation which is a category of processes that
stabilize a memory trace after its initial acquisition. Con-
solidation is distinguished into two specific processes: syn-
aptic consolidation, which occurs within the first few hours
after learning, and system consolidation, where hippocam-
pus-dependent memories become independent of the hip-
pocampus over a period of weeks to years.

[0045] An improvement of one or more of explicit
memory, implicit memory, memory consolidation, synaptic
consolidation or system consolidation will signify an
improvement of long-term memory.

[0046] The term “patient”, “subject”, or “individual” are
used interchangeably and refer to either a human or a
non-human animal.

[0047] It has been found in accordance with the present
invention that reducing the expression level of QR2 by the
means of siRNA molecules specific for the QR2 gene results
in improved cognition in the treated subject (Examples 9 to
13). According to the present invention, an active agent
capable of reducing the expression level of quinone reduc-
tase 2 may be any molecule that may inhibit or reduce the
expression of QR2. Non-limiting examples of such mol-
ecules are small interfering RNA molecules (siRNA), small
hairpin RNA molecules (shRNA), oligodeoxynucleotides or
peptide nucleic acids. Thus, in one embodiment the active
agent capable of reducing quinone reductase 2 activity is a
nucleic acid molecule that reduces the gene expression level
of quinone reductase 2. In some embodiments, QR2 expres-
sion is reduced but not completely eliminated.

[0048] Small interfering RNA molecules are short double
stranded RNA molecules capable of reducing the expression
level of a protein by inhibiting, reducing or eliminating gene
expression through degradation of the target mRNA (in case
of perfect match) or inhibition of mRNA translation (in case
of imperfect match). The siRNA molecules may be artificial
siRNA.

[0049] The term “shRNA™ refers to an artificial double-
stranded small hairpin RNA having a stem-loop structure
and comprising 19-29 nucleotide. The shRNA is capable of
reducing the expression level of a protein by inhibiting,
reducing or eliminating gene expression through degrada-
tion of the target mRNA (in case of perfect match) or
inhibition of mRNA translation (in case of imperfect match).
[0050] This nucleic acid molecule capable of reducing the
expression level of quinone reductase 2 according to the
present invention may therefore be an artificial and/or iso-
lated siRNA or shRNA molecule comprising a nucleic acid
sequence being complementary to a sequence within a
nucleic acid sequence encoding the quinone reductase 2, or
a nucleic acid molecule encoding such an artificial siRNA or
shRNA molecule. In some embodiments, the isolated/arti-
ficial siRNA or shRNA molecule comprises a nucleic acid
sequence having a sequence identity of 90% or more, e.g.
95% or more, 98% or more, or 99% identity to the quinone
reductase 2. In another embodiment the siRNA or shRNA
molecule comprises a nucleic acid sequence being perfectly
complementary to a sequence within the sequence encoding
of quinone reductase 2. In certain embodiments the siRNA
or shRNA molecule comprises a sequence corresponding to
SEQ ID NO: 5,6 or 7.

[0051] The quinone reductase 2 according to the present
invention may be mammalian quinone reductase 2. In cer-
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tain embodiments the quinone reductase 2 is a human
quinone reductase 2 encoded by a nucleic acid sequence
herein identified as SEQ ID NO: 1. In another embodiment
the siRNA or shRNA molecule comprises a sequence cor-
responding to SEQ ID NO: 2, 3 or 4.

[0052] The ability of an active agent to reduce expression
of quinone reductase 2 (QR2) may be tested by a person
skilled in the art by using any known method, e.g. using as
a model any cell line expressing QR2 or primary cortical
cells, as described in the Material and Method part. The
quantification of the QR2 gene expression level in these
cells may be done by any known method, e.g. by real time
PCR as described in the Material and Methods part.
[0053] Having demonstrated that genetically decreasing
QR2 expression in the IC and hippocampus enhances learn-
ing, we hypothesized that pharmacologically inhibiting QR2
activity would have a similar effect. We evaluated this
hypothesis through the use of two different QR2 inhibitors.
Our results prove that inhibiting QR2 activity enhances
positive (Example 14) as well as negative (Example 15)
taste learning.

[0054] Thus, the invention also provides an active agent
capable of inhibiting quinone reductase 2 activity for use in
improvement of cognition in a subject who is not treated
with scopolamine. In other words, the invention provides an
inhibitor of quinone reductase 2 activity for use in improve-
ment of cognition. The active agent, according to some
embodiments, may inhibit quinone reductase 2 activity of a
mammalian quinone reductase 2, thus being a quinone
reductase 2 inhibitor. In a more particular embodiment the
quinone reductase 2 is a human quinone reductase 2 (hQR2),
thus the active agent is a human quinone reductase 2
inhibitor.

[0055] The assessment of the inhibition potency of the
active agent may be done by any method known in the art,
e.g. by in vitro measurement of QR2 enzymatic activity in
the presence of the active agent and identification of its
inhibition constant (k,), as described below in the M&M
section.

[0056] The active agent reducing the hQR2 activity may
be a small molecule capable of inhibiting, reducing or
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eliminating the activity of hQR2. For example, the active
agent may be an hQR2 reversible or irreversible inhibitor,
and the reversible inhibitor may be competitive, non-com-
petitive or uncompetitive. Therefore, according to one
embodiment, the hQR2 inhibitor is a competitive inhibitor.
Non-limiting examples of QR2 inhibitors that may be used
in accordance with the present invention comprise N-[2-(2-
methoxy-6h-dipyrido[2,3-a.:3,2-e|pyrrolizin-11-yl)ethyl]-2-
furamide, herein identified as S29434; N-[2-(7-methylam-
inosulfonyl-1-naphthyl)ethyl]acetamide, herein identified as
S26695;  2-hydroxy-8,9-dimethoxy-6h-isoindolo[2,1-a]in-
dol-6-one, herein identified as S32797; 1-benzyl-1,4-dihy-
dronicotinamide; 1-(p-d-ribofuranosyl)-1,4-dihydronicoti-
namide; 2,6-dichlorophenol indophenol; methyl-1-(2-
acetamidoethyl)-7-naphthylcarbamate; N-[2-(5-methoxy-4-
nitro-1h-indol-3-yl)ethyl]acetamide; = N-[2-(5-methoxy-7-
nitro-1h-indol-3-yl)ethyl]acetamide; N-[2-(2-i0do-5-
methoxy-1-methyl-4-nitroindol-3-yl)ethyl|acetamide;
2-i0do-N-[2-(2-methoxy-6hpyrido[ 2',3":4,5]pyrrolo[2,1-a]
isoindol-11-yl)ethyl]-benzamide; 2-iodo-melatonine; chry-
soeriol; resveratrol; menadione; melatonine; coenzyme Q2;
N-[2-(8-methoxy-3,4-dihydro-2h-pyrido[2',3":4,5|pyrrolo
[2,1-b][1,3]oxazin-10-yl)ethyl]-2-furamide; N1-[2-(2-
methoxy-6h-pyrido[2',3":4,5]pyrrolo[2,1-a]isoindol-11-y1)
ethyl]-acetamide;  N-[2-(2-methoxy-6h-pyrido[2',3":4,5]-
pyrrolo[2,1-alisoindol-11-yl)ethyl]-2-furamide; 2-(2-
methoxy-6h-pyrido[2',3":4,5]pyrrolo[2,1-a]isoindol-11-y1)
ethylamine(1,6) oxalate; or methyl (3-(2-acetamidoethyl)-2-
iodo-1h-indol-5-yl)carbamate or pharmaceutically
acceptable salts thereof. The structures of the aforemen-
tioned inhibitors are provided in Table 1. In certain embodi-
ments, the hQR2 inhibitor is a competitive inhibitor, in
particular S26695, S32797 or S29434, or pharmaceutically
acceptable salts thereof. According to the present invention,
any pharmaceutically acceptable salt of the active agent can
be used. Examples of pharmaceutically acceptable salts
include, without being limited to, the mesylate salt, the
esylate salt, the tosylate salt, the sulfate salt, the sulfonate
salt, the phosphate salt, the carboxylate salt, the maleate salt,
the fumarate salt, the tartrate salt, the benzoate salt, the
acetate salt, the hydrochloride salt, and the hydrobromide
salt.

[0057] S26695 and S29434 (CAS: 874484-20-5) may be
prepared by any known method; e.g. S26695 may be pre-
pared as described in WO 99058496.

TABLE 1

QR2 INHIBITORS

Compound Name Structure Compound Name Structure
N-[2-(2-methoxy-6H- O Chrysoeriol OH
dipyrido[2,3-au:3,2-

e]pyrrolizin-11-

ylethyl]-2-furamide HO o)

(S29434)

OH (6]



US 2019/0119684 Al Apr. 25,2019

TABLE 1-continued

QR2 INHIBITORS

Compound Name Structure Compound Name Structure
N-[2-(7-methylamino O  Resveratrol OH
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(526695) [0} g HO N

O\ls

~ N
H
OH
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dihydronicotinamide
(BNAH)
NH,
¢}

1-(B-d-ribofuranosyl)-
1,4-dihydronicotinamide
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(0]

(NRH)
NH, NH
O,
HO
P \
N
H
HO
HO
NRH
2,6-dichlorophenol OH Coenzyme Q2 O CH;z CH;z

indophenol
(DCPIP) Cl Cl HCO VY VY~
CH;
H;CO CHj3
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: NH
HO

methyl-1-(2- (€] N-[2-(8-methoxy- (€]
acetamidoethyl)-7- 3,4-dihydro-2H-
naphthylcarbamate pyrido[2',3":4,5] [e)
HN pyrrolo[2,1- HN
b][1,3]oxazin-10- \ /
ylethyl]-2-furamide
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TABLE 1-continued
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QR?2 INHIBITORS

Compound Name Structure Compound Name Structure
N-[2-(5-methoxy-4- O NI-[2-(2-methoxy- O
nitro-1H-indol-3- 6H-
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[0058] The terms “reduces”, “reducing” and “causes
reduction” may be used interchangeably herein and contem-
plate direct reduction of quinone reductase 2 activity or
indirect reduction of same. Direct reduction may be a direct
impact or effect of an active agent on the level of QR2
activity by directly reducing the level of QR2 expression or
the level of QR2 enzymatic activity. In other words, the
active agent directly interacts with and inhibits QR2 enzy-
matic activity or transcription or translation of a QR2
encoding gene. The indirect reduction is not caused by the
active agent itself, but by a secondary molecule generated or
derived from the active agent, such as a molecule encoded
by the active agent. One example would be a nucleic acid
molecule that by itself does not affect QR2 expression, but
which encodes an shRNA that does decrease QR2 expres-
sion.

[0059] In certain embodiments, the improvement of cog-
nition comprises improvement of learning, plasticity and/or
long term memory, each as defined above. In certain
embodiments, the cognition as defined above may be an
insular cortex dependent cognition and/or hippocampus
dependent cognition.

[0060] The term “insular cortex™ as used herein refers to
a portion of the cerebral cortex folded deep within the lateral
sulcus of each of the hemispheres of the brain. The term may
be used interchangeably with terms “insula”, “insulary cor-
tex” or “insular lobe”. The anterior portion of the insular
cortex comprises the primary cortical taste area that is
associated with several functions, among which are taste
perception, learning and memory abilities. In addition it is
associated with auditory and pain recognition and process-
ing and memory, e.g. recognition memory.

[0061] The term “hippocampus” or “hippocampal” refers
to a portion in the brain located in the medial temporal lobe,
underneath the cortical surface. Its structure is divided into
two halves which lie in the left and right sides of the brain.
The hippocampus has a curved shape that resembles a
seahorse. It belongs to the limbic system and plays important
roles in the system consolidation of information from short-
term memory to long-term memory and spatial navigation.
The hippocampus plays an important role in the formation of
new memories about experienced events and in the detection
of novel events, places and stimuli as well as in forming
general declarative memory (memories that can be explicitly
verbalized).

[0062] In certain embodiments the subject as defined
above may be a healthy, normal subject having normal
cognitive function or a subject suffering from a disease,
disorder, condition or injury characterized by cognitive
impairment. In one particular embodiment the subject is a
healthy subject and the term “healthy” relates to a person not
suffering from a cognitive impairment.

[0063] Example 16 shows that subjects suffering from
Alzheimer’s disease express chronically higher levels of
QR2 mRNA in the frontal cortex. Thus in certain embodi-
ments, the subject is a subject suffering from a disease,
disorder, condition or injury characterized by cognitive
impairment, such as, but not limited to Alzheimer’s disease,
Parkinson’s disease, amnesia such as electric shock induced
amnesia, dementia such as multi-infarct dementia or senile
dementia, amyotrophic lateral sclerosis, a brain injury, cere-
bral senility, chronic peripheral neuropathy, cognitive dis-
ability, degenerative disorder associated with a learning and
memory deficit, defective synaptic transmission, Down’s
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syndrome, dyslexia, Guillain-Barre syndrome, head trauma,
stroke, cerebral ischemia, Huntington’s disease, a learning
disability, a memory deficiency, memory loss, a mental
illness, mental retardation, memory or cognitive dysfunc-
tion, myasthenia gravis, a neuromuscular disorder, Pick’s
disease, a reduction in spatial memory retention, senility,
Tourette’s syndrome, cardiac arrest, open heart surgery,
chronic fatigue syndrome, epileptic seizures, major depres-
sion or electroconvulsive therapy. In particular, the subject is
one suffering from Alzheimer’s disease, Parkinson’s dis-
ease, amnesia or dementia.

[0064] The term “cognitive impairment” refers to a con-
dition in which a subject does not have cognition as robust
as that expected in an age-matched population of normal
subjects.

[0065] Inanother aspect the present application provides a
vector comprising an active agent that reduces the gene
expression level of quinone reductase 2 as defined herein-
above.

[0066] The term “vector” refers to any viral or non-viral
vector, as well as any plasmid, cosmid, phage or binary
vector in double or single stranded linear or circular form
that may or may not be self-transmissible or mobilizable,
and that can transform eukaryotic host cells either by
integration into the cellular genome or which can exist
extrachromosomally (e.g., autonomous replicating plasmid
with an origin of replication). Any vector known in the art
is envisioned for use in the practice of this invention.
[0067] The vector according to the invention is used for
transferring a nucleic acid (or nucleic acids), such as
shRNA, siRNA or a construct encoding shRNA or siRNA,
to a host cell; it optionally comprises a viral capsid or other
materials for facilitating entry of the nucleic acid into the
host cell and/or replication of the vector in the host cell.
[0068] The vector of the present invention may be a
modified or engineered virus. The modification of a vector
may include mutations, such as deletion or insertion muta-
tion, gene deletion or gene inclusion. In particular, a muta-
tion may be done in one or more regions of the viral genome.
Such mutations may be introduced in a region related to
internal structural proteins, replication, or reverse transcrip-
tion function. Other examples of vector modification are
deletion of certain genes constituting the native infectious
vector such as genes related to the virus’ pathogenicity
and/or to its ability to replicate. The modification of the
vectors may be done by any known method e.g. as described
in U.S. Pat. No. 7,749,973, U.S. Pat. No. 6,610,287 or US
2013/0287736, expressly incorporated herein in their entire-
ties by reference.

[0069] Thus in one embodiment the vector (e.g. viral
vector) according to the present invention comprises a
nucleic acid molecule encoding an artificial siRNA or
shRNA molecule comprising a nucleic acid sequence being
complementary to a sequence within a nucleic acid sequence
encoding the quinone reductase 2. In some embodiments the
nucleic acid molecule encodes an siRNA or shRNA mol-
ecule comprising a nucleic acid sequence having a sequence
identity of 90% or more, e.g. 95% or more, 98% or more, or
99% or more identity to the quinone reductase 2. In another
embodiment, the nucleic acid molecule encodes an siRNA
or shRNA molecule comprising a nucleic acid sequence
being perfectly complementary to the sequence of quinone
reductase 2. In still another embodiment the vector com-
prises a nucleic acid molecule encoding an siRNA or shRNA
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molecule comprising a sequence corresponding to SEQ ID
NO: 5, 6 or 7. In certain embodiments, the nucleic acid
molecule encodes an siRNA or shRNA molecule comprising
a nucleic acid sequence complementary to the sequence of
a human quinone reductase 2. Such artificial siRNA or
shRNA may comprise a nucleic acid sequence having a
sequence identity of 90% or more, e.g. 95% or more, 98%
or more, or 99% or more identity to a human quinone
reductase 2. In another embodiment the vector comprises a
nucleic acid molecule encoding an artificial siRNA or
shRNA molecule comprising a nucleic acid sequence being
perfectly complementary to the sequence of a human qui-
none reductase 2. In still another embodiment the vector
comprises a nucleic acid molecule encoding an siRNA or
shRNA molecule comprising a sequence corresponding to
SEQID NO: 2,3 or 4. Even though SEQ ID NOs: 2-7 denote
RNA sequences, it should be understood that DNA mol-
ecules encoding an artificial siRNA or shRNA molecule
identified by these SEQ ID NOs have corresponding DNA
sequences (i.e. U is replaced with T).

[0070] In certain embodiments the vector is a modified
virus derived from a virus. A non-limiting example of
viruses from which the vector may be constructed comprises
retrovirus, adenovirus, adeno-associated virus, pox virus,
alphavirus, herpes virus, or lentivirus. In particular, the
vector may be is a modified lentivirus. Thus in certain
embodiments the vector is a modified lentivirus comprising
a nucleic acid molecule encoding an shRNA molecule
comprising a sequence being complementary to a sequence
within a nucleic acid sequence encoding human quinone
reductase 2. Such a modified lentivirus encoding the shRNA
molecule may be obtained by any method known in the art.
For example a nucleic acid molecule encoding an shRNA
operably linked to a promoter may be subcloned into a
lentiviral (LV) plasmid for expression of the shRNA driven
by the promoter, optionally coexpressed with EGFP under
control of another promoter. Such cassettes containing the
shRNA sequences, EGFP, and the promoters may be
cotransfected into a cell line, such as 293FT, and allowed to
express and form viral particles. The viral particles may be
then collected and used.

[0071] A non-viral vector, according to the present inven-
tion may be, without being limited to, lipids, such as cationic
lipids and in particular liposomes; amphiphilic copolymers;
polycationic nanocarriers such as polyethyleneimine and
chitosan; highly branched macromolecules, also known as
dendrimers, forming e.g. spherical shapes; or cyclodextrin.
Such compounds may encapsulate the nucleic acid molecule
of the invention or form complexes with it.

[0072] In still another aspect the present invention pro-
vides a pharmaceutical composition comprising an active
agent or a vector, according to any one of the above
embodiment and a pharmaceutically acceptable carrier. In
one embodiment the pharmaceutical composition comprises
a pharmaceutically acceptable carrier and an active agent
capable of reducing quinone reductase 2 activity. Such a
pharmaceutical composition may comprise a nucleic acid
molecule that reduces the gene expression level of quinone
reductase 2 or a nucleic acid molecule encoding a nucleic
acid that reduces the gene expression level of quinone
reductase 2. In some embodiments the pharmaceutical com-
position comprises a pharmaceutically acceptable carrier
and an artificial and/or isolated siRNA or shRNA molecule
comprising a nucleic acid sequence being complementary to
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a sequence within a nucleic acid sequence encoding said
quinone reductase 2, more particularly siRNA or shRNA
comprising a nucleic acid sequence molecule having a
sequence identity of 90% or more, e.g. 95% or more, 98%
or more, or 99% or more identity to the quinone reductase
2 or being perfectly complementary to the sequence of
quinone reductase 2, e.g. comprising a sequence correspond-
ing to SEQ ID NO: 5, 6 or 7. In another embodiment the
pharmaceutical composition comprises a pharmaceutically
acceptable carrier and the artificial siRNA or shRNA mol-
ecule comprising a nucleic acid sequence complementary to
the sequence of a human quinone reductase 2, particularly
siRNA or shRNA comprising a nucleic acid sequence having
a sequence identity of 90% or more, e.g. 95% or more, 98%
or more, or 99% or more identity to a human quinone
reductase 2 and more particularly a siRNA or shRNA
molecule comprising a nucleic acid sequence being perfectly
complementary to the sequence of a human quinone reduc-
tase 2, e.g. comprising a sequence corresponding to SEQ ID
NO: 2, 3 or 4. In another embodiment, the pharmaceutical
composition comprises a pharmaceutically acceptable car-
rier and a vector comprising and/or encoding any one of the
aforementioned siRNA or shRNA molecules.

[0073] In still another embodiment the pharmaceutical
composition comprises a pharmaceutically acceptable car-
rier and active agent capable of inhibiting quinone reductase
2 activity, such as small molecules inhibitors of QR2. In
particular embodiment the pharmaceutical composition
comprises a pharmaceutically acceptable carrier and an
active agent inhibiting quinone reductase 2 activity of a
mammalian quinone reductase 2, more particular of a human
quinone reductase 2 (hQR2). In more particular embodiment
the pharmaceutical composition comprises N-[2-(2-
methoxy-6h-dipyrido[2,3-a:3,2-e|pyrrolizin-11-yl)ethyl]-2-
furamide, herein identified as S29434; N-[2-(7-methylam-
inosulfonyl-1-naphthyl)ethyl]acetamide, herein identified as
S26695;  2-hydroxy-8,9-dimethoxy-6h-isoindolo[2,1-a]in-
dol-6-one, herein identified as S32797; 1-benzyl-1,4-dihy-
dronicotinamide; 1-(p-d-ribofuranosyl)-1,4-dihydronicoti-
namide; 2,6-dichlorophenol indophenol; methyl-1-(2-
acetamidoethyl)-7-naphthylcarbamate; N-[2-(5-methoxy-4-
nitro-1h-indol-3-yl)ethyl]acetamide; = N-[2-(5-methoxy-7-
nitro-1h-indol-3-yl)ethyl]acetamide; N-[2-(2-i0do-5-
methoxy-1-methyl-4-nitroindol-3-yl)ethyl|acetamide;
2-i0do-N-[2-(2-methoxy-6hpyrido[ 2',3":4,5]pyrrolo[2,1-a]
isoindol-11-yl)ethyl]-benzamide; 2-iodo-melatonine; chry-
soeriol; resveratrol; menadione; melatonine; coenzyme Q2;
N-[2-(8-methoxy-3,4-dihydro-2h-pyrido[2',3":4,5|pyrrolo
[2,1-b][1,3]oxazin-10-yl)ethyl]-2-furamide; N1-[2-(2-
methoxy-6h-pyrido[2',3":4,5]pyrrolo[2,1-a]isoindol-11-y1)
ethyl]-acetamide;  N-[2-(2-methoxy-6h-pyrido[2',3":4,5]-
pyrrolo[2,1-alisoindol-11-yl)ethyl]-2-furamide; 2-(2-
methoxy-6h-pyrido[2',3":4,5]pyrrolo[2,1-a]isoindol-11-y1)
ethylamine(1,6) oxalate; or methyl (3-(2-acetamidoethyl)-2-
iodo-1h-indol-5-yl)carbamate, or a pharmaceutically
acceptable salt thereof.

[0074] The vector or pharmaceutical composition of the
present invention may be used for improvement of cognition
in a subject. In case of the QR2 inhibitor, the subject is not
treated with scopolamine.

[0075] Pharmaceutical compositions in accordance with
the present invention may be formulated in conventional
manner using one or more physiologically acceptable car-
riers and/or excipients. The carrier(s) must be “acceptable”
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in the sense of being compatible with the other ingredients
of the composition and not deleterious to the recipient
thereof.

[0076] The following exemplification of carriers, modes
of administration, dosage forms, etc., are listed as known
possibilities from which the carriers, modes of administra-
tion, dosage forms, etc., may be selected for use with the
present invention. Those of ordinary skill in the art will
understand, however, that any given formulation and mode
of administration selected should first be tested to determine
that it achieves the desired results.

[0077] Methods of administration include, but are not
limited to, parenteral, e.g., intravenous, intraperitoneal,
intramuscular, subcutaneous, mucosal (e.g., oral, intranasal,
buccal, vaginal, rectal, intraocular), intrathecal, topical and
intradermal routes. Administration can be systemic or local.
In certain embodiments, the pharmaceutical composition is
adapted for intra-brain administration.

[0078] The term “carrier” refers to a diluent, adjuvant,
excipient, or vehicle with which the active agent is admin-
istered. The carriers in the pharmaceutical composition may
comprise a binder, such as microcrystalline cellulose, poly-
vinylpyrrolidone (polyvidone or povidone), gum tragacanth,
gelatin, starch, lactose or lactose monohydrate; a disinte-
grating agent, such as alginic acid, maize starch and the like;
a lubricant or surfactant, such as magnesium stearate, or
sodium lauryl sulphate; and a glidant, such as colloidal
silicon dioxide.

[0079] The compositions may be formulated for parenteral
administration by injection, e.g., by bolus injection or con-
tinuous infusion. Formulations for injection may be pre-
sented in unit dosage form, e.g., in ampoules or in multidose
containers, with an added preservative. The compositions
may take such forms as suspensions, solutions or emulsions
in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing
agents. Alternatively, the active ingredient may be in powder
form for constitution with a suitable vehicle, e.g., sterile
pyrogen free water, before use.

[0080] For administration by inhalation, for example for
nasal administration, the compositions according to the
present invention are conveniently delivered in the form of
an aerosol spray presentation from pressurized packs or a
nebulizer, with the use of a suitable propellant, e.g., dichlo-
rodifluoromethane, trichlorofluoromethane, dichlorotetra-
fluoroethane, carbon dioxide or other suitable gas. In the
case of a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered
amount. Capsules and cartridges of, e.g., gelatin, for use in
an inhaler or insufflator may be formulated containing a
powder mix of the compound and a suitable powder base
such as lactose or starch.

[0081] In certain embodiments the pharmaceutical com-
position is formulated for administration by any known
method as described above. Particular methods of adminis-
tration contemplated here are intravenous and intra-brain
(intracerebral) administration.

[0082] The pharmaceutical composition according to any
one of the embodiments defined above may be formulated
for intravenous, intra-brain (intracerebral), oral, intradermal,
intramuscular, subcutaneous, transdermal, transmucosal,
intranasal or intraocular administration.

[0083] In yet another aspect the invention provides use of
an active agent according to any one of the embodiments
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defined above that is capable of reducing quinone reductase
2 activity, for preparation of a medication for improving
cognition. The active agent and quinone reductase 2 are as
defined herein above, as is the definition for cognition,
learning, memory and improvement thereof. In one embodi-
ment the active agent is a nucleic acid molecule that reduces
the gene expression level of quinone reductase 2. In another
embodiment the active agent is an inhibitor of quinone
reductase 2 activity. In certain embodiments a nucleic acid
molecule encoding an siRNA or shRNA molecule compris-
ing a sequence being complementary to a sequence within a
nucleic acid sequence encoding human quinone reductase 2
may be used for the preparation of a vector for improvement
of cognition in a subject in need thereof. Such a vector may
be a viral or non-viral vector.

[0084] According to yet another aspect the present inven-
tion provides a method for improving cognition in a subject
in need thereof comprising administering to said subject an
active agent, a vector or a pharmaceutical composition as
defined hereinabove. In some embodiments, the method
comprises administration of a nucleic acid molecule that
reduces the gene expression level of quinone reductase 2 or
a vector comprising said nucleic acid molecule. In some
particular embodiments the active agent is a viral vector that
is a modified lentivirus comprising a nucleic acid molecule
encoding an shRNA molecule comprising a sequence being
complementary to a sequence within a nucleic acid sequence
encoding human quinone reductase 2. In other embodiments
the method comprises administering an active agent that
inhibits said quinone reductase 2 activity, and said subject in
need thereof does not include a subject treated with scopol-
amine.

[0085] The invention will now be illustrated by the fol-
lowing non-limiting Examples.
EXAMPLES
[0086] Material and Methods (M&M)
[0087] Subjects—Adult male Wistar Hola rats (Harlan

Laboratories, Jerusalem) within a weight range of 200-300
gr (corresponding to an age of 8 to 12 weeks) were used for
this study. They were maintained on a 12 hour light/dark
cycle and all experiments were carried out during the light
cycle. Additionally, the rats had ad libtum access to food and
water unless otherwise indicated. The procedures were per-
formed in strict accordance with the University of Haifa
regulations and the US National Institutes of Health guide-
lines (NIH publication number 8023).

[0088] The vehicle—In all of the experiments in which we
utilized pharmacological agents they were prepared in
physiological saline. Physiological saline was prepared in
house by dissolving NaCl in DDW (0.9% w/v). The physi-
ological saline was injected to the controls in all experiments
in which the test group(s) was injected with a pharmaco-
logical agent. The same volume of the vehicle was injected
as the pharmacological agent.

[0089] QR2 inhibitors—We used two inhibitors of QR2
activity, S29434 and S26695, obtained from Pharmacolgie
Moleculaire et Cellulaire, Institut de Recherches Servier.
The inhibitors were dissolved in dimethyl sulfoxide
(DMSO) and then added to physiological saline. The final
concentration of dimethyl sulfoxide in the physiological
saline was 5%. These inhibitors were injected prior to the
learning process intraperitoneally (i.p.) 10 mg/kg.
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[0090] mAChHR antagonist—In order to prevent the proper
activation of muscarinic acetylcholine receptor (mAChR)
we utilized (-)-Scopolamine hydro-chloride, (Sigma) a
mAChR antagonist. The scopolamine was dissolved in
DDW and added to physiological saline. The scopolamine
was injected prior to the learning process i.p. 2 mg/kg.
[0091] Cholinesterase inhibitor—In order to prevent the
breakdown of acetylcholine (Ach) we utilized eserine (aka
physostigmine) (Sigma) a cholinesterase inhibitor. The eser-
ine was dissolved in DDW and added to physiological
saline. The eserine was injected prior to the learning process
ip. 1 mg/kg.

[0092] Tissue extraction—Following the learning protocol
the insular cortex was removed by hand. The insular cortex
was identified through cortical landmarks, the rhinal fissure
and the medial cerebral artery. The insular cortex was
immediately placed in liquid nitrogen and then stored at
-80° C.

[0093] mRNA quantification—We used the RNeasy lipid
tissue kit (QIAGEN) according to the manufacturer’s
instructions in order to extract the RNA. We then evaluated
RNA concentration and purity using a nanodrop spectro-
photometer.

[0094] The cDNA synthesis was accomplished using the
High Capacity Reverse Transcription Kit (ABI) according to
the manufacturer’s instructions. The reaction was carried out
in a total volume of 20 ul on 1000 ng of RNA.

[0095] The gPCR reaction was performed in a total vol-
ume of 10 pl on 10 ng of cDNA. We used the following
TagMan assays (Applied Biosystems): QR2 (Rn01434728_
gl), NQO1 (RNO00566528_ml), glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH (Rn01775763_g1). The reac-
tions were carried out per the manufacturer’s instructions.
[0096] Real Time-PCR analysis was performed using the
PCR System STEP-ONE plus (Applied Biosystems). Rela-
tive mRNA levels were calculated using the AAC, method
using GAPDH as a normalizing gene: AAC=[(C,(gene of
interest)-Ct(GAPDH)) of the untreated group]-[(C(gene of
interest)-Ct(GAPDH)) of the treated group]. The fold
increase is then calculated as such: fold increase=2-AAC,.
[0097] Micro-infusion—Rats were anesthetized with
Equithesin (0.45 m1/100 g) (2.12% w/v MgS04, 10% v/v
ethanol, 39.1% v/v 1,2,-propranolol, 0.98% w/v sodium
pentobarbital, and 4.2% w/v chloral hydrate), restrained in a
stereotactic apparatus (Stoelting, USA) and injected bilat-
erally with a 10 mm 28 gauge injection cannula aimed at the
rat gustatory cortex (anteroposterior, +1.2 mm relative to
bregma; lateral, +5.5 mm; ventral, -5.5 mm; (Paxinos and
Watson, 1986). The injection cannula was connected via
PE20 tubing to a Hamilton microsyringe driven by a micro-
infusion pump (CMA/100; Carnegie Medicin). Micro-infu-
sion was performed bilaterally in a 1.0-ulL of APV volume
per hemisphere delivered over 1 min. The injection cannula
was left in position before withdrawal for an additional 1
min to minimize dragging of the injected liquid along the
injection tract. To avoid lateral bias, animals were injected
interchangeably between both sides. Following the micro-
surgery, animals were injected i.m. with antibiotic and were
allowed to recuperate for one week.

[0098] Lentiviral vectors, infection and expression—We
received three clones containing short hairpin RNA
(shRNA) constructs directed against mouse QR2 from
SIGMA-ALDRICH: TRCN0000305463,
TRCNO0000305394 and RCN0000305334, referred herein as
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v463, v394 and v334, respectively, and identified herein as
SEQID: 5, 6 and 7, respectively. Following an evaluation of
these clones as explained in Example 9, we chose the
TRCN0000305394 clone. We also received from SIGMA-
ALDRICH a clone containing a scrambled shRNA sequence
to use as a control. The U6 promoted shRNA sequences were
each subcloned into the lentiviral (LV) plasmid pFUGW for
coexpression of shRNA driven by the U6 promoter with
EGFP under control of the CMV promoter. The LV was
produced according to the method elaborated upon by Lois
et al. (2002), incorporated by reference as if fully disclosed
herein.

[0099] In brief the cassettes containing the shRNA
sequences, EGFP, and the promoters were cotransfected into
the 293FT cell line (Invitrogen, Carlsbad, Calif., USA).
They were allowed to express and form particles for 48
hours and then collected, purified and concentrated though
a series of centrifugation steps. The particles were then
dissolved in sterile PBS and stored at —80° C. until they were
used. The lentivirus was injected into the IC as described
above. Following the injection period the animals were
given 7 days to recover and for the lentivirus to express. We
confirmed shRNA expression through RT-PCR analysis as
described above.

[0100] Generation of primary cortical cells—Cortex
regions were dissected from 1- to 2-days old WSH rats,
dissociated by trypsin treatment, followed by trituration with
a siliconized Pasteur pipette, and then plated onto coverslips
coated with polyethilenimine (Sigma, St. Louis, Mo.). Seed-
ing culture medium consisted of MEM (Gibco without
phenol red for microscopy), 20 mM glucose (sigma), Gen-
tamycine Sulfate 5 pg/ml (sigma), 25 mg/1 insulin (Sigma),
2 mM 1-glutamine (sigma), 5-10% fetal bovine serum
(Sigma), and 10% NU serum (Becton Dickinson Labware).
Cultures were maintained at 37° C. in a 95% air/5% CO,
humidified incubator, and culture medium was replaced to
feeding medium containing MEM (sigma) 20 mM glucose
(sigma), Gentamycine Sulfate 5 pg/ml (sigma), and 2% B-27
(Gibco) and 0.5 mM L-glutamine supplement (Invitrogen)
every 7 days.

[0101] Statistical analysis—The results of the experiments
are expressed as meansstandard error of the mean. For
statistical analysis we used the unpaired Student’s t-test,
Levene’s t-test for equality of variances, one-way ANOVA
test with Fisher’s Least Significance Difference post-hoc
test, and repeated measures ANOVA. Significance was
determined by using an a-level of 0.05. We used the SPSS
Statistics v.20 (IBM) program to perform the statistical
analysis.

[0102] Preference index—the preference index was cal-
culated by the following equation [(total novel taste liquid
ingested/(novel taste liquid ingested+water ingested))*100].
The higher the preference index (PI) the more the rat
preferred the novel taste (Rosenblum et al., 1993).

[0103] Aversion index—the aversion index is calculated
by the following equation [(total water ingested/(novel taste
liquid ingested+water ingested))*100].

[0104] Conditioned Taste Aversion (CTA)—Two groups
of rats were deprived from water for a period of 24 hours.
This was followed by 3 days of restriction were the rats
received two pipettes each filled with 10 ml of water for 20
minutes each day. On the fourth day both groups received
two pipettes each filled with 10 ml of an unfamiliar tasting
liquid, either saccharine (0.1% w/v) or NaCl (0.3% w/v), for
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20 minutes. Forty minutes following the exposure to the
novel liquid the rats in the experimental group received an
injection of LiCl (prepared in double distilled water (DDW))
(2% bodyweight, intraperitoneally (i.p.)) and those in the
control received an injection of physiological saline (2%
bodyweight, i.p.).

[0105] LI-CTA learning paradigm. This paradigm presents
the animal with a novel taste. The animal is then given 48
hours during which it will form a memory of the taste and
will consider the taste to be a safe taste. The animal will then
be presented with the taste again and then injected with LiCl
in order to induce malaise. Normally when an animal is
presented with a taste and then has malaise induced (CTA)
the animal will form a very high aversion to that taste.
However, when the animal has already learned the taste as
a safe taste and then undergoes CTA the aversion to the taste
will be diminished. The stronger the positive memory of the
safe taste the lower the aversion index.

Example 1

Novel Taste Learning Induces a Reduction in the
Level of QR2 mRNA in the Insular Cortex

[0106] Rats underwent three days of water restriction,
following which we gave the control group access to two
pipettes containing 10 ml of water each for 20 minutes and
the test group access to two pipettes containing 10 ml of
0.1% wi/v saccharin for 20 minutes (novel taste) (the con-
ditioned stimulus (CS)). Both groups were then injected
with LiCl 0.15M (the unconditioned stimulus (UCS)) i.p. 40
minutes following the drinking period. There was no sig-
nificant difference between the amounts consumed by each
group (unpaired Student’s t-test, t, 4 5,,=0.123, n=10, P>0.
05). The animals were then sacrificed 4.5 hours later in order
to evaluate changes in mRNA expression. RNA from the IC
was extracted and used as a template to synthesize cDNA.
We sent this ¢cDNA to be evaluated using a microarray
(Affymetrix® rat gene 1.1 St Array plate) to compare
changes in gene expression in the group which learned to
associate the taste with malaise as opposed to the group
which did not undergo a learning paradigm. We found that
there was about 50% reduction in QR2 mRNA expression in
the group which learned to associate the taste with malaise
as opposed to the control group which did not undergo any
taste learning (n=4, P<0.05)

[0107] These results were validated using RT-PCR which
is a more direct method for evaluating changes in mRNA
expression. Additionally, we increased the sample size to
ensure the reliability and significance of the results. The
results from this experiment (FIG. 1) show that associative
taste learning leads to about 45% decrease in QR2 mRNA
expression in the IC compared to the control group. These
results confirm the results from the microarray screen that in
animals given a UCS and a CS, there is a significant
reduction in QR2 mRNA expression compared to the control
group, presented only with the UCS. This suggests that the
reduction in QR2 expression is caused by associative learn-
ing (unpaired Student’s t-test, t,, ;5=4.3, n=10, p<0.005).

Example 2

Exposure to a Novel Taste Induces a Reduction in
QR2 mRNA Expression in the IC

[0108] M&M—Two groups underwent three days of
water restriction, following which we gave the control group
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access to two pipettes containing 10 ml of water each (a
familiar taste) for 20 minutes and the test group access to
two pipettes containing 10 ml of 0.1% w/v saccharin each (a
novel taste) for 20 minutes. There was no significant differ-
ence between the amounts consumed by each group (un-
paired Student’s t-test, t,,=0.509, n=10, P>0.05). Both
groups were sacrificed 3 hours following the drinking period
in order to evaluate biochemical changes.

[0109] Results—To evaluate the hypothesis that the
changes in QR2 mRNA expression in the IC following the
associative taste learning seen in Examples 1 and were
primarily due to the learning of a novel taste and not due to
learning a taste association we isolated the variable factor
from above. One group of animals learned a novel taste
(saccharin) while the control group was presented with a
familiar taste (water), and therefore did not undergo a taste
learning paradigm (see M&M of this example). We then
evaluated changes in QR2 mRNA expression in the IC three
hours following the learning period using the RT-PCR
method (FIG. 2) which showed that there is about 45%
decrease in QR2 mRNA expression in the group which
received a novel taste compared to the group which received
a familiar taste. These results supported our hypothesis that
novel taste learning induces a reduction in QR2 mRNA
expression (unpaired Student’s t-test, t,, -,=4.324, control-
n=12 test-n=10, p<0.005).

Example 3

The Changes in QR2 mRNA Expression Following
Taste Learning are Specific to the IC

[0110] To verify that the changes in QR2 mRNA expres-
sion were indeed due to learning, and therefore were only
present in the relevant brain region, the insular cortex, in
which the gustatory area resides, we evaluated changes in
QR2 mRNA expression in the same animals in a non-
relevant brain region, the occipital cortex. We determined
that there were no differences in QR2 mRNA expression in
the occipital cortex (FIG. 3) supporting our hypothesis that
the changes are induced by novel taste learning and there-
fore specific to the IC (unpaired Student’s t-test, t;5 5o=0.
144, n=8, p>0.05).

Example 4

There is No Change in QR1 mRNA Expression in
the IC Following Exposure to a Novel Taste

[0111] As mentioned above, QR2 is very similar to QR1
on a molecular level in terms of both nucleotide and amino
acid sequence and in function (Vella et al., 2005). We
therefore assessed whether the changes in QR2 mRNA
expression following novel taste learning were specific to
QR2 or also involved QR1. We found no difference in QR1
mRNA expression in the insular cortex between the group
which underwent novel taste learning and the group which
did not (unpaired Student’s t-test, t;; ,,——0.788, n=8, p>0.
05) and therefore concluded that the effect was specific to
QR2 and that novel taste learning did not affect QR1
expression (FIG. 7).

Example 5

The Temporal Dynamics of QR2 mRNA
Expression Following Novel Taste Learning

[0112] M&M—Two groups of rats underwent three days
of water restriction, following which we gave the control
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group access to two pipettes containing 10 ml of water each
(a familiar taste) for 20 minutes and the test group access to
two pipettes containing 10 ml of 0.1% w/v saccharin each (a
novel taste) for 20 minutes. There was no significant differ-
ence between the amounts consumed by each group for 1
hour (unpaired Student’s t-test, t,,=0.452, n>7, p>0.05), 3
hours (1,,=0.509, n=10, P>0.05) and 6 hours (t,,=0.630,
n=13, p>0.05. Both groups were then sacrificed at one of the
time points noted above following the drinking period (1 hr;
3 hr; 6 hr) in order to evaluate biochemical changes.

[0113] Results—Having determined that there is a signifi-
cant decrease in QR2 mRNA expression three hours follow-
ing novel taste learning we decided to examine QR2 mRNA
expression in the IC at additional time points. Therefore, we
chose a time point towards the beginning of the consolida-
tion period (one hour following learning) and a time point in
the later stages of the consolidation period (six hours fol-
lowing learning). We compared QR2 mRNA expression
between the group which underwent novel taste learning and
the group which did not at these different time points
following the drinking period to analyze the temporal
dynamics of the changes in QR2 mRNA expression in the
IC.

[0114] We determined that while there is no difference in
expression after one (unpaired Student’s t-test, t;, ;55=—0.
209, control-n=7 test-n=8, p>0.05) or six hours following
the drinking period (t,, 535=—0.040, n=13, p>0.05), there is
a significant, about 45%, reduction in QR2 mRNA expres-
sion three hours (t,; ,,=4.324, control-n=12 test-n=10, p<O0.
005) following novel taste learning (FIG. 5).

Example 6

Novel Taste Learning Leads to a Reduction in
Expression of QR2 mRNA Compared to Baseline

[0115] M&M—Three groups of rats underwent three days
of water restriction, following which we gave one group
access to two pipettes containing 10 ml of water each (a
familiar taste) for 20 minutes and the second group access to
two pipettes containing 10 ml of 0.1% w/v saccharin each (a
novel taste) for 20 minutes. The third group was not given
access to any liquid in order to serve as a baseline group.
There was no significant difference between the amounts
consumed by each group (unpaired Student’s t-test, t,,=-0.
758, n=6, p>0.05). All three groups were then sacrificed
three hours after the drinking (or non-drinking) period.

[0116] Results—In order to elucidate whether the drinking
per se or the novel taste learning leads to a decrease in QR2
mRNA expression in the IC we designed an experiment in
which we added a third group in which the animals were
prevented from drinking for a period of 24 hour prior to
sacrifice, allowing them to act as a baseline to which to
compare the other two groups. We determined that the QR2
mRNA expression in the IC in the animals, which had not
been drinking and which were serving as our baseline, was
most similar to those of the animals in the group which had
received the familiar taste (FIG. 6; one-way ANOVA
F, ,5=3.867, n=6, p<0.05). There was no significant differ-
ence between the group which was water deprived and the
group which received a familiar taste (Fisher’s Least Sig-
nificant post-hoc test p>0.05) There was a significant about
45% reduction in QR2 mRNA expression in the IC of the
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group which had undergone novel taste learning compared
to the baseline group (Fisher’s Least Significant post-hoc
test p<0.05).

Example 7

The Novelty of the Taste Leads to the Reduction in
QR2 mRNA Expression in the Insular Cortex and
Not the Taste Itself

[0117] M&M—Two groups, the familiar-water group and
the novel taste group, had unlimited access to water until the
final five days of the experiment. They then had three days
of restricted access to water, following which the familiar-
water group was given access to two pipettes containing 10
ml of water each (a familiar taste) for 20 minutes. The novel
taste group was given access to two pipettes containing 10
ml of 0.1% w/v saccharin each (a novel taste) for 20
minutes. The third group, the familiar saccharin group, had
unlimited access to 0.1% w/v saccharin for 24 days. They
then had restricted access to 0.1% w/v saccharin for three
days. Following the three day restriction period they were
given access to two pipettes containing 10 ml of 0.1% w/v
saccharin each (a novel taste) for 20 minutes. There was no
significant difference between the amounts consumed by
each group (one-way ANOVA F, ;5=0.647, n=6, p>0.05).
All three groups were then sacrificed three hours after the
final drinking period.

[0118] Results—To examine whether the chemical infor-
mation of the taste itself or the novelty of the taste causes the
decrease in QR2 mRNA expression in the IC we carried out
an experiment with three groups (as described in the M&M
part of this Example) The results support that the learning of
the novel taste is the factor which induces the decrease in
QR2 mRNA expression in the IC (FIG. 7; one-way ANOVA
F,,5=4.577, n=6, p<0.05). The two groups which were
sacrificed after being exposed to a familiar taste, either water
or saccharin, had similar levels of QR2 mRNA expression in
the IC (Fisher’s Least Significant Difference post-hoc test
p>0.05). However, the group of rats sacrificed following
learning a novel taste expressed significantly decreased
levels of QR2 mRNA in the IC compared to both the group
which received only water (p<0.05) and the group which
was familiarized to the saccharin taste (p<0.05).

Example 8

Novel Taste Learning [.eads to a Reduction in the
Variance of QR2 mRNA Expression in the IC in
Addition to the Decrease in Expression

[0119] We noticed that in all the above experiments in
which QR2 mRNA expression in the IC was reduced fol-
lowing taste learning (FIGS. 1, 5, 6 and 7), the groups which
did not undergo taste learning exhibited more variation in
QR2 mRNA expression levels than the test group. We
determined, using Levene’s Test for Homogeneity of Vari-
ances, that there was a significantly higher level of variation
in all of the groups which did not undergo taste learning
compared to the group which did undergo taste learning;
which are (a) the group exposed to only the UCS (I, ;,=11.
661, n=10, p<0.005), (b) the group which was presented
with a familiar taste and sacrificed 3 hours later (F, ,,=15.
464, control-n=12 test-n=10, p<0.005), (c) the group which
was presented with a familiar taste and sacrificed 24 hours
later (F, ,,=19.441, n=6, p<0.005), (d) the group which was
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water deprived (I, ,,=6.599, n=6, p<0.05), and (e) the group
which was familiarized to saccharin (F, ;;=10.403, n=6,
p<0.01).

Example 9

Evaluation of the Efficacy of the QR2 shRNA
Clones

[0120] Following our previous results we hypothesized
that decreasing QR2 mRNA expression in the IC would
enhance the animal’s ability to form taste memories for two
reasons: firstly, we conjectured that if taste learning leads to
a decrease in QR2 mRNA expression, then the a priori
decrease of QR2 mRNA expression will enhance taste
memory. Secondly, as noted above, QR2 knocked-out (KO)
mice showed enhanced cognitive function in hippocampal
dependent tasks (Benoit et al., 2010).

[0121] In order to evaluate our hypothesis that reducing
QR2 mRNA expression in the IC will enhance positive taste
learning, we prepared a virus expressing QR2 shRNA. For
this purpose, we evaluated three different clones (Sigma-
Aldrich, Israel). We tested the ability of these clones to
reduce QR2 mRNA expression by applying them to primary
cells as described above. We then evaluated QR2 mRNA
expression. These results indicated that all clones were
effective in decreasing QR2 mRNA expression but one was
slightly more effective (FIG. 8). We therefore used that clone
(v394) to prepare a virus (vector) for injection into rats as
described above.

Example 10

Reducing QR2 mRNA Expression in the IC
Enhances Positive Taste Memory

[0122] Having produced the virus, we then conducted an
experiment containing two groups; one injected with a virus
encoding the QR2 shRNA, and one injected with the
scrambled virus (the control group) (FIG. 9). We then
allowed the animals to recover from the injection process
and for the virus to integrate. In this experiment, both
groups, the group injected with the scrambled virus and the
group injected with the shRNA virus, were given access to
two pipettes containing 10 ml of 0.1% w/v saccharin each (a
novel taste) for 20 minutes. There was no significant differ-
ence between the amounts consumed by each group (un-
paired Student’s t-test, t,,=0.143, n=12, P>0.05). Three days
later the animals were given a choice test.

[0123] The results (FIG. 10) show that reducing QR2
mRNA expression in the IC through the utilization of a
lentiviral vector (LV) containing a QR2 shRNA enhances
positive taste learning. The group which was injected with
the QR2 shRNA virus had a higher preference index (PI)
indicating that they learned the novel taste better than the
control group which was injected with the scrambled virus
(PI-scrambled=66.95+/-2.77, PI-394=76.3+/-2.14,
unpaired Student’s t-test, t,; 555=—2.120, n=12, p<0.05).

[0124] Moreover, repeated measure ANOVA showed sig-
nificant extinction on Day 3 in QR2 shRNA injected animals
and no difference in extinction was evident in animals
injected with scrambled shRNA (FIG. 11).
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Example 11

Injection of QR2 shRNA Carrying Virus Leads to
Reduction in the Level of QR2 mRNA

[0125] Following the preference test which demonstrated
that the group which was injected with the QR2 shRNA
virus has enhanced positive taste learning, we confirmed that
the shRNA virus was effective in reducing QR2 mRNA
expression in the IC compared to the control group which
was infected with the scrambled virus. The results (FIG. 12)
show that the group injected with the QR2 shRNA virus had
significantly lower QR2 mRNA expression in the IC (un-
paired Student’s t-test, t,, 5505=3.626, n=12, p<<0.005).

Example 12

Reducing the Expression of QR2 in Hippocampus
Enhanced Learning and Memory as Shown in
Delay Fear Conditioning Test

[0126] M&M—A delay fear conditioning test was per-
formed on two groups of mice (10 mice per group) injected
with Lentivirus encoding the QR2 shRNA or a scrambled
sequence one week before the experiment. The Lentivirus
was injected in to the CAl region of hippocampus. The
conditioning apparatus used was four New Biotechnology
Ltd. (NBT) chambers, (Panlab Harvard Apparatus, Barce-
lona, Spain) consisting of a Plexiglas walls (25x25x25 cm)
with a 16 stainless steel rods grid floor, a dim light and
speakers. The apparatus was located inside a sound proof
larger, insulated plastic cabinet that excluded outside light
and noise. On day 1 (training), the mice were transported to
the nearby testing room and set next to the conditioning
chambers for a 5 min resting period with lights off. Each
chamber was wiped with 30% ethanol solution before train-
ing and each mouse was placed in the chamber individually
during training. For delay fear conditioning, mice were
pre-exposed to an experimental chamber for 5 min, and
received 5 trials in which 4000 Hz, tone, applied for 10
seconds at 76 dB (conditioned stimuli; CS) co-terminated by
a 0.36 mA foot shock applied for 2 second (unconditioned
stimuli; US), separated by 3.5 min inter-trial interval (IT]).
After the last training trial, the mice were left in the
conditioning chamber for another 120 s and were then
placed back in their home cages.

[0127] On day 2 and day 8 (1 week later) (context fear
test), the mice were returned to the same experimental
chamber with the same contextual configuration for 10 min.
Freezing behavior was recorded. On the third day and day 9
(1 week later) (tone fear test), the mice were set next to the
conditioning chambers for a 5 min resting period with lights
on, then mice were placed into the same experimental
chamber, with novel contextual configuration (no light, and
a smooth black Plexiglas floor), for 5 min during which
freezing was record under infra-red light source. This was
followed by 5 exposures to the 10 s, 4000 Hz tone, separated
by 3.5 min ITI to test conditioned fear of the CS tone in the
absence of contextual cues associated with shock. No shocks
were administered. The chamber was wiped with 0.5%
ammonia hydroxide between successive sets of mice, in
order to provide novel environment. The software reports
freezing behavior to the tone as percent freezing across all
5 trials. The animals’ behavior was recorded, and the data
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analyzed by Freeze Frame 3.0 software (Coulbourn Instru-
ments, PA, USA). The indication for fear memory was
freezing.

[0128] Results—The classical fear conditioning is being
used to represent the neurobiology of learning and memory
in addition to fear and anxiety. Data from delay conditioned
animals was analyzed for baseline, tone, and context freez-
ing. It can be clearly seen from FIG. 13 that reduction of
quinone reductase 2 (QR2) in the CA1 region of hippocam-
pus enhanced learning abilities in delay fear conditioning
test. The QR2 shRNA injected mice froze significantly
frequently than mice injected with the scrambled sequence
during both the tone and context test (Context on day 2;
118=-2.344, p=0.031, Tone period on day 3; t18=-3.481,
p=0.003 paired t-test, FIG. 13A-B). Moreover, QR2 shRNA
injected mice showed enhanced long term memory after 1
week as follows from their response to conditioned context
and tone exposure (context 1 week later; t18=-2.350, p=0.
03, tone 1 week later; t18=-2.347, p=0.031 paired t-test,
FIG. 13C-D)

Example 13

Reducing the Expression of QR2 in Hippocampus
Enhanced Learning as Tested Using Morris Water
Maze

[0129] M&M—Spatial reference memory in the Morris
Water Maze (MWM) was determined as previously
described (Vorhees, Williams 2006). The pool was 1.2 m in
diameter and the water was rendered opaque by the addition
of white tempera. Water temperature was kept at 22° C. The
platform was 8 cm in diameter. All behavioral tests and trials
were performed at the same time of day (£1 hr) during the
animal’s light phase. The mice were acclimatized in testing
room for 15 min. Mice were trained in four trials per day
(trial length 60 s with 30 s ITI), over 4 consecutive days. If
an animal fails to locate the platform within training time, it
is usually picked up and placed on the platform for 15 s. For
probe trials, the platform was removed from the maze and
the animals were allowed to search for 60 s. Learning was
evaluated by monitoring escape latencies to a hidden (sub-
merged) platform and time spent in each quadrant of the
maze (quadrant occupancy) with an automated video track-
ing system, and the data analyzed by EthoVision XT9
(Noldus Information Technology, USA). Swimming speed
was similar in QR2 shRNA and scrambled injected animals
(data not shown).

[0130] Results—As can be seen from FIG. 14, QR2-
shRNA injected mice demonstrated improved learning abili-
ties in MWM by having a shorter latency to locate the
hidden platform on days 4 in the spatial component of the
test (118=-2.267, p=0.036 paired t-test). A repeated mea-
sures ANOVA with a Greenhouse-Geisser correction deter-
mined that mean scores for escape latency of QR2 shRNA
injected mice were statistically different between training
days (F(2.216, 19.947)=16.932, p<0.00003). Post hoc tests
using the Bonferroni correction revealed that QR2 shRNA
injected mice perform better on day 3 and day 4 of training,
which was statistically significant (day 3; p=0.035, day 4;
p=0.00007). The QR2-shRNA injected mice also exhibited
enhanced learning performance, as shown by the amount of
time they spent in the target quadrant during the probe test
(t18=-2.345, p=0.031 paired t-test) and the amount of time
they crossed the platform location (t18=-2.373, p=0.029
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paired t-test). CAl specific knockdown of QR2 does not
affect other brain area (Insular Cortex) related behaviors like
conditioned taste aversion (CTA). Together, these data sug-
gest a role for QR2 in cognitive behaviors with QR2
inhibitors possibly representing a novel therapeutic strategy
toward the treatment of learning deficits.

Example 14

Inhibiting QR2 Activity Enhances Positive Taste
Memory

[0131] M&M—Four groups of rats underwent three days
of water restriction. One group was injected with the vehicle
(physiological saline) i.p. and then an hour later underwent
the conditional test aversion (CTA) protocol: they were
given access to two pipettes containing 10 ml of 0.1% w/v
saccharin each (a novel taste) for 20 minutes, forty minutes
following the drinking period the animals were injected i.p.
with LiCl (0.15M) in order to induce malaise. Three days
later they were given a choice test. The second group was
injected with the vehicle (physiological saline) i.p., the third
group was injected with the QR2 inhibitor S29434 i.p., the
fourth group was injected with the QR2 inhibitor S26695
i.p.; these three groups underwent the LI-CTA protocol an
hour following the injection: they were given access to two
pipettes containing 10 ml of 0.1% w/v saccharin each (a
novel taste) for 20 minutes, 48 hours later they were given,
for a second time, access to two pipettes containing 10 ml of
0.1% w/v saccharin each (a novel taste) for 20 minutes, forty
minutes following the drinking period the animals were
injected i.p. with LiCl (0.15M) in order to induce malaise.
There was no significant difference between the amounts
consumed by each group (one-way ANOVA F,,.=0.220,
n=8, p>0.05). Three days later they underwent four days of
choice tests.

[0132] Results—FIG. 15A demonstrate that the inhibition
of QR2 activity leads to the animal forming a stronger
positive memory of the taste as being a safe taste (AI-CTA
(veh)=94.06+/-0.99, AI-LICTA(veh)=83.47+/-3.83,
AI-LICTA(S29434)=56.16+/-6.15, AI-LICTA(S26695)
=68.44+/-4.44; one-way ANOVA F, ,,=16.619, n=8, p<0.
001). The group which was injected with the vehicle before
undergoing the LI-CTA protocol had significantly lower Al
than the group which was injected with the vehicle before
undergoing the CTA protocol (Fisher’s Least Significant
Difference post-hoc test, p<0.05). The group injected with
S29434 before undergoing LI-CTA had a significantly lower
Al than the group injected with the vehicle before under-
going CTA (p<0.001) and the group injected with the vehicle
before undergoing LI-CTA (p<0.001). The group injected
with S26695 before undergoing L.I-CTA also had a signifi-
cantly lower Al than the group injected with the vehicle
before undergoing CTA (p<0.001) and the group injected
with the vehicle before undergoing LI-CTA (p<0.05). There
was no significant difference between the two groups which
received the inhibitors (p>0.05). We also determined that the
injection of the vehicle or inhibitor did not prevent the
extinction process from occurring as can be seen from the
lower levels of aversion on subsequent days of testing (FIG.
15B; repeated measures ANOVA with Greenhouse-Geisser
correction F 450,45 400=40.567, n=8, p<0.001).
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Example 15

Pharmacological Inhibition of QR2 Activity
Enhances Negative Taste Memory

[0133] M&M—We used three groups in this experiment,
all of which were subjected to three days of water restriction.
Following the three day water restriction period one group
was injected with the vehicle; one group with S29434; one
group with S26695. Then, one hour after the injections, all
three groups were subjected to the CTA protocol: we gave
them access to two pipettes containing 10 ml of 0.5% w/v
NaCl each (a novel taste) for 20 minutes (in this experiment
NaCl as the novel taste was used since CTA conducted with
NaCl leads to a lower Al which prevents a ceiling effect
from occurring and allows us to evaluate if the inhibitors
generate an increase in learning and therefore a higher AI).
Forty minutes later the animals in all three groups were
injected with LiCl (0.03M) in order to induce malaise. There
was no significant difference between the amounts con-
sumed by each group (one-way ANOVA F,,,=0.376, n=8,
p>0.05). Three days later all the animals underwent four
days of choice tests.

[0134] Results—FIG. 16A demonstrate that pharmaco-
logical inhibition of QR2 activity enhanced negative taste
memory (Al-vehicle=70.04+/-5.85, AI-S29434=0201+2.
15, AI-826695=86.84+/-2.17; one-way ANOVA F,, =9.
074, n=8, p<0.005). The group injected with S29434 before
undergoing CTA had a significantly higher Al than the group
which was injected with the vehicle before undergoing CTA
(Fisher’s Least Significant Difference Test p<0.005). The
group injected with S26695 before undergoing CTA also had
a significantly higher Al than the group which was injected
with the vehicle before undergoing CTA (p<0.01). There
was no significant difference between the two inhibitors in
terms of their Al (p>0.05). We also determined that the
injection of the vehicle or inhibitor did not prevent the
extinction process from occurring as can be seen from the
lower levels of aversion on subsequent days of testing (FIG.
16B; repeated measures ANOVA with Greenhouse-Geisser
correction F ;g 37 605=42.465, n=8, p<0.001).

Example 16

AD Patients Overexpress QR2 mRNA in the
Frontal Cortex

[0135] M&M-—Human samples were received from the
Brain Bank at Mt. Sinai School of Medicine, New York,
N.Y. The study included postmortem cross-sections of 39
nursing home residents with clinical dementia rating (CDR)
scale scores ranging from CDR 0 (no dementia, n=11), to
CDRI1 (mild dementia, n=28). Brain samples were taken
from the superior frontal gyrus (Bm8). To quantify the
mRNA in the samples the total RNA (1 ng) from the superior
frontal gyrus (Bm8) was reverse transcribed using ImpromII
(Promega, WI) with random hexamers (MBI, Fermentas,
Lithuania). Real time PCR was performed in a total volume
of 10 ul using TagMan universal PCR master mix (Applied
Biosystems), using 2 pl of cDNA and gene specific “Assay
on Demand” TagMan reactions (Applied Biosystems). Real
time PCR reactions were performed in duplicate using the
ABI PRISM StepOne plus Sequence Detector (Applied
Biosystems) under the following conditions: 50° C. for 2
min, 95° C. for 10 min, and 40 cycles of 95° C. for 15 s and
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60° C. for 1 min. Threshold cycle (Ct) values of the
examined gene of interest (QR2, Hs01056948_m1) were
normalized to the Ct values of two housekeeping genes
GUSB and IPO8 (Hs99999908-m1, Hs00183533-ml
respectively) in the AD and aged matched control groups.
Relative mRNA quantities were calculated for each sample
separately using 2"-dct formula, and mRNA RQ for the test
group (AD) was calculated using the 2°-ddct formula. Sta-
tistical analysis were performed using 2"-dct the values.
[0136] Results—It has been previously demonstrated that
patients with Alzheimer’s disease (AD) overexpress QR2
protein in the hippocampus. We measured cortical QR2
mRNA from demented (AD) and healthy aged matched
controls. As it can be seen from FIG. 17A, AD patients
express chronically higher levels of QR2 mRNA in the
frontal cortex (Brodmann area 8). Interestingly, QR2 mRNA
relative quantities were correlated with c.f-40 levels but not
with other pathological factors, like TAU pathology, a.-42
levels, plaque load, age, gender or the number of APOE &4
alleles (FIG. 17B).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 1139

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gggceggggee tceggegtggt aggegegetyg cgtaaagagg cetgeagtee cgeggegegg 60

ggcaggttce gggctgetta ggttggcace ggtcegtggt ceceggggge gcagtcegeag 120

cgetecegee ctecaggegt cagegagtge geggtccagt geggccggaa cctggegcaa 180
ctectagage ggtecttggg gagacgeggg tceccagtcecet geggcetcecta ctggggagtyg 240
cgetggtegy aagattgetg gactcegetga agagagacta cgcaggaaag ccccagccac 300
ccatcaaatc agagagaagg aatccacctt cttacgctat ggcaggtaag aaagtactca 360
ttgtctatge acaccaggaa cccaagtett tcaacggatc cttgaagaat gtggctgtag 420
atgaactgag caggcagggce tgcaccgtca cagtgtctga tttgtatgece atgaacctty 480
agccgaggge cacagacaaa gatatcactg gtactcttte taatcctgag gttttcaatt 540

atggagtgga aacccacgaa gectacaage aaaggtctet ggctagegac atcactgatg 600
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-continued
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agcagaaaaa

gegtgecage

acatcccagg

ccacgggagyg

tectgtggec

agatcagett

ggtcccagag

acttcgggca

ggcgcaggca

<210>
<211>
<212>
<213>
<220>
<223>

TYPE

<400>

ggttcgggag

catcctgaag

attctacgat

cacggccgag

actccagcat

tgctecctgaa

getgcagace

ataactctgt

aagagaagat

SEQ ID NO 2
LENGTH:
: RNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

58

SEQUENCE: 2

getgacctag

ggctggatgg

tceggtttge

atgtacacga

ggcacattac

attgcatceg

atctggaagg

ggcacgtggg

ggtgctgtca

tgatatttca gttccegetyg tactggttea

atagggtgct gtgccaggge tttgectttg

tccagggtaa actagegete ctttecgtaa

agacaggagt caatggagat tctcgatact

acttctgtgg atttaaagtc cttgececcte

aagaagaaag aaaggggatg gtggetgegt

aagagcccat ccectgcaca geccactgge

catcacgtaa gcagcacact aggaggccca

tgaaataaaa ttacaacata gctacctgg

synthetic

cegggaggou gaccuaguga uauuucucga gaaauaucac uaggucagece ucuuuuug

<210>
<211>
<212>
<213>
<220>
<223>

TYPE

<400>

SEQ ID NO 3
LENGTH:
: RNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

58

SEQUENCE: 3

synthetic

cegggaggou gaccuaguga uauuucucga gaaauaucac uaggucagece ucuuuuug

<210>
<211>
<212>
<213>
<220>
<223>

TYPE

SEQ ID NO 4
LENGTH:
: RNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

58

<400> SEQUENCE: 4

synthetic

cecggecacue cagcauggca cauuacucga guaaugugece augeuggagu gguuuuug

<210>
<211>
<212>
<213>
<220>
<223>

TYPE

SEQ ID NO 5
LENGTH:
: RNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

58

<400> SEQUENCE: 5

synthetic

cecggecacua uvacugguuca gceguucucga gaacgcugaa ccaguauagu gguuuuug

<210>
<211>
<212>
<213>
<220>
<223>

TYPE

<400>

SEQ ID NO 6
LENGTH:
: RNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

58

SEQUENCE: 6

synthetic

660

720

780

840

900

960

1020

1080

1139

58

58

58

58
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-continued

cecggecaguca cugugucuga uuuaucucga gauaaaucag acacagugac uguuuuug 58

<210> SEQ ID NO 7

<211> LENGTH: 58

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 7

cecggagoucu gaccagugau auauucucga gaauauauca cuggucagag cuuuuuug 58

What is claimed is:

1. A pharmaceutical composition comprising a nucleic
acid molecule that reduces gene expression level of human
quinone reductase 2 encoded by a nucleic acid sequence
identified as SEQ ID NO: 1, or a vector comprising said
nucleic acid molecule, and a pharmaceutically acceptable
carrier.

2. The pharmaceutical composition of claim 1 comprising
said nucleic acid molecule, wherein said nucleic acid mol-
ecule is an shRNA or artificial siRNA molecule comprising
a nucleic acid sequence being complementary to a sequence
within a nucleic acid sequence encoding said quinone reduc-
tase 2, or a nucleic acid molecule encoding said artificial
siRNA or shRNA molecule.

3. The pharmaceutical composition of claim 2, wherein
said siRNA or shRNA molecule comprises a nucleic acid
sequence being perfectly complementary to a sequence
within the nucleic acid sequence encoding said quinone
reductase 2.

4. The pharmaceutical composition of claim 3, wherein
shRNA molecule has a sequence corresponding to SEQ 1D
NO: 2,3 or 4.

5. The pharmaceutical composition of claim 2, wherein
said siRNA or shRNA molecule comprising a nucleic acid
sequence having a sequence identity of 90% or more, e.g.
95% or more, 98% or more, or 99% identity to the quinone
reductase 2.

6. The pharmaceutical composition of claim 1 comprising
said vector, wherein said nucleic acid molecule is an shRNA
or artificial siRNA molecule comprising a nucleic acid
sequence being complementary to a sequence within a
nucleic acid sequence encoding said quinone reductase 2, or
a nucleic acid molecule encoding said artificial siRNA or
shRNA molecule.

7. The pharmaceutical composition of claim 6, wherein
said siRNA or shRNA molecule comprises a nucleic acid
sequence being perfectly complementary to a sequence
within the nucleic acid sequence encoding said quinone
reductase 2.

8. The pharmaceutical composition of claim 7, wherein
shRNA molecule has a sequence corresponding to SEQ 1D
NO: 2, 3 or 4.

9. The pharmaceutical composition of claim 6, wherein
said siRNA or shRNA molecule comprises a nucleic acid
sequence having a sequence identity of 90% or more, e.g.
95% or more, 98% or more, or 99% identity to the quinone
reductase 2.

10. The pharmaceutical composition of claim 1, wherein
said composition comprises said vector, and wherein the
vector is a modified virus derived from a virus selected from
retrovirus, adenovirus, adeno-associated virus, pox virus,
alphavirus, herpes virus, or lentivirus.

11. The pharmaceutical composition of claim 10, wherein
said vector is a modified lentivirus.
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