wo 2013/126963 A1 || I0EVHY OO O O OO A0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 September 2013 (06.09.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/126963 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:

A61K 48/00 (2006.01) CI2N 15/00 (2006.01)
A61P 25/04 (2006.01) CI2N 15/63 (2006.01)
CI2N 15/113 (2006.01)

International Application Number:
PCT/AU2013/000190

International Filing Date:

28 February 2013 (28.02.2013)
Filing Language: English
Publication Language: English
Priority Data:
2012900796 29 February 2012 (29.02.2012) AU
Applicant: BENITEC BIOPHARMA LIMITED

[AU/AU]; F6A/1-15 Barr Street, Balmain, New South
Wales 2041 (AU).

Inventors: FRENCH, Peter William; 8 Gipps Street, Bal-
main, New South Wales 2041 (AU). GRAHAM, Michael
Wayne; 4 Mundoo Street, Jindalee, Queensland 4074
(AU).

Agent: FREEHILLS PATENT ATTORNEYS; Level 43,
101 Collins Street, Melbourne, Victoria 3000 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title: PAIN TREATMENT

(57) Abstract: This invention is directed to an RNA interference (RNAi) agent and the use of that RNAi agent to treat chronic pain
in individuals, as well as pharmaceutical compositions containing the RNAI agents of the invention. The DNA-directed RNA inter-
ference (ddRNAI) agent for inhibiting expression of one or more target sequences in a pain associated gene comprises, one or more
effector sequence sequences and effector complement sequences of at least 17 nucleotides in length, wherein the effector sequence is
substantially complementary to the predicted transcript of a target sequence within a pain associated gene.



10

15

20

25

30

WO 2013/126963 PCT/AU2013/000190

Pain treatment

Field of the inventioh

This invention is directed to an RNA interference (RNAi) agent and the use of that RNAI
agent to treat chronic pain in individuals, as well as pharmaceutical compositions
containing the RNAI agents of the invention.

Background of the invention
Pain usually falls into one of two categories:

Nociceptive pain is caused by damage to body tissue and usually described as a sharp,
aching, or throbbing pain. This kind of pain can be due to benign pathology; or by
tumors or cancer cells that are growing larger and crowding other body parts near the
cancer site. Nociceptive pain may also be caused by cancer spreading to the bones,
muscles, or joints, or that causes the blockage of an organ or blood vessels.

Neuropathic pain occurs when there is actual nerve damage. Nerves connect the spinal
cord to the rest of the body and allow the brain to communicate with the skin, muscles
and intemal organs.  Nutritional imbalance, alcoholism, toxins, infections or auto-
immunity can all damage this pathway and cause pain. Neuropathic pain can also be
caused by a cancer tumor pressing on a nerve or a group of nerves. People often
describe this pain as a burning or heavy sensation, or numbness along the path of the
affected nerve. The two types of pain are not necessarily mutually exclusive. Cancer

pain for example can be nociceptive or neuropathic, or both.

The capacity to experience pain has a protective role: it warns us of imminent or actual
tissue damage and elicits coordinated reflex and behavioural responses to keep such
damage to a minimum. If tissue damage is unavoidable, a set of excitability changes in
the peripheral and central nervous system establish a profound but reversible pain
hypersensitivity in the inflamed and surrounding tissue. This process assists wound
repair because any contact with the damaged part is avoided until healing has occurred.
By contrast, persistent pain syndromes offer no biological advantage and cause
suffering and distress. Such maladaptive pain typically results from damage to the
nervous system—the peripheral nerve, the dorsal root ganglion or dorsal root, or the

central nervous system—and is known as neuropathic pain. Such syndromes comprise
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a complex combination of negative symptoms or sensory deficits, such as partial or
complete loss of sensation, and positive symptoms that include dysaethesia,
paraesthesia, and pain.

Apart from trigeminal neuralgia, which | responds well to carbamazepine,
pharmacotherapy for neuropathic pain has been disappointing. Patients with
neuropathic pain for example do not respond to non-steroidal anti-inflammatory drugs
and resistance or insensitivity to opiates is common. Patients are usually treated
empirically with tricyclic or serotonin and norepinephrine uptake inhibitors,
antidepressants, and anticonvulsants that all have limited efficacy and undesirable side-

effects. Neurosurgical lesions have a negligible role and functional neurosurgery,

| including dorsal column or brain stimulation, is controversial, although transcutaneous

nerve stimulation may provide some relief. Local anaesthetic blocks targeted at trigger
points, peripheral nerves, plexi, dorsal roots, and the sympathetic nervous system have
useful but short-lived effects; longer lasting blocks by phenol injection or cryotherapy
risk irreversible functional impairment and have not been tested in placebo-controlled
trials. Chronic epidural administration of drugs such as clonidine, steroids, opioids, or
midazolam is invasive, has ‘side-effects, and the efficacy of these drugs has not been
adequately assessed.

Pathological pain is characterized by extensive modification of the systems involved in
pain‘ signal transmission and modulation at the spinal level (primary sensory neurons
and the spinal cord) and probably in the brain. Chronic pain, particularly of neuropathic
origin, may also lead to tissue remodeling (ptasticity). This may include, for instance,
loss of spinal interneurons, abnormal rearrangement of central afferents of primary
sensory neurons and glial cell activation and proliferation. These long-lasting
modifications are mediated by, or associated with, changes in the production of key
molecules involved in nociceptive processing. Gene-based techniques allow local or
even cell-type-specific interventions to be used to coirect the abnormal production of
some of these proteins, modulate the activity of signal transduction pathways or
overproduce various therapeutic secreted proteins. In fact, with these approaches, it
may be possible to not ‘only’ relieve established ongoing pain but to reverse the
pathological situation underlying chronic pain (Meunier and Pohl; Gene Therapy (2009)
16, 476—482).
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There is no treatment to prevent the development of neuropathic or nociceptive pain,
nor to adequately, predictably, and specifically control established neuropathic or
nociceptive pain. The aim of existing treatment, therefore, is often just to help the
patient cope by means of psychological or occupational therapy, rather than to eliminate
the pain. Thus, there is an unmet clinical need and a challenge to develop more
effective therapy. This invention is directed to an RNA interference (RNAi) agent and
the use of that RNAi agent to prevent, manage or treat pain in individuals.

The RNAI pathway is initiated by the enzyme Dicer, which cleaves double-stranded
RNA (dsRNA) molecules into short fragments (commonly referred to as siRNAs) of ~20-
25 nucleotides. One of the two strands of each fragment, known as the guide strand or
active strand, is then incorporated into the RNA—induced silencing complex (RISC)
through binding to a member of the argonaute protein family. After integration into the
RISC, the guide strand base-pairs with its target mMRNA and is thought to either inhibit a
target by inhibiting translation (by stalling the translational machinery) and/or inducing
cleavage of the mRNA, thereby preventing it from being used as a translation template.

While the fragments produced by Dicer are double-stranded, only the guide strand,
directs gene silencing. The other anti-guide strand referred to commonly as a
passenger strand, carrier strand or * strand is frequently degraded during RISC
activation (Gregory R et al., 2005). RISC assembly is thought to be governed by an
enzyme that selects which strand of a dsRNA Dicer product is loaded into RISC. This
strand is usually the one whose 5' end is less tightly paired to its complement. There
also appears to be a clear bias for A, and to a lesser extent U, at the 5' position to
facilitate binding to some argonaute proteins (Schwarz DS et al., 2003; Frank F ef al.,
2010).

Reference to anyk prior art in the specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common
general knowledge in Australia or any other jurisdiction or that this prior art could
reasonably be expected to be ascertained, understood and regarded as relevant by a
person skilled in the art.
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Summary of the invention

It has been discovered by the current inventors that sequences within genes associated
with pain (‘pain associated genes’) may be silenced to ameliorate pain. The present
inventors target these pain associated genes in spinal cord neurons to ameliorate pain,
particularly chronic pain, and even more particularly, chronic pain of neuropathic origin.
Preferably, the pain associated gene is one or both of protein kinase C-y (PKCy) and D-
amino acid oxidase (DAO).

In one aspect of the invention, there is provided a DNA-directed RNA interference
(ddRNAI) agent (being an RNA molecule), and an expression cassette or construct to
express that agent in a cell (including in vivo), for inhibiting, preventing or reducing
expression of a pain associated gene, where the agent comprising, in a 5 to 3
direction, a first effector sequence (described further below) of at least 17 nucleotides in
length, preferably 17 to 30 nucleotides in length, and more preferably 17 to 21
nucleotides in length, a first effector complement sequence, wherein the first effector
complement sequence is substantially complementary to the first effector sequence,
and wherein the effector sequence complementary to or substantially complementary to
a predicted RNA target sequence transcribed from a DNA target sequence.

Within the transcribed sequence is a target region. Typically, a target region is a region
of an mRNA of the gene that is intended io be silenced or to have its expression (at the
level of transcription or translation) reduced, inhibited or prevented. In the current
invention, the target region is transcribed from a target sequence and the target region
consists of any 10 or more contiguous nucleotides within any one of SEQ ID NOS: 1-18,
and preferably SEQ ID NOS: 3 to 5.

In other words, the effector sequence is directed to a target region of a target RNA
sequence, wherein the target RNA sequence is a transcript of a target gene. The -
effector sequence is ‘directed to’ a target region by being substantially complementary
(as ‘substantially complementary’ is defined below) in sequence to a transcript from a
target gene containing the target region. An RNAI agent, such as a ddRNAI agent,
having a double-stranded portion containing the effector sequence, can therefore inhibit
expression of a target gene sequence by virtue of the target gene sequence containing
the target region. Accordingly, within a cell having a pain associated gene, the RNAI
agent is capable of inhibiting expression of a target gene sequence because the
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sequence of the effector (as ‘effector’ is defined below) is substantially complementary
to (at least) a region of the predicted mRNA target sequence of the target gene. This
can be illustrated by considering the following random, hypothetical short sequence:

5'’ATTGCG3’ — DNA target sequence of gene
5AUUGCG3’ — mRNA target region/sequence from transcription of the gene

J'UAACGCS' - effector sequence — which is substantially complementary to a
region of the predicted mRNA target sequence.

As can be seen in the comparison above, substantial complementarity can be 100%
complementarity. However as more particularly explained and defined further below,
substantial complementarity can be 85% complementary. So in an effector sequence
having a length of, for example, 20 nucleotides, the effector sequence is substantially
complementary to the predicted mRNA target sequence if 17 of the 20 nucleotides are
complementary ie 85% complementarity.

As would be appreciated, the target sequence will typically be longer than the effector
sequence. Accordingly, when considering substantial complementarity between an
effector sequer{ce of, for example, 20 nucleotides, the 80-160% complementarity will be
across a region of the target sequence of similar length.

The RNAi agent is designed so that it also comprises an effector complement
sequence, ie a sequence that is substantially complementary to the effector sequence
such that it will tend fo anneal so as to form a double stranded RNA segment. The
concept of substantial complementarity described in the paragraphs above applies
equally to the substantial complementarity between the effector sequence and effector
complement sequence where substantial complementarity can be 80% to 100%
complementarity. Moreover, usually one end of the double stranded segment will be
linked by a loop sequence so as to form a ‘hairpin’ shaped structure. This is also know
as an ‘interrupted inverted repeat’ structure, as the DNA encoding such an RNA
sequence contains an inverted repeat of the region of the target gene that is transcribed

to the effector sequencé, interrupted by a stuffer or spacer sequence encoding the loop.

In a preferred embodiment of the invention, the double stranded region formed by the
effector sequence and its complement is expressed as part of a microRNA (miRNA)
structure similar to the structure of endogenous miRNAs which are a natural substrate
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for endogenous RNAI processing pathways. Processing of double stranded RNAs
expressed from ddRNAI constructs can be imprecise, and can result in toxicity. McBride
et al. (2008) designed “artificial miRNA” constructs which expressed sequences from
the base and loop of endogenous miRNAs, and suggested that more precise
processing of expressed shRNAs from the miR-backbone led to reduced toxicity from
the constructs. Wu et al. (2011) showed that mismatched duplexes (containing
mismatches in the passenger strand) sometimes showed increased silencing activity,

due possibly to their greater structural resemblance to endogenous miRNAs.

In one aspect of the invention, there is provided a ddRNAi agent and an expression
céssette to express that agent in a cell within and as part of a miRNA structure, for
inhibiting, preventing or reducing expression of a pain associated gene, where the agent
comprises

an effector sequence of at least 17 nucleotides in length complementary to or
substantially complementary to a predicted sequence transcribed from a target
region, and

an effector complement sequence substantially complementary to the effector

sequence.

The effector sequence and the effector complement sequence are therefore expressed
within and a§ part of a miRNA structure. The target region may be selected from the
group consisting of any 10 or more contiguous nucleotides within a sequence from any
one of SEQ ID NOS: 1-18.

In some forms of the invention, the agent has more than one effector sequence.
Multiple effectors may target the same region of a pain associated gene (typically
variants of the same region), different regions of a pain associated gene, more than one

pain associated gene, or a combination of all of the above.

Usually RNAi agents, such as ddRNAi agents, contain 1, 2 or 3 effector sequences. As
explained above, the ddRNAi agent comprises an effector complement sequence for
each effector sequence, thus forming effector — effector complement pairs (ie a first
effector — first effector complement pair, a second effector — second effector
complement pair, etc). These pairs may be, but need not be, contiguous to one

another, as long as the RNAi agent can fold so as to permit each pair to anneal.
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Various other considerations suggest one order or another of the effectors and effector

complements along the length of the RNAi agent. In addition, as would be understood

by one skilled in the art, and as illustrated in the Figures, any particular effector

sequence may be swapped in position with its complement in the agent. The important

feature, as exemplified in the various embodiments below, is that each effector

sequence is able to anneal with its complement to form a double stranded region. For

example:

ddRNAIi agent comprising, in a ' to 3’ direction, a first effector sequence ; a
second effector sequence; second effector complement sequence; and a first

effector complement sequence;

a ddRNAi agent comprising, in a 5' to 3 direction, a first effector sequence; a
second effector sequence; a third effector sequence; a third effector complement
sequence; a sécond effector complement sequence; and a first effector
complement sequence;

a ddRNAi agent comprising, in a 5’ to 3’ direction, a first effector; a first effector
complement sequence; a second effector sequence; and a second effector
complement sequence;

a ddRNAi agent comprising, in a 5’ to 3’ direction, a first effector sequence; a
first effector complement sequence; a second effector sequence; a second
effector complement sequence;' a third effector sequence; and a third effector

complement sequence;

a ddRNAi agent comprising, in a 5’ to 3’ direction, a first effector sequence; a
second effector sequence; a sequence of 2 to 100 non-self-complementary
nucleotides; a second effector complement sequence; and a first effector
complement sequence;

a ddRNAi agent comprising, in a 5’ to 3’ direction, a first effector sequence; a
sequence of 2 to 100 non-self-complementary nucleotides; a first effector
complement sequence; a second effector sequence; a sequence of 2 to 100 non-

self-complementary nucleotides; and a second effector complement sequence.

In each of these embodiments, the effector complement sequence is substantially

complementary to its corresponding effector sequence. Moreover, in each of these
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embodiments, the effector sequence and its complement, as well as any additional
sequence such as a sequence of 2 to 100 non-self-complementary nucleotides, is
optionally expressed within or part of a miRNA structure.

In particular forms of each of the embodiments described above, each effector
sequence is at least 17 nucleotides in length, preferably 17 to 30 nucleotides in length,
and more preferably 17 to 21 nucleotides in length and comprises a nucleotide
sequence selected from the group consisting of any 10 or more contiguous nucleotides
from a sequence from any one of SEQ ID NOS: 19-36. The effector sequences may all
be the same, or may all be different, or may be a combination, e.g. 2 effector sequences
of at least 10 contiguous nucleotides of SEQ ID NO:21 and one effector sequence of at
least 10 contiguous nucleotides of SEQ {D NO: 22.

Preferably, the effector sequence is selected from the group consisting of any
contiguous 11, 12, 13, 14, 15 or 16 nucleotides within any one of SEQ ID NOS: 19-36,
and most preferably 17 or more contiguous nucleotides within any one of SEQ ID NOS:
19-36. Typically, the effector complement will be the same length, or about the same
length (ie £ 15% nucleotide length, or 1 to 3 nucleotides different depending on the
overall length) as its corresponding effector sequence. ‘

In particular embodiments the ddRNAi agent “consists of’ or “consists essentially of” a
nucleotide sequence selected from the group consisting of any one of SEQ ID NOS: 19
to 36 inclusive. In these embodiments, a ddRNAi agent having effector sequences of
precisely SEQ ID NOS: 19-36 as well as a couple or a few (ie 1, 2 or 3) additional
nucleotides or other chemical modifications would “consist essentially of” SEQ ID NOS:
19-36 as long as it exhibits activity for inhibiting, reducing or preventing the expression
of a pain associated gene, as may be determined in accordance with the assays
described below. Similarly, an RNAi agent “consists essentially of’ one of SEQ ID NOS:
19-36 where it is shorter than the corresponding SEQ ID as long as it exhibits activity for
inhibiting, reducing or preventing the expression of a pain associated gene, as may be
determined in accordance with the assays described below.

In other embodiments, a ddRNAi agent of the invention comprises a nucleotide
sequence that is 60, 70, 80, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% identical to a
nucleotide sequence selected from the group consisting of SEQ ID NOS: 19-36. In other
embodiments, the ddRNAI agent consists essentially of a sequence according to SEQ
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ID NOS: 1 to 18. In some embodiments, the ddRNAi agent consists of a sequence
according to SEQ ID NOS: 19-36.

In alternative embodiments, the dsRNA is comprised of 2 separate RNA strands that
are annealed to form a duplex. That duplex may then be embedded in a miRNA
backbone.

Each effector sequence in each of the embodiments of the invention is preferably
selected from SEQ ID NOS: 19 to 26, and more preferably SEQ ID NOS: 21 to 23. In
one embodiment, wherein there are 3 effector sequences, each effector sequence is
independently selected from SEQ ID NOS: 21 to 23. A preferred embodiment comprises
3 effector sequences, with one each of SEQ ID NO: 21, 22 and 23.

ddRNAI agents may be expressed from a DNA expression cassette inserted into any
suitable vector or ddRNAi construct. Accordingly, in aspects of the invention there is
provided a ddRNAI expression cassette comprising:

. one or more promoter sequences

. one or more DNA sequences, preferably being sequences that encode for any 10
or more and preferably any 17 or more contiguous nucleotides within a sequence
from any one of SEQ ID NOS: 19-36,

. one or more DNA sequences that encode for one or more effector complement

sequences,

and optionally

. one or more DNA sequences that encode for loop sequences; and
. one or more terminator sequences
. one or more enhancer sequences.

In some embodiments, one promoter is operably linked to multiple effector-encoding
regions such that it can drive expression of them, whereas in other embodiments, each
effector-encoding region is operably linked to its own promoter. In constructs where
there are multiple promoters, these may be all the same or different. Preferred
promoters are pol lll promoters such as U6 and H1; other promoters such as neuronal -
specific pol li promoters including Thy1 and H1xb9 (Wang et al, 2011) can also be used
to drive expression of ddRNAI constructs.
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In embodiments where the effector sequence and its complement, are expressed within
a miRNA structure, the ddRNAi expression cassette additionally comprises sequences
that encode, for the miRNA structﬁre referred to herein as miRNA encoding (ME)
sequences. The ME sequences may also encode for loop sequences or regions of loop

sequences.

There is also provided ddRNAI expression constructs, into which the ddRNAI
expression cassettes are inserted for expression. In addition, when the vector backbone
of the construct is compatible with a delivery system, the ddRNAi expression constructs
are also delivery constructs. The expression cassette further comprises ME sequence
when the ddRNAI agent is to be expressed as part of or within a miRNA structure.

The invention also provides for siRNA agents that compriée a sequence of at least 17
nucleotides in length, preferably 17 to 30 nucleotides in length, and more preferably 17
to 21 nucleotides in length selected from the group consisting of any 10 or more
contiguous nucleotides within a sequence from any one of SEQ ID NOS: 19-36 and a
sequence complement with which the sequence forms a duplex, and that are capable of
inhibiting expression of a pain associated gene.

In accordance with some embodiments, there is provided a method of inhibiting the
expression of an mMRNA or polypeptide encoded by a pain associated gene in a subject
comprising administering to the subject a composition of the invention comprising a
ddRNAi agent as described above. A ddRNAi expression cassette or ddRNAi
expression construct of the invention for expressing the ddRNAi agent may also be

administered.

In another embodiment the invention provides a composition for the treatment or
prevention of pain in a subjeét (and/or the other conditions identified above as suitable
for treatment) comprising as an active ingredient a ddRNAi agent, ddRNAi expression
cassette or ddRNAI expression construct of the invention.

In another embodiment the invention provides a pharmaceutical composition comprising
an effective amount of a ddRNAi agent, ddRNAi expression cassette or ddRNAI
expression construct of the invention as a main ingredient. The composition may be
used for example for the treatment or prevention of pain in a subject and/or the other
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conditions identified throughout as suitable for treatment. In some embodiments, the
composition further comprises a pharmaceutically acceptable carrier or diluent.

In another embodiment the invention provides a ddRNAi agent, ddRNAi expression
cassette or ddRNAI expression construct of the invention for use in the treatment or
prevention of pain in a subject and/or the other conditions identified herein as suitable

for treatment.

In another embodiment the invention provides a composition comprising a ddRNAi
agent, ddRNAi expression cassette or ddRNAi expression construct of the invention for
use in the treatmqnt or prevention of pain in a subject. In some embodiments, the
composition further comprises a pharmaceutically acceptable carrier or diluent.

In another embodiment, the invention provides a ddRNAi agent, ddRNAi expression
cassette or ddRNAi expression construct in the preparation of a medicament for the

treatment or prevention of pain in a subject.

In a further aspect, the present invention provides a kit of parts including (a) a ddRNAi
agent, ddRNAi expression cassette or ddRNAi expression construct or composition of
the invention; (b) a pharmaceutically acceptable carrier or dilugnt; and .(c) a label or
package insert with instructions for use in the methods of the invention described
herein.

Another aspect of the invention provides a method for treating or preventing pain in a
subject having or suspected of being at risk for having pain, such as the pain resulting
from pain disorders as described herein, comprising administering to the subject a
ddRNAi agent, ddRNAi expression cassette or ddRNAi expression construct or
composition of the invention thereby treating or preventing pain.

Yet a further aspect of the invention provides a method for reducing the severity of pain
in a subject, comprising administering to the subject a ddRNAi agent, ddRNAI
expression cassette or ddRNAIi expression construct or composition of the invention

~thereby reducing the severity of pain.

In this regard, the present invention contemplates the use of a ddRNAi agent, ddRNAi
expression cassette or ddRNAI expression construct or composition in the context of
pain resulting from pain disorders, including, but not limited to, primary erythermalgia

(PE), paroxysmal extreme pain disorder (PEPD), acute or chronic pain, inflammatory
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diseases, nociceptive pain, neuropathic pain, inflammatory pain, noninflammatory pain,
painful hemorrhagic cystitis, pain associated with the herpes virus, pain associated with
diabetes, peripheral neuropathic pain, central pain, deafferentiation pain, chronic
nociceptive pain, stimulus of nociceptive receptors, phantom and transient acute pain,
peri-operative pain, cancer pain, pain and spasticity associated with multiple sclerosis,
central pain, deafferentiation pain, arachnoiditis, radiculopathies, neuralgias, somatic
pain, deep somatic pain, surface pain, visceral pain, acute pain, chronic pain,
breakthrough pain, chronic back pain, failed back surgery syndrome, fibromyalgia, post-
stroke pain; trigeminal neuralgia, sciatica, pain from radiation therapy, complex regional
pain syndromes, causalgia, reflex sympathetic dystrophy, phantom limb pain,
myofascial pain, pain associated with burns and phantom and transient acute pain
and/or other disease states, conditions, or traits associated with pain associated gene

expression or activity in a subject or organism.

A subject in need of treatment by a method of the invention is suffering from or likely to
suffer from any one or more of the pain disorders described herein. The invention is
particularly useful in providing a method of treating or preventing pain in a cancer

patient, including in a cancer patient also receiving treatment for the cancer itself.

Iin another embodiment, the invention provides a method for increasing the sensitivity of
a subject in need of pain relief, or rendering a subject in need of pain relief sensitive to,
treatment with other pain relievers, such as opiates including morphine. The method
involves administering a ddRNAi agent, ddRNAi expression cassette or ddRNAi
expression construct or composition of the invention to a subject who is no longer
responsive to othér pain relief due to résistance or tolerance of the analgesic effects.

Although the invention finds application in humans, the invention is also useful for
veterinary purposes. The invention is useful for the treatment or prevention of pain or a
symptom of pain, as described herein, in domestic animals such as cattle, sheep,

horses and poultry; companion animals such as cats and dogs; and zoo animals.

Brief description of the drawings / figures
Figure 1A-G illustrates some of the ddRNAI agent structures of the invention.

Figure 2: A. Diagrammatic representation of ddRNAi expression cassette. Expression
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of shRNAs was driven by the U6 promoter (black arrow); the shRNAs were in the form
effector complement (grey arrow), loop (white arrow) then effector sequence (grey
arrow). Transcripts were terminated using the pol lll terminator sequences TTTTTT. B.
Predicted shRNAs expressed by the indicated constructs are shown, SEQ ID NOS refer
to target sequence and effector sequences listed in Table 2. RNA sequences of the
predicted effector sequences are shown in bold and underline in the shRNA.
Sequences predicted to be specified by pol il termination are shown as uu.

Figure 3: Relative expression levels of PKCy mRNA in rat C6 cells transduced with the
indicated lentiviral constructs.

Figure 4: Predicted shRNAs expressed by the indicated constructs targeting rat (A) and
human (B) DAO mRNAs are shown. SEQ ID NOS refer to target sequence and effector
sequences listed in Table 2. RNA sequences of the predicted effector sequences are
shown in bold and underline in the shRNA. Sequences predicted to be specified by pol
Il termination are shown as uu.

Figure 5: Diagrammatic representations for constructs BOPKC3 (A) and BOPKC3&4
(B), BOPKC3cont (C) and BOPKC3&4cont (D), together with predicted sequences of
shRNAs. RNA sequences of the predicted effector sequences are shown in bold and
underline in the shRNA. Sequences predicted to be specified by pol Il termination are
shown as uu. BOPKC3 and BOPKC3cont contain an additional sequence (U61 term)
derived from sequences downstream of the human U61 terminator region. BOPKC3
(SEQ ID NO: 45) targets SEQ ID NO:3 with an effector sequence of SEQ ID NO:21,
and BOPKC3&4 (SEQ ID NO: 46) targets SEQ ID NOS:3 and 4 with an effector
sequence of SEQ ID NO‘:21 and 22. The two control constructs were designed to
express randomised shRNAs based on BOPKC3 and BOPKC38&4 and are designated
BOPKC3cont (SEQ ID NO:47) and BOPKC3&4cont (SEQ ID NO:48).

Figure 6: A. Diagrammatic representation of ddRNAi expression cassette expressing
an RNAi agent embedded in a miRNA structure. The black arrow denotes a U6
promoter; grey arrows denote effector complement and effector sequences and white
arrows denote sequences derived from miRNA sequences; terminator sequences are
also indicated. B. Predicted sequence of RNA expressed from BLTPKRC3miR. The
underlined sequences are derived from the base of human miR30a pre-cursor RNA
(both §' and 3'); sequences in italics are derived from the loop sequences of miR30a.
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The upper case sequences indicate the predicted passenger strand sequence; the bold
uppercase sequences denote the predicted effector sequence. Predicted secondary
structure of this RNA, determined using the M-fold programrhe
(http://mfold.rna.albany.edu) is shown below this; predicted Dicer and Drosha
processing sites are indicated by arrows, processed RNAs from this are predicted to
express the effector sequence SEQ ID NO: 21 targeting a SEQ ID NO: 3 in PKCy
mRNA. C. Predicted sequence of RNA expressed from BLTPKRC4miR shown as in 6B,
The predicted secondary structure and processing sites of this RNA are also shown,
processed RNAs from this are predicted to express the effector sequence SEQ ID NO:
22 targeting a SEQ ID NO: 4 in PKCy mRNA.

Detailed description of the embodiments

Reference will now be made in detail to certain embodiments of the invention. While the
invention will be described in conjunction with the embodiments, it will be understood
that the intention is not to limit the invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives, modifications, and equivalents, which may

be included within the scope of the present invention as defined by the claims.

One skilled in the art will recognize many methods and materials similar or equivalent to
those described herein, which could be used in the practice of the present invention.
The present invention is in no way limited to the methods and materials described.

it will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations
constitute various alternative aspects of the invention.

For purposes of interpreting this specification, the following definitions will apply and
whenever appropriate, terms used in the singular will also include the plural and vice
versa. In the event that any definition set forth conflicts with any document incorporated
herein by reference, the definition set forth below shall prevail.
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Definitions

As used herein, except where the context requires otherwise, the term "comprise" and

variations of the term, such as "comprising”, "comprises" and "comprised", are not
intended to exclude further additives, components, integers or steps.

The term "RNA interference” or "RNAI" refers generally to a RNA dependent gene

silencing process that is initiated by double stranded RNA (dsRNA) molecules in a cell's

cytoplasm. The dsRNA reduces the expression of a target nucleic acid sequence, which
may be a DNA whose RNA expression products are reduced, or an RNA, with which the
dsRNA molecule shares substantial or total homology.

By “double stranded RNA” or “dsRNA" it is meant a double stranded RNA molecule that
is capable of inhibiting expression of a target nucleic acid sequence with which it shares
homology. In some embodiments the dsRNA is a hairpin or stem loop structure, with a
duplex region optionally linked by at least 1 nucleotide, and is referred to as a "hairpin
RNA" or “short hairpin RNAi agent” or “shRNA". The duplex is formed between an
effector sequence and a sequence complementary to the effector sequence herein
referred to as an “effector complement”. Typically, the effector complement will be the
same length as its corresponding effector sequence. As will be explained below, the

effector sequence is complementary to the target nucleic acid sequence.

An “effector sequence” is the nucleotide sequence that, when part of the RISC complex,
binds to the pain associated gene target nucleotide sequence, thereby targeting that

sequence for destruction by the cell. It is analogous to the “guide” strand discussed in

_ the background section. The effector sequence is ‘directed to’ a target region by being

complementary or substantially complementary in sequence to the transcript from the
target region such that an RNA agent having a double stranded portion containing the
effector sequence inhibits expression of the target gene sequence.

The “effector complement”, which is analogous to the passenger strand discussed in the
background is of sufficient complementary to the effector such that is anneals to the
effector sequence. It is likely that the effector complement will be of a similar sequence

to the target gene sequence, but does not necessarily have to be.
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The sequences of the ddRNAi agents of the invention have to have a sufficient identity
to the pain-associated gene such as the PKCy or DAO gene in order to mediate target
specific RNAI. By “substantially complementary” it is meant that the sequences are
hybridisable or annealable (as further defined below), and either:

. the sequence of the first effector sequence is at least labout 80, 81, 82, 83, 84,
85, 86, 87, 88, 89 or 90% complementary to at least 17 or more contiguous
nucleotides of the target sequence, more preferably at least about 90, 91, 92,
92, 94 or 95% complementary and even more preferably at least about 95, 96,
97, 98 or 99% complementary or absolutely complementary (ie 100%) to 17 or
more contiguous nucleotides of the target sequence. For example, if the target
region within a target sequence is 20 nucleotides long, and the effector
sequence is 20 nucleotides long, then the effector sequence may have, for
example, 16, 17, 18 or 20 nucleotides that are complementary with the target,
equating to 80%, 85%, 90% and 100% complementarity respectively; or

. the effector sequence has at least 10 or more contiguous nucleotides that are
100% complementary with the target and preferably less than 6 nucleotides that
cannot base pair with the target sequence. The first effector sequence can
therefore have 1, 2, 3, 4 or 5 nucleotides that will not G-C/A-U base pair with the
target sequence. It is believed that this level of difference will not negatively
impact on the ability of the ddRNAi agent to be able to inhibit expression of the
target sequence. When the first effector sequence does have 1, 2, 3, 4 or 5
nucleotides that will not G-C/A-U base pair with the target sequence, it is
preferred that the differences are in the first or last 5 nucleotides of the first
effector sequence, with only 1 or 2 nucleotide changes in the centre portion of
the effector sequence.

Substantially complementary is preferably about 85% complementary to a portion of the
target gene. More preferably, it is at least 85-90% complementary, and most preferably
at least 95, 96, 97, 98 99 or 100% complementary. Substantial complementarity
therefore includes 100% complementarity, but 100% complementarity may aiso be
referred to throughout the specification as “complementary”, or “being complementary”.

As noted earlier in the specification, the concept of substantial complementarity

described in the paragraphs above applies equally to the substantial complementarity
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between the effector sequence and effector complement sequence where substantial
complementarity can be 80% to 100% complementarity.

Whether in the context of substantial complementarity between the effector and target,
or effector and its complement, one “will appreciate that substantial complementarity
may not equate to a whole number. For example, at least 85% complementarity to a
sequence of 22 nucleotides would be 18.7 nucleotides, so is effectively a requirement
for 19 of 22 to be complementary.

Alternatively, substantial complementarity of 80 to 100% complementarity (again, both
in the context of substantial complementarity between the effector and target, and
effector and its complement) can be described with referencemto the number of
nucleotides that will not G-C/A-U base pair (except for wobble pairs as described
below). For example, in an effector sequence of 20 nucleotides, there may be 1;:2, 3, 4
or 5 nucleotides within the complementary region between the 2 RNAs that are not
themselves complementary with a nucleotide in the effector sequence when considering
at least 80% complementarity across a nucleotide sequence (whether due to
mismatched or unmatched nucleotides). As to whether there can be 1, 2, 3, 4 or 5
nucleotides that do not base pair is dependent on the length of the relevant sequence.
For example, if the effector sequence is 17 nucleotides long, it cannot have 5
nucleotides that will not base pair, as this would equate to only 71% complementarity. in
a 17 nucleotide sequence, there must be complementarity. between 14 of the 17
nucleotides for at least 80% complementarity.

Substantial complementarity therefore, in summary, may be described in terms of:

. percentage identity (being 80 to 100%) between an effector and its complement,
or between an effector and target sequence; or

. number of nucleotides that are not complementary provided that number is
consistent with the percentage identity requirement of 80 to 100%.

As noted above, substantial complementarity is intended to mean that the sequences
are hybridisable or annealable. The terms “"hybridising” and "annealing" (and
grammatical equivalents) are used interchangeably in this specification in respect of
nucleotide sequences and refer to nucleotide sequences that are capable of forming
Watson-Crick base pairs due to their complementarity. Preferably the substantially
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complementary sequences are able to hybridise under conditions of medium or high

stringency:
. high stringency conditions: 0.1xSSPE (or 0.1xSSC), 0.1%SDS, 65°C
. medium stringency conditions: 0.2xSSPE (or 1.0xSSC), 0.1%SDS, 50°C

"Wobble pairs" can form between guanosine and uracil residues in RNA, and are non-
Watson-Crick base-pairing. "Complementary" is used herein in its usual way to indicate
Watson-Crick base pairing, and "non-complementary"” is used to mean non-Watson-
Crick base pairing, even though such non-complementary sequences may form wobble
pairs or other interactions. In the context of the present invention, reference to "non-
pairing” sequences relates specifically to sequences between which Watson-Crick base
pairs do not form.

The term "RNAi agent" refers to a dsRNA sequence that elicits RNAI. This term may be
used interchangeably with “small interfering RNAs" (siRNA agents) and small hairpin
RNA (shRNAi or hpRNAI agents).

The “loop” of a hairpin structure is an additional sequence wherein at least some of the
nucleotides are non-complementary to either itself, the target sequence, the effector
sequence or the effector complement. The loop can be a sequence of 2 to 100
nucleotides which are capable of forming a loop. Not all of the nucleotides of the loop
sequence need be non-annealed. For example, in a loop sequence of
ACUGUGAAGCAGAUGAGU, nucleotides ACU may be annealed with AGU, while the
intervening GUGAAGCAGAUG sequence remains non-annealed.

In embodiments in which the ddRNAI agent is expressed as part of a miRNA structure,
the loop sequence may be derived or partially derived from the miRNA, and is encoded
by the ME sequence. ’

A “microRNA" or “miRNA" is a small non-coding RNA molecule which may occur
naturally in organisms and function in the post-transcriptional regulation of gene
expression. miRNA transcripts are capable of forming hairpin-like structures; typically
contain mismatches and bulges within or adjacent to the double stranded RNA regions.
The miRNA structure in which the ddRNAi agents of the invention are preferably
expressed contains mismatches and insertions, as detailed above. Wu et al. (2011)

showed that mismatched duplexes (containing mismatches in the passenger strand)
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sometimes showed increased silencing activity, due possibly to their greater structural
resemblance to endogenous miRNAs. Similarly Gu et al. (2012) showed the introduction
of bulges adjacent to loop sequences in shRNA molecules can result in increased

precision of Dicer processing.

In the double stranded, folded miRNA structure, at least 50% of the nucleotides on one
strand are annealed to nucleotides of the other strand. Of the non-annealed (ie
unpaired) nucleotides, they may be insertions or deletions ie they lack a complementary
nucleotide on the opposing strand, or they may be mismatches such that they do not
anneal, for example, a G and an A: The double stranded, folded miRNA structure can
contain 2 or more annealed nucleotides, separated by 1 or more non-annealed
nucleotides, to give a double stranded RNA structure with “bubbles” or ‘bulges” where

the nucleotides are not annealed. The requirement for at least 50% of the nucleotide to

" be annealed applies to the entire length of each strand. However, as can be seen in the

illustrations of a miRNA structure in, for example, figures 1G, 6A and 6B, most of these
unpaired nucleotides within the miRNA structure are outside of the effector-effector
complement region. While overakll only 50% of nucleotides on one strand must anneal
with those on the other strand, the effector/effector complement portion of the miRNA

structure must retain at least 80% complementarity, as defined herein.

By “miRNA encoding sequence” or “ME sequence’, it is meant the DNA sequence
contained within a ddRNAI expression cassette that encodes for RNA which is capable
of folding in to a miRNA structure. The effector sequence and the effector complement
of a ddRNAI agent are expressed within and as part of that miRNA structure. The ME
sequence has a first and second part. In an expression cassette for expressing a single
hairpin (having one or more effector/effector complement pairs), the first part of the ME
sequence is located upstream (ie 5’) of the 5 most effector or effector complement
encoding sequence, and the second part is located downstream (ie 3') to the 3’ most

effector or effector complement encoding sequence.

In the case of an expression cassette for a multiple hairpin structure, each
effector/effector complement pair has a corresponding first and second ME sequence,
wherein the first ME sequence is upstream of the effector or effector complement

encoding sequence and the second part is downstream of the corresponding effector or
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effector complement encoding sequence. In an expression cassette having the following
exemplary structure, in a 5' to 3’ direction:

. a promoter

. a first ME sequence;

. a first effector;

. a first effector complement sequence;

. a second ME sequence;

. a third ME sequence;

. a second effector sequence;

. a second effector complement sequence; and
. a fourth ME sequence

It will be appreciated that the second and third ME sequence can either be (using
exemplary sequences to illustrate the point) consecutive, can havé intervening
sequence between them, or can be a single ME sequence that serves the same
function as the second and third ME sequence.

i) consecutive: ggtatattgctgttgacagtgagcgagatatattgctggggacagtgagecc

ME sequence 2 ME sequence 3

ii) intervening: ggtatattgctgttgacagtgagcgaATTGCCATGaatatattgctggggacagtgagece
ME sequence 2 INTERVENING  ME sequence 3

iii) single: ggtatattgctgttgacagtgagcgaggtatattgctggggacagtgagecc
ME sequence

The double stranded or duplex region of the RNAi agent is at least 17 base pairs long,
and usually in the range of 17 to 30 base pairs and preferably 17 to 21 base pairs. RNAI
agents can be synthesized chemically or enzymatically outside of cells and
subsequently delivered to cells or can be expressed in vivo by an appropriate vector in
cells (see, e.g., U.S. Pat. No. 6,573,099, WO 2004/106517 and W099/49029, all of
which are mcorporated herein by reference).

The term “DNA-directed RNAi agent” or "ddRNAi agent" refers to an RNAI agent that is
transcribed from a DNA expression cassette (“ddRNAi expression cassette”). The
ddRNAI agent transcribed from the expression cassette may be transcribed as a single

RNA that is capable of sélf-anneaﬁng into a hairpin structure with a duplex region linked
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by at least 2 nucleotides, or as a single RNA with muiltiple shRNA domains or as
multiple transcripts each capable of folding as a single shRNA.

The ddRNAI expression cassette can be ligated into vectors referred to as ddRNAI
vectors or ddRNAi constructs. The vectors may provide sequences specifying
transcription of the ddRNAi expression cassette in vivo or in vitro. The vector may
additionally serve as the delivery vehicle for the ddRNAi expression cassette. Viral
based vectors for example will generate a ddRNAi construct that is useful for expression

of the ddRNAi expression cassette as well as being compatible with viral delivery.

A cell has been "transformed", "transduced" or "transfected" by an exogenous or
heterologous nucleic acid or vector when such nucleic acid has been introduced into the
cell. The transforming DNA may or may not be integrated (covalently linked) into the
genome of the cell. With respect to eukaryotic cells, a stably transformed cell is one in
which the transforming DNA has become integrated into a host cell chromosome or is
maintained extra-chromosomally (episomally) so that the transforming DNA is inherited
by daughter cells during cell replication. In non-replicating, differentiated cells the

transforming DNA may persist as an episome.
“Gene expression” can be a reference to either or both transcription or translation.

“Inhibition of expression” refers to the absence or observable decrease in the level of
protein and/or mRNA product from the target gene. The inhibition does not have to be
absolute, but may be partial inhibition sufficient for there to a detectable or observable
change as a result of the administration of a RNAi or ddRNAi agent or siRNA agent or
ddRNAI expression cassette or expression construct of the invention. Inhibition may be
measured by determining a decrease in the level of mMRNA and/or protein product from
a target nucleic acid relative to a cell lacking the ddRNAi agent or construct, and may be
as little as 1%, 5% or 10%, or may be absolute ie 100% inhibition. The effects of
inhibition may be determined by examination of the outward properties ie quantitative

and/or qualitative phenotype of the cell or organism.

“Off-target” effects is a term used to describe unintentional side-effects of treatment with
an RNAi reagent. This is frequently thought to involve unintended knockdown of a target
sequence as a consequence of chance homology with the passenger or effector

sequences and another target gene, although subtler effects arising from metabolic
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compensation of a knockdown can also occur. Processing of miRNAs by endogenous

- RNAI pathways frequently results in the loading of only the effector strand into RISC,

and degradation of the passenger strand. One potential source of off-target effects is
the unanticipated incorporation of the passenger strand into RISC such that passenger
sequences can consequently silence genes which they fortuitously share homology
with. There is evidence that a step in RISC loading “senses” the predicted
thermodynamic stability of an RNA duplex across a potential target site in dsRNA
precursors and preferentially loads the strand whose 6§’ end is from the less stable end
of the duplex. One strategy to minimise the potential for off-target effects is to screen
ddRNAi molecules for activity of the passenger strand using Dual Luciferase assays.
Loading of this strand into RISC is undesirable.

As used herein, a “protein kinase C y gene” or “PKCy gene”, includes a gene that
encodes a protein having protein kinase C y activity. In one embodiment the PKCy gene
encodes a nucleotide sequence aé shown in Genbank with accession number
NM_002739 (SEQ ID NO:37) which encodes human PKCy. In another embodiment, a
PKCy gene is an orthologous or paralogous gene to the PKCy gene, including but not
limited to a nucleotide sequence as shown in Genbank with accession number
NM_012628 (rat PKCy; SEQ ID NO: 38), XM_541432 (dog PKCy; SEQ ID NO: 39), and
AB169802 (macaque PKCy; SEQ ID NO: 40). In another embodiment, the PKCy gene
encodes a protein that falls within the IlUBMB enzyme nomenclature classification of
E.C.1.4.3.3. In yet a further embodiment, a PKCy gene may be a human gene or gene
from an animal as described herein and includes allelic variants.

As used herein, a “D-amino-acid oxidase gene”, or “a DAO gene” includes a gene that
encodes a protein having D-amino acid oxidase activity. In one embodiment the DAO
gene encodes a nucleotide sequence as shown in Genbank with accession number
NM_001917 (SEQ ID NO: 41) which encodes human DAO. In another embodiment, a
DAO gene is an orthologous or paralogous gene to the DAO gene, including but not
limited to a nucleotide sequence as shown in Genbank with accession number
NM_053626 (rat DAO; SEQ ID NO: 42), XM_543443 (dog DAO; SEQ ID 43) and
AK240621 (macaque DAO; SEQ ID 44). In another embodiment, the DAO gene
encodes a p‘rotein that falls within the IUBMB enzymé nomenclature classification of
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E.C.1.4.3.3. In yet a further embodiment, a DAO gene may be a human gene or gene

from an animal as described herein and includes allelic variants.

Sequences are “paralogous” if they are separated by a gene duplication event: if a gene
in an organism is duplicated to occupy two different positions in the same genome, then

the two copies are paralogous.

Sequences are “orthologous” if they are separated by a speciation event: when a
species diverges into two separate species, the divergent copies of a single gene in the

resulting species are said to be orthologous.

b

As used herein, "a quantitative phenotypic trait" refers to a trait associated with the
molecular expression of a nucleic acid in a host cell and may thus include the quantity
of RNA molecules transcribed or replicated, the quantity of post-transcriptionally
modified RNA molecules, the quantity of translated peptides or proteins, or the éctivity

of such peptides or proteins.

A reduction of phenotypic expression of a nucleic acid where the phenotype is a
qualitative trait means that in the presence of the RNAi agent of the invention, the
phenotypic trait switches to a different state when compared io a situation in which the
RNAI agent is absent. A reduction of phenotypic expression of a nucleic acid may thus
be measured as a reduction in steady state levels of (part of) that nucleic acid, a
reduction in translation of (part of) that nucleic acid or a reduction in the effect the
presence of the transcribed RNA(s) or translated polypeptide(s) have on the eukaryotic
cell or the organism, and will ultimately lead to altered phenotypic traits. It is clear that
the reduction in phenotypic expression of a nucleic acid of interest may be accompanied
by or correlated to an observable change in phenotype. The assessment may be by
way of biochemical techniques such as Northern hybridisation, quantitative real-time
PCR assays, gene expression assays, antibody binding, ELISA, RIA, western blotting
and other assays and techniques known in the art.

“Target nucleic acids” may ‘be either RNA or DNA, whose transcription products are

targeted, coding or non-coding sequence, endogenous or exogenous.

A “therapeutic composition” or “pharmaceutical composition” or “composition for treating
pain” refers to a composition including a ddRNAi agent, ddRNAi expression cassette,
ddRNAI construct or siRNA agent.
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The words "treat” or "treatment" refer to therapeutic treatment wherein the object is to
slow down (lessen) an undesired physiological change or disorder. For purposes of this
invention, beneficial or desired clinical results include, but are not limited to, alleviation
of symptoms of chronic pain, stabilized (i.e., not worsening) pain management, and
delay or slowing of pain onset.

The words "prevent" or "prevention” refer to therapeutic treatment wherein the object is
to avoid an undesired physiological change or disorder from occurring. For purposes of
this invention, prevention includes, but is not limited to, preventing the symptoms of and

onset of chronic pain occurring, and stabilizing (i.e., not worsening) pain symptoms.

The phrase "therapeutically effective amount" means an amount of a compound of the
present invention that (i) treats the particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more symptoms of the particular disease,
condition, or disorder, or (iii) prevents or delays the onset of one or more symptoms of
the particular disease, condition, or disorder described herein.

The current invention provides a new RNAI agent, and use of the RNAi agent for

reducing pain in affected individuals. Treatment of pain is aimed at:

i. long-term knock down molecules in spinal cord neurones and /or glia involved in
the transmission of chronic unmanageable pain using a DNA construct
containing one or more sequences aimed at siléncing specific genes associated
with pain (pain associated genes) and

. limiting the treatment to neurones and/or glia which transmit pain from the
affected area in the individual patients.

A number of target genes have been defined in the literature as potential targets for
RNAI therapeutics. Examples are listed in Table 1.

Table 1: Potential target genes for RNAI therapeutics

Target RNAi Typé of Pain Reference
Method
ATP receptor P2X3 siRNA neuropathic Dorn et al, 2004
NMDA receptor NR2B siRNA spontaneous Tan et al, 2005
NMDA receptor NR1 ddRNAi | mechanical Garraway et al,
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allodynia 2007
MMP-2 & MMP-9 SiRNA mechanical Kawasaki et al,
allodynia 2008
K channel Kir4.1 siRNA neuropathic Vit et al, 2008
Capsaicin réceptor TRPV1 ddRNAi | mechanical Christoph et al,
allodynia 2008
EP receptor EP4 ddRNAi | nociceptive Lin et al, 2006
(prostaglandin E2)
PKCy ddRNAi | neuropathic Zou et al, 2011

Despite the recognition in the art that some pain associated genes may be suitable
targets for silencing by RNAI techniques, identifying appropriate target sequences within
those target genes, and designing RNAi agents that work based on those sequences, is
not routine. As will be demonstrated in the results section, target sequences that look
like good candidates on paper, may not necessarily effectively silence the target, or may
not do so to an effective level for therapeutic purposes. Some effector sequences work
much more effectively than others to silence a target, but it is not predictable which
sequences are able to be silenced by mere visual inspection of the sequence itself, let
alone to what extent they may be silenced, and if that would be sufficient for the

purposes of the invention.

One target pain associated gene is protein kinase Cy, or PKCy. Protein kinase C (PKC)
is a family of serine- and threonine-specific protein kinases that can be activated by
calcium and second messenger diacylglycerol. PKC family members phosphorylate a
wide variety of protein targets and are known to be involved in diverse cellular signaling
pathways. Each member of the PKC family has a specific expression profile and is
believed to play distinct roles in cells. PKCy is expressed solely in the brain and spinal
cord and its localization is restricted to neurons. Knockout studies in mice suggest that
this kinase may be involved in pain development (Celerier et al 2004) and intrathecal
delivery of lentiviruses targeting PKCy have been shown to alleviate pain in rat pain
models (Zou et al 2011).

An alternative target pain associated gene is the DAO gene. The DAO gene encodes
the peroxisomal enzyme D-amino acid oxidase, which catalyses oxidative deamination
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of neutral and polar d-amino acids and is expressed in the kidneys, liver, and central

nervous system (CNS) including the spinal cord. DAO in the spinal cord has been

suggested to contribute significantly to the development of central sensitization-
mediated pain (central sensitization is an increase in excitability of spinal and brain
neurons after persistent nociceptive stimulation), suggesting DAO may be an important
molecular target for the treatment of chronic pain of neuropathic origin (Zhao et a/ 2008,
2010).

RNA interference (RNAI) is an RNA-dependent gene silencing process that is initiated
by short double-stranded RNA molecules in a cell's cytoplasm. In mammals, RNA: is
mediated by double-stranded RNA molecules referred to as small interfering RNAs
(siRNA). The double stranded, or duplex region of the RNAI agent is at least 17 base
pairs long, and usually in the range of 17 to 30 base pairs and preferably 17 to 21 base
pairs. RNAI agents can be synthesized chemically or enzymatically outside of cells and
subsequently delivered to cells or can be expressed in vivo by an appropriate vector in
cells (such as AAV, lentivijrus, or non-viral liposome-based delivery systems).

Pre-clinical testing of RNAi agents as pain therapeutics requires the extensive use of
animal models. Rat (Raftus norvegicus) models are widely used to test the efficacy of
treatments, and other species such as dogs (Canis familiaris) and primates (eg
macaques, Macaca fasciularis) are commonly used as models to determine the clinical
safety of therapeutic compounds. For RNAI therapeutics it is advantageous to design
reagents that target nucleotide sequences of pain-associated genes that are highly
conserved between humans and the various ‘pre-clinical test species. Some target
genes (eg PKCy) are highly conserved between potential test species, whereas others
(eg DAO) are poorly conserved. For highly conserved genes a single RNAI reagent can
be used at all stages of pre-clinical testing since the reagent would be expected to
silence the target gene in all species. For poorly conserved genes multiple RNAi
reagents, with sequences that differ slightly between the different test species must be
tested in parallel to accurately determine potential toxicity.

Accordingly, the RNAi reagents described in this application, are where possible
designed to target sequences absolutely conserved between humans and the potential
test species (rats, dogs and primates such as macaques), since this provides significant
advantages for a drug development program.
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ddRNAi agent

RNAI agents may be expressed from DNA vectors, referred to as DNA-directed RNAI,
or ddRNA.. They can directly target the activity of genes with minimum off-target events.

" In the case of chronic pain, this offers a unique opportunity to address the unmet clinical

treatment needs. Accordingly, in one aspect of the invention, there is provided a DNA-
directed RNA interference (ddRNAI) agent for inhibiting expression of one or more
target sequences in a pain-associated gene, the ddRNAi agent comprising at least:

a first effector sequence of at least 17 nucleotides in length, preferably 17 to 30
nucleotides in length, and more preferably 17 to 21 nucleotides in length ; and

a first effector complement sequence, wherein the first effector complem‘ent

sequence is substantially complementary to the first effector sequence;

and wherein the ﬂfst effector sequence is substantially complementary to a predicted
transcript of a région of the target gene.

Typically, the first effector sequence forms a double stranded region with the first
effector complement sequence.

The ddRNAi agent may also comprise a first effector sequence consisting of 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length, wherein the effector
sequence is substantially complementary to a predicted transcript of a region of the
target gene. A ddRNAi agent according to this embodiment of the invention therefore
has a maximum length determined by the length and number of effector sequence/s ie

each effector sequence is not comprised within a longer sequence.

The first effector sequence is at least 17 nucleotides long, preferably 17 to 30
nucleotides and most preferably 17 to 21 nucleotides. It may be 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29 or 30 nucle.otides in length. When the first effector sequence
is longer than 17 nucleotides, it is preferred that at least 17 contiguous nucleotides of
the first effector sequence forms the double stranded region with the complementary

strand.

The ddRNAi agents of the invention inhibit expression of pain-associated target genes.
Preferably the pain associated gene is one or both of protein kinase C-y (PKCy) and D-

amino acid oxidase (DAO), and each effector sequence is selected from the group
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consisting of any 10 or more contiguous nucleotides within a sequence from any one of
SEQ ID NOS: 19-36.

When the pain associated gene to be inhibited, prevented or reduced is PKCy, each
effector sequence is selected from SEQ ID NOS: 19-26. When the pain associated
gene to be inhibited, prevented or reduced is DAO, each effector sequence is selected
from SEQ ID NOS: 27-36.

Accordingly, in one embodimént of the invention, the ddRNAi agent of the invention
inhibits expression of one or more target sequences in a PKCy gene. A target sequence
is preferably selected from the ddRNAi PKCy target sequences listed in Table 2 below
(SEQ ID NOS: 1-8); the corresponding effector sequences that would be produced by -
dicer processing of a ddRNAi agent targeting those sequences is shown in SEQ ID
NOS: 19-26 respectively. Note that some of the PKC target (SEQ ID NOS: 3, 4, 6 and
8) and effector sequences (SEQ ID NOS: 21, 22, 24 and 26) have been chosen to show
absolute conservation of nucleotide sequences between human and the pre-clinical test
species rat, dog and macaque; the remainder are conserved between human, rat and

macaque.

In an alternative embodiment of the invention, the ddRNAi agent of the invention inhibits
expression of one or more target sequences in a DAO gene. A target sequence is
preferably selected from the ddRNAi DAO target sequences listed in Table 2 below
(SEQ ID NOS: 9-18), the corresponding effector sequences are therefore selected from
SEQ ID NOS: 27-36 respectively as shown in Table 2.

Table 2: PKCy and DAO gene target sequences and their corresponding ddRNAI
effector sequences

SEQ | Target® | Target Target sequence in 5’ to | SEQ | Corresponding effector
ID position® 3’ direction® 1D sequence in 5 to 3
NO ‘ 4 NO | direction®
1 | PKCy 1974-1993 | TGCAAGGGGTTCCTGACCAA | 19 UUGGUCAGGAACCCCUUGCA
2 | PKCy 1617-1636 | GGCCTCTTCTTCCTTCACAA | 20 UUGUGAAGGAAGAAGAGGCC
3 | PKCy 1266-1285 | GACTTCAGCTTCCTCATGGT | 21 ACCAUGAGGAAGCUGAAGUC
4 | PKCy 1107-1126 | AGCCTCCTCCAGAAGTTTGA | 22 UCAAACUUCUGGAGGAGGCU
5 | PKCy 1087-1106 | TGGCCGATGCTGACAACTGC | 23 GCAGUUGUCAGCAUCGGCCA
6 | PKCy 1061-1080 | GGAGGGCGAGTATTACAATG | 24 CAUUGUAAUACUCGCCCUCC
7 | PKCy 987-1006 GGTGCCATGTCCTTTGGTGT | 25 ACACCAAAGGACAUGGCACC
8 | PKCy 1105-1124 | GCAGCCTCCTCCAGAAGTTT | 26 | AAACUUCUGGAGGAGGCUGC
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9 DAOr 826-845 GGGAACTGGAGCGAGCTAAA | 27 UUUAGCUCGCUCCAGUUCCC
10 | DAGCh 886-905 GGAAACTGGAGTGAACTAAA | 28 UUUAGUUCACUCCAGUUUCC
11 DAOr €685-704 GGCCGGGGCCAGATCATCCA | 29 UGGAUGAUCUGGCCCCGGCC
12 | DAOh 745-764 GGCCGGGGGCAGATCATGAA | 30 UUCAUGAUCUGCCCCCGGCC
13 | DAOr 613-632 GGCGTGGATGTGATTATCAA | 31 UUGAUAAUCACAUCCACGCC
14 | DAOh 673-692 GGCGCAGACGTGATTGTCAA | 32 UUGACAAUCACGUCUGCGCC
15 | DAOr 533-552 GGCTGACTGAGAGGTTAACT | 33 AGUUAACCUCUCAGUCAGCC
16 | DAOh 593-612 GGCTGACTGAAAGGTTAACT | 34 AGUUAACCUUUCAGUCAGCC
17 | DAOr 283-302 GAGGCGGAGTGGAACCAGCA | 35 UGCUGGUUCCACUCCGCCUC
18 | DAOh 343-362 GAGGCGGACTGGAGCCAACA | 36 UGUUGGCUCCAGUCCGCCUC

2 Target genes are PKCy (rat, human, macaque and in some instances dog) or rat DAO (DAOr) or
human (DAOh).
b Target positions for PKCy are shown for rat sequence (NM_012628), positions for rat DAO targets

(DAOr) are shown for the rat sequence (NM_053626), positions for human DAO targets (DAOh) are
shown for the human sequence (NM_001917). A transcript from these target positions will contain the
target region.

© Target sequences are the DNA sequences, the transcript of which is recognised by the effector
sequence.
9 Effector sequences are the predicted RNA sequences produced by dicer processing of the ddRNAI

agents that target PKCy or DAO mRNAs. Effector sequences are predicted to terminate with UU (these
sequences are not shown).

In accordance with the explanation provided earlier, the relationship between the DNA
target sequence and the corresponding effector sequence of the ddRNAi agent can be
shown as (using the target SEQ ID NO:1 and its corresponding effector sequence SEQ
ID NO:19 from Table 2);

5 TGCAAGGGGTTCCTGACCAA 3’ - DNA target sequence of PKCy (SEQ ID
NO:1)

5 UGCAAGGGGUUCCUGACCAA 3’ — predicted mRNA transcript of SEQ ID
NO:1

3' ACGUUCCCCAAGGACUGGUU &' — effector sequence of ddRNAI agent (SEQ
ID NO:19) to target SEQ ID NO:1, which when read in the §' to 3’ direction, can
be seen to be substantially complementary to the predicted mRNA transcript of
the target sequence.

The ddRNAI agents of the invention are preferaply expressed within and as part of a
miRNA structure. A diagrammatic representation of a miRNA structure is shown in
Figure 1G.
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As explained in the background section, both strands of the ddRNAi agent have the
potential to be the effector sequence. However there is evidence that particular features
of a sequence can favour one strand to enter the RISC and the other strand to be
destroyed. There is evidence that the protein Argonaut 2 (AGO2) of the RISC complex

has a preference for sequences with a 5’ A, and to a lesser extent a 5’ U.

There is evidence that a step in RISC loading “senses” thermodynamic stability of an
RNA duplex across a potential target site in dsRNA precursors and preferentially loads
the strand whose 5’ end is from the less stable end of the duplex. Therefore target site
sequences were typically adjusted to maximise the number of AT base pairs at the 3’
end of the target site, ie maximising the number of A or U bases in the § end of the
effector strand.

~ For example, in one embodiment of this aspect of the invention, there is provided a

DNA-directed RNA interference (ddRNAi) agent for inhibiting expression of one or more

target sequences in a pain-associated gene, the ddRNAi agent comprising at least:

a first effector sequence of any 10 or more contiguous nucleotides within 5'
ACCAUGAGGAAGCUGAAGUC 3’ (SEQ ID NO:21); and '

a first effector complement sequence, wherein the first effector complement
sequence is substantially complementary to the first effector sequence.

The first effector sequence is substantially complementary to a predicted transcript of a
region of the target gene.

Preferably the first effector sequence is at least 17 or more contiguous nucieotides
within 5 ACCAUGAGGAAGCUGAAGUC 3’ (SEQ ID NO:21).

When the first effector sequence has 1, 2, 3, 4 or 5 nucleotides different to SEQ ID
NO:21, the differences are preferably present in the first and/or last 5 nucleotides, and

~ at least the centre 10 nucleotides are 100% complementary to a predicted transcript of

a region of the target gene.

In alternative embodiments, the ddRNAI agent comprises a first effector sequence of
any 10 or more, preferably any 17 or more, contiguous nucleotides within SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID
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NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:35 and SEQ ID NO: 36.

Preferably, the ddRNAi agent comprises a first effector sequence of any 10 or more,
preferably any 17 or more, contiguous nucleotides within SEQ ID NO:21, SEQ ID NO:22
or SEQ ID NO:23.

In particularly preferred embodiments, the ddRNAi agent comprises a first effector
sequence of any 10 or more, preferably any 17 or more, Contiguous nucleotides within
sequences able to inhibit the expression of a target gene region by at least 70%.
Preferably, in this embodiment, the first effector is selected from SEQ ID NO:21, which
targets a sequence of SEQ ID NO:3.

The first effector sequence may comprise a sequence selected from any 10 or more
and preferably any 17 or more contiguous nucleotides within a sequence from the group
consisting of SEQ ID NOS: 19-36, or alternatively, each effector sequence may be a
variant of SEQ ID NOS:19-36, having 1, 2, 3, 4 or 5 nucleotide variations. In yet a
further embodime'nt, each effector sequence may consist of 20 nucleotides, of which 17,
18, 19, or all 20 nucleotides are contiguous nucleotides from a sequence selected from
the group consisting of SEQ ID NOS: 19-36.

Multiple targeting ddRNAI agents

ddRNAi agents with multiple effector sequences have the advantage of being able to
tafget a range of sequences and naturally occurring variants thereof that may exist
between individuals, as well as the advantage of the additive or synergistic effects
achieved with multiple effector sequences as opposed to single effector sequences.

In one embodiment of the invention, the ddRNAi agent comprises two or more effector
sequences to enable targeting of more than one target sequence of the pain-associated
gene. The multiple target sequences may be in the same region of the gene. For
example, a 17 to 30 nucleotide region that has natural variation in the sequence
between individuals. Alternatively, the target sequences may be in different regions of
the one target gene. The target sequences may also be in different pain-assodiated
genes. For example, a first effector sequence targets a sequence in PKCy, whereas a
second effector sequence in the same ddRNAi agent targets a sequence in a DAO

gene.
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To provide greater specificity the ddRNAi agent comprises the following (in no particular

order):

. a first effector sequence of at least 17 nucleotides in length;

. a second effector sequence of at least 17 nucleotides in le‘ngth;

. a first effector complement sequence, wherein the first effector complement
sequence is substantially complementary to the first effector sequence; and

. a second effector complement sequence, wherein the second effector

complement seduence is substantially complementary to the second effector

sequence.

The first and second effector sequences of a multiple targeting ddRNAi agent form a
double stranded region with their respective effector complements. Preferably, the first
and second effector sequences are 17 to 30 nucleotides in length and more prefefably
17 to 21. More preferably, the first and second effector sequence are both selected from
any 10 or more and preferably any 17 or more contiguous nucleotides within any one of
the sequences of SEQ ID NOS: 19-36 listed in Table 2 above, or are sequences having

1, 2, 3, 4 or 5 nucleotides difference from those sequences listed in Table 2.

In one embodiment, the first effector sequence is selected from any 10 or more and
preferably any 17 or more contiguous nucleotides within a sequence from any one of
the group consisting of SEQ ID NOS:19-36, and the second effector sequence is
selected from any 10 or more and preferably any 17 or more contiguous nucleotides-
within a sequence from any one of the group consisting of SEQ ID NOS: 19-36. The first
and second effector sequence may both be the same sequence or may alternatively be
different sequences.

The first and second effector sequence may each comprise a sequence selected from
any 10 or more contiguous nucleotides within a sequence from the group consisting of
SEQ ID NOS: 19-36, or alternatively, each effector sequence may also be a variant of
SEQ ID NOS: 19-36, having 1, 2, 3, 4 or 5 nucleotide variations. In yet a further
embodiment, each effector sequence may consist of 20 nucleotides, of which 17, 18,
19, or all 26 nucleotides are contiguous nucleotides from a sequence selected from the
group consisting of SEQ ID NOS: 19-36. When there are two or more effector
sequences, they may represent a combination of the 3 types described above.
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In particularly preferred embodiments, the first and second effector sequence comprise
any 10 or more, preferably any 17 or more, contiguous nucleotides within sequences
able to inhibit the expression of a target gene region by at least 70%. Preferably in this
embadiment, each effector sequence is selected from any 10 or more and preferably
any 17 or more contiguous nucleotides within a sequence from any one of the group
consisting of SEQ 1D NO:21 and SEQ ID NO:22,

Long hairpin version

When the ddRNAi agent contains more than one effector sequence, and the ddRNAI
agent is expressed as a single strand of RNA, it will fold to form different structures
depending on the order of the effector sequences and the sequences complementary to
the effector sequences. In one embodiment, there is provided a DNA-directed RNA
interference (ddRNAI) agent for inhibiting expression of one or more target sequences
in a pain-associated gene, preferably a PKCy gene and/or a DAO gene, the ddRNAI
agent comprising, in a 5' to 3' direction, at least:

a first effector sequence of at least 17 nucleotides in length;
a second effector sequence of at least 17 nucleotides in length;

a second effector complement sequence, wherein the second effector
complement sequence is substantially complementary to the second effector
sequence; and

a first effector complement sequence, wherein the first effector complement
sequence is substantially complementary to the first effector sequence

and wherein each effector sequence is substantially complementary to a predicted
transcript of a region of the target gene. This will result in a ddRNAi agent with a
structure as shown in Figure 1A. See also W0O2004/106517, incorporated herein by
reference.

Alternatively, at least one effector, and preferably both effector sequences, are 100%
complementary to a predicted transcript of a region of the target gene. Preferably the

first and second effector sequences are both selected from the group consisting of any

10 or more and preferably any 17 or more contiguous nucleotides within any one of
SEQ ID NOS: 19-36. For example, in one embodiment, there is provided a DNA-
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directed RNA interference (ddRNAi) agent for inhibiting expression of one or more
target sequences in a pain-associated gene, the ddRNAi agent comprising, in a 5’ to 3’
direction, at least:

a first effector sequence of 5 ACCAUGAGGAAGCUGAAGUC 3 (SEQ ID
NO:21);
a second effector sequence 5 UCAAACUUCUGGAGGAGGCU 3' (SEQ ID
NO:22);
a second effector complement wherein the second effector complement

sequence is substantially complementary to the second effector sequence; and

a first effector complement wherein the first effector complement sequence is
substantially complementary to the first effector sequence

and wherein the pain-associated gene is PKCy.

Each effector sequence is substantially complementary to a predicted transcript of a
region of the target gene. '

Alternatively, at least one effector, and preferably both effector sequences, are 100%
complementary to a predicted transcript of a region of the target gene.

In particularly preferred embodiments, the first and second effector sequence comprise
any 10 or more, preférably any 17 or more, contiguous nucleotides within sequences
able to inhibit the expression of a target gene region by at least 70%. Preferably, in this
embodiment, each effector sequence is selected from SEQ ID NOS:. 21-26, more
preferably from SEQ ID NOS: 21-23 and most preferably SEQ ID NOS: 21 and 22.

In yet another embodiment, being an embodiment where the ddRNAi agent has 3
effector sequences, there is provided a DNA-directed RNA interference (ddRNAI) agent
for inhibiting expression of one or more target sequences in the target gene, the

ddRNAi agent comprising, in a §' to 3' direction, at least:
a first effector sequence of 5 ACCAUGAGGAAGCUGAAGUC 3’ (SEQ ID
NO:21),

a second effector sequence of 5§ UCAAACUUCUGGAGGAGGCU 3' (SEQ ID
NO:22);
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a third effector sequence of 5 GCAGUUGUCAGCAUCGGCCA 3’ (SEQ ID
NO:23);

a third effector complement sequence wherein the third effector complement
sequence is substantially complementary to the third effector sequence ;

a second effector complement sequence wherein the second effector
complement sequence is substantially complementary to the second effector

sequence, and

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence.

Each effector sequence is substantially complementary to a predicted transcript of a

region of the target gene.

Alternatively, at least one effector, and optionally 2 out of the 3 or all 3 of the effectors,
are 100% complementary to a predicted transcript of a region of the target gene.

In particularly preferred embodiments, the first, second and third effector sequence
comprise any 10 or more, preferably any 17 or more, contiguous nucleotides within
sequences able to inhibit the expression of a target gene region by at least 70%.
Preferably, in this embodiment, each effector sequence is selected from SEQ ID
NOS:19-36, more preferably from SEQ ID NOS: 19-26, and most preferably from SEQ
ID NOS: 21-23.

It will also be appreciated by the skilled person that the order of effector and effector
complements can be altered, provided that a single, long hairpin structure is formed by
annealing of the effector sequence with its effector complement to form dsRNA. For
example, in a 2-effector sequence ddRNAi agent, the sequences may be arranged in
the following exemplary 5’ to 3' orders:

. first effector — second effector — second effector complement — first effector
complement;

. second effector — first effector — first effector complement — second effector
complement;

. first effector — second effector complement - second effector — first effector

complement;
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. first effector complement — second effector complement — second effector — first
effector;
. first effector complement — second effector — second effector complement — first
effector.

in a 3-effector sequence ddRNAi agent, the sequences may be arranged in the

following exemplary 5' to 3’ orders:

. first effector — second effector — third effector — third effector complement -

second effector complement - first effector complement

. first effector — second effector complement- third effector — third effector
complement - second effector — first effector complement;

. first effector — second effector — third effector complement — third effector —

second effector complement - first effector complement

. first effector — third effector — second effector complement — second effector —
third effector complement — first effector complement

. first effector complement — second effector complement — third effector
complement — third effector — second effector - first effector complement

. first effector complement —~ second effector complement — third effector — third

effector complement — second effector — first effector.

In yet further embodiments, the first effector sequence may be selected from any 10 or
more and preferably any 17 or more contiguous nucleotides within a sequence from the
group consisting of SEQ ID NOS:19-36; the second effector sequence may be selected
from any 10 or more and preferably any 17 or more contiguous nucleotides within a
sequence from the group consisting of SEQ ID NOS:19-36; the third effector sequence
may be selected from any 10 or more and preferably any 17 or more contiguous
nucleotides within a sequence from the group consisting of SEQ ID NOS:19-36; and
any further effector sequences may be selected from any 10 or more and preferably any
17 or more contiguous nucleotides within a sequence from the group consisting of SEQ
ID NOS:19-36. Alternatively, each effector sequence may also be a variant of SEQ ID
NOS:19-36, having 1, 2, 3, 4 or 5 nucleotide variations. Preferably, the differences are

present in the first and/or last 5 nucleotides, and at least the centre 11-12 nucleotides
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are 100% complementary to a predicted transcript of a region of the target gene. In
each of the embodiments, wherein only PKCy is to be targeted, each effector sequence
is selected from SEQ ID NOS: 19-26; wherein only DAO is to be targeted, each effector
sequence is selected from SEQ ID NOS: 27-36.

The first, second and third effector sequence may each comprise a sequence selected
from any 10 or more contiguous nucleotides within a sequence from the group
consisting of SEQ ID NOS: 19-36, or alternatively, each effector sequénce may also be
a variant of SEQ ID NOS:19-36, having 1, 2, 3, 4 or 5 nucleotide variations. In yet a
further embodiment, each éffector sequence may consist of 20 nucleotides, of which 17,
18, 19, or all 20 nucleotides are contiguous nucleotides from a sequence selected from
the group consistipg of SEQ ID NOS: 19-36. When there are multiple effector

sequences, they may represent a combination of the 3 types described above.
Multiple hairpin version

In an alternative embodiment, there is provided a DNA-directed RNA interference
(ddRNAI) agent for inhibiting expression of one or more target sequences in a pain-
associated gene, preferably a PKCy gene and/or a DAO, the ddRNAi agent comprising,
in a 5' to 3’ direction, at least:

a first effector sequence of at least 17 nucleotides in length;

a first effector complement wherein the first effector complement sequence is

- substantially complementary to the first effector sequence;,
a second effector sequence of at least 17 nucleotides in length; and

a second effector complement wherein the second effector complement

sequence is substantially complementary to the second effector sequence

and wherein each effector sequence is substantially complementary to a predicted
transcript of a region of the target gerie.

Alternatively, at least one effector, and preferably both effector sequences, is 100%
complementary to a predicted transcript of a region of the target gene.

This will result in a ddRNAi agent with a structure as shown in Figure 1B or C,
depending on the type of expression cassette used to express it (see later in the
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specification). See also W02005/087926 and W02006/084209, incorporated herein by

reference.

In either embodiment, where there are 2 target sequences, it is preferable that the first
and second effector sequences are both substantially identical to a predicted transcript

of the target gene containing their respective target sequences.

Preferably the first and second effector sequences are both selected from any 10 or
more and preferably any 17 or more contiguous nucleotides within a sequence from the
group consisting of SEQ ID NOS: 19-36. For example, in one embodiment, there is
provided a DNA-directed RNA interference (ddRNAI) agent for inhibiting expression of
one or more target sequences in a pain-associated gene, the ddRNAi agent
comprising, in a §' to 3’ direction, at least:

a first effector sequence of any 10 or more contiguous nucleotides within 5’
ACCAUGAGGAAGCUGAAGUC 3’ (SEQ ID NO:21);

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence;

a second effector sequence any 10 or more contiguous nucleotides within 5’
UCAAACUUCUGGAGGAGGCU 3’ (SEQ ID NO:22) or 5
GCAGUUGUCAGCAUCGGCCA 3’ (SEQ ID NO:23); and

a second effector complement sequence wherein the second effector
complement sequence is substantially complementary to the second effector
sequence,

and wherein the pain associated gene is PKCy.

Each effector sequence is substantially complementary to a predicted transcript of a
region of the target gene.

Alternatively, at least one effector, and preferably both effector sequences, is 100%
complementary to a predicted transcript of a region of the target gene.

In particularly preferred embodiments, the first and second effector sequence comprise
any 10 or more, preferably any 17 or more, contiguous nucleotides within sequences
able to inhibit the expression of a target gene region by at least 70%. Preferably, in this
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embodiment, each effector sequence is selected from SEQ ID NOS: 19-36, more
preferably SEQ ID NOS: 19-26, and most preferably SEQ ID NOS: 21-23.

In yet another embodiment, being an embodiment where the ddRNAi agent has 3
effector sequences, there is provided a DNA-directed RNA interference (ddRNAi) agent
for inhibiting expression of one or more target sequences in a pain-associated gene, the

ddRNAIi agent comprising, in a §' to 3’ direction, at least:

a first effector sequence of any 10 or more contiguous nucleotides within 5’
ACCAUGAGGAAGCUGAAGUC 3’ (SEQ ID NO:21);

a first effector complement sequence wherein the first effector complement
sequence is substantially complementary to the first effector sequence;

a second effector sequence of any 10 or more contiguous nucleotides within 5’
UCAAACUUCUGGAGGAGGCU 3’ (SEQ ID NO:22);

a second effector complement sequence wherein the second effector
complement sequence is substantially complementary to the second effector
sequence;

a third effector sequence of any 10 or more contiguous nucleotides within 5’
GCAGUUGUCAGCAUCGGCCA 3’ (SEQ ID NO:23); and

a third effector complement sequence wherein the third effector complement
sequence is substantially complementary to the third effector sequence ,

and wherein the pain-associated gene is PKCy.

Each effector sequence is substantially complementary to a predicted transcript of a

region of the target gene.

Alternatively, at least one effector, and optionally 2 out of the 3 or all 3 of the effectors,

is 100% complementary to a predicted transcript of a region of the target gene.

In particularly preferred embodiments, the first, second and third effector sequence
comprise any 10 or more, preferably any 17 or more, contiguous nucleotides within
sequences able to inhibit the expression of a target gene region by at least 70%.
Preferably, in this embodiment, each effector sequence is selected from SEQ ID NOS:
19-36, more preferably SEQ ID NOS: ‘19-26, and most preferably SEQ ID NOS: 21-23.
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In yet further embodiments, the first effector sequence may be any 10 or more
contiguous nucleotides within a sequence selected from the group consisting of SEQ
ID NOS:19-36; the second. effector sequence may be any 10 or more contiguous
nucleotides within a sequence selected from the group consisting of SEQ ID NOS:19-
36, the third effector sequence may be any 10 or more contiguous nucleotides within a
sequence selected from the group consisting SEQ ID NOS:19-36; and any further
effector sequences may be any 10 or more contiguous nucleotides within a sequence
selected from the group consisting of SEQ ID NOS:19-36. Preferably, each effector
sequence is at least 17 contiguous nucleotides.

Each effector sequence may also be a variant of SEQ ID NOS:19-36, having 1, 2, 3, 4
or 5 nucleotide variations. Preferably, the differences are present in the first and/or last
5 nucleotides, and at least the centre 10-12 nucleotides are 100% complementary to a
predicted transcript of a region of the target gene.

The first, second and third effector sequence may each comprise a sequence selected
from any 10 or more contiguous nucleotides within a sequence from the group
consisting of SEQ ID NOS: 19-36, or alternatively, each effector sequence may also be
a variant of SEQ ID NOS:19-36, having 1, 2, 3, 4 or 5 nucleotide variations. In yet a
further embodiment, each effector sequence may consist of 20 nucleotides, of which 17,
18, 19, or all 20 nucleotides are contiguous nucleotides from a sequence selected from
the group consisting of SEQ ID NOS: 19-36. When there are multiple effector
sequences, they may represent a combination of the 3 types described above.

Furthermore, in the long hairpin structure or the multiple hairpin structure the ddRNAi
agent may include additional effector sequences and corresponding complementary

sequences according to one of the following formula:

Long hairpin;

. [effector sequence]y.1q [effector complement sequence]s.1q
Multiple hairpin:

. [effector sequence-effector complement sequencely.io



10

15

20

25

30

WO 2013/126963 PCT/AU2013/000190

41

Preferably, in the long hairpin formula, the number of effector sequences is equal to the
number of effector complement sequences. Typically, there are 2, 3, 4 or 5 effector
sequences, and accordingly, 2, 3, 4 or 5 effector complement sequences respectively.

When the ddRNAi agent does contain more than one effector sequence, the effector
sequences may be the same or different. For example, if a ddRNAi agent has 3 effector
sequences, 2 effector sequences may have the same sequence, while 1 is different.
Alternatively, all 3 effector sequences may be different. Preferably, the effector
sequences are any 10 or more and preferably any 17 or more contiguous nucleotides
within a sequence selected from the group consisting of SEQ ID NOS:19-36, or variants
thereof which have 1, 2, 3, 4 or 5 nucleotide variations. Preferably, the differences are
present in the first and/or last 5 nucleotides, and at least the centre 10-12 nucleotides

are 100% complementary to a predicted transcript of a region of the target gene.

When targeting a single region of a target sequence that has naturally occurring
variants, or single nucleotide polymorphisms, it is preferably that at least one effector |
sequence is chosen from any 10 or more and preferably any 17 or more contiguous
nucleotides within a sequence selected from the group consisting of SEQ ID NOS:19-
36, whereas other effector sequences are variants of that chosen sequence. For
example, a first effector sequence may comprise 20 nucleotides of SEQ ID NO: 21; the
second effector sequence should therefore be a variant of SEQ ID NO:21.

Hairpin structures

In the above embodiments, the effector sequence hybridises with its corresponding
effector complement sequence to form a hairpin structure. At the end of the hairpin, two
or more unbound nucleotides form the ‘hinge’ or ‘loop’. In one embodiment, the
unbound nucleotides are part of the effector sequence and the effector complement,
such that only a portion of the at least 17 nucleotides of the effector sequence will form
a duplex with its corresponding complementary sequence. For example, when the
effector sequence and its complement are both 20 nucleotides long, 18 of the
nucleotides may base pair to form a double stranded region, leaving a total of 4
nucleotides to form a single stranded loop between and joining the effector sequence

and its effector complement sequence.
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In an alternative embodiment, an additional sequence that is non-complementary to
itself, the target sequence, the effector sequence or the effector complement may be
included in the ddRNAI. As such, in yet another embodiment of the invention, the
ddRNAi agent further includes a sequence of 2 to 100 unpaired nucleotides capable of
forming a loop, more preferably, 2 to 10 unpaired nucleotides. In a preferred
embodiment the loop includes the nucleotide sequence AA, UU, UUA, UUAG,
UUACAA, CAAGAGA or N1AAN;, where Ny and N; are any of C, G, U and A and may
be the same or different. Otherwise, specific loop sequences include
ACUGUGAAGCAGAUGGGU, which may be partially or completely derived from the
miRNA when the ddRNAi agent is expressed as part of a miRNA structure. In these
loops, not all of the loop sequence has to remain non-annealed. in a loop of, for
example, 18 nucleotides, the first and last 3 nucleotides for example may anneal with

each other, leaving the intervening 15 nucleotides non-annealed.

There may be one or more loops depending on the ddRNAIi agent structure. When a
ddRNAi agent has a structure based on formula [effector sequence}i:o [effector
complement sequence].,o additional non-self-complementary sequence to give rise to a
single loop structure is contained between the last effector sequence and the effector
complement sequence of that last effector sequence, as illustrated in Figure 1D. In this
embodiment, there is therefore provided a DNA-directed RNA interference (ddRNAI)
agent for inhibiting expression of one or more target sequences in a pain-associated
gene, preferably a PKCy gene and/or DAO gene, the ddRNAI agent comprising, in a §'
to 3’ direction, at least:

a first effector sequence of at least 17 nucleotides in length;
a second effector sequence of at least 17 nucleotides in length;
a sequence of 2 to 100 non-self-complementary nucleotides;

a second effector complement sequence wherein the second effector
complement sequence is substantially complementary to the second effector

sequence; and

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence
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and wherein each effector sequence is substantially complementary to a predicted

transcript of a region of the target gene.

When the ddRNAI agent has a multiple bhairpin structure based on formula [effector
sequence-effector complement sequence]i.io additional non-self-complementary
sequence is contained between each effector sequence and its complementary
sequence to give rise to a loop structure, as illustrated in Figure 1E and F (depending
on the type of expression cassette used to express it — see later in the specification). In
this embodiment, there is provided a DNA-directed RNA interference (ddRNAI) agent for
inhibiting expression of one or more target sequences in a pain-associated gene,

preferably a PKCy gene, the ddRNAIi agent comprising, in a 5’ to 3’ direction, at least:
a first effector sequence of at least 17 nucleotides in length;
a sequence of 2 to 100 non-self-complementary nucleotides;

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence ;
a second effector sequence of at least 17 nucleotides in length;
a sequence of 2 to 100 non-self-complementary nucleotides; and

a second effector complement sequence wherein the second effector
complement sequence is substantially complementary to the second effector

sequence

and wherein each effector sequence is substahtially complementary to a predicted

transcript of a region of the target gene.

In this embodiment where there are more than two effector and complementary
sequences, and therefore more than two hairpin structures, the length of additional non-
self-complementary sequence that forms each loop structure does not have to be the
same. For example, one loop structure may have 5 nucleotides, while another loop

structure may have 9 nucleotides.
2 strand ddRNAI agents

As will be appreciated by one skilled in the art, it is not necessary that the entire ddRNAI
agent is expressed as one sequence. For example, in one embodiment of the invention,
the first effector sequence may be generated (e.g., transcribed by one DNA sequence),
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and the first effector complement sequence may be generated (e.g., transcribed from a
separate DNA sequence). Optionally, a loop sequence may be attached to either
transcript or part of the loop attached to the 3'end of one transcript and the 5' end of the
other transcript, and that loop sequence may be derived from or partially derived from a
miRNA when the effector or effector complement sequence is expressed as part of a
structure. Within the cell, the two transcripts then form the ddRNAI agent by hybridising
through annealihg between the first effector sequences and its complement.

in vitro expressed ddRNAi agents of chemically synthesised siRNA

While it is envisaged that effective treatment of chronic pain will require ddRNAi agents
to be expressed in vivo from ddRNAi constructs (as will be outlined below), there may
be circumstances where it is desirable to administer ddRNAI agents that are expressed
in vitro or to administer siRNAs that are chemically synthesised, thereby functioning as
more of a transient therapy. Acute pain for example may benefit from a short term

treatment with siRNAs that do not integrate and replicate in the cells.

The ddRNAI agents of the invention may therefore be expressed in vitro and then
delivered to target celis. Alternatively, siRNAs may be chemically synthesised and then
delivered to the target cells. In light of this, in another aspect of the invention, there is
provided a small interfering RNAi agent (siRNA agent) for inhibiting expression of one or

more target sequences in a pain-associated gene, the siRNA comprising
a first effector sequence of at least 17 nucleotides in length; and

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence ;

and wherein the effector sequence is substantially complementary to a predicted
transcript of a region of the target gene.

Similarly to the ddRNAi agents described above, the siRNA agent may also include
more than one effector sequence for multiple targeting, be that muiltiple targets in a
single gene such as PKCy or DAO, or multiple targets in more than one gene, such as
PKCy and DAO. The effector sequences preferably target the PKCy gene and/or DAO,
and most preferably, are selected from any 10 or more and preferably any 17 or more
contiguous nucleotides within a sequence from the group consisting of SEQ ID NOS:
19-36.
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Considerable flexibility is possible in the design of siRNAs. Typically siRNAs consist of
dsRNA molecules with §'-phosphate and 3'-hydroxyl residues, strand lengths can vary
from 20-29 nucleotides and may optionally be designed to include 2 nucieotide 3'
overhangs. In some embodiments each strand can be synthesised as N19-27TT (where
TT can be deoxyribonucleotides). siRNAs can be readily designed based on regions of
SEQ ID NOS: 19-36 as described above and can be used therapeutically as single
sequences or in any combinations. Alternatively siRNA agents can consist of single
RNA molecules containing effector and effector complement sequences similar or
identical to those expressed from ddRNAi expression cassettes. These sequences can
be based on SEQ ID NOS: 19-36 and can be used therapeutically as single sequences
or in any combination. The siRNAs can be chemically synthesized with appropriately
protected ribonucleoside phosphoramidites and a conventional synthesizer and thus are
widely available commercially and able to be designed and synthesised according to
routine methods in the art. In preferred embodiments, thé siRNAs have the sequences
of any 10 or more contiguous nucleotides within a sequence from one or more of SEQ
ID NOS:19-36. |

A number of transfection reagents have been used for delivering siRNA into different
cell lines. Lipofectamine 2000 and Oligofectamine are routinely used for siRNA delivery.
Naked siRNAs have also been delivered by hydrodynamic transfection methods. Other
delivery methods would be known by the skilled person.

Expression cassettes and miRNA backbones

The ddRNAi agents of the invention are expressed from DNA expression cassettes
(ddRNAI expression cassette). The expression cassettes comprise the regulatory
sequences required for expression, such as the promoter, together with the DNA
sequence that encodes the ddRNAI agent itself. In embodiments in which the ddRNA |
agent is expressed as part of a miRNA structure, the expression cassette also includes
the DNA sequence that encodes for that miRNA structure.

As will be explained further on, ddRNAi expressed cassettes are themselves part of a
DNA vector, referred to herein as ‘ddRNAI constructs’.

ddRNAI expression cassettes comprise (in no particular order):

. one of more promoter sequences
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. one or more DNA sequences that encode for one or more effector sequences
. one or more DNA sequences that encode for one or more effector complement
sequences,
and optionally
. one or more DNA seqdences that encode for loop sequences
. one or more terminator sequences; and
. one or more enhancer sequences.

The first promoter séquence and last terminator sequence may be derived from the

vector in to which the expression cassette is cloned.

In one embodiment, there is provided a DNA-directed RNA interference (ddRNAI)
expression cassette for expressing a ddRNAi agent, wherein the ddRNAI agent inhibits
expression of one or more target sequences in a pain-associated gene, the ddRNAi

-expression cassette comprising, in a &' to 3’ direction:

a promoter sequence

a DNA sequence that encodes for a first effector sequence

a DNA sequence that encodes for a first effector complement sequence; and
optionally a terminator sequence.

The DNA sequence that encodes for the first effector sequence is preferably a DNA that
encodes for 10 or more, preferably 17 or more, contiguous nucleotides within a
sequence from any one of SEQ ID NOS: 19-36. In a particularly preferred embodiment,
the first effector sequence comprise any 10 or more, preferably any 17 or more,
contiguous nucleotides within sequences able to inhibit the expression of a target gene
region by at least 70%. Preferably, in this embodiment, the first effector sequence is
selected from SEQ ID NOS: 19-36, more preferably SEQ ID NOS: 19-26, and most
preferably SEQ ID NOS: 21-23.

Alternatively, as outlined above in relation to the ddRNAI agent itself, the sequence thaf
encodes for the effector sequence may encode an effector sequence that varies by 1, 2,
3, 4 or 5 nucleotides from SEQ ID NOS: 19-36 without effecting the ability of the
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sequence encoded to base pair with the target sequence and inhibit expression of the

target sequence.

The skilled person would appreciate that a DNA sequence encoding any given RNA
sequence is the same sequence as the RNA but having thymine (T) bases instead of
uracil (U) bases. The ddRNAi expression cassettes encoding ddRNAi agents having
more than one effector sequence in a long hairpin structure comprise, in a 5’ to 3’

direction:
a promoter sequence,
a DNA sequence that encodes for a first effector sequence;
a DNA sequence that encodes for a second effector sequence;
optionally a sequence that encodes for sequence capable of forming a loop;
a DNA sequence that encodes for a second effector complement sequence ;
a DNA seduence that encodes for a first effector complement sequence ; and
optionally a terminator sequence.

Preferably the DNA sequences encode first and second effector sequence selected
from any 10 or more and preferably any 17 or more contiguous nucleotides within a
sequence from the group consisting of SEQ ID NOS: 19-36. Preferably, the first and
second effector sequence is selected from SEQ ID NOS: 21-23. Alternatively, the DNA
sequences encode for an effector sequence that varies from SEQ ID NOS: 19-36 by 1,
2, 3, 4 or 5 nucleotides without affecting the ability of the effector sequence encoded to
base pair with the target sequence and inhibit expression of the target sequence.

When the ddRNAI agent has more than one effector sequence and a multiple hairpin
structure based on formula [effector sequence-effector complement sequence]i.io
expression of each [effector sequence-effector complement sequence] pair may be
controlled by a single promoter, or alternatively by a separate promoter. When separate
promoters are contemplated, the ddRNAi expression cassette comprises, in a 5’ to 3’

direction:
a promoter sequence

a DNA sequence that encodes for a first effector sequence
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a DNA sequence that encodes for a first effector complement sequence;
optionally a terminator sequence;

a promoter sequence;

a DNA sequence that encodes for a second effector sequence;

a DNA sequence that encodes for a second effector complement sequence; and
optionally a terminator sequence.

In this embodiment, multiple ddRNAi agents are produced from the one expression
cassette, as each effector/effector complement is expressed as a single hairpin

structure.
When a single promoter is contemplated, the ddRNAI expression cassette comprises, in
a 5' to 3’ direction:

a promoter sequence

a DNA sequence that encodes for a first effector sequence

a DNA sequence that encodes for an effector complement sequence to the first
effector sequence;

a DNA sequence that encodes for a second effector sequence;

a DNA sequence that encodes for an effector complement sequence to the

second effector sequence; and
optionally a terminator sequence.

Similarly to the above embodiments, the DNA sequences preferably encode first and
second effector sequence selected from any 10 or more and preferably any 17 or more
contiguous nucleotides within a sequence from the group consisting of SEQ ID NOS:19-
36, or, effector sequences that vary in sequence from SEQ ID NOS: 19-36 by 1, 2, 3, 4
or 5 nucleotides.. Preferably, the first and second effector sequence is selected from
SEQ ID NOS: 19-36, more preferably SEQ ID NOS: 19-26, and most preferably SEQ ID
NOS: 21-23. '
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Any of the abovementioned ddRNAi agents can be expressed in a miRNA structure

from an expression cassette.

Processing of shRNAs expressed from ddRNAI expression cassettes and constructs
can be imprecise. The expression of the ddRNAi within and as part of an RNA structure
like a miRNA, which is a natural substrate for RNAi processing pathways, is one way to
minimise this. McBride et al. (2008) designed “artificial miRNA” constructs which
expressed sequences from the base and loop of endogenous miRNAs, these showed
reduced toxicity suggesting more precise processing of expressed shRNAs. Wu et al.
(2011) showed that mismatched duplexes (containing mismatches in the passenger
strand) sometimes showed increased silencing activity, due possibly to their greater
structural resemblance to endogenous miRNAs. Similarly Gu et al. (2012) showed the
introduction of bulges adjacent to loop sequences in shRNA molecules can result in

increased precision of dicer processing.

In embodiments where the effector and effector complement are expressed as a miRNA
structure, the ddRNAI expression cassette further includes sequence that encodes for
the miRNA structure referred to herein as “miRNA encoding sequence” or “ME
sequence”. This is the DNA sequence contained within a ddRNAi expression cassette
that encodes for RNA which, once expressed as miRNA sequence, folds in to a miRNA
structure. The effector sequence and the effector complement therefore are expressed
as part of or within that miRNA structure. As will be appreciated from the Figures
illustrating a ddRNAI agent expressed in a miRNA structure, and as detailed earlier in
the specification, the ME sequences will be located upstream and downstream of the
effector sequence and the effector complement sequence as required. Using an
expression cassette that expresses a ddRNAi agent with a single effector-effector
complement pair as an example, there is provided a DNA-directed RNA interference
(ddRNAI) expression cassette for expressing a ddRNAi agent within and as part of a
miRNA structure, wherein the ddRNAI agent inhibits expression of one or more target
sequences in an pain-associated gene, the ddRNAi cassette comprising, in a 5’ to 3’

direction:
a promoter sequence

a first ME sequénce
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a DNA sequence that encodes for a first effector sequence

optionally a sequence that encodes for sequence capable of forming a loop
a DNA sequence that encodes for a first effector complement sequehce;

a second ME sequence; and

optionally a terminator sequence.

In other words, the RNA sequence expressed from this ddRNAi expression cassette is

capable of forming a structure similar to an endogenous miRNA.

The optional sequence that encodes for sequence capable of forming a loop may also
be ME sequence or partial ME sequence. For example, if a particular miRNA structure
is being utilised as the structure in which the ddRNAi agent is expressed within and as
part of, all or part of the loop sequence of the ddRNAi agent may come from the same
miRNA. In alternative embodiments, the all or part of the loop sequence may come from
a different miRNA than the miRNA structure encoded by the ME sequences, but
nonetheless, is still MIRNA derived or originating sequence.

The ddRNAI expression cassette may alternatively be described by reference to the
total length of the ddRNAI agent expressed, which is a product of the total length of
sequence between the promoter and terminator. For example, when the length of the
effector sequence in a single effector ddRNAi consists of 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, or 30 nucleotides, the ddRNAi expression cassette will have a length
of 34 to 60 nucleotides between the promoter and terminator. This length may further
include 2 to 100 nucleotides of “loop” or “hinge” sequence, giving a length of between
36 to 160 nucleotides. For ddRNAi agents having multiple effector sequences, where
each effector sequence consists of 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or
30 nucleotides, the overall length is increased proportionally.

The presence of ME sequence for encoding the miRNA structure/s will also add to
overall length. ‘

One useful way of designing ddRNAIi expression cassettes of the invention is to assume
Dicer cuts every 22 nucleotides (also referred to as 22nt phasing), and processes from
the base of the shRNA. The DNA sequences that encode effector sequences can

therefore be designed to encode any 10 or more, and preferably any 17 or more
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contiguous nucleotides within a sequence from the group consisting of SEQ ID NOS:19-
36, together with appropriate spacers and other sequence requirements for the
appropriate promoter.

Agents targeting different sites of mRNA are suitable for ShRNA construction, because
they can avoid the influence of secondary structures of mRNA, and thus perform their

functions independently.

When a U6 promoter is used, it is preferable that the DNA sequence operably linked to
the promoter starts with a guanine (G) base; when a H1 promoter is used, it is

_preferable that the DNA sequence operably linked to the promoter starts with an

adenine (A) base. The effector encoding sequence can therefore be modified

accordingly.

The use of miRNA-derived sequences to drive expression of shRNAs is particularly
advantageous when using pol Il promoters. Transcriptional initiation sites for pol 1l
promoters are frequently imprecise. Since dicer processing of an shRNA is largely
dependent on the structure of the shRNA, processing will not be greatly effected by
slight variations in transcriptional start sites in most instances. The use of miRNA
derived sequences therefore permits greater flexibility in designing ddRNAi ‘constructs

that utilise pol Il promoters.

In some instances it may be advantageous to increase the length of shRNAs. One way
to accomplish this is to extend the length of the effector sequence in an shRNA to
maximise its complementarity to the target sequence, in either a 5’ or 3' direction, and
also extend the length of the effector complement to maximise base pairing within the
stem of the shRNA. For example an shRNA based on SEQ ID NO: 21 could be readily
extended ina §' or 3 direction to target additional sequences adjacent to those in SEQ
ID NO:3 to produce an shRNA with a 30 nucleotide stem. The effector sequence could

share substantial homology to the target as defined elsewhere in this specification.

In some instances it may be desirable to avoid the DNA sequence TTTT within effector,
effector complement or loop sequences since these can act as transcriptional
terminators in expression cassette and constructs which use Pol Ill promoters such as
U6 or H1. shRNA design should also take in to accoupt that U6 termination is expected

to add a UU to the 3' end to the shRNA. When designing long hairpin RNAs, it is



10

15

20

25

30

WO 2013/126963 PCT/AU2013/000190

52

sometimes advantageous to modify the preéise choice of effector sequences (either
using sequences from, or adjacent to SEQ ID NOS: 19-36) to maximise the likelihood
that Dicer processed effector sequences will include a 5'U or A, thereby encouraging
incorporation into AGO2.

The choice of whether to control expression of each [effector sequence-effector
complement sequence] pair depends on a number of factors. A single promoter may be
utilised to minimise interference between promoters. A ddRNAIi expression cassette or
construct with only a single promoter is also smaller in size, which can be important in
some cases for the stability of the construct, both during production (eg replication in
E.coli) and delivery. In addition, the use of a single promoter avoids the possibility of

any homologous recombination between promoters.

In circumstances where a degree of regulation of expression of each effector sequence
or complement is réquired though, it is advantageous to design a ddRNAi construct
having multiple promoters, whereby expression of each [effector sequence — effector
complement sequence] pair is controlled by a separate promoter. In circumstances
where the effector sequences are of a different sequence, the nature of the sequence
may mean one sequence is expressed to higher expression levels. When it is desired to
ensure more equal expression levels of each effector sequence, the more highly
expressed effector sequence can be paired with a weaker promoter and vice versa.
Moreover, more efficient expression may be achieved as the length of any one
sequence to be transcribed is shorter. When multiple promoters are used, it is
preferable that not all of the promoters are the same to minimise the risk of any
homologous recombination between them. In the case of 2 promoters, each is
preferably different. In the case of 3 promoters, at least 2 and optionally all 3 are
different from one another.

The DNA sequence encoding the effector sequence is operably linked to the promoter
sequence. A sequence is "operably linked" to another nucleotide sequence when it is
placed in a functional relationship with another nucleotide sequence. For example, if a
coding sequence is operably linked to a promoter sequence, this generally means that
the promoter may promote transcription of the coding sequence. Operably linked means
that the DNA sequenéés being linked are typically contiguous and, where necessary to

join two protein coding regions, contiguous and in reading frame. However, since
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enhancers may function when separated from the promoter by several kilobases and
intronic sequences may be of variable length, some nucleotide sequences may be
operably linked but not contiguous.

A “promoter” or “promoter sequence” or “promoter element” is generally a DNA
regulatory region capable of binding RNA polymerase in a cell and initiating
transcription of a polynucleotide or polypeptide coding sequence such as mRNA or any
kind of RNA transcribed by any class of any RNA polymerase. The promoter and
terminator may be taken from different genes, but are typically matched to each’other;
that is, the promoter and terminator elements are taken from the same gene in which
they occur naturally. Promoters also may or may not be modified using molecular
techniques, or otherwise, e.g., through modification of regulatory elements, to attain
weaker levels of transcription. '

The term "constitutive” when made in reference to a promoter means that the promoter
is capable of directing transcription of an operably linked nucleic acid sequence in the
absence of a specific stimulus (e.g., heat shock, chemicals, light, etc.). Typically,
constitutive promoters are capable of directing expression of a coding sequence in
substantially any cell and any tissue. The promoters used to transcribe the ddRNAi
agents preferably are constitutive promoters, such as the promoters for ubiquitin, CMV,
B-actin, histone H4, EF-1alfa or pgk genes controlled by RNA polymerase I, or
promoter elements controlled by RNA polymerase |. In other embodiments, a Pol i
promoter such as CMV, SV40, U1, hAAT, B-actin or a hybrid Pol |l promoter is
employed. In other embodiments, promoter elements controlled by RNA polymerase Il
are used, such as the U6 promoters (e.g .U6-1, U6-8, U6-9), H1 promoter, 7SL
promoter, the human Y promoters (hY1 , hY3, hY4 (see Maraia, et al., (1994)) and hY5
(see Maraia, et al., (1994)), the human MRP-7-2 promoter, Adenovirus VA1 promoter,
human tRNA promoters, the 5S ribosomal RNA promoters, as well as functional hybrids
and combinations of any of these promoters. Variants of these promoters may also be
utilised, wherein the promoter is modified to decrease or increase its activity. For
example, if a strong promoter causes too much expression of the sequence operably
linked to it, it can be modified to decrease its activity.

When a U6 promoter is used, it is preferable that the DNA sequence operably linked to
the promoter starts with a guanine (G) base; when a H1 promoter is used, it is
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preferable that the DNA sequence operably linked to the promoter starts with an
adenine (A) base. The sequences of the nucleic acids may therefore favour the use of
one promoter over another.

Alternatively in some embodiments it may be optimal to select promoters that allow for
inducible expression of the multiple ddRNAi agents expressed from the ddRNAi
expression cassette and construct. A number of systems for inducible expression using
such promoters are known in the art, including but not limited to the tetracycline
responsive system and the lac operator-repressor system (see WO 03/022052 A1
Publication; and U.S. Patent Publication 2002/0162126 A1), the ecdyson regulated
system, or promoters regulated by glucocorticoids, progestins, estrogen, RU-486,
steroids, thyroid hormones, cyclic AMP, cytokines, the calciferol family of regulators, or

the metallothionein promoter (regulated by inorganic metals).

Promoters useful in some embodiments of the present invention may be tissue-specific
or cell-specific. The term "tissue-specific” as it applies to a promoter refers to a
promoter that is capable of directing selective expression of a nucleotide sequence of
interest to a specific type of tissue in the relative absence of expression of the same
nucleotide sequence of interest in a different type of tissue (e.g., brain). The term "cell-
specific” as applied to a promoter refers to a promoter which is capable of directing
selective expression of a nucleotide sequence of interest in a specific type of cell in the
relative absence of expression of the same nucleotide sequence of interest in a different
type of cell within the same tissue The term "cell-specific” when applied to a promoter
also means a promoter capable of promoting selective expression of a nucleotide
sequence of interest in a region within a single tissue. Alternatively, promoters may be
constitutive or regulatable. Additionally, promoters may be modified so as to possess
different specificities.

In the case of controlling pain neuronal - specific promoters such as Thy1 and H1xb9
(Wang et al, 2011) can be used to drive expression of ddRNAiI constructs.

As noted above, enhancer elements are optionally included in the ddRNAi expression
cassettes and constructs of the invention. One preferred enhancer element is derived
from the promoter of the homeobox Hb9 gene which promotes expression in motor
neurones in mouse spinal cord (Peviani et al, 2012).
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When ther ddRNAi expression cassette or construct contains more than one terminator
sequence or element, the terminator sequences or elements may be the same, or
different, or there may be a combination of termination elements represented only once
and termination elements represented two times or more within any cassette. Whatever
terminator sequences or elements are used they should be selected to ensure that they
work appropriately with the liver-specific promoter used. In instances where Pol |, Pol ||
or Pol Il promoters are used, appropriate terminator sequences should be employed.
Termination elements useful -in the present invention include the U1 temination
sequence (U1 box), the synthetic polyA terminator, and the so called minimal PolyA
terminator. Transcriptional pause sites, such as MAZ1 and MAZ2, (See Ashfield et al
EMBO J 1994 Vol13 No 23 5656 pp and Yonaha and Proudfoot EMBO J. 2000 Jul.
17,19(14):3770-7) may be inserted upstream of the polyA terminators to assist in
coupling of transcription termination and polyadenylation. For Pol Il promoters, the
sequences TTTT, TTTTT or TTTTTT are commonly used as terminators. In these
instances transcripts are typically terminated by the sequence UU.

ddRNAi constructs

A challenge in developing any therapeutic is efficient and uniform transduction of all
pain-associated neurones in the spinal cord with the ddRNAi agent of the invention is
required to provide an effective gene therapy for chronic pain. Moreover, for effective in
vivo alleviation of pain, the ddRNAi construct of the invention has to be able to be
transfected into primary cells, stem cells, and non-dividing cells. In the absence of cell
division, the ddRNAi constructs that express the ddRNAi agents cannot be efficiently
introduced into the nucleus, where the DNA is transcribed. To overcome this limitation,
the ddRNAI expression cassettes of the invention are introduced into a deiivery vector
to generate ddRNAI constructs.

ddRNAI expressed cassettes are themselves part of a DNA vector, referred to herein
as ‘ddRNAI constructs’. When the vector backbone of the construct is compatible with a
delivery system, such as a viral delivery system, the ddRNAi expression constructs
within the vector backbone are also delivery constructs. A particularly preferred delivery

- construct is a viral vector. In this regard, there is provided use of a viral vector, like an

adeno-associated virus (AAV), adenovirus (Ad) or lentivirus (LV) to deliver an
expression construct that produces the therapeutic ddRNAi agent from within the cell.
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As noted earlier, the vector backbone may serve the dual purpose of being an
expression vector as well as a delivery vector. Generétion of the construct can be
accomplished using any suitable genetic engineering techniques well known in the art,
including without limitation, the standard techniques of PCR, oligonucleotide synthesis,
DNA synthesis, restriction endonuclease digestion, ligation, transformation, plasmid
purification, and DNA sequencing. The construct preferably comprises, for example,
sequences necessary to package the ddRNAi construct into viral particles and/or
sequences that allow integration of the ddRNAi construct into the target cell genome.
The viral construct also may contain genes that allow for replication and propagation of
virus, though in preferred embodiments such genes will be supplied in trans.
Additionally, the ddRNAi construct may contain genes or genetic sequences from the
genome of any known organism incorporated in native form or modified. For example,
the preferred viral construct comprises sequences useful for replication of the construct

in bacteria.

The viral vector backbone may be selected from lentiviral (LV), adenoviral (Adv), adeno-
associated viral (AAV) and herpes simplex virus (HSV) vectors. Non-integrating viral
vectors may be used for transient expression in dividing cells of ddRNAi agents of the
invention or for longer term stable expression in non-dividing cells. Integrating viral
vectors, such as lentiviral vectors, mediate stable, long term expression in both dividing
and non-dividing cells. Lentiviral vecfors have been shown to be effective in gene
therapy in the spinal cord, and therefore make lentivirus an ideal vehicle for this

application.

LV vectors offer many advantages for therapeutic delivery of ddRNAI constructs to cells.
They are non-replicative vectors that can infect a wide range of cell types including
neuronal cells and can infect both dividing and non-dividing cells. LV genomes integrate
into host chromosomes where they can specify long-term expression of transgenes,
including ddRNAi constructs. A particular advantage of lentiviruses is their low
propensity to insert near and activate expression of cellular oncogenes when compared
to retroviral vectors, which are carcinogenic. Another advantage of third generation LV
vectors is their biological safety, they have been designed in such a way to make
reconstitution of infectious viral partibles impossible.



10

15

20

25

30

WO 2013/126963 PCT/AU2013/000190

57

LV vectors typically contain sequences necessary for -viral encapsulation (psi

sequences) and proviral integration (long terminal repeats, typically in a self-inactivating
form) and other sequences (eg flap and WPRE Sequences) that increase proviral
integration frequency and transgene expression. LV vectors can optionally contain
selectable marker genes (eg puromycin resistance genes) and reporter genes (eg GFP)
for various experimental purposes. LV vectors can be packaged into infectious viral‘
particles in packaging cell lines that express factors required in trans to produce
infectious particles, such as RNA polymerase, gag and envelope proteins. Expression
of these can be driven by stably integrated transgenes or more commonly using
transient expression systems. LV particles can be pseudotyped, by expressing
heterologous envelope proteins, such as the envelope G glycoprotein from Vesicular
Stomatitis Virus (VSV-G), which allows packaged particles to infect virtually any
mammalian cell type. LV particles can be purified to high titres making them a very
effective delivery vehicle for gene therapy.

A preferred type of lentiviral vector is based on Equine Infectious Anaemia Virus (EIAV).

AAV vectors are non-pathogenic and less immunogenic compared with other viral
vectors. The ability of AAV vectors to infect both dividing and non-dividing cells, and to
direct long-term gene expression in these tissues makes it an ideal vehicle for gene
therapy. Moreover, AAV has a variety of pseudotypes with different tissue tropisms. A
preferred AAV vector is the double stranded AAV pseudotype 8 (dsAAVS).

Typically, the genome of AAV contains only two genes. The "rep" gene codes for at
least four separate proteins utilized in DNA replication. The "cap" gene product is
spliced differentially to generate the three proteins that comprise the capsid of the virus.
When packaging the genome into nascent virus, only the Inverted Terminal Repeats
(ITRs) are obligate sequences; rep and cap can be deleted from the genome and be
replaced with heterologous sequences of choice. However, in order to produce the
proteins needed to replicate and package the AAV- based heterologous construct into
nascent virion, the rep and cap proteins must be provided in trans. The helper functions
normally provided by co-infection with the helper virus, such as adenovirus or
herpesvirus, can also be provided in trans in the form of one or more DNA expression
plasmids. Since the genome normally encodes only two genes it is not surprising that,
as a delivery vehicle, AAV is limited by a packaging capacity of 4.5 single stranded
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kilobases (kb). However, although this size restriction may limit the genes that can be
delivered for replacement gene therapies, it does not adversely affect the packaging

and expression of shorter sequences such as ddRNAi vectors.

The expression of the ddRNAi agents of the invention following viral delivery will be
durable, potentially up to the life of a patient, from a single administration of the drug.
Accordingly, in another aspect of the invention, there is provided a ddRNAi construct
comprising a viral vector into which a ddRNAI expression cassette according to the
invention is inserted. Preferably the expression cassette encodes for multiple RNAI
agents, as either long hairpin structures or multiple hairpin structures. In one
embodiment, the viral vector is an AAV vector. In a preferred embodiment, the effector
sequences and the effector complement sequences of the ddRNAi agents are
expressed within a miRNA structure.

After generation of the viral based ddRNAI construct, the construct is packaged into viral
particles. Any method known in the art may be used to produce infectious viral particles
whose genome comprises a copy of the viral ddRNAi construct. One method utilizes
packaging cells that stably express in frans the viral proteins that are required for the
incorporation of the viral ddRNAi construct into viral particles, as well as other
sequences necessary or preferred for a particular viral delivery system (for example,
sequences needed for replication, structural proteins and viral assembly) and either
viral-derived or artificial ligands for tissue entry. Following transfection of the viral
ddRNAi construct into packaging cells, the packaging cells then replicate viral
sequences, express viral proteins and package the ddRNAi expression constructs into
infectious viral particles. The packaging cell line may be any cell line that is capable of
expressing viral proteins, including but not limited to 293, HeLa, A549, PerC6, D17,
MDCK, BHK, bing cherry, phoenix, Cf2Th, or any other line known to or developed by
those skilled in the art. One packaging cell line is described, for example, in U.S. Pat.
No. 6,218,181.

Alternatively, a cell line that does not stably express necessary viral proteins may be co-
transfected with one or more constructs to achieve efficient production of functional
particles. One pf the constructs is the viral based ddRNAI construct; the other construct
comprises nucleic acids encoding the proteins necessary to allow the cells to produce
functional virus as well as other helper functions.
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The packaging cell line or replication and packaging construct may not express
envelope gene products. In these embodiments, the gene encoding the envelope gene
can be provided on a separate construct that is co-transfected with the viral based
ddRNAI construct. As the envelope protein is responsible, in part, for the host range of
the viral .particles, the viruses may be pseudotyped. As described supra, a
"pseudotyped” virus is a viral particle having an envelope protein that is from a virus
other than the virus from which the genome is derived. One with skill in the art can
chbose an appropriate pseudotype for the viral delivery system used and cell to be
targeted. In addition to conferring a specific host range, a chosen pseudotype may
permit the virus to be concentrated to a very high titer. Viruses alternatively can be
pseudotyped with ecotropic envelope proteins that limit infection to a specific species
(e.g., ecotropic envelopes allow infection of, e.g., murine cells only, where amphotropic
envelopes allow infection of, e.g., both human and murine cells). In addition, genetically-

modified ligands can be used for cell- specific targeting.

After production in a packaging cell line, the viral particles containing the ddRNAi
expression cassettes are purified and quantified (titred). Purification strategies include

density gradient centrifugation, or, preferably, column chromatographic methods.

Alternatively, minicircles such as those described in US20040214329 may be used to
deliver the ddRNAI expression cassettes. Minicircles provide for persistently high levels
of nucleic acid transcription, and are characterised by being devoid of expression-
silencing bacterial sequences.

Methods

Administration of ddRNAi agents, ddRNAI constructs of siRNA agents of the invention
inhibits expression of genes expressed in a pain-transmitting neuron. Accordingly, in
another aspect of the invention, there is provided a method of treating pain in an
individual comprising the administration of a therapeutically effective amount of a
ddRNAI construct to a patient in need of treatment, wherein the ddRNAI agent inhibits
expression of one or more target sequences in a pain-associated gene, preferably a
PKCy gene. The ddRNAi agent to be administered to the patient may be one or more
of:
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ddRNAi agent comprising a first effector sequence; and a first effector
complement sequence; wherein the effector sequence is substantially
complementary to a predicted transcript of a region of the target gene

ddRNAi agent comprising, in a 5 to 3’ direction, a first effector sequence; a
second effector sequence; a second effector complement sequence; and a first
effector complement sequence, wherein each effector sequence is substantially

complementary to a predicted transcript of a region of the target gene

a ddRNAi agent comprising, in a 5’ to 3' direction, a first effector sequence; a
second effector sequence; a third effector sequence; a third effector complement
sequence; a second effector complement sequence; and a first effector
complement sequence wherein each effector sequence is substantially
complementary to a predicted traﬁscript of a region of the target gene

“a ddRNAi agent comprising, in a 5’ to 3' direction, a first effector sequence; a

first effector complement sequence; a second effector sequence; and a second
effector complement sequence wherein each effector sequence is substantially

complementary to a predicted tfanscript of a region of the target gene

a ddRNAI agent comprising, in @ 5’ to 3’ direction, a first effector sequence; a
first effector complemént sequence; a second effector sequence; a second
effector complement sequence; a third effector sequence; and a third effector
complement sequence; wherein each effector sequence is substantially
complementary to a predicted transcript of a region of the target gene

a ddRNAi agent comprising, in a 5’ to 3’ direction, a first effector sequence; a
second effector sequence; a sequence of 2 to 100 non-self-complementary
nucleotides; a second effector complement sequence; and a first effector
complement sequence wherein each effector sequence is substantially
complementary to a predicted transcript of a region of the target gene

a ddRNAi agent comprising, in a §' to 3’ direction, a first effector sequence; a
sequence of 2 to 100 non-self-complementary nucleotides; a first effector
complement sequence; a second effector sequence; a sequence of 2 to 100 |

non-self-complementary nucleotides; and a second effector complement
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sequence wherein each effector sequence is substantially complementary to a
predicted transcript of a region of the target gene

. any of the abovementioned ddRNAi agents expressed within and as part of a
miRNA structure

wherein each effector complement sequence is substantially complementary to its

corresponding effector sequence.

As would be understood by one skilled in the art, and as illustrated in the Figures, any
particular effector sequence may be swapped in position with its complement in the
agent. In particular forms of each of the embodiments described above, each effector
sequence is at least 17 nucleotides in length selected from the group consisting of any
10 or more and preferably any 17 or more contiguous nucleotides within a sequence
from any one of SEQ ID NOS: 19-36. The effector sequences may all be the same, or
may all be different, or may be a combination eg 2 effector sequences of at least 10
contiguous nucleotides of SEQ ID NO:21 and 1 effector sequence of at least 10
contiguous nucleotides of (for example) SEQ ID NO: 22. .

Preferably, the effector sequence is selected from the group consisting of any
contiguous 11, 12, 13, 14, 15 or 16 nucleotides within any one of SEQ ID NOS: 19-36,
and most preferably 17 or more contiguous nucleotides within any one of SEQ ID NOS:
19-36. Typically, the effector complement will be the same length, or about the same
length (ie £ 15% nucleotide length, or 1 to 3 nucleotides different depending on the
overall length) as its corresponding effector sequence.

Each of these ddRNAi agents may be administered via a ddRNAi expression cassette in
a ddRNAI construct, as described in the earlier sections of the specification. Multiple
targeting may be achieved by delivering two or more ddRNAi expression cassettes or
constructs each capable of expressing a single ddRNAi agent, or alternatively, by
delivering one or more ddRNAi expression cassettes or constructs each capable of
expressing more than one ddRNAi agent.

In alternative embodiments, each of the effector sequences may be 100%
complementary to a predicted transcript of a region of the target gene, or may only vary

by 1, 2, 3, 4 or 5 nucleotides.
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The method of treating pain can optionally include a preliminary step of identifying an

individual having pain requiring treatment.

For longer term or stable provision of the ddRNAi agents. of the invention, the ddRNAI
agent is provided via a ddRNAi construct of the invention ie in vivo expression of the
ddRNAi agent from a ddRNAi expression cassette inserted into a suitable vector
delivered to the cell. The ddRNAI expression cassette comprises:

. one or more promoter sequences

. one or more DNA sequences selected from the group consisting of sequences
that encode for any 10 or more contiguous nucleotides within a sequence from
SEQ ID NOS: 19-36;

. one or more DNA sequences that encode for one or more effector complement

sequences,

and optionally

. one or more DNA sequences that encode for loop sequences;
. one or more terminator sequences, and
. one or more enhancer sequences.

As outlined earlier in the specification, these components of the ddRNAi expression
cassette may have different §' to 3' arrangements, all of which are suitable for use in the
methods of the invention. The expression cassette preferably also includes DNA

sequences that encode sequence capable of forming a miRNA structhre.

Preferably, the target pain-associated gene is the protein kinase C y gene (PKCy).
Accordingly, in one embodiment of the invention, the ddRNAi agent inhibits expression
of one or more target sequences in the PKCy gene. The DNA sequence that encodes
for the first effector sequence is preferably selected from the ddRNA. effector encoding
sequences of any 10 or more contiguous nucleotides within a sequence from SEQ ID
NOS: 19-26 listed in column of Table 2. Alternatively, as detailed earlier, the sequence
that encodes for the effector sequence may vary from SEQ ID NOS: 19-26 by 1, 2, 3, 4
or 5 nucleotides without effe(':ting the ability of the sequence encoded to base pair with
the target sequence and inhibit expression of the pain-associated gene target
sequence.
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Typically, each effector sequence forms a double stranded region with the

corresponding effector complement sequence.

In an alternative embodiment, the target pain-associated gene is D-amino acid oxidase
(DAO) gene. In an alternative embodiment, the method of treating pain in an individual
comprises the administration of a therapeutically effective amount of a ddRNAi
construct that encodes a ddRNAi agent having more than one effector sequence, such

as those listed above.

In an alternative embodiment, a ddRNAi agent or siRNA agent of the invention
produced in vitro may be administered.

The pain to be treated is preferably chronic pain. By “chronic” it is meant that the pain is
long-lasting or persistent. There are two types of chronic pain — nociceptive and
neuropathic. Nociceptive pain is caused by damage to body tissue and usually
described as a sharp, aching, or throbbing pain. This kind of pain can be due to benign
pathology; or by tumors or cancer cells that are growing larger and crowding other body
parts near the cancer site. Nociceptive pain may also be caused by cancer spreading to

the bones, muscles, or joints, or that causes the blockage of an organ or blood vessels.

In one embodiment, there is providing a method of treating pain in a subject with cancer
comprising the administration of a therapeutically effective amount of a ddRNAI
construct of the invention to the subject. The patient with cancer may also be receiving
other treatments for the cancer itself, such that the ddRNAi construct administered is an
adjunct therapy. |

When treating chronic pain, it is preferable that the ddRNAi construct is administered
and either stably maintained or integrated in to the target cell to ensure longer term
expression of the ddRNAi agent. As detailed above, this can be achieved with the use
of a ddRNAi construct having a viral vector backbone. In accordance with this, there is
provided a method of treating chronic pain in an individual comprising the administration
of a therapeutically effective amount of a ddRNAi construct of the invention to a patient

in need of treatment.

Treatment of chronic pain is aimed at reducing the transmission of the pain by
interfering with genes expressing neurotransmitters. There is therefore provided a

method of reducing the pain in an individual, comprising administering to the individual a



10

15

20

25

30

WO 2013/126963 PCT/AU2013/000190

64

ddRNAI constructs of the invention to target a gene, preferably the PKCy gene, in a
localised region of the spinal cord.

Neuropathic pain occurs when there is actual nerve damage. Nerves connect the spinal
cord to the rest of the body and allow the brain to communicate with the skin, muscles
and internal organs. Nutritional imbalance, alcoholism, toxins, infections or auto-
immunity can all damage this pathway and cause pain. Neuropathic pain can also be
caused by a cancer tumor pressing on a nerve or a group of nerves (although cancer
pain can be nociceptive or neuropathic). People often describe this pain as a burning or

heavy sensation, or numbness along the path of the affected nerve.

Alternatively, treatment of acute pain may not require long term treatment, and it may in
fact be preferred to rely on the transient presence of a ddRNAi agent or siRNA agent as
opposed to long term expression of ddRNAI agents from integrated or stably maintained
ddRNAI constructs. By “acute” it is meant that the pain has a rapid onset, and/or a short
duration. In accordance with this embodiment of the invention, there is provided a
method of treating acute pain in an individual comprising the administration of a
therapeutically effective amount of a ddRNAi agent to a patient in need of treatment, for
inhibiting expression of one or more target sequences in a pain-associated gene, the

ddRNAi agent comprising at least:

a first effector sequence of at least 17 nucleotides in length selected from any 10
or more contiguous nucleotides within a sequence from the group consisting of
SEQ ID NOS: 19 -26; and |

a first effector complement sequence wherein the first effector complement

sequence is substantially complementary to the first effector sequence;

- wherein the effector sequence is substantially complementary to a predicted transcript

of a region of the pain-associated gene, wherein the pain-associated gene is PKCy. In
this embodiment, the ddRNAi agent of the invention is produced in vitro or chemically
synthesised and provided to the cell.

Preferably, the pain associated target gene is the PKCy gene. Accordingly, in one
embodiment of the invention, the ddRNAi agent inhibits expression of one or more
target sequences in a PKCy gene. The first effector sequence is preferably selected

from any 10 or more and preferably any 17 or more contiguous nucleotides within a
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sequence from the effector sequences SEQ ID NOS: 19-26 listed in Table 2, preferably
SEQ ID NOS: 21-23. Alternatively, the effector sequence may vary from SEQ ID NOS:
19-26 by 1, 2, 3, 4 or 5 nucleotides without affecting the ability of the effector sequence

to base pair with the target sequence and inhibit expression of the PKCy gene.

In an alternative embodiment, an siRNA agent may be administered. Preferably the
siRNA agents, similarly to the ddRNAi agent, targets the PKCy gene, and may have a
sequence selected from any 10 or more and preferably any 17 or more contiguous
nucleotides within a sequence from the group consisting of SEQ ID NOS: 19-26, or may
vary from SEQ ID NOS: 19-26 by 1, 2, 3, 4 or 5 nucleotides without affecting the ability
of the effector sequence to base pair with the target sequence and inhibit expression of
the PKCy gene.

Alternatively, if seeking to target the DAO gene, the effector sequences of a ddRNAI
agent or siRNA agent are selected from SEQ ID NOS: 27-36.

Administration of a ddRNAi agent or siRNA agent of the invention to an individual can
also prevent acute or chronic pain, minimize the severity or frequency of acute or

chronic pain, or inhibit acute or chronic pain from becoming more intense.

In another embodiment, the invention provides a method for increasing the sensitivity of
a subject in need of pain relief, or rendering a subject in need of pain relief sensitive to,
treatment with other pain relievers, such as opiates including morphine. Tolerance to
the analgesic effects of morphine for example can develop fairly rapidly in patients. The
method involves administering a ddRNAi agent, ddRNAi expression cassette or ddRNAi
expression construct or composition of the invention to a subject who is no longer

responsive to other pain relief due to resistance or tolerance of the analgesic effects.

Administration of a ddRNAi agent, ddRNAi expression cassette or ddRNAi expression
construct or composition of the invention can also slow down the development of

tolerance to a pain reliever in a subject receiving that pain reliever.

In another aspect of the invention, there is provided the use of the ddRNAI constructs,
ddRNAI agents and siRNA agents of the invention in the preparation of medicaments for

treatment of pain, preferably chronic pain.

In another aspect of the invention, there is provided the use of the ddRNAi constructs,

ddRNAi agents or siRNA agents of the invention in the preparation of medicaments for
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treatment of acute or chronic pain, prevention of acute or chronic pain, the reduction of
the severity or frequency of acute or chronic pain, the inhibition of acute or chronic pain
becoming more intense, or increasing or restoring a subject’s sensitivity to other pain
relievers, particularly opiates such as morphine. Preferably, the medicament is for

chronic pain.

" In a further aspect of the invention there is provided ddRNAI constructs, ddRNAi agents

or siRNA agents for treating acute or chronic pain, preventing acute or chronic pain,
reducing the severity or frequency of acute or chronic pain, or inhibiting ‘acute or chronic

pain from becoming more intense. Preferably, the pain is chronic pain.

In a further aspect of the invention there is provided a composition comprising ddRNAI
constructs, ddRNAi agents or siRNA agents as an active ingredient for treating acute or
chronic pain, preventing acute or chronic pain, reducing the severity or frequency of
acute or chronic pain, inhibiting acute or chronic pain from becoming more intense or
increasing or restoring a subject’s sensitivity to other pain relievers, particularly opiates

such as morphine. Preferably, the pain is chronic pain.

The one or more effector sequences' of the ddRNAi constructs, ddRNAi agents or
siRNA agents used in the methods of the invention comprise any 10 or more, preferably
any 17 or more, contiguous nucleotides within sequences able to inhibit the expression
of the pain associated target gene region by at least 70%. Preferably the one or more
effector sequence is selected from SEQ ID NOS: 19-36, more preferably SEQ ID NOS:
19-26, and most preferably SEQ ID NOS: 21-23.

In each of the embodiments described above, ddRNAi constructs, ddRNAi agents or
siRNA agents can be used in combination with other known treatments to treat or
prevent the pain conditions discussed herein. For example, the described molecules
can be used in combination with one or more known therapeutic agents to treat pain or
other conditions which respond to the modulation of PKCy or DAO expression. Such
agents include, but not limited to pregabalin, hydromorphone, narcotics, codeine,
hydrocodone, acetominophen, nonsteroidal anti-inflammatroy drugs (NSAIDS), COX-2
inhibitors, duloxetine, propoxyphene, caffeine, flexeril, levetiracetam, meloxicam,
morphine, morphine sulphate, naproxen, gabapentin, oxycontin, paroxetine and other

selective serotinin reuptake inhibitors (SSRI), oxycodone, nabumetone, methocarbamol,
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quetiapine, metaxalone, carisoprodol, carbamazepine, tramadol, diazepam and

tizanidine.
Pharmaceutical compositions

The ddRNAi agents, the siRNA agents or the vectors comprising ddRNAi expression
cassettes of the invention can be formulated into pharmaceutical compositions by
combination with appropriate, pharmaceutically acceptable carriers or diluents.
Accordingly, there is provided a pharmaceutical composition comprising a ddRNAI
agént, a ddRNAi expression cassette, a ddRNAi construct or a siRNA agent of the

invention and a pharmaceutically acceptable carrier or diluent.

In pharmaceutical dosage forms, the agents or the vectors comprising the ddRNAi
expression cassettes may be administered alone or in association or combination with
other pharmaceutically active compounds. Those with skill in the art will appreciate
readily that dose levels for agents or vectors comprising the ddRNAi expression
cassettes will vary as a function of the nature of the delivery vehicle, the relative ease of
transduction of the target cells, the expression level of the RNAi agents in the target
cells and the like.

The ddRNAi agents, the siRNA agents or the vectors comprising ddRNAi expression
cassettes of the invention can be formulated into preparations for injection or
administration by dissolving, suspending or emulsifying them in an aqueous or non
aqueous solvent, such as oils, synthetic aliphatic acid glycerides, esters of higher
aliphatic acids or propylene glycol; and if ‘desired, with conventional additives such as
solubilisers, isotonic agents, suspending agents, emulsifying agen{s, stabilizers and

preservatives.

Pharmaceutically acceptable carriers or diluents contemplated by the invention include
any diluents, carriers, excipients, and stabilizers that are nontoxic to recipients at the
dosages and concentrations employed, and include buffers such as phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium
chloride; benzalkonium chloride, benzethonium chloride; pheﬁol, butyl or benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-

pentanol, and m-cresol); low molecular weight (less than about 10 residues)
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polypeptides; proteins, such as plasma albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such
as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-
ions such as sodium; metal complgxes (e.g. Zn-protein complexes); and/or non-ionic
surfactants such as TWEEN™ PLURONICS™ or polyethylene glycol (PEG).

The pharmaceutical composition may be prepared for various routes and types of
administration. In general the formulations are prepared by uniformly and intimately
bringing into association the active ingredient with liquid carriers or finely divided solid
carriers or both, and if neceésary, shaping the product. Formulation may be conducted
by mixing at ambient temperature at the appropriate pH, and at the desired degree of
purity, with physiologically acceptable carriers, i.e., carriers that are non-toxic to
recipients at the dosages and concentrations employed.

The one or more effector sequences of the ddRNAi constructs, ddRNAi agents or
siRNA agents used in the compositions of the invention comprise any 10 or more,
preferably any 17 or more, contiguous nucleotides within sequences able to inhibit the
expression of the pain associated target gene region by at least 70%. Preferably the
one or more effector sequence is selected from SEQ ID NOS: 19-36, more preferably
SEQ ID NOS: 19-26, and most preferably SEQ ID NOS: 21-23.

In another embodiment there is provided a kit or article of manufacture including an
RNAi agent or phamaceutical composition as described above.

In other embodiments there is provided a kit for use in a therapeutic application
mentioned above, the kit including:

- a container holding a RNAi agent or pharmaceutical composition;
- a label or package insert with instructions for use.

In certain embodiments the kit may contain one or more further active principles or
ingredients for treatment or prevention of a pain or for treating or preventing a pain-
related complication described above, or a condition or disease associated with PKCy

expression.
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{

The kit or “article of manufacture” may comprise a container and a label or package
insert on or associated with the container. Suitable containers .include, for example,
bottles, vials, syringes, blister pack, etc. The containers may be formed from a variety of
materials such as glass or plastic. The container holds an RNAi agent or
pharmaceutical composition which is effective for treating the condition and may have a
sterile access port (for example the container may be an intravenous solution bag or a
vial having a stopper pierceable by a hypodermic injection needie). The label or
package insert indicates that the RNAi agent or pharmaceutical composition is used for
treating the condition of choice. In one embodiment, the label or package insert includes
instructions for use and indicates that the RNAi agent or pharmaceutical composition
can be used to treat or prevent pain or to treat or prevent a complication stemming from

pain.

The kit may comprise (a) an RNAi agent or pharmaceutical composition; and (b) a
second container with a second active principle or ingredient contained therein. The kit
in this embodiment of the invention may further comprise a package insert indicating
that the RNAi agent or pharmaceutical composition and other active principle can be
used to treat or prevent a disorder or tréat or prevent a complication stemming from
pain. Alternatively, or additionally, the kit may further comprise a second (or third)
container comprising a pharmaceutically-acceptable buffer, such as bacteriostatic water
for injection (BWF1), phosphate-buffered saline, Ringer's solution and dextrose solution.
it may further include other materials desirable from a commercial and user standpoint,
including other buffers, diluents, filters, needles, and syringes.

In certain embodiments an RNAi agent or pharmaceutical composition may be provided
in the form of a device, disposable or reusable, including a receptacle for holding the
RNAi agent or pharmaceutical composition. In one embodiment, the device is a syringe.
The device may hold 1-2 mL of the RNAi agent or pharmaceutical composition. The
RNAI agent or pharmaceutical composition may be provided in the device in a state that

is ready for use or in a state requiring mixing or addition of further components.

The invention is now described with reference to the following non-limiting examples.
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EXAMPLES

1. PKCy construct design and creation for in vitro silencing

ddRNAI constructs expressing shRNAs targeting PKCy were designed, using the
criteria described above, to recognise target sequences in PKCy mRNA that were
conserved between human and the pre-clinical test species rat and macaque
(BLTPKC1, BLTPKC2, BLTPKC5 and BLTPKC7), some constructs (BLTPKC3,
BLTPKC4, BLTPKC6 and BLTPKCS8) also target conserved sequences in dog. ddRNAi
constructs were cloned into a lentiviral vector by Sigma Aldrich (St Louis, MO) and
packaged lentiviral particles were also prepared from these by Sigma Aldrich.

Briefly sequences encoding the shRNAs were cloned into the lentiviral vector PLKO. 1-
puro that uses the U6 promoter to drive shRNA expression; the vector carries a
puromycin resistance gene to permit selection of transformed cells and contains all
sequences necessary for packaging as viral particles and integrating into mammalian
genomes. Lentiviral particles were prepared and packaged using HEK293T cells and
appropriate packaging vectors (Sigma Aldrich), resulting in particles which were
pseudotyped with an envelope G glycoprotein from Vesicular Stomatitis Virus (VSV-G)
at titres of 1.0 x 10° TU/ml. Lentiviral preps were prepared from 8 ddRNAI constructs
(expressing effector sequences SEQ ID NOS: 19-26); maps of such constructs and the

sequences of shRNAs are shown in Figure 2.

2. In vitro silencing of PKCy

Rat C6 cells were infected with serial dilutions of lentiviral particles and transformed
cells selected with puromycin (8 ug/ml). Cultures containing 20-50 transformed colonies
were expanded and RNA isolated from these using an RNAqueous®-4PCR Kit (Applied
Biosystems). PKCy mRNA levels in these cultures were determined using gRTPCR
assays - parallel assays for GAPDH mRNA levels were used as internal controls.
cDNAs were prepared using a High Capacity RNA-to-cDNA Kit (Applied Biosystems)
and qRT PCR assays used commercial kits (Applied Biosystems) according to the

manufacturer’s protocol. Results from these experiments are shown in Figure 3.

These data showed that the constructs BLTPKC3 and BLTPKC4 strongly silenced rat
PKCy expression, BLTPKC 5 gave moderate silencing, BLT PKC 6 and 7 gave little if
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any silencing and BLT PKC8 had no effect. These results illustrate that selecting
appropriate target sequences is not routine. Despite all of these targets being seemingly -
suitable target sequences on paper, particularly given the high conservation between
species, some effector sequences work much more effectively to silence the target. It is

therefore not predictable which sequences are able to be silenced by mere visual

- inspection of the sequence itself, let alone to what extent they may be silenced, and if

that would be sufficient for the purposes of the invention.

3. DAO construct design and creation for in vitro silencing

ddRNAi constructs expressing shRNAs targeting DAO were designed to recognise
target sequences in rat and human DAO mRNAs. DNA constructs and packaged
lentiviral particles were prepared by Sigma Aldrich as described above. Packaged
lentiviral particles were prepared for 5 ddRNAi constructs targeting rat DAO mRNA
(expressing effector sequences SEQ ID NOS: 27, 29, 31, 33 and 35) and 5§ sequences
targeting homologous regions of human DAO mRNA (expressing effector sequences
SEQ ID NOS: 28, 30, 32, 34 and 36); sequences of shRNAs and predicted effector

sequences are shown in Figure 4.

4. In vitro silencing of DAO

Rat C6 cells will be infected with serial dilutions of lentiviral particles and transformed
cells selected with puromycin (8 pg/ml). Cultures containing 20-50 transformed colonies
will be expanded and RNA isolated from these using an RNAqueous®-4PCR Kit
(Applied Biosystems). DAO mRNA levels in these cultures will be determined using
qRTPCR assays - parallel assays for rat GAPDH mRNA levels will be used as internal
controls. cDNAs will be prepared using a High Capacity RNA-to-cDNA Kit (Applied
Biosystems) and qRT PCR assays will use commercial kits (Applied Biosystems)
according to the manufacturer's protocol, and constructs showing strong silencing
selected.
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5. PKCy construct design and creation for in vivo silencing

To test for pain relief in rats, two ddRNAi constructs and two controls were prepared for
cloning into a lentiviral vector. The constructs were synthesised in vitro by GenScript
Corp. The two active constructs were based on targeting SEQ 1D NO: 3 of PKCy with an
effector sequence of SEQ ID NO: 21, and targeting SEQ ID NO: 4 of PKCy with an
effector sequence of 22. They were designated BOPKC3 (which expresses a single
effector sequence, SEQ ID NO: 21) and BOPKC3&4 (which expresses two effector
sequences, SEQ ID NO: 21 and SEQ ID NO:22)

The two control constructs were designed to express randomised shRNAs based on
BOPKC3 and BOPKC3&4 and are designated BOPKC3cont and BOPKC3&4cont and
listed as SEQ ID NOS:47 and SEQ ID NOS:48 respectively. Maps of the constructs and
sequences of the predicted shRNAs and effector sequences once processed by Dicer
are shown in Figure 5.

‘6. DAO construct design and creation for in vivo silencing

The efficacy of the constructs BOPKC3 and BOPKC38&4 in relieving neuropathic pain,
will be tested in rat pain models for mechanical allodynia and thermal hyperalgesia,
using test systems well known to those familiar with the art (eg Zou et al, 2011). The
constructs BOPKC3cont and BOPKC3&4cont will be used as negative controls.

Briefly male Sprague-Dowley rats will be subject to chronic constriction injury (CCI),
where the left sciatic nerve will be tied with ligatures. After recovery cannula will be
placed intrathecally (IT) into animals and lentiviral particles (10 pl at 1 x 10E9 TU/ml
(Transduction Units / ml)) introduced into the spinal cord (n = 10 for each treatment).
Mechanical allodynia will be assayed by determining von Frey paw withdrawal
thresholds (PWTs) and thermal hyperaigesia will be assayed by measuring paw
withdrawal thermal latency (PWTL) in treated animals. Neuropathic pain will be
monitored for up to 8 weeks by determining PWTs and PWTLs at least twice a week for
all test animals. Pain relief will manifest as an increase in PWT and PWTL scores in
animals treated with shRNAs targeting PKCy (BOPKC3 and BOPKC3&4) compared to
animals treated with control constructs (BOPKC3cont and BOPKC3&4cont).



10

15

20

WO 2013/126963 PCT/AU2013/000190

73

7. PKCy constructs expressing RNAi effectors embedded in miRNA derived
sequences ‘ ‘

A ddRNAi construct was designed to express RNAs mimicking the structure of
endogenous miRNAs (Figure 6A). The BLTPKC3miR construct (SEQ ID NO: 69)
expresses an RNA (SEQ ID NO: 71) that targets SEQ ID NO:3 with an effector
sequence of SEQ ID NO:21. The sequence and predicted structure are shown in Figure
6B.The BLTPKC4miR construct (SEQ ID NO: 70) expresses an RNA (SEQ ID NO: 72)
that targets SEQ ID NO:4 with an effector sequence of SEQ ID NO:22. The sequence
and predicted structure are shown in Figure 6C. These constructs will be tested in vitro

as outlined in Examples 1 and 2 and in vivo as described in Example 5.

it should be understood that while the invention has been described in detail herein, the
examples are for illustrative purposes only. Other modifications of the embodiments of
the present invention that are obvious to those skilled in the art of molecular biology,
pain treatment, and related disciplines are intended to be within the scope of the
invention. The foregoing description details certain embodiments of the invention. It will
be appreciated, however, that no matter how detailed the foregoing appears in text, the
invention can be practiced in many ways. As is also stated above, it should be noted
that the use of particular terminology when describing certain features or aspects of the
invention should not be taken to imply that the terminology is being re-defined herein to
be restricted to including any specific characteristics of the features or aspects of the
inveniion with which that terminology is associated. The scope of the invention should
therefore be construed in accordance with the appended claims and any equivalents
thereof.
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CLAIMS

A DNA-directed RNA interference (ddRNAI) agent for inhibiting expression of one
or more target sequences in a pain associated gene, the ddRNAi agent
comprising, in a 5’ to 3’ direction

a first effector sequence of at least 17 nucleotides in length;

a first effector complement sequence, wherein the first effector complement

sequence is substantially complementary to the first effector sequence

and wherein the effector sequence is substantially complementary to a predicted
transcript of a region of the target gene.

A ddRNAI agent according to claim 1, wherein the pain associated gene is one or
both of protein kinase C-y (PKCy) and D-amino acid oxidase (DAO).

A ddRNAi agent according to claim 1, wherein the ﬂrét effector sequence is SEQ
ID NO: 23.

A ddRNAi agent according to claim 1, wherein the first effector sequence is
selected from SEQ ID NOS: 19-26.

A ddRNAi agent according to any one of claims 1 to 4, further comprising a
second effector sequence and second effector complement sequence, in a 5’ to

3' direction
a first effector sequence of at least 17 nucleotides in length;
a second effector sequence of at least 17 nucleotides in length

a second effector complement sequence, wherein the second effector
complement sequence is substantially complementary to the second effector

sequence; and

a first effector complement sequence, wherein the first effector complement
sequence is substantially complementary to the first effector sequence
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and wherein the effector sequence is substantially complementary to a predicted

transcript of a region of the target gene.

A ddRNAi agent according to any one of claims 1 to 4, further comprising a
second effector sequence and second effector complement sequence, in a §' to

3’ direction
a first effector sequence of at least 17 nucleotides in length;

a first effector complement sequence, wherein the first effector complement
sequence is substantially complementary to the first effector sequence,

a second effector sequence of at least 17 nucleotides in length; and

a second effector complement sequence, wherein the second effector
complement sequence is substantially complementary to the second effector

sequence

and wherein the effector sequence is substantially complementary to a predicted

transcript of a region of the target gene.

A ddRNAi agent according to claim 1, wherein the target sequence is selected
from SEQ ID NOS: 3 to 5.

A ddRNAi expression cassette for expressing a ddRNAi agent according to any
one of claims 1 to 7, the expression cassette comprising

one or more promoter sequences
one or more DNA sequences that encode for one or more effector sequences,

one or more DNA sequences that encode for one or more effector complement
sequences;

and optionally
one or more DNA sequences that encode for loop sequences

one or more terminator sequences
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14.

15.

7
one or more enhancer sequences.

A ddRNAi expression cassette according to claim 8 further comprising miRNA
expressing sequences, and wherein the ddRNAi agent is expressed within and

as part of a miRNA structure.

A ddRNAi expression construct comprising a ddRNAi expression cassette
according to claim 8 or 9.

A method of treating or preventing pain in a subject comprising administering a
therapeutically effective amount of a ddRNAi agent according to any one of
claims 1 to 7, or a ddRNAi construct of claim 10.

A method of reducing severity of pain in a subject comprising administering a
therapeutically effective amount of a ddRNAI agent according to any one of
claims 1 to 7, or a ddRNAi construct of claim 10.

A method according to claim 11 or 12 wherein the pain is chronic pain.

A method according to any one of clams 11 to 13 wherein the pain is of

neuropathic origin.

A pharmaceutical composition comprising a ddRNAi agent according to any one
of claims 1 to 7, or a ddRNAi construct of claim 10 and a pharmaceutically
acceptable carrier or diluent. ‘
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Figure 2A
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Figure 2B

BLTPKC1 - Targeting SEQ ID NO:1 with an effector sequence of SEQ ID NO:19
with a 3'uu (bold underlined)

shRNA1 (SEQ ID NO:49)

G CAA
GCAAGGGGUUCCUGACCAAGC \
CGUUCCCCAAGGACUGGUUCG G

uud AGA

BLTPKC2 - Targeting SEQ ID NO:2 with an effector sequence of SEQ ID NO:20
with a 3’'uu (bold underlined)

shRNA2 (SEQ ID NO:50)
CAA
GGCCUCUUCUUCCUUCACAACC \
CCGGAGAAGAAGGAAGUGUUGG G
uu AGA

BLTPKC3 - Targeting SEQ ID NO:3 with an effector sequence of SEQ ID NO:21
with a 3'uu (bold underlined)

shRNA3 (SEQ ID NO:51)
CAA
GGCUUCAGCUUCCUCAUGGUUC \
CUGAAGUCGAAGGAGUACCAAG G
uu AGA

BLTPKC4 - Targeting SEQ ID NO:4 with an effector sequence of SEQ ID NO:22
with a 3'uu (bold underlined)

shRNA4 (SEQ ID NO:52)
CAA
GGCCUCCUCCAGAAGUUUGAGG \
UCGGAGGAGGUCUUCAAACUCC G
u AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 2B (continued...)

BLTPKCS - Targeting SEQ ID NO:5 with an effector sequence of SEQ ID NO:23
with a 3'uu (bold underlined)

shRNAS (SEQ ID NO:53)
CAA
GGUGGCCGAUGCUGACAACUGC \
UWUWACCGGCUACGACUGUUGACG G
AGA

BLTPKCS6 - Targeting SEQ ID NO:6 with an effector sequence of SEQ ID NO:24
with a 3'uu (bold underlined)

shRNA6 (SEQ ID NO:54)
CAA
GGGGAGGGCGAGUAUUACAAUG \
uuCCUCCCGCUCAUAAUGUUAC G
AGA

BLTPKC?7 - Targeting SEQ ID NO:7 with an effector sequence of SEQ ID NO:25
with a 3'uu (bold underlined)

shRNA7 (SEQ ID NO:55)
CAA
GGUGCCAUGUCCUUUGGUGUC  \
CCACGGUACAGGAAACCACAG G
uu AGA

BLTPKC? - Targeting SEQ ID NO:8 with an effector sequence of SEQ ID NO:26
with a 3’'uu (bold underlined)

shRNAS8 (SEQ ID NO:56)
CAA
GGCAGCCUCCUCCAGAAGUUUG  \
UCGUCGGAGGAGGUCUUCAAAC G
u AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 4A

BLTDAOTr9 - Targeting SEQ ID NO:9 with an effector sequence of SEQ ID
NQO:27 with a 3'uu (bold underlined) '

shRNA9 (SEQ ID NO:57)
CaA
GGGAACUGGAGCGAGCUAAACA \
CCCUUGACCUCGCUCGAUUUGU G
uu AGA

BLTDAOTr11 - Targeting SEQ ID NO:11 with an effector sequence of SEQ ID
NO:29 with a 3'uu (bold underlined)

shRNA11 (SEQ ID NO:58)

CaA

GGCCGGGGCCAGAUCAUCCAGG \
CCGGCCCCGGUCUAGUAGGUCC G
uu AGA

BLTDAOTr13 - Targeting SEQ ID NO:13 with an effector sequence of SEQ ID
NO:31 with a 3'uu (bold underlined)

shRNA13 (SEQ ID NO:59)

CAA

GGCGUGGAUGUGAUUAUCAACU |\
CCGCACCUACACUAAUAGUUGA G
uu AGA

BLTDAOTr15 - Targeting SEQ ID NO:15 with an effector sequence of SEQ ID
NO:33 with a 3'uu (bold underlined)

shRNA15 (SEQ ID NO:60)

CAA

GGCUGACUGAGAGGUUAACUGA \
CCGACUGACUCUCCAAUUGACU G
uu AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 4A (continued...)

BLTDAOr17- Targeting SEQ ID NO:17 with an effector sequence of SEQ ID
NO:35 with a 3'uu (bold underlined)

shRNA17 (SEQ ID NO:61)

CAA

GGAGGCGGAGUGGAACCAGCAAA \
uCUCCGCCUCACCUUGGUCGUUU G
u AGA

Figure 4B

BLTDAOA10 - Targeting SEQ ID NO:10 with an effector sequence of SEQ ID
NO:28 with a 3'uu (bold underlined)

shRNA10 (SEQ ID NO:62)

_ CAA
GGAAACUGGAGUGAACUAAACA \
CCUUUGACCUCACUUGAUUUGU G

uu AGA

BLTDAOh12 - Targeting SEQ ID NO:12 with an effector sequence of SEQ ID
NO:30 with a 3'uu (bold underlined) ,

shRNA12 (SEQ ID NO:63)

CAA

GGCCGGGGGCAGAUCAUGAAGG \
CCGGCCCCCGUCUAGUACUUCC G
uu AGA

BLTDAOA14 - Targeting SEQ ID NO:14 with an effector sequence of SEQ ID
NO:32 with a 3'uu (bold underlined)

shRNA14 (SEQ ID NO:64)

CAA

GGCGCAGACGUGAUUGUCAACU \
CCGCGUCUGCACUAACAGUUGA G
uu AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 4B (continued...)

BLTDAO16 - Targeting SEQ ID NO:16 with an effector sequence of SEQID
NO:34 with a 3'uu (bold underlined)

shRNA16 (SEQ ID NO:65)

CAA

GGCUGACUGAAAGGUUAACUGA \
CCGACUGACUUUCCAAUUGACU G
uu AGA

BLTDAOK18 - Targeting SEQ ID NO:18 with an effector sequence of SEQ ID -
NO:36 with a 3'uu (bold underlined)

shRNA18 (SEQ ID NO:66)

CAA

GAGGCGGACUGGAGCCAACAGA \
CUCCGCCUGACCUCGGUUGUCU G
uu AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 5A

BOPKC3 construct (SEQ ID NO:45) - Targeting SEQ ID NO:3 with an effector sequence
of SEQ ID NO:21 with a 3'uu (bold underiined)

US prormoter

effector 3 complement effector 3

termminator

shRNA3 (SEQ ID NO:51)

CAA.
GGCUUCAGCUUCCUCAUGGUUC \
CUGAAGUCGAAGGAGUACCAAG G
uu AGA

Figure 5B

BOPKC3&4 construct (SEQ ID NO:46) - Targeting SEQ ID NO:3 and 4 with an effector
sequence of SEQ ID NO:21 and 22 respectively with a 3'uu (bold underlined)

terminator effectord
effector 3 loop

loop effector 4 compleme terminator
effector 3 com plemen

shRNA3 (SEQ ID NO:51) shRNA4 (SEQ ID NO: 52)
CAA CAA
GGCUUCAGCUUCCUCAUGGUUC \ GGCCUCCUCCAGAAGUUUGAGG \ .
CUGAAGUCGAAGGAGUACCAAG G uCGGAGGAGGUCUUCAAACUCC G
uu AGA u AGA
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Figure 5C

BOPKC3cont construct (SEQ ID NO:47) - randomised shRNA based on BOPKC3;
effector sequence shown with a 3' uu (bold underlined)

shRNA3cont (SEQ ID NO: 67)

CAA
GGAUUUCGCUUCGCUACCUUCG \
CUUAAAGCGAAGCGAUGGAAGC G
oo’ AGA

Figure 5D

BOPKC3&4cont construct (SEQ ID NO:48) - randomised shRNAs based on
BOPKC3&4; control effector sequences shown with a 3’ uu (bold underlined)

terminator effector 4 cont
effector 3 cont

terminator
loop

effector 4 contcompleme
effector 3 cont com plemen

U61 promoter U1 term UBY promoter

shRNA3cont (SEQ ID NO: 67) shRNA4cont (SEQ ID NO:68)

CAA CAR
GGAUUUCGCUUCGCUACCUUCG  \ GGGAGCCUAUGGUCCACUAUGC  \
CUUAAAGCGAAGCGAUGGAAGC G uCCUCGGAUACCAGGUGAUACG G

vy’ AGA u AGA

SUBSTITUTE SHEET (RULE 26) RO/AU
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Figure 6A

miRNA expressing construct

U6 prarmater miR30a-deriv ed lop

Figure 6B

BLTPKC3miR construct (SEQ ID NO: 69) expresses an RNA (SEQ ID NO:71) targeting
SEQ ID NO:3 with an effector sequence of SEQ ID NO:21

gguauvauugcuguugacagugagcgaGACUUCAGCUUCCUCAUGGUacugugaagcagaugggu
ACCAUGAGGAAGCUGAAGUCGcgccuacugeccucggacuucaagcuagcgguaccuuuuuu

Predicted structure of expressed RNA from BLTPKC3miR

v ¥
-- AU e A A GUGAA
GGUAU UGCUG UUGA CAGUG GCG GACUUCAGCUUCCUCAUGGUACU G
CCAUG GCGAU AACU GUCAU CGC CUGAAGUCGAAGGAGUACCAUGG C
uu -- cG UCAGGCUCC c ¢ GUAGA
‘) ()
Figure 6C

BLTPKC4miR (SEQ ID NO:70) expresses an RNA (SEQ ID NO:72) targeting SEQ ID
NO:4 with an effector sequence of SEQ ID NO:22

gguauauugcuguugacagugagcgaAGCCUCCUCCAGAAGUUUGAacugugaagcagaugggu
UCAAACUUCUGGAGGAGGCUGCcgCccuacugccucggacuucaagcuagecgguaccuuuuu

Predicted structure of expressed RNA from BLTPKC3miR

Vv 2
-- AU == mmmemeee- A A GUGAA
GGUAU UGCUG UUGA CAGUG GCG AGCCUCCUCCAGAAGUUUGAACU G
CCAUG GCGAU AACU GUCAU CGC UCGGAGGAGGUCUUCAAACUUGG C
uu -- CG UCAGGCUCC c G GUAGA
() A

SUBSTITUTE SHEET (RULE 26) RO/AU
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EELEERRE

agacgetceca
grigretggt
THoAGLRLHA

1500
1560

1620

1680
31740
1860
1860
820
188¢
20440
PAR Y
2160
230
2380
2344
2488.
2456
3530
2580
2640
2700
2760
2820
2880
2840
3000
3060
3320
33F7




greategges
CLYYACATAR
GETTLCLYYe
CAGRCCLLEG
tiectastot

acagttatag

tatggotaat
QAAAQYLLAR
glggeaagay
CRACGRGACT
atgaageace
FLOTCAGOGR
Ctaaacaata
CLHRAVARLY
cggctagasa
gueeatygag
ttgggagas
CLOCAPLYAL
THLYLLLLLL
AGAGRARGCL
teactgaaat
ttecatgagt
CCATAGRARR
taaaggLict
FEEEEES

<213s 42
<21i»
<212»

<2313

<400 42
CRAACHCATCC

DA

TLLLTCLCTA
ggagLeateg
crgracatga
SPACTOTYYC

cazactiricg

TGLCCACLHE
aggtetacge
ageectacet
actatctoct
cgggotacaa
garrecggaa
TCCRLRLARG
CTHAGABEI
aagougcaga
CLCEHLLHoR
teatteegas
CCCAPACAYT
LOCROPACLA
Laagaatat
gagaacage
gotatgoget
LOORGoAAgA
tgotgooten
£ataagecat
BC33AGLOAQ
LLCTCLALLE
cercagasga
tHUAGURTIR
GABIAGLLCT

1648
Rattus rattus

CagRatoagg
gacécttggﬁ
gactgtotac
agaycratge
agoorares
atCacCLLea

ceretheate
gaacegetee
TTCTRCCEC
GagCCatyte
Sototteoat
EGALCLES
COTARTLOLY
AgLgaagrc
cgtgattgts
BECARHLLYY
LLRLGALLLR
tactoriges
LRICHCLALY
tggtoacya
Tegoactaga
LCACCATOOAL
FaAgARATLY
CLCOACRAGR
LHETTOTOOT
LHeCLegaga
Tototgggte
A3ggacagoy
Ttgaguotas
raglasaga

PLAILLCLY
ACCIQCPPCT
APELLTCTGE
ggaregoIte
£LOTGICCCC

gageigoote

CATGRGCGCT
ACCCCACTCA
RACRACLLRLC
CattC%CCCﬁ
GRAGCCALEE
AOA0AELTN.
gaggpaasaga
CEOLANTHOR
AACLHLALLY
GOOCAGRTLR
GIGAGAQULR
QUCHELETLC
tyugRAgget
actguoties
LLELCRAICE
Tgungatyty
LECAGRALGE
acioooiicy
LEACLTLLXY
agggrrcage
rggcattata
CagIFILCa
gragcctgst
£33CV333383

ctggagacag
QEREtgatge
attcatgaac
acgeogtica
AGLARCCEGE

CATLCTCCas

acCactcagt
COALTATTYR
380AYYCGYR
acgotgaaaa
CGGACLCLEL
BLALQLECLL
actatetaca
ARQLORAQLC
gaptatige
tRaRggtogR
totacaates
agtrogoaaa
getgcagact
GOCCAPLacy
CagagLoat
CCOTRPGRGHT
LACCATCCCR
CCEOteagee
£eL0a3agas
CLBICITYYY
Aagaacages
a3gaggccas
Tacaagiigy

3333333348

gtreotgeac
gratggoogy
gttaccacce
CLACCAYCYR
AQGAGGLHYa
ACgCTgagaa

POT/AUZ013/000190

CCLGCRGELR

CELEGELGUT -

CLGORGLTAR
LTLYQULLLY
CLGQAITTAL
agaRttacgye
grogetgact
ttttgﬁggﬁg
tgaggcacta
cgeeeetias
CCLHTRCATL
cTggagigaa

GORGCOCACE

ﬁﬂﬁﬁﬁag&tt‘

Coataactat
AGCCARGRES
corcLgaaga
astgaatcaa
gratgagyty
greeeteees
GIGICLILCS
CLOCCOAgag
actaacarat

3333333383

coocaggoea
gatragageg
ageecaaset
rgtggetges
GLUgARCCay
238109YCLLg

300
380
420
48Q
R4G
&G0
&60
728
780
844G
SG0
360
1020
1080
1340
3300
iéﬁﬁ
1330
1380

1840

1504
1568
1830
1636




geoctaatot
AcagLLOTan
tavggotggt
gagaggttaa
gtagtgagay
LAIGLAGACY
 ATARIYLILT
AYCLLagyLe
CrazAcAYLY
crgaagaaty
conctagaas
goreatgnag
TLigogaaas
ctotgoutgas
tocTLgatea
LORRHN0A00
Trggtictaa
CACHOLgLaa
gatagagtag
tgtztatétg

Juagangagy
aacatearta

<21 43
w23l
«Z3d DNA
«Zi%e

«4{{ee 43

CApOULacaa
pattecnnan
TCRARCACHAG
CLHagagoeug
gaggegtga
ﬁﬁtﬁﬁﬁtgﬁ&
TLETLLTLCALC
LEAIGRLAGT
teratgacca
caagaatoat
gagaargoet
FLLALHUGLE
tretagaaga
taggasiigs
LLLLLTLLLL
asarectuet
coaagpetge
cgactgtact
LOLGgRATOY
Tagrgatggsa
9993593989
aagractgaa

1411

LCLLTLLOTR
grLgaLeees
CCECTLENLE
apTHRRGLEL
rgtgattats
SEORHGCCHY
ceargatece
TACACTOH9R
CASCACCALY
GOULOAAcTe
Tegotttogs
gacgatioan
saagaacteg
AL LT
LAPLLoLags
FLLLLLLLLL
FLPAYITAYY
AAQUCTHLLE
TrIgctaga
gigatggyag
ggaggaggay
rateca

Canis familiaris

atgegtatos tagtoatogy agoggecelo

. GROCHCTALT
COQULLaLLa
AACCCALATH
TCLCLCRALH
actatioong
gagrrggaca

gggaggaget
CAGeagangy

agteagtont
Lrartgaiat
2gugrattys
LTECgageat
aLLoTLLLty
rgttooocaa
arcrogagts
TEGAgreTey

SUCATLGOLY
JECTCTELC
gRICCIGTAG
gaguotggos
FRAGUILHLS
tiacagorat
gorgactaaa

cgaguagaty

LOUCICCON08 TOLOOOCTOY 90CatIgCar

gacgaagtee

2gegantigy

ganuguRaga
atceatogga
FATEHCRCCY
AUCCABALECA
agoeoertggoa
ggrgrattee
Tggaagagee
actggoLLes
LOELCaagy
tgggtLyty
TeCaggatgs
CALLLLRALT
geerostota
tgretagees
cgagatoeac
CLACTHOILS
actorgatygs
gagagyggags
gagggetoos

ATLGEOUIGL
gatgrgasgg
crotgteaag
ACCLLOgact

ctastotoag

grictgggat

GUCTogTLea
agurtaacty
FraRGAYUAY
CCAGATCOLY

cgaaceettt
acatgricee
getacchate
aggtggoate
BEFLETYEGC
toCaggtoga
totacaacte
agriggagas
grrgtoaagtt
GETCALLLy
cagaggtoat
Laatgganggl
CECCRTILLR
LCETLCROCR
gracoeLott
LECCAQORCA
ARCCALHATY
glagguicty
acggticacy
JAGAIYAGER

TeLtoagoas

COATLGULNE
roracgoaga
IO
arerLoLgay
grtataaccy
LLLQUagect
acacaagooy
agagaguagy
grgcogacyy
TEetgaagee

POT/AUZOLIZA001 R0

CLYYARRAGE

tgattatage
atggorgact
TLtCgasgag
COUGECTCLy
ggOCLLL gy
tELatacate
Ltagaglaag
FUAGLLLALL
aLeLeaggte

Lataagat -

agreassety

CTECLORANA

pligacacea

QUCARRQUCT
gtaatgliyy
castictict
THLECAGLCT
ALACTRELLA
8939090039
Torgotggte

CTgrareLa
cogoLioans
guatoosans
ceacatosat
cyYoLatgas
garcogtags
gattgiggag
gaadatragi
gat%ataaaa

AGETLPYYH

420
480




Cagarcatta
aasggeatet
atcttteage
gaRagelget
gatetecyys
TCARACACAY
ggetatgeta
AYGATHCLHC
geCAAgraat
ceTtictgea
crggecotac
Tgratgaaga
ATCAARQYAY

gactaacala

<&i0s 44

<23i>
<23
<233>

<84G30 44
AgRATCAGLA

EXW XN Wi
Agreategys
acLgoacata
CHOLTLCLYy
acagacteet
grtostases
cataglictyg
CERTUROLYY
tgasaggrea
- ggtggcaaga
gragceagac
‘gataaageat
C CHTLLEIPAY
griaaataat
foigaagaat
Teggetagaa

aggrggaige
accagacee
tggggRacty
grageotgga
CAQLLLPLCT
aggtoatoca
tggaggcage
caLeeTacet
caatataces
agaageacan
ctgagaetea
acagatatag
CRAQUAGARR

ttasaggtle

1664
DA,
Macague

GEETLCLCES
agtrrggtac
CTHTECAnsy
saggtotacy
£agOLCtace
garcatores

LLAGHOTACS

goatticggs

LrOCatanaa
&ctg&g&ggg
SARGUCHCAG
coLotgoTgs
croaticiea
acocagacag
atecaggace
GraagaatLy

AQAGRACALC

ceertyggaty
atacatcate
gagtgagga
geecacacty
CCRGALLCEY
CRACLALYGT
caageLattt
cegaasatas
LLLTLTANGE
gatgagagiy
CEEEGALLaL
goegeeatat
ATLOOAGALE

tURARAGOTY

aggaaatage
padaisl g eis]
LoeTotgoay
Lggacogoiy
tttstgaﬁcé
Tgagroeacat
BCCLCYTCCR
agoigacoog
gookaaiick
gagrgaagiy
atgrgarigt
agooaggeg
cocatgaged
TracTetiyg
araacaccat
ttgatgascy
TEegegtiag

ARYLACTLCR
coagggates
RACRACALCL
aaggatgraa
CLAGRARLLY
CALHYAGECE
GUURAAGLLL
LROCLLLLLA
tatoagetan
azatgacaay
tonggtoLet
totaagtost
actgaggtea

&

ATCCTGLGLE
Taccargogy
CeatgaAgege
CACCCCACES
€AGCARCCLR
ceattoteee
rgaagoeeaty
£agagagety
ggagggaaag
£LYCCagegs
€a3ctgract
ggggLagate
AGAYAGLYYT
8GGLATLCLLL
LLGUYRAAGYC
aactggetes
aooTtLaaan

TLEATCACCLR
agacagtgag
aggaccacas
aaatLgtige
FRCAGLLELY
SLHORCTCAL
tagaagaaay

agazctooce

LETTCACAYL

atecaticos
LLACTLACER
CANAARGHAS
guTIacttga

CCCGLACHYE
gtggiggiga
YACCRCTCRg
BCCACCRCEY
ARGYRYYCYY
83TQLLYRRA
€LGABTOLEL
GRLATATICT
BACLALCLAC
23991UgAGL
9990tatgge
ALLARGYTHY
atetacaate
cagotgggas
tgetgcagac
LogLragtac

acagaggtca

PUTAUZO13/000190

TYRCCLAGEY
TCLHeHAgEe

cactatcgg

tgaatttact
cretgnatot
catecactgg
gaRagtigote
FoLLLOTtey
BGOOLTGYCT
303GECYIUL
Tgggecigac
Sgotoagasa

SOICAIATLA

agtiatotog
LCggagegad
TQUEgCAgee
acgragetoc
actogageea
aattgguect
cetggaangs
cagattatag
agtggetgas
citttgrggR
cLgonutect
aTgeeestn
CeELgtacat
actogaatga
LHGIGLLLal
geoccaagat

recacaacta

660
720
786
840
900
960
1026
1080
1140
1300

1360

1336
1380
1411




LGYLCITYYS
CTLTggEags
actooagtga
fgtgrtoott
agagRARGEE
LCRCCGRARARY
attccatgag
GUCACAGRAA
TYAAAgEL e
LLGCLARALE
canativgag
P TEe
i e

L3220
<223

<Ak 45
S NS S R

tgratataLy

45
353
DA

agatattagt
tagaataty
Tertgnrtte
CARGANALAR
<2 1k
<£ 11
<21Z»
<213»

<2 28
<223

<Ak 48
[EARCCHCHR

tgcatatacy

£&
785
DNA

agatattagt
taaaartatg
LOLRGUCTTY
caagagagaa
acatcaggry
JELCEELI

goctatgge
sTCCTggaag
crgetgette
cataageoat
ataaagtcag
ceotetacet
TCLLCAGARG
attgaguata
1gRAARGLEC
TAtctgucty

AARRCHCTAR

atecagatet
atacaaggot
acazaatacg
LTLLRARALG
atatatoyeg

ceatgaggas

ATLLAQATLE
ATACHRGYCT
acaaaatacy
rrrtaaaaty
atagarotry
coatgaggas
gritriongy
ggcrcaggct

reagcareea
aanagaagry
£LOCacaaga
tgetiatoes
tgectggaga
TCLCEGPRTE
ARRGURACAYE
attgagacta
tCagraaay
R EEE Ly a

ARAAIAARAR

artificial sequence

BOPKCE ~ DR& construct

ggglaggaag
griagagags
tgacglagaa
gacrareata
Tggaaaggac
goigaagror

Artificial ssguence

ROPKCIZE -~ DNA CONSTPUCT

gugLaggaag
grragagaga
?g&cgtagaa
gactatcata
Touaaaggac
gergaagiot
TTGGLETLLL

CLGCCCTYET

Craaggatgl
grecaaaarg

BCLCCOTICT.

TCRCLLCILY
agggtteage
tggeatiata
LCAGRAACLT
agtaacatya
geaactatet
TLYCCCAGRG

AFAARARAAR

APYUOCTALE
taattagaat
agtaataaty
TgoLLacogy
GAIACALOGY
Trivtgtoga

aguurCraty
raattagaat
agtaataatt
Lgoitaceyt
gaaacacony
TTrrTtacat
TTTTACACEA

TCCGOUETta

gerergeagy
CLICCATECE
CCOCTCIPET
CCTCIIRPAR
CCRICILATY
BAYARTAYCT
ARRGIGYCCR
ttacaagtty
gatgtigitt

CACCCATYRR

LEOCATOATY
TALTLgact
TOLLggotag
3acTIgIAy
LLTLAGETLL
CRATLAALE

teocatgatt
taattigact
tottugatag
aacttgaaay
CrLEageLLe
caggtigtit
cgtitatacy
TtTgeatacg

POT/AUZGII00GIH

LIGLLARGLL
atoieigeag
aacaaatoan
gratgagyly
goeeoetetea
gogggotgny
actgeecaga
tactaacata
RACCCAGLGL
Tgecatgasa

sottoatatt
GLaRICILAR
tttgcagttt
tattrogatt
LLCATHPLLLC
<

cortoatatt
Sragacacas
LrLgcagttt
rarrrogart
crearggrie
TTCLGLTILY
cogotegagt

CTRTLLCER

1080
1140
1200
1260
1320
1380
1440
1500
1566
1620
1660

80
130
180
240
300
351




Graatieea guagllacty tRgetatart tggtagaaca

agtcaatans tRCgttaglt guattacata ttgagetaat

taggtcatil ARAGAQAAYLC QURUCLAtOly TACAGRCATT

Cigutooto gaactcaata ttogueetas tecagaagtt

$ICLHNANGE QOCTLITiin TOORCHARTE ARLLC

<21
<211
xZid=
<2313

<22k
<ZZ3»

<400

47
353
DRi&

47

artificial seguence

BOPKC3Icont ~ DNA construct

QEOQCCHCna STLCAgATtOY QUOCIgOaay A0UgOCtatt

TEeatatacy atacaagget gttagagaga‘taattagaat

Agatatiagt acsasatacy Lgacgtagaa aglaataatt

T taaaattaty ttttaa&étg gaLrarcary Lgotiadogt

tottgoettt atatatotiy TOUdAACURT galacatoyy

CRADAGACHR AUGLACLHAA JCHIRATLCL TLLLLULOgR

48
755
A

<210
<233
<&3ds
<21i3>

<d 3
<Z&%»

<433 48
gLggelgond

Tgoatatacy
agatattagt
taazatiatg
tettggetet
CA3GAYACHA
acatcaggtt
ERtHURTRON
grastioeca
agtaataac
taggioarty
greggtagy
gaLTatagge

210> 49

artoagatot
atacaaguet
acaasatacy
triiasasty
atatatoen
apgtagegaa
grrrttotyt
SUCLCRGRCT
geagecacog
racgriagy
asgagasgre
gaactcaata
LOOLLILLg

artificial Ssgusnoe

gogeagygaay
grtagagaga
tgacgtagaa
gactatcata
(LT EEEL LTt
groaaatLet
tragiiitey
CLHELLRYPCT
rageraratt
goattacaca
ggcetatyty
TECGEgagee
LCgacgaatt

BOPKEI&4cnnt ~ DRA construct

agggeotatt
taattagaat
agtaataatt
ot tacogt
YRABACBCLRY
rrrrttacat
TEttadassa
Toeoqaugeta
tggtagaaca
Trgggotast
Tacagacaty
tatgglocac

aatic

acgageactt
aTARATAGAG
tUttecagyg
tgaggcaaga

teocatgaty
Tasritgact
terrgggtag
aacttgaasy
atttogorte
cgastiaary

reecatgaty
TRATTLRACY
tettggatayg
FRCLLYRRAG
arLregeRLe
Cagattgtey
LHLLLRTRLY
Trigcatacy
ATGAGCACTT
ATAAATAGAQ
tattccaggg

LRLHCCAAGA

POT/ALZO3/000190

Tetcaactcs
gtiasatete
gotttaasta

SRCCLCARRT

coticatatt
gragacacaa
trtgoagttt
tatriogatt
geLIcCTTEg

&

cerveatary
grasavacaa
TEtgeagiey
TRTELogaty
getacetveg
Trotgiieey
cogoregagt
ACCATILCCR
TotCaacice
gtiasatcte
getttasata

GEGCRLAgLS

540
&O0
660
728
755

80
120
180G
240




<gll>
<2 1>
<&1i3>

<300

53
ANA )
Homo sapiens

48

QOCRANOYEY UCCUgACTaa

<230
<21ls
<212»
<233

<4§§>

S50

$3

RNA X
Howo sapiens

pit

GQCCUCUUTH BCCUUCACR’

<230
<23iix
<&id>
<213

<400

8l

53
BNA _
Homo sapiens

51

GUCULCAQLY UCTCUTRUYYY

<230
R
<2313
<213

<480

§2
§2
BNA
Homo sapiens

52

GOCCUCCULE AYRAGUULGA

<2 30>
<233
232>
<213>

<400

33

53

RNA .
Homo sapiens

53

QQUGOCTgRL gaugadaadu

<230
<2311
<212»
=213

<300

54

52

R4 .
Home sapiens

S

GUORAGQLLyY aguatuialaa

<230
<2 LI
212>
213>

<400

55

53

RNA X
Homo sapiens

53

GUUGUCANGL  CCRLLGOLGY

<230>
<21i>
<2X &
<213

<400

56

54

RNA )
Homo sapiens

5&

GUCIGUCUCT BCCagaAguUY

GECARGAGAY

CCURRORYRY

utaagagay

QUCARGAGAL

GCCARGAGAG

UQTRADAGAL

Lulaagagak

ugcaagagac

CHIGGHCRGY

GUUGRGRRKGY

RACCANYATY

cuiaaacuug

CRGUUGUCAG

Juuguaanac

GACICCARIG

AABCLUTUYPY

RACTCTUUGT

RAGRAGAGYE

RBGLUYRAGY

UGRRERQQLC

CRLCHOCCAL

PCGCCLULCL

JACIUGYTAT

agERYLTUGE

FUU )

TUYU

Lot 714

LU

Lu

LUl

i

i

PCT/AUR013000190

§3

53

52

53




<210
<2iie
<&1d»
<213

<G

7

53

RNA )
Homy sapiens

57

SOSIACUGNR grpagouaaa

=21
<323
<FA»
<213

R 1648

58

53

RNA .
Home sapliens

58

QUOCOUGOOS SPBUCIUCES

<2 1
SVANES
*& 32
<&3d»

<Ak

59

53

Rig& v
Home sapiens

>%

LRCGUGEILG BEIUUIUCIR

<2 Bk
®S13>
wE 1w
«& 13

< &{HE-

&

&3

REA v
Homo sapiens

B

QECUTATUGE gagguuaacy

<310
<211
<2id>
«233>

<430

51

%1

RNA ,
Homo sapiens
&1

SagHCIRAE WEERATLARL

<2318
<2ils
<2 id>

<213

<480

&2

33

RNA o
Homo sapiens

&2

SURAATUGER QUEARCUAAR

<2 10>
<31l
<232
<233

<400

63

3

BN X
Homo sapiens

63

SOCCHUTRNC AgRLCRNGRR

<330
<2 1>
R B
<21

<A

&4

53

RNS ‘
Homo sapiens

&4

Lacaagagau

gonaagagas

cucaagagaa

gacaagagau

RARCARDALY

CaaRGA{AU

gEcRagagas

ERIRAGOUNG

CUSHRUGAUS

GUUGEURAULT

CRGUBRATTY

BUBGTURGUNYE

gUiRGUELE

LU augaug

cuLCaguute

HGgCCCegge

CAUTLACYT

CHOCAGUOATY

LLILULLHLL

LUCTRgULLG

Fiddddstsia

L

313

%

TUY

LU

LRI R E

T

LUl

PCT/AUZOIA00 0

%3

§3

54

53

33



BEEC3 W

5 26 N

QOCHCADACY UOAUUGUTAR CUCARGAGAR

W

£35
53
RNA

AL
<2 ELs

<313

<400 &5

Hows sapiens

SUCUGACUGE Z3COVNRRCE gRCRAgagan

86
53
REA&

22 i
<233
223 E>
213>

<40 B

some sapiens

SROGCUGANY - QQagLCaala gaCaagagay

<3k &7
«&3hs 83
=21d= RNA
<33

<400s 87

Home sapiens

SUDULHCY BCOTURCOIE COCEATAgaT

58
52
RNA

P
<311

<2X%»

<4 &8

Home saplisns

SUOAgOOUAN GUUCCACUAN goCaagagay

«2 3k
N
w2 id=
FEAR
w22
<EEFx
T <4 8%
PSR LA

ATALHALLAY

6%
418

CRLTLLELLLR
TRgRaut
CRGUOUCTLT
GQEGRGRLTEL
tegegectas
PRGN
<33
<313
<213

<220
<223

raty
418
DA

DNA
arvifictal segusnce

aTeLTAGUSS
teoragtaat
actecagiea
Lyt
aaatagctgg
AQCTLLCENA

tgeetinnas

ggtgeogeLe
LEECageage
ataactacgt
LatLLaagay
LHGLYgaact
togtactgty
tiesagotay

arvificial Sequence

BLTPKCSmIR ~ DRA consirucy

gUUgARCRALNT

CRGUUARCCR

CUGUUGETULS

gaagguaney

LAUAGUHHIL

BLTEKCImTR ~ DA CoBsSTrucy

aggorerges
cacograget
ragrrgoaty
aagtoguest
CaALATLOYY
AagLagatyy
CogtacotLt

FTHUTRGTYT

MUCRGUCEGC

CagUoLgECY

EEG I SRR

cavaggoues

CEGOOTCCES
arattyggts

JCICATLGYQ

atgtgtacag

ratatigerg
graccatgag
TrLgtogacy

BOTAALROLAG0IR0

LU

[ i

FSEH

L

uy

goorartLge

FRICIACYRY

CraITITIBA
acatrigrLe
TigaragLgs
gaagutgaag

LTI

33

55
5

53




<400 7O
JCggeogega

Atacgaccat
CACLELoLCR

tagaggttaa

CRYUBUCLLL

GUHAAGOCLC
cigrgestac
<2 71
<2313 135
¥2I3Ix REA
<213»

<4 7L
gguaLaBuge

QROUALLALG
uisuuy

<23 T2
w2lis» 124
%2iE
w13
<48 T2

RNA )
B sapisns

attorannge
frecagtaat
ACLLCAgLea
atctctaégt
ARATAGOLHS
ctocagsagt

gL tLggas

Momo sapisns

pELBUgaCag

aggaagouga

SOUAVRLLGE UGUUTATIgU

SROUUCERRL YUTUGgaga’

AR

FRTACRNCEC
TLLLRPLALE
ataagtacgt
catttaagag
Tgntagaact
ThgRACTGLY

Troasgotag

gagrgagacy
aguogngocy

JAGTYIBGLT

QUERGTHTTY

AGUCTCTGEL
caccglaget
tagtigeate
aagreggect
LARTATLOGY
Asgragatgg
COGLaneLLy

HCEGQTUIITY

FCUGETUCYY

HOCUCLATRR

ATUGOLUERY

COGETLOLGS
ararttggta
XCACATLYHYY
AtgLgtacag
TATATIGLEY
GrLesaanty
Lrtgtogacy

CAUQUUBTUY

sCyuCIagly

QUULTRRCHY

SCULCRAJCU

PUTZAUZO3/000190

JECTALTLNT

GRACAALHA

Ctastataas |

acatttgtes
ttgacagtya
LLRRIGUIER

datraatre

UHAAGTARAY

AgrYgUACLY

UORAGCRGAY
agegaua

§0
120
180
240
300

418

60
120
125

136
124




	DESCRIPTION
	CLAIMS
	DRAWINGS

