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Reagents for treatment of hepatitis B virus (HBV) infection

and use thereof

Related Application Data

The present application claims priority from United States Provisional Application
No. 62/332,245 filed on 5 May 2016, the full contents of which is incorporated herein by

reference.

Technical Field
The present disclosure relates to RNA interference (RNA1) reagents for treatment of
hepatitis B virus (HBV) infection, compositions comprising same, and use thereof to treat

individuals infected with HBV.

Background

Hepatitis B virus (HBV) is a serious and common infectious disease of the liver,
affecting millions of people throughout the world. HBV is a hepatotrophic DNA virus
belonging to the Hepadnaviridae. The full-length of the viral genome is about 3.2kb, and it
has four open reading frames (ORFs) including surface antigen (the "S gene"), core antigen
(the "C gene"), DNA polymerase (the "P gene") and a gene of undetermined function
referred to as the "X gene". More than 2 billion people worldwide have been infected with
HBYV at some time in their lives, and of these about 350-400 million remain chronically
infected and are carriers of the virus. HBV infection can cause acute and chronic type B
hepatitis, and may eventually lead to the development of chronic hepatic insufficiency,
cirrhosis, and hepatocellular carcinoma. In addition, HBV carriers can transmit the disease
for many years. Persons with chronic HBV infection i.e., carriers, have at least 12 times
higher risk of developing hepatocellular carcinoma than non-carriers, and HBV causes 60-
80% of the world's primary liver cancers. As a consequence, HBV ranks second only to
tobacco as a known human carcinogen.

Although vaccines against HBV are available, the rate of HBV infection in the
population remains high. Furthermore, current therapies for chronic HBV infection have

only limited inhibitory effects on viral gene expression and replication in the majority of
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chronically infected patients. Another limitation of existing therapies for chronic HBV
infection is the development of viral resistance to drugs.
For these reasons, there remains a need for a new therapeutic agents to treat HBV

infection.

Summary

The present disclosure is based, in part, on the recognition that existing vaccines and
therapeutic agents for treatment and/or prevention of HBV infection are limited in their
efficacy, such as where long term treatment is necessary e.g., due to the development of
viral resistance to therapy and/or variation in responsiveness to therapy between genotypes
of HBV. The present disclosure provides DNA-directed RNA interference (ddRNA1)
constructs for expressing one or more short hairpin micro-RNAs (shmiRs) targeting
conserved regions of RNA transcripts produced by the HBV genome i.e., regions conserved
among different genotypes of HBV. Exemplary shmiRs of the disclosure comprise effector
sequences capable of inhibiting or reducing expression of HBV gene transcripts in
HepG2.2.15 cells harbouring active HBV. Exemplary shmiRs of the disclosure comprise
effector sequences capable of inhibiting or reducing expression of HBV gene transcripts,
reducing intracellular and extracellular HBV DNA, and reducing HBV covalently-closed
circular DNA (cccDNA) in a PXB chimeric mouse infected with HBV. Thus, the inventors
provide new compounds that inhibit or reduce expression of a nucleic acid and/or protein
expressed by HBV and uses of such compounds e.g., to treat a HBV infection in a subject.

Accordingly, the present disclosure provides a nucleic acid comprising a DNA
sequence which encodes a short hairpin micro-RNA (shmiR), said shmiR comprising:

an effector sequence of at least 17 nucleotides in length;

an effector complement sequence;

a stemloop sequence; and

primary micro RNA (pri-miRNA) backbone;
wherein the effector sequence is substantially complementary to a RNA transcript set forth
in any one of SEQ ID NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127,
129, 131 and 133. Preferably, the effector sequence will be less than 30 nucleotides in

length. For example, a suitable effector sequence may be in the range of 17-29 nucleotides
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in length. Preferably, the effector sequence will be 20 nucleotides in length. More
preferably, the effector sequence will be 21 nucleotides in length and the effector
complement sequence will be 20 nucleotides in length.
The effector sequence may comprise 6 base pair mismatches relative to the sequence

set forth in any one of SEQ ID NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123,
125, 127, 129, 131 and 133 to which the effector sequence is substantially complementary.
In another example, the effector sequence comprises 5 base pair mismatches relative to the
sequence set forth in any one of SEQ ID NOs: 1-10, 38, 40, 42, 111, 113, 115, 117, 119,
121, 123, 125, 127, 129, 131 and 133 to which the effector sequence is substantially
complementary. In another example, the effector sequence comprises 4 base pair
mismatches relative to the sequence set forth in any one of SEQ ID NOs: 1-10, 38, 40, 42,
111,113,115, 117, 119, 121, 123, 125, 127, 129, 131 and 133 to which the effector
sequence is substantially complementary. In another example, the effector sequence
comprises 3 base pair mismatches relative to the sequence set forth in any one of SEQ ID
NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131 and 133 to
which the effector sequence is substantially complementary. In another example, the
effector sequence comprises 2 base pair mismatches relative to the sequence set forth in any
one of SEQ ID NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131
and 133 to which the effector sequence is substantially complementary. In another
example, the effector sequence comprises 1 base pair mismatch relative to the sequence set
forth in any one of SEQ ID NOs: 1-10, 38, 40, 42, 111, 113, 115, 117, 119, 121, 123, 125,
127, 129, 131 and 133 to which the effector sequence is substantially complementary. In yet
another example, the effector sequence is 100% complementary to a region of equivalent
length within a sequence set forth in any one of SEQ ID NOs: 1-10, 38, 40, 42, 111, 113,
115,117,119, 121, 123, 125, 127, 129, 131 and 133. Where mismatches are present, it is
preferred that they are not located within the region corresponding to the seed region of the
shmiR i.e., nucleotides 2-8 of the effector sequence.

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR selected from the group consisting of:

a shmiR comprising: (1) an effector sequence which is substantially complementary

to the sequence set forth in SEQ ID NO:12 with the exception of 1, 2, 3, 4, 5 or 6 base
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mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:12; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:14 with the exception of 1, 2, 3, 4, 5 or 64 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:14; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:16 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:16; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:18 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:18; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:20 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:20; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:22 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:22; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:24 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:24; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:26 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:26; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:28 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:28; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:30 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:30; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:32 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:32; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:34 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:34; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:36 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:36; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:38 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:38; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:40 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:40; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:42 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:42; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:111 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:111; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:113 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:113; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:115 with the exception of 1, 2, 3, 4, 5, or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:115; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:117 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:117; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:119 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:119; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:121 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:121; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:123 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:123; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:125 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:125; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:127 with the exception of 1, 2, 3, 4, 5, or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:127; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:129 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:129; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:131 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:131; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence; and

a shmiR comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:133 with the exception of 1, 2, 3, 4, 5, or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:133; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence.

In another example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR selected from the group consisting of:

a shmiR comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:11 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:13 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:15 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:17 and capable of forming a duplex therewith;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:19 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:21 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:23 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:25 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:27 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:29 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:31 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:33 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:35 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:37 and capable of forming a duplex therewith;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:39 and an effector

complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:39 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:41 and an effector

complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:41 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:110 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:110 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:112 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:112 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:114 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:114 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:116 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:116 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:118 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:118 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:120 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:120 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:122 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:122 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:124 and an
effector complement sequence which is substantially complementary to the sequence set

forth in SEQ ID NO:124 and capable of forming a duplex therewith;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:126 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:126 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:128 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:128 and capable of forming a duplex therewith;

a shmiR comprising an effector sequence set forth in SEQ ID NO:130 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:130 and capable of forming a duplex therewith; and

a shmiR comprising an effector sequence set forth in SEQ ID NO:132 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:132 and capable of forming a duplex therewith.

For example, the shmiR encoded by the nucleic acid described herein may comprise
an effector complement sequence comprising 1, 2, 3 or 4 mismatches relative to the
corresponding effector sequence, provided that the cognate effector and effector
complement sequences are capable of forming a duplex region.

In another example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR selected from the group consisting of:

a shmiR comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence set forth in SEQ ID NO:12;

a shmiR comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence set forth in SEQ ID NO:14;

a shmiR comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence set forth in SEQ ID NO:16;

a shmiR comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence set forth in SEQ ID NO:18;

a shmiR comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence set forth in SEQ ID NO: 20;

a shmiR comprising an effector sequence set forth in SEQ ID NO:21 and an effector

complement sequence set forth in SEQ ID NO:22;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence set forth in SEQ ID NO:24;

a shmiR comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence set forth in SEQ ID NO:26;

a shmiR comprising an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence set forth in SEQ ID NO:28;

a shmiR comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence set forth in SEQ ID NO:30;

a shmiR comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence set forth in SEQ ID NO:32;

a shmiR comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence set forth in SEQ ID NO:34;

a shmiR comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence set forth in SEQ ID NO:36;

a shmiR comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence set forth in SEQ ID NO:38;

a shmiR comprising an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence set forth in SEQ ID NO:40; and

a shmiR comprising an effector sequence set forth in SEQ ID NO:41 and an effector
complement sequence set forth in SEQ ID NO:42;

a shmiR comprising an effector sequence set forth in SEQ ID NO:110 and an
effector complement sequence set forth in SEQ ID NO:111;

a shmiR comprising an effector sequence set forth in SEQ ID NO:112 and an
effector complement sequence set forth in SEQ ID NO:113;

a shmiR comprising an effector sequence set forth in SEQ ID NO:114 and an
effector complement sequence set forth in SEQ ID NO:115;

a shmiR comprising an effector sequence set forth in SEQ ID NO:116 and an
effector complement sequence set forth in SEQ ID NO:117;

a shmiR comprising an effector sequence set forth in SEQ ID NO:118 and an
effector complement sequence set forth in SEQ ID NO:119;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:120 and an
effector complement sequence set forth in SEQ ID NO:121;

a shmiR comprising an effector sequence set forth in SEQ ID NO:122 and an
effector complement sequence set forth in SEQ ID NO:123;

a shmiR comprising an effector sequence set forth in SEQ ID NO:124 and an
effector complement sequence set forth in SEQ ID NO:125;

a shmiR comprising an effector sequence set forth in SEQ ID NO:126 and an
effector complement sequence set forth in SEQ ID NO:127;

a shmiR comprising an effector sequence set forth in SEQ ID NO:128 and an
effector complement sequence set forth in SEQ ID NO:129;

a shmiR comprising an effector sequence set forth in SEQ ID NO:130 and an
effector complement sequence set forth in SEQ ID NO:131; and

a shmiR comprising an effector sequence set forth in SEQ ID NO:132 and an
effector complement sequence set forth in SEQ ID NO:133.

The shmiR encoded by the nucleic acid of the disclosure may comprise, ina 5’ to 3’
direction:

a 5’ flanking sequence of the pri-miRNA backbone;

the effector complement sequence;

the stemloop sequence;

the effector sequence; and

a 3’ flanking sequence of the pri-miRNA backbone.

Suitable loop sequences may be selected from those known in the art. However, an
exemplary stemloop sequence is set forth in SEQ ID NO: 75.

Suitable primary micro RNA (pri-miRNA or pri-R) backbones for use in a nucleic
acid of the disclosure may be selected from those known in the art. For example, the pri-
miRNA backbone may be selected from a pri-miR-30a backbone, a pri-miR-155 backbone,
a pri-miR-21 backbone and a pri-miR-136 backbone. Preferably, however, the pri-miRNA
backbone is a pri-miR-30a backbone. In accordance with an example in which the pri-
miRNA backbone is a pri-miR-30a backbone, the 5 flanking sequence of the pri-miRNA
backbone is set forth in SEQ ID NO: 76 and the 3’ flanking sequence of the pri-miRNA
backbone is set forth in SEQ ID NO: 77.
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In one example, the nucleic acid described herein comprises a DNA sequence
selected from the sequence set forth in any one of SEQ ID NOs: 59-74 and 146-157. In
accordance with this example, a shmiR encoded by the nucleic acid of the disclosure may
comprise a sequence set forth in any one of SEQ ID NOs: 43-58 and 134-145.

It will be understood by a person of skill in the art that a nucleic acid in accordance
with the present disclosure may be combined or used in conjunction with other therapeutic
agents for treating HBV. Accordingly, the present disclosure provides a nucleic acid
comprising a DNA sequence encoding a shmiR as described herein in combination with one
or more other agents for treating HBV. In one example, a plurality of nucleic acids are
provided comprising:

(a) at least one nucleic acid as described herein; and
(b) at least one further nucleic acid selected from:
(i) anucleic acid in accordance with the nucleic acids described herein; or
(i) anucleic acid comprising a DNA sequence encoding a short hairpin RNA
(shRNA) comprising an effector sequence of at least 17 nucleotides in length
and a effector complement sequence, wherein the effector sequence is
substantially complementary to a RNA sequence set forth in any one of SEQ ID
NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131 and
133;

wherein the shmiR encoded by the nucleic acid at (a) and the shmiR or shRNA
encoded by the nucleic acid at (b) comprise different effector sequences.

Preferably, the effector sequence of the sShRNA at (b)(i1) which is substantially
complementary to a RNA sequence set forth in any one of SEQ ID NOs: 1-10, 38, 40, 42,
111,113,115, 117, 119, 121, 123, 125, 127, 129, 131 and 133 will be less than 30
nucleotides in length. For example, a suitable effector sequence of the ShRNA may be in the
range of 17-29 nucleotides in length.

In accordance with an example in which at least one of the nucleic acids in the
plurality encodes a ShRNA, the shRNA may be selected from the group consisting of:

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:12 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:12; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:14 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:14; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:16 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:16; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:18 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:18; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:20 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:20; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:22 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:22; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:24 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:24; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:26 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:26; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:28 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:28; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:30 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:30; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:32 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:32; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:34 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:34; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:36 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:36; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:38 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:38; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:40 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:40; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:42 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:42; and (i1) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:111 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:111; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:113 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:113; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:115 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:115; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:117 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:117; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:119 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:119; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:121 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:121; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:123 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:123; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:125 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:125; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (i) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:127 with the exception of 1, 2, 3, 4, 5 or 6 base

mismatches, provided that the effector sequence is capable of forming a duplex with a
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sequence set forth in SEQ ID NO:127; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:129 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:129; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence;

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:131 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:131; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence; and

a shRNA comprising: (1) an effector sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:133 with the exception of 1, 2, 3, 4, 5 or 6 base
mismatches, provided that the effector sequence is capable of forming a duplex with a
sequence set forth in SEQ ID NO:133; and (ii) an effector complement sequence comprising
a sequence which is substantially complementary to the effector sequence.

In accordance with another example in which at least one of the nucleic acids in the
plurality encodes a shRNA, the shRNA may be selected from the group consisting of:

a shRNA comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:11 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:13 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:15 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:17 and capable of forming a duplex therewith;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:19 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:21 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:23 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:25 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:27 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:29 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:31 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:33 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:35 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:37 and capable of forming a duplex therewith;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:39 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:41 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:41 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:110 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:110 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:112 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:112 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:114 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:114 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:116 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:116 and capable of forming a duplex therewith

; a ShRNA comprising an effector sequence set forth in SEQ ID NO:118 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:118 and capable of forming a duplex therewith

; a ShRNA comprising an effector sequence set forth in SEQ ID NO:120 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:120 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:122 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:122 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:124 and an
effector complement sequence which is substantially complementary to the sequence set

forth in SEQ ID NO:124 and capable of forming a duplex therewith;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:126 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:126 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:128 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:128 and capable of forming a duplex therewith;

a shRNA comprising an effector sequence set forth in SEQ ID NO:130 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:130 and capable of forming a duplex therewith; and

a shRNA comprising an effector sequence set forth in SEQ ID NO:132 and an
effector complement sequence which is substantially complementary to the sequence set
forth in SEQ ID NO:132 and capable of forming a duplex therewith.

For example, the shRNA encoded by the nucleic acid in the plurality of nucleic acids
described herein may comprise an effector complement sequence comprising 1, 2, 3, 4, 5 or
6 base mismatches relative to the corresponding effector sequence, provided that the cognate
effector and effector complement sequences are capable of forming a duplex region.

In another example in which at least one of the nucleic acids in the plurality encodes
a shRNA, the shRNA may be selected from the group consisting of:

a shRNA comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence set forth in SEQ ID NO:12;

a shRNA comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence set forth in SEQ ID NO:14;

a shRNA comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence set forth in SEQ ID NO:16;

a shRNA comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence set forth in SEQ ID NO:18;

a shRNA comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence set forth in SEQ ID NO: 20;

a shRNA comprising an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence set forth in SEQ ID NO:22;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence set forth in SEQ ID NO:24;

a shRNA comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence set forth in SEQ ID NO:26;

a shRNA comprising an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence set forth in SEQ ID NO:28;

a shRNA comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence set forth in SEQ ID NO:30;

a shRNA comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence set forth in SEQ ID NO:32;

a shRNA comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence set forth in SEQ ID NO:34;

a shRNA comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence set forth in SEQ ID NO:36;

a shRNA comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence set forth in SEQ ID NO:38;

a shRNA comprising an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence set forth in SEQ ID NO:40;

a shRNA comprising an effector sequence set forth in SEQ ID NO:41 and an effector
complement sequence set forth in SEQ ID NO:42;

a shRNA comprising an effector sequence set forth in SEQ ID NO:110 and an
effector complement sequence set forth in SEQ ID NO:111;

a shRNA comprising an effector sequence set forth in SEQ ID NO:112 and an
effector complement sequence set forth in SEQ ID NO:113;

a shRNA comprising an effector sequence set forth in SEQ ID NO:114 and an
effector complement sequence set forth in SEQ ID NO:115;

a shRNA comprising an effector sequence set forth in SEQ ID NO:116 and an
effector complement sequence set forth in SEQ ID NO:117;

a shRNA comprising an effector sequence set forth in SEQ ID NO:118 and an
effector complement sequence set forth in SEQ ID NO:119;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:120 and an
effector complement sequence set forth in SEQ ID NO:121;

a shRNA comprising an effector sequence set forth in SEQ ID NO:122 and an
effector complement sequence set forth in SEQ ID NO:123;

a shRNA comprising an effector sequence set forth in SEQ ID NO:124 and an
effector complement sequence set forth in SEQ ID NO:125;

a shRNA comprising an effector sequence set forth in SEQ ID NO:126 and an
effector complement sequence set forth in SEQ ID NO:127;

a shRNA comprising an effector sequence set forth in SEQ ID NO:128 and an
effector complement sequence set forth in SEQ ID NO:129;

a shRNA comprising an effector sequence set forth in SEQ ID NO:130 and an
effector complement sequence set forth in SEQ ID NO:131; and

a shRNA comprising an effector sequence set forth in SEQ ID NO:132 and an
effector complement sequence set forth in SEQ ID NO:133.

According to any example in which a nucleic acid of the disclosure encodes a
shRNA, the shRNA may comprise a stem loop sequence positioned between the effector
sequence and the effector complement sequence. Suitable loop sequences may be selected
from those known in the art. Alternatively, suitable stem loops may be developed de novo.
In one example, a nucleic acid of the plurality described herein encoding a ShRNA may
comprise a DNA sequence encoding a stem loop positioned between the DNA sequences
encoding the effector sequence and the effector complement sequence. For example, a
shRNA encoded by a nucleic acid of the disclosure may comprise a sequence set forth in
any one of SEQ ID NOs:78-93. Thus, a nucleic acid in the plurality of nucleic acids
described herein may comprise or consist of a DNA sequence set forth in in any one of SEQ
ID NOs:94-109.

A plurality of nucleic acids in accordance with the present disclosure may comprise
up to 10 nucleic acids, each encoding a shmiR as described herein, such as two nucleic acids
or three nucleic acids or four nucleic acids or five nucleic acids or six nucleic acids or seven
nucleic acids or eight nucleic acids or nine nucleic acids or ten nucleic acids. In one
example, the plurality of nucleic acids comprises two nucleic acids of the disclosure, each

encoding a shmiR as described herein. In another example, the plurality of nucleic acids
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comprises three nucleic acids of the disclosure, each encoding a shmiR as described herein.
In one example, the plurality of nucleic acids comprises four nucleic acids of the disclosure,
each encoding a shmiR as described herein. In one example, the plurality of nucleic acids
comprises five nucleic acids of the disclosure, each encoding a shmiR as described herein.
In one example, the plurality of nucleic acids comprises six nucleic acids of the disclosure,
each encoding a shmiR as described herein. In one example, the plurality of nucleic acids
comprises seven nucleic acids of the disclosure, each encoding a shmiR as described herein.
In one example, the plurality of nucleic acids comprises eight nucleic acids of the disclosure,
each encoding a shmiR as described herein. In one example, the plurality of nucleic acids
comprises nine nucleic acids of the disclosure, each encoding a shmiR as described herein.
In one example, the plurality of RNAs comprises ten nucleic acids of the disclosure, each
encoding a shmiR as described herein. In accordance with any of the examples described
herein, one or more of the nucleic acids in the plurality may encode a shRNA as described
herein.

In accordance with an example in which a plurality of nucleic acids is provided, two
or more of the nucleic acids may form separate parts of the same polynucleotide. In another
example, two or more of the nucleic acids in the plurality form parts of different
polynucleotides, respectively.

The or each nucleic acid in accordance with the present disclosure may comprise, or
be in operable linkage with, one or more transcriptional terminator sequences. For example,
the or each nucleic acid may comprise a transcriptional terminator sequence at the 3’
terminus of the sequence encoding the shmiR or shRNA. Such sequences will depend on
the choice of promoter and will be known to a person of skill in the art. For example, where
a nucleic acid of the disclosure is in operable linkage with a RNA pol III promoter, a
transcriptional terminator sequence may include ‘TTTTT’ or “TTTTTT .

Alternatively, or in addition, the or each nucleic acid in accordance with the present
disclosure may comprise, or be in operable linkage with, a transcription initiator sequence.
For example, the or each nucleic acid may comprise a transcription initiator sequence at the
5’ terminus of the sequence encoding the shmiR or shRNA. Such sequences will be known

to a person of skill in the art, but may include ‘G’.
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Alternatively, or in addition, the or each nucleic acid in accordance with the present
disclosure may comprise one or more restriction sites e.g., to facilitate cloning of the nucleic
acid(s) into cloning or expression vectors. For example, the nucleic acids described herein
may include a restriction site upstream and/or downstream of the sequence encoding a
shmiR or shRNA of the disclosure. Suitable restriction enzyme recognition sequences will
be known to a person of skill in the art. However, in one example, the nucleic acid(s) of the
disclosure may include a BamH 1 restriction site (GGATCC) at the 5° terminus i.e., upstream
of the sequence encoding the shmiR or shRNA, and a EcoR1 restriction site (GAATTC) at
the 3’ terminus i.e., downstream of the sequence encoding the shmiR or shRNA.

A nucleic acid in accordance with the present disclosure may also be provided in the
form of, or be comprised in, a DNA-directed RNA interference (ddRN A1) construct which is
capable of expressing one or more shmiRs which is/are encoded by the nucleic acid(s) of the
present disclosure. In this regard, one or more ddRNAI constructs comprising a nucleic acid
of the disclosure is also provided.

In another example, a plurality of ddRNAi constructs, each comprising a nucleic acid
encoding a shmiR as described herein is provided, wherein:

(a) at least one of the plurality of ddRNA1i constructs comprises a first nucleic acid of the
plurality of nucleic acids as described herein; and

(b)  atleast one of the plurality of ddRNAI1 constructs comprises a second nucleic acid of
the plurality of nucleic acids described herein; and

wherein the first and second nucleic acids encode shmiRs that are different to one
another.

The plurality of ddRN A1 constructs described herein may comprise up to 10 ddRNAi
constructs, each comprising one or more nucleic acids encoding a shmiR as described
herein, such as two ddRNAi constructs or three ddRNAi constructs or four ddRNA1
constructs or five ddRNAi constructs or six ddRNAI1 constructs or seven ddRNAi constructs
or eight ddRNAIi constructs or nine ddRNA1 constructs or ten ddRNAIi constructs of the
disclosure.

In yet another example, a ddRNA1i construct of the disclosure comprises a plurality of
nucleic acids as described herein, such that the ddRNAi construct encodes a plurality of

shmiRs targeting HBV, wherein each of the shmiRs are different to one another.
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In one example, the ddRNAi construct comprises at least two nucleic acids of the
disclosure, such that the ddRNAIi construct encodes at least two shmiRs targeting HBV, each
of which is different to one another.

An exemplary ddRNAi construct comprising at least two nucleic acids of the
disclosure may comprise:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48; and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.

In another example, the ddRN A1 construct of the disclosure comprises at least three
nucleic acids described herein, such that the ddRNA1 construct encodes at least three shmiRs
targeting HBV, each of which is different to one another.

One example of a ddRNAIi construct of the disclosure comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:
(b)  anucleic acid comprising a DNA sequence encoding a shmiR or shRNA as described
herein; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54;

wherein the nucleic acid at (b) encodes a shmiR or shRNA having an effector
sequence which is different to that of the shmiRs encoded by the nucleic acid at (a) and (c).

In one example, a ddRNAi construct of the disclosure may comprise, preferably in a 5’
to 3 direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:
(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:57; and
(¢)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.

For example, a ddRNAi construct of the disclosure may comprise, preferably ina 5’ to

3 direction:
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(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:73;
and
(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.
In one example, a ddRN A1 construct of the disclosure may comprise, preferably in a 5’
to 3 direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:
(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:49; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.
For example, a ddRNAI construct of the disclosure may comprise, preferably ina 5’ to
3’direction:
(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:65;
and
(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.
According to another example of a ddRNAi construct of the disclosure which
encodings three shmiRs, the ddRNAi construct comprises:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:
(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:137; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:141. In one example, (a) to (c) are provided in a 5’ to 3’direction in the
ddRNAI construct.
For example, a ddRNAi construct of the disclosure may comprise, preferably in a 5’ to
3’direction:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
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(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:149;
and
(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:153.
In yet another example, a ddRN A1 construct of the disclosure may comprise at least
one nucleic acid encoding a shmiR as described herein and at least one nucleic acid
encoding a shRNA targeting HBV as described herein, wherein the shmiR and shRNA
encoded by the ddRNAI construct comprise different effector sequences. In accordance
with this example, a ddRNAI construct of the disclosure may comprise, preferably in a 5’ to
3’direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48;
(b)  anucleic acid encoding a shRNA comprising an effector sequence set forth in SEQ
ID NO: 39 and an effector complement sequence set forth in SEQ ID NO: 40; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.
For example, a ddRNAi construct of the disclosure may comprise, preferably in a 5’ to
3’direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:
(b)  anucleic acid encoding a shRNA consisting of the sequence set forth in SEQ ID NO:
92; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.
For example, a ddRNAi construct of the disclosure may comprise, preferably in a 5’ to
3’direction:
(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:108;
and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.
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In one example, a ddRN A1 construct as described herein comprises a single promoter
which is operably-linked to the or each nucleic acid encoding a shmiR or shRNA of the
disclosure.

In another example, each nucleic acid encoding a shmiR or shRNA of the disclosure is
operably-linked to a separate promoter.

For example, the promoter(s) is(are) positioned upstream of the respective nucleic
acid(s) encoding the shmiR(s) or ShRNA(s). In a ddRNAi construct comprising multiple
promoters, the promoters may be the same or different. Exemplary promoters are RNA pol
III promoters, such as for example, the U6 and H1 promoters. Exemplary U6 promoters are
U6-1, U6-8 and U6-9 promoters.

In one example, a ddRNAIi construct of the disclosure comprises, ina 5’ to 3’
direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:64:

(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:73; and

(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:70.

In another example, a ddRNAi construct of the disclosure comprises, in a 5’ to 3’
direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:64:

(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:65; and

(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:70.

In another example, a ddRNAIi construct of the disclosure comprises, in a 5’ to 3’
direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence

set forth in SEQ ID NO:64:
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(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:149; and

(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:153.

The present disclosure also provides an expression vector, comprising a ddRNAi
construct of the disclosure.

The present disclosure also provides plurality of expression vectors each of which
comprises a ddRNAIi construct of the disclosure. For example, one or more of the plurality
of expression vectors comprises a plurality of ddRNAi constructs as disclosed herein. In
another example, each of the plurality of expression vectors comprises a plurality of
ddRNAI constructs as disclosed herein. In a further example, each of the plurality of
expression vectors comprises a single ddRNAI1 construct as described herein. In any of the
foregoing ways in this paragraph, the plurality of expression vectors may collectively
express a plurality of shmiRs in accordance with the present disclosure.

In one example, the or each expression vector is a plasmid or a minicircle.

In one example, the plasmid or minicircle or expression vector or ddRNAI1 construct is
complexed with a cationic DNA binding polymer.

In another example, the or each expression vector is a viral vector. For example, the
viral vector is selected from the group consisting of an adeno-associated viral (AAV) vector,
a retroviral vector, an adenoviral vector (AdV) and a lentiviral (LV) vector.

The present disclosure also provides a composition comprising a ddRNAi construct
and/or a plurality of ddRNA1 constructs and/or expression vector and/or a plurality of
expression vectors as described herein. In one example, the composition may also comprise
one or more pharmaceutically acceptable carriers and/or diluents. In one example, the
composition may further comprise another therapeutic agent known for treating HBV
infection i.e., as an adjunctive therapy. For example, the other therapeutic agent known for
treating HBV infection may be selected from entecavir, tenofovir, lamivudine, adefovir
and/or pegylated interferon.

The present disclosure also provides a method of treating HBV infection in a subject,
the method comprising administering a therapeutically effective amount of a nucleic acid, a

plurality of nucleic acids, a ddRNAIi construct, a plurality of ddRNAi constructs, an
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expression vector, a plurality of expression vectors and/or composition described herein to
the subject.

The present disclosure also provides a method of reducing HBV viral load in a subject
infected with HBV, the method comprising administering a therapeutically effective amount
of a nucleic acid, a plurality of nucleic acids, a ddRNAI construct, a plurality of ddRNAi
constructs, an expression vector, a plurality of expression vectors and/or composition
described herein to the subject.

The present disclosure also provides a method of reducing severity of one or more
symptoms associated with HBV infection in a subject suffering therefrom, the method
comprising administering to the subject a therapeutically effective amount of a nucleic acid,
a plurality of nucleic acids, a ddRNAIi construct, a plurality of ddRNAI1 constructs, an
expression vector, a plurality of expression vectors and/or composition described herein to
the subject.

The present disclosure also provides a method of reducing the infectivity of HBV in a
subject infected therewith, the method comprising administering to the subject a
therapeutically effective amount of a nucleic acid, a plurality of nucleic acids, a ddRNAi
construct, a plurality of ddRNAi constructs, an expression vector, a plurality of expression
vectors and/or composition described herein to the subject.

The present disclosure also provides a method for reducing the risk of a subject
suffering from a HBV infection developing chronic hepatic insufficiency, cirrhosis, and/or
hepatocellular carcinoma, the method comprising administering to the subject a
therapeutically effective amount of a nucleic acid, a plurality of nucleic acids, a ddRNAi
construct, a plurality of ddRNAIi constructs, an expression vector, a plurality of expression
vectors and/or composition described herein to the subject.

In accordance with any method described herein, in one example, the subject is
suffering from acute HBV infection. Alternatively, in one example, the subject is suffering
from chronic HBV infection.

In one example, the methods described herein comprise inhibiting or reducing
expression of one or more transcripts encoded by the HBV genome in the subject.

In one example, the subject to which the nucleic acid, a plurality of nucleic acids, a

ddRNAI construct, a plurality of ddRNAI1 constructs, an expression vector, a plurality of
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expression vectors and/or composition of the disclosure is/are administered has already
received treatment with another therapeutic agent for treating HBV infection. For example,
the subject and/or the HBV is refractory or resistant to treatment with the other agent known
for treating HBV infection.

In another example, the nucleic acid, a plurality of nucleic acids, a ddRNAIi construct,
a plurality of ddRNAI constructs, an expression vector, a plurality of expression vectors
and/or composition of the disclosure is administered in combination with another therapeutic
agent known for treating HBV infection i.e., as an adjunctive therapy. For example, the
other therapeutic agent known for treating HBV infection may be selected {from entecavir,
tenofovir, lamivudine, adefovir and/or pegylated interferon. The other therapeutic agent
known for treating HBV infection and the nucleic acid, a plurality of nucleic acids, a
ddRNAI construct, a plurality of ddRNAI1 constructs, an expression vector, a plurality of
expression vectors and/or composition of the disclosure may be administered separately or
together. In accordance with one example in which administration is separate, the other
therapeutic agent known for treating HBV infection may be adminiatered simultaneously
with the administration of the nucleic acid, a plurality of nucleic acids, a ddRNA1 construct,
a plurality of ddRNAI constructs, an expression vector, a plurality of expression vectors
and/or composition of the disclosure. In accordance with another example in which
administration is separate, the other therapeutic agent known for treating HBV infection may
be adminiatered consecutively with the administration of the nucleic acid, a plurality of
nucleic acids, a ddRNAI construct, a plurality of ddRNA1 constructs, an expression vector, a
plurality of expression vectors and/or composition of the disclosure.

In one example, a composition of the present disclosure is provided in a kit. For
example, a composition of the present disclosure is packaged together with one or more
other therapeutic agents known for treating HBV infections. Such other therapeutic agents
will be known to a person of skill in the art. For example, the other therapeutic agent known
for treating HBV infection may be selected from entecavir, tenofovir, lamivudine, adefovir
and/or pegylated interferon. In another example, the composition is packaged with
instruction for use in a method of the disclosure.

The present disclosure also provides use of a nucleic acid, a plurality of nucleic acids,

a ddRNAi construct, a plurality of ddRNAi constructs, an expression vector, a plurality of



10

15

20

25

30

WO 2017/190197 PCT/AU2017/050413
34

expression vectors and/or composition described herein in the preparation of a medicament,
e.g., for treating HBV infection in a subject and/or in a method disclosed herein. In one
example, the subject is suffering from acute HBV infection. In an alternative example, the
subject is suffering from chronic HBV infection.

The present disclosure also provides a nucleic acid, a plurality of nucleic acids, a
ddRNAI construct, a plurality of ddRNAI1 constructs, an expression vector, a plurality of
expression vectors and/or composition described herein for use in therapy. For example, the
nucleic acid, a plurality of nucleic acids, a ddRNAIi construct, a plurality of ddRNA1
constructs, an expression vector, a plurality of expression vectors and/or composition may
be for use in treating HBV infection in a subject and/or in a method disclosed herein. The
subject may be suffering from acute HBV infection. In an alternative example, the subject
may be suffering from chronic HBV infection.

Treatment of HBV in accordance with any example described herein, may comprise
one or more of reducing HBV viral load in the subject, reducing severity of symptoms
associated with HBV infection and/or reducing the infectivity of HBV in a subject. In one
example, the medicament will reduce HBV gene transcription products in the subject to

which the medicament is administered.

Brief Description of Drawings

Figure 1 illustrates the inhibitory activity of shmiRs designated shmiR-6, shmiR-15 and
shmiR-12 relative to their shRNA counterparts (ShRNA-6, shRNA-15 and shRNA-12
respectively) in Luciferase reporter assays: (A) illustrates sense and antisense strand
preference inhibitory activity for shmiRs designated shmiR-6, shmiR-15 and shmiR-12
relative to their shlRNA counterparts (ShRNA-6, shRNA-15 and shRNA-12 respectively) in
the Luciferase reporter assay; (B)-(D) illustrate and compare the abilities of shmiR-6,
shmiR-15 and shmiR-12 respectively to inhibit luciferase protein expression in a Luciferase
reporter assay system in a dose-dependent manner relative to their sSiRNA counterparts

(shRNA-6, shRNA-15 and shRNA-12 respectively) at equivalent doses.

Figure 2 illustrates sense and antisense strand preference inhibitory activity for variants of

shmiR-12 and shmiR-15 relative to the respective parental shmiRs (shmiR-12 and shmiR-15
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respectively) in the Luciferase reporter assay: (A) shows that all six variants of shmiR-12
have better strand preference to the parental shmiR; and (B) shows that four of the six

variants of shmiR-15 have better strand preference to the parental shmiR.

Figure 3 illustrates the level of expression of RNAi effector molecules, expressed as copies
per cell, in HepG2.2.15 cells transduced with ddRNAI1 agents: (A) shows the relative levels
of expression of effector sequences for (1) shmiR-12 expressed as a single construct, (ii)
shRNA-12 expressed as a single construct, and (iii) shRNA-12 expressed as part of HBV-
shRNAx3-v1, at day 3, 4, 5 and 6 post transduction; and (B) shows the relative levels of
expression of effector sequences for (i) shmiR-15 expressed as a single construct, (ii)
shRNA-15 expressed as a single construct, and (iii) shRNA-15 expressed as part of HBV-
shRNAx3-vl1, at day 3, 4, 5 and 6 post transduction.

Figure 4 illustrates the level of inhibition of HBV RNA transcripts at regions corresponding
to HBV antigens HBsAg, HBcAg and HbxAg, relative to levels of GAPDH mRNA, in
HepG2.2.15 transduced with HBV AdV Vectors (MOI=100) expressing (A) shmiR-12 or
the corresponding shRNA as part of a single or triple construct, or (B) shmiR-15 or the

corresponding shRNA as part of a single or triple construct, at 3 to 6 days post-transduction.

Figure 5 provides construct diagrams for ssAAV8-HBV-shRNAx3-v1, scAAV§-HBV-
shRNAx3-v1 and ssAAV8-HBV-shmiRx3-v1.

Figure 6 provides a flow diagram for the in vivo efficacy study performed in the PhoenixBio
(PXB) Chimeric mouse model using sSAAV8-HBV-shRNAx3-v1, scAAVS-HBV-
shRNAx3-v1 and ssAAV8-HBV-shmiRx3-v1.

Figure 7 illustrates that serum HBV DNA levels were reduced in mice treated with a single
dose of scAAVS-HBV-shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 as a monotherapy or in
combination with Entecavir, whereas virus titers in saline treated control animals remained

relatively constant over the course of the 91 day study.
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Figure 8 illustrates that serum HBsAg antigen levels were reduced in mice treated with a
single dose of scAAVS8-HBV-shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 as a
monotherapy or in combination with Entecavir, whereas serum HBsAg antigen levels in
saline treated control animals remained relatively constant over the course of the 91 day

study.

Figure 9 illustrates that serum HBeAg antigen levels were reduced in mice treated with a
single dose of scAAVS8-HBV-shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 as a
monotherapy or in combination with Entecavir, whereas animals treated with Entecavir only
showed a slight drop in serum HBeAg antigen levels (i.e., 0.37 log) and HBeAg antigen
levels in saline treated control animals remained relatively constant over the course of the 91

day study.

Figure 10 illustrates that serum HBV DNA levels dropped significantly in mice treated with
a single dose of scAAV8-HBV-shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 as a

monotherapy or in combination with pegylated interferon (where the pegylated interferon is
administered twice daily), whereas serum HBV DNA levels in saline treated control animals

remained relatively constant over the course of the 91 day study.

Figure 11 illustrates that HBV RNA levels were reduced in mice treated with pegylated
interferon as a monotherapy, or a single dose of sSAAV8-HBV-shmiRx3-v1 as a
monotherapy or in combination with Entecavir or pegylated interferon, whereas HBV RNA
levels were only modestly reduced when Entecavir was administered alone. (A)-(C) show
HBYV RNA levels for transcript corresponding to shmiR-6, shmiR-15 and shmiR-12,

respectively.

Figure 12 illustrates that both intracellular HBV DNA and cccDNA levels were reduced in
livers of mice treated with a single dose of sSAAV8-HBV-shmiRx3-v1 as a monotherapy or

in combination with Entecavir or pegylated interferon.
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Figure 13 illustrates the level of expression of RNA1 effector molecules, expressed as
copies per cell, in liver tissue obtained from mice treated with ssAAV8-HBV-shRNAx3-v1,
scAAVE8-HBV-shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 as a monotherapy or in

combination with Entecavir or pegylated interferon.

Figure 14 illustrates the predominant sShRNA-6/shmiR-6 effector sequence species and
numbers of same produced from ssAAV8-HBV-shRNAx3-v1, scAAVS-HBV-shRNAx3-v1
and sSAAV8-HBV-shmiRx3-v1 in liver tissue obtained from PXB mice, as determined by

next generation sequencing (NGS).

Figure 15 illustrates the predominant shRNA-15/shmiR-15 effector sequence species and
numbers of same produced from ssAAV8-HBV-shRNAx3-v1, scAAVS-HBV-shRNAx3-v1
and sSAAV8-HBV-shmiRx3-v1 in liver tissue obtained from PXB mice, as determined by

next generation sequencing (NGS).

Figure 16 illustrates the predominant shRNA-12/shmiR-12 effector sequence species and
numbers of same produced from ssAAV8-HBV-shRNAx3-v1, scAAVS-HBV-shRNAx3-v1
and sSAAV8-HBV-shmiRx3-v1 in liver tissue obtained from PXB mice, as determined by

next generation sequencing (NGS).

Key to the Sequence Listing

SEQID NO: 1:  RNA transcript for target Region 1 within HBV genome.
SEQID NO:2:  RNA transcript for target Region 2 within HBV genome.
SEQID NO: 3:  RNA transcript for target Region 3 within HBV genome.
SEQID NO:4:  RNA transcript for target Region 4 within HBV genome.
SEQID NO: 5:  RNA transcript for target Region 5 within HBV genome.
SEQ ID NO: 6:  RNA transcript for target Region 6 within HBV genome.
SEQ ID NO: 7:  RNA transcript for target Region 7 within HBV genome.
SEQID NO: 8:  RNA transcript for target Region 8 within HBV genome.
SEQID NO:9:  RNA transcript for target Region 9 within HBV genome.
SEQ ID NO: 10: RNA transcript for target Region 10 within HBV genome.
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RNA effector sequence for shmiR-1.
RNA effector complement sequence for shmiR-1.
RNA effector sequence for shmiR-2.
RNA effector complement sequence for shmiR-2.
RNA effector sequence for shmiR-3.
RNA effector complement sequence for shmiR-3.
RNA effector sequence for shmiR-4.
RNA effector complement sequence for shmiR-4.
RNA effector sequence for shmiR-5.
RNA effector complement sequence for shmiR-5.
RNA effector sequence for shmiR-6.
RNA effector complement sequence for shmiR-6.
RNA effector sequence for shmiR-7.
RNA effector complement sequence for shmiR-7.
RNA effector sequence for shmiR-8.
RNA effector complement sequence for shmiR-8.
RNA effector sequence for shmiR-9.
RNA effector complement sequence for shmiR-9.

RNA effector sequence for shmiR-10.

RNA effector complement sequence for shmiR-10.

RNA effector sequence for shmiR-11.

RNA effector complement sequence for shmiR-11.

RNA effector sequence for shmiR-12

RNA effector complement sequence for shmiR-12.

RNA effector sequence for shmiR-13.

RNA effector complement sequence for shmiR-13.

RNA effector sequence for shmiR-14.

RNA effector complement sequence for shmiR-14.

RNA effector sequence for shmiR-15.

RNA effector complement sequence for shmiR-15.

RNA effector sequence for s shmiR-16.
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39

RNA effector complement sequence for shmiR-16.

RNA sequence for shmiR-1.

RNA sequence for shmiR-2.

RNA sequence for shmiR-3.

RNA sequence for shmiR-4.

RNA sequence for shmiR-5.

RNA sequence for shmiR-6.

RNA sequence for shmiR-7.

RNA sequence for shmiR-8.

RNA sequence for shmiR-9.

RNA sequence for shmiR-10.

RNA sequence for shmiR-11.

RNA sequence for shmiR-12.

RNA sequence for shmiR-13.

RNA sequence for shmiR-14.

RNA sequence for shmiR-15.

RNA sequence for shmiR-16.

DNA sequence coding for shmiR-1.
DNA sequence coding for shmiR-2.
DNA sequence coding for shmiR-3.
DNA sequence coding for shmiR-4.
DNA sequence coding for shmiR-5.
DNA sequence coding for shmiR-6.
DNA sequence coding for shmiR-7.
DNA sequence coding for shmiR-8.
DNA sequence coding for shmiR-9.

DNA sequence coding for shmiR-10.
DNA sequence coding for shmiR-11.
DNA sequence coding for shmiR-12.
DNA sequence coding for shmiR-13.
DNA sequence coding for shmiR-14.
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DNA sequence coding for shmiR-15.

DNA sequence coding for shmiR-16.

stemloop RNA sequence for shmiRs

5’ flanking sequence of pri-miR-30a backbone.
3’ flanking sequence of pri-miR-30a backbone.
RNA sequence for shRNA designated shRNA-1.
RNA sequence for shRNA designated shRNA-2.
RNA sequence for shRNA designated shRNA-3.
RNA sequence for shRNA designated shRNA-4.
RNA sequence for shRNA designated shRNA-5.
RNA sequence for shRNA designated shRNA-6.
RNA sequence for shRNA designated shRNA-7.
RNA sequence for shRNA designated shRNA-8.
RNA sequence for shRNA designated shRNA-9.

RNA sequence for shRNA designated shRNA-10.
RNA sequence for shRNA designated shRNA-11.
RNA sequence for shRNA designated shRNA-12.
RNA sequence for shRNA designated shRNA-13.
RNA sequence for shRNA designated shRNA-14.
RNA sequence for shRNA designated shRNA-15.
RNA sequence for shRNA designated shRNA-16.
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DNA sequence coding for sShRNA designated shRNA-1.
DNA sequence coding for sShRNA designated shRNA-2.
DNA sequence coding for sShRNA designated shRNA-3.
DNA sequence coding for sShRNA designated shRNA-4.
DNA sequence coding for sShRNA designated shRNA-5.
DNA sequence coding for sShRNA designated shRNA-6.
DNA sequence coding for shRNA designated shRNA-7.
DNA sequence coding for sShRNA designated shRNA-8.
DNA sequence coding for sShRNA designated shRNA-9.
DNA sequence coding for shRNA designated shRNA-10.
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134:
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DNA sequence coding for shRNA designated shRNA-11.
DNA sequence coding for shRNA designated shRNA-12.
DNA sequence coding for shRNA designated shRNA-13.
DNA sequence coding for shRNA designated shRNA-14.
DNA sequence coding for shRNA designated shRNA-15.
DNA sequence coding for shRNA designated shRNA-16.

RNA effector sequence for shmiR-17.
RNA effector complement sequence for shmiR-17.
RNA effector sequence for shmiR-18.
RNA effector complement sequence for shmiR-18.
RNA effector sequence for shmiR-19.
RNA effector complement sequence for shmiR-19.
RNA effector sequence for shmiR-20.
RNA effector complement sequence for shmiR-20.
RNA effector sequence for shmiR-21.
RNA effector complement sequence for shmiR-21.
RNA effector sequence for shmiR-22.
RNA effector complement sequence for shmiR-22.
RNA effector sequence for shmiR-23.
RNA effector complement sequence for shmiR-23.
RNA effector sequence for shmiR-24.
RNA effector complement sequence for shmiR-24.
RNA effector sequence for shmiR-25.
RNA effector complement sequence for shmiR-25.
RNA effector sequence for shmiR-26.
RNA effector complement sequence for shmiR-26.
RNA effector sequence for shmiR-27.
RNA effector complement sequence for shmiR-27.
RNA effector sequence for shmiR-28.
RNA effector complement sequence for shmiR-28.

RNA sequence for shmiR-17.
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RNA sequence for shmiR-18.
RNA sequence for shmiR-19.
RNA sequence for shmiR-20.
RNA sequence for shmiR-21.
RNA sequence for shmiR-22.
RNA sequence for shmiR-23.
RNA sequence for shmiR-24.
RNA sequence for shmiR-25.
RNA sequence for shmiR-26.
RNA sequence for shmiR-27.
RNA sequence for shmiR-28.

DNA sequence coding for shmiR-17.

DNA sequence coding for shmiR-18.

DNA sequence coding for shmiR-19.

DNA sequence coding for shmiR-20.

DNA sequence coding for shmiR-21.

DNA sequence coding for shmiR-22.

DNA sequence coding for shmiR-23.

DNA sequence coding for shmiR-24.

DNA sequence coding for shmiR-25.

DNA sequence coding for shmiR-26.

DNA sequence coding for shmiR-27.

DNA sequence coding for shmiR-28.

DNA sequence for HBV forward primer.

DNA sequence for HBV reverse primer.

DNA sequence for HBV Tagman probe.

DNA sequence for HBV cccDNA forward primer.
DNA sequence for HBV cccDNA reverse primer.
DNA sequence for HBV cccDNA Taqman probe.
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DNA sequence coding for shRNA-6, including flanking sequence.

DNA sequence corresponding to shRNA-6 effector species 1.
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DNA sequence corresponding to shRNA-6 effector species 2.
DNA sequence corresponding to shRNA-6 effector species 3.
DNA sequence corresponding to shRNA-6 effector species 4.
DNA sequence corresponding to shRNA-6 effector species 5.
DNA sequence corresponding to shRNA-6 effector species 6.
DNA sequence corresponding to shRNA-6 effector species 7.
DNA sequence corresponding to shRNA-6 effector species 8.
DNA sequence corresponding to shRNA-6 effector species 9.
DNA sequence corresponding to shRNA-6 effector species 10.
DNA sequence corresponding to shRNA-6 effector species 11.

DNA sequence coding for shmiR-6, including flanking sequence of

miRNA backbone.

DNA sequence corresponding to shmiR-6 effector species 1.
DNA sequence corresponding to shmiR-6 effector species 2.
DNA sequence corresponding to shmiR-6 effector species 3.
DNA sequence corresponding to shmiR-6 effector species 4.

DNA sequence corresponding to shmiR-6 effector species 5.

DNA sequence coding for sShRNA-15, including flanking sequence.

DNA sequence corresponding to shRNA-15 effector species 1.
DNA sequence corresponding to shRNA-15 effector species 2.
DNA sequence corresponding to shRNA-15 effector species 3.
DNA sequence corresponding to shRNA-15 effector species 4.
DNA sequence corresponding to shRNA-15 effector species 5.
DNA sequence corresponding to shRNA-15 effector species 6.
DNA sequence corresponding to shRNA-15 effector species 7.
DNA sequence corresponding to shRNA-15 effector species 8.
DNA sequence corresponding to shRNA-15 effector species 9.
DNA sequence corresponding to shRNA-15 effector species 10.
DNA sequence corresponding to shRNA-15 effector species 11.
DNA sequence corresponding to shRNA-15 effector species 12.
DNA sequence corresponding to shRNA-15 effector species 13.
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211:
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224:
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DNA sequence corresponding to shRNA-15 effector species 14.
DNA sequence corresponding to shRNA-15 effector species 15.
DNA sequence corresponding to shRNA-15 effector species 16.
DNA sequence corresponding to shRNA-15 effector species 17.
DNA sequence corresponding to shRNA-15 effector species 18.
DNA sequence corresponding to shRNA-15 effector species 19.

DNA sequence coding for shmiR-15, including flanking sequence of

miRNA backbone.

DNA sequence corresponding to shmiR-15 effector species 1.
DNA sequence corresponding to shmiR-15 effector species 2.
DNA sequence corresponding to shmiR-15 effector species 3.
DNA sequence corresponding to shmiR-15 effector species 4.
DNA sequence corresponding to shmiR-15 effector species 5.

DNA sequence corresponding to shmiR-15 effector species 6.

DNA sequence coding for shRNA-12, including flanking sequence.

DNA sequence corresponding to shRNA-12 effector species 1.
DNA sequence corresponding to shRNA-12 effector species 2.
DNA sequence corresponding to shRNA-12 effector species 3.
DNA sequence corresponding to shRNA-12 effector species 4.
DNA sequence corresponding to shRNA-12 effector species 5.
DNA sequence corresponding to shRNA-12 effector species 6.
DNA sequence corresponding to shRNA-12 effector species 7.
DNA sequence corresponding to shRNA-12 effector species 8.
DNA sequence corresponding to shRNA-12 effector species 9.
DNA sequence corresponding to shRNA-12 effector species 10.
DNA sequence corresponding to shRNA-12 effector species 11.
DNA sequence corresponding to shRNA-12 effector species 12.
DNA sequence corresponding to shRNA-12 effector species 13.
DNA sequence corresponding to shRNA-12 effector species 14.

DNA sequence coding for shmiR-12, including flanking sequence of

miRNA backbone.
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SEQ ID NO: 225: DNA sequence corresponding to shmiR-12 effector species 1.
SEQ ID NO: 226: DNA sequence corresponding to shmiR-12 effector species 2.
SEQ ID NO: 227: DNA sequence corresponding to shmiR-12 effector species 3.
SEQ ID NO: 228: DNA sequence corresponding to shmiR-12 effector species 4.
SEQ ID NO: 229: DNA sequence corresponding to shmiR-12 effector species 5.

Detailed Description
General

Throughout this specification, unless specifically stated otherwise or the context
requires otherwise, reference to a single step, feature, composition of matter, group of steps
or group of features or compositions of matter shall be taken to encompass one and a
plurality (i.e. one or more) of those steps, features, compositions of matter, groups of steps
or groups of features or compositions of matter.

Those skilled in the art will appreciate that the present disclosure is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the disclosure includes all such variations and modifications. The disclosure also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations or any two or
more of said steps or features.

The present disclosure is not to be limited in scope by the specific examples described
herein, which are intended for the purpose of exemplification only. Functionally-equivalent
products, compositions and methods are clearly within the scope of the present disclosure.

Any example of the present disclosure herein shall be taken to apply mutatis mutandis
to any other example of the disclosure unless specifically stated otherwise.

Unless specifically defined otherwise, all technical and scientific terms used herein
shall be taken to have the same meaning as commonly understood by one of ordinary skill in
the art (for example, in cell culture, molecular genetics, immunology,
immunohistochemistry, protein chemistry, and biochemistry).

Unless otherwise indicated, the recombinant DNA, recombinant protein, cell culture,
and immunological techniques utilized in the present disclosure are standard procedures,

well known to those skilled in the art. Such techniques are described and explained
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throughout the literature in sources such as, J. Perbal, A Practical Guide to Molecular
Cloning, John Wiley and Sons (1984), J. Sambrook et al. Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press (1989), T.A. Brown (editor), Essential
Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL Press (1991), D.M. Glover
and B.D. Hames (editors), DNA Cloning: A Practical Approach, Volumes 1-4, IRL Press
(1995 and 1996), and F.M. Ausubel et al. (editors), Current Protocols in Molecular Biology,
Greene Pub. Associates and Wiley-Interscience (1988, including all updates until present),
Ed Harlow and David Lane (editors) Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, (1988), and J.E. Coligan et al. (editors) Current Protocols in Immunology, John
Wiley & Sons (including all updates until present).

Throughout this specification, unless the context requires otherwise, the word
"comprise", or variations such as "comprises” or "comprising", is understood to imply the
inclusion of a stated step or element or integer or group of steps or elements or integers but
not the exclusion of any other step or element or integer or group of elements or integers.

The term “and/or”, e.g., “X and/or Y™ shall be understood to mean either “X and Y” or
“X or Y” and shall be taken to provide explicit support for both meanings or for either

meaning.

Selected Definitions

By "RNA" is meant a molecule comprising at least one ribonucleotide residue. By
"ribonucleotide” is meant a nucleotide with a hydroxyl group at the 2' position of a -D-ribo-
furanose moiety. The terms include double-stranded RNA, single-stranded RNA, isolated
RNA such as partially purified RNA, essentially pure RNA, synthetic RNA, recombinantly
produced RNA, as well as altered RNA that differs from naturally occurring RNA by the
addition, deletion, substitution and/or alteration of one or more nucleotides. Such alterations
can include addition of non-nucleotide material, such as to the end(s) of the siNA or
internally, for example at one or more nucleotides of the RNA. Nucleotides in the RNA
molecules of the instant disclosure can also comprise non-standard nucleotides, such as non-
naturally occurring nucleotides or chemically synthesized nucleotides or deoxynucleotides.

These altered RNAs can be referred to as analogs or analogs of naturally-occurring RNA.
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The term "RNA interference” or "RNA1" refers generally to RNA-dependent silencing
of gene expression initiated by double stranded RNA (dsRNA) molecules in a cell's
cytoplasm. The dsRNA molecule reduces or inhibits transcription products of a target
nucleic acid sequence, thereby silencing the gene or reducing expression of that gene.

As used herein, the term "double stranded RNA" or "dsRNA" refers to a RNA
molecule having a duplex structure and comprising an effector sequence and an effector
complement sequence which are of similar length to one another. The effector sequence and
the effector complement sequence can be in a single RNA strand or in separate RNA
strands. The "effector sequence” (often referred to as a “guide strand”) is substantially
complementary to a target sequence, which in the present case, is a region of a RNA
transcription product of the HBV genome. The “effector sequence” can also be referred to
as the “antisense sequence”. The “effector complement sequence” will be of sufficient
complementary to the effector sequence such that it can anneal to the effector sequence to
form a duplex. In this regard, the effector complement sequence will be substantially
homologous to a region of target sequence. As will be apparent to the skilled person, the
term “effector complement sequence” can also be referred to as the “complement of the
effector sequence” or the sense sequence.

As used herein, the term "duplex” refers to regions in two complementary or
substantially complementary nucleic acids (e.g., RNAs), or in two complementary or
substantially complementary regions of a single-stranded nucleic acid (e.g., RNA), that form
base pairs with one another, either by Watson-Crick base pairing or any other manner that
allows for a stabilized duplex between the nucleotide sequences that are complementary or
substantially complementary. It will be understood by the skilled person that within a
duplex region, 100% complementarity is not required; substantial complementarity is
allowable. Substantial complementarity includes may include 69% or greater
complementarity. For example, a single mismatch in a duplex region consisting of 19 base
pairs {i.¢., 1§ base pairs and one mismatch) results in 94.7% complementarity, rendering the
duplex region substantially complementary. In another example, two mismatches in a daplex
region consisting of 19 basc pairs (1.¢., 17 basc pairs and two mismatches) results in 89.5%
complementarity, rendering the duplex region substantially complementary. In yet another

example, three mismaiches in a duplex region consisting of 19 base pairs {(i.e., 10 base pairs
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and three mismatches) results in 84.2% complementarity, rendering the duplex region
substantially complementary, and so on.

The dsRNA may be provided as a hairpin or stem loop structure, with a duplex region
comprised of an effector sequence and effector complement sequence linked by at least 2
nucleotide sequence which is termed a stem loop. When a dsRNA is provided as a hairpin or
stem loop structure it can be referred to as a "hairpin RNA" or "short hairpin RNAi agent" or
"shRNA".

Other dsRNA molecules provided in, or which give rise to, a hairpin or stem loop
structure include primary miRNA transcipts (pri-miRNA) and precursor microRNA (pre-
miRNA). Pre-miRNA shRNAs can be naturally produced from pri-miRNA by the action of
the enzymes Drosha and Pasha which recognize and release regions of the primary miRNA
transcript which form a stem-loop structure. Alternatively, the pri-miRNA transcript can be
engineered to replace the natural stem-loop structure with an artificial/recombinant stem-
loop structure. That is, an artificial/recombinant stem-loop structure may be inserted or
cloned into a pri-miRNA backbone sequence which lacks its natural stem-loop structure. In
the case of stemloop sequences engineered to be expressed as part of a pri-miRNA
molecule, Drosha and Pasha recognize and release the artificial shRNA. dsRNA molecules
produced using this approach are known as “shmiRNAs”, “shmiRs” or “microRNA
framework shRNAs”.

As used herein, the term “complementary” with regard to a sequence refers to a
complement of the sequence by Watson-Crick base pairing, whereby guanine (G) pairs with
cytosine (C), and adenine (A) pairs with either uracil (U) or thymine (T). A sequence may
be complementary to the entire length of another sequence, or it may be complementary to a
specified portion or length of another sequence. One of skill in the art will recognize that U
may be present in RNA, and that T may be present in DNA. Therefore, an A within either of
a RNA or DNA sequence may pair with a U in a RNA sequence or T in a DNA sequence.

As used herein, the term "substantially complementary"” is used to indicate a
sufficient degree of complementarity or precise pairing such that stable and specific binding
occurs between nucleic acid sequences e.g., between the effector sequence and the effector
complement sequence or between the effector sequence and the target sequence. It is

understood that the sequence of a nucleic acid need not be 100% complementary to that of
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its target or complement. The term encompasses a sequence complementary to another
sequence with the exception of an overhang. In some cases, the sequence is complementary
to the other sequence with the exception of 1-2 mismatches. In some cases, the sequences
are complementary except for 1 mismatch. In some cases, the sequences are complementary
except for 2 mismatches. In other cases, the sequences are complementary except for 3
mismatches. In yet other cases, the sequences are complementary except for 4 mismatches.

The term “encoded”, as used in the context of a shRNA or shmiR of the disclosure,
shall be understood to mean a shRNA or shmiR which is capable of being transcribed from a
DNA template. Accordingly, a nucleic acid that encodes a shRINA or shmiR of the
disclosure will comprise a DNA sequence which serves as a template for transcription of the
respective shRNA or shimiR.

The term "DNA-directed RNA1 construct” or "ddRNAI1 construct” refers to a nucleic
acid comprising DNA sequence which, when transcribed produces a shRNA or shmiR
molecule which elicits RNAi. The ddRNAI1 construct may comprise a nucleic acid which is
transcribed as a single RNA that is capable of self-annealing into a hairpin structure with a
duplex region linked by a stem loop of at least 2 nucleotides i.e., ShRNA or shmiR, or as a
single RNA with multiple ShRNAs or shmiRs, or as multiple RNA transcripts each capable
of folding as a single shRNA or shmiR respectively. The ddRNAi construct may be within
an expression vector i.e., “ddRNAi expression construct”, e.g., operably linked to a
promoter.

As used herein, the term “operably-linked” or “operable inkage” (or similar) means
that a coding nucleic acid sequence is linked to, or in association with, a regulatory
sequence, €.g., a promoter, in a manner which facilitates expression of the coding seguence.
Regulatory sequences include promoters, enhancers, and other expression control elements
that are ari-recognized and are selecied to direct expression of the coding sequence.

A “vector” will be understood to mean a vehicle for introducing a nucleic acid into a
cell. Vectors include, but are not Hiited to, plasmids, phagermids, viruses, bacteria, and
vehicles dertved from viral or bacterial sources. A “plasmid” 1s a circular, double-stranded
DNA molecule. A useful type of vector for use in accordance with the present disclosure 1s a
viral vector, wherein heterologous BN A sequences are inserted into a viral genome that can

be modified to delete one or more viral genes or parts thereof. Certain vectors are capable of
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autonomouns replication in a host cell {e.g., vectors having an origin of replication that
functions in the host cell). Other vectors can be stably integrated into the genome of a host
cell, and are thereby replicated along with the host genome. As used herein, the term
"expression vector” will be understood to mean a vector capable of expressing a RNA
molecule of the disclosure.

As used herein, the terms "treating", "treat" or "treatment” and variations thereof, refer
to clinical intervention designed to alter the natural course of the individual or cell being
treated during the course of clinical pathology. Desirable effects of treatment include
decreasing the rate of disease progression, ameliorating or palliating the disease state, and
remission or improved prognosis. It follows that treatment of HBV infection includes
reducing HBV viral load in a subject infected with HBV, reducing severity of symptoms
associated with HBV infection, and reducing the infectivity of HBV in a subject. An
individual is successfully "treated", for example, if one or more of the above treatment
outcomes is achieved.

A "therapeutically effective amount" is at least the minimum concentration or amount
required to effect a measurable improvement of a particular disease (e.g., a HBV infection).
A therapeutically effective amount herein may vary according to factors such as the disease
state, age, sex, and weight of the patient, and the ability of the shRNA or shmiR, nucleic
acid encoding same, ddRNAI1 or expression construct to elicit a desired response in the
individual. A therapeutically effective amount is also one in which any toxic or detrimental
effects of the shRNA or shmiR, nucleic acid encoding same, ddRNA1i or expression
construct are outweighed by the therapeutically beneficial effects.

As used herein, the “subject” or “patient” can be a human or non-lnan animal
infected with HBY. The “non-human animal” may be a primate, livestock (e.g. sheep,
horses, cattle, pigs, donkeys), companion animal (e.g. pets such as dogs and cats), laboratory
test animal (e.g. mice, rabbits, rats, guinea pigs), performance animal (e.g. racehorses,
camels, greyhounds) or captive wild animal. In one example, the subject or patient is a
mammal. In one example, the subject or patient is a primate. In one example, the subject or
patient is a human.

The terms “reduced expression”, “reduction in expression” or similar, refer to the

absence or an observable decrease in the level of protein and/or mRNA product from the
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target gene e.g., the HBV pol gene or other HBV gene. The decrease does not have to be
absolute, but may be a partial decrease sufficient for there to a detectable or observable
change as a result of the RNAI effected by the shmiR encoded by the nucleic acid of the
disclosure. The decrease can be measured by determining a decrease in the level of mRNA
and/or protein product from a target nucleic acid relative to a cell lacking the shmiR or
shRNA, nucleic acid encoding same, ddRN A1 construct or expression construct, and may be
as little as 1 %, 5% or 10%, or may be absolute i.e., 100% inhibition. The effects of the
decrease may be determined by examination of the outward properties i.e., quantitative
and/or qualitative phenotype of the cell or organism, and may also include an assessment of

the viral load following administration of a ddRNAi construct of the disclosure.

Agents for RNAI

In one example, the present disclosure provides a nucleic acid comprising a DNA
sequence which encodes a short hairpin micro-RNA (shmiR), said shmiR comprising:

an effector sequence of at least 17 nucleotides in length;

an effector complement sequence;

a stemloop sequence; and

primary micro RNA (pri-miRNA) backbone;
wherein the effector sequence is substantially complementary to a RNA transcript set forth
in any one of SEQ ID NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127,
129, 131 and 133. Preferably, the effector sequence will be less than 30 nucleotides in
length. For example, a suitable effector sequence may be in the range of 17-29 nucleotides
in length. In a particularly preferred example, the effector sequence will be 21 nucleotides
in length. More preferably, the effector sequence will be 21 nucleotides in length and the

effector complement sequence will be 20 nucleotides in length.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 1. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 1 and

contain 6 mismatch bases relative thereto. For example, the effector sequence may be
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substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 1 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 1 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 1 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 1 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 1 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 1.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 2. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 2 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 2 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 2 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 2 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 2 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 2 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript

comprising or consisting of the sequence set forth in SEQ ID NO: 2.
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In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 3. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 3 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 3 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 3 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 3 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 3 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 3 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 3.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 4. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 4 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 4 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 4 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 4 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
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SEQ ID NO: 4 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 4 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 4.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 5. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 5 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 5 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 5 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 5 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 5 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 5 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 5.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 6. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 6 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 6 and contain 5 mismatch bases relative thereto. For example, the
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consisting of the sequence set forth in SEQ ID NO: 6 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 6 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 6 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 6 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 6.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 7. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 7 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 7 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 7 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 7 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 7 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 7 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 7.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
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a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 8 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 8 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 8 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 8 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 8 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting
of the sequence set forth in SEQ ID NO: 8 and contain 1 mismatch base relative thereto. For
example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 8.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 9. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 9 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 9 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 9 and contain 4 mismatch bases relative
thereto. For example, the effector sequence may be substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 9 and contain 3
mismatch bases relative thereto. For example, the effector sequence may be substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 9 and contain 2 mismatch bases relative thereto. For example, the effector
sequence may be substantially complementary to a RNA transcript comprising or consisting

of the sequence set forth in SEQ ID NO: 9 and contain 1 mismatch base relative thereto. For
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example, the effector sequence may be 100% complementary to a RNA transcript
comprising or consisting of the sequence set forth in SEQ ID NO: 9.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 10. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 10 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 10 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 10 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 10 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 10 and contain 2 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 10 and contain 1 mismatch base relative
thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 10.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 38. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 38 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 38 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 38 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to

a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 38 and
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contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 38 and contain 2 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 38 and contain 1 mismatch base relative
thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 38.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 40. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 40 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 40 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 40 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 40 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 40 and contain 2 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 40 and contain 1 mismatch base relative
thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 40.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 42. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 42 and
contain 6 mismatch bases relative thereto. For example, the effector sequence may be

substantially complementary to a RNA transcript comprising or consisting of the sequence
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set forth in SEQ ID NO: 42 and contain 5 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 42 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 42 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 42 and contain 2 mismatch bases relative thereto. For example, the
effector sequence may be substantially complementary to a RNA transcript comprising or
consisting of the sequence set forth in SEQ ID NO: 42 and contain 1 mismatch base relative
thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 42.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 111. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 111
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 111 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 111 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 111 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 111 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 111 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA

transcript comprising or consisting of the sequence set forth in SEQ ID NO: 111.
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In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 113. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 113
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 113 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 113 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 113 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 113 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 113 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 113.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 115. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 115
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 115 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 115 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 115 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be

substantially complementary to a RNA transcript comprising or consisting of the sequence
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set forth in SEQ ID NO: 115 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 115 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 115.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 117. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 117
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 117 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 117 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 117 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 117 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 117 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 117.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 119. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 119
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 119 and contain 5 mismatch bases relative thereto. For example,

the effector sequence may be substantially complementary to a RNA transcript comprising
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or consisting of the sequence set forth in SEQ ID NO: 119 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 119 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 119 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 119 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 119.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 121. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 121
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 121 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 121 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 121 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 121 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 121 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 121.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in

SEQ ID NO: 123. For example, the effector sequence may be substantially complementary
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to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 123
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 123 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 123 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 123 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 123 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 123 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 123.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 125. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 125
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 125 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 125 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 125 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 125 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising

or consisting of the sequence set forth in SEQ ID NO: 125 and contain 1 mismatch base
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relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 125.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 127. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 127
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 127 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 127 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 127 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 127 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 127 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 127.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 129. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 129
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 129 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 129 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to

a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 129 and
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contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 129 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 129 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 129.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 131. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 131
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 131 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 131 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 131 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 131 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 131 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 131.

In one example, the shmiR comprises an effector sequence which is substantially
complementary to a RNA transcript comprising or consisting of the sequence set forth in
SEQ ID NO: 133. For example, the effector sequence may be substantially complementary
to a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 133
and contain 6 mismatch bases relative thereto. For example, the effector sequence may be

substantially complementary to a RNA transcript comprising or consisting of the sequence
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set forth in SEQ ID NO: 133 and contain 5 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 133 and contain 4 mismatch bases
relative thereto. For example, the effector sequence may be substantially complementary to
a RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 133 and
contain 3 mismatch bases relative thereto. For example, the effector sequence may be
substantially complementary to a RNA transcript comprising or consisting of the sequence
set forth in SEQ ID NO: 133 and contain 2 mismatch bases relative thereto. For example,
the effector sequence may be substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 133 and contain 1 mismatch base
relative thereto. For example, the effector sequence may be 100% complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 133.

In accordance with an example in which the effector sequence of a shmiR of the
disclosure is substantially complementary to a HBV RNA transcript described herein and
contains 1, 2, 3, 4, 5 or 6 mismatch base(s) relative thereto, it is preferred that the
mismatch(es) are not located within the region corresponding to the seed region of the
shmiR i.e., nucleotides 2-8 of the effector sequence.

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:12 with the exception of 1, 2, 3, 4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:12; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:11 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:11 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:11 may be the sequence set forth in SEQ ID NO:12. A
shmiR in accordance with this example is hereinafter designated “shmiR-1".

In one example, the nucleic acid described herein may comprise a DNA sequence

encoding a shmiR comprising: (i) an effector sequence which is substantially



10

15

20

25

30

WO 2017/190197 PCT/AU2017/050413
67

complementary to the sequence set forth in SEQ ID NO:14 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:14; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:13 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:13 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:13 may be the sequence set forth in SEQ ID NO:14. A
shmiR in accordance with this example is hereinafter designated “shmiR-2".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:16 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:16; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:15 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:15 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:15 may be the sequence set forth in SEQ ID NO:16. A
shmiR in accordance with this example is hereinafter designated “shmiR-3".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:18 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:18; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:17 and an effector complement sequence which is substantially

complementary to the sequence set forth in SEQ ID NO:17 and capable of forming a duplex
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therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:17 may be the sequence set forth in SEQ ID NO:18. A
shmiR in accordance with this example is hereinafter designated “shmiR-4".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:20 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:20; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:19 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:19 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:19 may be the sequence set forth in SEQ ID NO:20. A
shmiR in accordance with this example is hereinafter designated “shmiR-5".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:22 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:22; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:21 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:21 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:21 may be the sequence set forth in SEQ ID NO:22. A
shmiR in accordance with this example is hereinafter designated “shmiR-6".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:24 with the exceptionof 1, 2, 3,4, 5
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with a sequence set forth in SEQ ID NO:24; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:23 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:23 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:23 may be the sequence set forth in SEQ ID NO:24. A
shmiR in accordance with this example is hereinafter designated “shmiR-7".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:26 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:26; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:25 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:25 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:25 may be the sequence set forth in SEQ ID NO:26. A
shmiR in accordance with this example is hereinafter designated “shmiR-8”.

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:28 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:28; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:27 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:27 and capable of forming a duplex

therewith. The effector complement sequence which is substantially complementary to the
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sequence set forth in SEQ ID NO:27 may be the sequence set forth in SEQ ID NO:28. A
shmiR in accordance with this example is hereinafter designated “shmiR-9”.

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:30 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:30; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:29 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:29 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:29 may be the sequence set forth in SEQ ID NO:30. A
shmiR in accordance with this example is hereinafter designated “shmiR-10".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:32 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:32; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:31 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:31 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:31 may be the sequence set forth in SEQ ID NO:32. A
shmiR in accordance with this example is hereinafter designated “shmiR-11".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:34 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex

with a sequence set forth in SEQ ID NO:34; and (ii) an effector complement sequence
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comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:33 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:33 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:33 may be the sequence set forth in SEQ ID NO:34. A
shmiR in accordance with this example is hereinafter designated “shmiR-12".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:36 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:36; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:35 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:35 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:35 may be the sequence set forth in SEQ ID NO:36. A
shmiR in accordance with this example is hereinafter designated “shmiR-13".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:38 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:38; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:37 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:37 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:37 may be the sequence set forth in SEQ ID NO:38. A

shmiR in accordance with this example is hereinafter designated “shmiR-14".
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In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:40 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:40; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:39 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:39 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:39 may be the sequence set forth in SEQ ID NO:40. A
shmiR in accordance with this example is hereinafter designated “shmiR-15".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:42 with the exceptionof 1, 2, 3,4, 5
or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:42; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:41 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:41 and capable of forming a duplex
therewith. The effector complement sequence which is substantially complementary to the
sequence set forth in SEQ ID NO:41 may be the sequence set forth in SEQ ID NO:42. A
shmiR in accordance with this example is hereinafter designated “shmiR-16".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:111 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:111; and (i1) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
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forth in SEQ ID NO:112 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:112 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:112 may be the sequence set forth in SEQ ID
NO:111. A shmiR in accordance with this example is hereinafter designated “shmiR-17".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:113 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:113; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:114 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:114 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:114 may be the sequence set forth in SEQ ID
NO:113. A shmiR in accordance with this example is hereinafter designated “shmiR-18".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:115 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:115; and (i1) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:116 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:116 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:116 may be the sequence set forth in SEQ ID
NO:115. A shmiR in accordance with this example is hereinafter designated “shmiR-19”.
In one example, the nucleic acid described herein may comprise a DNA sequence
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complementary to the sequence set forth in SEQ ID NO:117 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:117; and (i1) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:118 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:118 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:118 may be the sequence set forth in SEQ ID
NO:117. A shmiR in accordance with this example is hereinafter designated “shmiR-20".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:119 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:119; and (i1) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:120 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:120 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:120 may be the sequence set forth in SEQ ID
NO:119. A shmiR in accordance with this example is hereinafter designated “shmiR-21".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:121 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:121; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:122 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:122 and capable of forming a
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duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:122 may be the sequence set forth in SEQ ID
NO:121. A shmiR in accordance with this example is hereinafter designated “shmiR-22".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:123 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:123; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:124 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:124 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:124 may be the sequence set forth in SEQ ID
NO:123. A shmiR in accordance with this example is hereinafter designated “shmiR-23".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:125 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:125; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:126 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:126 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:126 may be the sequence set forth in SEQ ID
NO:125. A shmiR in accordance with this example is hereinafter designated “shmiR-24".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:127 with the exception of 1, 2, 3, 4,
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with a sequence set forth in SEQ ID NO:127; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:128 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:128 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:128 may be the sequence set forth in SEQ ID
NO:127. A shmiR in accordance with this example is hereinafter designated “shmiR-25".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:129 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:129; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:130 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:130 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:130 may be the sequence set forth in SEQ ID
NO:129. A shmiR in accordance with this example is hereinafter designated “shmiR-26".
In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:131 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:131; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:132 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:132 and capable of forming a

duplex therewith. The effector complement sequence which is substantially complementary
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to the sequence set forth in SEQ ID NO:132 may be the sequence set forth in SEQ ID
NO:131. A shmiR in accordance with this example is hereinafter designated “shmiR-27".

In one example, the nucleic acid described herein may comprise a DNA sequence
encoding a shmiR comprising: (i) an effector sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:133 with the exception of 1, 2, 3, 4,
5 or 6 base mismatches, provided that the effector sequence is capable of forming a duplex
with a sequence set forth in SEQ ID NO:133; and (ii) an effector complement sequence
comprising a sequence which is substantially complementary to the effector sequence. For
example, the shmiR encoded by the nucleic acid may comprise an effector sequence set
forth in SEQ ID NO:134 and an effector complement sequence which is substantially
complementary to the sequence set forth in SEQ ID NO:134 and capable of forming a
duplex therewith. The effector complement sequence which is substantially complementary
to the sequence set forth in SEQ ID NO:134 may be the sequence set forth in SEQ ID
NO:133. A shmiR in accordance with this example is hereinafter designated “shmiR-28".

In any of the examples described herein, the shmiR encoded by the nucleic acid of
the disclosure may comprise, in a 5’ to 3’ direction:

a 5’ flanking sequence of the pri-miRNA backbone;

the effector complement sequence;

the stemloop sequence;

the effector sequence; and

a 3’ flanking sequence of the pri-miRNA backbone.

Suitable loop sequences may be selected from those known in the art. However, an
exemplary stemloop sequence is set forth in SEQ ID NO: 75.

Suitable primary micro RNA (pri-miRNA or pri-R) backbones for use in a nucleic
acid of the disclosure may be selected from those known in the art. For example, the pri-
miRNA backbone may be selected from a pri-miR-30a backbone, a pri-miR-155 backbone,
a pri-miR-21 backbone and a pri-miR-136 backbone. Preferably, however, the pri-miRNA
backbone is a pri-miR-30a backbone. In accordance with an example in which the pri-
miRNA backbone is a pri-miR-30a backbone, the 5 flanking sequence of the pri-miRNA
backbone is set forth in SEQ ID NO: 76 and the 3’ flanking sequence of the pri-miRNA
backbone is set forth in SEQ ID NO: 77. Thus, the nucleic acid encoding the shmiRs of the
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disclosure (e.g., shmiR-1 to shmiR-16 described herein) may comprise DNA sequence
encoding the sequence set forth in SEQ ID NO: 76 and DNA sequence encoding the
sequence set forth in SEQ ID NO: 77.

In one example, the nucleic acid described herein may comprise a DNA sequence
selected from the sequence set forth in any one of SEQ ID NOs: 59-74 and 146-157.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 59 and encodes a shmiR (shmiR-1) comprising or
consisting of the sequence set forth in SEQ ID NO: 43.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 60 and encodes a shmiR (shmiR-2) comprising or
consisting of the sequence set forth in SEQ ID NO: 44.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 61 and encodes a shmiR (shmiR-3) comprising or
consisting of the sequence set forth in SEQ ID NO: 45.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 62 and encodes a shmiR (shmiR-4) comprising or
consisting of the sequence set forth in SEQ ID NO: 46.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 63 and encodes a shmiR (shmiR-5) comprising or
consisting of the sequence set forth in SEQ ID NO: 47.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 64 and encodes a shmiR (shmiR-6) comprising or
consisting of the sequence set forth in SEQ ID NO: 48.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 65 and encodes a shmiR (shmiR-7) comprising or
consisting of the sequence set forth in SEQ ID NO: 49.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 66 and encodes a shmiR (shmiR-8) comprising or
consisting of the sequence set forth in SEQ ID NO: 50.
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In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 67 and encodes a shmiR (shmiR-9) comprising or
consisting of the sequence set forth in SEQ ID NO: 51.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 68 and encodes a shmiR (shmiR-10) comprising or
consisting of the sequence set forth in SEQ ID NO: 52.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 69 and encodes a shmiR (shmiR-11) comprising or
consisting of the sequence set forth in SEQ ID NO: 53.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 70 and encodes a shmiR (shmiR-12) comprising or
consisting of the sequence set forth in SEQ ID NO: 54.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 71 and encodes a shmiR (shmiR-13) comprising or
consisting of the sequence set forth in SEQ ID NO: 55.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 72 and encodes a shmiR (shmiR-14) comprising or
consisting of the sequence set forth in SEQ ID NO: 56.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 73 and encodes a shmiR (shmiR-15) comprising or
consisting of the sequence set forth in SEQ ID NO: 57.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 74 and encodes a shmiR (shmiR-16) comprising or
consisting of the sequence set forth in SEQ ID NO: 58.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 146 and encodes a shmiR (shmiR-17) comprising or
consisting of the sequence set forth in SEQ ID NO: 134.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 147 and encodes a shmiR (shmiR-18) comprising or
consisting of the sequence set forth in SEQ ID NO: 135.
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In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 148 and encodes a shmiR (shmiR-19) comprising or
consisting of the sequence set forth in SEQ ID NO: 136.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 149 and encodes a shmiR (shmiR-20) comprising or
consisting of the sequence set forth in SEQ ID NO: 137.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 150 and encodes a shmiR (shmiR-21) comprising or
consisting of the sequence set forth in SEQ ID NO: 138.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 151 and encodes a shmiR (shmiR-22) comprising or
consisting of the sequence set forth in SEQ ID NO: 139.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 152 and encodes a shmiR (shmiR-23) comprising or
consisting of the sequence set forth in SEQ ID NO: 140.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 153 and encodes a shmiR (shmiR-24) comprising or
consisting of the sequence set forth in SEQ ID NO: 141.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 154 and encodes a shmiR (shmiR-25) comprising or
consisting of the sequence set forth in SEQ ID NO: 142.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 155 and encodes a shmiR (shmiR-26) comprising or
consisting of the sequence set forth in SEQ ID NO: 143.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 156 and encodes a shmiR (shmiR-27) comprising or
consisting of the sequence set forth in SEQ ID NO: 144.

In one example, the nucleic acid described herein comprises or consists of a DNA
sequence set forth in SEQ ID NO: 157 and encodes a shmiR (shmiR-28) comprising or
consisting of the sequence set forth in SEQ ID NO: 145.
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Exemplary nucleic acids of the disclosure encode a shmiR selected from shmiR-6,
shmiR-7, shmiR-12 and shmiR-15 as described herein. Further exemplary nucleic acids of
the disclosure encode variants of shmiR-12 selected from shmiR-23, shmiR-24, shmiR-25,
shmiR-26, shmiR-27 and shmiR-28, or encode variants of shmiR-15 selected from shmiR-
17, shmiR-18, shmiR-19, shmiR-20, shmiR-21 and shmiR-22.

It will be understood by a person of skill in the art that a nucleic acid in accordance
with the present disclosure may be combined or used in conjunction with other therapeutic
agents for treating HBV. Accordingly, the present disclosure provides a nucleic acid
comprising a DNA sequence encoding a shmiR as described herein (e.g., one or shmiRs
designated shmiR 1-shmiR-28 described herein) in combination with one or more other
agents for treating HBV. In one example, a plurality of nucleic acids are provided
comprising:

(a) at least one nucleic acid as described herein; and
(b) at least one further nucleic acid selected from:

(1) anucleic acid comprising a DNA sequence encoding a shmiR as described
herein; or

(i) anucleic acid comprising a DNA sequence encoding a short hairpin RNA

(shRNA) comprising an effector sequence of at least 17 nucleotides in length
and a effector complement sequence, wherein the effector sequence is
substantially complementary to a RNA sequence set forth in any one of SEQ ID
NOs: 1-10, 38, 40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131 and
133;

wherein the shmiR encoded by the nucleic acid at (a) and the shmiR or shRNA
encoded by the nucleic acid at (b) comprise different effector sequences. Preferably, the
effector sequence of the shRNA at (b)(ii) which is substantially complementary to a RNA
sequence set forth in any one of SEQ ID NOs: 1-10, 38, 40, 42, 111, 113, 115, 117, 119,
121, 123, 125, 127, 129, 131 and 133 will be less than 30 nucleotides in length. For
example, a suitable effector sequence of the shRNA may be in the range of 17-29
nucleotides in length.

Accordingly, in one example the plurality of nucleic acids of the disclosure may

comprise two or more nucleic acids encoding shmiRs as described herein, such as two,or
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three, or four, or five, or six, or seven, or eight, or nine, or ten nucleic acids encoding
shmiRs as described herein.

In another example, the plurality of nucleic acids of the disclosure comprises at least
one nucleic acid encoding a shmiR as described herein and at least one nucleic acid
comprising a DNA sequence encoding a shRNA comprising an effector of at least 17
nucleotides in length and a effector complement sequence, wherein the effector sequence is
substantially complementary to a RNA sequence set forth in any one of SEQ ID NOs: 1-10,
38,40,42, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131 and 133.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:12 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:12; and (ii)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:11 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:11
may be the sequence set forth in SEQ ID NO:12. A shRNA in accordance with this example
is hereinafter designated “shRNA-1".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:14 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:14; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:13 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:13
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may be the sequence set forth in SEQ ID NO:14. A shRNA in accordance with this example
is hereinafter designated “shRNA-2”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:16 with the exception of 1, 2, 3, 4, 5 or 6base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:16; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:15 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:15
may be the sequence set forth in SEQ ID NO:16. A shRNA in accordance with this example
is hereinafter designated “shRNA-3”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:18 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:18; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:17 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:17
may be the sequence set forth in SEQ ID NO:18. A shRNA in accordance with this example
is hereinafter designated “shRNA-4”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:20 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:20; and (i1)

an effector complement sequence comprising a sequence which is substantially
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complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:19 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:19
may be the sequence set forth in SEQ ID NO:20. A shRNA in accordance with this example
is hereinafter designated “shRNA-5.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:22 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:22; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:21 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:21
may be the sequence set forth in SEQ ID NO:22. A shRNA in accordance with this example
is hereinafter designated “shRNA-6".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:24 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:24; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:23 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:23
may be the sequence set forth in SEQ ID NO:24. A shRNA in accordance with this example
is hereinafter designated “shRNA-7”.
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In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:26 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:26; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:25 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:25
may be the sequence set forth in SEQ ID NO:26. A shRNA in accordance with this example
is hereinafter designated “shRNA-8”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:28 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:28; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:27 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:27
may be the sequence set forth in SEQ ID NO:28. A shRNA in accordance with this example
is hereinafter designated “shRNA-9”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:30 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:30; and (ii)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic

acid may comprise an effector sequence set forth in SEQ ID NO:29 and an effector
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complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:29 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:29
may be the sequence set forth in SEQ ID NO:30. A shRNA in accordance with this example
is hereinafter designated “shRNA-10".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:32 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:32; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:31 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:31
may be the sequence set forth in SEQ ID NO:32. A shRNA in accordance with this example
is hereinafter designated “shRNA-11".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:34 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:34; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:33 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:33
may be the sequence set forth in SEQ ID NO:34. A shRNA in accordance with this example
is hereinafter designated “shRNA-12”.

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)

an effector sequence which is substantially complementary to the sequence set forth in SEQ
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ID NO:36 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:36; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:35 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:35
may be the sequence set forth in SEQ ID NO:36. A shRNA in accordance with this example
is hereinafter designated “shRNA-13".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:38 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:38; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:37 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:37
may be the sequence set forth in SEQ ID NO:38. A shRNA in accordance with this example
is hereinafter designated “shRNA-14".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:40 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:40; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence which is substantially complementary to the sequence set forth in

SEQ ID NO:39 and capable of forming a duplex therewith. The effector complement
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sequence which is substantially complementary to the sequence set forth in SEQ ID NO:39
may be the sequence set forth in SEQ ID NO:40. A shRNA in accordance with this example
is hereinafter designated “shRNA-15".

In one example, the ShRNA encoded by a nucleic acid in the plurality comprises: (i)
an effector sequence which is substantially complementary to the sequence set forth in SEQ
ID NO:42 with the exception of 1, 2, 3, 4, 5 or 6 base mismatches, provided that the effector
sequence is capable of forming a duplex with a sequence set forth in SEQ ID NO:42; and (i1)
an effector complement sequence comprising a sequence which is substantially
complementary to the effector sequence. For example, the shRNA encoded by the nucleic
acid may comprise an effector sequence set forth in SEQ ID NO:41 and an effector
complement sequence which is substantially complementary to the sequence set forth in
SEQ ID NO:41 and capable of forming a duplex therewith. The effector complement
sequence which is substantially complementary to the sequence set forth in SEQ ID NO:41
may be the sequence set forth in SEQ ID NO:42. A shRNA in accordance with this example
is hereinafter designated “shRNA-16".

According to any example in which one or more of the nucleic acid in the plurality of
nucleic acids described herein encodes a sShRNA, the shRNA may comprise a stem loop
sequence positioned between the effector sequence and the effector complement sequence.
Suitable loop sequences may be selected from those known in the art. Alternatively,
suitable stem loops may be developed de novo. In one example, a nucleic acid of the
plurality described herein encoding a shRNA may comprise a DNA sequence encoding a
stem loop positioned between the DNA sequences encoding the effector sequence and the
effector complement sequence. For example, a shRNA encoded by a nucleic acid of the
disclosure may comprise a sequence set forth in any one of SEQ ID NOs:78-93. Thus, a
nucleic acid in the plurality of nucleic acids described herein may comprise or consist of a
DNA sequence set forth in in any one of SEQ ID NOs: 94-109.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 59 and
encodes a shmiR (shmiR-1) comprising or consisting of the sequence set forth in SEQ ID
NO: 43, and at least one other nucleic acid of the disclosure which encodes a shmiR or

shRNA targeting HBV.
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In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 60 and
encodes a shmiR (shmiR-2) comprising or consisting of the sequence set forth in SEQ ID
NO: 44, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 61 and
encodes a shmiR (shmiR-3) comprising or consisting of the sequence set forth in SEQ ID
NO: 45, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 62 and
encodes a shmiR (shmiR-4) comprising or consisting of the sequence set forth in SEQ ID
NO: 46, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 63 and
encodes a shmiR (shmiR-5) comprising or consisting of the sequence set forth in SEQ ID
NO: 47, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 64 and
encodes a shmiR (shmiR-6) comprising or consisting of the sequence set forth in SEQ ID
NO: 48, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 65 and
encodes a shmiR (shmiR-7) comprising or consisting of the sequence set forth in SEQ ID
NO: 49, and at least one other nucleic acid of the disclosure which encodes a shmiR or

shRNA targeting HBV.
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In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 66 and
encodes a shmiR (shmiR-8) comprising or consisting of the sequence set forth in SEQ ID
NO: 50, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 67 and
encodes a shmiR (shmiR-9) comprising or consisting of the sequence set forth in SEQ ID
NO: 51, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 68 and
encodes a shmiR (shmiR-10) comprising or consisting of the sequence set forth in SEQ ID
NO: 52, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 69 and
encodes a shmiR (shmiR-11) comprising or consisting of the sequence set forth in SEQ ID
NO: 53, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 70 and
encodes a shmiR (shmiR-12) comprising or consisting of the sequence set forth in SEQ ID
NO: 54, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 71 and
encodes a shmiR (shmiR-13) comprising or consisting of the sequence set forth in SEQ ID
NO: 55, and at least one other nucleic acid of the disclosure which encodes a shmiR or

shRNA targeting HBV.
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In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 72 and
encodes a shmiR (shmiR-14) comprising or consisting of the sequence set forth in SEQ ID
NO: 56, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 73 and
encodes a shmiR (shmiR-15) comprising or consisting of the sequence set forth in SEQ ID
NO: 57, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 74 and
encodes a shmiR (shmiR-16) comprising or consisting of the sequence set forth in SEQ ID
NO: 58, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 146 and
encodes a shmiR (shmiR-17) comprising or consisting of the sequence set forth in SEQ ID
NO: 134, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 147 and
encodes a shmiR (shmiR-18) comprising or consisting of the sequence set forth in SEQ ID
NO: 135, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 148 and
encodes a shmiR (shmiR-19) comprising or consisting of the sequence set forth in SEQ ID
NO: 136, and at least one other nucleic acid of the disclosure which encodes a shmiR or

shRNA targeting HBV.
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In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 149 and
encodes a shmiR (shmiR-20) comprising or consisting of the sequence set forth in SEQ ID
NO: 137, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 150 and
encodes a shmiR (shmiR-21) comprising or consisting of the sequence set forth in SEQ ID
NO: 138, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 151 and
encodes a shmiR (shmiR-22) comprising or consisting of the sequence set forth in SEQ ID
NO: 139, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 152 and
encodes a shmiR (shmiR-23) comprising or consisting of the sequence set forth in SEQ ID
NO: 140, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 153 and
encodes a shmiR (shmiR-24) comprising or consisting of the sequence set forth in SEQ ID
NO: 141, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 154 and
encodes a shmiR (shmiR-25) comprising or consisting of the sequence set forth in SEQ ID
NO: 142, and at least one other nucleic acid of the disclosure which encodes a shmiR or

shRNA targeting HBV.
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In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 155 and
encodes a shmiR (shmiR-26) comprising or consisting of the sequence set forth in SEQ ID
NO: 143, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 156 and
encodes a shmiR (shmiR-27) comprising or consisting of the sequence set forth in SEQ ID
NO: 144, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In one example, the plurality of nucleic acids described herein comprises a nucleic
acid which comprises or consists of a DNA sequence set forth in SEQ ID NO: 157 and
encodes a shmiR (shmiR-28) comprising or consisting of the sequence set forth in SEQ ID
NO: 145, and at least one other nucleic acid of the disclosure which encodes a shmiR or
shRNA targeting HBV.

In accordance with any example of a plurality of nucleic acids as described herein,
the plurality of nucleic acids may comprise two or more nucleic acids encoding shmiRs or
shRNAs as described herein, such as two,or three, or four, or five, or six, or seven, or eight,
or nine, or ten nucleic acids encoding shmiRs as described herein, provided at that at least
one of the nucleic acids encodes a shmiRs of the disclosure.

In one example, the plurality of nucleic acids comprises two nucleic acids encoding a
shmiR or shRNA described herein, with the proviso that at least one of the nucleic acids
encodes a shmiR as described herein. In one example, the plurality of nucleic acids
comprises three nucleic acids encoding a shmiR or shRNA described herein, with the
proviso that at least one of the nucleic acids encodes a shmiR as described herein. In one
example, the plurality of nucleic acids comprises four nucleic acids encoding a shmiR or
shRNA described herein, with the proviso that at least one of the nucleic acids encodes a
shmiR as described herein. In one example, the plurality of nucleic acids comprises five
nucleic acids encoding a shmiR or shRNA described herein, with the proviso that at least
one of the nucleic acids encodes a shmiR as described herein. In one example, the plurality

of nucleic acids comprises six nucleic acids encoding a shmiR or shRNA described herein,
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with the proviso that at least one of the nucleic acids encodes a shmiR as described herein.
In one example, the plurality of nucleic acids comprises seven nucleic acids encoding a
shmiR or shRNA described herein, with the proviso that at least one of the nucleic acids
encodes a shmiR as described herein. In one example, the plurality of nucleic acids
comprises eight nucleic acids encoding a shmiR or shRNA described herein, with the
proviso that at least one of the nucleic acids encodes a shmiR as described herein. In one
example, the plurality of nucleic acids comprises nine nucleic acids encoding a shmiR or
shRNA described herein, with the proviso that at least one of the nucleic acids encodes a
shmiR as described herein. In one example, the plurality of nucleic acids comprises ten
nucleic acids encoding a shmiR or shRNA described herein, with the proviso that at least
one of the nucleic acids encodes a shmiR as described herein.

In one example, the effector sequence of a shmiR or shRNA encoded by one of the
nucleic acids in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 4. Suitable nucleic acids encoding a
shmiR or shRNA having an effector sequence which is substantially complementary to a
RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 4 are
described herein.

In one example, the effector sequence of a shmiR or shRNA encoded by one of the
nucleic acids in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 5. Suitable nucleic acids encoding a
shmiR or shRNA having an effector sequence which is substantially complementary to a
RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 5 are
described herein.

In one example, the effector sequence of a shmiR or shRNA encoded by one of the
nucleic acids in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 9. Suitable nucleic acids encoding a
shmiR or shRNA having an effector sequence which is substantially complementary to a
RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 9 are
described herein.

In one example, the effector sequence of a shmiR or shRNA encoded by one of the

nucleic acids in the plurality is substantially complementary to a RNA transcript comprising
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or consisting of the sequence set forth in SEQ ID NO: 40. Suitable nucleic acids encoding a
shmiR or shRNA having an effector sequence which is substantially complementary to a
RNA transcript comprising or consisting of the sequence set forth in SEQ ID NO: 40 are
described herein.

In one example, the effector sequence of a shmiR encoded by a nucleic acid in the
plurality is substantially complementary to a RNA transcript comprising or consisting of the
sequence set forth in SEQ ID NO: 4 and the effector sequence of a shmiR encoded by a
nucleic acid in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 9.

In one example, the effector sequence of a shmiR encoded by a nucleic acid in the
plurality is substantially complementary to a RNA transcript comprising or consisting of the
sequence set forth in SEQ ID NO: 4 and the effector sequence of a shmiR encoded by a
nucleic acid in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 9; and the effector sequence of a
shmiR encoded by a nucleic acid in the plurality is substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 5.

In one example, the effector sequence of a shmiR encoded by a nucleic acid in the
plurality is substantially complementary to a RNA transcript comprising or consisting of the
sequence set forth in SEQ ID NO: 4 and the effector sequence of a shmiR encoded by a
nucleic acid in the plurality is substantially complementary to a RNA transcript comprising
or consisting of the sequence set forth in SEQ ID NO: 9; and the effector sequence of a
shmiR encoded by a nucleic acid in the plurality is substantially complementary to a RNA
transcript comprising or consisting of the sequence set forth in SEQ ID NO: 40.

Exemplary nucleic acids of the disclosure encoding shmiRs which target HBV,
including shmiRs comprising effector sequences which are substantially complementary to
RNA transcripts set forth in SEQ ID NO: 4, 5, 9 or 40, are described herein and shall be
taken to apply mutatis mutandis to each example in which a plurality of nucleic acids of the
disclosure is described.

In one example, the plurality of nucleic acids of the disclosure comprises:
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(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22; and

(ii)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 33 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 34.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22;

(ii)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 33 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 34; and

(ii1) at least one other nucleic acid comprising a DNA sequence encoding a shmiR or
shRNA comprising an effector sequence of at least 17 nucleotides in length which is
substantially complimentary to a RNA transcript of the HBV genome.

In one example, the other nucleic acid of the disclosure is a nucleic acid described
herein which encodes a shmiR or shRNA having an effector sequence which is different to
that of the shmiRs encoded by the nucleic acids at (i) and (ii)

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22;

(ii)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 39 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 40; and

(ii1))  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 33 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 34.

In one example, the plurality of nucleic acids of the disclosure comprises:
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(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22;

(i1)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 23 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 24; and

(ii1))  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 33 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 34.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22;

(ii)  anucleic acid comprising a DNA sequence encoding a ShRNA comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 39 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 40; and

(ii1))  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 33 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 34.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22; and

(i1)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 116 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 117.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector

complement sequence consisting of the sequence set forth in SEQ ID NO: 22; and
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(i1)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 124 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 125.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 21 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 22;

(i1)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 116 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 117; and

(ii1)  anucleic acid comprising a DNA sequence encoding a shmiR comprising an
effector sequence consisting of the sequence set forth in SEQ ID NO: 124 and an effector
complement sequence consisting of the sequence set forth in SEQ ID NO: 125.

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48); and

(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 70 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 54).

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48);

(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 73 ( encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 57); and

(iii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 70 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 54).

In one example, the plurality of nucleic acids of the disclosure comprises:
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(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48);

(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 73 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 57); and

(ii1))  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 70 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 54).

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48);

(i1)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 99 (encoding a shRNA comprising or consisting of the
sequence set forth in SEQ ID NO: 83); and

(ii1))  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 70 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 54).

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48); and

(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 149 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 137).

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48); and
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(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 153 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 141).

In one example, the plurality of nucleic acids of the disclosure comprises:

(1) a nucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 64 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 48);

(ii)  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 149 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 137); and

(ii1))  anucleic acid comprising a DNA sequence comprising or consisting of the
sequence set forth in SEQ ID NO: 153 (encoding a shmiR comprising or consisting of the
sequence set forth in SEQ ID NO: 141).

In accordance with an example in which a plurality of nucleic acids is provided, two or
more of the nucleic acids may form separate parts of the same polynucleotide. In another
example, two or more of the nucleic acids in the plurality form parts of different
polynucleotides, respectively. In another example, the plurality of nucleic acids described
herein are provided as multiple components e.g., multiple compositions. For example, each
of the nucleic acids of the plurality may be provided separately. Alternatively, in an
example where at least three nucleic acids of the disclosure are provided, at least one of the
nucleic acids may be provided separately and two or more of the plurality provided together.

In some examples, the or each nucleic acid in accordance with the present disclosure
may comprise, or be in operable linkage with, additional elements e.g., to facilitate
transcription of the RNA. For example, the or each nucleic acid may comprise a promoter
operably linked to the sequence encoding a shmiR or shRNA described herein. Other
elements e.g., transcriptional terminators and initiators, are known in the art and/or
described herein.

Alternatively, or in addition, the or each nucleic acid in accordance with the present
disclosure may comprise one or more restriction sites e.g., to facilitate cloning of the nucleic
acid(s) into cloning or expression vectors. For example, the nucleic acids described herein

may include a restriction site upstream and/or downstream of the sequence encoding a
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shmiR or shRNA of the disclosure. Suitable restriction enzyme recognition sequences will
be known to a person of skill in the art. However, in one example, the nucleic acid(s) of the
disclosure may include a BamH 1 restriction site (GGATCC) at the 5° terminus i.e., upstream
of the sequence encoding the shmiR or shRNA, and a EcoR1 restriction site (GAATTC) at

the 3’ terminus i.e., downstream of the sequence encoding the shmiR or shRNA.

ddRNAi

In one example, the or each nucleic acid of the disclosure is provided in the form of, or
is comprised in, a DNA-directed RNAi (ddRN A1) construct. Accordingly, in one example,
the present disclosure provides a ddRNAI1 construct comprising a nucleic acid as described
herein. In another example, the present disclosure provides a ddNAi construct comprising a
plurality of nucleic acids described herein. Exemplary nucleic acids encoding shmiRs or
shRNAs comprising effector sequences targeting HBV transcripts are described herein and
shall be taken to apply mutatis mutandis to this example of the disclosure.

In one example, the ddRNAI construct comprises a nucleic acid of the disclosure
operably linked to a promoter.

In accordance with an example in which the ddRNA1 construct comprises a plurality
of the nucleic acids described herein , each of the nucleic acids may be operably-linked to a
promoter. In one example, the nucleic acids in the ddRNAI1 construct may be operably
linked to the same promoter. In one example, the nucleic acids in the ddRNA1 construct
may be operably linked to different promoters.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 59 and encodes a shmiR (shmiR-1)
comprising or consisting of the sequence set forth in SEQ ID NO: 43. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 60-74 and 146-157.

In one example, a ddRNALI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 60 and encodes a shmiR (shmiR-2)
comprising or consisting of the sequence set forth in SEQ ID NO: 44. The ddRNAi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
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acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59, 61-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 61 and encodes a shmiR (shmiR-3)
comprising or consisting of the sequence set forth in SEQ ID NO: 45. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-60, 62-74 and 146-157.

In one example, a ddRN A of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 62 and encodes a shmiR (shmiR-4)
comprising or consisting of the sequence set forth in SEQ ID NO: 46. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-61, 63-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 63 and encodes a shmiR (shmiR-5)
comprising or consisting of the sequence set forth in SEQ ID NO: 47. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-62, 64-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 64 and encodes a shmiR (shmiR-6)
comprising or consisting of the sequence set forth in SEQ ID NO: 48. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-63, 65-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 65 and encodes a shmiR (shmiR-7)
comprising or consisting of the sequence set forth in SEQ ID NO: 49. The ddRNAi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic



10

15

20

25

30

WO 2017/190197 PCT/AU2017/050413
103

acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-64, 66-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 66 and encodes a shmiR (shmiR-8)
comprising or consisting of the sequence set forth in SEQ ID NO: 50. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-65, 67-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 67 and encodes a shmiR (shmiR-9)
comprising or consisting of the sequence set forth in SEQ ID NO: 51. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-66, 68-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 68 and encodes a shmiR (shmiR-10)
comprising or consisting of the sequence set forth in SEQ ID NO: 52. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-67, 69-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 69 and encodes a shmiR (shmiR-11)
comprising or consisting of the sequence set forth in SEQ ID NO: 53. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-68, 70-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 70 and encodes a shmiR (shmiR-12)
comprising or consisting of the sequence set forth in SEQ ID NO: 54. The ddRNAi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
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acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-69, 71-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 71 and encodes a shmiR (shmiR-13)
comprising or consisting of the sequence set forth in SEQ ID NO: 55. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-70, 72-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 72 and encodes a shmiR (shmiR-14)
comprising or consisting of the sequence set forth in SEQ ID NO: 56. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-71, 73-74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 73 and encodes a shmiR (shmiR-15)
comprising or consisting of the sequence set forth in SEQ ID NO: 57. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-72, 74 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 74 and encodes a shmiR (shmiR-16)
comprising or consisting of the sequence set forth in SEQ ID NO: 58. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-73 and 146-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 146 and encodes a shmiR (shmiR-
17) comprising or consisting of the sequence set forth in SEQ ID NO: 134. The ddRNAIi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
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acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74 and 147-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 147 and encodes a shmiR (shmiR-
18) comprising or consisting of the sequence set forth in SEQ ID NO: 135. The ddRNAIi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146 and 148-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 148 and encodes a shmiR (shmiR-
19) comprising or consisting of the sequence set forth in SEQ ID NO: 136. The ddRNAIi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146, 147 and 149-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 149 and encodes a shmiR (shmiR-
20) comprising or consisting of the sequence set forth in SEQ ID NO: 137. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-148 and 150-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 150 and encodes a shmiR (shmiR-
21) comprising or consisting of the sequence set forth in SEQ ID NO: 138. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-149 and 151-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 151 and encodes a shmiR (shmiR-
22) comprising or consisting of the sequence set forth in SEQ ID NO: 139. The ddRNAi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
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acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-150 and 152-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 152 and encodes a shmiR (shmiR-
23) comprising or consisting of the sequence set forth in SEQ ID NO: 140. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-151 and 153-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 153 and encodes a shmiR (shmiR-
24) comprising or consisting of the sequence set forth in SEQ ID NO: 141. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-152 and 154-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 154 and encodes a shmiR (shmiR-
25) comprising or consisting of the sequence set forth in SEQ ID NO: 142. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-153 and 155-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 155 and encodes a shmiR (shmiR-
26) comprising or consisting of the sequence set forth in SEQ ID NO: 143. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-154 and 156-157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 156 and encodes a shmiR (shmiR-
27) comprising or consisting of the sequence set forth in SEQ ID NO: 144. The ddRNAi

construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
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acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74, 146-155 and 157.

In one example, a ddRNAI of the disclosure comprises a nucleic acid comprising or
consisting of a DNA sequence set forth in SEQ ID NO: 157 and encodes a shmiR (shmiR-
28) comprising or consisting of the sequence set forth in SEQ ID NO: 145. The ddRNAi
construct may comprise one or more further nucleic acids of the disclosure, such as a nucleic
acid comprising a DNA sequence selected from the sequences set forth in any one of SEQ
ID NOs: 59-74 and 146-156.

An exemplary ddRNAi construct comprising a plurality of nucleic acids of the
discloses comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6); and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:54 (shmiR-12).

An exemplary ddRNAI construct comprising a plurality of nucleic acids of the
discloses comprises:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6); and

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 (coding for shmiR-12).

In another example, a ddRNAi construct comprising a plurality of nucleic acids of the
discloses comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6); and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:137 (shmiR-20).

For example, a ddRNA1 construct comprising a plurality of nucleic acids of the
discloses may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID

NO:64 (coding for shmiR-6); and
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(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:149 (coding for shmiR-20).

In another example, a ddRNAi construct comprising a plurality of nucleic acids of the
discloses comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6); and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:141 (shmiR-24).

For example, a ddRNA1 construct comprising a plurality of nucleic acids of the
discloses may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6); and

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:153 (coding for shmiR-24).

The present disclosure also provides a ddRNAi construct comprising at least three
nucleic acids described herein, such that the ddRNA1 construct encodes at least three shmiRs
targeting HBV, each of which is different to one another.

In one example, the disclosure provides a ddRN A1 construct comprising:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48 (shmiR-6):
(b)  anucleic acid comprising a DNA sequence encoding a shmiR or shRNA as described
herein; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54 (shmiR-12);

wherein the nucleic acid at (b) encodes a shmiR or shRNA having an effector
sequence which is different to that of the shmiRs encoded by the nucleic acid at (a) and (c).

In one example, the ddRNAI construct of the disclosure comprises, preferably in a 5’
to 3’direction:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in

SEQ ID NO:48 (shmiR-6);
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(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:57 (shmiR-15); and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54 (shmiR-12).

For example, a ddRNAI construct of the disclosure may comprise, in a 5’ to
3’direction:
(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64
(coding for shmiR-6);
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:73
(coding for shmiR-15); and
(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70(coding for shmiR-12).

In one example, a ddRNAI construct of the disclosure comprises, preferably ina 5’ to
3’direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48 (shmiR-6);
(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:49 (shmiR-7); and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54 (shmiR-12).

For example, a ddRNAI construct of the disclosure may comprise, in a 5’ to
3’direction:
(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64
(coding for shmiR-6):
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:65
(coding for shmiR-7); and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 (coding for shmiR-12).In one example, the disclosure provides a ddRNAi construct
comprising:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in

SEQ ID NO:48 (shmiR-6):
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(b)  anucleic acid comprising a DNA sequence encoding a shmiR or shRNA as described
herein; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:141 (shmiR-24);
wherein the nucleic acid at (b) encodes a shmiR or shRNA having an effector

sequence which is different to that of the shmiRs encoded by the nucleic acid at (a) and (c).

In one example, the disclosure provides a ddRN A1 construct comprising:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48 (shmiR-6):
(b)  anucleic acid comprising a DNA sequence encoding a shmiR or shRNA as described
herein; and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:137 (shmiR-20);

wherein the nucleic acid at (b) encodes a shmiR or shRNA having an effector

sequence which is different to that of the shmiRs encoded by the nucleic acid at (a) and (c).

In one example, the ddRNAI construct of the disclosure comprises, preferably in a 5’
to 3’ direction:
(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48 (shmiR-6);
(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:137 (shmiR-20); and
(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:141 (shmiR-24).

For example, a ddRNAI construct of the disclosure may comprise, in a 5’ to
3’direction:
(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64
(coding for shmiR-6);
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:149
(coding for shmiR-20); and
(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:153
(coding for shmiR-24).
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In yet another example, a ddRN A1 construct of the disclosure may comprise at least
one nucleic acid encoding a shmiR as described herein and at least one nucleic acid
encoding a shRNA targeting HBV as described herein, wherein the shmiR and shRNA
encoded by the ddRNAI construct comprise different effector sequences. In accordance
with this example, a ddRNAIi construct of the disclosure may comprise, preferably ina 5’ to
3’direction:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48;

(b)  anucleic acid encoding a shRNA comprising an effector sequence set forth in SEQ
ID NO: 39 and an effector complement sequence set forth in SEQ ID NO: 40; and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.

For example, a ddRNAi construct of the disclosure may comprise, preferably in a 5’ to
3’direction:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:

(b)  anucleic acid encoding a shRNA consisting of the sequence set forth in SEQ ID NO:
92; and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:54.

For example, a ddRNAI construct of the disclosure may comprise, in a 5’ to
3’direction:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:108;
and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.

In each of the foregoing examples describing a ddRNAi construct of the disclosure,
the or each nucleic acid comprised therein may be operably linked to a promoter. For
example, the ddRNAI construct as described herein may comprise a single promoter which
is operably-linked to the or each nucleic acid comprised therein e.g., to drive expression of

one or more shmiRs and/or shRNAs from the ddRNAIi construct.
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In another example, each nucleic acid encoding a shmiR or shRNA of the disclosure
comprised in the ddRNAI construct is operably-linked to a separate promoter.

According to an example in which multiple promoters are present, the promoters can
be the same or different. For example, the construct may comprise multiple copies of the
same promoter with each copy operably linked to a different nucleic acid of the disclosure.
In another example, each promoter operably linked to a RNA of the disclosure is different.
For example, in a ddRN A1 construct encoding three shmiRs, the three nucleic acids
encoding the shmiRs are each operably linked to a different promoter.

In a further example, in a ddRNA1 construct encoding three or more shmiRs, two (or
more) of the nucleic acids encoding the shmiRs are linked to the same promoter and one (or
more) of the nucleic acids encoding the shmiR is linked to a different promoter.

In one example, the promoter is a constitutive promoter. 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 shmiRs or shRNAs from the nucleic acid(s) of the disclosure include promoters
for ubiquitin, CMV, B-actin, histone H4, EF-1a or pgk genes controlled by RNA polymerase
IL, or promoter elements controlled by RNA polymerase 1.

In one example, a Pol II promoter such as CMV, SV40, U1, B-actin or a hybrid Pol II
promoter is employed.

In another example, a promoter controlled by RNA polymerase 1II is used, such as a
U6 promoter (U6-1, U6-8, U6-9), H1 promoter, 7SL promoter, a human Y promoter (hY1,
hY3, hY4 (see Maraia, et al., Nucleic Acids Res 22(15):3045-52(1994)) and hY5 (see
Maraia, et al., Nucleic Acids Res 24(18):3552-59(1994)), a human MRP-7-2 promoter, an
Adenovirus VA1 promoter, a human tRNA promoter, or a 5s ribosomal RNA promoter.

Suitable promoters for use in a ddRNAi construct of the disclosure are described in US
Patent No. 8,008,468 and US Patent No. 8,129,510.

In one example, the promoter is a RNA pol III promoter. For example, the promoter is
a U6 promoter (e.g., a U6-1, U6-8 or U6-9 promoter). In another example, the promoter is a

H1 promoter.
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In the case of a ddRNAI construct of the disclosure encoding a plurality of shmiRs, or
encoding one or more shmiRs and a shRNA, as described herein, each of the nucleic acids in
the ddRNA1 construct is operably linked to a U6 promoter e.g., a separate U6 promoter.

In one example, the promoter in a construct is a U6 promoter. For example, the
promoter is a U6-1 promoter. For example, the promoter is a U6-8 promoter. For example,
the promoter is a U6-9 promoter.

In some examples, promoters of variable strength are employed. For example, use of
two or more strong promoters (such as a Pol III-type promoter) may tax the cell, by, e.g.,
depleting the pool of available nucleotides or other cellular components needed for
transcription. In addition, or alternatively, use of several strong promoters may cause a toxic
level of expression of RNA1 agents e.g., shmiRs or shRNAs, in the cell. Thus, in some
examples one or more of the promoters in the multiple-promoter ddRNAi construct is
weaker than other promoters in the construct, or all promoters in the construct may express
the shmiRs or shRNAs at less than a maximum rate. Promoters may also be modified using
various molecular techniques, or otherwise, e.g., through modification of
various regulatory elements, to attain weaker levels or stronger levels of transcription. One
means of achieving reduced transcription is to modify sequence elements within promoters
known to control promoter activity. For example the Proximal Sequence Element (PSE) is
known to effect the activity of human U6 promoters (see Domitrovich, et al., Nucleic Acids
Res 31: 2344-2352 (2003). Replacing the PSE elements present in strong promoters, such as
the human U6-1, U6-8 or U6-9 promoters, with the element from a weak promoter, such as
the human U6-7 promoter, reduces the activity of the hybrid U6-1, U6-8 or U6-9 promoters.
This approach has been used in the examples described in this application, but other means
to achieve this outcome are known in the art.

Promoters useful in some examples of the present disclosure can 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 transcription of a nucleic acid of interest to a specific type of
tissue (e.g., liver tissue) in the relative absence of expression of the same nucleotide
sequence of interest in a different type of tissue (e.g., muscle). The term "cell-specific” as
applied to a promoter refers to a promoter which is capable of directing selective

transcription of a nucleic acid of interest in a specific type of cell in the relative absence of
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expression of the same nucleotide sequence of interest in a different type of cell within the
same tissue.

In one example, a ddRN A1 construct of the disclosure may additionally comprise one
or more enhancers to increase expression of the shmiRs or shRNAs encoded by the nucleic
acids described herein. Enhancers appropriate for use in examples of the present disclosure
include the Apo E HCR enhancer, a CMV enhancer (Xia et al, Nucleic Acids Res 31-
17(2003)), and other enhancers known to those skilled in the art. Suitable enhancers for use
in a ddRNA1 construct of the disclosure are described in US Patent No. 8,008,468.

In a further example, a ddRNAI construct of the disclosure may comprise a
transcriptional terminator linked to a nucleic acid encoding a shmiR or shRNA of the
disclosure. In the case of a ddRNAi construct comprising a plurality of nucleic acids
described herein 1i.e., encoding multiple shmiRs and/or shRNAs, the terminators linked to
each nucleic acid can be the same or different. According to an example in which a RNA
pol III promoter is employed, the terminator may be a contiguous stretch of 4 or more or 5
or more or 6 or more T residues.

In some examples, where different promoters are used, the terminators can be different
and are matched to the promoter from the gene from which the terminator is derived. Such
terminators include the SV40 poly A, the AdV VA1 gene, the 5S ribosomal RNA gene, and
the terminators for human t-RNAs. In addition, promoters and terminators may be mixed
and matched, as is commonly done with RNA pol II promoters and terminators.

In one example, the promoter and terminator combinations used for each nucleic acid
in a ddRNAI1 construct comprising a plurality of nucleic acids is different to decrease the
likelihood of DNA recombination events between components.

One exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid encoding
a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:48 operably
linked to a U6 promoter e.g., a U6-9 promoter. For example, the ddRNAi construct of the
disclosure comprises a nucleic acid comprising or consisting of the sequence set forth in
SEQ ID NO:64 operably linked to a U6 promoter e.g., a U6-9 promoter.

Another exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid
encoding a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:57

operably linked to a U6 promoter e.g., a U6-1 promoter. For example, the ddRNA1
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construct of the disclosure comprises a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:73 operably linked to a U6 promoter e.g., a U6-1 promoter.

Another exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid
encoding a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:54
operably linked to a U6 promoter e.g., a U6-8 promoter. For example, the ddRNA1
construct of the disclosure comprises a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:70 operably linked to a U6 promoter e.g., a U6-8 promoter.

Another exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid
encoding a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:49
operably linked to a U6 promoter e.g., a U6-1 promoter. For example, the ddRNA1
construct of the disclosure comprises a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:65 operably linked to a U6 promoter e.g., a U6-1 promoter.

Another exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid
encoding a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:137
operably linked to a U6 promoter e.g., a U6-1 promoter. For example, the ddRNAI1
construct of the disclosure comprises a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:149 operably linked to a U6 promoter e.g., a U6-1 promoter.

Another exemplary ddRNAI1 construct of the disclosure comprises a nucleic acid
encoding a shmiR comprising or consisting of the sequence set forth in SEQ ID NO:141
operably linked to a U6 promoter e.g., a U6-1 promoter. For example, the ddRNA1
construct of the disclosure comprises a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:153 operably linked to a U6 promoter e.g., a U6-8 promoter.

According to one example in which the ddRNA1 construct of the disclosure comprises
a plurality of nucleic acids described herein, the ddRNAi construct may comprise:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 operably linked to a U6 promoter e.g., a U6-9 promoter; and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:54 operably linked to a U6 promoter e.g., a U6-8 promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID

NO:64 operably linked to a U6 promoter e.g., a U6-9 promoter; and
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(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 operably linked to a U6 promoter e.g., a U6-8 promoter.

According to another example in which the ddRNAi construct of the disclosure
comprises a plurality of nucleic acids described herein, the ddRNAi construct may comprise:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;
and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:141 (shmiR-24) operably linked to a U6 promoter e.g., a U6-8
promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter; and

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:153 (coding for shmiR-24) operably linked to a U6 promoter e.g., a U6-8 promoter.

According to yet another example in which the ddRNA1 construct of the disclosure
comprises a plurality of nucleic acids described herein, the ddRNAi construct may comprise:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;
and

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:137 (shmiR-20) operably linked to a U6 promoter e.g., a U6-1
promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter; and

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:149 (coding for shmiR-20) operably linked to a U6 promoter e.g., a U6-1 promoter.

According to an example in which the ddRNA1 construct of the disclosure comprises

three nucleic acids described herein, the ddRNAi construct comprises:
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(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:57 (shmiR-15) operably linked to a U6 promoter e.g., a U6-1 promoter;
and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6 promoter e.g., a U6-8 promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:73 (coding for shmiR-15) operably linked to a U6 promoter e.g., a U6-1 promoter; and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 (coding for shmiR-12) operably linked to a U6 promoter e.g., a U6-8 promoter.

According to another example in which the ddRNAi construct of the disclosure
comprises three nucleic acids described herein, the ddRNAi construct comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:137 (shmiR-20) operably linked to a U6 promoter e.g., a U6-1
promoter; and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:141 (shmiR-24) operably linked to a U6 promoter e.g., a U6-8
promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:149 (coding for shmiR-20) operably linked to a U6 promoter e.g., a U6-1 promoter; and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID

NO:153 (coding for shmiR-24) operably linked to a U6 promoter e.g., a U6-8 promoter.
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According to yet another example in which the ddRNA1 construct of the disclosure
comprises three nucleic acids described herein, the ddRNAi construct comprises:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:49 (shmiR-7) operably linked to a U6 promoter e.g., a U6-1 promoter;
and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6 promoter e.g., a U6-8 promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 (coding for shmiR-6) operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:65 (coding for shmiR-7) operably linked to a U6 promoter e.g., a U6-1 promoter; and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 (coding for shmiR-12) operably linked to a U6 promoter e.g., a U6-8 promoter.

An exemplary ddRNAIi construct of the disclosure comprises, in a 5’ to 3’ direction:
(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:64:
(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:73; and
(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:70.

An exemplary ddRNAIi construct of the disclosure comprises, in a 5’ to 3’ direction:
(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:64:
(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:149; and
(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence

set forth in SEQ ID NO: 159.
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Yet another exemplary ddRNAi construct of the disclosure comprises, ina 5’ to 3’
direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:64:

(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:65; and

(c) U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence
set forth in SEQ ID NO:70.

According to another example in which the ddRNAi construct of the disclosure
comprises at least one nucleic acid encoding a shmiR as described herein and at least one
nucleic acid encoding a shRNA targeting HBV as described herein, the ddRNAIi construct of
the disclosure may comprise:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:48 operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid encoding a ShRNA comprising or consisting of the sequence set
forth in SEQ ID NO: 92 operably linked to a U6 promoter e.g., a U6-1 promoter; and

(©) a nucleic acid encoding a shmiR comprising or consisting of the sequence set
forth in SEQ ID NO:54 operably linked to a U6 promoter e.g., a U6-8 promoter.

For example, the ddRN A1 construct may comprise:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:64 operably linked to a U6 promoter e.g., a U6-9 promoter;

(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:108 operably linked to a U6 promoter e.g., a U6-1 promoter; and

(©) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID
NO:70 operably linked to a U6 promoter e.g., a U6-8 promoter.

The present disclosure also provides a plurality of ddRNA1 constructs comprising two
or more ddRN A constructs, each comprising nucleic acid encoding a shmiR of the
disclosure operably linked to a suitable promoter as described herein.

In one example, the plurality of ddRNA1 constructs comprises:
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(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter; and

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter; and

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:70 (coding for shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

In one example, the plurality of ddRNAI1 constructs comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter; and

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:57 (shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNA1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter; and

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:73 (coding for shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter.

In one example, the plurality of ddRNAi constructs comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6

promoter e.g., a U6-8 promoter; and
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(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:57 (shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter; and

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:73 (coding for shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter.

In one example, the plurality of ddRNAI constructs comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter; and

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:137 (shmiR-20) operably linked to a U6
promoter e.g., a U6-1 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNA1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter; and

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:149 (coding for shmiR-20) operably linked to a U6
promoter e.g., a U6-1 promoter.

In one example, the plurality of ddRNAI constructs comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter; and

(b)  addRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:141 (shmiR-24) operably linked to a U6

promoter e.g., a U6-8 promoter.
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For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter; and

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:153 (coding for shmiR-24) operably linked to a U6
promoter e.g., a U6-8 promoter.According to an example in which the plurality of ddRNA1
constructs comprises three ddRNAI1 constructs, the plurality of ddRNAi constructs
comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter;

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:57 (shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter; and

) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6)_operably linked to a U6
promoter e.g., a U6-9 promoter;

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:73 (coding for shmiR-15) operably linked to a U6
promoter e.g., a U6-1 promoter;and

) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:70 (coding for shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

According to another example in which the plurality of ddRNAi constructs comprises

three ddRNAI1 constructs, the plurality of ddRNAI1 constructs comprises:
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(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter;

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:49 (shmiR-7)_ operably linked to a U6
promoter e.g., a U6-1 promoter; and

) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

For example, the plurality of ddRNAi constructs may comprise:

(a) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter;

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:65 (coding for shmiR-7) operably linked to a U6 promoter
e.g., a U6-1 promoter;and

) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:70 (coding for shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

According to another example, the plurality of ddRNAi constructs of the disclosure
may comprise:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter;

(b)  addRNAI construct comprising a nucleic acid encoding a shRNA comprising
or consisting of the sequence set forth in SEQ ID NO: 92 (shRNA-15) operably linked to a
U6 promoter e.g., a U6-1 promoter; and

(c)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:54 (shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

For example, the plurality of ddRNAi constructs may comprise:
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(a) a ddRNAI1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter;

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:108 (coding for shRNA-15) operably linked to a U6
promoter e.g., a U6-1 promoter;and

) a ddRNA1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:70 (coding for shmiR-12) operably linked to a U6
promoter e.g., a U6-8 promoter.

According to another example in which the plurality of ddRNAi constructs comprises
three ddRNAI1 constructs, the plurality of ddRNAI1 constructs comprises:

(a) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:48 (shmiR-6) operably linked to a U6
promoter e.g., a U6-9 promoter;

(b)  addRNAI construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:137 (shmiR-20) operably linked to a U6
promoter e.g., a U6-1 promoter; and

) a ddRNAIi construct comprising a nucleic acid encoding a shmiR comprising or
consisting of the sequence set forth in SEQ ID NO:141 (shmiR-24) operably linked to a U6
promoter e.g., a U6-8 promoter.

For example, the plurality of ddRNAI constructs may comprise:

(a) a ddRNA1 construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:64 (coding for shmiR-6) operably linked to a U6 promoter
e.g., a U6-9 promoter;

(b)  addRNAIi construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:149 (coding for shmiR-20) operably linked to a U6
promoter e.g., a U6-1 promoter;and

(c)  addRNAI construct comprising a nucleic acid comprising or consisting of the
sequence set forth in SEQ ID NO:153 (coding for shmiR-24) operably linked to a U6

promoter e.g., a U6-8 promoter.
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In addition, the or each ddRNAI construct can comprise one or more multiple cloning
sites and/or unique restriction sites that are located strategically, such that the promoter,
nucleic acid encoding the shmiR or shRNA and/or other regulator elements are easily
removed or replaced. The or each ddRNAI construct can be assembled from smaller
oligonucleotide components using strategically located restriction sites and/or
complementary sticky ends. The base vector for one approach according to the present
disclosure comprises plasmids with a multilinker in which all sites are unique (though this is
not an absolute requirement). Sequentially, each promoter is inserted between its designated
unique sites resulting in a base cassette with one or more promoters, all of which can have
variable orientation. Sequentially, again, annealed primer pairs are inserted into the unique
sites downstream of each of the individual promoters, resulting in a single-, double- or
multiple-expression cassette construct. The insert can be moved into, e.g. an AdV backbone
or an AAV backbone using two unique restriction enzyme sites (the same or different ones)
that flank the single-, double- or multiple-expression cassette insert.

Generation of the or each construct can be accomplished using any suitable genetic
engineering techniques known in the art, including without limitation, the standard
techniques of PCR, oligonucleotide synthesis, restriction endonuclease digestion, ligation,
transformation, plasmid purification, and DNA sequencing. If the or each construct is a viral
construct, the construct comprises, for example, sequences necessary to package the
ddRNAI construct into viral particles and/or sequences that allow integration of the ddRNAI1
construct into the target cell genome. In some examples, the or each viral construct
additionally contains genes that allow for replication and propagation of virus, however such
genes will be supplied in trans. Additionally, the or each viral construct cam contain genes
or genetic sequences from the genome of any known organism incorporated in native form
or modified. For example, a viral construct may comprise sequences useful for replication of
the construct in bacteria.

The or each construct also may contain additional genetic elements. The types of
elements that may be included in the construct are not limited in any way and may be chosen
by one with skill in the art. For example, additional genetic elements may include a reporter
gene, such as one or more genes for a fluorescent marker protein such as GFP or RFP; an

easily assayed enzyme such as beta-galactosidase, luciferase, beta-glucuronidase,
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chloramphenical acetyl transferase or secreted embryonic alkaline phosphatase; or proteins
for which immunoassays are readily available such as hormones or cytokines.

Other genetic elements that may find use in embodiments of the present disclosure
include those coding for proteins which confer a selective growth advantage on cells such as
adenosine deaminase, aminoglycodic phosphotransferase, dihydrofolate reductase,
hygromycin-B-phosphotransferase, drug resistance, or those genes coding for proteins that
provide a biosynthetic capability missing from an auxotroph. If a reporter gene is included
along with the or each construct, an internal ribosomal entry site (IRES) sequence can be
included. In one example, the additional genetic elements are operably linked with and
controlled by an independent promoter/enhancer. In addition a suitable origin of replication
for propagation of the construct in bacteria may be employed. The sequence of the origin of
replication generally is separated from the ddRNAi construct and other genetic sequences.
Such origins of replication are known in the art and include the pUC, ColE1, 2-micron or

SV40 origins of replication.

Expression vectors

In one example, a ddRNAI construct of the disclosure is included within an expression
vector.

In one example, the expression vector is a plasmid, e.g., as is known in the art. In one
example, a suitable plasmid expression vector is a pSsh vector e.g., with a U6 promoter and
proximal sequence element 7 (PSE7).

In one example, the expression vector is mini-circle DNA. Mini-circle DNA is
described in U.S. Patent Publication No. 2004/0214329. Mini-circle DNA are useful for
persistently high levels of nucleic acid transcription. The circular vectors are characterized
by being devoid of expression-silencing bacterial sequences. For example, mini-circle
vectors differ from bacterial plasmid vectors in that they lack an origin of replication, and
lack drug selection markers commonly found in bacterial plasmids, e.g. B-lactamase, tet, and
the like. Consequently, minicircle DNA becomes smaller in size, allowing more efficient
delivery.

In one example, the expression vector is a viral vector.
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A viral vector based on any appropriate virus may be used to deliver a ddRNA1 of the
disclosure. In addition, hybrid viral systems may be of use. The choice of viral delivery
system will depend on various parameters, such as the tissue targeted for delivery,
transduction efficiency of the system, pathogenicity, immunological and toxicity concerns,
and the like.

Commonly used classes of viral systems used in gene therapy can be categorized into
two groups according to whether their genomes integrate into host cellular chromatin
(oncoretroviruses and lentiviruses) or persist in the cell nucleus predominantly as
extrachromosomal episomes (adeno-associated virus, adenoviruses and herpesviruses). In
one example, a viral vector of the disclosure integrates into a host cell’s chromatin. In
another example, a viral vector of the disclosure persists in a host cell’s nucleus as an
extrachomosomal episome.

In one example, a viral vector is an adenoviral (AdV) vector. Adenoviruses are
medium-sized double-stranded, non-enveloped DNA viruses with linear genomes that is
between 26-48 Kbp. Adenoviruses gain entry to a target cell by receptor-mediated binding
and internalization, penetrating the nucleus in both non-dividing and dividing cells.
Adenoviruses are heavily reliant on the host cell for survival and replication and are able to
replicate in the nucleus of vertebrate cells using the host’s replication machinery.

In one example, a viral vector is from the Parvoviridae family. The Parvoviridae is a
family of small single-stranded, non-enveloped DNA viruses with genomes approximately
5000 nucleotides long. Included among the family members is adeno-associated virus
(AAV). In one example, a viral vector of the disclosure is an AAV. AAV is a dependent
parvovirus that generally requires co-infection with another virus (typically an adenovirus or
herpesvirus) to initiate and sustain a productive infectious cycle. In the absence of such a
helper virus, AAV is still competent to infect or transduce a target cell by receptor-mediated
binding and internalization, penetrating the nucleus in both non-dividing and dividing cells.
Because progeny virus is not produced from AAYV infection in the absence of helper virus,
the extent of transduction is restricted only to the initial cells that are infected with the virus.
It is this feature which makes AAV a desirable vector for the present disclosure.
Furthermore, unlike retrovirus, adenovirus, and herpes simplex virus, AAV appears to lack

human pathogenicity and toxicity (Kay, et al., Nature. 424: 251 (2003)). Since the genome
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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 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
shmiRs and shRNAs.

Another viral delivery system useful with the ddRNAi constructs of the disclosure is a
system based on viruses from the family Retroviridae. Retroviruses comprise single-
stranded RNA animal viruses that are characterized by two unique features. First, the
genome of a retrovirus is diploid, consisting of two copies of the RNA. Second, this RNA is
transcribed by the virion-associated enzyme reverse transcriptase into double-stranded
DNA. This double-stranded DNA or provirus can then integrate into the host genome and be
passed from parent cell to progeny cells as a stably-integrated component of the host
genome.

In some examples, a viral vector is a lentivirus. Lentivirus vectors are often
pseudotyped with vesicular steatites virus glycoprotein (VSV-G), and have been derived
from the human immunodeficiency virus (HIV); visan-maedi, which causes encephalitis
(visna) or pneumonia in sheep; equine infectious anemia virus (EIAV), which causes
autoimmune hemolytic anemia and encephalopathy in horses; feline immunodeficiency
virus (FIV), which causes immune deficiency in cats; bovine immunodeficiency virus (BIV)
which causes lymphadenopathy and lymphocytosis in cattle; and simian immunodeficiency
virus (SIV), which causes immune deficiency and encephalopathy in non-human primates.
Vectors that are based on HIV generally retain <5% of the parental genome, and <25% of
the genome is incorporated into packaging constructs, which minimizes the possibility of the
generation of reverting replication-competent HIV. Biosafety has been further increased by
the development of self-inactivating vectors that contain deletions of the regulatory elements
in the downstream long-terminal-repeat sequence, eliminating transcription of the packaging
signal that is required for vector mobilization. One of the main advantages to the use of
lentiviral vectors is that gene transfer is persistent in most tissues or cell types, even
following cell division of the transduced cell.

A lentiviral-based construct used to express shmiRs and/or shRNAs from the nucleic

acids and ddRNAIi constructs of the disclosure comprises sequences from the 5' and 3' long
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terminal repeats (LTRs) of a lentivirus. In one example, the viral construct comprises an
inactivated or self-inactivating 3' LTR from a lentivirus. The 3' LTR may be made self-
inactivating by any method known in the art. For example, the U3 element of the 3' LTR
contains a deletion of its enhancer sequence, e.g., the TATA box, Spl and NF-kappa B sites.
As aresult of the self-inactivating 3' LTR, the provirus that is integrated into the host
genome will comprise an inactivated 5' LTR. The LTR sequences may be LTR sequences
from any lentivirus from any species. The lentiviral-based construct also may incorporate
sequences for MMLYV or MSCV, RSV or mammalian genes. In addition, the U3 sequence
from the lentiviral 5' LTR may be replaced with a promoter sequence in the viral construct.
This may increase the titer of virus recovered from the packaging cell line. An enhancer
sequence may also be included.

Other viral or non-viral systems known to those skilled in the art may be used to
deliver the ddRNAI or nucleic acid of the present invention to cells of interest, including but
not limited to gene-deleted adenovirus-transposon vectors (see Yant, ef al., Nature Biotech.
20:999-1004 (2002)); systems derived from Sindbis virus or Semliki forest virus (see Perri,
et al, J. Virol. 74(20):9802-07 (2002)); systems derived from Newcastle disease virus or

Sendai virus.

Testing nucleic acids and ddRNAi constructs of the disclosure

Cell Culture Models

HBYV does not infect cells in culture. However, transfection of HBV DNA (either as a
head-to-tail dimer or as an "overlength” genome of >100%) into HuH7 or Hep G2
hepatocytes results in viral gene expression and production of HBV virions released into the
media. An example of such a cell line is HepG2.2.15, which is a sub-cell line of the HepG2
human hepatocellular carcinoma cell line which stably harbors the complete HBV genome
(serotype ayw, genotype D). HepG2.2.15 expresses all HBV viral RNA and proteins,
produce viral genomes, and secretes virus-like particles. As exemplified herein, activity
shmiR expressed from a nucleic acid or ddRNAI1 construct of the disclosure can be
determined by administering the nucleic acid or ddRNAi construct to the cell and
subsequently measuring the level of expression of a RNA or protein encoded by the HBV

genome. Intracellular HBV gene expression can be assayed either by a Tagman™ assay or
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other real time PCR assay for HBV RNA or by ELISA for HBV protein. Extracellular virus
can be assayed either by PCR for DNA or ELISA for protein. Antibodies are commercially
available for HBV surface antigen and core protein. Various means for normalizing
differences in transfection efficiency and sample recovery are known in the art. Recent
advances in cell culture systems using primary human hepatocytes show promise for
determining the activity of HBV therapeutics.

A shmiR and/or shRNA expressed from a nucleic acid or ddRNAi construct of the
disclosure that reduces expression of a RNA or protein encoded by the HBV genome by at
least 50% compared to in the absence of the nucleic acid or ddRNAi construct of the

disclosure is considered to be useful in a method of the disclosure.

Animal Models

There are several small animal models available to study HBV replication. One is the
transplantation of HBV-infected liver tissue into irradiated mice. Viremia (as evidenced by
measuring HBV DNA by PCR) is first detected 8 days after transplantation and peaks
between 18- 25 days (Ilan et al., 1999, Hepatology, 29, 553-562).

Transgenic mice that express HBV have also been used as a model to evaluate
potential anti-virals. HBV DNA is detectable in both liver and serum of the transgenic mice
(Morrey et al., Antiviral Res., 42, 97-108, 1999).

An additional model is to establish subcutaneous tumors in nude mice with Hep G2
cells transfected with HBV. Tumors develop in about 2 weeks after inoculation and express
HBYV surface and core antigens. HBV DNA and surface antigen are also detected in the
circulation of tumor-bearing mice (Yao et al., J. Viral Hepat., 3, 19-22, 1996).

An additional model is to use is the PXB mouse as described herein, which is a
chimeric group of mice in which immunodeficient mice that have liver disease (uPA/SCID)
have been transplanted with human hepatocytes. Because the uPA/SCID mice exhibit
significant liver toxicity, transplanting healthy human cells can result in the production of a
mouse with a healthy and functional liver that has been 70 to 90 percent repopulated by
human hepatocytes. Because PXB mice exhibit normal histological structures in the liver
and exhibit many of the hallmark of human liver cells, the mice can sustain active HBV

infection in the chimeric hepatic tissues.
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An additional model is the use of the Quantum B model which is a 3 dimensional cell
culture platform in which the human hepatocytes supplied into the model, assemble in such
a way that mimics the architecture and physiology of the human liver. Because the model is
solely comprised of liver heaptocytes, it is thought to be the first long term stable fully
human full viral lifecycle model of Hepatitis B and recapitulates some critical features of the
HBYV infectious life cycle.

Any of the foregoing animal models can be used to determine the efficacy of nucleic

acid or ddRNAI1 construct of the disclosure in treating or reducing a HBV infection.

Carriers

In some examples, one or more of the nucleic acids or ddRNAi constructs or
expression vectors of the disclosure is/are provided in a composition with a carrier.

In some examples, the carrier is a lipid-based carrier, cationic lipid, or liposome
nucleic acid complex, a liposome, a micelle, a virosome, a lipid nanoparticle or a mixture
thereof.

In some examples, the carrier is a polymer-based carrier such as a cationic polymer-
nucleic acid complex.

In a further example, the carrier is a cyclodextrin-based carrier such as a cyclodextrin
polymer-nucleic acid complex.

In a further example, the carrier is a protein-based carrier such as a cationic peptide-
nucleic acid complex.

In another example, the carrier is a lipid nanoparticle. Exemplary nanoparticles are
described, for example, in US7514099.

In some examples, one or more of the nucleic acids or ddRNA1 constructs or
expression vectors of the disclosure is/are formulated with a lipid nanoparticle composition
comprising a cationic lipid/Cholesterol/PEG-C-DMA/DSPC (e.g., in a 40/48/2/10 ratio), a
cationic lipid/Cholesterol/PEG-DMG/DSPC (e.g., in a 40/48/2/10 ratio), or a cationic
lipid/Cholesterol/PEG-DMG (e.g., in a 60/38/2 ratio). In some examples, the cationic lipid is
Octyl CL in DMA, DL in DMA, L-278, DLinKC2DMA, or MC3.

In another example, one or more of the nucleic acids or ddRNAI constructs or

expression vectors of the disclosure is/are formulated with any of the cationic lipid
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formulations described in WO 2010/021865; WO 2010/080724; WO 2010/042877; WO
2010/105209 or WO 2011/022460.

In another example, one or more of the nucleic acids or ddRNAI constructs or
expression vectors of the disclosure is/are conjugated to or complexed with another
compound, e.g., to facilitate delivery of the RNA or ddRNAIi or expression construct. Non-
limiting, examples of such conjugates are described in US 2008/0152661 and US
2004/0162260 (e.g., CDM-LBA, CDM-Pip-LBA, CDM-PEG, CDM-NAGQG, etc.).

In another example, polyethylene glycol (PEG) is covalently attached to a nucleic
acid or ddRNAI1 construct or expression construct of the disclosure. The attached PEG can
be any molecular weight, e.g.,. from about 100 to about 50,000 daltons (Da).

In yet other example, one or more of the nucleic acids or ddRN A1 constructs or
expression vectors of the disclosure is/are formulated with a carrier comprising surface-
modified liposomes containing poly(ethylene glycol) lipids (PEG-modified, or long-
circulating liposomes or stealth liposomes), such as is disclosed in for example, WO
96/10391; WO 96/10390; or WO 96/10392.

In some examples, the nucleic acids or ddRN A1 constructs or expression constructs of
the disclosure can also be formulated or complexed with polyethyleneimine or a derivative
thereof, such as polyethyleneimine-polyethyleneglycol-N-acetylgalactosamine (PEI-PEG-
GAL) or polyethyleneimine-polyethyleneglycol-tri-N-acetylgalactosamine (PEI-PEG-
triGAL) derivatives. In one example, a RNA or ddRNAi or expression construct of the
disclosure is formulated as described in U.S. Patent Application Publication No.
2003/0077829.

In other examples, one or more of the nucleic acids or ddRNAIi constructs or
expression vectors of the disclosure is/are complexed with membrane disruptive agents such
as those described in U.S. Patent Application Publication No. 2001/0007666.

Other carriers include cyclodextrins (see for example, Gonzalez et al., 1999,
Bioconjugate Chem., 10, 1068-1074; or WO 03/46185), poly(lactic-co-glycolic)acid
(PLGA) and PLCA microspheres (see for example US 2002130430).
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Compositions and methods of treatment

One or more nucleic acids, ddRNAI constructs or expression vectors of the disclosure
may be used in compositions for preventing or treating HBV infection. The therapeutic
compositions of the invention may be used alone or in combination with one or more
materials, including other antiviral agents. Currently, entecavir, tenofovir, lamivudine,
adefovir dipivoxil, and interferon alpha (e.g., pegylated interferon alpha) have been
approved for treatment of HBV. Since the nucleic acids, ddRNA1i constructs or expression
vectors of the disclosure act against HBV through a different mechanism to other approved
drugs, combination therapy of the agents of the invention and other antivirals is expected to
significantly increase the efficacy of therapy while substantially reducing the development
of drug resistance, e.g., the development of lamivudine resistance, a problem of major
concern with long term lamivudine therapy.

Compositions will desirably include materials that increase the biological stability of
the nucleic acids, ddRN A1 constructs or expression vectors of the disclosure and/or materials
that increase the ability of the compositions to penetrate hepatocytes selectively. The
therapeutic compositions of the disclosure may be administered in pharmaceutically
acceptable carriers (e.g., physiological saline), which are selected on the basis of the mode
and route of administration, and standard pharmaceutical practice. One having ordinary skill
in the art can readily formulate a pharmaceutical composition that comprises one or more
nucleic acids, ddRNAi constructs or expression vectors of the disclosure. In some cases, an
isotonic formulation is used. Generally, additives for isotonicity can include sodium
chloride, dextrose, mannitol, sorbitol and lactose. In some cases, isotonic solutions such as
phosphate buffered saline are preferred. Stabilizers include gelatin and albumin. In some
examples, a vasoconstriction agent is added to the formulation. The compositions according
to the present disclosure are provided sterile and pyrogen free. Suitable pharmaceutical
carriers, as well as pharmaceutical necessities for use in pharmaceutical formulations, are
described in Remington: The Science and Practice of Pharmacy (formerly Remington's
Pharmaceutical Sciences), Mack Publishing Co., a standard reference text in this field, and
in the USP/NF.

Routes of administration include, but are not limited to, intramuscular, intraperitoneal,

intradermal, subcutaneous, intravenous, intrathecal, intraarterially, intraoccularly and oral as
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well as transdermal or by inhalation or suppository. Exemplary routes of administration
include intravenous, intramuscular, oral, intraperitoneal, intradermal, intraarterial and
subcutaneous injection. Targeted transfection of hepatocytes in vivo for delivery of nucleic
acids, ddRNAIi constructs or expression vectors of the disclosure may be accomplished
through IV injection with a composition comprising one or more nucleic acids, ddRNAi
constructs or expression vectors as described herein complexed with a mixture (e.g., a
35%/65% ratio) of a lactosyl spermine (mono or trilactosylated) and cholesteryl spermine
(containing spermine to DNA at a charge ratio of 0.8). Such compositions are useful for
pharmaceutical applications and may readily be formulated in a suitable sterile, non-
pyrogenic vehicle, e.g., buffered saline for injection, for parenteral administration, e.g., IV
(including IV infusion), IM, SC, and for intraperitoneal administration. In certain
compositions, a nucleic acid, ddRNAi construct or expression vector of the disclosure is
complexed with an endosomolytic spermine such cholesteryl spermine alone, without a
targeting spermine; some routes of administration, such as intraperitoneal injection or
infusion, may achieve effective hepatic delivery and transfection of the nucleic acid,
ddRNAI construct or expression vector.

Intraperitoneal administration (e.g., ultrasound guided intraperitoneal injection) of a
sterile pharmaceutical composition comprising one or more nucleic acids, ddRNAi
constructs or expression vectors of the disclosure in a specially formulated delivery vehicle
may be an advantageous route of delivery to promote uptake by liver cells, including
hepatocytes.

The volume, concentration, and formulation of the pharmaceutical composition as well
as the dosage regimen may be tailored specifically to maximize cellular delivery while
minimizing toxicity such as an inflammatory response. E.g, relatively large volumes (5, 10,
20, 50 ml or more) with corresponding low concentrations of active ingredients, as well as
the inclusion of an anti-inflammatory compound such as a corticosteroid, may be utilized if
desired.

In HBV infected individuals it is anticipated that a nucleic acid, ddRNAI1 construct or
expression vector of the disclosure is useful as a pre-treatment in conjunction with
therapeutic vaccination protocols designed to boost immunity against the virus. It is also

anticipated that the nucleic acids, ddRNAi constructs or expression vectors of the disclosure
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is/are useful for prophylaxis in a regimen of periodic administrations to individuals who
because of occupational or other potential for exposure are considered at high risk of

exposure to HBV.

Kits

The present disclosure also provides the nucleic acids, ddRNAi constructs and/or
expression vectors of the disclosure in a kit form. The kit may comprise a container. The kit
typically contains one or more nucleic acids, ddRNAi constructs or expression vectors of the
disclosure with instructions for its administration. In some examples, the kit contains more
than one nucleic acids, ddRNAIi constructs or expression vectors of the disclosure and/or
another nucleic acid, ddRNAI construct or expression vector of the disclosure. In some
examples, the kit contains more than one nucleic acids, ddRNAI constructs or expression
vectors of the disclosure packed together with another compound for treatment of HBV
infection (as described herein). For example, the other therapeutic agent known for treating
HBYV infection may be selected from entecavir, tenofovir, lamivudine, adefovir and/or

pegylated interferon.

Examples

Example 1 — Preparation of ddRNAI expression constructs expressing shmiRs

To produce ddRNAI1 constructs capable of expressing single shmiRs of the disclosure,
DNA sequences encoding the shmiRs are synthesized and cloned downstream of a U6
promoter (e.g., U6-1, U6-8, or U6-9). The ddRNA1 constructs are designated HBV-shmiR 1
to HBV-shmiR 16, respectively.

ddRNAI constructs capable of expressing single shRNAs which correspond to the
shmiRs of the disclosure are also produced. Briefly, DNA sequences encoding the shRNAs
are synthesized and cloned downstream of a U6 promoter (e.g., U6-1, U6-8, or U6-9) with a
proximal sequence element 7 (PSE7). The ddRNA1 constructs are designated HBV-
shRNAT to HBV-shRNA16, respectively.
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In addition, ddRNAI constructs comprising triple HBV shmiR expression cassettes
and capable of expressing three shmiRs of the disclosure are prepared. A first triple HBV
shmiR ddRNAIi construct (designated HBV-shmiRx3-v1) is synthesized comprising, ina 5’
— 3’ direction, DNA sequence coding for a U6-9 promoter, shmiR6 (SEQ ID NO: 64), a U6-
1 promoter, shmiR15 (SEQ ID NO: 73), a U6-8 promoter, and shmiR12 (SEQ ID NO: 70).
A second triple HBV shmiR ddRNAI1 construct (designated HBV-shmiRx3-v2) is also
synthesized comprising, in a 5’ — 3’ direction, DNA sequences coding for a U6-9 promoter,
shmiR6 (SEQ ID NO: 64), a U6-1 promoter, shmiR7 (SEQ ID NO: 65), a U6-8 promoter,
and shmiR12 (SEQ ID NO: 70).

A ddRNAI construct comprising a triple HBV shRNA expression cassette which is
capable of expressing three shRNAs corresponding to the three shmiRs expressed by the
construct designated HBV-shmiRx3-v1 is also prepared. Specifically, a triple HBV shRNA
ddRNAI construct (designated HBV-shRNAx3-v1) is synthesized comprising, ina 5’ — 3’
direction, DNA sequence coding for a U6-9 promoter and PSE7, shRNA6 (SEQ ID NO: 99),
a U6-1 promoter and PSE7, shRNA15 (SEQ ID NO: 108), a U6-8 promoter and PSE7, and
shRNA12 (SEQ ID NO: 105).

Example 2 — Activity of ddRNAI expression constructs in dual-luciferase reporter

assay

Efficacy of the ddRNAI constructs expressing shmiRs or shRNAs of the disclosure to
knockdown HBV transcripts is determined using dual-luciferase reporter assays in HEK293

cells.

Plasmid reporter constructs based on the pGL3 Luciferase Reporter Vector are
constructed for effector and effector complement sequences from each of the shmiRs and
shRNAs of the disclosure. Luciferase reporter constructs e.g., firefly luciferase reporter
constructs, are generated by inserting the respective effector sequence or effector
complement sequence of the shmiRs or shRNAs (as appropriate) with 20bp flanking

sequences at each end into the pGL3-control vector (Promega, Madison, WI). The inserts
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are subcloned using Fsel and Xbal restriction enzyme sites following the luciferase reporter

gene.

The dual-luciferase reporter assays are performed in HEK293 cells (ATCC). The
HEK?293 cells are cultured in DMEM medium containing 10% fetal bovine serum, 2mM
glutamine, penicillin (100U/mL), and streptomycin (100 pg/mL) at 37°C humid incubator
with 5% CO,. The HEK293 cell are seeded at a density of 2x10* cells per well into 96-well

culture plate one day prior to transfection.

ddRNAI expression constructs described in Example 1 (i.e., ddRNAI constructs
designated HBV-shmiR1 to HBV-shmiR16, HBV-shmiRx3-v1 and HBV-shmiRx3-v2) are
synthesized and inserted into an appropriate plasmid vector e.g., a pSsh vector, optionally

with a proximal sequence element 7 (PSE7) for constructs expressing shRNAs.

Expression vectors comprising the ddRNAi expression constructs are co-transfected
into HEK293 cells with a Luciferase reporter construct e.g., a firefly luciferase reporter
construct, expressing an effector sequence or effector complement sequence of the
corresponding shmiR or shRNA (as appropriate) at a ratio of 10:1 (ddRNA1 expression
construct: Luciferase reporter construct) using 0.3uL of Lipofectamine 2000 reagent (Life
Technologies, Carlsbad, CA) according to manufacturer’s instructions. Cells are also
transfected with 1ng of a Renilla reporter construct (serving as a transfection control). 48
hour post-transfection, cell lysates are collected and analyzed using Dual Luciferase
Reporter Assay System (Promega, Madison, WI). The firefly/Renilla activity ratios are
determined for each transfection. Percentage inhibition of reporter expression is calculated
relative to a negative control e.g., a construct expressing a random non-targeting sequence.

The experiment is performed in replicate.

The ability of ddRNAi expression constructs to express shmiRs of the disclosure and
inhibit expression of luciferase protein from the respective Luciferase reporter constructs is

determined.
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In addition, the three ddRNAi shmiR constructs (i.e., the ddRNAi shmiR constructs
expressing shmiR6, shmiR15 and shmiR 12 respectively) were compared for strand
preference activity relative to their shRNA expressing counterparts.. The data presented in
Figure 1A show that shmiRs display higher antisense (effector) strand activity relative to the

corresponding shRNAs.

Example 3 - Hyperfunctional properties of ddRNAi constructs expressing shmiRs

The hyperfunctional properties of three ddRNA1i constructs (i.e., the ddRNAi shmiR
constructs expressing shmiR6, shmiR15 and shmiR12 respectively) were assessed in

HEK?293 cells.

For each of the three ddRNA1 expression constructs, a well containing HEK293 cells
was co-transfected with (i) 100ng, 50ng, 20ng, 5Sng, 1.67ng, 0.56ng, 0.19ng, 0.06ng, or
0.03ng of the respective ddRN A1 expression construct, (i1) various amounts of filler plasmid
to adjust the final DNA content to 100ng, and (iii) 10ng of the corresponding Firefly
luciferase reporter construct, using 0.3uLL of Lipofectamine 2000 reagent (Life
Technologies, Carlsbad, CA) according to manufacturer’s instructions. The cells were also
transfected with 1ng of a Renilla reporter construct (serving as a loading control). 48 hour
post-transfection, cell lysates were collected and analyzed using Dual Luciferase Reporter
Assay System (Promega, Madison, WI). The firefly/ Renilla activity ratios were determined
for each well, and the inhibition efficiency of ddRNAi expression constructs were

calculated.

The activity of constructs expressing shmiR6, shmiR15 or shmiR12 (SEQ ID NO: 64,
SEQ ID NO: 73, or SEQ ID NO: 70 respectively) was determined and compared directly to
corresponding constructs expressing ShRNA6, shRNA15 and shRNA12 (SEQ ID NO: 99,
SEQ ID NO: 108, or SEQ ID NO: 105, respectively) as shown in Figure 1. These data show
that shmiR constructs were more effective than the corresponding shRNA constructs under

these experimental conditions (Figure 1A).
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Relative activities of constructs were further characterised using hyperfunctionality
assays. Hyperfunctional assays were performed by titrating down the amounts of constructs
expressing shmiRs (100ng to 0.02ng) co-transfected with a fixed amount of Firefly reporter.
These data (Figures 1B—1D) show that all three of the ddRNA1 shmiR constructs were
highly active at low concentrations compared to the corresponding constructs expressing

shRNAs, which is indicative of increased biological activity.

Example 4 — Design and testing of ddRNAI constructs expressing shmiR variants

To improve on the strand preference activity of shmiR-12 (SEQ ID NO: 54) and
shmiR-15 (SEQ ID NO: 57), variants of shmiR-12 and shmiR-15 were produced by shifting
the effector complement (sense) sequence by 1 or 2 nucleotides either upstream or
downstream. The variants of shmiR-15 are designated shmiR-17 to shmiR-22 (SEQ ID
NOs: 134-139 respectively) and the variants of shmiR-12 are designated shmiR-23 to
shmiR-28 (SEQ ID NOs: 140-145 respectively).

The influence of addition of an ‘A’ nucleotide at the 3° end or a ‘G’ nucleotide at the
5’ end of the sense sequence on thermodynamics of the shmiR variant was also assessed.
The idea is to allow for the antisense (or effector) strand to be preferentially loaded into the

RISC complex for functional RNAi activity.

For variants of shmiR-12 (i.e., shmiR-23 to shmiR28), all six shmiR variants
demonstrated better strand preference than the parental shmiR-12 (Figure 2A). For variants
of shmiR-15 (i.e., shmiR-17 to shmiR-22), four of the six variants demonstrated better
strand preference than the parental shmiR-15 (Figure 2B). Based on these results, a further
triple HBV shmiR ddRNAIi construct was designed by substituting the sequences in HBV-
shmiRx3-v1 coding for shmiR-12 and shmiR-15 with sequences coding for shmiR-24 (SEQ
ID NO: 153) and shmiR-20 (SEQ ID NO: 149), respectively, to form a third triple HBV
shmiR ddRNA1 construct (designated HBV-shmiRx3-v3).
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Example 5 - Knockdown of HBV transcripts in HepG2.2.15 cells using HBV
shmiR AdV vectors

Single and triple shmiR AdV vectors are prepared by subcloning the ddRNAI1
expression constructs described in Example 1 (i.e., ddRNAI1 constructs designated HBV-
shmiR1 to HBV-shmiR16, HBV-shmiRx3-v1 and HBV-shmiRx3-v2) into a adenovirus
(AdV) construct for virus production (Vector Biolabs, Malvern PA ).

To test the efficacy of shmiR AdV vectors described herein to knockdown expression
of HBV genes, HepG2.2.15 are infected with shmiR AdV vectors of the disclosure and

inhibition of HBV gene expression is assayed.

HepG2.2.15 is a sub-cell line of the HepG2 human hepatocellular carcinoma cell line
which stably harbors the complete HBV genome (serotype ayw, genotype D). HepG2.2.15
cells express all HBV viral RNA and proteins, produces viral genomes, and secrete virus-
like particles. HepG2.2.15 cells are maintained in the RPMI1640 medium supplemented
with 4% fetal bovine serum, 4mM glutamine, penicillin (100U/mL), and streptomycin (100
ug/mL) and propagated in a 37°C humid incubator in an atmosphere of 5% CO».

HepG2.2.15 cells are infected with the HBV shmiR AdV vectors in cell suspension
and cultured on multi-well plates. Each well contains a suspension of approximately 1.0 x
10° HepG2.2.15 cells and one of the single or triple HBV shmiR AdV vectors of the
disclosure at one of the following MOlIs: 6, 15, 30, 60, 90, or 120. Following transduction,
cells are cultured at 37°C at 5% CO> for 72h before being harvested for RNA and DNA

extraction using Qiagen miRNeasy mini kit and QiAmp DNA mini kit, respectively

(Valencia, CA).

Total RNA is isolated using miRNeasy Mini Kit (Qiagen, Valencia, CA). Total RNA
is quantified using the NanoDrop 1000 Spectrophotometer (Thermo Scientific) and diluted

to a working concentration of 10 ng/pl.

shmiR copies per cell are determined for each shmiR of the disclosure when expressed

in HepG2.2.15 cells from single or triple HBV shmiR AdV vector(s) at the various MOIs
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using Qiagen’s miScript PCR system. For each RT-qPCR analysis, 50ng of total RNA is
converted into cDNA using Qiagen’s miScript II RT kit. Quantitative PCR of shmiRs is
carried out using Qiagen miScript SYBR green PCR kit with custom primers designed for
the respective shmiRs and the following real-time PCR conditions: initial denaturation at
95°C for 15min followed by 40 cycles of 94°C for 15sec, 55°C for 30sec and 70°C for
30sec.

Levels of inhibition of HBV transcripts at regions corresponding to HBV antigens
HBsAg, HBcAg and HbxAg, relative to levels of GAPDH mRNA, are determined by
normalizing the respective HBV mRNA transcript levels to GAPDH mRNA for each
sample. Briefly, 100ng of total RNA is used to synthesize cDNA using High Capacity
cDNA Reverse Transcription Kit (Life Technologies, Carlsbad, CA) according to
manufacturer instructions. Quantitative PCR amplifications of regions within HBV antigens
HBsAg, HBcAg, HbxAg, and GAPDH is then performed using Power SYBR Green PCR
Master Mix (Life Technologies) and the primer sets listed in Table 1. Standard real-time
PCR conditions are used: initial denaturation at 95°C for 10min followed by 40 cycles of

95°C for 15sec and 60°C for 1 min.

Table 1 — Primer sets for RT-qPCR

HBYV Antigen Primer Sequence (5’ —3’)

HBsAg HBsAg fwd ATGTTGCCCGTTTGTCCTCT
HBsAg_rev CCGTCCGAAGGTTTGGTACA

HBxAg HBxAg fwd CGTCCTTTGTTTACGTCCCG
HBxAg_rev AGTCCGCGTAAAGAGAGGTG

HBcAg HBcAg_fwd CCACCAAATGCCCCTATCCT
HBcAg_rev ATTGAGACCTTCGTCTGCGA

GAPDH GAPDH_fwd ACACCATGGGGAAGGTGAAG
GAPDH_rev GTGACCAGGCGCCCAATA

Levels of inhibition of HBV transcripts at regions corresponding to HBV antigens

HBsAg, HBcAg and HbxAg, relative to levels of GAPDH mRNA, for each shmiR of the
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disclosure (expressed individually, or as part of a triple construct), is determined at various

MOlIs.

Example 6 - Knockdown of HBV transcripts in HepG2.2.15 cells using HBV
shmiR AdV vectors

Single and triple shmiR or shRNA AdV vectors were prepared by subcloning the
ddRNAI expression constructs described in Example 1 (i.e., ddRNAI constructs designated
HBV-shmiR1 to HBV-shmiR16, HBV-shRNA1-HBV-shRNA16, HBV-shmiRx3-v1, HBV-
shmiRx3-v2 and HBV-shRNAx3-v1) into a adenovirus (AdV) construct for virus production
(Vector Biolabs, Malvern PA).

To test the efficacy of shmiR AdV vectors described herein to knockdown expression
of HBV genes, HepG2.2.15 are infected with shmiR AdV vectors of the disclosure and

inhibition of HBV gene expression is assayed.

HepG2.2.15 is a sub-cell line of the HepG2 human hepatocellular carcinoma cell line
which stably harbors the complete HBV genome (serotype ayw, genotype D). HepG2.2.15
cells express all HBV viral RNA and proteins, produces viral genomes, and secrete virus-
like particles. HepG2.2.15 cells are maintained in the RPMI1640 medium supplemented
with 4% fetal bovine serum, 4mM glutamine, penicillin (100U/mL), and streptomycin (100

ng/mL) and propagated in a 37°C humid incubator in an atmosphere of 5% CO,.

HepG2.2.15 cells were infected with the HBV shmiR AdV vectors or HBV shRNA
AdV vectors in cell suspension and cultured on multi-well plates. Each well contained a
suspension of approximately 1.25 x 10° HepG2.2.15 cells and one of the single or triple
HBYV shmiR AdV vectors, or one of the single or triple HBV shRNA AdV vectors, at MOI-
100. Following transduction, cells were cultured at 37°C at 5% CO» for 3-7 days and

harvested for total RNA isolation using Qiagen miRNeasy mini kit (Valencia, CA) at 3, 4, 5,

and 6 days post-transfection.

Total RNAs were quantified using the NanoDrop 1000 Spectrophotometer (Thermo

Scientific) and then diluted to a working concentration of 10 ng/pl.
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RNAI effector molecules expressed as copies per cell were determined for shmiR-12
and shmiR-15 (Figures 3A and 3B, respectively) when expressed in HepG2.2.15 cells from
single or triple HBV shmiR AdV vector(s) using Qiagen’s miScript PCR system (designed
to quantitate RNA effector molecules processed from shmiR or shRNA). ShmiR expression
was compared to levels of effector RNAi molecules induced by corresponding shRNAs in
the context of single and triple constructs. For each RT-qPCR analysis, 50ng of total RNA
was converted into cDNA using Qiagen’s miScript I RT kit. Quantitative PCR of effector
RNAIi molecules was carried out using Qiagen miScript SYBR green PCR kit with custom
primers designed for the respective RNAi molecules using the following real-time PCR
conditions: initial denaturation at 95°C for 15min followed by 40 cycles of 94°C for 15sec,
55°C for 30sec and 70°C for 30sec. Results demonstrated that the levels of effector RN A1
molecule against regions of the HBV genome expressed by shmiRs-12 and shmiR-15 are
higher than the corresponding shRNAs i.e., sShRNA-12 and shRNA-15 respectively (Figure
3).

Levels of inhibition of HBV transcripts at regions corresponding to HBV antigens
HBsAg, HBcAg and HbxAg, relative to levels of GAPDH mRNA, were determined

according to the method described in Example 5.

Levels of inhibition of HBV transcripts at regions corresponding to HBV antigens
HBsAg, HBcAg and HbxAg, relative to levels of GAPDH mRNA, for each shmiR of the
disclosure (expressed individually, or as part of a triple construct), was determined at an
MOTI of 100 at 3, 4, 5 and 6 days after infection with HBV shmir or sShRNA AdV vectors. As
shown in Figures 4A and B, shmiR-12 and shmiR-15 showed greater silencing of HBV

RNAs compared to the corresponding shRNA expressing constructs.

Example 7 — Generation of self-complementary AAV-based plasmid constructs

and viruses expressing HBV shmiRs

Self-complementary adeno-associated virus type 2 (scAAV2) plasmids expressing
three shmiRs of the disclosure are generated by subcloning the triple HBV shmiR ddRNAi

constructs of Example 1 into a scAAV2 backbone.
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Briefly, the triple HBV shmiR ddRNAIi constructs of Example 1 (i.e., ddRNA1
constructs designated HBV-shmiRx3-v1 and HBV-shmiRx3-v2) are cloned into a pAAV2
vector backbone to produce vectors designated pAAV-HBV-shmiRx3-v1 and pAAV-HBV-
shmiRx3-v2, respectively. An AAV viral plasmid control expressing a non-targeting shmiR

(pAAV- control-shmiR) may also be produced.

Recombinant pseudotyped AAV vector stocks are then generated using a AAV8
capsid. Briefly, HEK293T cells are cultured in roller bottles in Dulbecco's modified Eagle's
medium, supplemented with 10% FBS, and incubated at 37°C and 5% CO,. Each of the
pAAV-triple HBV shmiR viral plasmids (pAAV-HBV-shmiRx3-v1 and pAAV-HBV-
shmiRx3-v2) and a pAAVhelpercap8 plasmid (pDP8r) is complexed with polyethyleneimine
(PEI) according to the manufacturer’s instructions. Double-transfections are then performed
with one of the pAAV-triple HBV shmiR viral plasmids (pAAV-HBV-shmiRx3-v1 and
pAAV-HBV-shmiRx3-v2) and pDP8r in the HEK293T cells. The HEK293T cells are
cultured for a period of 72 hours at 37°C and 5% CO,, after which time the cells are lysed
and scAAV shmiR-expressing particles for each of the viral plasmids are purified by
iodixanol (Sigma-Aldrich) step-gradient ultracentrifugation. The number of vector genomes
is determined using Tagman quantitative polymerase chain reaction (Q-PCR) with primers

and probe designed against a region between expression cassettes.

For viral plasmids designated pAAV-HBV-shmiRx3-v1, pAAV-HBV-shmiRx3-v2
and pAAV- control-shmiR, the corresponding scAAVS viral preparations are designated
scAAV-HBV-shmiRx3-v1, scAAV-HBV-shmiRx3-v2 and scAAV- control-shmiR,

respectively.

Single stranded adeno-associated virus (sSAAV) plasmids expressing the three shmiRs
of the disclosure are also generated by subcloning the triple HBV shmiR ddRNAi constructs

of Example 1 into a sSAAV vector backbone.
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Example 8 — Generation of self-complementary and single stranded AAV8-based

plasmid constructs and viruses expressing HBV shmiRs or shRNAs

A single-stranded adeno-associated virus type 2 (sSAAV2) plasmid expressing three
shmiRs of the disclosure was generated by subcloning the triple HBV shmiR ddRNAI1
construct of Example 1 designated HBV-shmiRx3-v1 into a ssAAV8 backbone. Similarly,
ssAAVS and self-complementary adeno-associated virus type 2 (scAAV?2) plasmids
expressing three shRNAs corresponding to the shmiRs of HBV-shRNAx3-v1 were
generated by subcloning the triple HBV shRNA ddRNAIi construct of Example 1 designated
HBV-shRNAx3-v1 into a sSAAV2 or scAAV?2 backbone. The DNAs were designed to

express as recombinant AAV single stranded DNA genomes, as shown in Figure 5.

Recombinant pseudotyped AAV vector stocks were then generated for the each of the
AAV?2 plasmids using a commercially obtained AAVS capsid (Vector Biolabs, Malvern PA;
Nationwide Children’s Hospital, Columbus OH; Powell Gene Therapy Center, University of
Florida) in accordance with the methods described in Example 7. The pseudotyped AAV
vector stocks were designated sSAAVE-HBV-shmiRx3-v1, sAAV8-HBV-shRNAx3-v1 and
scAAV8-HBV-shRNAx3-v1, respectively.

Example 9 — Inhibition of HBV parameters in vivo

The in vivo effect of the scAAV shmiR-expressing particles designated scAAV-HBV-
shmiRx3-v1 and scAAV-HBV-shmiRx3-v2 on (i) expression of HBV viral transcripts, (i1)
extracellular HBsAg and HBeAg, (iii) extracellular and intracellular HBV DNA, and (iv)
formation of cccDNA, is determined in a PXB mouse model infected de novo with HBV

inoculum.

Methods
The scAAV shmiR-expressing particles designated scAAV-HBV-shmiRx3-v1 and
scAAV-HBV-shmiRx3-v2 are prepared in accordance with Example 7.
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Chimeric PXB mice (PXB—mice®) are obtained from PhoenixBio. All mice are
housed individually at 23+5°C and a humidity of 55+25% humidity, exposed to 12 hours-

light/dark cycles and fed and watered ad libitum throughout the experiment.

PXB mice are inoculated with HBV genotype C and incubated for 4 weeks to allow
baseline HBV infection to establish. To determine baseline HBV infection, blood is taken
from mice at days -28, -21, -14 and -7 (i.e., 0, 7, 14 and 21 days post inoculation,
respectively), from which human albumin (h-Alb) concentration and serum concentrations

of HBV DNA, HBsAg and HBeAg can be determined.

Blood is collected from animals under anesthesia at each time point e.g., by isoflurane
anesthesia (Escain®, Mylan, Osaka, Japan) via the retro-orbital plexus/sinus using

IntramedicTM Polyethylene Tubing (Becton, Dickinson and Company, NJ, USA).

From the blood collected, 2 puL of whole blood is diluted in saline and blood h-Alb
concentration is measured by latex agglutination immunonephelometry (LZ Test “Eiken” U-

ALB, Eiken Chemical Co., Ltd., Tokyo, Japan) using a clinical chemistry analyzer
(BioMajestyTM Series JCA-BM6050, JEOL Ltd., Tokyo, Japan).

Remaining whole blood is centrifuged to separate serum for HBV DNA quantification,

HBsAg and HBeAg analysis.

To measure serum HBV DNA, HBV DNA is extracted from 5 pL of serum using the
SMITESTEX-R&D Nucleic Acid Extraction Kit (MEDICAL & BIOLOGICAL
LABORATORIES CO., LTD., Nagoya, Japan). The purified DNA is then dissolved in 20uL
nuclease-free water (Ambion). Serum from an HBV-infected PXB-mouse is used as an
HBV DNA standard. Synthetic HBV DNA is used to determine the concentration of the
HBV DNA standard which is then used in quantification of the serum HBV DNA level. The
HBV DNA is extracted from the HBV DNA standard and used for real-time PCR after
+04

appropriate dilution. The range of the standard used may be between, for example, 4.0E

and 2.0E* copies/mL.
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Real-time PCR is then performed to measure serum HBV DNA concentration e.g.,
using the TagMan Fast Advanced Master Mix (Applied Biosystems, Thermo Fisher
Scientific Inc.) and ABI Prism 7500 sequence detector system (Applied Biosystems). The
PCR reaction mixture is added into 5 pL of the extracted DNA. The initial activation of

5 uracil-N-glycosylase at 50°C for 2 minutes is followed by the polymerase activation at 95°C
for 20 seconds. Subsequent PCR amplification consists of 53 cycles of denaturation at 95°C
for 3 seconds and annealing and extension at 60°C for 32 seconds per cycle in an ABI 7500
sequence detector. The average serum HBV DNA level is calculated from the values of two

separate wells.

10 The primers and probes used for real time PCR are as follows:
Target Sequence Information
Identification | Location | Dye 5’ Nucleotides 3’ Dye
Forward primer | 166-186 | n/a CACATCAGGATTCCTAGGACC (SEQID NO: 158) | n/a
Reverse primer 344-325 | n/a AGGTTGGTGAGTGATTGGAG (SEQ ID NO: 159) n/a
CAGAGTCTAGACTCGTGGTGGACTTC
TagMan probe 242-267 | 6-FAM | (SEQ ID NO: 160) TAMRA

Serum HBsAg and HBeAg concentrations are determined using ChemiLuminescence

ImmunoAssay (CLIA) e.g., as developed by Abbott (ARCHITECT® SYSTEM). .

Animals will only be included for subsequent treatment experiment if they met the
15  following criteria:
(1) weigh 15g or more at day -1 (i.e., day 27 post HBV inoculation);
(ii)  have a serum HBV DNA concentation of at least 1.0E* copies/mL at day -7
(i.e., day 21 post HBV inoculation); and
(ii1))  have a h-Alb measurement of 10mg/mL or more at day -7 (i.e., day 21 post

20 HBY inoculation).

Mice in which baseline HBV infection is established and which meet the criteria
above are placed into treatment groups. To minimise variance between groups, the group
composition may be randomised based on the arithmetic mean values for body weight and

25  geometric mean values for blood h-Alb concentration and serum HBV DNA concentration.
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The treatment groups are as follows:

Group 1: a single 200 pul bolus of physiological saline only;

Group 2: a single 200 pl bolus of physiological saline containing 2.0E+13 (vg/kg)
sSAAV-HBV-shmiRx3-v1 viral particles delivered to the tail vein by IV
injection; and

Group3: a single 200 pl bolus of physiological saline containing 2.0E+13 (vg/kg)
scAAV-HBV-shmiRx3-v2 viral particles delivered to the tail vein by IV

injection.

All mice are anesthetised with 2-4% isoflurane immediately prior to treatment.

Following administration of the treatment (day (), animals are then incubated for a
further 56 days. During this time blood is taken on a weekly basis for 8 weeks (at days 7,
14, 21, 28, 35, 42, 49 and 56 post treatment), and serum concentrations of extracellular
HBsAg, extracellular HBeAg and extracellular HBV DNA determined by real time PCR,

using the methodologies described.

After the completion of blood sampling on Day 56, all the surviving animals are kept

under isoflurane anesthesia and sacrificed by cardiac puncture and exsanguination.

Once sacrificed, whole livers are harvested from mice and weighed. A slice of liver of
3 to 5 mm in thickness is obtained from left lateral lobe and cut into cubes approximately 1
to 2 mm on a side. These liver cubes are transferred into a labelled tube and immersed in
RNAlater® solution (Ambion, Thermo Fisher Scientific Inc., Waltham, MA, USA) as
quickly as possible. The liver samples are incubated in >5 volumes of RNAlater® overnight
at 4°C to allow the solution to penetrate the tissue. After the incubation, the RNAlater®
solution is removed and the liver pieces are stored at —80°C for subsequent quantification of

hepatic HBV DNA levels.

To determine the level of hepatic HBV DNA following treatment, HBV DNA is
extracted from frozen RN Alater®-preserved liver tissue using the DNeasy® Blood & Tissue

Kits (Qiagen K.K., Tokyo, Japan). The DNA is dissolved in 200 pL nuclease-free water,
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after which the concentration of the DNA solution is determined using BioPhotometer 6131
(Eppendorf Co., Ltd., Tokyo, Japan). The concentration of DNA solution is adjusted to 20

ng/uL using Nuclease-free water.

Real-time PCR to measure liver HBV cccDNA concentration is then performed using
the TagMan Fast Advanced Master Mix and ABI Prism 7500 sequence detector system.
Briefly, the PCR reaction mixture is added into 5 pL of the extracted DNA. The PCR
reaction is conducted based on the Takkenberg’s condition. The initial activation of uracil-
N-glycosylase at 50°C for 2 minutes is followed by the polymerase activation at 95°C for 20
seconds. Subsequent 55 cycles of PCR amplification is then conducted at 95°C for 3 seconds
and 60°C for 32 seconds per cycle e.g., in an ABI 7500 sequence detector. The average
HBYV cccDNA level is calculated from the values of the two separate wells. A plasmid
containing the HBV full-genome sequence is used as a standard sample for HBV cccDNA
quantification. The range of the standard used may be between 1.0E** and 1.0E*®

copies/100 ng DNA.

The primers and probes used for real time PCR are as follows:

Target Sequence Information
Identification Location Dye 5’ Nucleotides 3’ Dye
Forward primer [ 1545-1563 n/a CTCCCCGTCTGTGCCTTCT (SEQ ID NO: 161) n/a
Reverse primer 1900-1883 n/a GCCCCAAAGCCACCCAAG (SEQ ID NO: 162) n/a
CGTCGCATGGARACCACCGTGAACGCC
TagMan probe 1602-1628 6-FAM | (SEQ ID NO: 163) TAMRA

Example 10 — Inhibition of HBV parameters in a Chimeric Mouse Model

The in vivo effect of the anti-HBV shmiR or shRNA-expressing AAV particles (as
illustrated in Figure 5) was determined in a PXB chimeric mouse model infected de novo
with HBV inoculum. Inhibition of various HBV parameters was assessed: (i) expression of
HBYV viral transcripts, (ii) extracellular HbsAg, HBcAg and HBeAg, (iii) extracellular and
intracellular HBV DNA, and (iv) formation of cccDNA.
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The anti-HBV shmiR or shRNA-expressing AAVS particles described in Example 8
were tested in the PXB chimeric mouse model (Figure 6). The theee anti-HBV AAVS
particles tested were as follows:

(D) a sSAAVS containing HBV-shRNAx3-v1 (ssAAVS-HBV-shRNAx3-v1);
(2) a scAAVS containing HBV-shRNAx3-v1 (scAAV8-HBV-shRNAx3-v1); and
3) a sSAAVS containing HBV-shmiRx3-v1 (ssAAV8-HBV-shmiRx3-v1).

This in vivo study assessed the activity of single doses of ssAAV8-HBV-shRNAXx3-
vl, scAAVE8-HBV-shRNAx3-v1 and ssAAV8-HBV-shmiRx3-v1 in the PXB mouse model
when administered as monotherapy or when used in combination with HBV standard of care

agents like entecavir (ETV) or pegylated interferon (PEG-IFN).

Methods

Chimeric PXB mice (PXB—mice®) were obtained from PhoenixBio. All mice were
housed individually at 23+5°C and a humidity of 55+25% humidity, exposed to 12 hours-
light/dark cycles and fed and watered ad libitum throughout the experiment. Measurement of
human serum albumin approximately 10 weeks after hepatocyte transplantation was used to
ensure that the starting livers were comprised of at least 80% human hepatocytes. All
chimeric animals passing this threshold of human hepatocyte composition were infected
with HBV genotype C and incubated for 4 weeks to allow baseline HBV infection to
establish. To determine baseline HBV infection, blood was taken from mice at days -28, -
21,-14 and -7 (i.e., 0,7, 14 and 21 days post inoculation, respectively), from which human
albumin (h-Alb) concentration and serum concentrations of HBV DNA, HBsAg and HBeAg
were determined. These permit detection of liver damage in test animals - no adverse

reactions were detected.

Blood was collected from animals under anesthesia at each time point e.g., by
isoflurane anesthesia (Escain®, Mylan, Osaka, Japan) via the retro-orbital plexus/sinus
using IntramedicTM Polyethylene Tubing (Becton, Dickinson and Company, NJ, USA).
From the blood collected, 2 puL of whole blood was diluted in saline and blood h-Alb

concentration measured by latex agglutination immunonephelometry (LZ Test “Eiken” U-
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ALB, Eiken Chemical Co., Ltd., Tokyo, Japan) using a clinical chemistry analyzer
(BioMajestyTM Series JCA-BM6050, JEOL Ltd., Tokyo, Japan).

Remaining whole blood was centrifuged to separate serum for HBV DNA
quantification, HbsAg, HBcAg and HBeAg analysis. To measure serum HBV DNA, HBV
DNA was extracted from 5 pL of serum using the SMITESTEX-R&D Nucleic Acid
Extraction Kit (MEDICAL & BIOLOGICAL LABORATORIES CO., LTD., Nagoya,
Japan). The purified DNA was then dissolved in 20uL nuclease-free water (Ambion).
Serum from an HBV-infected PXB-mouse was used as an HBV DNA standard. Synthetic
HBV DNA was used to determine the concentration of the HBV DNA standard which was
then used in quantification of the serum HBV DNA level. The HBV DNA was extracted
from the HBV DNA standard and used for real-time PCR after appropriate dilution. The

range of the standard used may be between, for example, 4.0E4 and 2.0E9 copies/mL.

Real-time PCR was then performed to measure serum HBV DNA concentration e.g.,
using the TagMan Fast Advanced Master Mix (Applied Biosystems, Thermo Fisher
Scientific Inc.) and ABI Prism 7500 sequence detector system (Applied Biosystems). The
PCR reaction mixture was added into 5 pL of the extracted DNA. The initial activation of
uracil-N-glycosylase at 50°C for 2 minutes was followed by the polymerase activation at
95°C for 20 seconds. Subsequent PCR amplification consisted of 53 cycles of denaturation
at 95°C for 3 seconds and annealing and extension at 60°C for 32 seconds per cycle in an
ABI 7500 sequence detector. The average serum HBV DNA level was calculated from the

values of two separate wells.

The primers and probes used for real time PCR were as follows:

Target Sequence Information
Identification | Location | Dye 5’ Nucleotides 3’ Dye
Forward primer | 166-186 | n/a CACATCAGGATTCCTAGGACC (SEQ ID NO: 158) | n/a
Reverse primer 344-325 | n/a AGGTTGGTGAGTGATTGGAG (SEQ ID NO: 159) n/a
CAGAGTCTAGACTCGTGGTGGACTTC
TagMan probe 242-267 | 6-FAM | (SEQ ID NO: 160) TAMRA
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Serum HBsAg and HBeAg concentrations were determined using
ChemilLuminescence ImmunoAssay (CLIA) e.g., as developed by Abbott (ARCHITECT®
SYSTEM).

Animals were only included for subsequent treatment if they met the following
5  criteria:
(1) weighed 15g or more at day -1 (i.e., day 27 post HBV inoculation);
(i)  had a serum HBV DNA concentation of at least 1.0E** copies/mL at day -7
(i.e., day 21 post HBV inoculation); and
(ii1))  had a h-Alb measurement of 10mg/mL or more at day -7 (i.e., day 21 post
10 HBY inoculation).

Mice in which baseline HBV infection was established and which met the criteria
above were placed into treatment 12 groups with each group comprised of either 4 or 5
mice. To minimise variance between groups, the group composition was randomised based
on the arithmetic mean values for body weight and geometric mean values for blood h-Alb

15 concentration and serum HBV DNA concentration.
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The treatment groups were as follows:
No. uf i Bose
1/ N e - N
Group Strain ({;\D) ¢ Test compound Level* Cone % Volume Route Frequency
{mlkg)
: PXi 3 Contro! Vehic] 0 o 00 ul ; Single, Day 0
(HBY C-infected) | {103-105) nivo: vewde total e mate, ey
PXB 4 . . . QD, for 91 days
2 BTV 0.006 DDOGH 10 . :
(HBY C-infected) | {201-20%) o Days 0 90
3 FXB 4 Pegasys 0.03 0.003 10 € - ;’;’:3:“';::
e a8y . 003 .. ey 17 and 4% davs
(HBV C-infected) | (301-304) i R End AR
of week
PXB 5 200 ul ,
4 8B-181 2.00B+13 | TP ! L. ingle, Day ©
(HEV C-fufected) | {401-405) BOE~13 ol v Single, Day
g 260 i _ .
- 4 1 - o N ‘l
. PXB s BH-161 2.00E+13 | TR total iv. Single, Day 6
N (HEV Cinfected (301505 D, for $1 days
¢ infected) | ¢ ) ETV 0606 | 0.0006 10 no. @D, for §1 days
Days 0 to 80
el
8B-101 2OGES13 | TBPY* A'D?.ilw L. Single, Day §
& bxs 3 - BIW, for 13 wesks
R . 5 10T WESKE
HBV Cinfected (6031603 :
{ od) v ) Pegasys G.03 0.003 10 8.8, exery 1% and 47 days
of week
PXE 5 200 ut
7 88-102 LO0ES13 | TBPYS* ! Ly, Single, Day 0
! (HBV Confected) | {701-705) il & Hmgie, Uiy
BR-102 2008413 | Topews | 200 i¥ Single, Day €
s PXB 5 ) ) total o e
HBY C-infected (B01-§05 D, for 91 days
¢ infeoted) | ) ETV 6006 | 0.0606 10 no. D, for 91 days
Days O to0 90
. - 200 pho| -
BB-102 2O0E+13 | TBP#*¥ iv. Single, Day ©
i
0 b s BIW, for 13 weeks
HBY C-nfected (951905 » HOL A3 wie
¢ fufeored) | ) Pogasys 6.0 D.003 10 se | oyery 1% and 4% days
of week
BXB 4 200 0k . .
16 BB-103 3LGERS | TBPS ! Single, Day 0
(HBY C-infeoted) | (1001-1009) > < el v R, LY
. 200l | . o
] BR-103 2865413 | TP iv. Singie, Day §
. PXRB 4 gl
HBY C-infoctid 11011104 T, for 01 davs
( infecied) | ( ) ETY 0006 | 0.0006 10 P QD for 81 days
Days § 1o 90
el
BR163 TOGE+13 | TRPw HLD ?;1& by Single, Day 0
i2 bxs 4 - BIW, for 13 wesks
R . 5 10T WESKE
HBV Cinfected 1201-12043 :
{ od) ( ! Pegasys G.03 0.003 10 8.8, exery 1% and 47 days
of week

* o e'ke for BTV and Pegasys: va'ke for BB-101, BB-142 and BB-103
*¥* wgml for ETV and Pogasye
®x%: To be prepared on the day of dosing based on the bodyweight 1o achieve the targer dose level. For final concenuations, please sec Appoudix 3.
afa:  Notapphicable

HBV-infected mice treated with saline served as the negative controls. Groups treated
with standard of care agents against HBV served as positive controls: entecavir was
administered daily at 6 ug/kg or pegylated interferon was given twice weekly at 30 ug/kg.
For the anti-HBV ddRNAI treatment groups, sSAAV8-HBV-shRNAx3-v1, scAAVS§-HBV-
shRNAx3-v1 or ssAAV8-HBV-shmiRx3-v1 was administered once at a dose of 2x10E+13
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vg/kg by a low pressure tail vein injection at Day 0. Co-treated animals started daily ETV at
Day 1 or were dosed the first time with PEG-IFN on Day 4

All mice were anesthetised with 2-4% isoflurane immediately prior to treatment.

Following administration of the treatment (day 0), animals were then incubated for a
further 91 days. During this time blood was taken on a weekly basis for 13 weeks (at days
7,14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, and 91 post treatment) and serum concentrations
of extracellular HBV DNA (viral titer) and extracellular HBsAg were measured. HBeAg
levels were measured every other week through Day 70 and then weekly thereafter until the

conclusion of the 91 day experiment.

After the completion of blood sampling on Day 91, all the surviving animals were kept
under isoflurane anesthesia and sacrificed by cardiac puncture and exsanguination. Once
sacrificed, whole livers were harvested from mice and weighed. A slice of liver of 3 to 5
mm in thickness was obtained from left lateral lobe and cut into cubes approximately 1 to 2
mm on a side. These liver cubes were transferred into a labelled tube and immersed in
RNAlater® solution (Ambion, Thermo Fisher Scientific Inc., Waltham, MA, USA) as
quickly as possible. The liver samples were incubated in >5 volumes of RNAlater®
overnight at 4°C to allow the solution to penetrate the tissue. After the incubation, the
RNAlater® solution was removed and the liver pieces were stored at —80°C for subsequent
quantification of the various hepatic HBV DNA and RNAs as well as expression levels of

recombinant AAV derived shRNA or shmiR RNAs.

To determine the level of hepatic HBV DNA following treatment, HBV DNA was
extracted from frozen RN Alater®-preserved liver tissue using the DNeasy® Blood & Tissue
Kits (Qiagen K.K., Tokyo, Japan). The DNA was dissolved in 200 pL nuclease-free water,
after which the concentration of the DNA solution was determined using BioPhotometer
6131 (Eppendorf Co., Ltd., Tokyo, Japan). The concentration of DNA solution was adjusted

to 20 ng/uL using Nuclease-free water.
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Real-time PCR to measure liver HBV cccDNA concentration was then performed
using the TagMan Fast Advanced Master Mix and ABI Prism 7500 sequence detector
system. Briefly, the PCR reaction mixture was added into 5 uL of the extracted DNA. The
PCR reaction was conducted based on the Takkenberg’s condition. The initial activation of
uracil-N-glycosylase at 50°C for 2 minutes was followed by the polymerase activation at
95°C for 20 seconds. Subsequently 55 cycles of PCR amplification was then conducted at
95°C for 3 seconds and 60°C for 32 seconds per cycle e.g., in an ABI 7500 sequence
detector. The average HBV cccDNA level was calculated. A plasmid containing the HBV
full-genome sequence was used as a standard sample for HBV cccDNA quantification. The

range of the standard used may be between 1.0E+02 and 1.0E+05 copies/100 ng DNA.

The primers and probes used for real time PCR were as follows:

Target Sequence Information
Identification | Location | Dye 5’ Nucleotides 3’ Dye
Forward
primer 1545-1563 | n/a CTCCCCGTCTGTGCCTTCT (SEQ ID NO: 161) n/a
Reverse
primer 1900-1883 | n/a GCCCCAAAGCCACCCAAG (SEQ ID NO: 162) n/a

CGTCGCATGGARACCACCGTGAACGCC

TagMan probe | 1602-1628 | 6-FAM | (SEQ ID NO: 163) TAMRA

Real-time PCR was used to quantitate the liver production of anti-HBV effector RNA1

molecules and inhibition of HBV mRNA transcript as described in Examples 5 and 6.

Results:
For brevity, only the key data points obtained for scAAV8-HBV-shRNAx3-v1 and

ssAAVE8-HBV-shmiRx3-v1 is presented.

The virus titer in saline treated animals remained relatively constant over the 13 weeks
of the experiment (Figure 7) at greater than 1E+08 HBV DNA copies/ml. A treatment arm
consisting only of daily ETV resulted in in a 2.63 log drop in serum HBV DNA levels.
Dosed in the absence of other anti-viral drugs, sSAAV8-HBV-shmiRx3-v1 and scAAVS-
HBV-shRNAXx3-v1 resulted in corresponding maximum drop of serum HBV DNA levels at
2.17 log and 1.87 log reduction, respectively. However, a modest rebound of HBV DNA
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levels was noted following 63 days of treatment. Yet, in combination with daily entecavir, a
single dose of ssSAAV8-HBV-shmiRx3-v1 and scAAV8-HBV-shRNAx3-v1 dropped the
serum HBV DNA levels below 3.72 log, the lower limit of quantification (LLOQ) for the
assay. Although it is difficult to accurately quantify HBV DNA levels, it appears that the

reduction in viral burden continued to diminish until the end of the 91 day experiment.

The s-antigen (HBsAg) is a known contributor to immunosuppression and HBV
chronicity. It is believed that the high levels of HBsAg expression that occur in active
infection are problematic towards achieving a cure. A “cure” is often defined by the
seroconversion of HBV infected patients defined by the expression of anti-HBsAg
antibodies. Treatment of the infected chimeric mice with either sSAAV8-HBV-shmiRx3-v1
+ ETV or scAAV8-HBV-shRNAx3-vl + ETV dropped HBsAg levels by 2.14 log and 1.86
log respectively (Figure 8). Treatment with ETV as a monotherapy only dropped HBsAg
levels by 0.46 log.

Treatment with ssSAAV8-HBV-shmiRx3-v1 + ETV dropped HBeAg levels by 1.90
log, and treatment with scAAV8-HBV-shRNAx3-v1 + ETV dropped HBeAg levels by 1.42
log. Treatment with entecavir only dropped HBsAg levels by 0.37 log (Figure 9).

In addition to co-treatment with ETV, this study tested combinations of either
scAAVE8-HBV-shRNAXx3-v1 or ssAAV8-HBV-shmiRx3-v1 when co-administered with
PEG-IFN. A single administration of either scAAV8-HBV-shRNAx3-v1 or ssAAV8-HBV-
shmiRx3-v1 on top of a regimen consisting of pegylated interferon given twice weekly
resulted in a significant decrease in HBV serum DNA levels at 2.67 and 3.27 log
respectively (Figure 10).

At the conclusion of 91 days of drug treatment, the mice were sacrificed, the livers
harvested and DNA and RNA were purified from these tissues to explore a number of
hepatocyte parameters. For instance, as an RNA interference agent, ssAAVS-HBV-

shmiRx3-v1 is expected to reduce levels of the HBV viral transcripts present in the cells.

Using primer/probe sets that are located near each of the RNAi-induced cleavage sites,
the levels of HBV RNA was assessed by RT-QPCR (Figure 11). Although pegylated

interferon had strong levels of activity as a monotherapy, the impact of entecavir was on
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HBV RNA levels was modest, achieving roughly a 50% reduction through 13 weeks of
treatment. As a monotherapy, ssAAV8-HBV-shmiRx3-v1 had robust suppression of viral
RNA resulting in greater than 94% reduction of the HBV transcripts. A combination of
ssSAAVS8-HBV-shmiRx3-v1 with either of the two anti-viral agents further boosted the

ability to inhibit viral RNA with suppression levels reaching as high as 98.6%.

Intracellular HBV DNA, as well as cccDNA, was also assessed from the liver samples
using quantiative PCR. Treatment with either entecavir or pegylated interferon alone was
able to drop intracellular DNA levels by 2 logs (Figure 12, left panel). Yet, a single addition
of ssAAVE8-HBV-shmiRx3-v1 into the treatment regimen further reduced intracellular DNA
levels by 3 logs. Although RNA interference does not directly attack the intracellular HBV
DNA, it is likely that a reduction of the RNA and corresponding transcripts reduce the
ability of the reverse transcription process to covert the pgRNA template into the DNA
intermediate leading to its reduction. Indeed, while a modest reduction of cccDNA occurred
of slightly more than a one log reduction with ETV, the addition of ssAAV8-HBV-
shmiRx3-v1 did not significantly cause further reduction of cccDNA levels (Figure 12, right

panel).

Expression of RNAi effector molecules from liver tissues of PXB mice was also
determined via RT-QPCR (Figure 13) and next-generation sequencing (NGS, Figure 14-16).
NGS data show that the number of predominate RNAi effector species is limited to 2 to 3
when produced from a shmiR (sSAAV8-HBV-shmiRx3-v1). The number of effector species
is increased dramatically when produced from shRNA (ssAAV8-HBV-shRNAx3-v1 and
scAAV8-HBV-shRNAx3-vl). As a shmiR precursor, the small RNA transcript enters the
RNAI pathway upstream where Drosha performs the first cleavage and defines one end of
the RNAi duplex. This end contains characteristic 2nt 3’ overhang, which is presented as an
optimal substrate for dicer, which cleaves the loop to produce the final siRNA duplex.
Processing by drosha and dicer are very precise, and as such, only minimal number of
sequences is found through deep sequencing. First generation shRNA, on the other hand,
rely on transcriptional terminators (ie., polyT) built within the sequence to define one end of
the RNAi duplex. This mechanism is imprecise and produce overhangs with 2 to 5 nt 3’

overhangs which is not optimal for dicer mediated cleavage. As a result of the low fidelity
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cleavage by dicer, a larger number of species is observed through deep sequencing. More
importantly, this broad distribution of effector species produced from shRNA (as compared
to shmiRs) can diminish activity of desired species and the unwanted production of

ineffective anti-HBV RNA1 molecules can increase the chances of off target effects.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the above-described embodiments, without departing from
the broad general scope of the present disclosure. The present embodiments are, therefore,

to be considered in all respects as illustrative and not restrictive.
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WE CLAIM:

1. A nucleic acid comprising a DNA sequence which encodes a short hairpin micro-RNA
(shmiR), said shmiR comprising:

an effector sequence of at least 17 nucleotides in length;

an effector complement sequence;

a stemloop sequence; and

primary micro RNA (pri-miRNA) backbone;
wherein the effector sequence is substantially complementary to a RNA transcript set forth in

any one of SEQ ID NOs: 1-10, 38, 40 and 42.

2. The nucleic acid according to claim 1, wherein the shmiR is selected from the group
consisting of:

a shmiR comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence set forth in SEQ ID NO:12;

a shmiR comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence set forth in SEQ ID NO:14;

a shmiR comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence set forth in SEQ ID NO:16;

a shmiR comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence set forth in SEQ ID NO:18;

a shmiR comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence set forth in SEQ ID NO: 20;

a shmiR comprising an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence set forth in SEQ ID NO:22;

a shmiR comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence set forth in SEQ ID NO:24;

a shmiR comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence set forth in SEQ ID NO:26;

a shmiR comprising an effector sequence set forth in SEQ ID NO:27 and an effector

complement sequence set forth in SEQ ID NO:28;
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a shmiR comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence set forth in SEQ ID NO:30;

a shmiR comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence set forth in SEQ ID NO:32;

a shmiR comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence set forth in SEQ ID NO:34;

a shmiR comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence set forth in SEQ ID NO:36;

a shmiR comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence set forth in SEQ ID NO:38;

a shmiR comprising an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence set forth in SEQ ID NO:40; and

a shmiR comprising an effector sequence set forth in SEQ ID NO:41 and an effector

complement sequence set forth in SEQ ID NO:42.

3. The nucleic acid according to claim 1 or claim 2, wherein the shmiR comprises, in a 5’
to 3’ direction:

a 5’ flanking sequence of the pri-miRNA backbone;

the effector complement sequence;

the stemloop sequence;

the effector sequence; and

a 3’ flanking sequence of the pri-miRNA backbone.

4. The nucleic acid according to any one of claims 1 to 3, wherein the stemloop sequence

is the sequence set forth in SEQ ID NO: 75.

5. The nucleic acid according to any one of claims 1 to 4, wherein the pri-miRNA

backbone is a pri-miR-30a backbone.
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6. The nucleic acid according to any one of claims 3 to 5, wherein the 5° flanking
sequence of the pri-miRNA backbone is set forth in SEQ ID NO: 76 and the 3’ flanking
sequence of the pri-miRNA backbone is set forth in SEQ ID NO: 77.

7. The nucleic acid according to any one of claims 3 to 5, wherein the shmiR comprises a

sequence set forth in any one of SEQ ID NOs: 43-58.

8. The nucleic acid according to any one of claims 1 to 7, wherein the DNA sequence

which encodes the shmiR is set forth in any one of SEQ ID NO: 59-74.

9. A plurality of nucleic acids, comprising:
(a) at least one nucleic acid according to any one of claims 1 to 8; and
(b) at least one further nucleic acid selected from:
(1) anucleic acid according to any one of claims 1 to 8; or
(i1) a nucleic acid comprising a DNA sequence encoding a short hairpin RNA
(shRNA) comprising an effector sequence of at least 17 nucleotides in length and
a effector complement sequence, wherein the effector sequence is substantially
complementary to a RNA transcript set forth in any one of SEQ ID NOs: 1-10, 38,
40 and 42;
wherein the shmiR encoded by the nucleic acid at (a) and the shmiR or shRNA

encoded by the nucleic acid at (b) comprise different effector sequences.

10.  The plurality of nucleic acids according to claim 9, wherein the nucleic acid defined in
claim 9(b)(ii) encodes a shRNA selected from the group consisting of:

a shRNA comprising an effector sequence set forth in SEQ ID NO:11 and an effector
complement sequence set forth in SEQ ID NO:12;

a shRNA comprising an effector sequence set forth in SEQ ID NO:13 and an effector
complement sequence set forth in SEQ ID NO:14;

a shRNA comprising an effector sequence set forth in SEQ ID NO:15 and an effector
complement sequence set forth in SEQ ID NO:16;
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a shRNA comprising an effector sequence set forth in SEQ ID NO:17 and an effector
complement sequence set forth in SEQ ID NO:18;

a shRNA comprising an effector sequence set forth in SEQ ID NO:19 and an effector
complement sequence set forth in SEQ ID NO: 20;

a shRNA comprising an effector sequence set forth in SEQ ID NO:21 and an effector
complement sequence set forth in SEQ ID NO:22;

a shRNA comprising an effector sequence set forth in SEQ ID NO:23 and an effector
complement sequence set forth in SEQ ID NO:24;

a shRNA comprising an effector sequence set forth in SEQ ID NO:25 and an effector
complement sequence set forth in SEQ ID NO:26;

a shRNA comprising an effector sequence set forth in SEQ ID NO:27 and an effector
complement sequence set forth in SEQ ID NO:28;

a shRNA comprising an effector sequence set forth in SEQ ID NO:29 and an effector
complement sequence set forth in SEQ ID NO:30;

a shRNA comprising an effector sequence set forth in SEQ ID NO:31 and an effector
complement sequence set forth in SEQ ID NO:32;

a shRNA comprising an effector sequence set forth in SEQ ID NO:33 and an effector
complement sequence set forth in SEQ ID NO:34;

a shRNA comprising an effector sequence set forth in SEQ ID NO:35 and an effector
complement sequence set forth in SEQ ID NO:36;

a shRNA comprising an effector sequence set forth in SEQ ID NO:37 and an effector
complement sequence set forth in SEQ ID NO:38;

a shRNA comprising an effector sequence set forth in SEQ ID NO:39 and an effector
complement sequence set forth in SEQ ID NO:40; and

a shRNA comprising an effector sequence set forth in SEQ ID NO:41 and an effector
complement sequence set forth in SEQ ID NO:42.

11.  The plurality of nucleic acids according to claim 9 or claim 10, wherein the ShRNAC(s)
defined in claim 9(b)(i1) comprise(s) a stem loop sequence positioned between the effector

sequence and the effector complement sequence.
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12. A DNA-directed RNA interference (ddRNA1) construct comprising a nucleic acid
according to any one of claims 1 to 8§ or a plurality of nucleic acids according to any one of

claims 9 to 11.

13.  The ddRNAIi construct according to claim 12, comprising at least two nucleic acids
according to any one of claims 1 to 8, wherein each of the nucleic acids encode different

shmiRs.

14.  The ddRNAIi construct according to claim 12 or claim 13, comprising at least three
nucleic acids according to any one of claims 1 to 8, wherein each of the nucleic acids encode

different shmiRs.

15.  The ddRNAIi construct according to claim 14, said ddRNAi construct comprising in a
5’ to 3’ direction:

(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:57; and

(c) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in

SEQ ID NO:54.

16.  The ddRNAIi construct according to claim 14 or claim 15, said ddRNAIi construct
comprising in a 5’ to 3’ direction:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:73;
and

(c) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.

17.  The ddRNAIi construct according to claim 14, said ddRNA1 construct comprising in a

5’ to 3’ direction:
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(a) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:

(b)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:49; and

(c) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in

SEQ ID NO:54.

18.  The ddRNAI construct according to claim 14 or claim 17, said ddRNA1 construct
comprising in a 5’ to 3’ direction:

(a) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:64:
(b)  anucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:65;
and

(c) a nucleic acid comprising or consisting of the sequence set forth in SEQ ID NO:70.

19.  The ddRNAIi construct according to claim 12, wherein said ddRNAI1 construct
comprises:
at least one nucleic acid according to any one of claims 1 to 8; and

at least one nucleic acid as defined in (b)(ii) of any one of claims 9 to 11.

20.  The ddRNAI construct according to claim 12 or claim 19, wherein said ddRNAi
construct comprises:

at least two nucleic acid according to any one of claims 1 to 8, each of which encode
different shmiRs; and

at least one nucleic acid as defined in (b)(ii) of any one of claims 9 to 11.

21.  The ddRNAIi construct according to claim 20, said ddRNAi construct comprising in a
5’ to 3’ direction:

(a)  anucleic acid encoding a shmiR comprising or consisting of the sequence set forth in
SEQ ID NO:48:

(b)  anucleic acid encoding a ShRNA comprising an effector sequence set forth in SEQ ID

NO: 39 and an effector complement sequence set forth in SEQ ID NO: 40; and
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(c) a nucleic acid encoding a shmiR comprising or consisting of the sequence set forth in

SEQ ID NO:54.

22.  The ddRNAI construct according to any one of claims 12 to 21, comprising a RNA pol
IIT promoter upstream of the or each nucleic acid encoding a shmiR and a RNA pol III

promoter upstream of the or each nucleic acid encoding a shRNA.

23.  The ddRNAI construct of claim 22, wherein the or each RNA pol III promoter is

selected from a U6 and a H1 promoter.

24.  The ddRNAI construct of claim 22 or claim 23, wherein the or each RNA pol III
promoter is a U6 promoter selected from a U6-9 promoter, a U6-1 promoter and U6-8

promoter.

25.  The ddRNAI construct according to claim 24, said ddRNAi construct comprising in a
5’ to 3’ direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence set
forth in SEQ ID NO:64:

(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence set
forth in SEQ ID NO:73; and

(c)  U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence set

forth in SEQ ID NO:70.

26.  The ddRNAI construct according to claim 24, said ddRNAi construct comprising in a
5’ to 3’ direction:

(a)  U6-9 promoter upstream of a nucleic acid comprising or consisting of the sequence set
forth in SEQ ID NO:64:

(b)  U6-1 promoter upstream of a nucleic acid comprising or consisting of the sequence set
forth in SEQ ID NO:65; and

(c)  U6-8 promoter upstream of a nucleic acid comprising or consisting of the sequence set

forth in SEQ ID NO:70.
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27.  Anexpression vector comprising the ddRNAi construct of any one of claims 12 to 26.

28. A plurality of expression vectors, each expression vector comprising a ddRNAi
construct according to any one of claims 12 to 27 capable of expressing one or more shmiRs

and/or shRNAs.

29.  The expression vector of claim 27 or the plurality of expression vectors according to

claim 28, wherein the or each expression vector is a plasmid or minicircle.

30.  The expression vector of claim 27 or the plurality of expression vectors according to
claim 28, wherein the or each expression vector is a viral vector selected from the group
consisting of an adeno-associated viral (AAV) vector, a retroviral vector, an adenoviral (AdV)

vector and a lentiviral (LV) vector.

31. A composition comprising a DNA Directed RNA interference (ddRNA1) construct
according to any one of claims 12 to 26 or an expression vector according to any one of
claims 27 or 29 to 30 or a plurality of expression vectors according to any one of claims 28 to

30.

32.  The composition according to claim 31 further comprising one or more

pharmaceutically acceptable carriers.

33.  The composition according to claim 31 or 31 further comprising one or more other

therapeutic agents known for treating HBV infection.

34.  The composition according to claim 33, wherein the one or more other therapeutic
agents known for treating HBV infection is/are selected from the group consisting of

entecavir, tenofovir, lamivudine, adefovir and pegylated interferon.
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35. A method of treating Hepatitis B virus (HBV) infection in a subject, said method
comprising administering to the subject a therapeutically effective amount of a nucleic acid
according to any one of claims 1 to 8§ or a plurality of nucleic acids according to any one of
claims 9 to 11 or a ddRNA1 construct according to any one of claims 12 to 26 or an
expression vector according to any one of claims 27 or 29 or 30 or a plurality of expression
vectors according to any one of claims 28 to 30 or a composition according to any one of

claims 31 to 34.

36.  The method according to claim 35, wherein the subject is suffering from acute HBV

infection.

37.  The method according to claim 35, wherein the subject is suffering from chronic HBV

infection.

38. A method of reducing Hepatitis B viral load in a subject infected with Hepatitis B
virus (HBV), said method comprising administering to the subject a therapeutically effective
amount of a nucleic acid according to any one of claims 1 to 8 or a plurality of nucleic acids
according to any one of claims 9 to 11 or a ddRNAI1 construct according to any one of claims
12 to 26 or an expression vector according to any one of claims 27 or 29 or 30 or a plurality
of expression vectors according to any one of claims 28 to 30 or a composition according to

any one of claims 31 to 34.

39. A method of reducing severity of symptoms associated with Hepatitis B virus (HBV)
infection in a subject suffering therefrom, said method comprising administering to the
subject a therapeutically effective amount of a nucleic acid according to any one of claims 1
to 8 or a plurality of nucleic acids according to any one of claims 9 to 11 or a ddRNA1
construct according to any one of claims 12 to 26 or an expression vector according to any
one of claims 27 or 29 or 30 or a plurality of expression vectors according to any one of

claims 28 to 30 or a composition according to any one of claims 31 to 34.
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40. A method of reducing the infectivity of Hepatitis B virus (HBV) in a subject infected
therewith, said method comprising administering to the subject a therapeutically effective
amount of a nucleic acid according to any one of claims 1 to 8 or a plurality of nucleic acids
according to any one of claims 9 to 11 or a ddRNAI1 construct according to any one of claims
12 to 26 or an expression vector according to any one of claims 27 or 29 or 30 or a plurality
of expression vectors according to any one of claims 28 to 30 or a composition according to

any one of claims 31 to 34.

41.  The method according to any one of claims 33 to 40, said method comprising

inhibiting or reducing expression of one or more HBV genes.

42.  The method according to any one of claims 33 to 41, wherein the nucleic acid
according to any one of claims 1 to 8 or the plurality of nucleic acids according to any one of
claims 9 to 11 or the ddRNAIi construct according to any one of claims 12 to 26 or the
expression vector according to any one of claims 27 or 29 or 30 or the plurality of expression
vectors according to any one of claims 28 to 30 or the composition according to claim 31 or
claim 32 is administered together with a further therapeutic agent for treatment of HBV

infection.

43.  The methof according to claim 42, wherein the further therapeutic agent for treatment
of HBV infection is selected from the group consisting of entecavir, tenofovir, lamivudine,

adefovir and pegylated interferon.
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Figure 2A
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Figure 3A

shRNA-12 vs shniR-12

L2
_________ \&&ﬁ%

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

WS Sy R Ys

Figure 3B

shRNA-15 vs shmiR-15

H H i H 3
H : i
Z 2 ‘ 7 7

7
H
H
H
H
H
H

o yad sopdon
HHULS P s

4/21



% Inhibition

% Inhibition

WO 2017/190197

100

&0

60

40

20

100

80

&

40

20

Figure 4A
HBcAg
160
80
\ W B 3

X\\\\\“?&\\\\\\\\\\\M& _______ § 50
- N = 60
£ 40

]
20
g

4 5 5]

3 4
Timepoint {Days}

HBxAg

\?:\\\\\ W o } o .
~~~~~~~ , @M&\\\W\\\\\\\
W | T

y SN
\\\‘-\»\-‘\\\’\}'\

3 4 5 &
Timepoint {Days)

5721

PCT/AU2017/050413

HBsAg

~~~~~~ \i\\?@@\\\\\\\\\\\\\\\&w\\
\ ...........

3 4 5 &
Timepoint {Days)

ssstwwshmiR-12 {single}

sSwsHBV-shRNAx3-vl



WO 2017/190197

100

% Inhibition
B @
(e} L

P
o

o

100

80

60

40

% Inhibition

20

3 4 5 6
Timepoint {Days)

HBxAg

S .
N e S

3 4 5 6
Timepoint {Days)

Figure 4B
HBcAg
100
- 80
& N
R ke A =
£ 40
RS
20
0

6/21

PCT/AU2017/050413

HBsAg

““““““““““““““““““ . 8 -
3 T
...... i

3 4 5 6
Timepoint (Days)

swtwwshmiR-15 (single)

s HBV-shRNAX3-vi



PCT/AU2017/050413

WO 2017/190197

TA-EXYIUYS-AGH BAVVYSS

Ayoixoypepussodseanpay .
wig!s jo sazads

seupuopaid -1 Auepy yBiH - .

SUOPDEY FNYIW O {BPO  »
uoisssidie yBiy

wpsisyowosd prodsdhippm .

BAYY pepusas Spuis .

2

e

Apoectt
Z

SYNHIS 30 jood ANBPId O]
siayous0sd 1A sa [XOOT-0T uoisssidxe
YNHYS eonpsi oy sisowosd peiniisd .

TR
L5 e
P

—

7
pss/ 7
Apresert

dll

AT BEpURns S{8us SA C
HBYILUCISSS IS YNHYS 10 355UC Joj8ed . \\
argy Aejuswsiton 8% .
TA-EXVYNUHYS-AGH 8AVVSS
SYMHIS 0 jood [ALBPIZ AROT .
sigyowoad 3 sa [NOoT AT

-0 Jucissaadys waHUS s3NpSs
o} siBj0wioid peInWisd .
BAYY pepueissBus .

ITR

eeeety gecess

Gasd,

i 7
s wfprsserd
] 7

P
[
70y

et

S dungiy

7/21



WO 2017/190197 PCT/AU2017/050413

Figure 6

3. Transduce mice with
SSAAVE-HBV-shRNAX3-v1,
scAAVB-HBV=shRNAx3-v1 or
s5AAVE-HBY-shmilx3-v1 at
2. fvubate wion T 3 wepks, e 2et3vefke
ainkich broebior BRY
Hsfastian, sqndieaiia

AR -
HRY nfecad Clameris mouwse
33
&
HN et cliiearis BRY mring 4. Admirdster Seteusvir Ry 8 S ogflh ov Pogyinten
i ity HAY gaeotpe & aefiron v wrekiy ot 38 ugfhgl
i Wth RV ganody

S Frdlow infurted wive for an sddithand $1 deps

8/21



PCT/AU2017/050413

WO 2017/190197

(oo apasg) 0] £57%- © AdT + TA-IXHIULS-ABH

{ooTI Mwpag) 8oy 1571 AT + TA-EXORNGS-AEH

8o ¢0'7- 1ALT

.‘wn; FEE- (TA-EXHBUUS-AEH
Bo} piT- TEA-EXTREYS-AEH

3T B4 PIVIDIUE ABY ‘ERIEIRUN

PHHIDEH =007

il
- ,

& . 7
g Lanar iy,

AR

£G+300°%

FOr300°L

SO+30077

80+3001

L0+300°1

80+300°7

eU+300'L

(1w /fsaidos) yNQ AGH winiag

9/21



PCT/AU2017/050413

WO 2017/190197

o ¥8 L Bf 2 895 By Iy 88 8L 1L Fi 4 0

1043003
WM ST =0T
Wﬁm F1°0- Ad3 + TA-gNyBUgE-AdH 2 e B s o
5 5 & \&.\\\\\
ot
B \ Vs i
i P @ \\\\\\\\\A«\ \\\\\\\N \\\\\\\\\
B0y 9R'E- T A3 4 TA-ENYHNEUS-ABH @ X\N \\ \\\\\\\\\ .....
»ﬂn@ \\\v«\.&\ \ ..\\\»\\ :
oy 65 T (TA-EXMIWIYS-AEH 07300t
Foy 5 T- ITA-ENYMNUS-ABH
Bop opn- 1243 \\\\ e0+300'T
(5555 \\\\ ........................ .
&
\\\\\\\\\ Do, \\\\ \\\\\\\ “.“..\\\\\\\\\\\\ )
I B¥d PRI ABH paIEsIUn
POH300°Y

8 dangig

(1w/n1) SysgH wniag
1021



PCT/AU2017/050413

WO 2017/190197

iG ¥8 £L a7 a5 [k i 71 g
10+30071
80f B5E- ¢ M43 + TA-EXHBUYS-ATH CR R R
T s i
T i it 1
S
g i
\.\.\va\\%\\\x\\\\\\\\\\%\\\\
b s - @ st W S am\\.\\\ ....n.... .........
8o} 7y T-1 AL3 + TA-ERYNRMS-ARH 2 L \\\\ ......... =L 70+300°T %
-
5
Bop 113 IIA-ERGIBYS-ABH l
=
80} €60 TTA-ENVNEYS-ARH W
124
—
W
ey,
Y
S0y £2p ALl Wi 55 £E0+368°1 .mw
\\\\\\\\\\\\\\\\
201 BXd PFIDFLY ASH ‘EIEBNLN o
FOHI0GT

6 I3y

11/21



PCT/AU2017/050413

WO 2017/190197

o} 17°E- T WNH-D3d + TA-EXHRELE-AGH

Bop 57 1 MI-934 + TA-ENYNHES-ARH

ot £E0- H4-D3d

Bof pe'T- TTA-ERHILIYS-ABH
80} b2 1- TTA-EXYNHYS-ABH

I3 BXg PEyaiul ABH nmumo JEARRE)

PE £L 0L ES 55 i Fil 5E BT

o~
o
=
™
ot
L
P
]

3007 = DO

i
\\.w\
i e
s g, }
i -

§ &w\\\@s g %N «&\\\\ -
..... \ \ it

\

\\\\\ ,
\\..\\ \\\\\\\\\\ ﬁw&@ 5 ;

G \

e

01 dn31g

E:D

+300°1

Py
ol

PO+300°1

SO+300°1

£0+300°1

BO+300°L

0+300°1

(Tu/saidoa) yNa AGH Winias

12/21



Primers near shmiR-6

adisues) AgH 30

£
Ly
uomgyu % €
8

Primers near shmiR-15

LISUE

11

AgH jo

m
uomqIyul % =

13/21



WO 2017/190197

PCT/AU2017/050413

Figure 11C

Primers near shmiR-12

" 100

=2

P =

e 80

c

e

; 80

I

w 40

(=]

=

L 20

=

=

£ 0

- . PEG-IFN g ] : = iy
e ETV alone lene Maonotherapy +ETV +PEG-IFN

Standard of Care HEV-chmiRx3-v1
&% inhibition 5361 42,18 a5 44 a8 31 97.56

14/21




WO 2017/190197 PCT/AU2017/050413

Figure 12

P2
S
%

2
k7
7
%

St
%

ok
2%
A
%

‘ Livgr WA Toobes pon ‘zzﬁm 557 %

HBV-shmifx3-w1

MBI oo G osssssssoosoeeseososooosssssssssseeeee5555505055550000555055555050055550000055550

10T

SRR B A sy v Sy VA

HBV-shmiRu3-v1

15/21



PCT/AU2017/050413

WO 2017/190197

Figure 13

160804

;
;
“ i

\\\\\\\t\t\t\\\\t\

\\\\\\\\\\\\

...............................................

e T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

) g i o
*] <k e

e A i %

i % ot 2
3 Lot

Z “ & Z

e o tas)

42\3 sad sopdas yry mﬁ

16/21



PCT/AU2017/050413

WO 2017/190197

{anyyss)
TALRYIYS-AGH

@pﬁ%&

{BAyYsS)
TA-EXY N HYS-AEH

YIDLIPITITAL 181
LTI {087
BIPHEATYL 627
T o gr7" S-giuys
5 7 (217
IREIHTIIDYL e
(S
3932 O S A LD A Y T LY Y LD R DI D L B L

g e B Ty
RN

?§SS§§R§§§§&

R

.“1 3

5

S-YhNYYs

5

~
bevevrseeorseeirees

WU AT PN P e P I P

T\\\\\\\\\\\\\\\\\\\\

A A A A

1 Q3 RHRR 1Y

¥
3
]

§

W T 00 Ky B el o] B

R

gt

S e T4 4

AR

Sadtid 4 b
GHELLLLAT

A%

oL Ws 6

WiEL

¥
e
¥

& A

¥
s
¥

%
R
e

S-YhNYYS

v

R FIRY

cRetERx!

O £
-, b
b
g 435733
i
¥

v\\w\\\\\\\\\\\\§

473 3
TRE;

oo e ive B RESE

QQUUUU

s \.\\\\\\\\\\\\\\\\V\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\ /

T S S S s

443t

EF5T DN G D35} AV A i D DO DR i D E 0 S O T O T T DR LD AT RO DTN

1 dan3ig

1721



PCT/AU2017/050413

WO 2017/190197

ragi]
AR )
Lo S LA

Lol o o o)

Fels
G
oy FelRa®
oy by 25338
o YT Gl G 03z}
TLT Fis ST 37 353
AT s i G135
51 =5 Soee 74 03
D17y FEYYY AP 8503
T % 356 0113
{8AYYIS) 547 8 T i 03
AN 15- 7% AT = oy 3 T ,
TA-EXYNYYS-AGH YIS el 3 ST-¥hEus
BT i S D3
1T T 3
DL Co 3i 03

S W3 dd 03
M ] 3
P o o ALERELN]
T I T DA Y A E S P AR IR S Y M 0 R VAT 5 4 W 2O ko

0005 000y ooDe oont

Ny
A
]

LA

IITIIR

o
DTSN

ST

O
N o b

LTy

{AYYSS) h
TA-EXYNHYS-AGH

ST-vhyys

g
I

ooy

L L

R

o
i
[
(SR
"“é ;
L

B T vk r kAR R

e

o]
=
]
&
HJ
L
b

ST dan31q

18/21



PCT/AU2017/050413

WO 2017/190197

0000y 0000 00ODZ 00001 0

FYFEL R,
{8AYYSS) CHIHIRONI T
B IOEIIIITONNDY. T
T ] TR O yEL o - )
TA-EXgIYS-ARH REeieietecribeal i Si-gluiys
e i i IR b RS ok [onTON .
D LI 20708 0 D)

= - ; % T D £ T w5 D T 5 7 2 D P T b D
(707 oM B D3] 9D Ay i O LY DL L Dy S Oy T B Y D LA DTR L !

(panunuod) ¢ gLy

19/21



PCT/AU2017/050413

WO 2017/190197

G008 00091 OUOFL

G00CT 000OT  0O0R

oooe 800y 4007 g

{8AYYIs)
TA-EXPNHYS-AGH

N
N\
N

e

g 3

7 g 7777

H

:

7
H

: : + 73
3 : : p e

T 1

H

............................................................................ precererercrrrereees
H

m.....u.\.\......w.\.\.........\.\.\.........\.\.\.... BIII,

Uoazl

QouL

{607 CN @2 D38 DadL s

008 oy 000 4

{BAYYSS)
TA-EXYNHUS-AGH

b NN,
b Y
[ \\ o

i

f

. [e—

(&7 CM G D) 00 L L DY DRDaY DT I DR 135

9 2an3Ly

L IR SR IDD0T
L T LTy
1 DTnEnIYRY

PR i ]
R o

..\.wmuﬁwwmuﬁ.wuuﬁﬁq
AYMEONIVEIIBIMALY
WD IYRNITITY Y

ST I

(e

WSO
R

WODRINRIIEI0YoLY

Pl i g B s oA
SR LT RS B A A L

TR IR OIOTOINTA

TT-YhYYSs

TT-YNEYs

20/21



PCT/AU2017/050413

Qo081 00091 OOOYT OODTT ODOOT 0008 QODS QOO 0OGE O

Wll.?i D O™ o W,
NS pulu(»ﬂkllxt\@i.

e S N S o R ki T

{RAyYss) l,-t:
TA-EXHIYS-AGH

[ WP
b st d Aot

HATRARIS SN 1

9@JQJ)¥| WJ@

LS LE L

{1-giays

21721

WO 2017/190197

§

I Y DO D SO O N BN B W

(ponunuod) 91 sy



INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2017/050413

A. CLASSIFICATION OF SUBJECT MATTER
C12N 15/113(2010.01) A61K 31/713 (2006.01) A61P 31/20 (2006.01}

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

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

GenomeQuest: SEQ ID NOs: 17, 19, 21, 23, 31, 33, 39, 46 to 49, 53, 54, 57

Registry, seqeunce search: SEQ ID NO: 1, 23, 24, 39, 40, CCUAGAAGAAGAA, UUCUUCUUCUAGGG, GUCCCGUCGGCGCUGAAUC,
GAUUCAGCGCCGACGGGACG

Google Patents, PubMed: Hepatitis, miRNA and similar terms

PatentScope, Auspat, PubMed, INTESS (internal database): applicant and inventor search.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which isnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
9 June 2017 09 June 2017
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Gareth Cook
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pet@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0399359629

Form PCT/ISA/210 (fifth sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT
DOCUMENTS CONSIDERED TO BE RELEVANT

International application No.

PCT/AU2017/050413

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2008/147430 A2 (NUCLEONICS, INC. et al) 04 December 2008
X SEQ ID NOs: 17, 18; pages 24 to 27, whole of document 1,3-6,9, 11-14, 19, 20, 22-
24, 27-43
US 2012/0035240 A1 (PACHUK et al) 09 February 2012
X SEQ ID NOs: 15, 18, 51, 55; pages 24 and 25; whole of document 1,3-6,9, 11-14, 19, 20, 22-
24,27-43
WO 2004/078181 Al (CAPITAL BIOCHIP COMPANY, LTD. et al) 16 September
2004
X SEQ ID NOs: 8, 43, 44; pages 19 to 23; whole of document 1,3-6,9,11-14, 19, 20, 22-
24,27-43
CN 101603042 A (XIAMEN UNIVERSITY et al) 16 December 2009
X SEQ ID NO: 18; whole of document 1,3-6,9, 11-14, 19, 20, 22-
24,27-43
Chen Y et al, “siRNA pool targeting different sites of human hepatitis B surface antigen
efficiently inhibits HBV infection”, HHS Author Manuscript, 2009, NIHMS157546
[retrieved 29 May 2017] <URL.:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778861/pdf/nihms157546.pdf >
published in final form in Journal of Drug Targeting, 2008, 16(2):140-148
X page 3 (shRNA-S4"); whole of document 1,3-6,9,11-14, 19, 20, 22-
24, 27-43
WO 2012/055362 Al (BENITEC BIOPHARMA LIMITED et al) 03 May 2012
X SEQ ID NOs: 9, 29, 37; pages 15 and 16; Figure 6; whole of document 1,3-6,9, 11-14, 19, 20, 22-
24,27-43
Ely A et al, “Efficient silencing of gene expression with modular trimeric Pol II
expression cassettes comprising microRNA shuttles”, Nucleic Acids Research, 2009,
37(13):¢91
A whole of document
McBride JL et al, “Artificial miRNAs mitigate shRNA-mediated toxicity in the brain:
implications for the therapeutic development of RNAI”, Proceedings of the National
Academy of Sciences, 2008, 105(15):5868-5873
A whole of document
WO 2016/176745 Al (BENITEC BIOPHARMA LIMITED) 10 November 2016
P.X SEQ ID NOs: 1 to 10; whole of document 1,3-6,9, 11-14, 19, 20, 22-

24,27-43

Form PCT/ISA/210 (fifth sheet) (July 2009)
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Box No. I  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1 to 43 (partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

I:‘ The additional search fees were accompanied by the applicant's protest but the applicable
I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (third sheet) (July 2009)
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Supplemental Box

Continuation of: Box II1
This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinet
groups:

Invention 1

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to artificial miRNA (shmiRNA), nucleic acid molecules
encoding the shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these,
characterised by the shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 1, and including
shmiR-1. The shmiRNA having an effector sequence complimentary to SEQ ID NO: 1 is specific to this group of claims.

Invention 2

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 2, and including shmiR-2. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 2 is specific to this group of claims.

Invention 3

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 3, and including shmiR-3. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 3 is specific to this group of claims.

Invention 4

Claims 1 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the shmiRNA, constructs comprising the
nucleic acid molecules, and methods involving the use of these, characterised by the shmiRNA effector sequence being
complimentary to the RNA sequence SEQ ID NO: 4, and including shmiR-4, shmiR-5 and shmiR-6. The shmiRNA having an
effector sequence complimentary to SEQ ID NO: 4 is specific to this group of claims.

Invention 5

Claims 1 to 14, 17, 20, 22 to 24 and 26 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 5 including shmiR-7. The shmiRNA
having an effector sequence complimentary to SEQ ID NO: 5 is specific to this group of claims.

Invention 6

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 6, and including shmiR-8. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 6 is specific to this group of claims.

Invention 7

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 7, and including shmiR-9. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 7 is specific to this group of claims.

Invention 8

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 8, and including shmiR-10. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 8 is specific to this group of claims.

Invention 9
Claims 1 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the shmiRNA, constructs comprising the
nucleic acid molecules, and methods involving the use of these, characterised by the shmiRNA effector sequence being

Form PCT/ISA/210 (Supplemental Box) (July 2009)
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Supplemental Box

complimentary to the RNA sequence SEQ ID NO: 9, and including shmiR-11 and shmiR-12. The shmiRNA having an
effector sequence complimentary to SEQ ID NO: 9 is specific to this group of claims.

Invention 10

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 10, and including shmiR-13. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 10 is specific to this group of claims.

Invention 11

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO:38, and including shmiR-14. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 38 is specific to this group of claims.

Invention 12

Claims 1 to 16, 19, 20, 22 to 25 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 40, and including shmiR-15. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 40 is specific to this group of claims.

Invention 13

Claims 1 to 14, 19, 20, 22 to 24 and 27 to 43 (partially) are directed to shmiRNA, nucleic acid molecules encoding the
shmiRNA, constructs comprising the nucleic acid molecules, and methods involving the use of these, characterised by the
shmiRNA effector sequence being complimentary to the RNA sequence SEQ ID NO: 42, and including shmiR-16. The
shmiRNA having an effector sequence complimentary to SEQ ID NO: 42 is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art. When there is no special technical
feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is an artificial miRNA wherein the effector
sequence is complimentary to an RNA sequence conserved between different hepatitis B virus (HBV) genotypes. However this
feature does not make a contribution over the prior art because it is disclosed the following documents:

CN 103088026 A (INSTITUTE OF RADIATION MEDICINE OF ACADEMY OF MILITARY MEDICAL SCIENCES OF
PLA) 08 May 2013.

Pu C et al, “Optimized tandem amiRNA mediates stronger inhibitory effects on hepatitis B virus infection”, Journal of
Gastrointestinal and Liver Diseases, 2011, 20(3):271-278.

Gao YF et al, “Inhibition of hepatitis B virus gene expression and replication by artificial microRNA”, World Journal of
Gastroenterology, 2008, 14(29):4684-4689

Therefore in the light of these documents this common feature cannot be a special technical feature. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied @

posteriori.

For the initial search fee Inventions 4, 5, 9 and 12 (relating to SEQ ID NOs: 4, 5, 9 and 40, and claims 1 to 43) were searched.
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Information on patent family members

International application No.

PCT/AU2017/050413

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

WO 2008/147430 A2 04 December 2008 WO 2008147430 A2 04 Dec 2008
US 2011105593 Al 05 May 2011

US 2012/0035240 Al 09 February 2012 US 2012035240 A1 09 Feb 2012
US 8575327 B2 05 Nov 2013
AU 2004263832 Al 17 Feb 2005
AU 2004263832 B2 01 Jul 2010
AU 2005319306 Al 29 Jun 2006
AU 2005319306 B2 12 Jan 2012
BR PI0411219 A 18 Jul 2006
CA 2528510 Al 17 Feb 2005
CA 2592099 Al 29 Jun 2006
CN 1836042 A 20 Sep 2006
EP 1631670 A2 08 Mar 2006
EP 1631670 B1 08 Aug 2012
EP 1833967 A2 19 Sep 2007
EP 1833967 Bl 27 Apr 2011
EP 2270162 A2 05 Jan 2011
EP 2284268 A2 16 Feb 2011
EP 2316942 Al 04 May 2011
JP 2007503474 A 22 Feb 2007
JP 4980716 B2 18 Jul 2012
JP 2011224013 A 10 Nov 2011
JP 5593279 B2 17 Sep 2014
JP 2015003913 A 08 Jan 2015
JP 5934310 B2 15 Jun 2016
JP 2008525029 A 17 Jul 2008
JP 2012223202 A 15 Nov 2012
SG 173218 Al 29 Aug 2011
US 2008070854 A1 20 Mar 2008
US 8350021 B2 08 Jan 2013
US 2014273213 Al 18 Sep 2014
US 9200281 B2 01 Dec 2015
US 2016177310 A1 23 Jun 2016
WO 2005014806 A2 17 Feb 2005
WO 2006069064 A2 29 Jun 2006

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
WO 2004/078181 Al 16 September 2004 WO 2004078181 Al 16 Sep 2004
AU 2003258452 Al 28 Sep 2004
CN 1526818 A 08 Sep 2004
KR 20060029597 A 06 Apr 2006
CN 101603042 A 16 December 2009 CN 101603042 A 16 Dec 2009
CN 101603042 B 01 May 2013
WO 2012/055362 Al 03 May 2012 WO 2012055362 Al 03 May 2012
AU 2011320437 Al 13 Jun 2013
AU 2011320437 B2 16 Mar 2017
BR 112013010525 A2 02 Aug 2016
CA 2853613 Al 03 May 2012
CN 101979553 A 23 Feb 2011
CN 101979553 B 01 Jul 2015
CN 101979554 A 23 Feb 2011
CN 101979554 B 26 Aug 2015
CN 101979555 A 23 Feb 2011
CN 101979555 B 21 Jan 2015
CN 101979556 A 23 Feb 2011
CN 101979556 B 21 Jan 2015
CN 101979557 A 23 Feb 2011
CN 101979557 B 01 Jul 2015
CN 101979558 A 23 Feb 2011
CN 101979558 B 02 Sep 2015
CN 102021170 A 20 Apr 2011
CN 102021170 B 01 Jul 2015
CN 103370415 A 23 Oct 2013
EP 2633051 Al 04 Sep 2013
EP 2633051 Bl 14 Sep 2016
EP 3124610 Al 01 Feb 2017
KR 20140071949 A 12 Jun 2014
RU 2013124422 A 10 Dec 2014
US 2013296401 A1 07 Nov 2013
US 9080174 B2 14 Jul 2015

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Date

Publication Number Publication Date Publication Number
US 2015344885 Al 03 Dec 2015
US 9410154 B2 09 Aug 2016
US 2017002356 A1l 05 Jan 2017
WO 2012109798 Al 23 Aug 2012
WO 2016/176745 Al 10 November 2016 WO 2016176745 Al 10 Nov 2016

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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