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PEPTIDES AND USES

Field of the Invention

This invention relates to novel zinc finger peptides having desirable properties, including
binding specificity and affinity for selected nucleic acid sequences and repression of
target gene expression. In particular, the invention relates to zinc finger transcriptional
repressor proteins and to the repression of genes involved in neurological disorders, and

to methods and therapeutic uses involving such proteins.

Background of the Invention

Neurological disorders are diseases that affect the central nervous system (brain and
spinal cord), the peripheral nervous system (peripheral nerves and cranial nerves), and
the autonomic nervous system (parts of which are located in both central and peripheral
nervous systems). More than 600 neurological diseases have been identified in humans,
which together affect all functions of the body, including coordination, communication,

memory, learning, eating, and in some cases mortality.

Although many tissues and organs in animals are capable of self-repair, generally the
neurological system is not. Therefore, neurological disorders are often characterised by a
progressive worsening of symptoms, beginning with minor problems that allow detection
and diagnosis, but becoming steadily more severe — sometimes resulting in the death of
the affected individual. While the exact causes or triggers of many neurological disorders
are still unknown, for others the causes are well documented and researched. For some
of these diseases there are “effective” treatments, which aleviate symptoms and/or
prolong survival. However, despite intense research efforts, for most neurological
disorders, and particularly for the most serious diseases, there are still no cures. Hence,

there is a clear need for new therapeutics and treatments for neurological disorders.

Current knowledge of neurological disorders shows that they can be caused by many
different factors, including (but not limited to): inherited genetic abnormalities, problems in
the immune system, injury to the brain or nervous system, or diabetes. One known cause
of neurological disorder is a genetic abnormality leading to the pathological expansion of

CAG repeats on certain genes, which results in extended polyglutamine (polyQ) tracts in
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the expressed mutated gene products (Walker (2007) Lancet 369(9557). 218-228). The
resulting proteins are thought to aggregate and cause toxic gain-of-function diseases,
including spinocerebellar ataxias, spinobulbar muscular atrophy and Huntington’s disease
(HD; Orr & Zoghbi (2007) Annu. Rev. Neurosci. 30: 575-621; Cha (2007) Prog. Neurobiol.
83(4): 228-248). HD neuropathology is associated with selective neuronal cell death,
primarily of medium spiny neurons of the caudate and putamen, and to a lesser extent
cortical neurons, leading to cognitive dysfunction and chorea (Walker (2007) Lancet
369(9557): 218-228; and Kumar et al. Pharmacol. Rep. 62(1): 1-14). Since the discovery,
in 1993, that the htt gene caused HD (The-Huntington's-Disease-Collaborative-Research-
Group (1993) Cell 72(6): 971-983), much attention has focused on how the CAG-repeat
number affects the pathology and progression of this disease. Normally, the number of
CAG repeats in the wild-type hit gene ranges from 10 to 29 (with a median of 18),
whereas in HD patients it is typically in the range of 36 to 121 (with a median of 44).
Furthermore, it has been shown that the age of onset of HD disease is correlated to CAG
repeat number (Walker (2007) Lancet 369(9557): 218-228; and Kumar et al. Pharmacol.
Rep. 62(1): 1-14).

Although there has been a great deal of research into cures for HD disease, currently
available therapeutics treat only the symptoms of the disease, and so there is still no way
of stopping or delaying the onset or progression of HD (Walker (2007) Lancet 369(9557):
218-228; and Kumar et al. Pharmacol. Rep. 62(1): 1-14). For this reason it would be
extremely desirable to have a treatment for HD disease that addresses the cause rather

than the symptoms of the disease.

Recently, RNA interference (RNAi) was shown to reduce expression of mutant htt (van
Bilsen et al. (2008) Hum. Gene Ther. 19(7): 710-719; Zhang et al. (2009) J. Neurochem.
108(1): 82-90; Pfister et al. (2009) Curr. Biol. 19(9): 774-778). Although RNAi has been
shown to be a very powerful tool, the success of this technique depends on targeting
single nucleotide or deletion polymorphisms that differentiate between mutant and wt
alleles, and these often differ from patient to patient. The apparent requirement for
personalised siRNA designs currently raises challenges for clinical trials and approved

use in humans.

In a more general approach, Hu et al. used peptide nucleic acid (PNA) and locked nucleic

acid (LNA) antisense oligomers, to target expanded CAG repeats of the ataxin-3 and hit
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genes (Hu ef al. (2009) Nat. Biotechnol. 27(5). 478-484; Hu et al. (2009) Ann. NY Acad.
Sci. 1175: 24-31). They reported selective inhibition of the mutant allele with peptide
nucleic acids (PNAs) for up to 22 days. Although these results were promising, PNAs
cannot be delivered to the central nervous system. Therefore, the authors also tried
locked nucleic acids (LNAs), which are perhaps more suitable for use in vivo. Although
selective inhibition of the mutant allele was observed, only up to 30% inhibition of wt htt

was seen at the highest and most effective concentration of LNA used.

Therefore, it would be highly desirable to have alternative and/or more effective
therapeutic molecules and treatments for HD and related disorders caused by expanded
CAG repeats.

Accordingly, the present invention seeks to overcome or at least alleviate one or more of

the problems in the prior art.

Summary of the Invention

In general terms, the present invention provides new zinc finger peptide frameworks (and
encoding nucleic acid molecules) that can be used for the modulation of gene expression
in vitro and/or in vivo. The new zinc finger peptides of the invention may be particularly
useful in the modulation of target genes associated with expanded nucleotide repeats,
such as CAG repeats, and more specifically the repression of such genes. In some
embodiments, the new zinc finger peptides of the invention contain a larger number of
individual zinc finger domains than any known artificial zinc finger peptide shown to
possess transcriptional modulation activity either in vitro or in vivo and, hence, the
invention opens up the possibility of targeting longer nucleic acid sequences than
previously thought possible. As a consequence, the possibility of more specific gene
targeting is envisaged, which may be particularly useful for the modulation of gene
expression within the genome and/or for distinguishing between similar nucleic acid
sequences of differing lengths. Furthermore, the invention relates to therapeutic
molecules and compositions for use in treating diseases associated with expanded CAG
repeat sequences, such as neurological diseases, and particularly Huntington’s disease
(HD). In some aspects and embodiments, the invention is directed to methods and
therapeutic treatment regimes for treating patients affected by or diagnosed with HD. For

example, the therapeutic molecules of the invention may be used for delaying the onset of
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symptoms, and/or for treating or alleviating the symptoms of the disease, and/or for

reducing the severity or preventing the progression of the disease.

Hence, in one aspect of this invention, the Applicant has created novel zinc finger
peptides (ZFP) that may be used to reduce the expression of mutant hif genes.
Furthermore, since zinc fingers can be readily re-engineered to bind different DNA
sequences (Annu. Rev. Biochem. 70: 313-340 (2001); Chem. Rev. 104(2): 789-799;
Biochemistry 41(22): 7074-7081 (2002); Nucleic Acids Res. 34(Web Server issue): W516-
523 92006); Nat. Methods 7(2): 91-9, (2009); Genome Res. 19(7): 1279-1288 (2009);
Proc. Natl. Acad. Sci. USA 100(21): 12271-12276 (2003); Nat. Protoc. 1(3): 1637-1652
(2006); Mol. Cell 31(2): 294-301(2008)., including CAG-repeats (Proc. Natl. Acad. Sci.
USA 106(24): 9607-9612, (2009)), they may be useful for targeting genes such as hitat a
transcriptional level. In particular, the modular nature of the zinc finger peptides of the
invention makes them particularly suitable for targeting expanded repeat sequences that
may be found in genomes, and especially triplet-repeat sequences for which there is a
convenient correspondence in register between the targeted triplet nucleic acid stretch

and its respective bound zinc finger peptide.

Rational design was used to create ZFPs able to recognise and bind poly-5'-GC (A/T)-3",
such that it would recognise both poly-CAG sequences and its complementary DNA
strand. Stable expression of the ZFPs was shown to reduce expression of chromosomal
mutant hit gene in a model cell line, at both the protein and the RNA level. Furthermore,
repression of the mutant gene was shown to persist for extended periods of at least 20
days. In vivo tests further demonstrated the ability of these zinc finger peptides to delay

the onset of HD symptoms.

ZFP ranging from 4 to 18-fingers were synthesised and shown to repress a target gene
with 35 or more CAG repeats preferentially, when compared to shorter repeats, thus
demonstrating the utility of these molecules in preferentially targeting expanded CAG
repeats. Accordingly, mutant htt gene expression can be repressed while leaving the

wild-type allele relatively unaffected.

By concatenating individual zinc finger domains into long chains using selected linker
sequences, zinc finger peptides of the invention have been designed and synthesised

with a greater number of zinc finger domains than previously known; and these extended
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ZFPs have been demonstrated to selectively target nucleic acid sequences with high
affinity and specificity. The zinc fingers and methods of the invention are particularly
beneficial for targeting repeat nucleic acid sequences by concatenating essentially

identical zinc finger-nucleic acid-binding domains.

Accordingly, in a first aspect of the invention there is provided a zinc finger peptide having
from 8 to 32 zinc finger domains, and wherein at least one zinc finger domain comprises a

nucleic acid recognition sequence according to SEQ ID NO: 101.

In another aspect, there is provided a zinc finger peptide comprising the sequence: N'-
[(Formula 2) — Xele — {[(Formula 2) — X5 — (Formula 2) — Xg].1 — [(Formula 2) — Xs —
(Formula 2) — X/ I}z — [(Formula 2) — X5 — (Formula 2) — Xgl.s — [(Formula 2) — X5 —
(Formula 2)] — [Xs — (Formula 2)],, -C’, whereinnOis 0 or 1, n1 is from 1to 4, n2is 1 or 2,
n3 is from 1 to 4, n4 is 0 or 1, X5 is a linker sequence of 5 amino acids, Xg is a linker
sequence of 6 or 7 amino acids, and X, is a linker sequence of at least 8 amino acids; and
Formula 2 is a zinc finger domain of the sequence — Xp, C Xy5 C Xz7 X X' X2 X3 X™
X" X" H X34 "c —, wherein X is any amino acid, the numbers in subscript indicate the
possible numbers of residues represented by X at that position, and the number in
superscript indicates the position of the amino acid in the recognition sequence of the zinc
finger domain. Advantageously, n0 and/or n4 = 0. Suitably, in this and any other aspects
and embodiments, Xg is a linker of 6 amino acids. Thus, in a preferred embodiment, the
zinc finger peptide of the invention has the formula N’- {[(Formula 2) — X5 — (Formula 2) —
Xglnt — [(Formula 2) — X5 — (Formula 2) — X [}n2 — [(Formula 2) — X5 — (Formula 2) — Xg]ns —
[(Formula 2) — X5 — (Formula 2)] -C’, wherein Xs is a linker sequence of 6 amino acids,
and n1, n2, n3, n4, Xs and X_ are as previously described. In some beneficial
embodiments, the extended linker sequence X, is from 8 to 50 amino acids, or 11 to 40
amino acids; n1 is preferably 2, and n3 is preferably 2. In a preferred embodiment at
least one zinc finger domain has a X' X" X*2 X" X** X" X" recognition sequence
according to SEQ ID NO: 101

By setting the sequence X' X*' X*2 X" X™ X*® X*® to be the same or similar amino acid
sequence in a plurality of adjacent zinc finger domains (so that each of the plurality of
fingers binds preferentially to the same trinucleotide sequence), the peptides of the
invention are advantageously capably of targeting (or binding) to trinucleotide repeat

sequences in DNA, which may be associated with genetic abnormalities. In one



10

15

20

25

30

35

WO 2012/049332 PCT/EP2011/068139

6

embodiment of this and other aspects of the invention, therefore, at least one X1 X X2
X3 X X X*® sequence is the amino acid sequence QRATLQR (SEQ ID NO: 1), which
enables the targeting of CAG-repeat and/or CTG-repeat sequences. It may be possible
to make conservative mutations to the recognition sequence while still enabling zinc finger
recognition of the same triplet nucleotide sequences. Therefore, each X" X*' X™ X X™
X*® X*® sequence may be mutated (conservatively — so that it still binds CAG or CTG
triplets), such that it is identical to QRATLQR (SEQ ID NO: 1) at 4, 5, 6 or 7 positions.
Accordingly, in some embodiments the recognition sequences are selected from the
group consisting of: SEQ ID NO: 1, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103,
SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107 or

combinations thereof.

Accordingly, the invention further provides a zinc finger peptide comprising at least 4 zinc
finger domains of Formula 2: Xoz C Xi5 C Xp7 X' X X X*¥ X™ X" X" H Xgs 'Ic,
wherein X is any amino acid, the numbers in subscript indicate the possible numbers of
residues represented by X at that position, and the number in superscript indicates the
position of the amino acid in the recognition sequence of the zinc finger domain; and at
least one X1 X' X' X*® X** X'® X*® sequence is selected from the group consisting of:
SEQ ID NO: 1, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104,
SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107. Thus, in some embodiments,
at least 4 (e.g. 4, 6, 11, 12, 18 or all of the) adjacent zinc finger domains of the peptide
may have a sequence selected from the group consisting of: SEQ ID NO: 1, SEQ ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO:
106, and SEQ ID NO: 107. A preferred recognition sequence is QRATLQR (SEQ ID NO:

1); and suitably all of the zinc finger domains of the peptide have this sequence.

Particularly useful peptides of the invention comprise the sequence of SEQ ID NO: 6,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14 or SEQ ID NO: 108; or
sequences having at least 70%, at least 80%, at least 90%, at least 95%, at least 98% or

at least 99% sequence identity thereto.

Suitably, the peptide of the invention bind double-stranded trinucleotide repeat nucleic
acid sequences comprising CAG-repeat, CTG-repeat, and/or CAGCTG-repeat sequences
containing at least 10, at least 22 triplet repeats, at least 35 repeats, or at least 63 triplet

repeats. Desirably, the peptides of the invention have binding affinity (dissociation
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constant) for its respective target sequence of at least 1 nM; at least 100 pM or at least 10
pM. Binding affinity may be determined in any suitable manner known to the person of

skill in the art, such as by Biacore.

In another aspect, the invention relates to chimeric or fusion proteins comprising the zinc

finger peptides of the invention conjugated to a non-zinc finger domain.

In another aspect, the invention relates to a naive zinc finger peptide library. According to
one embodiment, the naive peptide library comprises a plurality of zinc finger peptides
according to the invention, wherein at least one zinc finger domain is diversified at one or
more of positions X' X' X2 X** X™ X* and X™. Another aspect relates to the use of a
naive zinc finger peptide library in the selection of a zinc finger peptide able to bind to a
desired target nucleic acid sequence. Thus, another aspect of the invention relates to

zinc finger peptides identified from the libraries of the invention.

In another aspect, the invention provides for therapeutic and non-therapeutic (e.g.
diagnostic) uses for the zinc finger peptides and fusion proteins of the invention. Aspects
and embodiments of the invention therefore include formulations, medicaments and
pharmaceutical compositions comprising the zinc finger peptides. In one embodiment,
the invention relates to a zinc finger peptide for use in medicine. More specifically, the
zinc finger peptides and therapeutics of the invention may be used for modulating the
expression of a target gene in a cell. The zinc finger peptides of the invention may be
used in the treatment of various diseases and conditions of the human or animal body,
such as neurological diseases, for example, Huntington’s disease; and other diseases
caused by or diagnosed by gene expansion of repeat nucleotide sequences — particularly
trinucleotide-repeat sequences. In one embodiment, the invention relates to the
treatment of diseases or conditions associated with the mutated CAG-repeat gene and/or
expression of gene products containing extended polyglutamine (polyQ) tracts.
Treatment may also include preventative as well as therapeutic treatments and alleviation

of a disease or condition.

The invention further encompasses nucleic acids that encode the zinc finger peptides,
peptide libraries and fusion proteins of the invention, for example: expression vectors, and
viral vectors, such as AAV (e.g. for use in gene therapy). Also encompassed is a cell

comprising the nucleic acids and/or polypeptides of the invention.
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In yet another aspect, the invention provides a method of making a nucleic acid sequence
encoding a poly-zinc finger peptide comprising at least 8 zinc finger domains of Formula
1: Xo.2 C X1.5 C Xo.1a H Xa.6 "/, wherein X is any amino acid and the numbers in subscript
indicate the possible number of residues represented by X at that position. In one
embodiment, the method comprises: (a) providing nucleic acid molecules that encode a
pair of zinc finger domains of Formula 1, wherein the adjacent zinc finger domains of each
pair are separated by a linker sequence of 5 amino acids; (b) joining together nucleic acid
molecules from step (a) to create nucleic acid molecules that encode an array of 4 or 6
zinc finger domains, wherein the adjacent pairs of zinc finger domains from step (a) are
separated by a linker sequence of 6 or 7 amino acids; and (c) joining together nucleic acid
molecules from step (b) to create a nucleic acid sequence encoding a poly-zinc finger
peptide, wherein the adjacent arrays of zinc finger domains from step (b) are separated
by a linker sequence of at least 8 amino acids. Optionally, the method may further
comprise adding a single zinc finger domain to create a poly-zinc finger peptide having an
odd number of zinc finger domains. For example: the method may further comprise step
(d) attaching to the N- or C- terminus of the poly-zinc finger peptide of step (c), a single
zinc finger domain linked to the N- or C- terminus by a linker sequence of 5 to 7 amino
acids to create a poly-zinc finger peptide having an odd number of zinc finger domains.
The method steps of the invention may be performed in any appropriate order. It will be
appreciated that there are many different methods by which a nucleic acid sequence
encoding such a poly-zinc finger peptide can be obtained. Therefore, the invention is also
directed to nucleic acids that encode such poly-zinc finger peptides however they are
obtained, and to poly-zinc finger peptides that are obtainable by expressing the above

nucleic acid sequences.

Accordingly, in another aspect there is provided a method of making a poly-zinc finger
peptide comprising at least 8 zinc finger domains of Formula 1: Xp2 C Xi5 C Xo.14 H Xs5
H/c, wherein X is any amino acid and the numbers in subscript indicate the possible
number of residues represented by X at that position, the method comprising expressing

a nucleic acid sequence obtainable by the above method.

In still yet another aspect of the invention, there is provided a method of making a poly-
zinc finger peptide comprising at least 8 zinc finger domains of Formula 1: Xg2 C X455 C

Xe.1a H Xs6 ", wherein X is any amino acid and the numbers in subscript indicate the
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possible number of residues represented by X at that position, the method comprising: (a)
creating at least 4 pairs of zinc finger domains of Formula 1, the adjacent zinc finger
domains of each pair being separated by a linker sequence of 5 amino acids; (b) creating
at least 2 arrays of 4 or 6 zinc finger domains each by joining together 2 or 3 pairs of zinc
fingers from step (a) using a linker sequence of 6 or 7 amino acids; and (c) joining
together the at least 2 arrays of zinc finger domains from step (b) using a linker sequence
of at least 8 amino acids. Suitably, the method is for making a poly-zinc finger peptide

according to the invention.

In the methods of the invention each zinc finger domain may comprise a recognition
sequence X' X' X2 X" X** X*® X*¢, which is identical to QRATLQR (SEQ ID NO: 1) at 4,

5, 6 or 7 positions.

It will be appreciated that zinc finger peptides of the invention may be further derivatised
or conjugated to additional molecules, and that such derivatives and conjugates fall within

the scope of the invention.

It should also be appreciated that, unless otherwise stated, optional features of one of

more aspects of the invention may be incorporated into any other aspect of the invention.

All references cited herein are incorporated by reference in their entirety. Unless
otherwise defined, all technical and scientific terms used herein have the same meaning

as commonly understood by one of ordinary skill in the art to which this invention belongs.

Brief Description of the Drawings

The invention is further illustrated by the accompanying drawings in which:

Figure 1 Zinc finger arrays according to the invention bind to CAG-repeats. (A) A
schematic illustration of a 12-finger array, showing recognition helices contacting 5-GCT-
3' bases on the lower DNA strand. Similar arrays of 4, 6, 12 or 18 zinc fingers were built
(ZF4xHunt, ZF6xHunt, ZF12xHunt and ZF18xHunt). Nuclear localisation signals (NLS)
and effectors (e.g. Kox-1 transcription repression domain) were added to N- and C-
termini, respectively. (B) Gel shift assays show 4-, 6- or 12-finger arrays binding poly-

CAG dsDNA and forming distinct complexes; negative control, transcription-translation
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mix (TNT). (C) Left hand column - a schematic illustration of a hybrid zinc finger design
according to one embodiment of the invention, which recognises the nucleic acid
sequence 5'-GC(A/T)-3', which allows binding to either the (GCA), or the (GCT),
complementary strands of the CAG-repeat dsDNA sequence. Right hand column - a gel
shift assay demonstrating that the hybrid zinc finger binds equally to GCA or GCT triplets
in mixed sequences. (D) Specificity gel shift assay illustrating that a zinc finger peptide
according to one embodiment of the invention (ZF6xHunt), binds preferentially to CAG-

repeats when compared to mutant sequences (D=A,G,T; S=C,G; H=A,C,T).

Figure 2 Episomal poly-CAG-reporter repression by zinc finger peptides of the
invention. Results are illustrated for ZFPs without effector domains (panels B to D), or
fused to the Kox-1 repressor domain (panels E to G). (A) The pEH reporter plasmid
contains EGFP, fused to different-length poly-Q coding sequences, under an SV40
promoter. A control HcRed gene, under a CMV promoter, measures off-target or long-
range repression; key: ZFP expression constructs containing 0, 4, 6, 11 or 18 fingers. (B)
FACS assay measuring the fold-reduction in EGFP and HcRED fluorescent cells, in
response to exposure to different zinc fingers. A 10-fold repression is equivalent to a 90%
reduction in protein fluorescence. (C) lllustrates an EGFP Western blot for ZFP
repression of pEH-Qx targets. (D) Shows the results of a qRT-PCR assay to measure
fold-repression of EGFP or HCRED mRNA by ZFP. (E to G) The same three assays
(FACS, Western, gRT-PCR) repeated for ZFPs fused to Kox-1. In panels E to G the
vertical scales are larger, which reflects the stronger repression caused by the Kox-1
domain (>100-fold repression; >99% reduction in protein fluorescence), and long-range

repression of the HcRed gene by Kox-1.

Figure 3 Episomal reporter repression by ZFxHunt-Fokl. Cells were cotransfected
with reporter and ZFP-Fok1 expression plasmids: the pEH reporter plasmid contains
EGFP, fused to different-length poly-Q coding sequences, under an SV40 promoter. A
control HcRed gene, under a CMV promoter measures off-target or long-range
repression. ZF-Fokl (CMV-promoter) expression constructs contain chains of ZFxHunt (0,
4, 6 or 12 fingers, as indicated). The pTarget vector does not contain ZFP and is used as
a control. (A) FACS assay measuring the fold-reduction in EGFP or HcRED fluorescent
cells, in response to different zinc fingers. A 2.5-fold repression is equivalent to 60%
reduction. (B) gRTPCR assay to measure fold-repression of EGFP or HCRED mRNA by
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ZFP. (C) EGFP Western blot for ZFP repression of pEH-Qx targets. B-actin staining is

used as a loading control.

Figure 4 Episomal reporter repression by ZFPs of the invention. Cells were
cotransfected with reporter and zinc finger plasmids: the pEH reporter plasmid contains
EGFP, fused to different-length poly-Q coding sequences, under an SV40 promoter. A
control HcRed gene, under a CMV promoter, measures off-target or long-range
repression. pPGK-ZF (PGK-promoter) expression constructs contain chains of ZFxHunt
(0, 4, 6, 12 or 18 fingers, as indicated). ZFPs are not fused to any effector domains. The
pTarget vector does not contain a ZFP and is used as a control. (A) FACS assay
measuring the fold-reduction in EGFP or HcRED fluorescent cells, in response to different
zinc fingers. A 5-fold repression is equivalent to 80% reduction. (B) gRTPCR assay to
measure fold-repression of EGFP or HCRED mRNA by ZFP. (C) EGFP Western blot for

ZFP repression of pEH-Qx targets. B-actin staining is used as a loading control.

Figure 5 ZFP competition assay against pairs of different-length CAG-repeat
sequences. FEach small square represents one transfection experiment, where cells
simultaneously receive two reporter plasmids: poly-Q-EGFP and poly-Q-mCherry of
different length CAG-repeats (Q0 = no repeats; Q10 = 10 repeats; Q22 = 22 repeats; Q35
= 35 repeats; Q63 = 63 repeats; and Q104 = 104 repeats). Zinc finger peptides of the
invention with 4-, 6-, 11- or 18-fingers were tested for their ability to reduce the number of
detectable green and red cells in FACS assays (%). Top row: light grey boxes represent
high levels of GFP protein expression, dark grey boxes represent low levels of GFP
protein expression; middle row: light grey boxes represent high levels of mCherry protein
expression, dark grey boxes represent low levels of mCherry protein expression; bottom
row: light (grey) boxes represent higher levels of GFP protein expression compared to
mCherry, dark grey boxes represent higher levels of mCherry protein expression
compared to GFP. Similar results were obtained using ZFPs fused to the Fokl nuclease

domain (not shown).

Figure 6 Expression of chromosomal CAG-repeat genes, 20 days after retroviral ZFP
delivery. Assays were carried out in wild-type (wt) mouse STHdh cells with 7 CAG-
repeats associated with each copy of the Hdh gene (Q7/Q7); in poly-Q STHdh mutant
mice with 111 CAG-repeats associated with each copy of the Hdh gene (Q111/Q111);
and in human HEK293T, as indicated. (A) lllustrating the repression of endogenous hit
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by 6- and 11-finger peptides of the invention (ZF6xHunt and ZF11xHunt, respectively),
with or without the Kox-1 repressor domain. Western blots for Htt (top row) were
controlled with B-actin staining and quantified using ImageJ (Protein fold-repression;
middle row). gRT-PCR was used to compare htt mRNA levels (RNA fold repression;
bottom row). (B) Shows that the mRNA levels of other wt CAG-repeat genes are broadly
unaffected. The expression levels of seven wt genes associated with CAG-repeats were
tested by qRT-PCR (atrophin1: ATN1; ataxin-1, -2, -3 and —7: ATXN1, ATXN2, ATXN3
and ATXN7; calcium channel alpha 1A subunit: CACNA1A; and TATA binding protein:
TBP). CAG-repeat numbers are illustrated in Table 3. Two genomic neighbours of htt (G
protein-coupled receptor kinase 4: GRK4; and G-protein signaling 12: Rgs12) were also
unaffected in STHdh cells. (C) The mRNA levels of the seven wt CAG genes and wt HTT
(huntingtin; 21 CAG-repeats) were also broadly unaffected in HEK293T cells (N.B.
CACNA1A is not expressed in HEK293T cells).

Figure 7 ZFP toxicity assay. HEK-293T cells were transfected with the indicated
vector constructs. As a control Lipofectamine2000-only or untransfected cells (negative)
were used. Cytotoxicity was analysed using Guava Cell Toxicity (PCA) Assay and the
bars show the percentage of dead mid-apoptotic and viable cells. The resuits are an

average of at least 3 independent experiments.

Figure 8 IWustrates gRT-PCR data quantifying mRNA levels in mouse striatal
samples injected with ZF11xHunt-Kox-1. (A) Measurement of Kox-1 levels reveals peak
zinc finger expression at 6 weeks with a steady decline thereafter. (B) Mutant huntingtin
repression (mut htt) was repressed most at week 6 and is no longer significantly
repressed by week 10. (C) Zinc finger treatment has no significant effect on wild-type

huntingtin levels (wt htt).

Figure 9 Behavioural tests on the performance and general condition of R6/2 and wt
male mice treated with either ZFP or GFP. (A) Graph showing results of clasping
behavioural test. ZFP treatment resulted in a delay in the onset of clasping behaviour
when compared with GFP-treated and non-operated R6/2 control mice. (B) Graph
showing results of open field test. Increase of time spent in the centre of the open field
was also delayed by the ZFP treatment at week 7. A significant difference was observed
in R6/2-GFP mice at week 7 relative to all the other groups, but the effect had largely
disappeared by week 9. (C) Graph showing results of rotarod test. The decline in the
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rotarod performance from pre-surgery levels was attenuated by ZFP. An ANOVA with
repeated measures revealed that the R6/2-GFP group differed from WT-GFP, whereas
R6/2-ZFP did not differ from its control WT-ZFP. (D) Graph showing body weight gain
over the course of the experiment. Body weight gain was similar between both ZFP and
GFP-treated mice, and started declining after week 7 of age, with no effect from the
treatment. (E) Bar chart showing survival time. Survival was not significantly different
between the groups of R6/2 mice. All data are presented as mean + S.E.M. **, p<0.01.
*** p<0.001.

Figure 10 Repression of poly-CAG constructs by ZF10xHunt (SEQ ID NO: 108)
containing conservative variant sequences in the nucleic acid recognition helix. An
episomal assay was used including transient transfection followed by FACS for
fluorescent cells. The poly-CAG-GFP reporter constructs code for 0 (pEH), 10 (Q10), 35
(Q35), and 104 (Q104) CAG-repeats, respectively. (a) ZF10xHunt-Kox-1 zinc fingers
repress the fused GFP reporter gene. For comparison, the pTarget control contains no
zinc fingers. (b) Kox-1-ZFP fusions also slightly repress a control HcRed gene on the

same plasmid.

Detailed Description of the Invention

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art (e.g. in cell culture,

molecular genetics, nucleic acid chemistry and biochemistry).

Uniess otherwise indicated, the practice of the present invention employs conventional
techniques of chemistry, molecular biology, microbiology, recombinant DNA technology,
chemical methods, pharmaceutical formulations and delivery and treatment of patients,
which are within the capabilities of a person of ordinary skill in the art. Such techniques
are also explained in the literature, for example, J. Sambrook, E. F. Fritsch, and T.
Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,
Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic
supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley &
Sons, New York, N. Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and
Sequencing: Essential Techniques, John Wiley & Sons; J. M. Polak and James O'D.
McGee, 1990, In Situ Hybridisation: Principles and Practice, Oxford University Press; M.
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J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, IRL Press; and D.
M. J. Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A:
Synthesis and Physical Analysis of DNA Methods in Enzymology, Academic Press. Each

of these general texts is herein incorporated by reference.

In order to assist with the understanding of the invention several terms are defined herein.

The term “amino acid” in the context of the present invention is used in its broadest sense
and is meant to include naturally occurring L a-amino acids or residues. The commonly
used one and three letter abbreviations for naturally occurring amino acids are used
herein: A=Ala; C=Cys; D=Asp; E=Glu; F=Phe; G=Gly; H=His; I=lle; K=Lys; L=Leu;
M=Met: N=Asn; P=Pro;: Q=Gin; R=Arg; S=Ser; T=Thr; V=Val; W=Trp; and Y=Tyr
(Lehninger, A. L., (1975) Biochemistry, 2d ed., pp. 71-92, Worth Publishers, New York).
The general term “amino acid” further includes D-amino acids, retro-inverso amino acids
as well as chemically modified amino acids such as amino acid analogues, naturally
occurring amino acids that are not usually incorporated into proteins such as norleucine,
and chemically synthesised compounds having properties known in the art to be
characteristic of an amino acid, such as B-amino acids. For example, analogues or
mimetics of phenylalanine or proline, which allow the same conformational restriction of
the peptide compounds as do natural Phe or Pro, are included within the definition of
amino acid. Such analogues and mimetics are referred to herein as "“functional
equivalents" of the respective amino acid. Other examples of amino acids are listed by
Roberts and Vellaccio, The Peptides: Analysis, Synthesis, Biology, Gross and Meiehofer,
eds., Vol. 5 p. 341, Academic Press, Inc., N.Y. 1983, which is incorporated herein by

reference.

The term “peptide” as used herein (e.g. in the context of a zinc finger peptide (ZFP) or
framework) refers to a plurality of amino acids joined together in a linear or circular chain.
The term oligopeptide is typically used to describe peptides having between 2 and about
50 or more amino acids. Peptides larger than about 50 amino acids are often referred to
as polypeptides or proteins. For purposes of the present invention, however, the term
“peptide” is not limited to any particular number of amino acids, and is used

interchangeably with the terms “polypeptide” and “protein”.
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As used herein, the term “zinc finger domain” refers to an individual “finger”, which
comprises a Bpa-fold stabilised by a zinc ion (as described elsewhere herein). Each zinc
finger domain typically includes approximately 30 amino acids. The term “domain” (or
“module”), according to its ordinary usage in the art, refers to a discrete continuous part of
the amino acid sequence of a polypeptide that can be equated with a particular function.
Zinc finger domains are largely structurally independent and may retain their structure and
function in different environments. Typically, a zinc finger domain binds a triplet or
(overlapping) quadruplet nucleotide sequence. Adjacent zinc finger domains arranged in
tandem are joined together by linker sequences. A zinc finger peptide of the invention is
composed of a plurality of “zinc finger domains”, which in combination do not exist in
nature. Therefore, they may be considered to be artificial or synthetic zinc finger
peptides.

L]

The terms “nucleic acid”, “polynucleotide”, and “oligonucleotide” are used interchangeably
and refer to a deoxyribonucleotide (DNA) or ribonucleotide (RNA) polymer, in linear or
circular conformation, and in either single- or double-stranded form. For the purposes of
the present invention such DNA or RNA polymers may include natural nucleotides, non-
natural or synthetic nucleotides, and mixtures thereof. Non-natural nucleotides may
include analogues of natural nucleotides, as well as nucleotides that are modified in the
base, sugar and/or phosphate moieties (e.g. phosphorothioate backbones). Examples of
modified nucleic acids are PNAs and morpholino nucleic acids. Generally an analogue of
a particular nucleotide has the same base-pairing specificity, i.e. an analogue of G will
base-pair with C. For the purposes of the invention, these terms are not to be considered

limiting with respect to the length of a polymer.

A “gene”, as used herein, is the segment of nucleic acid (typically DNA) that is involved in
producing a polypeptide or ribonucleic acid gene product. It includes regions preceding
and following the coding region (leader and trailer) as well as intervening sequences
(introns) between individual coding segments (exons). Conveniently, this term also
includes the necessary control sequences for gene expression (e.g. enhancers, silencers,
promoters, terminators etc.), which may be adjacent to or distant to the relevant coding

sequence, as well as the coding and/or transcribed regions encoding the gene product.

As used herein the term “modulation”, in relation to the expression of a gene refers to a

change in the gene’s activity. Modulation includes both activation (i.e. increase in activity
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or expression level) and repression or inhibition of gene activity. In preferred
embodiments of the invention, the therapeutic molecules (e.g. peptides) of the invention
are repressors of gene expression or activity.

LT )

A nucleic acid “target”, “target site” or “target sequence”, as used herein, is a nucleic acid
sequence to which a zinc finger peptide of the invention will bind, provided that conditions
of the binding reaction are not prohibitive. A target site may be a nucleic acid molecule or
a portion of a larger polynucleotide. Particularly suitable target sites comprise repetitive
nucleic acid sequences; especially trinucleotide repeat sequences. Preferred target
sequences in accordance with the invention include those defined by CAG-repeat
sequences (e.g. CAGCAG...; AGCAGC...; and GCAGCA...), and their complementary
sequences, CTG-repeats (e.g. CTGCTG...; TGCTGC...; and GCTGCT...). In
accordance with the invention, a target sequence for a poly-zinc finger peptide of the
invention may comprise a single contiguous nucleic acid sequence, or more than one
non-contiguous nucleic acid sequence (e.g. two separate contiguous sequences, each
representing a partial target site), which are interspersed by one or more intervening
nucleotide or sequence of nucleotides. These terms may also be substituted or
supplemented with the terms “binding site”, “binding sequence”, “recognition site” or

recognition sequence”, which are used interchangeably.

As used herein, “binding” refers to a non-covalent interaction between macromolecules
(e.g. between a zinc finger peptide and a nucleic acid target site). In some cases binding
will be sequence-specific, such as between one or more specific nucleotides (or base
pairs) and one or more specific amino acids. It will be appreciated, however, that not all
components of a binding interaction need be sequence-specific (e.g. non-covalent
interactions with phosphate residues in a DNA backbone). Binding interactions between
a nucleic acid sequence and a zinc finger peptide of the invention may be characterised
by binding affinity and/or dissociation constant (Kd). A suitable dissociation constant for a
zinc finger peptide of the invention binding to its target site may be in the order of 1 uM or
lower, 1 nM or lower, or 1 pM or lower. "Affinity" refers to the strength of binding, such
that increased binding affinity correlates with a lower Kd value. Zinc finger peptides of the
invention may have DNA-binding activity, RNA-binding activity, and/or even protein-
binding activity. Preferably zinc finger peptides of the invention are designed or selected
to have sequence specific dsDNA-binding activity. Preferably, the target site for a

particular zinc finger peptide is a sequence to which the zinc finger concerned is capable
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of nucleotide-specific binding. It will be appreciated, however, that depending on the
amino acid sequence of a zinc finger peptide it may bind to or recognise more than one
target sequence, although typically one sequence will be bound in preference to any other
recognised sequences, depending on the relative specificity of the individual non-covalent
interactions. Generally, specific binding is preferably achieved with a dissociation
constant (Kd) of 1 nM or lower, 100 pM or lower; or 10 pM or lower. Preferably, a zinc
finger peptide of the invention binds to a specific target sequence with a dissociation

constant of 1 pM or lower; such as 0.1 pM or lower, or even 10 fM or lower.

By “non-target” it is meant that the nucleic acid sequence concerned is not appreciably
bound by the relevant zinc finger peptide. In some embodiments it may be considered
that, where a zinc finger peptide of the invention has a known sequence-specific target
sequence, all other nucleic acid sequences may be considered to be non-target. From a
practical perspective it can be convenient to define an interaction between a non-target
sequence and a particular zinc finger peptide as being sub-physiological (i.e. not capable
of creating a physiological response under physiological target sequence / zinc finger
peptide concentrations). For example, if any binding can be measured between the zinc
finger peptide and the non-target sequence, the dissociation constant (Kd) is typically

weaker than 1 uM, such as 10 uM or weaker, 100 uyM or weaker, or at least 1 mM.

The term “library” is used according to its common usage in the art, to denote a collection
of different polypeptides or a collection of nucleic acids encoding different polypeptides.
The zinc finger peptide frameworks of the invention are useful for creating libraries of zinc
finger peptides having extended runs of adjacent zinc finger domains, comprising or
encoding a repertoire of polypeptides of different sequences, each of which may have a
different preferred binding sequence. Preferred zinc finger framework libraries comprise
at least 8 adjacent zinc fingers, and more preferably at least 11 or 12 adjacent zinc
fingers. In some embodiments a zinc finger framework library comprises 18 adjacent zinc
finger domains. As used herein, a “naive” library refers to a collection of different zinc
finger peptides or corresponding encoding nucleic acids that has not been predetermined

or selected to have a particular preferred target binding site.

Zinc Finger Peptides
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The present invention relates to non-naturally occurring zinc fingers for binding to any
desired nucleic acid sequence, and their use as therapeutic molecules; for example, in
the treatment of HD. The invention further provides for the use of zinc finger modules in
poly-zinc finger peptides to bind repetitive nucleic acid sequences, such as trinucleotide
repeats, and particularly expanded CAG-repeats in genomic DNA sequences. Preferably,
the poly-zinc finger peptides of the invention bind expanded CAG-repeats associated with
mutated gene sequences in preferably and/or selectively over the shorter CAG-repeat

sequences of normal genes.

A zinc finger is a relatively small polypeptide domain comprising approximately 30 amino
acids, which folds to form an a-helix adjacent an antiparallel B—sheet (known as a Bpa-
fold). The fold is stabilised by the co-ordination of a zinc ion between four largely
invariant (depending on zinc finger framework type) Cys and/or His residues, as
described further below. Natural zinc finger domains have been well studied and
described in the literature, see for example, Miller et al., (1985) EMBO J. 4: 1609-1614;
Berg (1988) Proc. Natl. Acad. Sci. USA 85: 99-102; and Lee et al., (1989) Science 245:
635-637. A zinc finger domain recognises and binds to a nucleic acid triplet, or an
overlapping quadruplet (as explained below), in a double-stranded DNA target sequence.
However, zinc fingers are also known to bind RNA and proteins (Clemens, K. R. et al.
(1993) Science 260: 530-533; Bogenhagen, D. F. (1993) Mol. Cell. Biol. 13: 5149-5158;
Searles, M. A. et al. (2000) J. Mol. Biol. 301: 47-60; Mackay, J. P. & Crossley, M. (1998)
Trends Biochem. Sci. 23: 1-4).

Zinc finger proteins generally contain strings or chains of zinc finger domains (or
modules). Thus, a natural zinc finger protein may include 2 or more zinc finger domains,
which may be directly adjacent one another (i.e. separated by a short (canonical) linker
sequence), or may be separated by longer, flexible or structured polypeptide sequences.
Directly adjacent zinc finger domains are expected to bind to contiguous nucleic acid
sequences, i.e. to adjacent trinucleotides / triplets. In some cases cross-binding may also
occur between adjacent zinc fingers and their respective target triplets, which helps to
strengthen or enhance the recognition of the target sequence, and leads to the binding of
overlapping quadruplet sequences (Isalan et al., (1997) Proc. Natl. Acad. Sci. USA, 94:
5617-5621). By comparison, distant zinc finger domains within the same protein may
recognise (or bind to) non-contiguous nucleic acid sequences or even to different

molecules (e.g. protein rather than nucleic acid).
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The majority of the amino acid side chains in a zinc finger domain that are important for
dsDNA base recognition are located on the a-helix of the finger. Conveniently, therefore,
the amino acid positions in a zinc finger domain are numbered from the first residue in the
a-helix, which is given the number (+)1; and the helix is generally considered to end at the
final zinc-coordinating Cys or His residue, which is typically position +11. Thus, “-1" refers
to the residue in the framework structure immediately preceding the first residue of the a-
helix. As used herein, residues referred to as “++” are located in the immediately
adjacent (C-terminal) zinc finger domain. Generally, nucleic acid recognition by a zinc
finger module is achieved primarily by the amino acid side chains at positions ~1, +3, +6
and ++2; although other amino acid positions may sometimes contribute to binding
between the zinc finger and the target molecule. Therefore, it is convenient to define the
sequence of a zinc finger domain from —1 to (+)6 (i.e. residues -1, 1,2,3,4,5and 6) as a
zinc finger “recognition sequence”. The first invariant histidine residue that coordinates

the zinc ion is position (+)7 of the zinc finger domain.

When binding to a nucleic acid sequence, a zinc finger domain generally interacts mainly
with one strand of a double stranded nucleic acid molecule (the primary strand or
sequence). However, there can be subsidiary interactions between amino acids of a zinc
finger domain and the complementary (or secondary) strand of the double-stranded
nucleic acid molecule. The a-helix of the zinc finger domain almost invariably lies within
the major groove of dsDNA and aligns antiparallel to the target nucleic acid strand.
Accordingly, the primary nucleic acid sequence is arranged 3' to 5" in order to correspond
with the N-terminal to C-terminal sequence of the zinc finger peptide. Since nucleic acid
sequences are conventionally written 5' to 3', and amino acid sequences N-terminus to C-
terminus, when a target nucleic acid sequence and a zinc finger peptide are aligned
according to convention, the primary interaction of the zinc finger peptide is with the
complementary (or minus) strand of the nucleic acid sequence, since it is this strand
which is aligned 3' to 5'. These conventions are followed in the nomenclature used

herein.

Zinc finger peptides according to the invention are non-natural and suitably contain 3 or
more, for example, 4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 or more (e.g. up to
approximately 30 or 32) zinc finger domains arranged adjacent one another in tandem.
Such peptides may be referred to as “poly-zinc finger peptides”. Particularly beneficial

zinc finger peptides of the invention include at least 6 zinc finger domains, at least 11 or at
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least 12 zinc finger domains; and in some cases at least 18 zinc finger domains. The zinc
finger peptides of the invention may bind to non-contiguous or contiguous nucleic acid
binding sites. When targeted to non-contiguous binding sites, each sub-site (or half-site
where there are two non-contiguous sequences) is suitably approximately 18 bases long,

but may alternatively be approximately 12 or 24 bases long.

In (poly-)zinc finger peptides of the present invention, adjacent zinc finger domains are
joined to one another by “linker sequences” that may be canonical, canonical-like, flexible
or structured, as described, for example, in WO 01/53480 (Moore et al., (2001) Proc. Natl.
Acad. Sci. USA 98: 1437-1441). Generally, a natural zinc finger linker sequence lacks
secondary structure in the free form of the peptide. However, when the protein is bound
to its target site a canonical linker is typically in an extended, linear conformation, and
amino acid side chains within the linker may form local interactions with DNA. In a
tandem array of zinc finger domains, the linker sequence is the amino acid sequence that
lies between the last residue of the a-helix in an N-terminal zinc finger and the first
residue of the B-sheet in the next (i.e. C-terminal adjacent) zinc finger. For the purposes
of the present invention, the last amino acid of the a-helix in a zinc finger is considered to
be the final zinc coordinating histidine (or cysteine) residue, while the first amino acid of

the following finger is generally a tyrosine, phenylalanine or other hydrophobic residue.

Zinc Finger Peptide Frameworks and Libraries

Zinc finger peptides have proven to be extremely versatile scaffolds for engineering novel
DNA-binding domains (e.g. Rebar & Pabo (1994) Science 263: 671-673; Jamieson et al.,
(1994) Biochemistry 33: 5689-5695; Choo & Klug (1994) Proc. Natl. Acad. Sci. USA. 91:
11163-11167; Choo et al., (1994) Nature 372: 642-645; Isalan & Choo (2000) J. Mol. Biol.
295: 471-477; and many others).

For specific biological functionality and therapeutic use, particularly in vivo (e.g. in gene
therapy and transgenic animals), it is desirable that a poly-zinc finger peptide of the
invention is able to target unique or virtually unique sites within any genome. For complex
genomes, such as in humans, it is generally considered that an address of at least 16 bps
is required to specify a potentially unique DNA sequence. Shorter DNA sequences have
a significant probability of appearing several times in a genome, which increases the

possibility of obtaining undesirable non-specific gene targeting and biological effects.
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Since individual zinc fingers generally bind to 3 consecutive nucleotides, 6 zinc finger
domains with an 18 bp binding site could, in theory, be used for the specific recognition of
a unique target sequence within any genome. Accordingly, a great deal of research has
been carried out into so-called “designer transcription factors” for targeted gene
regulation, which typically involve 4 or 6 zinc finger domains that may be arranged in
tandem or in dimerisable groups (e.g. of 3-finger units). However, it has not previously
been demonstrated that tandem arrays of more than 6 zinc finger domains, such as 8, 9,
10, 11, 12 or more (e.g. 15, 16 or 18) zinc fingers can be synthesised and expressed.
Also, it has never previously been shown that such long arrays of non-natural zinc finger
domains can have in vitro or in vivo (specific) nucleic acid binding activity. Certainly, it
has not previously been reported that such extended arrays of zinc finger peptides can
target genomic DNA sequences and even have gene modulation activity in vitro and/or in

Vivo.

In the present invention, novel extended zinc finger peptide frameworks comprising at
least 4, at least 6, at least 10, at least 11, at least 12, or at least 18 zinc finger domains
have been created. Thus, preferred zinc finger peptide frameworks of the invention

comprise 6, 10, 11, 12 or 18 zinc finger domains.

The zinc finger peptide frameworks of the invention may comprise directly adjacent zinc
finger domains having canonical (or canonical-like) linker sequences between adjacent
zinc finger domains, such that they preferentially bind to contiguous nucleic acid
sequences. Accordingly, a 6-zinc finger peptide (framework) of the invention is
particularly suitable for binding to contiguous stretches of approximately 18 nucleic acid
bases or more, particularly of the minus nucleic acid strand; a 12-zinc finger peptide
(framework) of the invention is particularly suitable for binding to approximately 36 nucleic
acid bases or more, which may be arranged as a contiguous stretch or as non-contiguous
sub-sites of e.g. 18 nucleic acid bases; a 10-zinc finger peptide is suitable for binding
approximately 30 nucleic acid bases or more; an 11-zinc finger peptide is suitable for
binding approximately 33 nucleic acid bases or more, showing that odd numbers of long-
finger chains are also functional; and an 18-zinc finger peptide (framework) of the
invention is particularly suitable for binding to approximately 54 nucleic acid bases or
more, which may be arranged contiguously or in non-contiguous sub-sites of e.g. 18

nucleic acid bases.
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In some embodiments, one or more pairs of adjacent zinc finger domains may be
separated by short flexible linker sequences (e.g. of 6 or 7 amino acids). In this case
such poly-zinc finger peptides typically bind to contiguous DNA target sites, as indicated
above. In some other embodiments, one or more pairs of adjacent zinc finger domains
may be separated by longer flexible linker sequences, for example, comprising 8 or more
amino acids, such as between 8 and 50 amino acids. Particularly suitable long flexible
linkers have between approximately 11 and 40 amino acids, between 15 and 35 amino
acids, or between 19 and 30 amino acids. Preferred long flexible linkers have 15, 18 or
29 amino acids. Adjacent zinc finger domains separated by long flexible linkers have the
capacity to bind to non-contiguous binding sites in addition to the capacity to bind to
contiguous binding sites. The length of the flexible linker may influence the length of DNA

that may lie between such non-contiguous binding sub-sites.

The zinc finger frameworks of the invention may comprise two or more (e.g. 2, 3 or 4)
arrays of 4, 6 or 8 directly adjacent zinc finger domains separated by long flexible (or
structured) linkers. Preferably, such extended (poly-)zinc finger peptides are arranged in

multiple arrays of 6-finger units separated by long flexible linkers.

The inventors have shown for the first time that such extended zinc finger peptides of
more than 6 zinc fingers can exhibit specific and high affinity binding to desired target
sequences, both in vitro and in vivo. Furthermore, it has been demonstrated that these
extended zinc finger peptides can be stably expressed within a target cell, can be non-

toxic to the target cell, and can have a specific and desired gene modulation activity.

The extended zinc finger peptides of the invention are particularly suitable for binding to
repeat sequences (e.g. trinucleotide repeats) in target genes. Suitable target repeat
sequences comprise at least 10 trinucleotide repeats, at least 12 trinucleotide repeats, or
at least 20 trinucleotide repeats. Beneficially, there are at least 22 trinucleotide repeats,

at least 29 trinucleotide repeats or more.

In one embodiment, extended zinc finger peptides of the invention bind to sequences
within expanded CAG and/or CTG-repeat sequences in double-stranded DNA e.g. DNA
molecules, fragments, gene sequences or chromatin. Suitably, the binding site comprises
repeats of 5'- GCA -3’ and/or 5- GCT -3". Thus, the binding site preferably comprises

repeats of the sequence 5'- GC'/5 -3'. Desirably, target sequences for the preferred
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extended zinc finger peptides of the invention comprise 22 or more contiguous CAG (or
CTG) repeats, such as at least 35 contiguous CAG (or CTG) repeats, at least 63
contiguous CAG (or CTG) repeats, at least 104 contiguous CAG (or CTG) repeats, or at
least 111 contiguous CAG (or CTG) repeats.

A surprising advantage of the zinc finger peptides of one embodiment of the invention is
that they bind to longer arrays of CAG or CTG-repeat sequences in preference to shorter
arrays. Accordingly, the CAG (or CTG) targeting zinc finger peptides of the invention bind
more effectively (e.g. with higher affinity or greater gene modulation ability) to expanded
CAG or CTG-repeat sequences containing at least 22 repeats, compared to sequences
containing e.g. 10 or less repeats. Similarly, sequences containing at least 35 CAG or
CTG-repeats may be bound preferentially over sequences containing 22 or less repeats
(including 10 or less); sequences containing at least 63 CAG or CTG-repeats may be
bound preferentially over sequences containing 35 or less repeats (including 22 or less, or
10 or less); and sequences containing at least 104 CAG or CTG-repeats may be bound
preferentially over sequences containing 63 or less repeats (including 35 or less, 22 or

less, or 10 or less).

The extended zinc finger peptide frameworks of the invention are also suitable for the
generation of naive zinc finger peptide libraries, which can be screened or otherwise
tested for desirable properties, such as binding affinity to a chosen target sequence (such
as DNA or RNA). Therefore, in one aspect, the present invention relates to an extended
zinc finger peptide framework that can form a scaffold for the selection or design of
artificial zinc finger transcription factors and/or DNA binding proteins. For example, the
extended zinc finger array framework may comprise 10, 11, 12 or more (such as 18) zinc

finger domains, which may be diversified at one or more amino acid position.

There are a number of natural zinc finger frameworks known in the art, and any of these
frameworks may be suitable for use in the extended zinc finger peptide frameworks of the
invention. In general, a natural zinc finger framework has the sequence, Formula 1: Xo.
C X5 C Xo.1a H Xas Mlc; or Formula 2: Xoz C Xq5 C Xz X X X2 X X™ X X H Xas
H/c where X is any amino acid, the numbers in subscript indicate the possible numbers of
residues represented by X, and the numbers in superscript indicate the position of the
amino acid in the a-helix. In one embodiment of the invention, the extended zinc finger

peptide framework is based on an array of zinc finger domains of Formula 1 or 2.
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Alternatively, the zinc finger motif may be represented by the general sequence, Formula
3: X C Xp4 C Xs2 H Xaa5 /c; or Formula 4 (SEQ ID NO: 112): X, C Xz4 C X5 X X™* X2
X3 X X*® X*®H X345 'c. Still more preferably the zinc finger motif may be represented
by the general sequence, Formula 5: X; C X; C X2 H X3 H; or Formula 6 (SEQ ID NO:
113): X2 C Xz C X5 X" X' X2 X" X™ X" X™H X3 H. Accordingly, an extended zinc finger
peptide framework of the invention may be based on zinc finger domains of Formulas 1 to
6, or combinations of Formulas 1 to 6, joined together in an array using the linker

sequences described herein.

In these formulas, the fixed C and H residues coordinate the zinc ion to stabilise the zinc
finger structure: the first H residue is position +7 of the a-helix. Particularly preferred
positions for diverisification within the zinc finger domain frameworks of the invention are

those within or adjacent the a-helix, for example, positions -1, 2, 3 and 6.

In one embodiment of the invention, the extended zinc finger peptide framework
comprises at least 11 zinc finger domains of one of Formulas 1 to 6, joined together by
linker sequences, i.e. Formula 7: [(Formula 1-6) — linker], — (Formula 1-6)], where n is
210, such as between 10 and 31. As indicated, in Formula 7 any combination of
Formulas 1 to 6 may be used. In another embodiment the extended zinc finger peptide
framework comprises between 10 and 18 (e.g. 11 to 18) zinc finger domains of the above
Formulas. Suitably, therefore, nis 9 to 17 (e.g. 10 to 17); more suitably nis 9, 10, 11, 13,
14, 15 or 17; and preferably nis 10, 11 or 17.

In a preferred embodiment of the invention, the recognition sequence of one or more of
the zinc finger domains (i.e. positions X', X', X*?, X*%, X**, X"* and X" in Formulas 2, 4
and 6 above is represented by the amino acid sequence of SEQ ID NO: 101. In some
embodiments, the recognition sequence of one or more zinc finger domain is selected
from SEQ ID NO: 1, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO:
105, SEQ ID NO: 106, and SEQ ID NO: 107 or combinations thereof. In a particularly
preferred embodiment, the recognition sequence of one or more of the zinc finger
domains is represented by the amino acid sequence QRATLQR (SEQ ID NO: 1).
Alternative recognition sequences that bind to CAG- or CTG-repeat sequences are also
encompassed, such as those having one or more, such as 1, 2 or 3 mutations (e.g.
conservative substitutions) to SEQ ID NO: 1. Thus, in one embodiment, there is provided

an engineered zinc finger (DNA-binding) peptide comprising at least 10 zinc finger
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domains, wherein at least one zinc finger recognition sequence has the sequence of SEQ
ID NO: 1 and/or SEQ ID NO: 101. Beneficially, the engineered zinc finger peptide of the
invention comprises at least 11 zinc finger recognition sequences of SEQ ID NO: 1 and/or
SEQ ID NO: 101. Suitably, the zinc finger peptide comprises between 11 and 18 (e.g. 12)
zinc finger recognition sequences of SEQ ID NO: 1 and/or SEQ ID NO: 101. In any of the
embodiments of the invention it will be understood that one or more recognition sequence
of SEQ ID NO: 1 may be replaced with a sequence selected from SEQ ID NO: 102, SEQ
ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107
without substantially changing the nucleic acid recognition and binding characteristics of

the ZFP, and such alternative ZFPs are encompassed within the scope of the invention.

The zinc finger peptides of the invention preferably bind to CAG-repeat sequences and/or

CTG-repeat sequences; and more preferably to human expanded hft gene sequences.

As already described, adjacent zinc finger domains are joined together by linker
sequences. In a natural zinc finger protein, threonine is often the first residue in the
linker, and proline is often the last residue of the linker. On the basis of sequence
homology, the canonical natural linker sequence is considered to be -TGEKP- (Linker 1 or
L1; SEQ ID NO: 20). However, natural linkers can vary greatly in terms of amino acid
sequence and length. Therefore, a common consensus sequence based on natural linker
sequences may be represented by -TG"/q"/sP- (Linker 2 or L2; SEQ ID NO: 21) , and this
sequence is preferred for use as a “canonical” (or “canonical-like”) linker in accordance

with the invention.

However, in extended zinc finger arrays of e.g. 4 or more zinc finger domains, it has been
shown that it can be beneficial to periodically disrupt the canonical linker sequence, when
used between adjacent zinc fingers in an array, by adding one or more amino acid
residue (e.g. Gly and/or Ser), so as to create sub-arrays of zinc finger domains (e.g.
groups of 2 or 3) within the array (Moore et al., (2001) Proc. Natl. Acad. Sci. USA 98:
1437-1441; and WO 01/53480). Therefore, suitable linker sequences for use in
accordance with the invention include canonical linker sequences of 5 amino acids (e.g.
Linker 1 or Linker 2, above), or related canonical-like linker sequences of between 5 and

7 amino acids.
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Canonical-like linkers for use in accordance with the invention may suitably be based on
the sequence, -TG®/s%/oX/xP- (Linker 3 or L3; SEQ ID NO: 22). Preferred canonical-like
linkers thus include the specific sequences: TGGERP (SEQ ID NO: 23), TGSERP (SEQ
ID NO: 24), TGGQRP (SEQ ID NO: 25), TGSQRP (SEQ ID NO: 26), TGGEKP (SEQ ID
NO: 27), TGSEKP (SEQ ID NO: 28), TGGQKP (SEQ ID NO: 29), or TGSQKP (SEQ ID
NO: 30). A particularly preferred canonical-like linker is TGSERP (Linker 4 or L4; SEQ ID
NO: 24). However, other linker sequences may also be used between one or more pairs
of zinc finger domains, for example, linkers of the sequence -TG(®/s)o.."/o/rP- (Linker 5 or
L5; SEQ ID NO: 33) or -T(%/5)0.2G5/o"/zP- (Linker 6 or L6; SEQ ID NO: 34).

In some embodiments still longer flexible linkers of 8 or more amino acids may be used,
as previously described. Linkers of 8 amino acids include the sequences -
TG(%/s)s"/a"/rP- (SEQ ID NO: 31) and -T(%/s);G™q/rP- (L12; SEQ ID NO: 32). Exemplary
long flexible linkers are: LRQKDGGGGSQLVGTAERP (Linker 7 or L7; SEQ ID NO: 35),
LRQKDGGGGSGGGGSQLVGTAERP (Linker 8 or L8 SEQ ID NO: 36),
LRQKDGGGGSGGGGSGGGGSQLVGTAERP (Linker 9 or L9; SEQ ID NO: 37),
LRQKDGGGSQLVGTAERP (Linker 10 or L10; SEQ ID NO: 38) and
LRQKDGGGSGTAERP (Linker 11 or L11; SEQ ID NO: 39).

The present inventors have shown that by selecting appropriate linker sequences and
suitable combinations of linker sequences within an array of zinc fingers, extended arrays
of zinc finger peptides of at least 10 zinc fingers (such as 10, 11, 12 or 18) can be
synthesised, expressed and can have selective gene targeting activity. The extended
arrays of zinc finger peptides of the invention are preferably arranged in tandem. Such
11, or 12-zinc finger peptides can recognise and specifically bind 33 or 36 nucleic acid
residues, respectively, and longer arrays (such as 18-zinc finger peptides) recognise still
longer nucleic acid sequences. In this way, the extended zinc finger peptides of the
invention can be targeted to unique genomic sequences. Moreover, the sequence
recognition length provides a greater number of unique sequence combinations within the
recognition sequence, which can potentially provide for greater selectivity for the target
sequence to distinguish over non-target sequences. In this way the zinc finger peptides
of the invention have the potential to be more specific than any artificial transcription

factor synthesised to date.
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In addition, a significant increase in binding affinity might also be expected, compared to
zinc finger peptides with fewer fingers. For example, where a 3-finger peptide (with a 9
bp recognition sequence) binds DNA with nanomolar affinity, a 6-finger peptide might be
expected to bind an 18 bp sequence with an affinity of between 10° and 10" M,
depending on the arrangement and sequence of zinc finger peptides. To optimise both
the affinity and specificity of 6-finger peptides, a fusion of three 2-finger domains has been
shown to be advantageous (Moore et al., (2001) Proc. Natl. Acad. Sci. USA 98: 1437-
1441; and WO 01/53480). Therefore, in some embodiments of the invention, the zinc
finger peptides of the invention comprise sub-arrays of 2-finger units arranged in tandem.
In other embodiments the zinc finger peptides of the invention comprise sub-arrays of 3-

finger units arranged in tandem.

Accordingly, the extended zinc finger framework of the invention may comprise a

sequence selected from:

SEQID NO: 2 N’- [(Formula 2) — Xl — {[(Formula 2) — X5 — (Formula 2) — Xeg]n —
[(Formula 2) — X5 — (Formula 2) — X/ ]}n2 — [(Formula 2) — X5 — (Formula 2) — Xgns —
[(Formula 2) — X5 — (Formula 2)] — [Xs — (Formula 2) ], -C’, wherein n0is 0 or 1, n1 is
from1to4,n2is10or2,n3isfrom1to4, ndis 0or1, Xsis a linker sequence of 5 amino
acids, Xs is a linker sequence of 6 or 7 amino acids, and X, is a linker of at least 8 amino

acids;

SEQID NO: 3 N’- [(Formula 1-6) — L3].0— {[(Formula 1-6) — L2 — (Formula 1-6) —
L3]n — [(Formula 1-6) — L2 — (Formula 1-8) — X, J}»2 — [(Formula 1-6) — L2 — (Formula 1-6)
— L3Ju3 — [(Formula 1-6) — L2 — (Formula 1-6)] — [L3 — (Formula 1-6)].4 -C’ where n0, n1,

n2, n3, n4 and X, are as defined above;

SEQID NO: 4 N’- [(Formula 1-6) — L41, — {[(Formula 1-6) — L1 — (Formula 1-6) —
L4]. — [(Formula 1-8) — L1 — (Formula 1-6) — X/J}»2 — [(Formula 1-6) — L1 — (Formula 1-6)
— L4]n3 — [(Formula 1-6) — L1 — (Formula 1-6)] — [L4 — (Formula 1-6)].+ -C’, where n0, n1,

n2, n3, n4 and X, are as defined above;

SEQID NO: 5 N’- [(Formula 6) — L4}, — {[(Formula 6) — L1 — (Formula 6) — L4}, —
[(Formula 6) — L1 — (Formula 6) — X[}z — [(Formula 6) — L1 — (Formula 6) — L4} —
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[(Formula 6) — L1 — (Formula 6)] — [L4 — (Formula 6)]. -C’, where n0, n1, n2, n3, n4 and

X, are as defined above.

For the avoidance of doubt, hyphens (“-") in the Formulas and SEQ ID NOs of the
invention represent linkages only, and so these Formulas and SEQ IDs may also be

represented without hyphens.

Preferably in SEQ ID NOs: 2to 5,n0is Oor 1, n1isfrom 1to 3,n2is 1 or 2, n3is 2 or 3,
n4 is 0 and X_ is about 8 to 50. More preferably, n0is 0, n1is2o0r3,n2is 1or2,n3is 2
and n4 is 0, and/or X_ is about 11 to 40 amino acids. Still more preferably, n0 is 0, n1 is
2,n2is 1o0or2, n3is 2 and n4 is 0; and/or X, is about 15 to 35 amino acids. Still more
preferably X, is about 15 to 29 amino acids. Most preferably X, is selected from L7, L8,
L9, L10, L11 and L12.

Accordingly, the invention further provides methods for the construction and use of poly-
zinc finger peptides comprising at least 6, and preferably at least 11 or 12 (e.g. 11, 12 or
18) zinc finger domains. The methods of the invention are particularly suitable for
constructing arrays of identical zinc finger domains, which can bind to repeat trinucleotide

target sequences.

In the zinc finger frameworks above, the total number of zinc finger domains is preferably
from 11 to 18 and the zinc finger recognition sequence is preferably SEQ ID NO: 1.
Preferred zinc finger peptides have 6, 11, 12 or 18 zinc finger domains, and comprise the
sequences of SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12 or SEQ ID NO: 14

respectively (see Table 1).

The invention also encompasses nucleic acid molecules that encode the peptide
sequences of the invention. Preferred zinc finger peptide encoding sequences comprise
SEQ ID NOs: 9, 11, 13 and 15 which encode the zinc finger peptides of SEQ ID NOs: 8,
10, 12 and 14, respectively.

It will be appreciated that the zinc finger peptide framework sequences of the invention
may further include optional (N-terminal) leader sequences, such as: amino acids to aid
expression (e.g. N-terminal Met-Ala dipeptide); purification tags (e.g. FLAG-tags), and

localisation / targeting sequences (e.g. nuclear localisation sequences (NLS), such as
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PKKKRKYV; (SEQ ID NO: 40). Also, the peptides may optionally include additional C-
terminal sequences, such as: linker sequences for fusing zinc finger domains to effector
molecules; and effector molecules. Other sequences may be employed for cloning
purposes. The sequences of any N- or C-terminal sequences may be varied, typically
without altering the binding activity of the zinc finger framework, and such variants are

encompassed within the scope of the invention.

Zinc finger frameworks of the invention may be used to design or select for zinc finger
peptide arrays that target any desired nucleic acid sequence. In this case, the zinc finger
frameworks may be diversified at one or more positions. In some embodiments the
framework is diversified at one or more of amino acids positions -1, 1, 2, 3, 4, 5 and 6 of
Formulas 1 to 6, and hence of SEQ ID NOs: 2 to 5. The polypeptide sequence changes
may conveniently be achieved by diversifying the nucleic acid sequence encoding the
zinc finger peptide frameworks at the codons for at least one of those positions, so as to
encode more than one polypeptide variant. In another embodiment, the framework
nucleic acid or peptide is varied specifically or randomly at one or more (e.g. all) of
positions -1, 2, 3 and 6. In yet another embodiment, the framework is varied at positions -
1 3 and 6. Beneficially, at least 2, at least 3, at least 4, at least 5, or at least 6 of the
positions in the recognition sequence of each zinc finger domain are diversified. All such

nucleic acid and polypeptide variants are encompassed within the scope of the invention.

Hence, in one aspect the invention relates to a naive library of nucleic acids or
polypeptides comprising more than one zinc finger peptide or encoding nucleic acid
sequence, which allow selection of zinc finger peptides having desirable properties (such
as binding affinity for a chosen target nucleic acid sequence), from a suitable library
screening / selection method. For the purposes of this invention, a library having a
mixture of peptides or nucleic acids that has not been optimised or selected to have a
particular functionality is termed herein a “naive” library. A potential advantage of the zinc
finger peptide framework of the invention is that target sites that may be bound by
individual members of the framework library may not be restricted to a particular type or
conformation of molecule (e.g. double stranded DNA). Thus, any desirable target
molecule or sequence may be recognised (i.e. bound), such as nucleic acids (e.g. DNA or
RNA), proteins or peptides. A preferred target molecule is a double stranded nucleic acid,

and is most suitably DNA.
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The amino acid residues at each of the diversified positions may be non-selectively
randomised, i.e. by allowing the amino acid at the position concerned to be any of the 20
common naturally occurring amino acids; or may be selectively randomised, i.e. by
allowing the specified amino acid to be any one from a defined sub-group of the 20
naturally occurring amino acids. It will be appreciated that one convenient way of creating
a library of mutant peptides with randomised amino acids at each selected location, is to
randomise the nucleic acid codon of the corresponding nucleic acid sequence that
encodes the selected amino acid. On the other hand, given the knowledge that has now
accumulated in relation to the sequence specific binding of zinc finger domains to nucleic
acids, in some embodiments it may be convenient to select a specific amino acid (or small
sub-group of amino acids) at one or more chosen positions in the zinc finger domain, for
example, where it is known that a specific amino acid provides optimal binding to a
particular nucleotide residue in a specific target sequence. Such peptides or frameworks
are the result of “intelligent” design. Conveniently the whole of the zinc finger recognition
sequence may be selected by intelligent design and inserted / incorporated into an
appropriate zinc finger framework. The person of skill in the art is well aware of the codon
sequences that may be used in order to specify one or more than one particular amino
acid residue within a library. Non-randomised amino acid positions in each zinc finger

domain may be chosen from known wild-type or artificial zinc finger structures.

Another aspect of the present invention is directed towards the selection, identification
and/or characterisation of zinc finger peptides having a desired property, from a naive
zinc finger framework of the invention. A naive library comprises a plurality of nucleic acid
sequences (e.g. at least 10°, 108, 10°, 10" or more different coding sequences) that can

be expressed and screened to identify zinc finger peptides having the desired property.

The invention also encompasses derivatives of the zinc finger peptides of the invention.
In this regard, it will be appreciated that modifications, such as amino acid substitutions
may be made at one or more positions in the peptide without adversely affecting its
physical properties (such as binding specificity or affinity). By “derivative” of a zinc finger
peptide it is meant a peptide sequence that has the selected desired activity (e.g. binding
affinity for a selected target sequence), but that further includes one or more mutations or
modifications to the primary amino acid sequence. Thus, a derivative of the invention
may have one or more (e.g. 1, 2, 3, 4, 5 or more) chemically modified amino acid side

chains, such as pegylation, sialylation and glycosylation modifications. In addition or
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alternatively, a derivative may contain one or more (e.g. 1, 2, 3, 4, 5 or more) amino acid
mutations, substitutions or deletions to the primary sequence of a selected zinc finger
peptide. Accordingly, the invention encompasses the results of maturation experiments
conducted on a selected zinc finger peptide or a zinc finger peptide framework to improve
or change one or more characteristics of the initially identified peptide. By way of
example, one or more amino acid residues of a selected zinc finger domain may be
randomly or specifically mutated (or substituted) using procedures known in the art (e.g.
by modifying the encoding DNA or RNA sequence). The resultant library or population of
derivatised peptides may further be selected — by any known method in the art —
according to predetermined requirements: such as improved specificity against particular
target sites; or improved drug properties (e.g. solubility, bioavailability, immunogenicity
etc.). Peptides selected to exhibit such additional or improved characteristics and that
display the activity for which the peptide was initially selected are derivatives of the zinc

finger peptides of the invention and also fall within the scope of the invention.

Zinc Finger Peptide Modulators and Effectors

While the zinc finger peptides of the invention may have useful biological properties in
isolation, they can also be given useful biological functions by the addition of effector
domains. Therefore, in some cases it is desirable to conjugate a zinc finger peptide of the
invention to one or more non-zinc finger domain, thus creating chimeric or fusion zinc
finger peptides. It may also be desirable, in some instances, to create a multimer (e.g. a
dimer), of a zinc finger peptide of the invention — for example, to bind more than one

target sequence simultaneously.

Thus, having identified a desirable zinc finger peptide, an appropriate effector or
functional group may then be attached, conjugated or fused to the zinc finger peptide.
The resultant protein of the invention, which comprises at least a zinc finger portion (of
more than one zinc finger domain) and a non-zinc finger effector domain, portion or
moiety may be termed a “fusion”, “chimeric’ or “composite” zinc finger peptide.
Beneficially, the zinc finger peptide will be linked to the other moiety via sites that do not

interfere with the activity of either moiety.

A “non-zinc finger domain” (or moiety) as used herein, refers to an entity that does not

contain a zinc finger (BBa-) fold. Thus, non-zinc finger moieties include nucleic acids and
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other polymers, peptides, proteins, peptide nucleic acids (PNAs), antibodies, antibody

fragments, and small molecules, amongst others.

Beneficially, chimeric zinc finger peptides or fusion proteins of the invention are used to
up- or down-regulate desired target genes, in vitro or in vivo. Thus, potential effector
domains include transcriptional repressor domains, transcriptional activator domains,
transcriptional insulator domains, chromatin remodelling, condensation or decondensation
domains, nucleic acid or protein cleavage domains, dimerisation domains, enzymatic
domains, signalling / targeting sequences or domains, or any other appropriate
biologically functional domain. Other domains that may also be appended to zinc finger
peptides of the invention (and which have biological functionality) include peptide
sequences involved in protein transport, localisation sequences (e.g. subcellular
localisation sequences, nuclear localisation, protein targeting) or signal sequences. Zinc
finger peptides can also be fused to epitope tags (e.g. for use to signal the presence or
location of a target nucleotide sequence recognised by the zinc finger peptide. Functional

fragments of any such domain may also be used.

The expression of many genes is also achieved by controlling the fate of the associated
RNA transcript. RNA molecules often contain sites for RNA-binding proteins, which
determine RNA half-life and hence, levels of protein expression. Therefore, zinc finger
peptide modulators of the invention may also control gene expression by specifically

targeting RNA transcripts to either increase or decrease their half-life within a cell.

Beneficially, zinc finger peptides and fusion proteins of the invention have transcriptional
activity and, therefore, preferred biological effector domains include transcriptional
modulation domains such as transcriptional activators and transcriptional repressors, as
well as their functional fragments. The effector domain can be directly derived from a
basal or regulated transcription factor such as, for example, transactivators, repressors,
and proteins that bind to insulator or silencer sequences (see Choo & Kiug (1995) Curr.
Opin. Biotech. 6: 431-436; Choo & Klug (1997) Curr. Opin. Str. Biol. 7:117-125; and
Goodrich et al. (1996) Cell 84: 825-830); or from receptors such as nuclear hormone
receptors (Kumar & Thompson (1999) Steroids 64: 310-319); or co-activators and co-
repressors (Ugai et al. (1999) J. Mol. Med. 77: 481-494).
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Other useful functional domains for control of gene expression include, for example,
protein-modifying domains such as histone acetyltransferases, kinases, methylases and
phosphatases, which can silence or activate genes by modifying DNA structure or the
proteins that associate with nucieic acids (Wolffe (1996) Science 272: 371-372; and
Hassig et al., (1998) Proc. Natl. Acad. Sci. USA 95: 3519-3524). Additional usefu
effector domains include those that modify or rearrange nucleic acid molecules such as
methyitransferases, endonucleases, ligases, recombinases, and nucleic acid cleavage
domains (see for example, Smith et al. (2000) Nucleic Acids Res., 17: 3361-9; WO
2007/139982 and references cited therein).

Potential transcriptional / gene activation domains for fusing to zinc finger peptides of the
invention include the VP64 domain (see Seipel et al., (1996) EMBO J. 11: 4961-4968)
and the herpes simplex virus (HSV) VP16 domain (Hagmann et al. (1997) J. Virol. 71:
5952-5962; Sadowski et al. (1988) Nature 335: 563-564); and transactivation domain 1
and/or 2 of the p65 subunit of nuclear factor-kB (NFkB; Schmitz et al. (1995) J. Biol.
Chem. 270: 15576-15584).

A preferred transcriptional repression domain is the Kruppel-associated box (KRAB)
domain, which is a powerful repressor of gene activity. In some preferred embodiments,
therefore, zinc finger peptides or frameworks of the invention are fused to the KRAB
repressor domain from the human Kox-1 protein in order to repress a target gene activity
(e.g. see Thiesen et al. (1990) New Biologist 2: 363-374). Fragments of the Kox-1 protein
comprising the KRAB domain, up to and including full-length Kox protein may be used as
transcriptional repression domains, as described in Abrink et al. (2001) Proc. Natl. Acad.
Sci. USA, 98: 1422-1426. A useful Kox-1 domain sequence is shown in Table 2 (SEQID
NO: 16, SEQ ID NO: 17). Other transcriptional repressor domains known in the art may
alternatively be used, such as the engrailed domain, the snag domain, and the

transcriptional repression domain of v-erbA.

All known methods of conjugating an effector domain to a peptide sequence are
incorporated. The term "conjugate” is used in its broadest sense to encompass all
methods of attachment or joining that are known in the art, and is used interchangeably
with the terms such as “linked”, “bound”, “associated” or “attached”. The effector
domain(s) can be covalently or non-covalently attached to the binding domain: for

example, where the effector domain is a polypeptide, it may be directly linked to a zinc
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finger peptide (e.g. at the C-terminus) by a flexible or structured amino acid (linker)
sequence encoded by the corresponding nucleic acid molecule. One suitable linker
sequence for joining an effector domain to the C-terminus of a zinc finger peptide is
illustrated in Table 2 (SEQ ID NO: 18, SEQ ID NO: 19). Alternatively, a synthetic non-
amino acid or chemical linker may be used, such as polyethylene glycol, a maleimide-thiol
linkage (useful for linking nucleic acids to amino acids), or a disulphide link. Synthetic
linkers are commercially available, and methods of chemical conjugation are known in the
art.

Non-covalent linkages between a zinc finger peptide and an effector domain can be
formed using, for example, leucine zipper / coiled coil domains, or other naturally
occurring or synthetic dimerisation domains (Luscher & Larsson (1999) Oncogene 18:
2955-2966; and Gouldson et al. (2000) Neuropsychopharm. 23: S60-S77. Other non-
covalent means of conjugation may include a biotin-(strept)avidin link or the like. In some
cases, antibody (or antibody fragment)-antigen interactions may also be suitably

employed, such as the fluorescein-antifluorescein interaction.

To cause a desired biological effect via modulation of gene expression, zinc finger
peptides or their corresponding fusion peptides are allowed to interact with, and bind to,
one or more target nucleotide sequence associated with the target gene, either in vivo or
in vitro depending to the application. Beneficially, therefore, a nuclear localisation domain

is attached to the DNA binding domain to direct the protein to the nucleus.

When the target sequence is DNA, preferred DNA regions from which to effect the up- or
down-regulation of specific genes include promoters, enhancers or locus control regions
(LCRs). Other suitable regions within genomes, which may provide useful targets for zinc
finger peptides of the invention, include telomeres and centromeres. In one embodiment,
the genomic DNA target sequence comprises a trinucleotide repeat sequence comprising
at least 10 such repeats. In another embodiment, the genomic DNA target sequence
comprises a CAG-repeat sequence as found in expanded CAG-repeats of mutant genes.
In yet another embodiment the DNA target sequence comprises a CTG-repeat sequence,

which is the complement of an expanded CAG-repeat sequence.

Nucleic Acids and Peptide Expression
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The zinc finger peptides according to the invention and, where appropriate, the zinc finger
peptide conjugate / effector molecules of the invention may be produced by recombinant
DNA technology and standard protein expression and purification procedures. Thus, the
invention further provides nucleic acid molecules that encode the zinc finger peptides of
the invention as well as their derivatives; and nucleic acid constructs, such as expression
vectors that comprise nucleic acids encoding peptides and derivatives according to the

invention.

For instance, the DNA encoding the relevant peptide can be inserted into a suitable
expression vector (e.g. pPGEM®, Promega Corp., USA), where it is operably linked to
appropriate expression sequences, and transformed into a suitable host cell for protein
expression according to conventional techniques (Sambrook J. et al., Molecular Cloning:
a Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY). Suitable host
cells are those that can be grown in culture and are amenable to transformation with
exogenous DNA, including bacteria, fungal cells and cells of higher eukaryotic origin,

preferably mammalian cells.

To aid in purification, the zinc finger peptides (and corresponding nucleic acids) of the
invention may include a purification sequence, such as a His-tag. In addition, or
alternatively, the zinc finger peptides may, for example, be grown in fusion with another
protein and purified as insoluble inclusion bodies from bacterial cells. This is particularly
convenient when the zinc finger peptide or effector moiety may be toxic to the host cell in
which it is to be expressed. Alternatively, peptides of the invention may be synthesised in
vitro using a suitable in vitro (transcription and) translation system (e.g. the E. coli S30

extract system, Promega corp., USA).

The term “operably linked”, when applied to DNA sequences, for example in an
expression vector or construct, indicates that the sequences are arranged so that they
function cooperatively in order to achieve their intended purposes, i.e. a promoter
sequence allows for initiation of transcription that proceeds through a linked coding

sequence as far as the termination sequence.

It will be appreciated that, depending on the application, the zinc finger peptide or fusion
protein of the invention may comprise an additional peptide sequence or sequences at the

N- and/or C-terminus for ease of protein expression, cloning, and/or peptide or RNA
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stability, without changing the sequence of any zinc finger domain. For example, suitable
N-terminal leader peptide sequences are MA, MAERP (SEQ ID NO: 41) or MAEERP
(SEQ ID NO: 42).

In some applications it may be desirable to control the expression of zinc finger (fusion)
polypeptides of the invention by tissue specific promoter sequences or inducible
promoters, which may provide the benefits of organ or tissue specific and/or inducible
expression of polypeptides of the invention. These systems may be particularly
advantageous for in vivo applications and gene therapy. Examples of tissue-specific
promoters include the human CD2 promoter (for T-cells and thymocytes, Zhumabekov et
al. (1995) J. Immunological Methods 185: 133-140); the alpha-calcium-calmodulin
dependent kinase Il promoter (for hippocampus and neocortex cells, Tsien et al. (1996)
Cell 87: 1327-1338); the whey acidic protein promoter (mammary gland, Wagner et al.
(1997) Nucleic Acids Res. 25: 4323-4330); the mouse myogenin promoter (skeletal
muscle, Grieshammer et al. (1998) Dev. Biol. 197: 234-247); and many other tissue
specific promoters that are known in the art. For Huntington's disease gene therapy, it is
desirable to infect particular parts of the brain (the striatum). Therefore, AAV2/1 subtype
vectors (see e.g. Molecular Therapy (2004) 10: 302-317) are ideal for this purpose and

can be used with a strong AAV promoter included in the vectors.

Suitable inducible systems may use small molecule induction, such as the tetracycline-
controlled systems (tet-on and tet-off), the radiation-inducible early growth response

gene-1 (EGR1) promoter, and any other appropriate inducible system known in the art.

Expression and Characterisation of Zinc Finger Peptides from Libraries

Zinc finger peptides having desirable binding activity may be selected by screening
libraries of peptides from a zinc finger peptide framework of the invention. In accordance
with one aspect of the invention, nucleic acid libraries encoding a plurality of zinc finger
peptides are expressed, and the synthesised peptides are initially selected for their ability
to bind a desired target sequence. The screening may be performed using any library
generation and selection system known to the person of skill in the art, such as those

identified below.
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One approach is to produce a mixed population of candidate peptides by cloning a
randomised oligonucleotide library into an Ff filamentous phage gene, which allows large
peptides to be expressed on the surface of the bacteriophage (H. Lowman (1997) Ann.
Rev. Biophys. Biomol. Struct., 26: 401-424; and G. Smith et al. (1993) Meth. Enz., 217:
228-257). Randomised peptide libraries up to 38 amino acids in length have also been
made, and longer peptides are achievable using this system. The peptide libraries that
are produced are then typically mixed with a pre-selected matrix-bound nucleic acid target
sequence. Peptides that bind are isolated, and their sequences are determined. From
this information new peptides are synthesised and their biological properties can be

assessed.

A potential disadvantage of the above procedures is that the size of the libraries that are
typically generated with both phage display and chemical synthesis is limited to within the
10%-10° range. This limitation can result in the isolation of peptides of relatively low
binding affinity for the target ligand, unless a time-consuming maturation process is
subsequently used. This library-size limitation has led to the development of techniques
for the in vitro generation of peptide libraries including: mRNA display (Roberts, & Szostak
(1997) Proc. Natl. Acad. Sci. USA, 94, 12297-12302); ribosome display (Mattheakis et al.,
(1994) Proc. Natl. Acad. Sci. USA, 91, 9022-9026); and CIS display (Odegrip et al.,
(2004) Proc. Natl. Acad. Sci USA, 101 2806-2810) amongst others. These libraries can
be superior to phage display libraries (and other in vivo-based procedures), in that the
size of libraries generated may be 2 to 5 orders of magnitude larger than is possible with

phage display.

Where library size is too large or peptide length too long for a particular library screening
strategy, zinc finger peptide domains may be screened and selected as part of smaller
sub-domains (e.g. of 2 or 3 adjacent zinc finger domains), and then joined together using
linkers, such as the linker arrangement described in relation to the framework peptides of
the invention. Alternatively, nucleic acid sequences encoding the nucleic acid binding
residues (e.g. the recognition sequence) of each zinc finger domain can be synthesised
and grafted or cloned into the genetic sequence encoding each zinc finger domain of the

framework.

The binding affinity of a selected zinc finger peptide for the selected target sequence can

be measured using techniques known to the person of skill in the art, such as surface
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plasmon resonance, or biolayer interferometry. Biosensor approaches are reviewed by
Rich et al. (2009), “A global benchmark study using affinity-based biosensors”, Anal.
Biochem., 386:194-216. Alternatively, real-time binding assays between a zinc finger
peptide and target site may be performed using biolayer interferometry with an Octet Red
system (Fortebio, Menlo Park, CA).

Zinc finger peptides of the invention have uM or higher binding affinity for a target nucleic
acid sequence. Suitably, a zinc finger peptide of the invention has nM or sub-nM binding
affinity for its specific target sequence; for example, 10° M, 107° M, 107" M, or 107 M or
less. In some particularly preferred embodiments the affinity of a zinc finger peptide of
the invention for its target sequence is in the pM range or below, for example, in the range
of 10" M, 10" M, or 107° M or less.

In some embodiments of zinc finger peptides for targeting to expanded CAG repeats, the
zinc finger peptide has a dissociation constant for sequences of 35 or more CAG repeats
that is at least 2-fold higher, at least 5-fold, or at least 10-fold higher than for sequences of
less that 22 CAG repeats. Suitably, the affinity of such zinc finger peptides of the
invention for DNA sequences having at least 63 CAG repeats is at least 2-fold, at least 5-
fold or at least 20-fold higher than for sequences having less that 22 CAG repeats. In
some particularly advantageous embodiments, the affinity of such zinc finger peptides for
DNA sequences having at least 104 CAG repeats is at least 2-fold, at least 10-fold or at
least 50-fold higher than for sequences having less that 22 CAG repeats.

Selection and screening methods used in accordance with the invention can be applied to
the selection of zinc finger peptides for binding to any desired target site or nucleic acid
sequence; particularly suitable recognition sequences comprise 18 or more, 36 or more,
or 54 or more nucleotides, which may be contiguous, or non-contiguous — preferably
comprising subsites of 18 contiguous nucleotides. Suitable nucleic acid target sequences
are those associated with genetic disorders, particularly with neurological disorders, and
still more suitably with disorders associated with duplication, insertion, and expansion of

genomic sequences, such as HD.

Therapeutic Compositions
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A zinc finger peptide or chimeric modulator of the invention may be incorporated into a
pharmaceutical composition for use in treating an animal, preferably a human. A
therapeutic peptide of the invention (or derivative thereof) may be used to treat one or
more diseases or infections, depending on which binding site the zinc finger peptide was
selected or designed to recognise. Alternatively, a nucleic acid encoding the therapeutic
peptide may be inserted into an expression construct / vector and incorporated into

pharmaceutical formulations / medicaments for the same purpose.

Zinc finger peptides and chimeric modulators of the invention typically contain naturally
occurring amino acid residues, but in some cases non-naturally occurring amino acid
residues may also be present. Therefore, so-called “peptide mimetics” and “peptide
analogues”, which may include non-amino acid chemical structures that mimic the
structure of a particular amino acid or peptide, may also be used within the context of the
invention. Such mimetics or analogues are characterised generally as exhibiting similar
physical characteristics such as size, charge or hydrophobicity, and the appropriate
spatial orientation that is found in their natural peptide counterparts. A specific example
of a peptide mimetic compound is a compound in which the amide bond between one or
more of the amino acids is replaced by, for example, a carbon-carbon bond or other non-
amide bond, as is well known in the art (see, for example Sawyer, in Peptide Based Drug
Design, pp. 378-422, ACS, Washington D.C. 1995). Such modifications may be
particularly advantageous for increasing the stability of zinc finger peptide therapeutics
and/or for improving or modifying solubility, bioavailability and delivery characteristics

(e.g. for in vivo applications).

The therapeutic peptides and nucleic acids of the invention may be particularly suitable
for the treatment of diseases, conditions and/or infections that can be targeted (and
treated) intracellularly, for example, by targeting genetic sequences within an animal cell;
and also for in vitro and ex vivo applications. As used herein, the terms “therapeutic
agent” and “active agent” encompass both peptides and the nucleic acids that encode a
therapeutic zinc finger peptide of the invention. Therapeutic nucleic acids include vectors,
viral genomes and modified viruses, such as AAV, which comprise nucleic acid

sequences encoding zinc finger peptides and fusion proteins of the invention.

Therapeutic uses and applications for the zinc finger peptides and nucleic acids of the

invention include: anti-VEGF agents for treatment of various neoplastic and non-
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neoplastic diseases and disorders; cancers / neoplastic diseases and related conditions;
non-neoplastic conditions, such as neurological disorders, including head injury, spinal
cord injury, acute hypertension, meningitis, encephalitis, cerebral malaria, multiple
sclerosis, and encephalopathy; diabetic and other proliferative retinopathies; inflammation
and inflammatory-related conditions. Other therapeutic uses for the molecules and
compositions of the invention include the treatment of microbial infections and associated
conditions, for example, bacterial, viral, fungal or parasitic infection. Diseases of
trinucleotide repeat expansion are particularly preferred and amenable to the therapies of
the present invention, for example: Huntington’s disease (poly-CAG), spinocerebellar
ataxias (poly-CAG), dentatorubropallidoluysian atrophy (poly-CAG), juvenile myoclonic
epilepsy (dodecamer repeats; poly-CCCCGCCCCGCG, SEQ ID NO: 43), Friedreich's
ataxia (poly-GAA), fragile-X syndrome (poly-CGG), fragile X-E syndrome (poly-CCG),
myotonic dystrophy (poly-CTG).

One or more additional pharmaceutical acceptable carrier (such as diluents, adjuvants,
excipients or vehicles) may be combined with the therapeutic peptide of the invention in a
pharmaceutical composition. Suitable pharmaceutical carriers are described in
"Remington’s Pharmaceutical Sciences" by E. W. Martin. Pharmaceutical formulations
and compositions of the invention are formulated to conform to regulatory standards and

can be administered orally, intravenously, topically, or via other standard routes.

In accordance with the invention, the therapeutic peptide or nucleic acid may be
manufactured into medicaments or may be formulated into pharmaceutical compositions.
When administered to a subject, a therapeutic agent is suitably administered as a
component of a composition that comprises a pharmaceutically acceptable vehicle. The
molecules, compounds and compositions of the invention may be administered by any
convenient route, for example, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual, intranasal, intravaginal, transdermal,
rectally, by inhalation, or topically to the skin. Administration can be systemic or local.
Delivery systems that are known also include, for example, encapsulation in microgels,
liposomes, microparticles, microcapsules, capsules, etc., and can be used to administer
the compounds of the invention. Any other suitable delivery systems known in the art are

also envisioned in use of the present invention.
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Acceptable pharmaceutical vehicles can be liquids, such as water and oils, including
those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. The pharmaceutical vehicles can be saline, gum
acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea, and the like. In addition,
auxiliary, stabilising, thickening, lubricating and colouring agents may be used. When
administered to a subject, the pharmaceutically acceptable vehicles are preferably sterile.
Water is a suitable vehicle when the compound of the invention is administered
intravenously. Saline solutions and agueous dextrose and glycerol solutions can also be
employed as liquid vehicles, particularly for injectable solutions. Suitable pharmaceutical
vehicles also include excipients such as starch, glucose, lactose, sucrose, gelatin, mait,
rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride,
dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. The present
compositions, if desired, can also contain minor amounts of wetting or emulsifying agents,

or buffering agents.

The medicaments and pharmaceutical compositions of the invention can take the form of
liquids, solutions, suspensions, lotions, gels, tablets, pills, pellets, powders, modified-
release formulations (such as slow or sustained-release), suppositories, emulsions,
aerosols, sprays, capsules (for example, capsules containing liquids or powders),
liposomes, microparticles or any other suitable formulations known in the art. Other
examples of suitable pharmaceutical vehicles are described in Remington's
Pharmaceutical Sciences, Alfonso R. Gennaro ed., Mack Publishing Co. Easton, Pa.,
19th ed., 1995, see for example pages 1447-1676.

Suitably, the therapeutic compositions or medicaments of the invention are formulated in
accordance with routine procedures as a pharmaceutical composition adapted for oral
administration (more suitably for human beings). Compositions for oral delivery may be in
the form of tablets, lozenges, aqueous or oily suspensions, granules, powders, emulsions,
capsules, syrups, or elixirs, for example. Thus, in one embodiment, the pharmaceutically

acceptable vehicle is a capsule, tablet or pill.

Orally administered compositions may contain one or more agents, for example,
sweetening agents such as fructose, aspartame or saccharin; flavouring agents such as
peppermint, oil of wintergreen, or cherry; colouring agents; and preserving agents, to

provide a pharmaceutically palatable preparation. When the composition is in the form of
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a tablet or pill, the compositions may be coated to delay disintegration and absorption in
the gastrointestinal tract, so as to provide a sustained release of active agent over an
extended period of time. Selectively permeable membranes surrounding an osmotically
active driving compound are also suitable for orally administered compositions. In these
dosage forms, fluid from the environment surrounding the capsule is imbibed by the
driving compound, which swells to displace the agent or agent composition through an
<aperture. These dosage forms can provide an essentially zero order delivery profile as
opposed to the spiked profiles of immediate release formulations. A time delay material
such as glycerol monostearate or glycerol stearate may also be used. Oral compositions
can include standard vehicles such as mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc. Such vehicles are preferably of
pharmaceutical grade. For oral formulations, the location of release may be the stomach,
the small intestine (the duodenum, the jejunem, or the ileum), or the large intestine. One
skilled in the art is able to prepare formulations that will not dissolve in the stomach, yet
will release the material in the duodenum or elsewhere in the intestine. Suitably, the
release will avoid the deleterious effects of the stomach environment, either by protection
of the peptide (or derivative) or by release of the peptide (or derivative) beyond the
stomach environment, such as in the intestine. To ensure full gastric resistance a coating
impermeable to at least pH 5.0 would be essential. Examples of the more common inert
ingredients that are used as enteric coatings are cellulose acetate trimellitate (CAT),
hydroxypropylmethylcellulose phthalate (HPMCP), HPMCP 50, HPMCP 55, polyvinyl
acetate phthalate (PVAP), Eudragit L30D, Aquateric, cellulose acetate phthalate (CAP),
Eudragit L, Eudragit S, and Shellac, which may be used as mixed films.

To aid dissolution of the therapeutic agent or nucleic acid (or derivative) into the aqueous
environment a surfactant might be added as a wetting agent. Surfactants may include
anionic detergents such as sodium lauryl sulfate, dioctyl sodium sulfosuccinate and
dioctyl sodium sulfonate. Cationic detergents might be used and could include
benzalkonium chloride or benzethomium chloride. Potential nonionic detergents that
could be included in the formulation as surfactants include: lauromacrogol 400, polyoxyl
40 stearate, polyoxyethylene hydrogenated castor oil 10, 50 and 60, glycerol
monostearate, polysorbate 20, 40, 60, 65 and 80, sucrose fatty acid ester, methyl
cellulose and carboxymethyl cellulose. These surfactants, when used, could be present
in the formulation of the peptide or nucleic acid or derivative either alone or as a mixture

in different ratios.
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Typically, compositions for intravenous administration comprise sterile isotonic aqueous

buffer. Where necessary, the compositions may also include a solubilising agent.

Another suitable route of administration for the therapeutic compositions of the invention

is via pulmonary or nasal delivery.

Additives may be included to enhance cellular uptake of the therapeutic peptide (or
derivative) or nucleic acid of the invention, such as the fatty acids oleic acid, linoleic acid

and linolenic acid.

In one pharmaceutical composition, a zinc finger peptide or nucleic acid of the invention
(and optionally any associated non-zinc finger moiety, e.g. a modulator of gene
expression and/or targeting moiety) may be mixed with a population of liposomes (i.e. a
lipid vesicle or other artificial membrane-encapsulated compartment), to create a
therapeutic population of liposomes that contain the therapeutic agent and optionally the
modulator or effector moiety. The therapeutic population of liposomes can then be
administered to a patient by any suitable means, such as by intra-venous injection.
Where it is necessary for the therapeutic liposome composition to target specifically a
particular cell-type, such as a particular microbial species or an infected or abnormal cell,
the liposome composition may additionally be formulated with an appropriate antibody
domain or the like (e.g. Fab, F(ab),, scFv efc.) or alternative targeting moiety, which

recognises the target cell-type. Such methods are known to the person of skill in the art.

The therapeutic peptides or nucleic acids of the invention may also be formulated into

compositions for topical application to the skin of a subject.

Zinc finger peptides and nucleic acids of the invention may also be useful in non-
pharmaceutical applications, such as in diagnostic tests, imaging, as affinity reagents for
purification and as delivery vehicles.

Gene Therapy

One aspect of the invention relates to gene therapy treatments utilising zinc finger

peptides of the invention for treating diseases.
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Gene therapy is the insertion of genes into an individual's cell (e.g. animal or human) and
biological tissues to treat disease, for example, by replacing deleterious mutant alleles
with functional / corrected versions. The most promising target diseases to date are those
that are caused by single-gene defects, such as cystic fibrosis, haemophilia, muscular
dystrophy, sickle cell anaemia, and HD. Other common gene therapy targets are aimed
at cancer and hereditary diseases linked to a genetic defect, such as expanded

nucleotide repeats.

Gene therapy is classified into two type: germ line gene therapy, in which germ cells, (i.e.
sperm or eggs), are modified by the introduction of therapeutic genes, which are typically
integrated into the genome and have the capacity to be heritable (i.e. passed on to later
generations); and somatic gene therapy, in which the therapeutic genes are transferred
into somatic cells of a patient, meaning that they may be localised and are not inherited

by future generations.

Gene therapy treatments require delivery of the therapeutic gene (or DNA or RNA
molecule) into target cells. There are two categories of delivery systems, either viral-
based delivery mechanisms or non-viral mechanisms, and both mechanisms are

envisaged for use with the present invention.

Viral systems may be based on any suitable virus, such as: retroviruses, which carry RNA
(e.g. influenza, SV, HIV, lentivirus, and Moloney murine leukaemia); adenoviruses, which
carry dsDNA,; adeno-associated viruses (AAV), which carry ssDNA; herpes simplex virus
(HSV), which carries dsDNA; and chimeric viruses (e.g. where the envelop of the virus

has been modified using envelop proteins from another virus).

A particularly preferred viral delivery system is AAV. AAV is a small virus of the parvovirus
family with a genome of single stranded DNA. A key characteristic of wild-type AAV is
that it almost invariably inserts its genetic material at a specific site on human
chromosome 19. However, recombinant AAV, which contains a therapeutic gene in place
of its normal viral genes, may not integrate into the animal genome, and instead may form
circular episomal DNA, which is likely to be the primary cause of long-term gene
expression. Advantages of AAV-based gene therapy vectors include: that the virus is

non-pathogenic to humans (and is already carried by most people); most people treated
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with AAV will not build an immune response to remove either the virus or the cells that
have been successfully infected with it; it will infect dividing as well as non-dividing
(quiescent) cells; and it shows particular promise for gene therapy treatments of muscle,
eye, and brain. To date, AAV vectors have been used for first- and second-phase clinical
trials for the treatment of cystic fibrosis; and first-phase clinical trials have been carried
out for the treatment of haemophilia. There have also been encouraging results from
phase | clinical trials for Parkinson's disease, which provides hope for treatments requiring
delivery to the central nervous system. Gene therapy trials using AAV have also been
reported for treatment of Canavan disease, muscular dystrophy and [ate infantile neuronal
ceroid lipofuscinosis. HSV, which naturally infects nerve cells in humans also may offer

advantages for gene therapy of diseases involving the nervous system.

Suitably, in accordance with the invention, zinc finger encoding nucleic acid constructs (as
described elsewhere herein) are inserted into an adeno-associated virus (AAV) vector,
particularly AAV2/1 subtype (see e.g. Molecular Therapy (2004) 10: 302-317). This
vector is particularly suitable for injection and infection of the striatum, in the brain, where
the deleterious effects of mutant Htt aggregation are most prevalent in HD. In this way,
the zinc finger encoding nucleic acid constructs of the invention can be delivered to
desired target cells, and the zinc finger peptides expressed in order to repress the

expression of mutant htf genes.

Non-viral based approaches for gene therapy can provide advantages over viral methods,
for example, in view of the simple large-scale production and low host immunogenicity.
Types of non-viral mechanism include: naked DNA (e.g. plasmids); oligonucleotides (e.g.
antisense, siRNA, decoy ds oligodeoxynucleotides, and ssDNA oligonucleotides);
lipoplexes (complexes of nucleic acids and liposomes); polyplexes (complexes of nucleic
acids and polymers); and dendrimers (highly branched, roughly spherical

macromolecules).

Accordingly, the zinc finger-encoding nucleic acids of the invention may be used in
methods of treating diseases by gene therapy. Particularly suitable diseases are those of

the nervous system (peripheral and/or central); and a preferred disease is HD.

In particular, the gene therapy therapeutics and regimes of the invention may provide for

the expression of therapeutic zinc fingers in target cells for repressing the expression of
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target genes, such as those having non-wild-type expanded CAG-repeat sequences, and
especially the mutant htt gene. Zinc finger nucleases of the invention (e.g. as fusion
proteins with Fok-1 nuclease domain) may also be useful in gene therapy treatments for
gene cutting or directing the site of integration of therapeutic genes to specific
chromosomal sites, as previously reported by Durai et al. (2005) Nucleic Acids Res. 33,
18: 5978-5990.

Huntington’s Disease (HD) and Therapies

Unlike other neurological disorders, such as Alzheimer's and Parkinson’s diseases, HD is
monogenic (The Huntington's Disease Collaborative Research Group (1993) Cell, 72(6):
971-983). Therefore, a useful therapeutic strategy against HD may only need to target
the expression of the single causal gene in order to reverse and treat the effects of the
mutant protein. However, since wt Hit protein is widely expressed (Sharp et al. (1995)
Neuron 14(5): 1065-1074); is essential for early embryonic development (Duyao et al.
(1995) Science 269(5222): 407-410); and is required for neuronal function and survival in
the brain (Dragatsis et al. (2000) Nat. Genet. 26(3): 300-306); it is important to reduce the
expression of the mutant protein specifically, and to leave the expression of the wt protein

unaffected.

Recently, RNA interference (RNAi) was shown to reduce expression of mutant htt (van
Bilsen et al. (2008) Hum. Gene Ther. 19(7): 710-719; Zhang et al. (2009) J. Neurochem.
108(1): 82-90; Pfister et al. (2009) Curr. Biol. 19(9): 774-778). Although this technique
may have the potential to be quite powerful, the success of RNAI depends on targeting
single nucleotide or deletion polymorphisms that differentiate between mutant and wt
alleles, and these often differ from patient to patient. The requirement for personalised

siRNA designs currently raises challenges for clinical trials and approved use in humans.

In a more general approach, Hu et al. used peptide nucleic acid (PNA), and locked
nucleic acid (LNA) antisense oligomers, to target expanded CAG-repeats of the ataxin-3
and htt genes (Hu et al. (2009) Nat. Biotechnol. 27(5): 478-484; Hu et al. (2009) Ann. NY
Acad. Sci. 1175: 24-31). They observed selective inhibition of the mutant allele with
peptide nucleic acids (PNAs) for up to 22 days. Although these results also appear
promising, PNAs cannot be delivered to the central nervous system. Therefore, the

authors also tried to use locked nucleic acids (LNAs), which are more suitable for in vivo



10

I5

20

25

30

WO 2012/049332 PCT/EP2011/068139

47

applications. In this experiment inhibition of the mutant allele was observed, but up to

30% inhibition of wt htt was also seen at the most effective concentration of LNA used.

Therefore, there is still a clear need in the art for effective therapies for inhibiting the
expression of mutant Htt protein, while leaving the expression of the wild type allele

largely unaffected.

Accordingly, in this work, the inventors rationally designed zinc finger peptides to be able
to recognise and bind poly- 5'- GC(A/T) -3' sequences, such that they would recognise
both poly-CAG and its complementary DNA strand, poly-CTG. Beneficial zinc finger
peptides of the invention were able to repress a target gene with expanded CAG-repeat
sequences preferentially over shorter repeat sequences in transient transfection reporter
assays. Using a model cell line for HD, the inventors achieved stable expression of zinc
finger peptides, which also reduced expression of the chromosomal mutant hit gene
(having 111 CAG-repeats). Repression of gene expression was demonstrated both at the
protein and the RNA levels. Repression of the mutant genes that were targeted was
shown to persist for extended periods (e.g. over 20 days), and the expression of genes
having shorter genomic CAG-repeat sequences were found to remain broadly unaffected.
Thus, the zinc finger peptides of the invention target the expanded CAG repeats
associated with the mutant Hit gene in preference to the normal CAG repeats associated
with the wild type Hit gene. Therefore, zinc finger peptides of the invention are efficient

and selective repressors of genes with long CAG-tracts.

Likewise, the zinc finger peptides of the invention are suitable for the targeting and
modulation of genes containing long repeat sequences (particularly trinucleotide repeats)
associated with genes other than Hit, as previously indicated.

The invention will now be further illustrated by way of the following non-limiting examples.

Examples

Unless otherwise indicated, commercially available reagents and standard techniques in

molecular biological and biochemistry were used.
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Materials and Methods

The following procedures used by the Applicant are described in Sambrook, J. et al., 1989
supra.: analysis of restriction enzyme digestion products on agarose gels and preparation
of phosphate buffered saline. General purpose reagents, oligonucleotides, chemicals and
solvents were purchased from Sigma-Aldrich Quimica SA (Madrid, Spain). Enzymes and
polymerases were obtained from New England Biolabs (NEB Inc.; c/o IZASA, S.A.

Barcelona, Spain).

Vector and Zinc Finger Peptide (ZFP) Construction

To build a zinc finger peptide (ZFP) framework that recognises both GCA and GCT DNA
sequences (which are found within expanded CAG-repeats), a zinc finger scaffold based
on the wild-type backbone sequence of the zinc finger region of wild-type zif268 was
selected. Amino acid residues responsible for DNA target recognition (i.e. the
“recognition sequence”, which essentially corresponds to the a-helical region of the
framework) were designed having regard to two previously reported studies: (1) Choo et
al. (1994) Nature 372(6507): 642-645, engineered ZFPs with the following a-helical
recognition sequences (residues -1 to 6), QAATLQR (SEQ ID NO: 44) for binding to the
GCA triplet, and QAQTLQR (SEQ ID NO: 45) for binding to the GCT triplet; and (2) Isalan
et al. (1998) Biochemistry 37(35): 12026-12033, reported that the sequence QRASRKR
(SEQ ID NO: 46) was able to recognise GN(T/A) friplets. These a-helical amino acid
sequences were combined to generate a novel hybrid a-helix sequence, QRATLQR (SEQ
ID NO: 1), comprising positions -1, 1 and 2 from Isalan et al. and residues 3, 4, 5 and 6
from Choo et al. The resultant zinc finger domain was expected to bind the sequence
GC(T/A), and was termed ZFxHunt (Figure 1C). A pUCS57 vector containing 6 such zinc
finger domains, termed ZF6xHunt, was synthesised (Genscript Corporation (Piscataway,
NJ). This vector also included a T7 promoter, an N-terminal NLS (PKKKRKYV; (SEQ ID
NO: 40), and restriction sites for deriving 4 (ZF4), 11 (ZF11), 12 (ZF12) and 18 (ZF18)
zinc finger peptides in tandem arrays by subcloning (see Table 1 for zinc finger
sequences; SEQ ID NOs: 6 to 15). For example, to clone pUC57 ZF4, the vector pUC57
ZF6 was cut with Eag1 and re-ligated (zinc finger peptide SEQ ID NO: 6). To clone ZF12,
pUC ZF6 was digested with Spel, and a PCR fragment containing ZF6 (with Spel linkers)
was cloned into the Spel site (zinc finger peptide, SEQ ID NO: 12). A Kpnl site was
added for future cloning purposes (PCR fragment: "Spel-Kpnl-ZF6-Spel"”). ZF11 was

derived from ZF12 by deleting the N-terminal finger by homologous recombination (zinc
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finger peptide, SEQ ID NO: 10). ZF18 was constructed with a PCR-cloning strategy
similar to that for ZF12, resulting in slightly shorter linkers (zinc finger peptide, SEQ ID
NO: 14).

The zinc finger peptides were then subcloned into the mammalian expression vector
pTarget (Promega). A 3xFLAG tag sequence (DYKDHDG DYKDHDI DYKDDDDK; SEQ
ID NO: 47) was introduced by PCR at the N-terminus, and either the Fokl endonuclease
domain or the Kox-1 (KRAB repression domain) coding sequences were introduced at the
C-terminus, with a 3Xggggs (SEQ ID NO: 48) linker between the zinc finger peptide and

the effector domain.

The pEH vector series was cloned in two steps. First, the EGFP coding region was
excised from pEGFP-N1 (Clontech), using Hindlll / Xbal, and cloned into pGL4.13
(Promega) to give pSV40-EGFP. Then, a PCR product containing CMV-HcRed-polyA
and Clal linkers was cloned into pSV40-EGFP (partially digested with Clal). The EGFP
start codon was mutated to alanine by site directed mutagenesis, and PCR fragments
containing human Hit exon | from different human genomic templates (to obtain different
numbers of CAG repeats), were cloned into the pEH EcoRl site, upstream and in frame
with EGFP (pEH-Q series). The pSV40-mCherry vector series were generated by
replacing EGFP from the pSV40-EGFP vector series with mCherry using Xmal / Xbal

sites.

In Vitro Gel Shift Assays

First, pUC57-ZFxHunt, M13fwd and M13rev primers (M13fwd, GTAAAACGACGGCCAG;
M13rev, CAGGAAACAGCTATGAC; see Table 3), were used to generate PCR products
for in vitro expression of the ZFP, using the TNT T7 Quick PCR DNA kit (Promega).
Double stranded DNA probes with different numbers of CAG repeats based on the
standard sequence: 5'- ACG TAC (CAG)n TCA CAG TCA GTC CAC ACG TC -3' (SEQ ID
NO: 49) were produced by Klenow fill-in. 100 ng of double stranded DNA was used in a
DIG-labeling reaction using Gel Shift Kkit, 2" generation (Roche), following the
manufacturer’s instructions. For gel shift assays, 0.005 pmol of DIG-labelled probe were
incubated with increasing amounts of TNT-expressed protein in a 20 pl reaction
containing 0.1 mg/ml BSA, 0.1 pg/ml polydl:dC, 5% glycerol, 20 mM Bis-Tris Propane,
100 mM NaCl, 5 mM MgCl,, 50 mg/ml ZnCl, 0.1% NonidetP40 and 5 mM DTT for 1 hour

at 25°C. Binding reactions were separated in a 7% non-denaturing acrylamide gel for 1
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hour at 100 V, transferred to a nylon membrane for 30 min at 400 mA, and visualisation

was performed following manufacturer’s instructions.

Cell Culture and Gene Delivery

The cell line HEK-293T (ATCC) was cultured in 5% CO, at 37°C in DMEM (Gibco)
supplemented with 10% FBS (Gibco). Qiagen purified DNA was transfected into cells
using Lipofectamine 2000 (Invitrogen) according to the manufacturer’'s instructions.
Briefly, celis were plated onto 10 mm welis to a density of 50% and 70 ng of reporter
plasmid, 330 ng of ZFP expression plasmid and 2 pi of Lipofectamine 2000 were mixed

and added to the cells. Cells were harvested for analysis 48 hours later.

STHdh+ / Hdh+ and STHdhQ111 / Hdh111 cells (gift from M.E. MacDonald) were
cuitured in 5% CO, at 33°C in DMEM supplemented with 10% FBS (Gibco) and 400 ug/mi
G418 (PAA). Cells were infected with retroviral particles using the pRetroX system

(Clontech) according to the manufacturer’s instructions.

Flow Cytometry Analysis
Cells were harvested 48 hours post-transfection and analysed in a BD FACS Canto Flow

cytometer using BD FACSDiva software.

Western Blot

293T cells were harvested 48 hours post-transfection in 100 pl of 2xSDS loading dye with
Complete protease inhibitor (Roche). 20 ul of sample was separated in 4-15% Criterion
Tris-HCI ready gels (BioRad) for 2 hours at 100V, transferred to Hybond-C membrane
(GE Healthcare) for 1 hour at 100V. Proteins were detected with either the primary
antibody anti B-actin (Sigma A1978) at 1:3000 dilution or anti-EGFP (Roche) at 1:1500
dilution and with a peroxidase-conjugated donkey anti-mouse secondary antibody
(Jackson ImmunoResearch) at 1:10000 dilution. Visualisation was performed with ECL
system (GE Healthcare) using a LAS-3000 imaging system (Fujifilm). STHdh cells were
trypsinised and harvested in PBS containing Complete protease inhibitor (Roche). Cells
were resuspended in RIPA buffer (1% TritonX-100, 1% sodium deoxycholate, 40 mM
Tris-HCI, 150 mM NaCl, 0.2% SDS, Complete), incubated in ice for 15 min, and were
centrifuged at 13000 rpm for 15 min. The supernatant was coliected and protein
concentration was determined using BioRad's D¢ protein assay. 60 g of protein was

separated in a 5% Criterion Tris-HCI ready gel (BioRad) for 2 hours at 100V, transferred



10

15

20

25

30

35

WO 2012/049332 PCT/EP2011/068139

51

using iBlot Dry Blotting System (Invitrogen) for 8 min and endogenous Hitt protein was
detected with anti-Huntingtin primary antibody (Millipore MAB2166) at a 1:1000 dilution.

qQRT-PCR

RNA was prepared with RNeasy kit (Qiagen) and reversed transcribed with Superscript ||
(Invitrogen). Real Time PCR was performed in a LightCycler® 480 Instrument (Roche)
using LightCycler® 480 SYBR Green | Master (Roche). Primer sets are given in full in
Table 3.

Production of Adeno-Associated Viral Vector

AAV2/1-CAG-GFP-WPRE and AAV2/1-CAG-ZF11xHunt-KoxI-WPRE containing a CAG
promoter (CMV early enhancer element and the chicken beta-actin promoter) and WPRE
(Woodchuck post-translational regulatory element), were produced at the Centre for
Animal Biotechnology and Gene Therapy of the Universitat Autonoma of Barcelona
(CBATEG-UAB) as previously described (Salvetti et al. (1998) Hum. Gene Ther. 9: 695-
706). Recombinant virus was purified by precipitation with PEG8000 followed by

iodixanol gradient ultracentrifugation with a final titre of 7.41x10"" genome copies/ml.

Animals - R6/2 Transgenic Mice
R6/2 transgenic mice were purchased form Jackson Laboratories (B6CBA-
Tg(HDexon1)62Gpb/3J). Ovarian transplanted hemizygous females and wt B6CBAF1/J
males were bred in house, and progeny was genotyped as previously described (Benn, et
al. (2009), PLoS One 4, e5747).

Stereotaxic injections were performed on 4-week-old mice. Briefly, mice were
anesthetised with isofluorane and fixed on a stereotaxic frame. Buprenorphine was
injected at 0.05 mg/kg. AAVs were injected bilaterally into the striatum (A/P +0.7 mm, M/L
+ 1.8 mm, D/V -3.0 mm relative to bregma) using a 10 yl Hamilton syringe at a rate of
0.25 ul/min controlled by an Ultramicropump (World Precision Instruments). For each
hemisphere, a total volume of 3 pl (2.2x10° genomic particles) were injected in two steps:
1.5 ul were injected at —3.0 mm DV, the needle was let to stand for 3 minutes in position,
and then the other half was injected at -2.5 mm DV. Females were randomly injected
with AAV-CAG-ZF11xHunt-Kox-1-WPRE in one hemisphere and with control AAV
expressing GFP (AAV2/1-GFP) into the other hemisphere. Some females were injected
only in one hemisphere with either AAV-CAG-ZF11xHunt-Kox-1-WPRE or AAV2/1-GFP.
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Female mice were sacrificed at different ages for posterior analysis by RT-PCR,
immunohistochemistry or western blot. Males were bilaterally injected with 3 pi of the
same virus in both hemispheres (AAV-CAG-ZF11xHunt-Kox-1-WPRE or AAV2/1-GFP) for

behavioral assays.

Animal Behavioral Tests
Behavioural monitoring commenced at 3 weeks of age and tests took place bimonthly
until 11 weeks of age. All the experiments were performed double-blind with respect to

the genotype and treatment of the mice.

Clasping behaviour was checked by suspending the animal by the tail for 20 seconds.
Mice clasping their hindlimbs were given a score of 1, and mice that did not clasp were

given a score of 0.

Grip strength was measured by allowing the mice to secure to a grip strength meter and
pulling gently by the tail. The test was repeated three times and the mean and maximum

strength recorded.

For the accelerating rotarod test, mice were trained at 3 weeks of age to stay in the rod at
a constant speed of 4 rpm until they reached a criterion of 3 consecutive minutes in the
rod. In the testing phase, mice were put in the rotarod at 4 rpm and the speed was
constantly increased for 2 minutes until 40 rpm. The assay was repeated twice and the

maximum and average latency to fall from the rod was recorded.

For the open field test, mice were put in the centre of a white methacrylate squared open
field (70x70 cm) illuminated by a dim light (70 lux) to avoid aversion, and their distance
travelled, speed and position was automatically measured with a video tracking software
(SMART system, Panlab, Spain). Other activities, such as rearing, leaning, grooming and

number of faeces were monitored de visu.

For the paw print test, mice hindpaws were painted with a non-toxic dye and mice were
allowed to walk through a small tunnel (10x10x70 cm) with a clean sheet of white paper in
the floor. Footsteps were analysed for three step cycles and three parameters measured:

(1) stride iength — the average distance between one step to the next; (2) hind-base width
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— the average distance between left and right hind footprints; and (3) splay length — the

diagonal distance between contralateral hindpaws as the animal walks.

Example 1

Design of Zinc Finger Peptide (ZFP) Arrays to Bind CAG Repeats

It is known that zinc finger domains can be concatenated to form multi-finger (e.g. 6-
finger) chains (Moore et al. (2001) Proc. Natl. Acad. Sci. USA 98(4): 1437-1441; and Kim
& Pabo (1998) Proc. Natl. Acad. Sci. USA 95(6): 2812-2817), but to date, no systematic
exploration of the binding modes of different-length ZFP to long repetitive DNA tracts has

been reported.

The inventors, therefore, used rational design to construct a zinc finger domain (ZFxHunt)
that would bind the 5'- GC(A/T) -3' sequence in double stranded DNA. Poly-finger
proteins comprising arrays of ZfxHunt were, therefore, expected to bind to poly-GCA and
poly-GCT sequences (see Materials and Methods above and Figure 1). Both DNA
strands of the CAG double stranded repeat were targeted because: (i) it was thought that
this would increase the avidity of the zinc finger peptides for low-copy chromosomal
targets; and (ii) it enabled Fok-l nuclease fusion designs to be tested (as described
below). To try to avoid the zinc finger peptides of the invention losing their register with
cognate DNA (after 3 or more adjacent fingers and 9 contiguous base pairs of double
helical DNA), the linker sequences were carefully designed. In particular, the length of
the linkers between adjacent zinc fingers in the arrays was modulated. In this way, the
register between the longer arrays of zinc finger peptides, especially on binding to
dsDNA, could be optimised. Using structural considerations, it was decided to
periodically modify the standard canonical linker sequences in the arrays. Therefore,
canonical-like linker sequences containing an extra Gly (or Ser) residue or flexible (up to
29-residue) linker sequences were included in the long zinc finger array after every 2- and
6-fingers, respectively (see Table 1 and SEQ ID NOs: 6, 8, 10, 12 and 14). In this way,
different numbers of zinc fingers could be tested for optimal length-dependent

discrimination.

ZF4xHunt amino acid sequence (SEQ ID NO: 6):

FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH TGSERP
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FOCRICMRNFSQRATLOQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

ZF4xHunt nucleic acid sequence (SEQ ID NO: 7):

TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACC
CATACCGGTGAAAAACCCTTTGCGTGCGATATTTIGCGGTCGTAAATTTGCGCAGCGTGCGACCCTG
CAGCGCCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAAT
TTTTCCCAGCGCGCGACCCTGCAGCGCCATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGL
GATATTTGCGGTCGTAAATTTGCGCAGCGTGCTACCTTACAGCGCCATACCAAAATTCAT

ZF6xHunt amino acid sequence (SEQ ID NO: 8):

FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH TGSERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH

ZF6xHunt nucleic acid sequence (SEQ ID NO: 9):

TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACC
CATACCGGTGAAAAACCGTTTGCGTGCGATATTTGCGGTCGTAAATTTGCGCAGCGTGCGACCCTG
CAGCGCCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAAT
TTTAGCCAGCGTGCGACCCTGCAGCGCCATATTCGTACCCATACCGGTGAAAAACCGTTTGCCTGC
GATATTTGTGGCCGTAAATTTGCCCAGCGCGCGACCCTGCAGCGCCATACCAAAATTCATACCGGT
TCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCCCAGCGCGCGACCCTGCAGCGL
CATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTAAATTTGCGCAG
CGTGCTACCTTACAGCGCCATACCAAAATTCAT

ZF11xHunt amino acid sequence (SEQ ID NO: 10):

FQCRICMRNFSQRATLORHTKIH TGSERP
FQCRICMRNFSQRATLOQRHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH TGSERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH LRQKDGGGGSGGGGSGGGGSQLVGTAERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLOQRHTKIH

ZF11xHunt nucleic acid sequence (SEQ ID NO: 11):

TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGCCATACCAARATT
CACACCGGATCCGAACGGCCCTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGCGTGCGACC
CTGCAGCGCCATATTCGTACCCATACCGGTGAAARACCGTTTGCCTGCGATATTTGTGGCCGTAAA
TTTGCCCAGCGCGCGACCCTGCAGCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAG
TGCAGGATTTGCATGCGTAATTTTTCCCAGCGCGCGACCCTGCAGCGCCATATTCGCACCCATACT
GGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTARAATTTGCGCAGCGTGCTACCTTACAGCGC
CATACCAAAATTCATCTGCGCCAGAAAGATGGTGGCGGCGGCTCAGGTGGCGGCGGTAGTGGTGGC
GGCGGCTCACAACTAGTCGCGTACCGCCGAGCGCCCCTTCCAGTGCCGCATTTGTATGCGCAACTTT
AGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACCCATACCGGTGAAAAACCGTTTGCGTGCGAT
ATTTGCGGTCGTAAATTTGCGCAGCGTGCGACCCTGCAGCGCCATACCAAAATTCACACCGGATCC
GAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGCGTGCGACCCTGCAGCGCCAT
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ATTCGTACCCATACCGCTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGCGC
GCGACCCTGCAGCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTGCAGGATTTGC
ATGCGTAATTTTTCCCAGCCCGCGACCCTGCAGCGCCATATTCGCACCCATACTGGTGAARAACCG
TTTGCCTGCGATATTTGCGGTCGTAAATTTGCGCAGCGTGCTACCTTACAGCGCCATACCAAAATT
CAT

ZF12xHunt amino acid sequence (SEQ ID NO: 12):

FQCRICMRNFSQRATLOQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLOQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH LRQKDGGGGSGGGGSGGGGSQLVGTAERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH TGSERP
FQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLORHTKIH

ZF12xHunt nucleic acid sequence (SEQ ID NO: 13):

TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACC
CATACCGGTGAAAAACCGTTTGCGTGCGATATTTGCGGTCGTAAATTTGCGCAGCGTGCGACCCTG
CAGCGCCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAAT
TTTAGCCAGCGTGCCACCCTGCAGCGCCATATTCGTACCCATACCGGTGAAAAACCGTTTGCCTGC
GATATTTGTGGCCGTAAATTTGCCCAGCGCGCGACCCTGCAGCGCCATACCAAAATTCATACCGGT
TCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCCCAGCGCGCGACCCTGCAGLGC
CATATTCGCACCCATACTGGTGAAAAACCCTTTGCCTGCGATATTTGCGGTCGTAAATTTGCGCAG
CGTGCTACCTTACAGCGCCATACCAAAATTCATCTGCGCCAGARAGATGGTGGCGGCGGCTCAGGT
GGCGGCGGTAGTGOTGGCGGCGGCTCACAACTAGTCGGTACCGCCGAGCGCCCCTTCCAGTGCCGC
ATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACCCATACCGGTGAA
AAACCGTTTGCGTGCGATATTTGCGGTCGTAAATTTGCGCAGCGTGCGACCCTGCAGCGCCATACC
AAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGCGT
GCGACCCTGCAGCGCCATATTCGTACCCATACCGGTGAAAAACCGTTTGCCTGCGATATTTGTGGC
CGTAAATTTGCCCAGCGCGCGACCCTGCAGCGCCATACCAARATTCATACCGGTTCTGAACGGCCG
TTTCAGTGCAGGATTTGCATGCGTAATTTTTCCCAGCGCGCGACCCTGCAGCGCCATATTCGCACC
CATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCCGTAAATTTGCGCAGCGTGCTACCTTA
CAGCGCCATACCAAAATTCAT

ZF18xHunt amino acid sequence (SEQ ID NO: 14):

FQCRICMRNFSQRATLORHIRTH
FACDICGRKFAQRATLORHTKIH
FQCRICMRNFSQRATLQRHIRTH
FACDICGRKFAQRATLORHTKIH
FQCRICMRNFSQRATLORHIRTH
FACDICGRKFAQRATLOQRHTKIH
FQCRICMRNFSQRATLQRHIRTH
FACDICGRKFAQRATLQRHTKIH
FQCRICMRNFSQRATLOQRHIRTH
FACDICGRKFAQRATLOQRHTKIH
FOQCRICMRNFSQRATLQRHIRTH
FACDICGRKFAQRATLQRHTKIH
FQCRICMRNFSQRATLORHIRTH

TGEKP

TGSERP

TGEKP

TGSERP

TGEKP
LRQKDGGGSQLVGTAERP
TGEKP

TGSERP

TGEKP

TGSERP

TGEKP
LRQKDGGGSGTAERP
TGEKP
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FACDICGRKFAQRATLOQRHTKIH TGSERP
FOQCRICMRNFSQRATLORHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLOQRHTKIH

ZF18xHunt nucleic acid sequence (SEQ ID NO: 15):

TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACCCTGCAGCGTCATATTCGCACC
CATACCGGTGAAARACCGTTTGCGTGCGATATTTGCGGTCGTARATTTGCGCAGCGTGCGACCCTG
CAGCGCCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAAT
TTTAGCCAGCGTGCGACCCTGCAGCGCCATATTCGTACCCATACCGGTGARAAACCGTTTGCCTGC
GATATTTGTGGCCGTAAATTTGCCCAGCGCGCGACCCTGCAGCGCCATACCAAAATTCATACCGGT
TCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCCCAGCGCGCGACCCTGCAGCGC
CATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTAAATTTGCGCAG
CGTGCTACCTTACAGCGCCATACCAAAATTCATCTGCGCCAGARAGATGGTGGCGGCTCACAACTA
GTCGGTACCGCCGAGCGCCCCTTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGCGCGCGACC
CTGCAGCGTCATATTCGCACCCATACCGCTGAAAAACCGTTTGCGTGCGATATTTGCGGTCGTAAA
TTTGCGCAGCGTGCGACCCTGCAGCGCCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAG
TGCCGTATTTGCATGCGTAATTTTAGCCAGCGTGCGACCCTGCAGCGCCATATTCGTACCCATACC
GGTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGCGCGCGACCCTGCAGCGC
CATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCC
CAGCGCGCGACCCTGCAGCGCCATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATT
TGCGGTCGTAAATTTGCGCAGCGTGCTACCTTACAGCGCCATACCAAAATTCATCTGCGCCAGARAA
GATGGTGGCGGCtcaggtaccGCCGAGCGCCCCTTCCAGTGCCGCATTTGTATGCGCAACTTTAGC
CAGCGCGCGACCCTGCAGCGTCATATTCGCACCCATACCGGTGAAAAACCGTTTGCGTGCGATATT
TGCGGTCGTAAATTTGCGCAGCGTGCGACCCTGCAGCGCCATACCAARATTCACACCGGATCCGAA
CGGCCGTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGCGTGCGACCCTGCAGCGCCATATT
CGTACCCATACCGGTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGCGCGCG
ACCCTGCAGCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTGCAGGATTTGCATG
CGTAATTTTTCCCAGCGCGCCACCCTGCAGCGCCATATTCGCACCCATACTGGTGAAAAACCGTTT
GCCTGCGATATTTGCGGTCGTAAATTTGCGCAGCGTGCTACCTTACAGCGCCATACCAAAATTCAT

Table 1: Zinc finger peptide framework amino acid and encoding nucleic acid sequences.
In amino acid sequences recognition sequences are underlined and linker sequences are
shown in bold.

Example 2

Binding of Zinc Finger Peptides to DNA Target Sequences In Vitro

To show that the zinc finger peptides of the invention are capable of binding to CAG

repeat sequences, in vitro gel shift assays were carried out as follows.

Zinc finger peptide arrays containing either 4, 6 or 12 ZFxHunt domains were constructed
and tested in gel shift assays, for binding to double-stranded CAG probes (Figure 1B).

These results show that the longer ZFPs gave more complete binding of the probe.
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Interestingly, distinct bound compiexes were observed in the gel shift, indicating that the
ZFPs found single thermodynamic equilibria and were not trapped by kinetic
intermediates.  Highly-repetitive zinc finger and DNA sequences might have been
expected to form contiguous partial binding events, which would have been expected to
result in broad smears in gel shifts; but this was not the case. Notably, the 12-finger ZFP
did give a lower, secondary shift, which is presumably caused by a 6-finger degradation
by-product (zinc fingers can be unstable in linker regions; Miller et al. (1985) EMBO J.
4(6): 1609-1614). It is believed that the 12-finger and subsequently 18-finger (see below)

constructs described herein are the longest functional artificial ZFP chains ever built.

To test whether ZFxHunt zinc finger domains were able to bind both strands of a CAG-
repeat DNA probe, ZF6xHunt (i.e. the 6-finger peptide) was assayed by gel shift, and was
shown to bind equally to both a CAG repetitive probe, (GCA)s (SEQ ID NO: 98), and to
an alternate CAG-CTG probe, (GCA-GCT),s (SEQ ID NO: 99), as shown in Figure 1C.
Furthermore, when compared to mutated sequences, ZF6xHunt showed specificity for the
(CAG),7 (SEQ ID NO: 100) sequence (see Figure 1D).

In summary, 4-, 6- and 12-finger ZFPs were synthesised and shown to be able to bind
poly 5'- GC(A/T) -3' DNA probes in vitro; and it was shown that the longer ZFPs bound

most specifically and efficiently to their target sequences.

Example 3

Repression of polyQ Reporter Genes In Vivo

The intracellular activity of the ZFxHunt zinc finger domain was tested in vivo using
reporter vectors with different numbers of 5° CAG-repeats in frame with EGFP (Q0, Q10,
Q35 and Q104; where Q = CAG and the number indicates the number of repeats). To
assess whether there were any non-specific effects caused by the zinc finger proteins, an
HcRed reporter was cloned in a different region of the same vector, under an independent

promoter (Figure 2A).

HEK293T cells were fransiently cotransfected with the indicated reporter and ZFxHunt
vectors, in which zinc finger expression was driven by CMV promoters. Three sets of

assays were carried out: quantifying EGFP and HcRed fluorescent cells using
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Fluorescence-Activated Cell Sorting (FACS); EGFP protein levels in Western blots; and
EGFP and HcRed mRNA levels in gRT-PCR (Figures 2B to 2D). Whereas shorter CAG-
repeats (Q0, Q10) were essentially unaffected by any of ZF4, ZF6, ZF11 or ZF18xHunt
peptides, the longer CAG-repeat targets (Q35, Q104) were strongly repressed in all three
assays, e.g. up to 10-fold EGFP repression by FACS, which equates to a 90% reduction
(Figure 2B).

It was also found that longer zinc finger chains gave greater repression of target gene
expression as determined in gqRT-PCR (Figure 2D). The 6-finger protein, ZF6xHunt, was
found to be optimal in FACS (Figure 2B) and Western blots (Figure 2C).

To test the potential for even stronger repression, the KRAB repression domain Kox-1
(Groner et al. PLoS Genet 6(3): €1000869) was fused to the C-terminus of ZFxHunt
proteins (Figures 2E to 2G; Table 2). As expected, Kox-1 repression was indeed much
stronger. For example, there was up to 98% reduction of green cells by FACS for Q35-
and Q104-EGFP, with undetectable levels of EGFP protein by western blot analysis
(Figure 2F). Although repression was generally stronger, it was still proportional to ZFP
and CAG-length: for example, the EGFP construct lacking CAG repeats was not
repressed, and the constructs having longer CAG-repeats (e.g. Q35) were repressed
more strongly than shorter repeat constructs (e.g. Q10-EGFP). In this assay, the
ZF11xHunt-Kox-1 protein was found to provide the strongest level of repression, as
shown in Figures 2E and G. This demonstrates that, with suitable linker designs, long
chains containing odd-numbers of zinc fingers can also function. Moreover, the
mechanism of Kox-1-mediated HcRed repression is demonstrated to be dependent on the
presence of long CAG-repeats in the plasmid. The unintended level of repression of the
neighbouring gene (HcRed) with Kox-1 proteins may be due to the long-range effects of

Kox-1 on chromatin structure.

A similar assay was carried out to test the ability of the ZF4, ZF6 and ZF12xHunt peptides
to inhibit episomal reporter expression when fused to the Fok1 nuclease domain, and the
results are shown in Figures 3A to 3C. The results of these experiments were similar to
those reported for “naked” zinc finger peptides (i.e. lacking the Kox-1 domain), although
the reduction in cell fluorescence as measured by FACS was less significant for the Fok1
fusion proteins. The results suggest that the Fok1 nuclease domain may act by steric

hindrance in these assays because no DNA cleavage was observed and the level of



10

15

20

25

30

35

40

WO 2012/049332 PCT/EP2011/068139

59

repression was similar to naked zinc fingers (without any repression domain, which can

only function by steric mechanisms.

In order to check that these results were not purely specific to ZFPs under the control of
the CMV promoter, equivalent tests were also carried out with the ZFPs being expressed
under the control of the phosphoglycerate kinase (PGK) promoter. As illustrated in Figure

4, essentially the same resuits were obtained for the naked zinc finger peptide constructs.

Importantly, no non-specific repression of HcRed was observed with naked ZFP,
suggesting that specific binding of the ZFxHunt proteins to long CAG repeats is required

for repression.

In summary, in transient transfection assays, naked ZFxHunt proteins specifically
repressed the expression of a reporter gene containing 35 or more CAG repeats.
ZFxHunt proteins fused to the Kox-1 domain had a stronger repressive effect, and
reduced expression of all CAG-containing reporter genes, with the longer constructs also

having a slight affect on a neighbouring control reporter gene.

Kox-1 domain amino acid sequence (SEQ ID NO: 16):

SSLSPQHSAVTQGSIIKNKEGMDAKSLTAWSRTLVTFKDVEVDEFTREEWKLLDTAQOQIVYRNVMLE
NYKNLVSLGYQLTKPDVILRLEKGEEPWLVERETHQETHPDSETAFEIKSSV

Kox-1 domain nucleic acid sequence (SEQ ID NO: 17):

TCTAGTTTGTCTCCTCAGCACTCTGCTGTCACTCAAGGAAGTATCATCAAGAACAAGGAGGGCATG
GATGCTAAGTCACTAACTGCCTGGTCCCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTC
ACCAGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAG
AACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAG
AAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAATTCACCAAGAGACCCATCCTGATTCAGAGACT
GCATTTGAAATCAAATCATCAGTT

Zinc finger-effector domain peptide sequence (SEQ ID NO: 18):

LROKDGGGGSGGGGSGGGGSQLV

Zinc finger-effector domain nucleic acid sequence (SEQ ID NO: 19):

CTGCGCCAGAAAGATGGTGGCGGCGGCTCAGGTGGCGGCGGTAGTGGTGGCGGCGGCTCACAACTA
GTC

Table 2: Kox-1 domain peptide and encoding nucleic acid sequences, and zinc finger-
effector domain linker peptide and encoding nucleic acid sequences.

Example 4
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Competition Binding Assays for Repression of Long CAG-Repeats

For human therapeutic use, ZFPs should preferentially repress long mutant CAG-alleles
and have less effect on short wt alleles (e.g. 10- to 29-repeats; the length of wt hif varies
in the human population, but is usually in this range; median = 18). Therefore, we
developed a competition assay to measure length-preference directly. HEK293T cells
were cotransfected with three plasmids: the indicated polyQ-EGFP and polyQ-mCherry

reporter vectors, together with various ZFxHunt vectors.

The relative expression of the two reporters was measured by FACS (EGFP or mCherry
positive cells), and the results are displayed in Figure 5. In the top row, light grey boxes
represent high levels of GFP protein expression, while dark grey boxes represent low
levels of GFP protein expression; in the middle row, light grey boxes represent high levels
of mCherry protein expression, while dark grey boxes represent low levels of mCherry
protein expression; and in the bottom row, light (grey) boxes represent higher levels of
GFP protein expression compared to mCherry, dark grey boxes represent higher levels of
mCherry protein expression compared to GFP. The results demonstrate that longer
CAG-repeats are preferentially targeted and repressed by all ZFxHunt peptides, so that
cells are dominated by the expression of the shorter green or red constructs when the
number of CAG-repeat sequences of their opposite counterpart is longer. This is seen
directly by looking at the ratio of green-to-red expression in the bottom row, in which the
top right hand comer of each grid is a lighter shade, indicating higher expression levels of
GFP; and the bottom left corner of each grid is a darker shade, indicating higher
expression levels of mCherry. All constructs, up to 18-finger chains demonstrate active

repressing of the longer CAG-repeat reporters.

The experiment was repeated using the same zinc finger peptides fused to the Fok1
effector (nuclease) domain, and the same general results were observed (data not
shown). This result once again confirms that the zinc finger proteins are able to bind to
both strands of the CAG-repeat sequence and that the zinc finger proteins of the invention

are able to preferentially target expanded CAG-repeats.

It is possible that the selective inhibition of longer target sequences is at least partly due

to a mass action effect (i.e. longer CAG-repeats contain more potential binding sites for
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the zinc finger peptides). However, it is also possible that in the case of longer arrays of
zinc fingers and shorter CAG-repeat sequences, the peptides may compete with each
other for the binding site, and as a consequence, the longer arrays of zinc fingers may
bind more transiently or more weakly (e.g. to partial or sub-optimal recognition

sequences).

Example 5

Chromosomal Repression of Mutant htt

We next tested the effects of the zinc finger repressor peptides, ZF6xHunt and
ZF11xHunt, on chromosomal htt genes. STHdh cells (Trettel et al. (2000) Hum. Mol.
Genet. 9(19): 2799-2809) are an established neuronal progenitor cell line from E14
striatal primordia, derived from wt mice (STHdh®'/Hdh™"), or knock-ins, where the first
exon of the mouse hit gene with 7 CAG-repeats has been replaced by a human exon with
111 CAG repeats (STHdh®'""/Hdh®"""). STHdh cells stably expressing naked or Kox-1-
fused ZF6xHunt and ZF11xHunt peptides were harvested 20 days after retroviral
infection, and htt levels were analysed by western blot and qRT-PCR. The experiment
was repeated independently twice, and similar results were obtained both times. The

results of one experiment are displayed in Figure 6.

As illustrated in Figure 6A, neither protein nor RNA levels of wt htt (Q7) were reduced by
naked or Kox-1 fused ZF6xHunt and ZF11xHunt. By contrast, Q111-mutant htt RNA and
protein levels were repressed with ZF6xHunt-Kox-1 by up to 2.5-fold (60% reduction) and
2-fold (50% reduction), respectively. ZF11xHunt-Kox-1 showed even stronger repression,
with almost 80% reduction in mRNA expression and 95% reduction in the protein levels.
Naked ZF6xHunt and ZF11xHunt had less effect repressing the chromosomal mutant hft
gene, suggesting that the stronger Kox-1 repression effect may be beneficial for

chromosomal repression of hit.

Example 6

Specificity of Repression in Wild-Type Genomes

Normal genomes contain several endogenous genes that are known to have CAG-repeat

sequences. Therefore, the potential side-effects of stably expressed ZFxHunt proteins in
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cells were assayed by qRT-PCR for the wt genes atrophin1, ataxin-1, ataxin-2, ataxin-3,
ataxin-7, calcium channel alpha 1A subunit, and TATA binding protein, which all contain
CAG-repeat sequences. The number of CAG-repeat sequences in each wild-type gene is

shown in Table 3 below.

The results of these assays are displayed in Figures 6B and 6C. As illustrated, no
adverse effects were measured in either STHdh mouse cells (Figure 6B), or in HEK293T
human cells (Figure 6C). In the latter, even human hif, which has the most wt CAG

repeats in this particular cell line (21-repeats), was also not repressed.

Since Kox-1 repression spreads by establishing heterochromatin (Groner et al. PLoS
Genet 6(3); €1000869), we also tested the effects of ZF6xHunt-Kox-1 and ZF11xHunt-
Kox-1 on genes neighbouring htt, in stably-transduced STHdh cells, by gqRT-PCR (Figure
6B).
approximately 7 kb upstream; and G-protein signaling 12, which is approximately 188 kb

The two adjacent genes, G protein-coupled receptor kinase 4, which is

downstream, were assayed and found to be unaffected by the presence of the zinc finger
repressor proteins. This suggests that both of these neighbouring genes are out of the

range of Kox-1 effects.

The results indicate that both ZF6xHunt-Kox-1 and ZF11xHunt-Kox-1 repression is

specific for mutant htt in chromosomal loci.

Gene CAG Forward primer Reverse primer
repeat (SEQ ID NO:) (SEQ ID NO:)
length
EGFP 0-104 CCTGAAGTTCATCTGCACCA AAGTCGTGCTGCTTCATGTG
(50) (51)

HcRed 0 AGATGCTGCGGAAGAAGAAG GGTACCGTCGACTGCAGAA
(52) (53)

hHPRT N/A CTTTGCTTTCCTTGGTCAGG TATCCAACACTTCGTGGGGT
(54) (55)

hATN1 15 GTCTCCCTCCGATCTGGATA CACACTTCCAGGGCTGTAGA
(56) (57)

hATXN1 12 CCAGCACCGTAGAGAGGATT AGCCCTGTCCAAACACAAA
(58) (59)

hATXNZ2 13 GACGCAGCTGAGCAAGTTAG GAAGGAACGTGGGTTGAACT
(60) (61)

hATXN3 7 AGAGCTTCGGAAGAGACGAG ACTCCCAAGTGCTCCTGAAC
(62) (63)

hATXN7 10 AACTGTGTGGCTCACTCTGG TGGGAAGATGTTACCGTTGA
(64) (65)
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hCACNA1A 13 GGGAACTACACCCTCCTGAA CGCTGCTTCTTCTTCCTICTT
{66) (67)

hTBP 19 ACGCCGAATATAATCCCAAG CTTCACTCTTGGCTCCTGTG
{(68) (69)

hHtt 21 CAGATGTCAGAATGGTGGCT | GCCTTGGAAGATTAGAATCCA
(70) (71)

mATN1 3 CACCTGCCTCCACCTCATGGC | ATGCTCCTTGGGGGCCCTGG
(72) (73)

MATXN1 2 TCTGGAGAGAATCGAGGAGA CAGCCCTGTCCAAATACAAA
(74) (75)

MATXNZ2 6 ATCCCAATGCAAAGGAGTTC CTGCTGATGACCCACCATAG
{76) (77)

MATXN3 5 ACCTCGCACTATTCTTGGCT TGCATCTGTTGGACCTTGAT
(78) (79)

MATXN7 5 TGCCCGTGTTCCTCACCGGA GCGCGGAGACAGTGGTTGCT
(80) (81)

mMCACNA1A 2 CACTGGCAATAGCAAAGGAA TTCTTGAGCGAGTTCACCAC
(82) (83)

mTBP 3 ACTTCGTGCAAGAAATGCTG GCTCATAGCTCTTGGCTCCT
(84) {85)

mGRK4 N/A TCCTGGCTTTGAGGAGCCGA | CCACAGCACAGCTCTGCAGCAT
(86) (87)

mRgs12 N/A GGGGGCTCAAGCAGGCATGG GGGAGCCAGCCTCCGAGTCA
(88) (89)

mHitt 7 or 111 CAGATGTCAGAATGGTGGCT | GCCTTGGAAGATTAGAATCCA
{90) (91)

MHPRT N/A GGTTAAGCAGTACAGCCCCA AGAGGTCCTTTTCACCAGCA
(92) (83)

M13 N/A GTAAAACGACGGCCAG CAGGAAACAGCTATGAC
(94) (95)

Table 3: CAG-repeat number per gene and corresponding primer sets for gqRT-PCR.
Name prefixes: h = human; m = mouse. Approximate CAG repeat number for wild-type
genes was obtained from Genbank mRNA data.

Example 7

Cell Toxicity Assay

Since it would be advantageous for a ZFP-repressor therapy to have low toxicity, we

carried out a dye-labelling cell viability assay to test the (non-specific) toxicity of the ZFPs.

HEK-293T cells were transfected with 400 ng of the indicated vector constructs using
Lipofectamine2000 and harvested 48 hours after transfection. As a control
Lipofectamine2000-only or untransfected cells (negative) were used. Cytotoxicity was

analysed using the Guava Cell Toxicity (PCA) Assay according to the manufacturer's
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instructions. The results are presented as the percentage of dead, mid-apoptotic and
viable cells (see Figure 7), in which the bars express results of at least 3 independent

experiments.

These data show that no statistically significant toxicity effects were produced in cells
expressing zinc finger peptides of the invention, as compared to control experiments.
Moreover, ZF6xHunt-Kox-1 and ZF11xHunt-Kox-1 were tolerated for over 20 days
following stable retroviral transfection, without any apparent adverse cellular effects.
Overall, the repressor properties of the zinc finger peptides of the invention and their
potential for stable expression, particularly of ZF6xHunt-Kox-1 and ZF11xHunt-Kox-1
proteins, suggest that the peptides of the invention have significant potential for gene

therapeutic applications.

Example 8

Repression of Mutant Htt Gene in a Mouse Model for Huntington’s Disease

As described above, the inventors have designed long zinc finger protein chains (ZFP) to
preferentially repress target genes with approximately 35 or more CAG-repeats. It has
also been shown that stable expression of the zinc finger proteins of the invention in a
model HD cell line reduced chromosomal expression of the mutant htt gene (with 111
CAG-repeats), at both the protein and mRNA level. Meanwhile, the shorter wild-type hit
gene (with 7 CAG-repeats in this particular mouse cell line) was unaffected, as were other

wild-type genomic CAG repeat genes.

R6/2 mice are a well-established animal model for the study of HD and potential
therapeutics. These mice express exon 1 of the human HD gene with approximately 150
CAG repeats. R6/2 mice have an early onset of HD symptoms and a fast progression of
the disease, showing a life expectancy of 12 to 17 weeks (Gil & Rego (2009) Brain Res.
Rev. 59: 410-431).

In this study, the zinc finger proteins of the invention are assayed for their ability to reduce
expression of mutant htt in a transgenic mouse model of HD, accordingly to the timeline

shown below.
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First, the ZF6xHunt-Kox-1, ZF11xHunt-Kox-1 and ZF12xHunt-Kox-1 repressor proteins
are inserted into adeno-associated virus (AAV) vectors (AAV2/1 subtype; Molecular
Therapy (2004) 10: 302-317). In parallel experiments, the zinc finger-AAV vectors are
injected into the striatum of R6/2 mice in order to mediate expression of ZFP-Kox-1 fusion
proteins in striatum cells. The ability of expressed ZFP-Kox-1 fusion proteins in striatum
cells to reduce HD symptoms in R6/2 mice is assessed over a period of at least 20 weeks
by periodically assessing the behaviour and symptoms of zinc finger-AAV infected R6/2
mice, as well as the expression levels of the mutant htt protein, in comparison to control
R6/2 mice infected with a AAV-GFP control vector.

Timeline:

Week 0: - New born R6/2 mice.

Week 4: - Stereotaxic injection into the striatum of R6/2 mice with AAV —e.g.
ZF6xHunt-Kox-1-ires-GFP and control AAV-GFP.

Week 4 to 20: - Weekly behavioural test: accelerating rotarod test, hind-limb

clasping and stride length analysis.

- Every two weeks: sacrifice of mice for qRT-PCR to check for
reduction of expression of mutant HD fragments and
immunohistochemistry to show a reduction in polyQ aggregates
and expression of other neuronal markers such as DARPP-32 and
NeuN.

ZFP-Kox1 fusion proteins of the invention are shown to reduce mutant htt protein
expression, improve motor and neuropathological abnormailities, and prolong longevity
(i.,e. age of mice that naturally die before sacrifice), of R6/2 mice in comparison to

negative controls.

Example 9

Striatal delivery of zinc fingers in R6/2 mice causes dose-dependent repression of

mutant huntingtin and attenuates disease phenotypes

The ZF11xHunt-Kox-1 peptide was shown to be effective in inhibiting mutant hit
expression in the STHdh model cell line (Example 5). Therefore, to test the ability of zinc
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finger peptides of the invention to treat / alleviate HD in vivo in an HD-mouse model we

used AAYV virus to deliver ZF11xHunt-Kox-1 to the affected brain area in R6/2 mice.

ZFxHunt fused to Kox-1 reduces expression of mutant htt in vivo

Female R6/2 mice were stereotaxically injected at 4 weeks of age with AAV2/1 virus
expressing ZF11xHunt-Kox-1, under a CAG-promoter with WPRE elements (Garg et al.
(2004) J. Immunol., 173: 550-558). Injections were into the striatum of one brain

hemisphere, with AAV2/1-GFP control injections into the other.

Analysis by gRT-PCR showed the highest expression levels of ZF11xHunt-Kox-1 in the
injected striatum of 6-week-old mice (see Figure 8A). At the same time, the levels of the
mutant hit transgene mRNA in these portions of the brain were reduced by over 45% (on

average), as compared to measured levels in the control hemisphere (see Figure 8B).

Furthermore, in linear regression analysis, it was noted that ZF11xHunt-Kox-1 mRNA
levels correlated negatively and closely with mutant Atf mMRNA levels (r-squared = 0.79; p
= 0.0072), which is consistent with an in vivo dose-dependent repression of mutant hit by

the zinc finger construct.

Repression levels of mutant hit mRNA reached up to 60% in some of the mice analysed
at week 6. Notably, this repression was specific for mutant htt, since wt hit was unaitered
at all time points analysed (see Figure 8C). However, expression of the ZFP was
significantly reduced by week 8, and concomitantly, repression levels of the hit gene,
although still statistically-significant, dropped to 20% in comparison with the control
hemisphere. By 10 weeks post-injection the ZFP expression levels were greatly reduced,

and mutant htt levels were not reduced compared to the control hemisphere.

Similar resuits were obtained in mice injected in only one hemisphere with AAV-

ZF 11xHunt-Kox-1, when compared to non-injected control hemispheres (data not shown).

ZFxHunt-Kox-1 delays the expression of behavioral symptoms in R6/2 mice

In a double blind experiment, male R6/2 mice and their wild-type littermates were treated
in both hemispheres, at 4 weeks of age, with either AAV2/1-ZF11xHunt-Kox-1 or AAV2/1-
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GFP (i.e. lacking a zinc finger repression protein). The general condition of the mice
(body weight, grip strength, clasping behavior), and their performance in different
behavioural motor tests (accelerating rotarod, activity in an open field, paw print) were

analysed twice a month, from week 3 of age (pre-surgery).

Consistent with the observed peak of repression at 6-weeks of age (Figure 8B), the
greatest improvements in HD symptoms were found between weeks 5 and 7. For
example, ZF11xHunt-Kox-1 clearly delayed the onset of clasping behaviour in comparison
to AAV2/1-GFP-treated or non-operated R6/2 control mice, as shown in Figure 9A. Thus,
whereas both GFP-treated and untreated R6/2 mice started clasping at week 5, this
disease-behaviour was not detected at this time in any of the ZF11xHunt-Kox-1 treated
mice at 5 weeks of age. Furthermore, by week 7, when 67% of the mice in the control

groups exhibited clasping, only 25% of the treated mice exhibited such behaviour.

In the open field test, distance travelled and mean speed did not vary between treated
and untreated R6/2 mice. However, the time spent in the centre of the open field at week
7 was increased in GFP-treated mice, with respect to both groups of wild-type mice, but
not in ZF11xHunt-Kox-1 treated mice (Repeated Measures ANOVA: Group x Week
significant interaction, p<0.01; post-hoc pair-wise comparisons at week 7: WT-GFP
versus R6/2-GFP, p<0.001; WT-ZF versus R6/2-ZF, n.s.), as indicated in Figure 9B. This
effect might be due to the difficulty for untreated R6/2 mice in initiating the movement of

escape towards the periphery of the open field, or simply due to a decreased reactivity.

In the accelerating rotarod test, treatment with ZF11xHunt-Kox-1 was also found to
attenuate the decline of performance with age, with respect to pre-surgery levels
(Repeated measures ANOVA: significant main effect of Group, p<0.05; post-hoc
comparisons between groups: WT-GFP vs R6/GFP, p<0.05; WT-ZF vs R6/2-ZF, n.s.),

and the results are displayed in Figure 9C.

However, the grip strength and gait parameters measured in the paw print test did not
reveal any notable difference between the groups, and neither did weight loss or survival

time (see Figure 9D).

In summary, the in vivo data in Huntington’s disease models are consistent with a partial

improvement in symptoms due to zinc finger repressor protein expression, which was
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coincident with a peak in zinc finger repression at 6 weeks. However, the loss in ZFP
expression over time allowed the symptoms of HD to return in the treated mice, indicated
that control and treatment of symptoms is transient: i.e. dependent on ZFP-repressor
expression in these tests. Although the CAG-WPRE system is already designed to be an
improvement on previous expression constructs (Garg et al. (2004) J. Immunol., 173:
550-558), it is possible that further improvements might be achievable if zinc finger
expression level and duration were increased. Hence, the data provided here
demonstrates both zinc finger-mediated repression of the htt gene in vivo, and partial

disease phenotype amelioration.

Example 10

ZFxHunt sequence variants for improved viral packaging

The QRATLQR zinc finger helix was rationally designed, as described elsewhere in this
document, and was demonstrated to bind htt DNA specifically with high affinity, when
concatenated into long ZFP chains. However, this necessitates making highly-repetitive
DNA and protein expression constructs, which in some cases may be suboptimal for viral

packaging in AAV2 gene therapy applications.

Therefore, to devise a solution to this potential problem we decided to make a number of
variants of the ZFP that conserve the desired nucleic acid recognition / DNA-binding
functionality of the ZFPs described herein. Accordingly, the amino acid sequences of the
nucleic acid recognition helices were varied slightly using known zinc finger-nucleic acid
recognition rules (e.g. as reviewed in Pabo ef al. (2001), Annu. Rev. Biochem. 70: 313-
340).

It is also possible to vary ZFP backbone sequences conservatively without affecting zinc
finger functionality. Therefore, in one or more zinc finger domains, the backbone residues
forming the beta-beta-alpha-fold may also be varied to avoid undesirable repetition of

sequences.

Furthermore, as already discussed above, the ZFP linker sequences between adjacent

zinc finger domains may also be varied in sequence, if desired.
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In this Example, therefore, to optimise viral packaging we made several ZFxHunt variants,
including the sequence exemplified below (SEQ ID NO: 108), which has slightly-altered
zinc finger backbones and a-helices, and tested for binding to the appropriate CAG-repeat
target sequences. The altered backbones are based on different DNA-binding zinc finger
sequences, including fingers from wild-type zif268 and sp1. Furthermore, in order to
reduce AAV2 construct size by approx. 240bp, FLAG-epitope tag and one ZFxHunt
domain were also removed, resulting in a viral package of optimum size encoding a 10-

finger peptide.

The resultant ZF10xHunt ZFP targets and binds repetitive CAG sequences with high
affinity and specificity, as do the previously described ZFPs. Moreover, the ZF10xHunt
ZFP was shown to retain strong HT T-repression activity in episomal assays, as shown in
Figure 10. An episomal assay was used, which involved transient transfection followed
by FACS for fluorescent cells. The poly-CAG-GFP reporter constructs code for 0 (pEH),
10 (Q10), 35 (Q35), and 104 (Q104) CAG-repeats, respectively. As shown in Figure
10(a) ZF10xHunt-Kox-1 zinc fingers repress the fused GFP reporter gene. For
comparison, the pTarget control contains no zinc fingers. However, as shown in Figure
10(b), the Kox-1-ZFP fusions also slightly repressed a control HcRed gene on the same

plasmid, which effect is likely to be due to the recruitment of chromatin repression factors.

ZF10xHunt amino acid sequence (SEQ ID NO: 108):

YACPVESCDRRFSQRATLtRHIRIH TGQKP
FQCRI CMRNFSQRATLsRHIRTH QNKKGS
HICHIQGCGKVYGQRATLQRHLRWH TGERP
FMCTWSYCGKRFTQRATLQRHKRTH LRQKDGERP
YACPVESCDRREFSQRATLsSRHIRIH TGEKP
YKCPE CGKSFSQRATLORHQRTH TGSERP
FMCNWSYCGKRETQRATLERHKRTH TGEKP
FACPE CPKRFMQORATLQRHIKTH TGSEKP
FQCRI CMRNFSQRATLQRHIRTH TGERP
FACDI CGRKFAQRATLQRHTKIH

ZF10xHunt nucleic acid sequence (SEQ ID NO: 109):

TACGCCTGCCCTGTGGAGTCCTGCGATAGAAGATTTTCCCAGAGAGCAACCCTGACCAGACATATT
CGGATTCACACCGGCCAGAAGCCATTCCAGTGCAGAATCTGTATGCGGAACTTTTCCCAGAGAGCC
ACACTGTCTCCGCACATTCGCACTCATCAGAATAAGAAAGGGTCTCACATCTGCCATATTCAGGGG
TGTGGCAAAGTGTATGGACAGCGAGCCACCCTGCAGCGACACCTGAGGTGGCATACCGGAGAGAGG
CCCTTCATGTGCACATGGAGTTACTGTGGCAAGAGGTTCACCCAGCGAGCTACACTGCAGAGACAC
AAACGGACACATCTGCGACAGAAGGACGGAGAGCGACCATATGCATGCCCAGTCGAAAGTTGTGAT
AGGAGATTCTCACAGCGCGCTACTCTGAGCCGCCACATCCGAATTCATACCGGCGAGAAACCTTAC
AAGTGCCCAGAATGTGGAAAGAGCTTTTCCCAGAGAGCAACTCTGCAGAGGCACCAGAGAACCCAT
ACAGGCAGTGAGCGGCCCTTCATGTGCAACTGGTCATATTGTGGAAAAAGGTTTACCCAGAGAGCT
ACTCTGACCCGGCACAAACGCACACATACTGGCGAGAAGCCTTTCGCTTCGCCCCGAATGTCCTAAG
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CGGTTTATGCAGCGCGCAACACTGCAGCGGCACATCAAAACCCATACAGGAAGCGAGAAGCCTTTC
CAGTGCCGAATTTGTATGAGGAATTITTTCCCAGAGGGCAACTCTGCAGCGACACATCAGGACTCAT
ACCGGGGAACGGCCATTCGCCTGCGACATTTGTGGCAGAAAATTTGCACAGCGAGCTACTCTGCAG
CGACACACCAAAATCCAC

ZF10xHunt C-terminal linker and Kox-1 repressor peptide (SEQ ID NO: 110):

LROKDA PKKKRKV GGS
LSPQHSAVTQGS I IKNKEGMDAKSLTAWSRTLVTFKDVEVDFTREEWKLLDTAQQIVYRNVMLEN
YKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV*

ZF10xHunt C-terminal linker and Kox-1 repressor nucleic acid (SEQ ID NO: 111):

CTGCGCCAGAAGGATGCTCCCAAGAAAAAGAGGAAAGTGGGCGGATCTCTGAGTCCTCAGCACTCC
GCAGTCACCCAGGGATCTATCATCAAGAACAAGGAGGGGATGGACGCAAAGTCACTGACAGCCTGG
AGCCGCACACTGGTGACTTTCARAGACGTGTTCGTCGACTTCACCAGGGAGGAATGGAAGCTGCTG
GACACTGCCCAGCAGATCGTGTACAGGAATGTCATGCTGGAAAACTATAAGAATCTGGTGAGCCTG
GGATACCAGCTGACCAAACCAGATGTCATTCTGAGACTGGAGAAGGGGGAGGAACCCTGGCTGGTG
GAACGGGAGATTCATCAGGAAACCCACCCAGATTCAGAGACAGCATTTGAGATTAAGTCATCCGTC

Table 4: ZF10xHunt amino acid and encoding nucleic acid sequences. In amino acid
sequences recognition sequences are underlined and linker sequences are shown in
bold. The mutated amino acids in the recognition sequences are shown in lowercase.

ZFxHunt Variants

To demonstrate that the desirable binding activity for the CAG-repeat nucleic acid target
sequences is not limited solely to the a-helix amino acid recognition sequences
exemplified above, further ZFxHunt sequence variants were constructed and tested for
binding activity. Mutations to the ZFP sequences of the invention described in the above

Examples were focussed primarily in the a-helix recognition sequences.

Functional, conservative sequence variations were made in the amino acid sequences of
various a-helices of the ZFPs, and the resultant ZFPs were shown to bind poly-CAG
sequences. Exemplary recognition sequences are shown in Table 5. In the table below,
the original recognition sequences of the ZFPs are shown aligned with the target nucleic
acid sequence (above) with exemplary conservative variant sequences (below). As
shown, up to 50% of the recognition sequence may be varied using conservative

substitutions.

Amino acid — nucleic acid recognition alignment

wt ZFxHunt

QRATLQR QRATLQOR QRATLQR QRATLQR OQRATLQR QRATLQR ...etc (e.g. 11 repeats)
| | | | | (. | oo [ ool [

3'a ¢ g a ¢ g a ¢ g a ¢ g a ¢ g a <c g -5' DNA
e O e e A A O

QRATLSR QLATLOR QSSVLOR QSADLTR OQRATLOR QSSELQR ...etc (e.g. 11 repeats)

variant ZFxHunt
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Exemplary CAG recognition sequence variants
QRATLOR (SEQ ID NO: 1)

ORATLTR (SEQ ID NO: 102)
ORATLSR (SEQ ID NO: 103)
QLATLOR (SEQ ID NO: 104)
QSSVLOR (SEQ ID NO: 105)
QSADLTR (SEQ ID NO: 106)
QSSELQR (SEQ ID NO: 107)

Generic CAG recognition sequence
Q(R/L/S) (A/S) (T/V/D/E)L(Q/T/S)R (SEQ ID NO: 101)

Table 4: Top - zinc finger helices are shown in the N-C terminal protein direction, aligned
3'-5' to the primary DNA recognition strand. Top / middle - functionally-conservative
mutations are underlined in recognition sequences (top and middle). Bottom - generic
sequence for binding CAG-repeat sequences shown. The variant zinc fingers can be
combined in any number and order and function in zinc finger scaffolds of different
lengths, including ZF11xHunt.

Discussion

In these Examples, we have described the design of zinc finger peptides able to
recognise and bind both DNA strands of a stretch of CAG repeats, by recognising both
poly-GCA and poly-GCT triplets; and shown that such proteins are able to induce

transcription repression of target genes both in vitro and in vivo.

Recently, Mittelman et al. (2009), Proc. Natl. Acad. Sci. USA 106(24): 9607-9612
employed a different ZFP approach for exploring CAG-tract instability, after inducing
double-stranded breaks with paired 3-finger Fok-l nuclease fusions. They described two
ZFP proteins, zZfGCT (alpha-helical recognition sequence: QSSDLTR; (SEQ ID NO: 96)
and zfGCA (QSGDLTR; SEQ ID NO: 97), designed to recognize GCT and GCA,
respectively. Cleavage events inducing CAG-tract shortening were observed in up to 1 in

10* cell colonies.

We also originally tested the zinc finger peptides of the invention, ZFxHunt (with
recognition sequence, QRATLQR; SEQ ID NO: 1) as fusions to Fokl and found that they
reduced poly-CAG-EGFP transcription in a similar way to naked ZFP (Figure 3). This
effect is much stronger than a nuclease effect since GFP is repressed in up to
approximately 85% of cells — as assessed by FACS of transiently-transfected cells.

Furthermore, the effect is believed to be at the RNA level since both RNA and protein
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levels were reduced (Figure 3). Reporter plasmids were extracted from transfected cells
and sequenced to look for non-homologous-end-joining frameshifts that could explain the
observed EGFP repression (i.e. up to approximately 85% reduction). However, we were
unable to detect any non-homologous-end-joining frameshifts in the 30 plasmids that
were extracted from and sequenced. This suggests that the transcriptional repression
effects of the zinc finger peptides simply through binding to their target sequences is far
stronger than any possible nuclease effects; and indicates that the mechanism of action
of the ZFxHunt peptides of the invention is entirely different to the mechanism reported by

Mittelman et al.

We have also demonstrated that naked zinc finger peptides (i.e. lacking additional effector
domains) can be highly efficient inhibitors of target gene expression (polyQ-EGFP
expression was reduced by up to 90%), particularly when the number of CAG-repeats is
equal or superior to 35. This is a significant finding, since the number of CAG-repeats in
wild-type genes in the human genome (including the hit gene), is less than 35. Without
being bound by theory, it is likely that the mechanism of repression in these cases is due
to steric hindrance of RNA polymerase complex progression, as reported by Choo et al.
for a synthetic ZFP against the Bcr-Abl oncogene (Choo et al. (1994) Nature 372(6507):
642-645).

Fusing the Kox-1 repression domain to the zinc finger peptides of the invention was found
to further reduce expression of targeted genes. In these experiments, it was
demonstrated that repression required binding to CAG repeats, since control vectors
lacking CAG repeats were not affected. However, in some cases there was also a
repressive effect on a neighbouring reporter gene control, HcRed, especially for the
longer targets. This non-specificity, however, is likely to be an effect of the specific
repressor domain rather than of the zinc finger peptide: Kox-1 is known to recruit the co-
repressor KAP-1 and induces long-range repression through the spread of
heterochromatin (Groner et al. PLoS Genet. 6(3): e1000869).

Although partial reduction of the shorter wild-type htt protein has been shown to be
tolerated for up to 4 months in animal models (Boudreau et al. (2009) Mol. Ther. 17(6):
1053-1063), it is generally considered that a safe and effective therapy for HD should
preferentially target the mutant hit allele. Using a competition assay, it has been shown

that the zinc finger peptides of the invention preferentially repress the expression of
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reporter genes containing over 35 CAG repeats, which suggests that they hold significant
promise for a therapeutic strategy to reduce the levels of mutant huntingtin protein in

heterozygous patients.

it is worth noting that there are some relevant differences between plasmid and
chromosomal repression, which presumably reflect target copy number and accessibility
within chromatin. Episomally, 6-finger peptides alone have been shown to be effective
repressors of target genes. However, Kox-1 repression appears to be too strong for
optimal length-discrimination. Conversely, at endogenous loci, the Kox-1 fusion proteins
appear to be better for mutant repression, while eschewing the wild—type allele. In this
case, the 6- and 11-finger Kox-1 constructs are strong repressors of both target protein
and RNA expression. After 20 days of stable expression of the zinc finger peptides, the
11-finger protein was found to exhibit the strongest repression of the target mutant allele.
In fact, when fused to the Kox-| repression domain, the most active zinc finger peptides of
the invention were able to dramatically reduce the levels of the endogenous mutant
protein by 95%, and the levels of the mutant mRNA by approximately 80%, with negligible
effect on the expression of the wild-type allele, or on any other genes containing a wild-
type number of CAG repeats. Sustained therapeutic expression is therefore potentially

feasible.

Gene therapy is an attractive therapeutic strategy for various neurodegenerative
diseases. For example, lentiviral vectors have been used to mediate the widespread and
long-term expression of transgenes in non-dividing cells such as mature neurons (Dreyer,
Methods Mol. Biol. 614: 3-35). An rAAV vector was also used by Rodriguez-Lebron et al.
(2005) Mol. Ther. 12(4): 618-633, to deliver anti-mutant Htt shRNAs in HD model mice;
thereby reducing striatal mHtt levels and slowing progression of the HD-like phenotype.
Moreover, as RNAI (van Bilsen et al. (2008) Hum. Gene Ther. 19(7): 710-719; Zhang et
al. (2009) J. Neurochem. 108(1): 82-90; Pfister et al. (2009) Curr. Biol. 19(9): 774-778),
and LNAs (Hu et al. (2009) Nat. Biotechnol. 27(5): 478-484; and Hu et al. (2009) Ann. NY
Acad. Sci. 1175: 24-31) have recently shown promise for treating HD, suitable delivery
vehicles are likely to be optimised in the years ahead, and the complementary ZFP

approach described here would likely benefit from such advances.

Accordingly, a model cell line derived from striatal cells of a knock-in HD mouse model
(Trettel et al. (2000) Hum. Mol. Genet. 9(19): 2799-2809) has been developed and used
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to demonstrate the effects of the zinc finger peptides of the invention under likely

therapeutic conditions (i.e. single-copy alleles in chromosomal loci).

rAAV appeared as a promising delivery system, and so we used it to deliver the
ZF11xHunt-Kox-1 gene to the striatum of the R6/2 model mouse for HD. We initially
produced and tested AAV2/1 expressing the ZFP under a CMV promoter, but we
observed very low levels of expression of the ZFP and its mRNA, and no repression of
mutant htt (data not shown). CMV promoters can be quickly silenced by DNA methylation
(Migliaccio et al. (2000) Gene, 3, 256(1-2): 197-214), whereas high and persistent levels
of expression can be achieved in the central nervous system with rAAV using the CAG
promoter and a WPRE (reviewed in Tenenbaum et al. (2004) J. Gene Med., 6 Suppl 1:
§5212-22). We therefore produced a new rAAV using these elements, and noticed a
significantly improved expression compared to rAAV-CMV. With improved expression,
we observed a significant repression of the mutant htt transgene in R6/2 brain striatum,
compared to control striatum, while expression of the wt gene was unaltered. However,
even with the improved rAAV expression construct, we observed reduced expression of
the ZFP over time, with a concomitant reduction in mutant hif repression. Decreased
expression of the ZFP over time might be due to promoter silencing, as in the case of the
CMV promoter, or to instability of the ZFP DNA that remains as extra-chromosomai DNA

in quiescent striatal celis.

Co-incident with the reduced mutant htt expression levels at 6-8 weeks of age, mice
showed a delay in the onset of many HD-like symptoms characteristic of the R6/2 model
line. Specifically, we found a delay in the onset of clasping behaviour, as well as an
attenuation of the deficits in the accelerating rotarod (Menalled et al. (2009) Neurobiol.
Dis. 35: 319-336). However, since ZFP-repressor expression had dropped off by weeks 9
to 10, we were unabie to demonstrate, in these studies, an improved grip strength (which
only starts to decline at around week 9), improved gait and locomotion parameters, or
improved survival time and body weight. It is likely that this is related to the transient
repression seen in our brain samples, so that any effects seen are due to an acute effect

of the treatment and not to a failure of the ZFP to repress the target mutant hitt gene.

Overall, the results presented in this study establish that the ZFPs can repress mutant hit
in vivo (via striatal injection), in a dose-dependent manner; and that, as a result, there are

some clear behavioural improvements and reduction in Huntington’s disease symptoms.
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We believe that these results and the treatment of Huntington’s disease would be
improved still further by higher expression levels of the ZFPs and/or by the maintenance

of expression over longer time-periods.

In conclusion, since reducing mutant huntingtin protein levels improves motor and
neuropathological abnormalities, and also prolongs longevity in HD mouse models
(Rodriguez-Lebron et al. (2005) Mol. Ther. 12(4): 618-633; Harper et al. (2005) Proc. Natl.
Acad. Sci. USA 102(16): 5820-5825; Wang et al. (2005) Neurosci. Res. 53(3): 241-249;
and Harper (2009) Arch. Neurol. 66(8): 933-938), the zinc finger proteins developed here
hold great promise for treating polyglutamine-based diseases; as well as other genetic
disorders associated with repeat sequences, e.g. trinucleotide repeats having at least 10

repeats.
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Claims:

1. A zinc finger peptide comprising from 8 to 32 zinc finger domains, and wherein at
least one zinc finger domain comprises a nucleic acid recognition sequence according to
SEQ ID NO: 101.

2. The zinc finger peptide of Claim 1, comprising the sequence:

N’- [(Formula 2) — Xs]no — {[(Formula 2) — X5 — (Formula 2) — Xs]n1 — [(Formula 2) —
Xs — (Formula 2) — X [}z — [(Formula 2) — Xs — (Formula 2) — Xs]ns — [(Formula 2) — X5 —
(Formula 2)] - [Xe — (Formula 2) =].4 -C’,

whereinn0isOor 1, nlisfrom1to4,n2is1or2 n3isfrom1to4, ndisOor1,
Xs is a linker sequence of 5 amino acids, X is a linker sequence of 6 or 7 amino acids,
and X_ is a linker sequence of at least 8 amino acids, and Formula 2 is a zinc finger
domain of the sequence — Xp., C Xq.5 C Xo.7 X1 X X2 X X** X* X*® H Xu /e —, wherein
X is any amino acid, the numbers in subscript indicate the possible numbers of residues
represented by X at that position, and the number in superscript indicates the position of
the amino acid in the recognition sequence of the zinc finger domain;

wherein the zinc finger peptide comprises from 8 to 32 zinc finger domains, and
wherein at least one zinc finger domain has a X' X' X*2 X** X** X** X' recognition

sequence according to SEQ ID NO: 101.

3. The zinc finger peptide of Claim 1 or Claim 2, which comprises the sequence:

N’- [(Formula 4) — L3]wo— {[(Formula 4) — L2 — (Formula 4) — L3],1 — [(Formula 4) —
L2 — (Formula 4) — X/ J}nz — [(Formula 4) — L2 — (Formula 4) — L3]; — [(Formula 4) — L2 —
(Formula 4)] - [L3 — (Formula 4) =]+ -C’,

whereinnOisOor1,nlis1or2, n2is1or2,n3is 2, ndis 0, X_is 11 to 40 amino
acids, L2 has the sequence -TGF/o¥/rP-, L3 has the sequence -TG®/F/of/rP-, and
Formula 4 has the sequence — X, C Xo4 C X5 X' X' X*2 X* X* X** X**H X345 H — (SEQ
ID NO: 112), wherein X is any amino acid; and wherein the zinc finger peptide comprises

from 10 to 19 zinc finger domains.

4. The zinc finger peptide of any preceding claim, which comprises the sequence:

N’- [(Formula 6) — L3]o— {[(Formula 6) — L2 — (Formula 6) — L3],1 — [(Formula 6) —
L2 — (Formula 6) — X J}nz — [(Formula 6) — L2 — (Formula 6) — L3].; — [(Formula 6) — L2 —
(Formula 6)] — [L3 — (Formula 6) =]+ -C’,
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whereinnOisOor1,nlis1or2, n2is1or2,n3is 2, ndis 0, X_is 11 to 40 amino
acids, L2 has the sequence -TGF/o¥/rP-, L3 has the sequence -TG®/F/of/rP-, and
Formula 6 has the sequence — X; C X; C X5 X X* X*2 X*® X* X" X*H X3 H - (SEQ ID

NO: 113), wherein X is any amino acid.

5. The zinc finger peptide of any preceding claim, which comprises at least 8 zinc
finger domains of SEQ ID NO: 113, wherein each X' X*' X2 X** X** X** X*® is selected
from the group consisting of: SEQ ID NO: 1, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID
NO: 103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107 or

combinations thereof.

6. The zinc finger peptide of any preceding claim, which comprises 10, 11, 12 or 18

zinc finger domains.

7. The zinc finger peptide of any preceding claim, wherein at least one X' X*" X*? X*?
X X X*® sequence is the amino acid sequence QRATLQR (SEQ ID NO: 1).

8. The zinc finger peptide of any preceding claim, wherein each X' X' X*2 X** x**
X*® X' sequence is selected from the group consisting of: SEQ ID NO: 1, SEQ ID NO:
102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID

NO: 107 or combinations thereof.

9. A zinc finger peptide comprising at least 4 zinc finger domains of Formula 2:

Xo.2 C Xi.5 C Xaur XX X2 X XM X' X*® H Xa6 /e, wherein X is any amino acid,
the numbers in subscript indicate the possible numbers of residues represented by X at
that position, and the number in superscript indicates the position of the amino acid in the
recognition sequence of the zinc finger domain, and at least one X' X™ X*? X** X** X*°
X*® sequence is the amino acid sequence selected from the group consisting of: SEQ ID
NO: 1, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID
NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107.

10. The zinc finger peptide of Claim 9, which contains 4, 6, 10, 11, 12 or 18 zinc finger
domains of Formula 6:
X, C X, C X X1 X X*2 X* X*™ X*® X H X; H, wherein each X' X*" X*2 X*3 x*

X*® X*® sequence is an amino acid sequence selected from the group consisting of: SEQ
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ID NO: 1, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID
NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107 or combinations thereof.

11.  The zinc finger peptide of any preceding claim, wherein each X' X*' X*? X** x**
X** X*® sequence is identical to QRATLQR (SEQ ID NO: 1) at 4, 5, 6 or 7 positions.

12. The zinc finger peptide of any preceding claim, wherein at least 4, at least 6, at
least 8, at least 10, at least 11, at least 12, or at least 18 X' X*' X*2 X** X** X** X*®
sequences are the sequence QRATLQR (SEQ ID NO: 1).

13. The zinc finger peptide of any preceding claim, which binds double-stranded
trinucleotide repeat nucleic acid sequences comprising CAG-repeat, CTG-repeat, and/or

CAGCTG-repeat sequences containing at least 22 triplet repeats.

14. The zinc finger peptide of any preceding claim, which binds double-stranded
trinucleotide repeat nucleic acid sequences containing at least 22 triplet repeats, and

wherein the binding affinity is at least 1 nM; at least 100 pM or at least 10 pM.

15. The zinc finger peptide of any preceding claim, which comprises the sequence of
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14 or SEQ
ID NO: 108.

16. A zinc finger peptide having at least 70%, at least 80%, at least 90%, at least 95%,
at least 98% or at least 99% sequence identity to SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 12, SEQ ID NO: 14 or SEQ ID NO: 108.

17. A fusion protein comprising the zinc finger peptide of any preceding claim, and at
least one effector domain, selected from transcriptional repressor domains, transcriptional
activator domains, transcriptional insulator domains, chromatin remodelling, condensation
or decondensation domains, nucleic acid or protein cleavage domains, dimerisation

domains, enzymatic domains, signalling / targeting sequences or domains.

18. The fusion protein of Claim 17, which comprises a Kox-1 transcription repressor

domain.
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19. A polynucleotide encoding the polypeptide of any of Claims 1 to 18.

20. The zinc finger peptide of any of Claims 1 to 18 or the polynucleotide of Claim 19
for use in modulating the expression of a target gene in a cell, and wherein the use is in

medicine or for non-medical purposes.

21. The zinc finger peptide or polynucleotide of Claim 20, wherein the target gene is
associated with or comprises at least 10, at least 22 or at least 35 contiguous

trinucleotide-repeats.

22. The zinc finger peptide or polynucleotide of Claim 21, wherein the trinucleotide

repeats are CAG-repeats, CTG-repeats or CAGCTG-repeats.

23. The zinc finger peptide or polynucleotide of any of Claims 20 to 22, wherein the
zinc finger peptide represses the expression of the target gene, and the use is for treating

a polyglutamine disease or condition.

24. The zinc finger peptide or polynucleotide of Claim 23, wherein the polyglutamine
disease or condition is selected from Huntington’s Disease (HD), spinocerebellar ataxias,

and dentatorubropallidoluysian atrophy, juvenile myoclonic epilepsy.

25. A pharmaceutical composition comprising the polypeptide of any of Claims 1 to 18

or the polynucleotide of Claim 19.

26. The pharmaceutical composition of Claim 25, for use in treating Huntington’s
Disease (HD).

27. The pharmaceutical composition of Claim 25 or Claim 26, for use in a combination

therapy with one or more additional therapeutic agent.

28. An cell comprising the polypeptide of any of Claims 1 to 18 or the polynucleotide
of Claim 19.

29. An in vitro method of modulating the activity of a target gene associated with or

comprising at least 10, at least 22, at least 35 or at least 63 contiguous trinucleotide-
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repeats, the method comprising contacting the target gene with a zinc finger peptide

according to any of Claim 1 to 18.

30. A method of making a poly-zinc finger peptide comprising at least 8 zinc finger
domains of Formula 1:

Xo-2 C Xi.5 C Xeu14 H Xs6 H/c,
wherein X is any amino acid and the numbers in subscript indicate the possible number of
residues represented by X at that position,

the method comprising expressing a nucleic acid sequence obtainable by:

(a) providing at least 4 nucleic acid molecules each encoding a pair of zinc finger
domains of Formula 1, the adjacent zinc finger domains of each pair being separated by a
linker sequence of 5 amino acids;

(b) joining together 2 or 3 nucleic acid molecules from step (a) to create at least 2
nucleic acid molecules each encoding an array of 4 or 6 zinc finger domains, the adjacent
pairs of zinc finger domains from step (a) being separated by a linker sequence of 6 or 7
amino acids; and

(c) joining together the at least 2 nucleic acid molecules from step (b) to create a
nucleic acid sequence encoding a poly-zinc finger peptide, the adjacent arrays of zinc
finger domains from step (b) being separated by a linker sequence of at least 8 amino
acids; and optionally

(d) attaching to the 5 or 3’ end of the nucleic acid sequence from step (c), a
nucleic acid molecule encoding a single zinc finger domain and a linker sequence of 5 to
7 amino acids, to optionally create a nucleic acid sequence encoding a poly-zinc finger
peptide having an odd number of zinc finger domains; and

preferably wherein the nucleic acid sequence encodes a poly-zinc finger peptide

having the sequence of any of Claims 1 to 8.

31. The method of Claim 30, wherein the 5 amino acid linker of step (a) is selected
from a linker of the sequence -TGF/o"/rP-, the 6 amino acid linker of step (b) and (d) is
selected from a linker of the sequence -TG®/s¥/"/rP-, and the at least 8 amino acid linker

of step (c) has from 8 to 50 amino acids.

32. The method of Claim 30 or Claim 31, wherein each zinc finger domain comprises
a recognition sequence X' X X*2 X X** X** X*¢, which is identical to QRATLQR (SEQ
ID NO: 1) at 4, 5, 6 or 7 positions.
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