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NUCLEIC ACIDS, PEPTIDES AND METHODS

Field of the Invention

This invention relates to novel zinc finger peptide and nucleic acid constructs having

desirable properties, and to methods for manufacturing and using such constructs, in

particular, for repression of target gene expression. The invention also relates to novel

promoter / enhancer sequences for prolonged transgene expression. More particularly,

the invention relates to zinc finger transcriptional repressor proteins and their encoding

nucleic acid sequences that have host compatible sequences for prolonged transgene

expression in therapeutic applications, such as in the treatment of neurological disorders.

Background of the Invention

The development of increasingly safe gene therapy vectors, with reduced immunogenicity

(Basner-Tschakarjan et al. (2014) Frontiers in Immunology), low insertional capabilities

(Papayannakos & Daniel (2012) Gene Ther. 20: 581-8), and new and more effective

delivery strategies (Sillay et al. (2013) Stereotact Fun Neurosurg. 9 1: 153-161 ; Yin et al.

(2013) Cancer Gene Ther. 20: 336-41), has led to several successful clinical trials.

Examples include a therapy against metachromatic leukodystrophy (inserting the

functional enzyme arylsulfatase A in hematopoietic cells) (Biffi et al. (2013) Science. 341 :

1233158), and a breakthrough in AIDS treatment that promises a 'functional cure' for HIV

(Tebas et al. (2014) N. Engl. J. Med. 370: 901-910). The latter study employed the

technology of synthetic zinc finger nucleases (Isalan M . (201 1) Nat. Methods. 9 : 32-34),

targeted to knock-out the CCR5 receptor in CD4 T cells, ex vivo. Nuclease-modified cells

were autologously transplanted back into patients, achieving drug-free reduction of

viraemia. Site-specific nuclease technology is highly scaleable and, with the advent of

vectorisable RNA programmable nucleases such as CRISPR/Cas9 lentiviruses (Shalem

et al. (2014) Science. 343: 84-87), a revolution in genome editing is underway.

Despite this progress, it is becoming clear that the host immune system is a major barrier

to successful long term therapies. In some cases, including some of the above examples,

cells can be treated ex vivo, or with a single short intervention. However, in many

diseases this is not possible; rather, it is necessary to modify the expression of disease

genes in vivo. In this regard, the CRISPR/Cas systems have bacterial origins and so



immunogenicity issues may significantly limit their effectiveness in mammalian therapies -

especially those that require repetitive or sustained dosage regimes. Even zinc finger

nucleases use bacterial nuclease domains (Fokl (Bibikova et al. (2001) Mol. Cell Biol. 21:

289-297)) and so it is unclear how they would be tolerated in vivo.

Immunological effects are particularly relevant when considering gene therapies for

neurological diseases, i.e. those 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 neurodegenerative, characterised by a progressive worsening of

symptoms, beginning with minor problems that allow detection and diagnosis, but

becoming steadily more severe until, in some cases, the death of the patient.

For some of these diseases treatments are available which may 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.

In this regard, most neurodegenerative diseases require the correction of mutation(s) in

vivo, directly in the affected tissue, or the sustained expression of therapeutic factors

(Agustin-Pavon & Isalan (2014) BioEssays 36: 979-990), e.g. to alter gene expression

levels. Since the brain has limited regenerative capacity and complex connectivity, the

tissue cannot simply be removed, repaired and re-implanted.

Furthermore, a collection of recent articles has demonstrated delayed immune responses

when injecting foreign proteins from AAV vectors into the brain parenchyma (Ciesielska et

al. (2013) Mol. Ther. 21: 158-166; Hadaczek et al. (2009) Hum. Gene Ther. 20: 225-237;

Samaranch et al. (2014) Mol. Ther. 22: 329-337). Strikingly, despite the immune-

privileged environment of the brain, even GFP has been found to induce a strong

inflammatory and immune response in both rats and monkeys (Ciesielska et al. (2013)



Mol. Ther. 2 1: 158-166; Hadaczek et al. (2009) Hum. Gene Ther. 20: 225-237). Similarly,

a human enzyme with potential use in Parkinson's disease therapy has unwanted effects

in rats (Ciesielska et al. (2013) Mol. Ther. 21: 158-166). In this case, using the vector

AAV9, which is capable of infecting both neurons and glial cells, neuronal death started

as early as 3 weeks after injection. Therefore, even though a range of new generation

synthetic biology tools are being developed for (neuro)degenerative diseases (Agustin-

Pavon & Isalan (2014) BioEssays 36: 979-990), the brain still remains a challenging

target for gene therapy. There is thus a clear need for improved therapeutic agents and

methods for treating neurological diseases.

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

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

(Orr & Zoghbi (2007) Annu. Rev. Neurosci. 30: 575-621 ; Cha (2007) Prog. Neurobiol.

83(4): 228-248).

Huntington's disease (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 causes HD (The-Huntington's-Disease-Collaborative-

Research-Group (1993) Cell 72(6): 971-983), much attention has focused on how the

CAG-repeat number associated with the htt gene may affect the pathology and

progression of this disease. Normally, the number of CAG repeats in the wild-type htt

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 also 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, 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 that addresses the cause rather than the

symptoms of the disease.

RNA interference (RNAi) has been 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 e al. (2009) Curr. Biol. 19(9): 774-778). However, 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 htt

genes (Hu et 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.

We have previously reported the design and synthesis of custom zinc finger transcription

inhibitor peptides (WO 2012/049332), which selectively bind to expanded CAG repeat

motifs and effectively inhibit the expression of the htt protein in vitro and in vivo. However,

prolonged inhibition of htt expression in vivo has proved problematic. In addition, there

appear to be many cells types in addition to neuronal cells, in the brain and in other

organs / tissues, which may play a role in the development and/or progression of HD.

It would be desirable to have alternative and/or more effective therapeutic molecules and

treatments for HD and related disorders, such as those caused by expanded CAG



repeats. It would also be desirable to have the ability to therapeutically target cell types

other than neuronal cells. It would be particularly desirable to be able to target such

alternative cell types in a ubiquitous manner.

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

the problems found in the prior art.

Summary of the Invention

In general terms, the present invention provides new zinc finger peptides 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 CAG trinucleotide repeats, and

more specifically the repression of such genes. 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. In some embodiments, the new zinc finger peptides

of the invention beneficially bind to expanded CAG trinucleotide repeats associated with

mutated pathogenic genes with greater specificity and affinity than to wild-type

trinucleotide repeat sequences associated with non-pathogenic, normal genes.

Furthermore, the invention relates to therapeutic molecules and compositions for use in

treating polyglutamine-associated diseases, 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 and other polyglutamine diseases. For example, the therapeutic

molecules of the invention may be used in medical treatments, such as gene therapy, for

delaying the onset of symptoms, and/or for treating or alleviating the symptoms of the

disease, and/or for reducing the severity of or preventing the progression of the disease.

In particular, the invention is directed towards novel zinc finger peptides (ZFP) that may

exhibit prolonged, mid- to long-term, expression in target organisms in vivo, so as to be

useful in medical treatments that may require long-term activity of the therapeutic agent.

The zinc finger peptide sequences of the invention are adapted / optimised to closely

match endogenous / wild-type peptide sequences expressed in the target organism so as



to have reduced toxity and immunogenicity. Cells expressing the zinc finger peptides of

the invention may therefore be protected from the immune response of the target

organism so as to prolong expression of the heterologous peptide in these cells.

In one aspect, therefore, the invention provides a polynucleotide molecule encoding a

polypeptide, the polypeptide comprising a zinc finger peptide having from 8 to 32 zinc

finger domains and wherein the zinc finger peptide comprising the sequence:

N'- [(Formula 4) - L3]n0
- {[(Formula 6) - L2 - (Formula 6) - L3 ] n i - [(Formula 6) -

2 - (Formula 6) - X L]} n2 - [(Formula 4) - L2 - (Formula 6) - L3 ] n3 - [(Formula 6) - L2 -

(Formula 6)] - [L3 - (Formula 6) - ]
n

- ,

wherein nO is 0 or 1, n 1 is from 1 to 4 , n2 is 1 or 2 , n3 is from 1 to 4 , n4 is 0 or 1,

2 is the linker sequence -TGE/Q
K/RP- (SEQ ID NO: 7), L3 is the linker

sequence -TGG/S
E/Q

K/RP- (SEQ ID NO: 8), and XL is a linker sequence of between 8 and

50 amino acids;

Formula 4 is a zinc finger domain of the sequence X2 C X
2,

C X5 X 1 X+ X+2 X+3

X+4 X+5 X+6 H X3 ,5 /c and Formula 6 is a zinc finger domain of the sequence X2 C X2 C X5

X 1 X+ X+2 X+3 X+4 X+5 X+6 H X3 H , 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 wherein at least 8 adjacent zinc finger domains have a recognition sequence

X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NO: 1. In some embodiments, all zinc

finger domains of the zinc finger peptide have the recognition sequence defined according

to SEQ ID NO: 1. Advantageous recognition sequences of SEQ ID NO: 1 are SEQ ID

Nos: 2 to 5 . Any combination of the recognition sequences of SEQ ID Nos: 2 to 5 may be

used within a zinc finger peptide of the invention to bind the target trinucleotide repeat

sequence with suitable affinity and/or specificity. However, in some embodiments the zinc

finger peptides of the invention have recognition sequences that are selected only from

the group consisting of SEQ ID NOs: 2 and 5 ; or only from the group consisting of SEQ ID

Nos: 3 and 4 . In some embodiments all zinc finger domains of the peptide have the same

recognition sequence.

In any of the embodiments of the invention, L2 may be selected from the group consisting

of -TGEKP- (SEQ ID NO: 6) and -TGQKP- (SEQ ID NO: 65). Similarly, in any



embodiments of the invention, L3 may be selected from the group consisting

of -TGSERP- (SEQ ID NO: 10) and -TGSQKP- (SEQ ID NO: 16).

In some embodiments of the invention all of the zinc finger domains of the peptide are

defined according to Formula 6 . However, in other embodiments zinc finger domain

structures selected from any of Formulas 1 to 6 may be used.

Beneficially the zinc finger peptide has from 8 to 32, 8 to 24 or 8 to 18 zinc finger

domains; such as from 10 to 18 or from 11 to 18 zinc finger domains; for example, 10, 11,

12 or 18 zinc finger domains. Preferred zinc finger peptides of the invention have 11 or 12

zinc finger domains and a most preferred peptide has 11 zinc finger domains.

In one embodiment, the zinc finger peptide of the invention has 10, 11 or 12 zinc finger

domains, L2 is -TGEKP- (SEQ ID NO: 6), L3 is -TGSERP- (SEQ ID NO: 10)

or -TGSQKP- (SEQ ID NO: 16), XL is between 20 and 30 amino acids, and SEQ ID NO: 1

is selected from the group consisting of SEQ ID Nos: 2 and 5 . In another embodiment, the

zinc finger peptide of the invention has 10, 11 or 12 zinc finger domains, L2 is -TGEKP-

(SEQ ID NO: 6), L3 is -TGSERP- (SEQ ID NO: 10) or -TGSQKP- (SEQ ID NO: 16), XL is

between 20 and 30 amino acids, and SEQ ID NO: 1 is selected from the group consisting

of SEQ ID Nos: 3 and 4 . Preferred zinc finger peptides of these embodiments have 11

zinc finger domains.

In any of the embodiments of the invention XL may be selected from the group consisting

of SEQ ID Nos: 2 1, 22, 23 and 24.

Suitably, the polypeptides of the invention comprise the human KRAB repressor domain

from Kox-1 according to SEQ ID NO: 39 for expression in humans, or the mouse KRAB

repressor domain from ZF87 according to SEQ ID NO: 40 for expression in mouse. Such

repressor sequences are generally attached C-terminal to the zinc finger peptide.

Conveniently the linker sequence is selected from the peptide sequences of SEQ ID NO:

42 or SEQ ID NO: 43.

A nuclear localisation signal sequence may also be incorporated into the polypeptides of

the invention to allow targeting to the nucleus of cells in which they are expressed. A

preferred nuclear localisation sequence for use in humans is SEQ ID NO: 37. A preferred



nuclear localisation sequence for use in mouse is SEQ ID NO: 38. In some embodiments,

however, the sequence of SEQ ID NO: 36 may alternatively be used for nuclear

localisation.

Preferred zinc finger peptide sequences of the invention are selected from the group

consisting of SEQ ID Nos: 29, 3 1 , 33 and 35. Preferred polypeptide modulators of the

invention comprise a sequence selected from SEQ ID NOs: 49, 50, 51, 52, 53, 54, 55, 56,

59, 6 1 and 63. Polypeptides of the invention may comprise sequences having at least

90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 97%, at least 98%, or at least 99% identity to any of the polypeptides of SEQ ID

NOs: 29, 31, 33, 35, 49, 50, 5 1 , 52, 53, 54, 55, 56, 59, 6 1 and 63.

As indicated above, the invention is directed to polynucleotide (or nucleic acid) molecules

that encode the zinc finger peptides and polypeptides of the invention. Particularly,

isolated polynucleotides are encompassed. In addition, the polynucleotides (or nucleic

acid molecules) of the invention may be expression constructs for the expression of the

peptide or polypeptide of the invention in vitro and/or in vivo. The nucleic acids of the

invention may be adapted for expression in any desired system or organism, but preferred

organisms are mouse - in which therapeutic effects for diseases targeted by the

therapeutic polypeptides of the invention may be tested, and humans - which will likely be

the ultimate recipients or any potential therapy.

For expression of polypeptides, nucleic acid molecules are conveniently inserted into a

vector or plasmid. Vectors and plasmids may be adapted for replication (e.g. to produce

large quantities of its own nucleic acid sequence in host cells), or may be adapted for

protein expression (e.g. to produce large or suitable quantities of zinc finger-containing

protein in host cells). Any vector may be used, but preferred are polypeptide expression

vectors so that the encoded polypeptide is expressed in host cells (e.g. for purposes of

therapeutic treatment).

Viral vectors are particularly useful for potential use in therapeutic applications due to their

ability to target and/or infect specific cells types. Suitable viral vectors may include those

derived from retroviruses (such as influenza, SIV, HIV, lentivirus, and Moloney murine

leukaemia); adenoviruses; adeno-associated viruses (AAV); herpes simplex virus (HSV);

and chimeric viruses. Adeno-associated virus (AAV) vectors are considered particularly



useful for targeting therapeutic peptides to the central and peripheral nervous systems

and to the brain. A preferred viral vector delivery system is based on the AAV2/1 viral

subtype.

Thus, the invention is particularly directed to an adeno-associated virus (AAV) vector

comprising a nucleic acid expression construct capable of expressing a polypeptide

comprising a zinc finger peptide, wherein the polypeptide and the zinc finger peptide are

defined as disclosed herein.

The invention is also directed, in another aspect, to a gene therapy method comprising

administering to a person, individual or patient in need thereof, nucleic acid expression

construct according to the invention. A preferred nucleic acid expression construct is an

deno-associated virus (AAV) vector comprising a nucleic acid sequence as disclosed

herein.

The invention, in another aspect, also encompassed a method of treating a polyglutamine

disease in a patient or individual in need thereof. The method suitably comprises

administering to the patient or individual a nucleic acid expression construct according to

the invention, such as an adeno-associated virus (AAV) vector. A preferred AAV vector is

AAV2/1 as described herein.

Suitable polyglutamine diseases are selected from the group consisting of Huntington's

disease (HD), Spinal and bulbar muscular atrophy (SBMA), Dentatorubropallidoluysian

atrophy (DRPLA), Spinocerebellar ataxia Type 1 (SCA1), Spinocerebellar ataxia Type 2

(SCA2), Spinocerebellar ataxia Type 3 or Machado-Joseph disease (SCA3),

Spinocerebellar ataxia Type 7 (SCA7), Spinocerebellar ataxia Type 6 (SCA6) and

Spinocerebellar ataxia Type 17 (SCA17). A preferred disease is HD.

The invention also relates to polypeptides comprising zinc finger peptides as defined

herein. Typically the polypeptides of the invention include a zinc finger portion comprising

a plurality of zinc finger domains and one or more beneficial auxiliary sequences, such as

effector domains. Effector domains include nuclear localisation seqiuences and

transcriptional repressor domains as described elsewhere herein. It will be appreciated

that the invention encompasses any polypeptides that may be encoded by the nucleic

acid molecules defined herein; and any nucleic acid molecules capable of expressing a



polypeptide as defined herein. The at least one effector domain may be 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.

Conveniently, the polypeptides according to the invention bind double-stranded

trinucleotide repeat nucleic acid sequences comprising CAG-repeat, CTG-repeat, and/or

CAGCTG-repeat sequences containing at least 22 triplet repeats. Such nucleic acid

sequences are beneficially bound with a binding affinity is at least 1 nM; at least 100 pM

or at least 10 pM.

Polypeptides of the invention may also be administered to an individual or patient in need

thereof. Suitably, the polypeptides of the invention are to treat polyglutamine-based

diseases.

A gene therapy method according to the invention may comprise administering to a

person in need thereof or to cells of the person, a nucleic acid encoding a polypeptide of

the invention, and causing the polypeptide to be expressed in cells of the person. In this

way, the gene therapy method may be useful for treating a polyglutamine disease or

condition selected from the group consisting of Huntington's disease (HD), Spinal and

bulbar muscular atrophy (SBMA), Dentatorubropallidoluysian atrophy (DRPLA),

Spinocerebellar ataxia Type 1 (SCA1), Spinocerebellar ataxia Type 2 (SCA2),

Spinocerebellar ataxia Type 3 or Machado-Joseph disease (SCA3), Spinocerebellar

ataxia Type 7 (SCA7), Spinocerebellar ataxia Type 6 (SCA6) and Spinocerebellar ataxia

Type 17 (SCA17).

Pharmaceutical composition of the invention may comprise nucleic acid molecules (such

as vectors) and/or polypeptides each of which are defined herein. It is envisaged that the

pharmaceutical compositions of the invention may be used in a method of combination

therapy with one or more additional therapeutic agent.

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.



Some aspects and embodiments of the invention 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: for example, Huntington's disease, and other

diseases caused by or diagnosed by gene expansion of CAG trinuleotide repeat

equences. In some embodiments, 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 also provides promoter sequences for prolonged expression of exogeneous

constructs, such as transgenes. Such promoter sequences may be particularly suitable

for prolonged in vivo expression of constructs comprising sequences encoding zinc finger

peptides according to aspects of the invention. In embodiments, the invention provides a

new synthetic promoter-enhancer nucleic acid construct for neuron-specific sustained

expression, comprising a portion of the sequence upstream and downstream of the

transcription start site of the enolase gene. For example, an isolated nucleic acid

transcription promoter construct may comprise the nucleic acid sequence extending from

about 1.6 to about 1.7 kb upstream to about 100 bp to about 200 bp downstream of the

transcription start site of the enolase gene. Suitably, the promoter construct may comprise

a sequence selected from SEQ ID NO: 148 or SEQ ID NO: 151 ; or SEQ ID NO: 152 or

SEQ ID NO: 153. The invention also provides a new synthetic promoter-enhancer

construct for sustained expression in more than one cell type, comprising a portion of the

sequence upstream and downstream of the transcription start site of the Hsp90ab1 gene.

For example, an isolated nucleic acid transcription promoter construct may comprise the

nucleic acid sequence extending from about 1.6 to about 1.7 kb upstream to about 100 bp

to about 200 bp downstream of the transcription start site of the Hsp90ab1 gene. Suitably,

the promoter construct may comprise a sequence selected from SEQ ID NO: 146, SEQ

ID NO: 147, SEQ ID NO: 149 and SEQ ID NO: 150. Preferred promoter constructs of the

invention have a length of approx. 1,750 to 1,820 bps, such as between 1,800 and 1,810

bps. However, the invention also emcompasses nucleic acid constructs for use as

promoter and/or enhancer sequences comprising fragments of the promoter / enhancer

sequences of the invention. Suitable fragments may include up to 200, up to 400, up to

600, up to 800, up to 1,000, up to 1,200, up to 1,400 or up to 1,600 contiguous bases of



the sequences disclosed herein. Such nucleic acid constructs may be isolated or may be

comprised within a vector, especially an expression vector; e.g. a viral vector such as

AAV, as disclosed herein.

Beneficially, promoter sequences according to the invention are suitable for sustained

constitutive expression of operably linked / associated genes for a period of at least 3

weeks, at least 6 weeks, at least 12 weeks or at least 24 weeks. In the context of this

invention, 'promoter' sequences may encompass both transcriptional promoter and

enhancer elements within a nucleic acid sequence which have the effect of enabling,

causing and/or enhancing transcription of an associated gene / nucleic acid construct. In

other words, the use of the term 'promoter' does not exclude the possibility that the

nucleic acid sequence concerned may also encompass other elements associated with

transcription, such as enhancer elements.

Gene therapy methods are also disclosed, comprising administering to a subject in need

thereof or to cells of the subject, a nucleic acid encoding a polypeptide under the control

of the synthetic promoter-enhancers of the invention, and causing the polypeptide to be

expressed in cells of the subject.

Thus, in embodiments there is provided a gene therapy method comprising administering

to a subject in need thereof, or to cells of the subject, a vector comprising a pNSE or

pHsp90 promoter-enhancer construct of the invention. In embodiments, the methods

comprises administering to the subject to be treated a vector according to the invention

with neuronal targeting specificity in combination with a promiscuous vector according to

the invention. The method may comprise administering to the subject to be treated an

AAV2/1 subtype adeno-associated virus (AAV) vector according to the invention in

combination with an AAV2/9 subtype adeno-associated virus (AAV) vector according to

the invention. The administering 'in combination' may be simultaneous, separate or

sequential, as appropriate. Therapeutic uses of the constructs and viral vectors of the

invention are also encompassed. The methods and constructs of the invention may be for

treating a polyglutamine disease or condition selected from the group consisting of

Huntington's disease (HD), Spinal and bulbar muscular atrophy (SBMA),

Dentatorubropallidoluysian atrophy (DRPLA), Spinocerebellar ataxia Type 1 (SCA1),

Spinocerebellar ataxia Type 2 (SCA2), Spinocerebellar ataxia Type 3 or Machado-Joseph



disease (SCA3), Spinocerebellar ataxia Type 7 (SCA7), Spinocerebellar ataxia Type 6

(SCA6) and Spinocerebellar ataxia Type 17 (SCA17).

It will be appreciated that any features of one aspect or embodiment of the invention may

be combined with any combination of features in any other aspect or embodiment of the

invention, unless otherwise stated, and such combinations fall within the scope of the

claimed invention.

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 , 8 , 11 , 12 and 18 zinc fingers

were built (ZF4xHunt, ZF6xHunt, ZF8xHunt, ZF1 1xHunt, ZF12xHunt and ZF18xHunt; see

WO 2012/049332). 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 mix (TNT). (C) Left hand column - a

schematic illustration of a hybrid zinc finger design that recognises the nucleic acid

sequence 5'-GC(A/T)-3', which allows binding to either the (GCA)n or the (GCT)n

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. 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) Illustrates 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, qRT-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 (>1 00-fold repression; >99% reduction in protein

fluorescence), and long-range repression of the HcRed gene by Kox-1 .

Figure 3 Episomal reporter repression by ZFPs for targeting CAG-repeat

sequences. 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)

qRTPCR assay to measure fold-repression of EGFP or HcRED mRNA by ZFP. (C)

EGFP Western blot for ZFP repression of pEH-Qx targets β-actin staining is used as a

loading control.

Figure 4 ZFP competition assay against pairs of different-length CAG-repeat

sequences. Each 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 5 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 (Q1 11/Q1 11);

and in human HEK293T, as indicated. (A) Illustrating the repression of endogenous htt

by 6- and 11-finger peptides of the invention (ZF6xHunt and ZF1 1xHunt, respectively),

with or without the Kox-1 repressor domain. Western blots for Htt (top row) were

controlled with β-actin staining and quantified using ImageJ (Protein fold-repression;

middle row). qRT-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 (atrophinl: 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 1. 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; 2 1 CAG-repeats) were also broadly unaffected in HEK293T cells (N.B.

CACNA1A is not expressed in HEK293T cells).

Figure 6 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 results are an

average of at least 3 independent experiments.

Figure 7 Illustrates qRT-PCR data quantifying mRNA levels in mouse striatal

samples injected with ZF1 1xHunt-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 8 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

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.

***, pO.001 .

Figure 9 Repression of poly-CAG constructs by ZFIOxHunt 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.

Figure 10 Zinc finger (ZF) host optimisation designs: comparison of the ZF1 1-Kox-1,

hZF1 1-Kox-1 , and mZF1 1-ZF87 zinc finger repressor designs, showing the 11-finger

constructs aligned to their target poly(CAG) DNA sequence (mut HTT). Protein domains

containing non-host peptide sequences (containing potential foreign epitopes) are shaded

in grey. For purposes of illustration, the sequences of representative DNA recognition

helices from fingers 2 and 3 (F2, F3) are displayed below the ZF arrays, with foreign

sequences in grey font and natural host sequences in black font. The percentage totals of

non-host residues within the full-length peptide (which includes zinc finger and effector

sequences) are given to show that the host-optimised designs reduce overall foreign

sequences.



Figure 11 Relative O.D. values of the striatal samples immunostained for glial

markers: relative O.D. values, representing inflammatory responses to various treatments,

were calculated for the microglial marker Iba1 and the reactive astroglial marker GFAP, at

4 and 6 weeks after injection. Non-optimised ZF1 1-Kox-1 treatment was compared to

expression of a host optimised mZF1 1-ZF87, GFP or a control PBS injection. Relative

O.D. is calculated as the mean O.D. of four coronal slices, separated by 240 µηι in the

injected hemisphere, minus the average O.D. in the contralateral control hemisphere.

Data are displayed as Relative O.D +S.E.M, *** PO.001, **P<0.01, *P<0.05.

Figure 12 Microglial activation (Iba1+ cells) in the striatum after various treatments:

representative micrographs of Iba1 immunostained striatal coronal slices, for the control

and injected hemispheres, for each treatment at 4 or 6 weeks. ZF1 1-Kox-1 samples at 4

and 6 weeks after treatment (A, B) in comparison to the corresponding contralateral

hemispheres (Α ' , Β '). Hemispheres treated with mZF-ZF87 at 4 and 6 weeks post

injection compared with their contralateral non-injected hemispheres (C, C ; D, D'). GFP-

treated samples 4 weeks after injection (E) and 6 weeks after GFP injection (F),

compared with the contralateral hemispheres (Ε ' , F'). PBS-injected at both time points (G,

G'; H , H'). Scale bar: 100 µ .

Figure 13 Astroglial activation (GFAP+ cells) in the striatum and cortex after various

treatments: representative micrographs of GFAP immunostained striatal coronal slices for

the control and injected hemispheres, for each treatment at each time point. ZF1 1-Kox-1

samples at 4 and 6 weeks after treatment (A, B) in comparison to the non-injected

contralateral hemispheres, respectively (Α ' , Β '). mZF1 1-ZF87 treatment at 4 and 6 weeks

post injection compared with their contralateral non-injected hemispheres (C, C ; D, D').

GFP-treated samples 4 weeks after injection (E) and 6 weeks after GFP injection (F),

compared with the contralateral hemispheres (Ε ' , F'). PBS-injected at both time points (G,

G'; H , H'). Scale bar: 100 µ ι ι . Experiments carried out using mfZF1 1-ZF87 of SEQ ID

NOs: 49, 50, 5 1 and 52. Results shown for modulator polypeptide of SEQ ID NO: 49.

Figure 14 Bar chart illustrating striatal neuronal density after various treatments. The

estimated neuronal density in the striata of mice after the different treatments is

illustrated. Data are expressed as mean ±S.E.M. *P<0.05; **P<0.01 ; §P<0.01 (§compares

cell counts in the contralateral hemispheres of the 6-week GFP and PBS samples.



Figure 15 Visualising striatal neuronal density after various treatments: representative

micrographs of Neu-N immunostained striatal coronal slices for the control and injected

hemisphere of each treatment at each time point. ZF-Kox-1 toxicity is observed in areas

of the injected striata that are devoid of marked neurons, 4 and 6 weeks after treatment

(A, B), whereas the contralateral hemispheres (Α ', Β ') show neuronal densities similar to

PBS injected (G, H) and untreated hemispheres (G', H'). Conversely, mZF-ZF87

treatment did not significantly affect neuronal density (C, , D, D') at either time point.

Strikingly, GFP injections did not affect neuronal density at 4 weeks after treatment (E,

E'), but caused a delayed strong toxic response that reduced neuronal density both in the

injected (F) and the contralateral hemisphere (F'), 6 weeks post-injection. Scale bar: 100

µηι .

Figure 16 Mutant huntingtin gene expression analysis after treatment with zinc finger

peptides: A . Linear regression showing negative correlations of mut HTT RNA levels and

ZF1 1-KOX-1 expression 2 , 4 , and 6 weeks after treatment. Black diamonds show mean

mut HTT expression values (± 1 S.E.M.) in the control hemispheres of each group. ZF1 1-

Kox-1 expression levels are in arbitrary units (a.u), normalised to the maximum ZF1 1-

Kox-1 qRT-PCR signal across all samples; B . Percentage of mut - with respect to the

average value in the control hemispheres, over the same period; C . Linear regression

analysis testing for negative correlations between mut HTT RNA levels and mZF1 1-ZF87

expression, at 2 , 4 and 6 weeks after treatment. mZF1 1-ZF87 expression levels are in

arbitrary units (a.u), normalised to the maximum mZF1 1-ZF87 qRT-PCR signal across all

samples; D. Percentage of mut HTT with respect to the average value in the control

hemispheres over the same period. The columns show mean RNA expression levels;

error bars: ± 1 S.E.M. *P<0.05; § P<=0.06.

Figure 17 Long-term effects of bilateral intraventricular injection of AAV (10 10

virions) expressing zinc fingers mZF-KRAB (Mol. Neurodegeneration 11(1):64, 2016)

under pCAG, pNSE or pHSP promoters. A . Zinc finger repression of mutant Huntingtin in

R6/1 mice mut HTT (exon 1) expression levels in the whole brain samples from the

various treatments were compared to transcript levels in PBS controls by qRT-PCR. B .

Zinc finger expression over time measured by qRT-PCR Ct (threshold cycle value; log

scale). mZF-KRAB transcript levels from whole brains were assayed by qRT-PCR at 3 , 6 ,

12 and 24 weeks after viral (or PBS control) injections in R6/1 neonates. pCAG loses

detectable expression by 6 weeks, whereas pNSE and pHSP90 maintain detectable



expression up to at least 24 weeks. C . The same data for zinc finger expression over

time, normalised to control CAG levels in R6/1. D. Zinc finger expression over time,

normalised to control CAG levels in WT neonates. E . Verification of lack of cross-reactivity

of mZF-KRAB with short WT Htt alleles in WT mice. WT Htt (exon 1) expression levels

were quantified in the same treatment samples as above. F. Verification of lack of cross-

reactivity of mZF-KRAB in R6/1 mice. Error bars are S.E.M (n = 3). ** p < 0.01 , *** p <

0.001 , n.s.=not significant.

Detailed Description 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.

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).

Unless 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 animals,

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 .

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; l=lle; K=Lys; L=Leu;

M=Met; N=Asn; P=Pro; Q=Gln; 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 β-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".

As used herein, the term "zinc finger domain" refers to an individual "finger", which

comprises a ββα -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.

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.

Preferred genes in accordance with the present invention are those associated with

polyglutamate repeat coding sequences.

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

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.



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 molecule containing an appropriate

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 µΜ 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 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 nucleic acid-binding activity, especially to dsDNA.

Preferably, the target site for a particular zinc finger peptide is a sequence to which the

zinc finger peptide concerned is capable 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 (or protein

comprising 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, essentially 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 µΜ , such as 10 µΜ or weaker, 100 µΜ or weaker, or at

least 1 mM.

Zinc Finger Peptides

The present invention relates to non-naturally occurring poly-zinc finger peptides for

binding to repetitive nucleic acid sequences, such as trinucleotide repeat squences, and

particularly to expanded CAG- (polyglutamine-encoding) repeats, as may be found in

naturally-occuring genomic DNA sequences. The invention also relates to the use of such

poly-zinc finger peptides as therapeutic molecules and to related methods of treatment:

for example, for treating polyglutamine-based diseases such as HD. Preferably, the poly-

zinc finger peptides of the invention bind to expanded CAG-repeats associated with

mutated gene sequences in preference to and/or selectively over the shorter CAG-repeat

sequences of normal, non-pathogenic genes.

A "zinc finger" is a relatively small polypeptide domain comprising approximately 30 amino

acids, which folds to form a secondary structure including an a-helix adjacent an

antiparallel β-sheet (known as a ββα -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 two or more zinc finger

domains, which may be directly adjacent one another, e.g. separated by a short

(canonical) or canonical-like linker sequence, or a longer, flexible or structured

polypeptide sequences. Adjacent zinc finger domains linked by short canonical or

canonical-like linker sequences of 5 , 6 to 7 amino acids are expected to bind to

contiguous nucleic acid sequences, i.e. they typically bind to adjacent trinucleotides /

triplets; or protein structures. 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). Indeed, naturally occurring zinc finger-containing

proteins may include both zinc finger domains for binding to protein structures as well as

zinc finger domains for binding to nucleic acid sequences. In accordance with the

invention, some pairs of adjacent zinc finger domains may be separated by relatively long,

flexible linker sequences. Such adjacent zinc fingers may likely bind to non-contiguous

nucleic acid sequences, although it is also possible for them to bind to contiguous

sequences. In such embodiments, the relative binding location of the pairs of zinc finger

domains separated by long linker sequences may be determined by the sequence

context, i.e. by dominant binding interactions from other zinc finger domains within the

peptide.

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



α-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, 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 (especially of the a-helix) may sometimes

contribute to binding between the zinc finger and the target molecule. Since the vast

majority of base-specific interactions between dsDNA and a zinc finger domain come from

this relatively short stretch of amino acids, it is convenient to define the sequence of the

zinc finger domain from - 1 to +6 (i.e. residues - 1 , 1 , 2 , 3 , 4 , 5 and 6) as a zinc finger

"recognition sequence". For ease of understanding, it is worth noting that 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, the zinc finger recognition sequence primarily

interacts 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. For example, the amino acid residue at the ++2 position typically

may interact with a nucleic acid residue in the secondary strand.

During binding, 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, 24 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, still more

preferably at least 8 , at least 11 or at least 12 or at least 18 zinc finger domains; and in

some cases at least 24 zinc finger domains. Preferably, the zinc figer peptides of the

invention have from 8 to 18, from 10 to 18 or from 11 to 18 zinc finger domains arranged

in tandem (e.g. 8 , 9 , 10, 11, 12, 13, 14, 15, 16, 17 or 18).

As already noted, 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 at

least approximately 18 bases long, but may alternatively be approximately 12, 15 or 24

bases long. Preferred 11 zinc finger peptides of the invention bind to full-length nucleic

acid sequences which are approximately 33 nucleotides long, but which may contain two

sub-sites of 18 and 15 nucleotides arranged directly adjacent to one another to form a

contiguous sequence, or which are separated by intervening nucleotides to create a non

contiguous target site. Preferred 12 zinc finger peptides of the invention bind to full-

length nucleic acid sequences which are approximately 36 nucleotides long, but which

may contain two subsites of (suitably) 18 nucleotides arranged directly adjacent to one

another to form a contiguous sequence, or separated by intervening nucleotides as in the

case of a non-continguous target site.

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., (200 1 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 the adjacent

nucleic acid. 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 β-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.



It is desirable that the zinc finger peptides of the invention bind relatively specifically to

their target sequence. It will be appreciated, however, that 'specificity' to a highly

repetitive sequence is not a straightforward concept in the sense that relatively shorter

and relatively longer repetitive sequences may both be targeted and bound with good

affinity. In accordance with some embodiments of the invention (and as described

elsewhere herein), the zinc finger peptides of the invention may beneficially exhibit

preferential binding to relatively longer repeat sequences over relatively shorter repeat

sequences.

Binding affinity (e.g. dissociation constant, Kd) is one way to assess the binding

interaction between a zinc finger peptide of the invention and a potential target nucleic

acid sequence. It is convenient to measure binding affinity of the host-optimised zinc

finger peptides of the invention to ensure that modifications to the zinc finger peptide

sequences - especially those in the recognition sequence region - have not adversely

affected nucleic acid binding affinity. The binding affinity of a zinc finger peptide for its

selected / potential target sequence can be measured using techniques known to the

person of skill in the art, such as surface 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 µΜ 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 9 M , 10 1 M , 10 11 M , or 10 12 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 13 M , 10 14 M , or 10 15 M or less.

Binding affinity between a zinc finger peptide of the invention and a target nucleic acid

sequence can conveniently be assessed using an ELISA assay, as is know to the person

of skill in the art.



In some embodiments of the invention, zinc finger peptides for targeting to expanded

CAG repeats may have 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.

Zinc Finger Peptide Frameworks and Derivatives

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 a/.,

(1994) Biochemistry 33: 5689-5695; Choo & Klug (1994) Proc. Natl. Acad. Sci. USA. 9 1:

11163-1 1167; 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 generally 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. Since individual zinc fingers generally bind to three 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 three-finger units). Our earlier

work (e.g. WO 2012/049332) was the first to demonstrate 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; and, more importantly, that such long arrays

of non-natural zinc finger domains can have in vitro or in vivo (specific) nucleic acid



binding activity. In this earlier work we also reported that such extended arrays of zinc

finger peptides were capable of targeting genomic DNA sequences and have gene

modulation activity in vitro and/or in vivo.

Following on from this earlier work, in the present invention, we provide improved novel

extended zinc finger peptide frameworks comprising at least 4 , at least 6 , at least 8 , at

least 10, at least 11 , at least 12, or at least 18 zinc finger domains. Suitable zinc finger

peptide frameworks of the invention comprise from 8 to 32 zinc finger domains, from 8 to

28 zinc finger peptides, from 8 to 24 zinc finger peptides, or from 8 to 18 zinc finger

peptides. Preferred zinc finger pepitdes of the invention comprise 8 , 10, 11 , 12 or 18 zinc

finger domains; and particularly preferred zinc finger peptides of the invention comprise

10, 11 or 12 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. Particularly preferred zinc

finger peptides of the invention comprise more than 6 zinc finger domains, such as 8 , 10,

11, 12, 18, 24 or 32 zinc finger domains. Typically such extended poly-zinc finger

peptides, according to the invention are designed to bind nucleic acid sequences which

may be arranged as a contiguous stretch or as a non-contiguous stretch comprising two

or three sub-sites. For example, an 8-zinc finger peptide is particularly suitable for binding

a target sequence of approximately 24 nucleotides; a 10-zinc finger peptide is suitable for

binding approximately 30 nucleotides; an 11-zinc finger peptide is suitable for binding

approximately 33 nucleotides; a 12-zinc finger peptide is capable of binding approximately

36 nucleotides; and an 18-zinc finger peptide of the invention is particularly suitable for

binding to approximately 54 nucleic acid bases or more. As already described, such target

sequences may be arranged contiguously or in non-contiguous sub-sites especially

arranged in e.g. 12, 15 or 18 nucleotide lengths.

The extended arrays of zinc finger domains in the peptides and polypeptides of the

invention typically comprise canonical linker sequences, short flexible (canonical-like)

linker sequences and long flexible linker sequences. Thus, in some embodiments, one or



more pairs of adjacent zinc finger domains of a zinc finger peptide according to the

invention may be separated by short canonical linker sequences (e.g. TGERP, SEQ ID

NO: 66; TGEKP, SEQ ID NO: 6 ; etc.). In some embodiments, one or more pairs of

adjacent zinc finger domains of a zinc finger peptide according to the invention may be

separated by short flexible linker sequences (e.g. of 6 or 7 amino acids), "canonical-like"

linker sequences, which preferably comprises the amino acid residues of a canonical

linker with an additional one or two amino acid residues within, before or after the

canonical sequence (preferably within). Adjacent zinc finger domains separated by

canonical and short flexible linker sequences (i.e. which are between 5 and 7 amino acids

long) typically bind to contiguous DNA target sites. In accordance with the invention,

however, one or more pairs of adjacent zinc finger domains of a zinc finger peptide

according to the invention may be separated by long 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 10 and 40 amino

acids, between 15 and 35 amino acids, or between 20 and 30 amino acids. Preferred

long flexible linkers may have 18, 23 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. This can be a particular advantage in accordance with the invention,

since poly-zinc finger peptides that target extended triplet repeat sequences may have a

number of options for binding to contiguous as well as discontiguous target sequences.

Suitably, the zinc finger peptides / frameworks of the invention may comprise two or more

(e.g. 2 , 3 or 4) arrays of 4 , 5 , 6 or 8 directly adjacent zinc finger domains (or any

combination thereof) separated by long flexible (or structured) linkers. Preferably, such

extended (poly-)zinc finger peptides are arranged in multiple arrays of 5 and/or 6-finger

units separated by long flexible linkers.

The inventors have shown that such extended zinc finger peptides of more than 6 zinc

fingers in total can exhibit specific and high affinity binding to desired target sequences,

both in vitro and in vivo. Furthermore, it has been demonstrated that the extended zinc

finger peptides of the invention 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. In

particular, it has been shown that the zinc finger repressor proteins of the invention can



have prolonged expression in target cells in vivo, without causing toxic side-effects that

are often associated with the expression of heterologous / foreign protein sequences in

vivo.

As noted above, the extended zinc finger peptides of the invention are adapted for binding

to repeat sequences (i.e. 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, at least 35 trinucleotide repeats or more. In some

embodiments there may be 36, 40, 42 or more trinucleotide repeats, as indicated in the

repeat numbers for potential pathogenic gene targets in Table 1.

The extended zinc finger peptides of the invention preferably 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'- GCT/A -3'. Desirably, target sequences for the preferred

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 particular 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).



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 : X 0 .2

C X -5 C X 9- 4 H X3-6 /c ; or Formula 2 : X0.2 C Χ
1-5

C X2. X 1 X+ X+2 X+3 X+4 X+5 X+6 H X3-6
/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 .

Alternatively, the zinc finger motif may be represented by the general sequence, Formula

3 : X2 C X2,4 C X 2 H X3,4,5 /c ; or Formula 4 : X2 C X2,4 C X5 X 1 X+ X+2 X+3 X+4 X+5 X+6 H

X 3 ,4, c Still more preferably the zinc finger motif may be represented by the general

sequence, Formula 5 : X2 C X2 C X
12

H X3 H ; or Formula 6 : X2 C X2 C X5 X 1 X+ X+2 X+3 X+4

X+5 X+6 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, in

order to direct binding to a desired target, 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]n - (Formula 1-6)], where n is

≥ 10, 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, n is 9 to 17 (e.g. 10 to 17); more suitably n is 9 , 10, 11 , 13,

14, 15 or 17; and preferably n is 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 1 , X+ , X+2 , X+3, X+4, X+5 and X+6 in Formulas 2 , 4

and 6 above is represented by the amino acid sequence of SEQ ID NO: 1, i.e.

Q S /GD / RT/KR . In some embodiments, the recognition sequence of one or more zinc



finger domain is selected from SEQ ID NO: 2 (QSADLTR), SEQ ID NO: 3 (QSGDLTR),

SEQ ID NO: 4 (QSGDRKR), and SEQ ID NO: 5 (QSADRKR) or any combination or two

or more thereof. Preferably the recognition sequences of each zinc finger domain in a

poly-zinc finger peptide of the invention for targeting poly-CAG target sequences are

selected from a combination of SEQ ID NOs: 2 and 5 ; or from a combination of SEQ ID

NOs: 3 and 4 . Thus, in one embodiment, there is provided an engineered zinc finger

(DNA-binding) peptide comprising at least 10, 11 , 12 or 18 zinc finger domains having the

zinc finger recognition sequences of SEQ ID NO: 2 and/or SEQ ID NO: 5 . In another

embodiment, there is provided an engineered zinc finger (DNA-binding) peptide

comprising at least 10, 11, 12 or 18 zinc finger domains having the recognition sequences

of SEQ ID NO: 3 and/or SEQ ID NO: 4 . Beneficially, therefore, the engineered zinc finger

peptides of the invention comprise at least 10, 11 , 12 or 18 zinc finger modules. In some

embodiments, the zinc finger peptides of the invention comprise more than 10, 11 , 12 or

18 zinc finger domains - such as any number between 11 and 32 zinc finger domains,

provided that at least 10, 11 , 12 or 18 adjacent domains have the specified recognition

sequence. In embodiments of the invention wherein each zinc finger domain of the poly-

zinc finger peptide has the above recognition sequences, it will be understood that one or

more recognition sequence of SEQ ID NO: 2 may be replaced with the sequence of SEQ

ID NO: 5 and vice versa, and one or more recognition sequence of SEQ ID NO: 3 may be

replaced with the sequence of SEQ ID NO: 4 and vice versa without substantially

changing the nucleic acid recognition and binding characteristics of the zinc finger

peptide, and such alternative zinc finger peptides are encompassed within the scope of

the invention.

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

L 1 ; SEQ ID NO: 6). 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 -TGE/Q
K/RP- (Linker 2 or L2; SEQ ID NO: 7), and this

sequence is preferred for use as a "canonical" (or "canonical-like") linker in accordance

with the invention. Thus, another useful canonical linker sequence is -TGQKP- (SEQ ID

NO: 65).



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 zinc finger domains) 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), and related canonical-like linker sequences of 6

or 7 amino acids.

Canonical-like linkers for use in accordance with the invention may suitably be based on

the sequence, -TGG/S
E/Q

K/RP- (Linker 3 or L3; SEQ ID NO: 8). Preferred canonical-like

linkers thus include the specific sequences: TGGERP (SEQ ID NO: 9), TGSERP (SEQ ID

NO: 10), TGGQRP (SEQ ID NO: 11), TGSQRP (SEQ ID NO: 12), TGGEKP (SEQ ID NO:

13), TGSEKP (SEQ ID NO: 14), TGGQKP (SEQ ID NO: 15), or TGSQKP (SEQ ID NO:

16). A particularly preferred canonical-like linker is TGSERP (Linker 4 or L4; SEQ ID NO:

10). Another particularly preferred canonical-like linker is TGSQKP (Linker 5 or L5; SEQ

ID NO: 16). However, other linker sequences may also be used between one or more

pairs of zinc finger domains, for example, linkers of the sequence -TG(G/S)0-2E/ QK/RP- (SEQ

ID NO: 17) or -T(G/s)o-2G
E/Q

K/RP- (Linker 6 or L6; SEQ ID NO: 18).

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 (g/s)3
E/ QK/RP- (SEQ ID NO: 19) and -T(G/s)3G

E/Q
K/RP- (L12; SEQ ID NO: 20). Alternative

long flexible linkers are: LRQKD(GGGGS)i. QLVGTAERP (Linker 7 or L7; SEQ ID NO:

21) and LRQKD(GGGGS)i. QKP (Linker 8 or L8; SEQ ID NO: 22). Preferred long flexible

linkers for use in the zinc finger peptides of the invention are,

LRQKDGGGGSGGGGSGGGGSQLVGTAERP (Linker 9 or L9; SEQ ID NO: 23), and

LRQKDGGGGSGGGGSGGGGSQKP (Linker 10 or L10; SEQ ID NO: 24).

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 8 or 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 conveniently 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 preferred genomic sequences, i.e. expanded CAG repeat

sequences, especially those associated with polyglutamine disease genes.

In addition, a significant increase in binding affinity might also be expected, compared to

zinc finger peptides with fewer fingers. For example, whereas a 3-finger peptide (with a 9

bp recognition sequence) may bind DNA with nanomolar affinity, a 6-finger peptide might

be expected to bind a n 18 bp sequence with an affinity of between 10 9 and 10 18 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 a/., (2001 Proc. Natl. Acad. Sci. USA 98: 1437-

1441 ; and W O 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.

Zinc finger peptides of the invention may alternatively include o r comprise sub-arrays of 3-

finger units.

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

sequence selected from:

SEQ ID NO: 25 1ST- [(Formula 2) - X 6]n0 - {[(Formula 2 ) - X 5 - (Formula 2 ) - X 6]n -

[(Formula 2 ) - X 5 - (Formula 2 ) - X L]}n2 - [(Formula 2 ) - X 5 - (Formula 2 ) - X 6]n3 -

[(Formula 2 ) - X 5 - (Formula 2)] - [X 6 - (Formula 2 ) - ]n4 - , wherein nO is 0 o r 1, n 1 is

from 1 to 4 , n2 is 1 o r 2 , n3 is from 1 to 4 , n4 is 0 o r 1, X 5 is a linker sequence of 5 amino

acids, X 6 is a linker sequence of 6 o r 7 amino acids, and X L is a linker of at least 8 amino

acids, and wherein the sequence of Formula 2 comprises the recognition sequence of

SEQ ID NO: 1 .

SEQ ID NO: 26 1ST- [(Formula 1-6) - L3] n0 - {[(Formula 1-6) - L2 - (Formula 1-6) -

L3]„i - [(Formula 1-6) - L2 - (Formula 1-6) - X L]}n2 - [(Formula 1-6) - L2 - (Formula 1-6)

- L3] n3 - [(Formula 1-6) - L2 - (Formula 1-6)] - [L3 - (Formula 1-6)] n4 - where nO, n1,

n2, n3, n4 and X L are as defined above, and wherein the sequences of each of Formulas

1-6 comprises the recognition sequence of SEQ ID NO: 1 .



SEQ ID NO: 27 1ST- [(Formula 1-6) - L4] n0 - {[(Formula 1-6) - L 1 - (Formula 1-6) -

L4]„i - [(Formula 1-6) - L 1 - (Formula 1-6) - X L]}n2 - [(Formula 1-6) - L 1 - (Formula 1-6)

- L4] n3 - [(Formula 1-6) - L 1 - (Formula 1-6)] - [L4 - (Formula 1-6)] n4 -C', where nO, n1,

n2, n3, n4 and X L are as defined above, and wherein the sequences of each of Formulas

1-6 comprises the recognition sequence of SEQ ID NO: 1. Preferably, X L is selected from

L7, L8, L9 o r L10; and most preferably X L is L9 (SEQ ID NO: 23). In a particularly useful

11-zinc finger peptide of the invention, nO is 1 , n 1 is 1, n2 is 1 , n3 is 2 , n4 is 0 and X L is

L9. In a particularly useful 12-zinc finger peptide of the invention, nO is 0 , n 1 is 2 , n2 is 1,

n3 is 2 , n4 is 0 and X L is L9. In a particularly useful 10- zinc finger peptide of the invention,

nO is 0 , n 1 is 1 , n2 is 1, n3 is 2 , n4 is 0 and X L is L9. Most preferably, the zinc finger

framework in each of the domains of SEQ ID NO: 27 corresponds to Formula 6 .

SEQ ID NO: 28 N'- [(Formula 1-6) - L5] n0 - {[(Formula 1-6) - L 1 - (Formula 1-6) -

L5]ni - [(Formula 1-6) - L 1 - (Formula 1-6) - X L]}n2 - [(Formula 1-6) - L 1 - (Formula 1-6)

- L5] n3 - [(Formula 1-6) - L 1 - (Formula 1-6)] - [L5 - (Formula 1-6)] n - , where nO, n1,

n2, n3, n4 and X L are as defined above, and wherein the sequences of each of Formulas

I -6 comprises the recognition sequence of SEQ ID NO: 1. Preferably, X L is selected from

L7, L8, L9 o r L10; and most preferably X L is L10 (SEQ ID NO: 24). In a particularly useful

I I -zinc finger peptide of the invention, nO is 1 , n 1 is 1, n2 is 1 , n3 is 2 , n4 is 0 and X L is

L10. In a particularly useful 12-zinc finger peptide of the invention, nO is 0 , n 1 is 2 , n2 is 1,

n3 is 2 , n4 is 0 and X L is L10. In a particularly useful 10-zinc finger peptide of the

invention, nO is 0 , n 1 is 1, n2 is 1, n3 is 2 , n4 is 0 and X L is L10. Most preferably, the zinc

finger framework in each of the domains of SEQ ID NO: 2 8 corresponds to Formula 6 .

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.

In some embodiments of the invention, in SEQ ID NOs: 2 5 to 28, nO is 0 o r 1, n 1 is from 1

to 3 , n2 is 1 o r 2 , n3 is 2 o r 3 , n4 is 0 and X L is about 8 to 50. Alternatively, nO is 0 , n 1 is 2

o r 3 , n2 is 1 o r 2 , n3 is 2 and n4 is 0 , and/or X L is about 11 to 40 amino acids. In still

further embodiments, nO is 0 , n 1 is 2 , n2 is 1 o r 2 , n3 is 2 and n4 is 0 ; and/or X L is about

15 to 35 amino acids. In alternative embodiments X L is about 18 to 2 9 amino acids. Most

preferably X L is selected from L7, L8, L9 and L10. In embodiments of the invention



"(Formula 1-6)" SEQ ID NOs: 25 to 28 represents any one of Formulas 1 to 6 , and each

"(Formula 1-6)" may be the same or different; but is conveniently the same.

In the zinc finger frameworks above, the total number of zinc finger domains is preferably

from 10 to 18, especially 10, 11 , 12 or 18, and the zinc finger recognition sequence is

preferably selected from a sequence of SEQ ID NO: 1. Particularly preferred zinc finger

peptides have 11 or 12 zinc finger domains, each of which has a recognition sequence

selected from the group of SEQ ID NO: 2 or 5 , or the group of SEQ ID NO: 3 or 4 . These

recognition sequences are selected such that the poly-zinc finger peptide binds effectively

to CAG-repeat nucleic acid sequences and, also, so as to minimise non-host peptide

sequences in the preferred expression host (e.g. mouse or human). Exemplary 11-zinc

finger peptide sequences of the invention comprise the sequences of SEQ ID NO: 29,

SEQ ID NO: 3 1 , SEQ ID NO: 33 or SEQ ID NO: 35 (see Table 9).

The invention also encompasses nucleic acid molecules that encode the peptide

sequences of the invention. In view of codon redundancy, it will be appreciated that many

slightly different nucleic acid sequences may accurately code for each of the zinc finger

peptides of the invention, and each of these variants is encompassed within the scope of

the present invention. Exemplary zinc finger peptide encoding sequences comprise SEQ

ID NOs: 30, 32, 34 and 36 which encode the zinc finger peptides of SEQ ID NOs: 29, 3 1,

33 and 35, respectively (see Table 9). Any other nucleic acid sequences that encode for

the peptides of SEQ ID NOs: 29, 3 1, 33 and 35 are also encompassed within the

invention.

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 or Met-Gly dipeptide); purification tags (e.g. FLAG-

tags); and localisation / targeting sequences (e.g. nuclear localisation sequences (NLS),

such as PKKKRKV; (SV40 NLS, SEQ ID NO: 37), PKKRRKVT; (human protein

KIAA2022, SEQ ID NO: 46) or RIRKKLR; (mouse primase p58 NLS9, SEQ ID NO: 38).

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 peptide framework, and such variants are encompassed within the scope of the



invention. Preferred host-compatible additional sequences are Met-Gly dipeptide for

expression in humans and mice; human (PKKRRKVT, SEQ ID NO: 46) or mouse

(RIRKKLR, SEQ ID NO: 38) nuclear localisation sequences for expression in human or

mouse respectively; and host-derived effector domain sequences as discussed below.

Suitably a zinc finger peptide of the invention for expression and use in mouse or human

respectively, does not include purification tags where it is not intended to purify the zinc

finger-containing peptide, e.g. where gene regulatory and/or therapeutic activities are

intended. Thus, for reason of improved host-matching (reduced toxicity and reduced

immunogenicity) the peptides and polypeptides of the invention are preferably devoid of

peptide purification tags and the like, which are not found in endogenous, wild-type

proteins of a host organism.

Particularly preferred polypeptides of the invention comprise an appropriate nuclear

localisation sequence arrange N-terminal of a poly-zinc finger peptide, which is itself

arranged N-terminal to an effector domain that may repress expression of a target gene.

Effector domains are conveniently attached to the poly-zinc finger peptide covalently,

such as by a peptide linker sequence as disclosed elsewhere herein.

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, especially poly CAG sequences), 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 alternatively, a derivative may contain one or

more (e.g. 1 , 2 , 3 , 4 , 5 or more) amino acid mutations, substitutions deletions or

combinations thereof 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.). A

particular benefit of the invention is improved compatibility with the host / target organism

as assessed by sequence similarity to known host peptide sequences and/or

immunogenicity / adverse immune response to the heterologous peptide when expressed.

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 frameworks of the invention may be diversified at one or more positions in

order to improve their compatability with the host system in which it is intended to express

the proteins. In particular, specific amino acid substitutions may be made within the zinc

finger peptide sequences and in any additional peptide sequences (such as effector

domains) to reduce or eliminate possible immunological responses to the expression of

these heterologous peptides in vivo. Target amino acid residues for modification or

diversification are particularly those that create non-host amino acid sequences or

epitopes that might not be recognised by the host organism and, consequently, might

elicit an undesirable immune response. In some embodiments the framework is

diversified or modified at one or more of amino acids positions - 1 , 1, 2 , 3 , 4 , 5 and 6 of the

recognition sequence. The polypeptide sequence changes may conveniently be achieved

by diversifying or mutating the nucleic acid sequence encoding the zinc finger peptide

frameworks at the codons for at least one of those positions, so as to encode one or more

polypeptide variant. All such nucleic acid and polypeptide variants are encompassed

within the scope of the invention.

The amino acid residues at each of the selected 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 or modified,

i.e. by allowing the specified amino acid to be any one or more amino acids from a

defined sub-group of the 20 naturally occurring amino acids. It will be appreciated that

one way of creating a library of mutant peptides with modified amino acids at each

selected location, is to specifically mutate or 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

both of which, ideally, are derived from the intended host organism, such as mouse or

human. 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. Preferably all amino acid positions in each zinc finger domain and in any

additional peptide sequences (such as effector domains and leader sequences) are

chosen from known wild-type sequences from that host organism.

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 (ββα -) fold. Thus, non-zinc finger moieties include nucleic acids and



other polymers, peptides, proteins, peptide nucleic acids (PNAs), antibodies, antibody

fragments, and small molecules, amongst others.

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.

Beneficially, zinc finger peptides and fusion proteins / polypeptides of the invention have

transcriptional modulatory 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 & Klug (1995) Curr. Opin. Biotech. 6 : 431-436; Choo & Klug (1997) Curr. Opin. Str.

Biol. 7:1 17-125; 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).

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 nucleic acids (Wolffe (1996) Science 272: 371-372; and

Hassig et al., (1998) Proc. Natl. Acad. Sci. USA 95: 3519-3524). Additional useful

effector domains include those that modify or rearrange nucleic acid molecules such as

methyltransferases, 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), such as the Fokl endonuclease domain,

which in conjunction with zinc finger peptides of the invention may be used to truncate

poly-CAG repeat genome sequences.

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. 7 1 :

5952-5962; Sadowski et al. (1988) Nature 335: 563-564); and transactivation domain 1

and/or 2 of the p65 subunit of nuclear factor- κΒ (NFKB ; Schmitz et al. (1995) J. Biol.

Chem. 270: 15576-15584).

Generally, for a useful therapeutic or diagnostic effect, it is desirable to down-regulate or

repress the expression of the polyglutamine disease-associated genes that are the

subject of the present invention. Therefore, effector domains that effect repression or

silencing of target gene expression are preferred. In particular, the peptides of the

invention suitably comprise effector domains that cause repression or silencing of target

genes when the zinc finger nucleic acid binding domain of the protein directly binds with

CAG repeat sequences associated with the target gene.

In one embodiment the 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 human Kox-1 domain sequence for

inhibition of target genes in humans is shown in Table 6 (SEQ ID NO: 39). A useful

mouse KRAB repressor domain sequence for inhibition of target genes in mice is the

mouse analogue of human Kox-1 , i.e. the KRAB domain from mouse ZF87 (SEQ ID NO:

40). Other transcriptional repressor domains known in the art may alternatively be used

according to the desired result and the intended host, 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

finger peptide (e.g. at the C-terminus) by any suitable flexible or structured amino acid

(linker) sequence (encoded by the corresponding nucleic acid molecule). Non-limiting

suitable linker sequences for joining an effector domain to the C-terminus of a zinc finger

peptide are illustrated in Table 6 (e.g. LRQKDGGGGSGGGGSGGGGSQLVSS, SEQ ID

NO: 41; LRQKDGGGGSGGGGSS, SEQ ID NO: 42; and LRQKDGGGSGGGGS, SEQ ID

NO: 43). 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. A preferred linker for conjugating the human

kox-1 domain to a zinc finger peptide of the invention is the peptide of SEQ ID NO: 42. A

preferred linker for conjugating the mouse ZF87 domain to a zinc finger peptide of the

invention is the peptide of SEQ ID NO: 43.

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. One useful

nuclear localisation sequence is the SV40 NLS (PKKKRKV, SEQ ID NO: 37). Desirably,

however, the nuclear localisation sequence is a host-derived sequence, such as the NLS

from human protein KIAA2022 NLS (PKKRRKVT; NP_001008537.1, SEQ ID NO: 46) for



use in humans; or the NLS from mouse primase p58 (RIRKKLR; GenBank: BAA04203.1,

SEQ ID NO: 38).

Thus, preferred zinc finger-containing polypeptides of the invention include nuclear

localisation sequence, a poly-zinc finger peptide sequence and a transcriptional repressor

KRAB domain. Particularly preferred polypeptide sequences of the invention include SEQ

ID NOs: 49, 50, 5 1 , 52, 53, 54, 55, 56, 59, 6 1 and 63 (Table 9).

As described herein, DNA regions from which to effect the up- or down-regulation of

specific genes include promoters, enhancers or locus control regions (LCRs). In

accordance with the invention, suitable target sequences are trinucleotide repeat

sequences comprising at least 10 such repeats. In preferred embodiments, 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 or any other sequence repeat based on the repetitive

sequence -CAGCAGCAG-.

Nucleic Acids and Peptide Expression

The zinc finger peptides according to the invention and, where appropriate, the zinc finger

peptide modulators (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. pGEM®, 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 present invention is particularly directed to the

expression of zinc finger-containing peptides of the invention in host cells in vivo or in host

cell for ex vivo applications, to modulate the expression of endogenous genes. Preferred

peptides of the invention may therefore be devoid of such sequences (e.g. His-tags) that

are intended for purification or other in vitro based manipulations.

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

stability, without changing the sequence of any zinc finger domain. For example, suitable

N-terminal leader peptide sequences for incorporation into peptides of the invention are

MA or MG and ERP. Nuclear localisation sequences may be suitably incorporated at the

N-terminus of the peptides of the invention to create an N-terminal leader sequence. A

useful N-terminal leader sequence for expression and nuclear targeting in human cells is

MGPKKRRKVTGERP (SEQ ID NO: 44), and a useful N-terminal leader sequence for

expression and nuclear targeting in mouse cells is MGRIRKKLRLAERP (SEQ ID NO: 45)

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 in vivo or ex vivo. 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 I I 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.

It is particularly desirable to express the zinc finger peptides and other zinc finger

constructs of the invention, such as zinc finger repressor proteins, from vectors suitable

for use in vivo or ex vivo, e.g. for therapeutic applications (gene therapy). Where the

therapy involves use of zinc finger nucleic acid constructs for expression of protein in vivo,

the expression system selected should be capable of expressing protein in the

appropriate tissue / cells where the therapy is to take effect. Desirably an expression

system for use in accordance with the invention is also capable of targeting the nucleic

acid constructs or peptides of the invention to the appropriate region, tissue or cells of the

body in which the treatment is intended. A particularly suitable expression and targeting

system is based on recombinant adeno-associated virus (AAV), e.g. the AAV2/1 subtype.

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.

Instead or in addition to AAV2/1 subtype vectors, other AAV subtype vectors may be

used, such as AAV2/9 subtype vectors. The AAV2/1 tropism is more specific for infecting

neurons, whereas AAV2/9 infects more widely (Expert Opin Biol Ther. 2012 June; 12(6):

757-766.) and certain variants can even be applied intravenously (Nature Biotech 34(2):

204-209). Therefore, using the AAV2/9 subtype (alone or in combination with AAV2/1)

advantageously allows targeting of a wider variety of cell types. In the context of HD, this

allows targeting of other (non-neuron) cell types in the brain that may also play a role in

HD, such as glia. Additionally, this may advantageously allow targeting to peripheral



tissues, such as the heart, which may be advantageous in some embodiments and

therapeutic applications.

A promoter for use in AAV2/1 viral vectors and that is suitable for use in humans and mice

is the pCAG promoter (CMV early enhancer element and the chicken β-actin promoter).

Another useful sequence for inclusion in AAV vectors is the Woodchuck hepatitis virus

postranscriptional regulatory element (WPRE; Garg et al., (2004) J. Immunol., 173: 550-

558). Another promoter that may be advantageous for sustained expression in human

and mice is the pNSE promoter (neuron-specific promoter of the enolase gene).

In this regard, the present inventors have designed synthetic mouse and human pNSE

promoter-enhancers (see e.g. Example 17) comprising a portion of sequence upstream

and downstream of the transcription start site of the enolase gene from human and rat

(SEQ ID NO: 148, SEQ ID NO: 151, SEQ ID NO: 152 and SEQ ID NO: 153). Flanking

restriction sites may be added to the sequence for cloning into an appropriate vector.

Since the pNSE promoter is neuron-specific, it is particularly advantageously used in

combination with AAV2/1 or other neuron-specific vectors.

A promoter that may be suitable for use with AAV2/9 viral vectors is the pHSP promoter

(promoter of the ubiquitously expressed Hsp90ab1 gene). This promotor may also be

suitable for use in humans and mice. As discussed in Example 17 below, the present

inventors have found that a synthetic promoter-enhancer design comprising a portion of

the sequence upstream and downstream of the transcription start site of the mouse or

human Hsp90ab1 gene could be advantageously used to obtain sustained expression of

a transgene, such as the zinc finger peptides of the invention. In particular, the inventors

have defined a 1.7 kb region upstream of the transcription start site of the Hsp90ab1 gene

that comprises multiple enhancers and can be advantageously used as a minimal

hsp90ab1 constitutive promoter, in combination with a portion of exon 1 of the gene. The

sequences of the mouse and human minimal promoters according to embodiments of the

invention, with flanking restriction sites for cloning into a vector, are provided as SEQ ID

NO: 146 and SEQ ID NO: 147. Mouse and human minimal promoters according to

embodiments of the invention, without flanking restriction sites, are also provided as SEQ

ID NO: 149 and SEQ ID NO: 150. The present invention encompasses such novel

promoter sequences, expression constructs and vectors (e.g. AAV2/1 or AAV2/9 viral

vectors) comprising these sequences, as well as the use of such promotor sequences for



expression of peptides, such as zinc finger peptides. In particular, the invention

encompasses expression constructs comprising the promoter sequences of SEQ ID NO:

149 and/or SEQ ID NO: 150; expression constructs comprising the promoter sequences

of SEQ ID NO: 149 and/or SEQ ID NO: 150 that are operably associated with / linked to

nucleic acid sequences encoding the zinc finger peptides and modulators of the invention;

and the use / methods of using such constructs for sustained expression of (zinc finger)

peptides in vivo. Particularly appropriate in vivo systems are human and mouse.

Suitable medical uses and methods of therapy may, in accordance with the invention,

encompass the combined use - either separate, sequential or simultaneous - of the viral

vectors AAV2/1 and AAV2/9, wherein at least the AAV2/9 vector comprises a hsp90ab1

constitutive promoter in accordance with the invention, e.g. of SEQ ID NO: 149 and/or

SEQ ID NO: 150. Suitably, these medical uses and methods of therapy further comprise

said vectors encoding one or more zinc finger peptide / modulator of the invention. Most

suitably the medical uses and methods of therapy are directed to the treatment of HD in a

subject, such as a human, or the study of HD in a subject, such as a mouse.

As the person skilled in the art would understand, strict compliance to the sequences

provided is not necessary for the function of the promoter, provided that functional

elements, e.g. enhancers, and their spatial relationships are essentially maintained. In

particular, the promoter sequences provided comprise flanking restriction sites for cloning

into a vector. The person skilled in the art would know to adapt these restriction sites to

the particular cloning system used, as well as to make any point mutations that may be

required in the sequence of the promoter to remove e.g. a cryptic restriction site (see e.g.

SEQ ID NO: 147).

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.

Therapeutic Compositions

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.

As will be understood by the person of skill in the art, potential therapeutic molecules,

such as zinc finger peptides and modulators of the invention may be tested in an animal

model, such as a mouse, before they can be approved for use in human subjects.

Accordingly, zinc finger peptide or chimeric modulator proteins of the invention may be

expressed in vivo in mice or ex vivo in mouse cells as well as in humans and, in

accordance with the invention, appropriate expression cassettes and expression

constructs / vectors may be designed for each animal system specifically.

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) when a peptide is to be administered as the therapeutic

molecule.

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) intracellular^, 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 include

any disease, disorder or other medical condition that may be treatable by modulating the

expression of a target gene or nucleic acid.

Diseases of trinucleotide repeat expansion are particularly useful and amenable to

therapies based on poly-zinc finger therapeutic molecules, 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: 67), Friedreich's ataxia (poly-GAA), fragile-X

syndrome (poly-CGG), fragile X-E syndrome (poly-CCG) and myotonic dystrophy (poly-

CTG).

The zinc finger peptides of the invention are particularly adapted to target and bind to

CAG-repeat sequences and/or CTG-repeat sequences within human or animal genomes.

Preferred genes are those associated with polyglutamine diseases, and especially the

nine genes that have already been identified as being associated with polyglutamine

diseases in humans, as listed in Table 1 below.



Table 1: Polyglutamine-based disease genes.

A most preferred gene to be targeted by the zinc finger peptides and therapeutic

molecules of the invention is the human expanded HTT gene. Abnormal HTT disease

genes comprise 36 or more CAG repeat sequences.

One or more additional pharmaceutical acceptable carrier (such as diluents, adjuvants,

excipients or vehicles) may be combined with the therapeutic peptide(s) 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 any of these may be used

in some embodiments to administer the compounds of the invention. Any other suitable

delivery systems known in the art are also envisaged in use of the present invention.

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 particularly when the compound of the invention is

administered intravenously. Saline solutions and aqueous 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, malt, 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.

In some embodiments 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

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.

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 intravenous 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)2, scFv etc.) or alternative targeting moiety, which

naturally or has been adapted to recognise 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.

Gene therapy relates to the use of heterologous genes in a subject, such as 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, by inactivated mutant alleles by removing all or part of the mutant allele, or by

inserting an expression cassette for sustained expression of a therapeutic zinc finger



construct according to the invention. 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. The present invention is particularly concerned with the treatment of

polyglutamine-based diseases, such as HD (see Table 1).

Gene therapy is classified into two types: 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, SIV, 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

with AAV will not build an immune response to remove either the virus or the cells that

have been successfully infected with it (in the absence or heterologous gene expression);



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. 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 I 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 late infantile neuronal ceroid lipofuscinosis. HSV, which naturally

infects nerve cells in humans, may also 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 herein) are inserted into an adeno-associated virus (AAV) vector, particularly

the 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

pathogenic genes associated with CAG repeat sequences, such as mutant htt genes.

In embodiments, viral vectors with a wider tropism are used instead, or in addition to,

vectors with a more specific tropism. For example, the neuron specific AAV2/1 subtype

may be used in combination with the AAV2/9 subtype. This may advantageously allow

targeting of both neurons and other types of cells present in the brain, such as glial cells.

Ubiquitous / promiscuous viral vectors, such as AAV2/9, may also be used alone, for

example, where the therapy is targeted at peripheral tissues.

Although HD is widely considered to be primarily a neurological disease, it is in fact a

complex disease that may have a peripheral component to its pathophysiology, including

possible effects on / in the heart, skeletal muscle, kidney and liver. For example, heart

failure is the second most common cause of death in HD patients. Therefore, targeting of

tissues such as the heart with the zinc finger peptides / modulators of the invention may

prove beneficial. In such applications use of a promiscuous vector or an organ / tissue

specific vector may be particularly useful.



In embodiments, the tropism of the viral vector and the specificity of the promoter used for

expression of the therapeutic construct can be tailored for targeting of specific populations

of cells. For example, neuron-specific viral vectors may be used in combination with

neuron-specific promoters. Conversely, promiscuous vectors may be used in

combinations with ubiquitous promoters (or tissue specific promoters as desired).

In specific embodiments, AAV2/1 viruses may be used in combination with a synthetic

pNSE promoter, as described above and in Example 17 which should be considered a

non-limiting example of this application. In other embodiments, AAV2/9 viruses may be

used in combination with a synthetic pHSP vector, as described above and in Example 17

which should be considered a non-limiting example of this application. In embodiments,

combinations of these two types of constructs may be used in order to simultaneously

target multiple cell types, e.g. for the treatment of HD.

For some applications 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. As already explained, particularly suitable

diseases are those of the nervous system (peripheral and/or central); and preferably

those associated with CAG repeat sequences, such as HD.

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

the expression of therapeutic zinc fingers in target cells in vivo or in ex vivo applications

for repressing the expression of 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 Htt 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.

RNA interference (RNAi) has been shown to reduce expression of mutant htt (van Bilsen

et al. (2008) Hum. Gene Then 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 wild-type

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 (3 weeks). 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 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,

which is of course undesirable.



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.

In this regard, we have previously described (WO 2012/049332), the rational design of

zinc finger peptides to recognise and bind poly- 5'- GC(A/T) -3' sequences, such that they

recognise both poly-CAG and its complementary DNA strand, poly-CTG. The zinc finger

peptides described therein 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 htt 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. at least 20 days), and the expression of genes

having shorter genomic CAG-repeat sequences was found to remain broadly unaffected.

Thus, the zinc finger peptides were able to target the expanded CAG repeats associated

with the mutant Htt gene in preference to the normal CAG repeats associated with the

wild-type Htt gene. Therefore, the zinc finger peptides were efficient and selective

repressors of genes with long CAG-tracts.

However, mid to long-term expression (e.g. for 4 or more weeks) of the zinc finger peptide

repressors described in WO 2012/049332 in target cells was unsustainable, resulting in

loss of specific target gene repression and cell death in vivo.

Toxicity effects of therapeutic molecules, especially for use in gene therapy and other

similar strategies that require mid or long-term expression of a heterologous protein, is a

particular issue. Indeed, studies have previously shown that non-self proteins can elicit

immune responses in vivo that are severe enough to cause widespread cell death.

In order to improve the mid to long-term effects of zinc finger peptide expression in target

organisms, especially in the brain, the present invention seeks to reduce the toxicity and

immunogenicity of the potentially therapeutic zinc finger peptides and repressor proteins

of the invention.



As demonstrated herein, the present invention thus provides zinc finger peptide and

nucleic acid sequences that are suitable for repression of mutant Htt protein in vivo and

ex vivo in both mouse and human cells. Likewise, the zinc finger peptides of the invention

are suitable for the targeting and modulation of other genes - especially those containing

long CAG trinucleotide repeat sequences (i.e. associated with diseases other than HD),

as previously indicated.

Host Organism Toxicity and Immunogenicity

It was proposed that toxicity and immunogenicity (immunotoxicity) of heterologous

peptides when expressed in host organisms might be reduced by optimising the primary

peptide sequence to match the primary peptide sequence of natural host peptides.

As previously described (Garriga et al., 2012 and herein), the zinc finger peptides of the

present invention are based on a generic / universal zinc finger peptide framework, and

particularly on the peptide framework of Zif268, which is a natural zinc finger protein

having homologues in both mice and humans. However, as described in WO

2012/049332, the recognition sequences of the zinc finger domains were based on the

perceived best match for the target nucleic acid sequences (i.e. the recognition code for

zinc finger-dsDNA interactions) and on binding optimisation studies. Such design had no

regard to the target host organism in which the zinc finger peptides would be ultimately

expressed (e.g. mouse or human).

Furthermore, the zinc finger repressor proteins described in WO 2012/049332

incorporated a KRAB transcription repressor domain from human Kox-1 : even in studies

on mice or involving mouse cells; and similarly, other effector functions, such as nuclear

localisation and purification tags were selected without regard to the host organism.

As a consequence of the above, and by way of example, one of the preferred zinc finger

peptide repressors described in WO 2012/049332, ZF1 1xHunt-Kox-1 (SEQ ID NO: 68;

see also Garriga et al., 2012); hereafter named ZF1 1-Kox-1), contained 260 out of 509

(51%) non-mouse amino acid residues when compared to wild-type mouse protein

sequences. The present invention is directed to reducing the number of non-host amino

acid residues for expression in mouse and in human cells.



Preferred zinc finger peptides and modulator peptides of the invention have greater than

50%, greater than 60%, greater than 70% or even greater than 75% identity to

endogenous / natural proteins in the target, host organismin which they are intended to be

expressed for therapeutic use. In still more preferred embodiments, the peptides of the

invention have approximately 80%, 81%, 82%, 83%, 84% or approximately 85% identity

to endogenous / natural proteins in the target organism. In some cases it is desirable to

have still greater identity to peptide sequences of the target / host organism, such as

between approximately 75% and 95% identity, or between 78% and 92% identity, or

between 80% and 90% identity. At the same time, it will be appreciated that the peptides

of the invention are different to known peptide sequences. Thus, the peptides may be up

to 50%, up to 40%, up to 30% or up to 25% non-identical to endogenous / natural peptide

sequences found in the host organism. It will be appreciated that by "up to x%", in this

context, means greater than 0% and less than x%. Preferably, the peptides of the

invention are approximately 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11% or

10% non-identical to endogenous / natural peptide sequences found in the host organism.

Sequence identity can be assessed in any way known to the person of skill in the art,

such as using the algorithm described by Lipman & Pearson (1985), Science 227,

pp1435; or by sequence alignment.

As used herein, "percent identity" means that, when aligned, that percentage of amino

acid residues (or bases in the context of nucleic acid sequences) are the same when

comparing the two sequences. Amino acid sequences are not identical, where an amino

acid is substituted, deleted, or added compared to the reference sequence. In the context

of the present invention, since the subject proteins may be considered to be modular, i.e.

comprising several different domains or effector and auxiliary sequences (such as NLS

sequences, expression peptides, zinc finger modules / domains, and effector domains

(e.g. repressor peptides)), sequence identity is assessed separately for each domain /

module of the peptide relative to any homologous endogenous or natural peptide domain /

module known in the host organism. This is considered to be an acceptable approach

since relatively short peptide fragments (epitopes) of any host-expressed peptides may be

responsible for determining immunogenicity through recognition or otherwise of self / non-

self peptides when expressed in a host organism in vivo. By way of example, a peptide

sequence of 100 amino acids comprising a host zinc finger domain directly fused to a host

repressor domain wherein neither sequence has been modified by mutation would be



considered to be 100% identical to host peptide sequences. It does not matter for this

assessment whether such zinc finger domain(s) or non-zinc finger domain, e.g. repressor

domain is only a fragment from a natural, larger protein expressed in the host. If one of

100 amino acids has been modified from the natural sequence, however, the modified

sequence would be considered 99% identical to natural protein sequences of the host;

whilst if the same zinc finger domain were linked to the same repressor domain by a linker

sequence of 10 amino acids and that linker sequence is not naturally found in that context

in the host organism, then the resultant sequence would be (10/1 10) x100 % non-identical

to host sequences.

Thus, the degree of sequence identity between a query sequence and a reference

sequence may, in some embodiments be determined by: (1) aligning the two sequences

by any suitable alignment program using the default scoring matrix and default gap

penalty; (2) identifying the number of exact matches, where an exact match is where the

alignment program has identified an identical amino acid or nucleotide in the two aligned

sequences on a given position in the alignment; and (3) dividing the number of exact

matches with the length of the reference sequence. In other embodiments, step (3) may

involve dividing the number of exact matches with the length of the longest of the two

sequences; and in other embodiments, step (3) may involve dividing the number of exact

matches with the "alignment length", where the alignment length is the length of the entire

alignment including gaps and overhanging parts of the sequences. As explained above, in

this context, the alignment length is the accumulative amino acid length of all peptide

domains, modules or fragments that have been used as reference sequences for each

respective domain or module of the query peptide.

Sequence identity comparisons can be conducted by eye, or more usually, with the aid of

readily available sequence comparison programs. Commercially available computer

programs may use complex comparison algorithms to align two or more sequences that

best reflect the evolutionary events that might have led to the difference(s) between the

two or more sequences. Therefore, these algorithms operate with a scoring system

rewarding alignment of identical or similar amino acids and penalising the insertion of

gaps, gap extensions and alignment of non-similar amino acids. The scoring system of

the comparison algorithms may include one or more and typically all of: (i) assignment of

a penalty score each time a gap is inserted (gap penalty score); (ii) assignment of a

penalty score each time an existing gap is extended with an extra position (extension



penalty score); (iii) assignment of high scores upon alignment of identical amino acids;

and (iv) assignment of variable scores upon alignment of non-identical amino acids. Most

alignment programs allow the gap penalties to be modified. However, it is preferred to use

the default values when using such software for sequence comparisons.

In some algorithms, the scores given for alignment of non-identical amino acids are

assigned according to a scoring matrix, which may also be called a substitution matrix.

The scores provided in such substitution matrices may reflect the fact that the likelihood of

one amino acid being substituted with another during evolution varies and depends on the

physical / chemical nature of the amino acid to be substituted. For example, the likelihood

of a polar amino acid being substituted with another polar amino acid is higher compared

to the likelihood that the same amino acid would be substituted with a hydrophobic amino

acid. Therefore, the scoring matrix will assign the highest score for identical amino acids,

lower score for non-identical but similar amino acids and even lower score for non-

identical non-similar amino acids. The most frequently used scoring matrices are perhaps

the PAM matrices (Dayhoff et al. (1978), Jones et al. (1992)), the BLOSUM matrices

(Henikoff & Henikoff (1992)) and the Gonnet matrix (Gonnet et al. (1992)).

Suitable computer programs for carrying out such an alignment include, but are not

limited to, Vector NTI (Invitrogen Corp.) and the ClustalV, ClustalW and ClustalW2

programs (Higgins DG & Sharp PM (1988), Higgins et al. (1992), Thompson et al. (1994),

Larkin et al. (2007). A selection of different alignment tools is available from the ExPASy

Proteomics server at www.expasy.org. Another example of software that can perform

sequence alignment is BLAST (Basic Local Alignment Search Tool), which is available

from the webpage of National Center for Biotechnology Information which can currently

be found at http://www.ncbi.nlm.nih.gov/ and which was firstly described in Altschul et al.

(1990) , J. Mol. Biol. 215; pp 403-410. Examples of programs that perform global

alignments are those based on the Needleman-Wunsch algorithm, e.g. the EMBOSS

Needle and EMBOSS Stretcher programs. In one embodiment, it is preferred to use the

ClustalW software for performing sequence alignments. ClustalW2 is for example made

available on the internet by the European Bioinformatics Institute at the EMBL-EBI

webpage www.ebi.ac.uk under tools - sequence analysis - ClustalW2.

Once an appropriate software program has produced an alignment or a group of

alignments, it is possible to calculate % similarity and % sequence identity. The software



typically does this as part of the sequence comparison and generates a numerical result.

In a preferred embodiment of the present invention, the alignment is run over domain

stretches rather than by performing a global alignment to attempt to optimise the

alignment over the full-length of a sequence. Therfore, in preferred embodiments, whilst

an alignment program may be used for ease of reference and consistency, since

sequence lengths are relatively short and peptides of the invention may contain domains

derived from several different proteins, sequence identity is most simply carried out by

visual inspection of aligned full or partial sequences and manual calculation of identity.

The present inventors have designed a series of mutated zinc finger derivative peptides,

based on the zinc finger peptides / repressors described in WO 2012/049332, which have

been adapted to increase their compatability with the host organism in which they are to

be expressed, e.g. mouse or human. These so-called 'mousified' and 'humanised' zinc

finger peptides have been found to substantially reduce potential immunogenicity and

toxicity effects in vivo.

The main design constraints in modifying the prior art peptides to improve in vivo

therapeutic activity were that the new peptides had to match host protein sequences as

closely as possible whilst maintaining specific binding activity against target nucleic acid

sequences; in particular, poly(CAG) binding activity. Preferably, the resultant zinc finger

peptides are adapted so as to be tolerated in both mice and humans, so that essentially

the same zinc finger peptide can be used for animal models of effect as well as in dow n

stream therapeutic studies and treatments. Such an approach may simplify the

development of useful therapeutics, especially in the case that a designed protein can

match both engogenous host mouse and human peptide sequences with a sufficiently

high sequence identity.

The aim of 'humanisation' or 'mousification' according to the invention is to minimise the

amino acid sequence differences between an artificial zinc finger design, chosen to bind

poly(CAG) DNA, and a naturally-occurring zinc finger repeat, Zif268 (which has human

and mouse homologues, and which naturally binds GCG-TGG-GCG; Pavletich, 1991). In

practice, humanisation or 'mousification', according to the invention, had the intention of

reducing the potential for foreign epitopes in the zinc finger peptide sequences of the

invention. These changes were carried out within the constraint of retaining CAG-binding

activity, as determined by zinc finger ELISA experiments (Isalan, 2001).



Importantly, since Zif268 has homologues in mouse and human cells, and the zinc finger

scaffold framework of Zif268 is almost identical in mice and humans (see SEQ ID NO: 47;

SEQ ID NO: 48), it was considered possible that a single appropriately modified host-

optimised zinc finger peptide sequence of the invention may be suitable for use in both

mouse and human cells without resulting in adverse immunogenic effects: thus, one host

optimised zinc finger design for binding poly(CAG) can be useful in both species.

Desirably, the sequence identity of a peptide of the invention to each of native mouse and

human sequences is at least about 75%, at least about 80% or at least about 85%; such

as between about 75% and 95%, or between about 80% and 90%.

In order to improve sequence identity, for mouse studies, the KRAB repressor domain,

Kox-1 , which was suitable for and 'host-matched' for use in humans, was replaced by the

mouse analogue KRAB domain from ZF87, also called MZF22 (Abrink et al., 2001).

Furthermore, design modifications for host-matching / improving host optimisation

included the removal of FLAG epitope tags (not required for mid to long-term expression

in vivo). To further improve host optimisation, nuclear localisation signals were selected

from human (KIAA2022) and mouse (p58 protein) sequences for expression in humans or

mice, respectively.

In addition, bearing in mind the over-riding intention of the invention to provide zinc finger

peptides for high affinity and specific binding to polyCAG nucleic acid sequences, the

inventors also altered the originally designed zinc finger sequences to better match with

host sequences. Since Zif268 is found in both humans and mice, the peptide 'framework'

was essentially invariant. However, improved host-optimisation was achieved by

modifying the originally designed recognition helices and zinc finger linkers in order to

match them as closely as possible to the human Zif268 transcription factor sequence

(SEQ ID NO: 48; Pavletich, 1991).

A 'humanised' zinc finger peptide of the invention (having 11 zinc fingers) is termed

herein, hZF-Kox-1 , whereas a mousified version of the zinc finger peptode is termed

mZF-ZF87.



A series of host-optimised designs were developed based on ZF1 1xHunt-Kox-1 in order

to balance the result in terms of reduction in immunogenicity and toxicity in vivo and ability

to bind the target poly-CAG sequences.

SEQ ID NO: 49 illustrates an advantageous zinc finger modulator which binds the target

nucleic acid sequence with high affinity (as assessed by ELISA), whilst substantially

reducing in vivo toxity during mid to long-term expression in mouse cells. This modified

sequence (which comprises the zinc finger peptide sequence of SEQ ID NO: 31) contains

33 differences from the starting sequence of ZF1 1xHunt-Kox-1. These differences were

chosen to make the sequence closer to human Zif268, while retaining poly(CAG) DNA

binding (see Table 9).

The sequence of SEQ ID NO: 49 was then further modified to increase host-matching

(SEQ ID NO: 50; mousified 11-zinc finger modulator 1 mZF-ZF87), which comprises the

zinc finger peptide sequence of SEQ ID NO: 29. In this embodiment, the alpha helices

and linkers of the zinc finger peptide were redesigned to be as close to human Zif268 as

possible, while still binding poly(CAG) through the alpha helices (e.g. QSGDLTR and

QSGDRKR). These host-optimised peptide sequences were developed for expression in

mice for initial in vivo studies of potential therapeutic value and toxicity, and are denoted

mZF-ZF87 herein; and the equivalent human variants (see SEQ ID Nos: 53, humanised

11-zinc finger modulator 2 hZF-ZF-kox1; and 54, humanised 11-zinc finger modulator 2

hZF-ZF-kox1) are denoted as hZF-ZF-koxl Differences between the mouse and human

variants lie in the repressor domain, which is the ZF87 KRAB domain for mouse and the

Kox-1 KRAB domain for humans; and the nuclear localization signal (NLS), which is

derived from a human variant peptide for use in humans (Human protein KIAA2022 NLS),

and a mouse peptide for use in mouse, as described elsewhere herein.

Further host-matched zinc finger peptide modulators of the invention particularly suited for

use in mouse include SEQ ID NOs: 5 1 and 52, which incorporate zinc finger peptide

sequences 33 and 35, respectively. Humanised equivalent zinc finger peptide modulators

are SEQ ID NOs: 55 and 56, which incorporate zinc finger peptide sequences 33 and 35,

respectively. These sequences are considered to be sufficiently identical to human zinc

finger peptide sequences while still binding poly(CAG) target sequences.



It has thus been found that several design variants of zinc finger peptide sequences can

be synthesised to retain desired poly(CAG) binding characteristics, while improving /

maximising host matching properties and minimising toxicity in vivo. Surprisingly, such

design variants can include a relatively high number of modifications within zinc finger

alpha-helical recognition sequences and within zinc finger linker sequences, both of which

might be expected to affect (e.g. reduce) target nucleic acid binding affinity and specificity,

without adversely affecting the efficacy of the potential therapeutic for use in vivo.

Moreover, by beneficially reducing immunogenicity and toxicity effects in vivo, mid to long-

term activity of the therapeutic peptides of the invention are significantly increased.

Based on these studies to develop beneficial derivatives of ZF1 1xHunt-kox-1, similar

modifications to improve host optimisation - especially in the zinc finger peptide portion -

can be made to other zinc finger peptide therapeutics molecules based on 10-zinc finger

domains (ZF10xHunt-kox-1), 12-zinc finger domains (ZF12xHunt-kox-1) and 18 zinc

finger domains (ZF18xHunt-kox-1), see SEQ ID Nos: 59 to 64 (Table 9).

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.

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 human 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 first designed having regard to two previously reported studies: (1) Choo

et al. (1994) Nature 372(6507): 642-645, for binding to the GCT triplet; and (2) Isalan et

al. (1998) Biochemistry 37(35): 12026-12033, for binding to GN(TVA) triplets, as previously

described (WO 2012/049332). These a-helical amino acid sequences were initially

combined to generate a novel hybrid a-helix sequence, QRATLQR (SEQ ID NO: 69),

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 and shown to bind the sequence

GC(T/A), and was termed ZFxHunt (see Figure 1). A pUC57 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

(PKKKRKV; (SEQ ID NO: 37), and restriction sites for deriving 4 (ZF4), 11 (ZF1 1), 12

(ZF12) and 18 (ZF18) zinc finger peptides in tandem arrays by subcloning as described in

WO 2012/049332.

The zinc finger peptides were then subcloned into the mammalian expression vector

pTarget (Promega). A 3xFLAG tag sequence was introduced by PCR at the N-terminus,

and either the Fok\ endonuclease domain or the Kox-1 (KRAB repression domain) coding

sequences were introduced at the C-terminus, with a peptide linker sequence based on G

and S amino acids was placed between the zinc finger peptide and the effector domain,

again, as described in WO 2012/049332.

The pEH vector series was cloned in two steps. First, the EGFP coding region was

excised from pEGFP-N1 (Clontech), using Hind\\\ I Xba\, and cloned into pGL4.13

(Promega) to give pSV40-EGFP. Then, a PCR product containing CMV-HcRed-polyA

and C/al linkers was cloned into pSV40-EGFP (partially digested with C/al). The EGFP

start codon was mutated to alanine by site directed mutagenesis, and PCR fragments

containing human Htt exon I from different human genomic templates (to obtain different

numbers of CAG repeats), were cloned into the pEH EcoR\ 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 Xma\ I Xba\

sites.



Design of 'Mousified' Zinc Finger Peptides

ZF1 1-kox-1 described in WO 2012/049332 (ZF-kox-1 herein) was converted into a series

of more mouse-compatible peptides, mZF-ZF87 (SEQ ID NOs 49 to 52), as follows:

(1) The triple FLAG-tag reporter from ZF-Kox-1 was removed.

(2) The viral SV40 nuclear localisation signal (NLS) was replaced with a mouse primase

p58 NLS (RIRKKLR; GenBank: BAA04203.1; SEQ ID NO: 38) using native adjacent

residues as linkers.

(3) A zinc finger framework that was as close as possible to the mouse Zif268 sequence

(Pavletich & Pabo (1991), Science 252: 809-817) was used while retaining functional

CAG-binding residues on the DNA recognition helices. Thus, the QRATLQR (SEQ ID NO:

69) sequence used in ZF1 1-kox-1 of WO 2012/049332 was changed to a sequences

corresponding to SEQ ID NO: 1, such as one or SEQ ID Nos: 2 to 5 , or a combination of

SEQ ID Nos: 2 and 5 or 3 and 4 , as described herein, based on the natural variation in

recognition sequence between adjacent zinc finger domains within the Zif268 scaffold;

see Figure 10).

Phage ELISA experiments as previously described (Isalan et al. (2001), Nat. Biotechnol.

19: 656-660), were performed to guide the alpha-helix recognition sequence design to

ensure that the modified sequences retained appropriate binding to CAG triplets.

(4) Zinc finger linker peptides were modified to make them as close as possible to

canonical zinc finger linkers (e.g. TGEKP, TGQKP, SEQ ID NOs: 6 and 65), while

retaining non-wild-type canonical-like linkers (e.g. TGSQKP, SEQ ID NO: 16) after every

2 fingers, which are considered important for function of long zinc finger arrays ( Moore et

al. (2001), Proc. Natl. Acad. Sci. USA, 98: 1437-1441); and retaining long linkers at

appropriate spacings, i.e. after finger 5 (for the 11-finger construct) and after the last

finger (finger 11 of the 11-finger construct) between the zinc finger domain and the

repressor domain. However, these linkers were reduced in length from those of ZF-kox-1

in order to further reduce the amount of non-host sequence.

(5) For mouse constructs, human Kox-1 was replaced with the mouse KRAB repression

domain from ZF87 (SEQ ID NO: 40; a.k.a. MZF22 (Abrink et al. (2001), Proc. Natl. Acad.



Sci. USA, 98: 1422-1426.); refSeq_NM_1 33228.3). The 1-76 amino acid KRAB-domain

fragment of ZF87, when fused to Gal4 DNA-binding domain, has been previously reported

to have similar levels of repression compared to Gal4-Kox-1 (Abrink et al. (2001), Proc.

Natl. Acad. Sci. USA, 98: 1422-1426.) in mice.

In Vitro Gel Shift Assays

Based on the pUC57 vector zinc finger constructs, appropriate forward and reverse

primers 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 were produced by Klenow fill-in as described in WO

2012/049332. 100 ng of double stranded DNA was used in a DIG-labeling reaction using

Gel Shift kit, 2nd 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 µ Ι reaction containing 0.1 mg/ml BSA, 0.1 µg/ml polydl:dC,

5% glycerol, 20 mM Bis-Tris Propane, 100 mM NaCI, 5 mM MgCI2, 50 mg/ml ZnCI2, 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 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% C0 2 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, cells were plated onto 10 mm wells to a density of 50% and 70 ng of reporter

plasmid, 330 ng of ZFP expression plasmid and 2 µ Ι of Lipofectamine 2000 were mixed

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

STHdh+ / Hdh+ and STHdhQ1 11 / Hdh1 1 cells (gift from M.E. MacDonald) were

cultured in 5% C0 2 at 33°C in DMEM supplemented with 10% FBS (Gibco) and 400 µg/ml

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 µ Ι of 2xSDS loading dye with

Complete protease inhibitor (Roche). 20 µ Ι 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 β-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 NaCI, 0.2% SDS, Complete), incubated in ice for 15 min, and were

centrifuged at 13000 rpm for 15 min. The supernatant was collected and protein

concentration was determined using BioRad's Dc protein assay. 60 µg of protein was

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

using iBIot Dry Blotting System (Invitrogen) for 8 min and endogenous Htt protein was

detected with anti-Huntingtin primary antibody (Millipore MAB2166) at a 1:1000 dilution.

Production of Adeno-Associated Viral Vector

rAAV2/1-GFP, rAAV2/1-ZF1 1-Koxl and rAAV2/1-mZF-ZF87 containing a pCAG 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 approx 10 12 genome copies/ml.

Animals - R6/2 Transgenic Mice

For this study we used R6/1, R6/2 and wild-type (WT) 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).



R6/1 transgenic mice (B6.Cg-Tg(HDexon1)61Gpb/J) and wt controls (C57BL/6J) were

also purchased form Jackson Laboratories. For the testing of mZF-ZF87, R6/1 mice were

preferred over R6/2 mice to avoid early onset of symptoms and to comply with animal

welfare conditions in the UK, since the aim of this study was not to check for a phenotype

reversal.

Stereotaxic injections were performed on 4-week-old R6/2 mice, 8-week old R6/1 mice

and 4- to 8-week-old wt mice. All animal experiments were conducted in accordance with

Directive 86/609/EU of the European Commission, the Animals (Scientific Procedures)

1986 Act of the United Kingdom, and following protocols approved by the Ethical

Committee of the Barcelona Biomedical Research Park and the Animal Welfare and

Ethical Review Body of Imperial College London. The number of mice for each

experiment is given in Table 2 .

Table 2: Summary of number of mice injected with ZF-Kox-1 , mZF-ZF87, GFP or PBS.

Stereotaxic Surgery

Briefly, mice were anesthetised with a mix of ketamine (75 mg/kg) and medetomidine ( 1

mg/kg, i.p.) or isofluorane (preferred) and fixed on a stereotaxic frame. Buprenorphine

was injected at 8 µg/kg to provide analgesia.

AAVs were injected bilaterally or unilaterally (depending on the study) into the striatum

(A/P +0.7 mm, M/L ± 1.8 mm, D/V -3.0 and/or -2.5 mm relative to bregma) using a 10 µ Ι



Hamilton syringe at a rate of 0.25 µ Ι/min controlled by an Ultramicropump (World

Precision Instruments). For each hemisphere, a total volume of 1.5 to 3 µ Ι (approx. 2x1 09

genomic particles) or 1.5 µ Ι PBS were injected. For example, a two step administration

may be performed as follows: 1.5 µ Ι 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.

In some studies, females were randomly injected with AAV expressing zinc finger

repressor peptides (i.e. ZF-kox-1 or mZF-ZF87) in one hemisphere and with control AAV

expressing GFP (AAV2/1-GFP) into the other hemisphere.

In some studies, females were injected only in one hemisphere with AAV expressing the

test protein (either zinc finger or GFP control protein), rAAV2/1 -ZF-kox-1 , rAAV2/1-hZF-

kox-1 , AAV2/1-mZF-ZF87 or AAV2/1-GFP; or with PBS as a negative control.

Mice were sacrificed at different ages for posterior analysis by RT-PCR,

immunohistochemistry or western blot; typically at 2 , 4 or 6 weeks after administration of

agent. Males were bilaterally injected with 3 µ Ι of the same virus in both hemispheres 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 length - the average distance between one step to the next; (2) hind-base width

- the average distance between left and right hind footprints; and (3) splay length - the

diagonal distance between contralateral hindpaws as the animal walks.

qRT-PCR

Mice were humanely killed by cervical dislocation. As rapidly as possible, they were

decapitated and the striata were dissected on ice and immediately frozen in liquid

nitrogen, for later RNA extraction.

RNA was prepared with RNeasy kit (Qiagen) and reversed transcribed with Superscript I I

(Invitrogen). Real Time PCR was performed in a LightCycler ® 480 Instrument (Roche)

using LightCycler ® 480 SYBR Green I Master (Roche). SYBR Advantage GC qPCR

Premix (Clontech) was used to amplify the human HTT transgene in R6/2 and R6/1

templates. For technical replicates, each PCR was done at least in triplicate, and results

normalised to three housekeeping genes (mHPRT, mActb and mAtp5m as in our previous

study (Garriga-Canut et al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-3145)). At least

three independent biological replicates were done for each experiment. Primer sets are

given in full in Table 3 .

CAG
repea Forward primer Reverse primerGene t

(SEQ ID NO: ) (SEQ ID NO: )lengt
h

ZF-Kox- N/A GTGGAAGCTGCTGGACACT ( 7 0 ) AACGTAAAGTGACCGGGGCCG



1 (71)

mZF-
N/A GGTCCGAAGAGATGCTCAGT (72) CAGGAAGACCAGGTGGCTAT (73)

ZF87

mut HTT -150 GCTGCACCGACCGTGAGT (7 ) CGCAGGCTGCAGGGTTAC (75)

GCCTTGGAAGATTAGAATCCA
mHtt 4,7 CAGATGTCAGAATGGTGGCT (76)

(77)

mATN1 3,10 CACCTGCCTCCACCTCATGGC (78) ATGCTCCTTGGGGGCCCTGG (79)

mATXN
6,10 ATCCCAATGCAAAGGAGTTC (80) CTGCTGATGACCCACCATAG (81)

2
mTBP 3,13 ACTTCGTGCAAGAAATGCTG (82) GCTCATAGCTCTTGGCTCCT (83)

mHPRT N/A GGTTAAGCAGTACAGCCCCA (8 ) AGAGGTCCTTTTCACCAGCA (85)

mActb N/A GCTTCTTTGCAGCTCCTTCGT (86) CCAGCGCAGCGATATCG (87 )
CCACCGACATGGGCACAATGCA (88 ATGGGCAAAGGTGGTTGCAGGG (89

mAtp5b N/A
) )

Table 3: Primers used in qRT-PCR analyses.
CAG-repeat number per gene and corresponding primer sets for qRT-PCR. Name
prefixes: mut=mutant; m=mouse. Approximate CAG repeat number for wild-type genes
was obtained from Genbank mRNA data. CAG-repeat length: the first number
corresponds to pure CAG repeats, the second number to broken CAG repeats (containing
CAA or CAT).

Immunohistochemistry

Mice were transcardially perfused with PBS followed by formalin 4% (v/v). Brains were

removed and post-fixed overnight at 4°C in formalin 4% (v/v). Brains were then

cryoprotected in a solution of sucrose 30% (w/v), at 4°C, until they sank. Brains were

frozen and sliced with a freezing microtome in six parallel coronal series of 40 µηι

(distance between slices in each parallel series: 240 µηι) . The indirect ABC procedure

was employed for the detection of the neuronal marker Neu-N ( 1 :100, MAB377 Millipore)

in the first series; the reactive astroglial marker GFAP (1:500, Dako) in the second series;

and the microglial marker Iba1 ( 1 :1000, Wako) in the third series. Briefly, sections were

blocked with 2% (v/v) Normal Goat Serum (NGS, Vector Laboratories) in PBS-Triton100

0.3% (v/v) and endogenous peroxidase activity blocked with 1% (v/v) hydrogen peroxide

(H20 2) in PBS for 30 minutes at room temperature.

Subsequently, sections were incubated for 30 minutes at room temperature in: (i) primary

antibody (at the concentration indicated above) in PBS with 0.3 % (v/v) Triton X100 and

2% (v/v) NGS; (ii) biotinylated secondary antibody in the same buffer; and (iii) avidin-

biotin-peroxidase complex (ABC Elite kit Vector Laboratories) in PBS-Triton X-100 0.3%

(v/v). Sections were washed 3x10 min in PBS and peroxidase activity was revealed with

SIGMAFAST-DAB (3,3'-Diaminobenzidine tetrahydrochloride, Sigma-Aldrich) in PBS for 5



min. Sections were rinsed and mounted onto slides, cleared with Histoclear (Fisher

Scientific) and cover-slipped with Eukitt (Fluka).

The fourth GFP-injected series was mounted onto slides and covered with Mowiol

(Sigma-Aldrich) for fluorescence analysis.

Image Analysis

Determination of the volume of injection:

Five coronal slices per GFP-injected hemisphere from bregma 1.5 mm levels, separated

by 240 µηι , were photographed with a digital camera attached to a macrozoom

microscope (Leica). The contours around the GFP-expressing area and dorsal striatum

were manually defined and the area was measured with ImageJ software (National

Institute of Health, USA). Volume was calculated as area per distance between slices,

according to the Cavalieri principle (Oorschot (1996), J. Comp. Neurol.; 366: 580-599).

Determination of O.D. for GFAP and Iba1 stainings:

Four coronal slices per mouse and hemisphere covering the striatum from bregma 1.5

mm levels were selected, and a region of interest of 670 897 µηι2 in the middle of the

dorsal striatum was captured with a 10x objective using a digital camera attached to a

microscope (Leica DMIRBE). The O.D. of the areas was measured with ImageJ, the

mean density per hemisphere calculated and O.D. for GFAP and Iba1 of control

hemispheres were subtracted from the injected hemisphere.

Determination of the neuronal density of the striatum:

Cell density was calculated using an adaptation of the unbiased fractionator method

(Oorschot (1996), J. Comp. Neurol.; 366: 580-599). Four coronal slices per mouse and

hemisphere covering the striatum from bregma 1.5 mm levels were selected, and a region

of interest of 447 598 µηι2 in the middle of the dorsal striatum was captured with a 15x

objective using a digital camera attached to a microscope (Leica DMIRBE). A grid image

leaving 16 squares of 35 35 µηι2 was superimposed to the pictures and a person

blinded to sample treatment counted the number of stained nuclei.

Statistical Analysis

Data were analysed using the StatPlus package for Excel (Microsoft) and IBM SPSS

Statistics 22. To test the inflammatory response the difference of O.D. of the injected



hemisphere versus the control hemisphere was calculated and a Student's t test was

performed against no difference value (0).

For neuronal density, a paired Student's t test of neuronal density in the injected

hemisphere versus the control hemisphere was performed. Neuronal density was

analysed across contralateral hemispheres with an ANOVA, followed by post-hoc

comparisons with the contralateral hemispheres of the PBS samples. To test repression,

the percentage of mutant HTT (mut HTT) or the gene of interest (HTT, ATN1, ATXN2,

TBP) in the injected brain was calculated with respect to the control hemisphere, and a

one sample Student's t test against the no repression value (100%) was performed. To

ensure a fair comparison between injected and contralateral hemispheres, only mice with

<1% ZF expression in the contralateral hemisphere, relative to the injected hemisphere,

were used for statistical analyses (Table 4). To test the correlation between RNA levels of

the different genes and ZF expression a linear regression test was applied. To test

expression levels across different times post-injection a one-way ANOVA was performed.

All significance values are set at p=0.05.



3.19 x10 4.89 x10 ' 0.65 83.6
3.00 x10 11 2.15 x10-' 0.01 105.8
2.35 x10 2.71 x10 ' 0.86 76.4
5.22 x10 1.16 x10 ' 0.44 87.3
5.75 x10 1.28 x10 ' 4.49 121 . 1

7.95 x10 11 6.64 x10 8 0.1 1 42.6

Table 4 : Raw data for the expression of ZF-Kox-1 and mZF-ZF87.
Complete data set showing the values of ZF expression in each of the hemispheres
(injected vs. control) and the percentage of mut HTT RNA expression with respect to the
control. Mice showing leaky expression of ZF in the contralateral control hemisphere
(>1% of the injected hemisphere, bold italics) are not taken into account in the statistical
analysis of repression of mut HTT shown in Figure 16.

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). Our previous study, see

WO 2012/049332 was the first to report on the systematic exploration of the binding

modes of different-length ZFP to long repetitive DNA tracts.

In this earlier study, rational design was used to construct a zinc finger domain (ZFxHunt)

that would bind the 5'- GC(A/T) -3' sequence in double stranded DNA. Poly-zinc 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\ 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 5 and SEQ ID NOs: 90 to 94). In this way, different

numbers of zinc fingers could be tested for optimal length-dependent discrimination.

ZF4xHunt amino acid sequence (SEQ ID NO: 90):
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

ZF6xHunt amino acid sequence (SEQ ID NO: 91):
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

ZF1 1xHunt amino acid sequence (SEQ ID NO: 92):
FQCRICMRNFSQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH LRQKDGGGGSGGGGSGGGGSQLVGTAERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

ZF12xHunt amino acid sequence (SEQ ID NO: 93):
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH LRQKDGGGGSGGGGSGGGGSQLVGTAERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

ZF18xHunt amino acid sequence (SEQ ID NO: 94):
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP



FACDICGRKFAQRATLQRHTKIH LRQKDGGGSQLVGTAERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH LRQKDGGGSGTAERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH TGSERP
FQCRICMRNFSQRATLQRHIRTH TGEKP
FACDICGRKFAQRATLQRHTKIH

Table 5 : Zinc finger peptide framework amino acid sequences of non-humanised or
mousified CAG-repeat binding peptides. 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 Example 1 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).

The results showed that the longer ZFPs gave more complete binding of the probe.

Interestingly, distinct bound complexes 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).

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 containing six contiguous GCA



repeats, and to an alternate CAG-CTG probe with three contiguous repeats, as shown in

Figure 1C. Furthermore, when compared to mutated sequences, ZF6xHunt showed

specificity for a target sequence having seven contiguous CAG trinucleotide repeats (see

Figure 1D).

In summary, 4-, 6- and 12-finger ZFPs were synthesised and demonstrated to be able to

bind poly 5'- GC(A/T) -3' DNA probes in vitro. Furthermore, 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 (QO, 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 transiently 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

Fluorescence-Activated Cell Sorting (FACS); EGFP protein levels in Western blots; and

EGFP and HcRed mRNA levels in qRT-PCR (Figures 2B to 2D). Whereas shorter CAG-

repeats (QO, Q10) were essentially unaffected by any of ZF4, ZF6, ZF1 1 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 qRT-PCR (Figure 2D). The 6-finger protein, ZF6xHunt, was

found to be effective 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): e 1000869) was fused to the C-terminus of ZFxHunt

proteins (Figures 2E to 2G; Table 6). 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

ZF1 1xHunt-Kox-1 protein was found to provide the strongest level of repression, as

shown in Figures 2E and 2G. This demonstrates that, with suitable linker designs, long

chains containing odd-numbers of zinc fingers can also function effectively. 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.

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

3 , essentially the same results 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.

Thus, 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: 39):
LSPQHSAVTQGSI IKNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENY
KNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV



KRAB domain from mouse ZF87 (SEQ ID NO: 40):
EEMLSFRDVAIDFSAEEWECLEPAQWNLYRDVMLENYSHLVFLGLASCKPYLVTFLEQRQEPSVVK
RPAAATVHP

Zinc finger-effector domain peptide linker sequence (SEQ ID NO: 41):
LRQKDGGGGSGGGGSGGGGSQLVSS

Zinc finger-effector domain peptide linker sequence (SEQ ID NO: 42):
LRQKDGGGGSGGGGSS

Zinc finger-effector domain peptide linker seguence (SEQ ID NO: 43):
LRQKDGGGSGGGGS

Table 6 : Kox-1 domain peptide and encoding nucleic acid sequences, and zinc finger-
effector domain linker peptide and encoding nucleic acid sequences.

Example 4

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 htt varies

in the human population, but is usually in this range; median = 18). Therefore, a

competition assay was developed 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 4 . 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 corner 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

repression of the longer CAG-repeat reporters.

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

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

The effects of the zinc finger repressor peptides, ZF6xHunt and ZF1 1xHunt, on

chromosomal htt genes were tested. SJHdh 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 (STHdhQ /Hdh Q ) , or knock-ins, where the first exon of the

mouse htt gene with 7 CAG-repeats has been replaced by a human exon with 111 CAG

repeats (STHd 7Q111 / d 7Q ) . STHdh cells stably expressing naked or Kox-1-fused

ZF6xHunt and ZF1 1xHunt 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 5 .

As illustrated in Figure 5A, neither protein nor RNA levels of wt htt (Q7) were reduced by

naked or Kox-1 fused ZF6xHunt and ZF1 IxHunt. By contrast, Q 1 -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. ZF1 1xHunt-Kox-1 showed even stronger repression,

with almost 80% reduction in mRNA expression and 95% reduction in the protein levels.

Naked ZF6xHunt and ZF1 IxHunt had less effect repressing the chromosomal mutant htt



gene, suggesting that the stronger Kox-1 repression effect may be beneficial for

chromosomal repression of htt.

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

cells were assayed by qRT-PCR for the wt genes atrophinl, 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 7 below.

The results of these assays are displayed in Figures 5B and 5C. As illustrated, no

adverse effects were measured in either STHdh mouse cells (Figure 5B), or in HEK293T

human cells (Figure 5C). In the latter, even human htt, 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): e1000869), the effects of ZF6xHunt-Kox-1 and ZF1 1xHunt-Kox-1 on genes

neighbouring htt, in stably-transduced STHdh cells, were also tested by qRT-PCR (Figure

5B). The two adjacent genes, G protein-coupled receptor kinase 4 , which is

approximately 7 kb upstream; and G-protein signaling 12, which is approximately 188 kb

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 ZF1 1xHunt-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
(95) (96)

HcRed 0 AGATGCTGCGGAAGAAGAAG GGTACCGTCGACTGCAGAA



(97) (98)

hHPRT N/A CTTTGCTTTCCTTGGTCAGG TATCCAACACTTCGTGGGGT
(99) (100)

hATN1 15 GTCTCCCTCCGATCTGGATA CACACTTCCAGGGCTGTAGA
(101) (102)

hATXN1 12 CCAGCACCGTAGAGAGGATT AGCCCTGTCCAAACACAAA
(103) (104)

hATXN2 13 GACGC AGCT GAGC AAGT AG GAAGGAACGTGGGTTGAACT
(105) (106)

hATXN3 7 AGAGC TTCGGAAG AGACGAG ACTCCCAAGTGCTCCTGAAC
(107) (108)

hATXN7 10 AACTGTGTGGCTCACTCTGG TGGGAAGATGTTACCGTTGA
(109) (110)

hCACNAIA 13 GGGAACTACACCCTCCTGAA CGCTGCTTCTTCTTCCTCTT
(111) (112)

hTBP 19 ACGCCGAATATAATCCCAAG CTTCACTCTTGGCTCCTGTG
(113) (114)

hHtt 2 1 CAGATGTCAGAATGGTGGCT GCCTTGGAAGATTAGAATCCA
(115) (116)

mATN1 3 CACCTGCCTCCACCTCATGGC ATGCTCCTTGGGGGCCCTGG
(117) (118)

mATXN 1 2 G GGAGAGAA CGAGG AGA CAGCCCTGTCCAAATACAAA
(119) (120)

mATXN2 6 ATCCCAATGCAAAGGAGTTC CTGCTGATGACCCACCATAG
(121) (122)

mATXN3 5 ACCTCGCACTATTCTTGGCT TGCATCTGTTGGACCTTGAT
(123) (124)

mATXN7 5 TGCCCGTGTTCCTCACCGGA GCGCGGAGACAGTGGTTGCT
(125) (126)

mCACNAIA 2 CACTGGCAATAGCAAAGGAA TTCTTGAGC GAGT TCACCAC
(127) (128)

mTBP 3 ACTTCGTGCAAGAAATGCTG GCTCATAGCTCTTGGCTCCT
(129) (130)

mGRK4 N/A TCCTGGCTTTGAGGAGCCGA CCACAGC ACAGCT CTGCAGCAT
(131) (132)

mRgs12 N/A GGGGGCTCAAGCAGGCATGG GGGAGCCAGCCTCCGAGTCA
(133) (134)

mHtt 7 or 111 CAGATGTCAGAATGGTGGCT GCCTTGGAAGATTAGAATCCA
(135) (136)

mHPRT N/A GGTTAAGCAGTACAGCCCCA AGAGGTCCTTTTCACCAGCA
(137) (138)

M13 N/A GTAAAACGACGGCCAG CAGGAAACAGCTATGAC
(139) (140)

Table 7 : CAG-repeat number per gene and corresponding primer sets for qRT-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, dye-

labelling cell viability assays were performed 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

instructions. The results are presented as the percentage of dead, mid-apoptotic and

viable cells (see Figure 6), 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 ZF1 1xHunt-Kox-1 were tolerated for over 20 days

(approximately 3 weeks) following stable retroviral transfection, without any apparent

adverse cellular effects. Overall, the repressor properties of these zinc finger peptides

and their potential for stable expression, particularly of ZF6xHunt-Kox-1 and ZF1 1xHunt-

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, long zinc finger peptide chains having 6 or more adjacent zinc finger

domains were designed with the aim of specifically targeting CAG trinucleotide repeat

sequences. Beneficially, it was also found that such long zinc finger peptides, expecially

those having 11 or more (e.g. 11 , 12 or 18) adjacent zinc finger domains preferentially

repressed target genes with approximately 35 or more CAG-repeats over target

sequences having lower repeat numbers. It was also shown that stable expression of

these zinc finger proteins 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 htt 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).

Using this model, the zinc finger proteins were assayed for their ability to reduce

expression of mutant htt in a transgenic mouse model of HD, accordingly to the timeline

shown below.

First, the ZF6xHunt-Kox-1 , ZF1 1xHunt-Kox-1 and ZF12xHunt-Kox-1 repressor proteins

were inserted into adeno-associated virus (AAV) vectors (AAV2/1 subtype; Molecular

Therapy (2004) 10: 302-317). In parallel experiments, the zinc finger-AAV vectors were

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 was assessed over a period of up to 12 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

ZF6xHunt-Kox-1-ires-GFP and control AAV-GFP.

Week 4 to 12. - 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 were shown to reduce mutant htt protein expression, and

improve motor and neuropathological abnormalities 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 ZF1 1xHunt-Kox-1 peptide was shown to be effective in inhibiting mutant htt

expression in the STHdh model cell line (Example 5). Therefore, to test the ability of

these zinc finger peptides to treat / alleviate HD in vivo in an HD-mouse model AAV virus

was used to deliver ZF1 1xHunt-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 ZF1 1xHunt-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 qRT-PCR showed the highest expression levels of ZF1 1xHunt-Kox-1 in the

injected striatum of 6-week-old mice (see Figure 7A). At the same time, the levels of the

mutant htt 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 7B).

Furthermore, in linear regression analysis, it was noted that ZF1 1xHunt-Kox-1 mRNA

levels correlated negatively and closely with mutant htt mRNA levels (r-squared = 0.79; p

= 0.0072), which is consistent with an in vivo dose-dependent repression of mutant htt by

the zinc finger construct.

Repression levels of mutant htt mRNA reached up to 60% in some of the mice analysed

at week 6 . Notably, this repression was specific for mutant htt, since wt htt was unaltered

at all time points analysed (see Figure 7C). However, expression of the ZFP was

significantly reduced by week 8 , and concomitantly, repression levels of the htt 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 results were obtained in mice injected in only one hemisphere with AAV-

ZF1 1xHunt-Kox-1, when compared to non-injected control hemispheres (data not shown).

It is thought that immunological reactions to the heterologous expressed zinc finger

peptides was responsible for the notable reduction in zinc finger expression in the brain of

the mice, as well as the resulting reduction in repression of mutant htt protein. In this

regard, significant cell death could be seen in injected brain sections, typically from 4 to 6

weeks post injection.

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-ZF1 1xHunt-Kox-1 or AAV2/1-

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, ZF1 1xHunt-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 8A. 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 ZF1 1xHunt-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 ZF1 1xHunt-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 8B. 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 ZF1 1xHunt-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 8C.

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 8D).

Thus, 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

coincident with a peak in zinc finger repression at approx. 6 weeks. However, the loss in

ZFP expression over time (which is believed to be due to adverse toxicity and

immunological effects which begin in about the fourth week post treatment), allowed the

symptoms of HD to return in the treated mice, and indicated that control and treatment of

symptoms in this model using these zinc finger constructs is transient: i.e. dependent on

ZFP-repressor expression in these tests. Hence, the data provided here demonstrates

both zinc finger-mediated repression of the htt gene in vivo, and partial disease

phenotype amelioration.

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.

Example 10

ZFxHunt Sequence Variants for Improved Viral Packaging



The QRATLQR (SEQ ID NO: 69) 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 while having regard to known zinc finger-

nucleic acid recognition rules (e.g. as reviewed in Pabo et al. (2001), Annu. Rev.

Biochem. 70: 313-340).

The present inventors also found that it was 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 were varied to

avoid undesirable repetition of sequences.

Furthermore, as already discussed above, in other embodiments the ZFP linker

sequences between adjacent zinc finger domains may also be varied in sequence, if

desired.

In this Example, in order to optimise viral packaging several 10 ZFxHunt variants were

made, including the sequence exemplified below (SEQ ID NO: 141), which has altered

zinc finger backbones and a-helices compared to ZFxHunt peptides having 6 , 11, 12 and

18 zinc finger domains as described above, and tested for binding to the appropriate

CAG-repeat target sequences. The altered backbones were designed having regard to

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, the FLAG-

epitope tag and one ZFxHunt domain were also removed, resulting in a viral package of

optimum size encoding a 10-zinc finger peptide.

The resultant 10-zinc finger peptide (ZFIOxHunt) targets and binds repetitive CAG

sequences with high affinity and specificity, as do the previously described ZFPs.

Moreover, the ZFIOxHunt ZFP was shown to retain strong /-/TT-repression activity in



episomal assays, as shown in Figure 9 . 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 9a 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 9b, 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.

ZFIOxHunt amino acid sequence (SEQ ID NO: 141)
YACPVESCDRRFS QRATLtRHIRIH TGQKP
FQCRI CMRNFSQRATLsRHIRTH QNKKGS
HICHIQGCGKVYG QRATLQRHLRWH TGERP
FMCTWSYCGKRFT QRATLQRHKRTH LRQKDGERP
YACPVESCDRRFS QRATLsRHIRIH TGEKP
YKCPE CGKSFSQRATLQRHQRTH TGSERP
FMCNWSYCGKRFT QRATLtRHKRTH TGEKP
FACPE CPKRFMQRATLQRHIKTH TGSEKP
FQCRI CMRNFSQRATLQRHIRTH TGERP
FACDI CGRKFAQRATLQRHTKIH

ZFIOxHunt C-terminal linker and Kox-1 repressor peptide (SEQ ID NO: 142)
LRQKDA PKKKRKV GGS
LSPQHSAVTQGSI IKNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLEN
YKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV*

Table 8 : ZFIOxHunt amino 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. The full repressor protein
includes the linker and Kox-1 sequence at the C-terminus of the zinc finger peptide.

Example 1 1

Zinc Finger Designs for Reduced Immunotoxicity

Whilst the zinc finger mutations / modifications described in Example 10 above may

improve viral packaging, for example, in part by providing a less repetitive nucleic acid

sequence for packaging within a virus; the resulting zinc finger peptide, when expressed,

is necessarily also more diverseified than previously.

Based on further investigations into heterologous zinc finger expression in vivo we have

now discovered that this variability in peptide sequence may be disadvantageous for long



term use in vivo due to zinc finger toxicity and immunogenicity (e.g. immunotoxicity). In

this regard, we believe that the increased number of non-wild-type peptide sequences

that result from the incorporation of sequence variability increasing the number of 'foreign'

epitopes that may be detected by the animal body following administration of expression

constructs, such as AAV vectors.

It was therefore decided to redesign the zinc finger peptides and repressor constructs

described in the above Examples with the aim of reducing immunological reactions to the

heterologous peptides when expressed in mice and humans.

In the first embodiments, the 11 zinc finger peptide ZF1 1xHunt-Kox-1 (see also Garriga et

a/., 2012), hereafter named ZF-Kox-1, was redesigned to create a series of 'mousified'

and 'humanised' zinc finger peptides to reduce potential immunogenicity and toxicity in

vivo. According to this embodiment, the main new design constraints were that the

modified zinc finger peptide sequences should match host protein sequences as closely

as possible, while maintaining poly(CAG) binding activity.

The aim of 'humanisation' or 'mousification' was to minimise the amino acid sequence

differences between the artificial zinc finger peptide sequences designed to bind

poly(CAG) DNA, and the naturally-occurring zinc finger peptide sequence of Zif268, which

naturally binds GCG-TGG-GCG (Pavletich, 1991). As previously described,

advantageously, the parent zinc finger scaffold proteins of Zif268 are almost identical in

mouse and human (SEQ ID NO: 47 and SEQ ID NO: 48, respectively) and so one host

optimised zinc finger design might have the potential to be used for both species. Herein,

the notation mZF is used to denote the mousified zinc finger peptides and the notation

hZF is used to denote humanised zinc finger peptides.

In this Example, in order to reduce the potention of the zinc finger peptides to create

'foreign' epitopes, the Kox-1 repressor domain of the hZF peptide was modified (see

Figure 10) by the removal of FLAG epitope tags and the substitution of other effector

domains, such as the nuclear localisation signal and KRAB repressors (previously from

SV40), to human analogues. In addition, the zinc finger recognition helices and zinc finger

linkers were modified to make them as close as possible to the human Zif268

transcription factor sequence (SEQ ID NO: 48; Pavletich, 1991). As previously described,

these modifications were carried out within the constraint of retaining CAG-binding



activity; and zinc finger ELISA experiments were used to monitor and guide this process

(Isalan, 2001).

In the first instance, a human or mouse host-optimised peptide sequence was designed

that retained the advantageous structure of the 11-zinc finger peptide described in

Examples 1 to 10 as closely as possible so as to maintain the maximum possible DNA-

binding affinity.

In one embodiment, in place of the zinc finger recognition sequence QRATLQR (SEQ ID

NO: 69), the recognition sequence QSADLTR (SEQ ID NO: 2) was used for all 11 zinc

finger domains of the protein. The resultant zinc finger peptide ( 1 1-zinc finger peptide 2)

has the amino acid sequence of SEQ ID NO: 31, and the full zinc finger repressor protein

has the sequence of SEQ ID NO: 49. SEQ ID NO: 3 1 has 33 out of 331 differences to the

starting non-humanised starting peptide, which are indicated in bold and underlined in

Table 9 below. As indicated, all highlighted differences were chosen to make the zinc

finger peptide sequence closer to the wild-type human Zif268 (SEQ ID NO: 48) or mouse

(SEQ ID NO: 47), while retaining poly(CAG) DNA binding.

In another embodiment ( 1 1-zinc finger peptide 3 ; SEQ ID NO: 33), further design changes

were conducted to allow even closer host matching. In this embodiment, alpha helix

recognition sequences were further modified along with linker sequences to be still closer

to the natural human Zif268 sequence, while retaining effective binding to the target

nucleic acid sequence poly(CAG) through the recognition alpha helices. In this

embodiment, Fingers 1, 2 , 4 , 6 , 8 and 10 had the recognition sequence of SEQ ID NO: 2 ,

while Fingers 3 , 5 , 7 , 9 and 11 had the recognition sequence of SEQ ID NO: 5

(QSADRKR). Furthermore, the linker sequences between Fingers 1 and 2 , between

Fingers 3 and 4 , between Fingers 7 and 8 and between Fingers 9 and 10 are modified to

the sequence TGSQKP (SEQ ID NO: 16), which better matches the wild-type sequence

between Fingers 1 and 2 of natural Zif268. Finally, the long linker sequence between

Fingers 5 and 6 was reduced in length and modified to the sequence

LRQKDGGGGSGGGGSGGGGSQKP (SEQ ID NO: 24), to reduce the length of the non-

wild-type sequence.

In a third embodiment ( 1 1-zinc finger peptide 1; SEQ ID NO: 29), modifications to the zinc

finger recognition sequence were made so that each alanine residue in the sequence was



replaced by glycine to result in the recognition sequences QSGDLTR (SEQ ID NO: 3) and

QSGDRKR (SEQ ID NO: 4). The resultant zinc finger peptide has the sequence SEQ ID

NO: 31. Linker sequences used in this peptide are the same as in SEQ ID NO: 33 above.

In order to demonstrate that some variability in sequence, within the confines of optimally

host-matching the sequence to wild-type Zif268 was possible, yet another modified zinc

finger peptide sequence was constructed ( 1 1-zinc finger peptide 4 ; SEQ ID NO: 35). This

peptide incorporated the recognition sequence QSADLTR (SEQ ID NO: 2) in Finger 1,

QSGDLTR (SEQ ID NO: 3) in Fingers 2 , 4 , 6 , 8 and 10, and QSGDRKR (SEQ ID NO: 4)

in Fingers 3 , 5 , 7 , 9 and 11 ; while linker sequences remained the same as in SEQ ID

NOs: 29 and 3 1.

The humanised and mousified zinc finger peptides therefore employed the same amino

acid sequences. However, full repressor protein construct sequences varied between

mouse and human versions as previously described. Thus, briefly, in the human version

(hZF), human nuclear localisation signals and human Kox-1 was employed; whereas in

the mouse version a mouse-derived nuclear localisation signal sequence was used and a

KRAB repressor domain from a mouse protein (ZF87) was used as the repressor domain.

Figure 10 shows the zinc finger (ZF) host optimisation designs for use in humans and in

mice. A comparison of the original 11-finger construct (ZF-Kox-1) of Examples 1 to 10,

with hZF-Kox-1 (SEQ ID NO: 54), and mZF-ZF87 (SEQ ID NO: 50) zinc finger repressor

designs, showing the 11-finger constructs aligned to their target poly(CAG) DNA

sequence (mut HTT). Protein domains containing non-host peptide sequences (containing

potential foreign epitopes) are shaded in grey, and for purposes of illustration, the

sequences of representative DNA recognition helices from Fingers 2 and 3 (F2, F3) are

displayed below the zinc finger arrays, with 'foreign' sequences in grey font. The

percentage totals of non-host residues within the full length protein repressor construct

sequences are given to show that the host-optimised designs have significantly reduced

overall foreign sequences.

Zinc finger peptide sequences of humanized ZF1 1xHunt design 1 with reduced
immunotoxicity (SEQ ID NO: 29):

YACPVESCDRRFS QSGDLTR HIRIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP



FACDICGRKFA QSGDRKR HTKIH LRQKD GGGGSGGGGSGGGGSQK
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH

Nucleic acid sequence coding for humanized ZF11xHunt design 1 (SEQ ID NO: 30):
TACGCCTGTCCTGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTC
ATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCG
ACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGC
GATAGGAAGAGACACACAAAAAT CCATACTGGCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATT
TTTCTCAGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTG
TGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAGGA
GGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGA
ACTTTTCACAGAGCGGAGATCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACAT
TTGTGGTAGGAAATTTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAAC CT
TTCCAGTGCCGCATTTGTATGCGAAATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAG
GGGAAAAACCTTTCGCCTGTGACATTTGTGGAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAA
AATCCATACCGGCTCTCAGAAACCATTCCAGTGCCGGATTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTG
ACCAGACACATCAGAACTCACACCGGAGAGAAACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGA
GCGGCGATCGCAAGCGACACACTAAAATCCAC

Zinc finger peptide sequences of humanized ZF11xHunt design 2 (SEQ ID NO: 31):
FQCRICMRNFSQSADLTRHTKIH TGSERP
FQCRICMRN SQSADLTRHIRTH TGEKP
FACDICGRKFAQSADLTRHTKIH TGSERP
FQCRICMRN SQSADLTRHIRTH TGEKP
FACDICGRKFAQSADLTRHTKIH LRQKDGGGGSGGGGSGGGGSQLVGTAERP
FQCRICMRN SQSADLTRHIRTH TGEKP
FACDICGRKFAQSADLTRHTKIH TGSERP
FQCRICMRN SQSADLTRHIRTH TGEKP
FACDICGRKFAQSADLTRHTKIH TGSERP
FQCRICMRN SQSADLTRHIRTH TGEKP
FACDICGRKFAQSADLTRHTKIH

Nucleic acid sequence coding for humanized ZF11xHunt design 2 (SEQ ID NO: 32):
TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGAGCGCGGACCTGACCCGCCATACCAAAATTCACACCG
GATCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGTCCGCGGACCTGACCCGCCATAT
TCGTACCCATACCGGTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGAGCGCGGACCTG
ACCCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCCC
AGAGCGCGGACCTGACCCGCCATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCG
TAAATTTGCGCAGTCCGCTGACTTAACCCGCCATACCAAAATTCATCTGCGCCAGAAAGATGGTGGCGGCGGC
TCAGGTGGCGGCGGTAGTGGTGGCGGCGGCTCACAACTAGTCGGTACCGCCGAGCGCCCCTTCCAGTGCCGCA
TTTGTATGCGCAACTTTAGCCAGAGCGCGGACCTGACCCGTCATATTCGCACCCATACCGGTGAAAAACCGTT
TGCGTGCGATATTTGCGGTCGTAAATTTGCGCAGAGCGCGGACCTGACCCGCCATACCAAAATTCACACCGGA
TCCGAACGGCCGTTTCAGTGCCGTATTTGCATGCGTAATTTTAGCCAGTCCGCGGACCTGACCCGCCATATTC
GTACCCATACCGGTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGagcGCGGACCTGAC
CCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTGCAGGATTTGCATGCGTAATTTTTCCCAG
AGCGCGGACCTGACCCGCCATATTCGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTA
AATTTGCGCAGAGCGCTGACTTAACCCGCCATACCAAAATTCAT

Zinc finger peptide sequences of humanized ZF11xHunt design 3 (SEQ ID NO: 33)
YACPVESCDRRFS QSADLTR HIRIH TGSQKP

FQCRICMRNFS QSADLTR HIRTH TGEKP
FACDICGRKFA QSADRKR HTKIH TGSQKP
FQCRICMRNFS QSADLTR HIRTH TGEKP



FACDICGRKFA QSADRKR HTKIH LRQKD GGGGSGGGGSGGGGSQK
FQCRICMRNFS QSADLTR HIRTH TGEKP
FACDICGRKFA QSADRKR HTKIH TGSQKP
FQCRICMRNFS QSADLTR HIRTH TGEKP
FACDICGRKFA QSADRKR HTKIH TGSQKP
FQCRICMRNFS QSADLTR HIRTH TGEKP
FACDICGRKFA QSADRKR HTKIH

Nucleic acid sequence coding for humanized ZF11xHunt design 3 (SEQ ID NO: 34):
TACGCCTGTCCTGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGCCGATCTGACAAGGCACATCAGAATTC
ATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGCCGACCTCACCCG
ACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGCC
GATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATT
TTTCTCAGAGTGCCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTG
TGGAAGGAAATTTGCCCAGTCTGCCGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAGGA
GGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGA
ACTTTTCACAGAGCGCCGATCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACAT
TTGTGGTAGGAAATTTGCACAGTCTGCCGATCGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAACCT
TTCCAGTGCCGCATTTGTATGCGAAATTTTTCCCAGTCTGCCGACCTGACACGCCATATTCGAACCCATACAG
GGGAAAAACCTTTCGCCTGTGACATTTGTGGAAGAAAATTTGCTCAGAGCGCCGATAGAAAGCGGCACACTAA
AATCCATACCGGCTCTCAGAAACCATTCCAGTGCCGGATTTGTATGCGCAACTTTAGTCAGTCAGCCGACCTG
ACCAGACACATCAGAACTCACACCGGAGAGAAACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGA
GCGCCGATCGCAAGCGACACACTAAAATCCAC

Zinc finger peptide sequences of humanized ZF11xHunt design 4 (SEQ ID NO: 35):
YACPVESCDRRFS QSADLTR HIRIH TGSQKP

FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH LRQKD GGGGSGGGGSGGGGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH

Nucleic acid sequence coding for humanized ZF11xHunt design 4 (SEQ ID NO: 36):
TACGCCTGTCCTGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGCCGATCTGACAAGGCACATCAGAATTC
ATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCG
ACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGC
GATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATT
TTTCTCAGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTG
TGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAGGA
GGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGA
ACTTTTCACAGAGCGGAGATCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACAT
TTGTGGTAGGAAATTTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAACCT
TTCCAGTGCCGCATTTGTATGCGAAATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAG
GGGAAAAACCTTTCGCCTGTGACATTTGTGGAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAA
AATCCATACCGGCTCTCAGAAACCATTCCAGTGCCGGATTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTG
ACCAGACACATCAGAACTCACACCGGAGAGAAACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGA
GCGGCGATCGCAAGCGACACACTAAAATCCAC

Peptide sequences of full construct (NLS-ZF1 1xHunt-KRAB-domain design 1) with
reduced immunotoxicity in mouse (SEQ ID NO: 50):
MG RIRKKLR LAERP



YACPVESCDRRFS QSGDLTR HIRIH
FQCRICMRNFS QSGDLTR HIRTH
FACDICGRKFA QSGDRKR HTKIH
FQCRICMRNFS QSGDLTR HIRTH
FACDICGRKFA QSGDRKR HTKIH
FQCRICMRNFS QSGDLTR HIRTH
FACDICGRKFA QSGDRKR HTKIH
FQCRICMRNFS QSGDLTR HIRTH
FACDICGRKFA QSGDRKR HTKIH
FQCRICMRNFS QSGDLTR HIRTH
FACDICGRKFA QSGDRKR HTKIH

EEMLSFRDVAIDFSAEEWECLEPAQWNLYRDVMLENYSHLVFLGLASCKPYLVTFLEQRQEPSWKRPAAATV
HP

Nucleic acid sequence coding for full construct (NLS-ZF1 1xHunt-KRAB-domain
design 1) with reduced immunotoxicity in mouse (SEQ ID NO: 57):
ATGGGCCGCATTAGAAAGAAACTCAGACTCGCAGAAAGACCTTACGCCTGTCCTGTGGAATCCTGTGATAGAC
GGTTCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTCATACTGGGTCCCAGAAGCCCTTCCAGTGCCG
GATCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCATACAGGGGAGAAGCCT
TTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTG
GCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACAT
CAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGG
AAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAGGAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAG
GGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGAACTTTTCACAGAGCGGAGATCTGACCAGACA
CATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGGAAATTTGCACAGTCTGGCGAT
CGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAACCTTTCCAGTGCCGCATTTGTATGCGAAATTTTT
CCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGACATTTGTGG
AAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAAAATCCATACCGGCTCTCAGAAACCATTCCAG
TGCCGGATTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTGACCAGACACATCAGAACTCACACCGGAGAGA
AACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCGACACACTAAAATCCA
CCTCCGCCAGAAGGACGGCGGAGGATCCGGAGGGGGTGGGTCCGAAGAGATGCTCAGTTTTAGAGATGTCGCT
ATTGACTTTTCAGCCGAGGAATGGGAGTGCCTGGAACCTGCCCAGTGGAACCTGTACAGGGACGTGATGCTGG
AGAATTATAGCCACCTGGTCTTCCTGGGCCTCGCCTCCTGCAAGCCCTACCTCGTGACCTTTCTCGAACAGAG
GCAGGAGCCAAGCGTCGTCAAGAGACCAGCAGCAGCAACCGTCCATCCA

Peptide sequences of full construct (NLS- ZF1 1xHunt-KRAB-domain design 1) with
reduced immunotoxicity in human (SEQ ID NO: 54):
MG PKKRRKVT GERP
YACPVESCDRRFS QSGDLTR HIRIH TGSQKP

FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH LRQKDGGGGSGGGGSGGGGSQK
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH TGSQKP
FQCRICMRNFS QSGDLTR HIRTH TGEKP
FACDICGRKFA QSGDRKR HTKIH LRQKDGGGSGGGGSS

LSPQHSAVTQGSIIKNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Nucleic acid sequence coding for full construct (NLS-ZF1 1xHunt-KRAB-domain
design 1) with reduced immunotoxicity in human (SEQ ID NO: 58):
ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCCTGTGGAATCCTGTGATAGAC
GGTTCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTCATACTGGGTCCCAGAAGCCCTTCCAGTGCCG
GATCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCATACAGGGGAGAAGCCT
TTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTG



GCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACAT
CAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGG
AAG CGCCACACCAAAAT CCAT CT CAGACAGAAG GACGGAGGAGGAGGT T CCGGAGGAGGAGG AGT GGCGGAG
GGGGT T CACAGAAG CCTTT CCAGT GCAGAAT CT G AT GCGGAACTTTT CACAGAG CGGAGAT CT GACCAGACA
CATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGGAAATTTGCACAGTCTGGCGAT
CGAAAGAGGCACACCAAAAT CCATACAGGAAGT CAGAAAC CTTT CCAGT GCCGCAT TT GTAT GCGAAATTTTT
CCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGACATTTGTGG
AAGAAAAT TT GCT CAGAG CGGGGATAGAAAG CGGCACACTAAAAT CCATACCGGCT CT CAGAAAC CAT T CCAG
T GCCGGATTT GTAT GCGCAAC TTTAGT CAGT CAGGCGACCT GACCAGACACAT CAGAAC T CACACCGGAGAGA
AACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCGACACACTAAAATCCA
CCTCCGCCAGAAGGACGGCGGAGGATCCGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACT
CAAGGAAGTAT CAT CAAGAACAAGGAGGGCAT GGAT GCTAAGT CACTAACT GCCT GGT CCCGGACACT GGT GA
CCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTA
CAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATC
CTCCGGTTGGAGAAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAATTCACCAAGAGACCCATCCTGATTCAG
AGAC T GCAT TT GAAAT CAAAT CAT CAGT T

Peptide sequences of ZF10xHunt-kox-1 construct (NLS-ZF10xHunt-KRAB-domain)
with more sequence complexity and reduced immunotoxicity in human (SEQ ID NO:
59):
MG PKKRRKVT GERP
YACPVESCDRRFSQSGDLTRHI RIH TGQKP
FQCRI CMRNFSQSGDRKRHI RTH QNKKGS
HI CHIQGCGKVYGQSGDLTRHLRWH TGERP
FMCTWSYCGKRFTQSGDRKRHKRTH LRQKDGERP
YACPVESCDRRFS QSGDLTR HI RIH TGEKP
YKCPE CGKS FSQSGDRKRHQRTH TGSERP
FMCNWSYCGKRFTQSGDLTRHKRTH TGEKP
FACPE CPKRFMQSGDRKRHI KTH TGSEKP
FQCRI CMRNFSQSGDLTRHI RTH TGERP
FACDI CGRKFAQSGDRKRHTKIH LRQKDGGGSGGGGSS
L S PQHSAVTQGS I I KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVI LRLEKGEEPWLVEREIHQETHPDSETAFEI KS SV

Nucleic acid sequences of ZF10xHunt-kox-1 construct (NLS-ZF10xHunt-KRAB-
domain) with reduced immunotoxicity in human (SEQ ID NO: 60):
ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGCCCTGTGGAGTCCTGCGATAGAAGATTTTCC
CAGAGCGGCGACCTGACCAGACATATTCGGATTCACACCGGCCAGAAGCCATTCCAGTGCAGAATCTGTATGCGGAACTTT
TCCCAGAGCGGCGACCGCAAGCGGCACATTCGCACTCATCAGAATAAGAAAGGGTCTCACATCTGCCATATTCAGGGGTGT
GGCAAAGTGTATGGACAGAGCGGCGACCTGACCCGACACCTGAGGTGGCATACCGGAGAGAGGCCCTTCATGTGCACATGG
AGTTACTGT GGCAAGAGGT TCACCCAGAGCGGCGACCGCAAGAGACACAAACGGACACATCTGCGACAGAAGGACGGAGAG
CGACCATATGCATGCCCAGTCGAAAGTTGTGATAGGAGATTCTCACAGAGCGGCGACCTGACCCGCCACATCCGAATTCAT
ACCGGCGAGAAACCTTACAAGTGCCCAGAATGTGGAAAGAGCTTTTCCCAGAGCGGCGACCGCAAGAGGCACCAGAGAACC
CATACAGGCAGTGAGCGGCCCTTCATGTGCAACTGGTCATATTGTGGAAAAAGGTTTACCCAGAGCGGCGACCTGACCCGG
CACAAACGCACACATACTGGCGAGAAGCCTTTCGCTTGCCCCGAATGTCCTAAGCGGTTTATGCAGAGCGGCGACCGCAAG
CGGCACATCAAAACCCATACAGGAAGCGAGAAGCCTTTCCAGTGCCGAATTTGTATGAGGAATTTTTCCCAGAGCGGCGAC
CTGACCCGACACATCAGGACTCATACCGGGGAACGGCCATTCGCCTGCGACATTTGTGGCAGAAAATTTGCACAGAGCGGC
GACCGCAAGCGACACACCAAAATCCACCTCCGCCAGAAGGACGGCGGAGGATCCGGAGGGGGTGGGTCCAGCTTGTCTCCT
CAGCACTCTGCTGTCACTCAAGGAAGTATCATCAAGAACAAGGAGGGCATGGATGCTAAGTCACTAACTGCCTGGTCCCGG
ACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTG
TACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGG
TTGGAGAAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAATTCACCAAGAGACCCATCCTGATTCAGAGACTGCATTTGAA
ATCAAATCATCAGTT

Peptide sequences of ZF12xHunt-kox-1 construct (NLS-ZF12xHunt-KRAB-domain)
with reduced immunotoxicity in human (SEQ ID NO: 61):
MG PKKRRKVT GERP
YACPVESCDRRFS QSGDLTR HI RIH TGQKP

FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP



FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH LRQKDGGGGSGGGGSGGGGSQK
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH LRQKDGGGSGGGGSS

LS PQHSAVTQGS I I KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVI LRLEKGEEPWLVEREIHQETHPDSETAFEI KS SV

Nucleic acid sequences of ZF12xHunt-kox-1 construct (NLS-ZF12xHunt-KRAB-
domain) with reduced immunotoxicity in human (SEQ ID NO: 62):
ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCCTGTGGAATCCTGTGATAGACGGT
TCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTCATACTGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTCGGA
AATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGGATCTGTA
TGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTT
GTGGTCGGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCC
GAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCAT
GCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAG
GAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGAACTTTT
CACAGAGCGGAGATCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGGAAAT
TTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAACCTTTCCAGTGCCGCATTTGTATGC
GAAATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGACATTTGTG
GAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAAAATCCATACCGGCTCTCAGAAACCATTCCAGTGCCGGA
TTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTGACCAGACACATCAGAACTCACACCGGAGAGAAACCCTTCGCATGTG
ATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCGACACACTAAAATCCACCTCCGCCAGAAGGACGGCGGAG
GATCCGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACTCAAGGAAGTATCATCAAGAACAAGGAGGGCA
TGGATGCTAAGTCACTAACTGCCTGGTCCCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGT
GGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTT
ATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAATTCACCAAG
AGACCCATCCTGATTCAGAGACTGCATTTGAAATCAAATCATCAGTT

Peptide sequences of ZF18xHunt-kox-1 construct (NLS-ZF18xHunt-KRAB-domain)
with reduced immunotoxicity in human (SEQ ID NO: 63):
MG PKKRRKVT GERP
YACPVESCDRRFS QSGDLTR HI RIH TGQKP

FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH

YACPVESCDRRFS QSGDLTR HI RIH TGQKP
FACDI CGRKFA QSGDRKR HTKIH
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH TGSQKP
FQCRI CMRNFS QSGDLTR HI RTH TGEKP
FACDI CGRKFA QSGDRKR HTKIH LRQKDGGGSGGGGSS

LS PQHSAVTQGS I I KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVI LRLEKGEEPWLVEREIHQETHPDSETAFEI KS SV

Nucleic acid sequences of ZF18xHunt-kox-1 construct (NLS-ZF18xHunt-KRAB-
domain) with reduced immunotoxicity in human (SEQ ID NO: 64):



ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCCTGTGGAATCCTGTGATAGACGGT
TCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTCATACTGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTCGGA
AATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGGATCTGTA
TGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTT
GTGGTCGGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCC
GAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCAT
GCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGAG
GAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTACGCCTGTCCTGTGGAATCCTGTGATAGAC
GGTTCAGCCAGAGCGGGGATCTGACAAGGCACATCAGAATTCATACTGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTC
GGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGGATCT
GTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACA
TTTGTGGTCGGAAATTTGCTCAGAGCGGCGATAGGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGT
GCCGAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCG
CATGCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACG
GAGGAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCT GTATGCGGAACT
TTTCACAGAGCGGAGATCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGGA
AATTTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATCCATACAGGAAGTCAGAAACCTTTCCAGTGCCGCATTTGTA
TGCGAAATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGACATTT
GTGGAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAAAATCCATACCGGCTCTCAGAAACCATTCCAGTGCC
GGATTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTGACCAGACACATCAGAACTCACACCGGAGAGAAACCCTTCGCAT
GTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCGACACACTAAAATCCACCTCCGCCAGAAGGACGGCG
GAGGATCCGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACTCAAGGAAGTATCATCAAGAACAAGGAGG
GCATGGATGCTAAGTCACTAACTGCCTGGTCCCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGG
AGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGG
GTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAATTCACC
AAGAGACCCATCCTGATTCAGAGACTGCATTTGAAATCAAATCATCAGTT

Table 9 : Zinc Finger Designs for Reduced Immunotoxicity.
Differences to the starting non-host matched starting peptide or from the native human
sequence are bold and underlined, as indicated.

Example 12

Host-matching Reduces Microglial Proliferation

Microglial cells have a significant involvement in brain innate immune responses, so we

sought to test whether the administration of various zinc finger constructs described

herein might have undesirable effects in upregulating microglia.

To test this, unilateral injections of recombinant AAV constructs (rAAV2/1-ZF-Kox-1,

rAAV2/1-mZF-ZF87 and rAAV2/1-GFP), or PBS were given in the striata of wild-type

(WT) mice. WT mice were used in these investigations to avoid any confounding effects

that might otherwise have occurred by use of the previously described mice that develop

the HD phenotype.

To check the infection region covered by the injection procedure, the volume covered by

GFP fluorescence in GFP-injected samples was measured. This revealed a consistent



average of -50% infection, both at 4 and 6 weeks post-injection (data not shown).

Significantly, no GFP fluorescence was apparent outside of the injected striatum.

Since the number of viral copies and the vector amount used was the same for GFP, ZF-

Kox-1 and mZF-ZF87, it was assumed that the efficiency of transduction would be similar

in all groups.

To measure microglial upregulation, immunostaining with a marker for the ionised

calcium-binding adapter molecule 1 (Iba1) was used. Similarly, to measure astroglial

upregulation, immunostaining with a marker for the reactive adstroglial marker, GFAP was

used (see Example 13 below). The sample tissues were then analysed by quantifying the

O.D. following a similar procedure as in (Ciesielska et al. (2013) Mol. Ther. 21: 158-166).

A Student's t-test, compared the O.D. value of the injected hemispheres against the

background O.D. of the contralateral, non-injected hemisphere (Figure 11A). This

revealed that ZF-Kox-1 and GFP provoked significant increases in microglia, at 4 and 6

weeks post-injection, respectively, as further demonstrated in Figures 12 A and 12F). For

ZF-Kox-1 , the average values of O.D. at 6 weeks were similar to 4 weeks post-injection,

but the increased variability in the samples prevented the result from reaching statistical

significance.

Figure 12 provides representative micrographs of Iba1 immunostained striatal coronal

slices, for the control and injected hemispheres, for each treatment at 4 or 6 weeks. ZF-

Kox-1 samples displayed an apparent increase in Iba1 immunoreactivity in the injected

hemispheres, at 4 and 6 weeks after treatment (A, B). This was not observed in the

contralateral hemispheres (Α ' , Β'). By contrast, hemispheres treated with mZF-ZF87

showed similar levels of Iba1+ cells compared with their contralateral non-injected

hemispheres (C, C , D, D').

As can be seen, certain GFP-treated samples showed a slight increase in Iba1

immunoreactivity 4 weeks after treatment (E), whereas Iba1 immunoreactivity was

significantly increased 6 weeks after GFP injections, compared with the contralateral

hemispheres (F, F').

PBS-injected samples show similar Iba1 immunoreactivity between hemispheres at both

time points (G, G', H , H').



As can be seen from these data, mZF-ZF87 and PBS injections did not significantly

increase the amount of microglial staining (see Figures 12C, 12D, 12G and 12H). Only

scattered enlarged microglial cells could be detected in the tissue, mainly surrounding the

needle tract, in both the mZF-87 and PBS-injected hemispheres.

Thus, the injection of the foreign proteins, ZF-Kox-1 and GFP, induced a strong

proliferation of microglial cells in WT mice, at different time points, which was not present

in the case of the host-matched mZF-ZF87 zinc finger repressor protein. Accordingly, it

can be concluded that ZF-Kox-1 treatment is inflammatory at both 4 and 6 weeks after

injection (see Figures 12 A and 12B), whereas treatment with a mousified equivalent

protein is not.

Example 13

Host-matching Reduces Astroglial Proliferation

Following on from Example 12, above, next it was assayed whether the various

treatments provoked an increase in reactive astroglia by immunostaining the mouse brain

slices for glial fibrillary acidic protein (GFAP), and measuring resulting O.D., as in the

previous experiment.

The O.D. value of the injected hemispheres was compared against the basal O.D. of the

contralateral, non-injected hemisphere by means of a Student's t test and the results are

depicted in Figure 11B).

Turning to Figure 13, which provides representative micrographs of GFAP immunostained

striatal coronal slices, the results clearly show that GFAP was significantly upregulated in

the injected hemispheres, at both time points, in the ZF-Kox-1 samples (Figures 13A and

13B); whereas, by contrast, the mZF-ZF87 injected samples showed a lower and

transient GFAP upregulation, and this was mainly restricted to areas surrounding the

needle tract. Moreover, this mild activation was only notable at around 4 weeks post

injection (Figure 13C and 13D). In contrast, GFP caused a delayed reactivity, reaching a

significant increase (with respect to the control hemisphere) at 6 weeks post-injection

(Figure 13F). As expected, the PBS control injection did not induce a significant increase



in reactive astroglia (Figures 13G and 13H). Isolated, non-reactive astrocytes were found

in all contralateral, non-injected hemispheres (as shown in Figure 13).

Overall, it can be seen from the data that ZF-Kox-1 and GFP caused a persistent reaction

of astroglial cells in WT mice, whereas for mZF-ZF87 and PBS this reaction was weaker

and was already reduced at week 6 post-injection.

In general, therefore, GFAP staining patterns through upregulation of astrogial cells

largely mirrored that of Iba1 staining in upregulation of microglial cells.

Example 14

Reduction in Toxicity and Resulting Neuronal Death

To verify whether the observed inflammatory responses were accompanied by neuronal

loss, immunohistochemical detection of the neuronal marker NeuN was used.

First, neuronal density was estimated in each hemisphere of the various treated animals

(Figure 14). A Student's t test between the injected and the non-injected hemispheres

revealed that the number of neurons showed a trend to reduction by ZF-Kox-1 by week 4

after injection (p=0.08). This reduction reached significance by 6 weeks post-injection

(p=0.014).

With reference to Figure 15, which quantitates neuronal density after the various

treatments used in the study, it can also be seen that injection of ZF-Kox-1 -expressing

AAV resulted in extensive neuronal death in some samples after 6 weeks. This meant

that no effective detection of NeuN was possible in the area surrounding the injection site

(see Figures 15A and 15B). In fact, no NeuN could be observed at all in some of the

slices, which displayed only high background staining.

Notably, GFP treatment in this study resulted in cell numbers being reduced in the

contralateral, non-injected hemisphere also.

Turning to Figure 15, striatal neuronal density after various treatments was also visualised

by staining, as shown in the representative micrographs of NeuN immunostained striatal



coronal slices for the control and injected hemisphere of each treatment at each time

point.

As demonstrated by the micrographs of Figure 15, ZF-Kox-1 toxicity was observed in

areas of the injected striata that are devoid of marked neurons, 4 and 6 weeks after

treatment (A, B), whereas the contralateral hemispheres (Α ' , Β') show neuronal densities

similar to PBS injected (G, H) and untreated hemispheres (G', H'). Conversely, mZF-ZF87

treatment did not significantly affect neuronal density (C, , D, D') either at 4 or 6 weeks

post inection. Strikingly, GFP injections did not affect neuronal density at 4 weeks after

treatment (E, E'), but caused a delayed strong toxic response that reduced neuronal

density both in the injected (F) and the contralateral hemisphere (F') at 6 weeks post-

injection.

In the case of mZF-ZF87 treated samples neuronal density at either 4 or 6 weeks after

treatment (see Figures 15C and 15D) was unaffected; although, a limited reduction in the

number of neurons near the needle tract in two out of four animals at week 6 post-

injection was observed, but did not reach significance (p=0.13). Indeed, in general, most

of the mZF-ZF87 treated samples were similar to PBS injected hemispheres (see Figures

15G and 15H).

Finally, in agreement with the previous observations in Iba1+ and GFAP

immunodetection, neuron density was not affected by GFP at 4 weeks post-treatment

(see Figure 14 and Figure 15E), with only some areas showing scarcely-distributed

neurons close to the needle tract. However, GFP significantly reduced neuronal density

by week 6 post-injection (p=0.018). The cytotoxicity of GFP was thus observed after a

delay and was the strongest toxic effect observed in this study.

Example 15

Long-Term Repression of mut HTT polyCAG Target in vivo

As reported in Examples 1 to 10, it had previously been demonstrated that the ZF-Kox-1

repressor protein was capable of functionally repressing its target mutant HTT gene, in

vivo, in R6/2 HD model mice for up to 3 weeks after bilateral injection. During the time



while this repression was active, pathological clasping symptoms in mice were virtually

abolished (Garriga-Canut et al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-3145).

Following this study, we further investigated whether repression of the target mutant HTT

gene could be sustained for a longer period, e.g. up to 6 weeks, when mice were treated

with either the ZF-Kox-1 zinc finger construct or the mousified mZF-ZF87 zinc finger

repressor construct.

To this end, rAAV2/1-ZF-Kox-1 was injected into R6/2 mice. Test injections were

performed only in one hemisphere so that the contralateral hemisphere was left untreated

for the purpose of having a baseline comparison. Brain samples from sacrificed animals

were taken at 2 , 4 and 6 weeks post-injection, and RNA levels were analysed via

quantitative real-time PCR (Garriga-Canut et al. (2012), Proc. Natl. Acad. Sci., 109,

E3136-3 145).

Figure 16 shows mutant HTT gene expression analysis after treatment with zinc finger

constructs. In (A) a linear regression analysis shows negative correlations of mut HTT

RNA levels and ZF-Kox-1 expression at 2 , 4 and 6 weeks after treatment, suggesting an

effective repression of mut HTT by virtue of the treatment. Black diamonds show the

mean mut HTT expression values (± 1 S.E.M.) of the control hemispheres of each group.

By carrying out a linear regression of the RNA levels of mut HTT versus ZF-Kox-1, for

each time point (Figure 7A), it is possible to verify whether ZF-Kox-1 is able to repress its

target gene (mut HTT) in a dose-dependent manner. In this regard, the data show a

significant and negative correlation between these RNA levels 2 weeks after treatment

(p=0.04). There were also trends approaching significance at 4 and 6 weeks (p=0.05,

p=0.09). These results indicate that, although there is variability in individual injected

mice, generally, higher expression of the ZF-Kox-1 results in lower levels of mut HTT,

which is consistent with previous results (Garriga-Canut et al. (2012), Proc. Natl. Acad.

Sci.; 109, E31 36-31 45).

Figure 16B shows the percentage of mut HTT with respect to the average value in the

control hemispheres, over the same period. The data show an average of approx. 25%

reduction of mut HTT, 2 weeks post-treatment (previously reported in (Garriga-Canut et

al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-3145)), with an individual mouse showing



up to approx. 40% reduction. While the data show that the average percentage increases

with time, later values should be interpreted with some caution because of ZF-Kox-1

expression leakage to the contralateral hemisphere and the significant neuronal loss that

could be observed.

By comparing the mut HTT levels in the ZF-Kox-1 -injected hemisphere to the baseline in

the uninjected hemisphere (Figure 16B), we saw that ZF-Kox-1 yielded a mean reduction

in mut HTT of approx. 35% after 2 weeks, which is in the therapeutic range (Garriga-

Canut et al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-3145). Repression was maintained

at approx. 20% at 4 and 6 weeks after injection. However, ZF-Kox-1 expression was

accompanied by significant cell loss (as demonstrated above - see Figures 14 and 15).

We next explored whether host-matched mZF-ZF87 was a more suitable candidate for

long-term repression of mutant HTT. The early-onset R6/2 phenotype (as used in the

above Example) is useful for phenotyping trials but, as a result of Ethical Review (see

Materials and Methods), we refined the procedure for collecting zinc finger expression

and repression data at 6 weeks, and switched to the later-onset HD mouse model, R6/1.

Ethically, the use of R6/1 is preferred over R6/2 because the data can be collected before

any HD symptoms are detected, maximising animal welfare. In fact, both R6/1 and R6/2

bear the same transgene, although the CAG repeats are longer in R6/2 (approx. 250

repeats versus approx. 150 repeats in R6/1). It was not thought that this repeat number

difference would matter for quantifying repression, since we have seen comparable zinc

finger repression in StHdh cells with 111 repeats (Garriga-Canut et al. (2012), Proc. Natl.

Acad. Sc/.;109, E3136-3145).

Although R6/1 is thus a valid model for testing zinc finger repression, the data should not

be formally compared to the results with R6/2 mice described in this Example above,

because of the phenotypic differences.

rAAV2/1-mZF-ZF87 vector was injected into R6/1 mice and the mice were sacrificed at 2 ,

4 and 6 weeks post-injection to obtain samples for RNA level analysis via quantitative

real-time PCR.

Figure 16C shows a linear regression analysis which demonstrates a negative correlation

between mut HTT RNA levels and mZF-ZF87 expression at 2 , 4 and 6 weeks post-



treatment. Again, mZF-ZF87 expression levels are in arbitrary units (a.u), normalised to

the maximum mZF-ZF87 qRT-PCR signal across all samples. The data show that mZF-

ZF87 RNA levels were negatively correlated with mut HTT at 2 and 4 weeks post-injection

(p<0.05). This indicates that mZF-ZF87 target repression is functioning. The linear

correlation was lost by week 6 post-injection, although the majority of mice still had

reduced mut HTT levels in the injected hemisphere, with respect to control levels.

Interestingly, studies in mice have shown that transient repression of mut HTT with

modified oligonucleotides can persist for 8 weeks after treatment (Kordasiewicz et al.

(2012), Neuron, 74: 1031-1044). Therefore it is likely that we are observing persistent

repression of mut HTT at 6 weeks, which is no longer correlated to mZF-ZF87 expression,

because of a trend to reduction in zinc finger expression over time. Furthermore, in this

regard, it should be appreciated that KRAB domains lay down heterochromatin across

genetic loci and thus cause strong long-term repression which can outlast their

expression (Groner et al. (2010), PLoS Genet., 6.).

The bar graph in Figure 16D shows the percentage of mut HTT with respect to the

average value in the control hemispheres over the same period. By comparing the mut

HTT levels in the mZF-ZF87-injected hemisphere to the baseline in the non-injected

hemisphere we saw that repression was on average approx. 30% at 2 weeks (p=0.04)

and stabilised around approx. 20% at 4 and 6 weeks (p=0.04, p=0.05, respectively).

Although these repression levels are very similar to those seen for ZF-Kox-1 (and are

thus likely to be in the established therapeutic range (Garriga-Canut et al. (2012), Proc.

Natl. Acad. Sci., 109, E31 36-31 45)), the apparent, significant reduction in toxicity over

ZF-Kox-1 makes this mousified construct preferable.

Example 16

Specific Repression of mut HTT by mZF-ZF87

Since the mouse genome contains seven potential polyQ expansion genes (Garriga-

Canut et al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-3145), it was important to

understand whether the transcriptional repression of mut HTT was specific or whether the

test repressor proteins might also affect one or more of the other potential polyCAG-

targets.



Thus, the effects of ZF-Kox-1 and mZF-ZF87 on the expression of four of these genes

(wild-type wt HTT, ATN1, ATXN2, TBP; Table 10), were tested.

2 LR = Linear Regression

Table 10: Expression of mouse endogenous CAG-containing genes after treatment with
ZF-Kox1 and mZF-ZF87. The first number (in brackets after the name of the gene)
represents the number of CAG repeats, the second the number of glutamines in the
coding stretch (CAG + CAA). Values are given as the percentage expression of the gene
of interest, with respect to the average values in the control hemispheres. The result of
ZF-Kox-1 at 6 weeks post-injection should be read with caution, since at this time point
there was significant neuronal loss and leakage of the vector to the contralateral
hemisphere. In bold: §P<0.1; *P<0.05. ATN1: atrophin 1; ATXN2: ataxin 2 ; HTT:
huntingtin (mouse); TBP: TATA binding protein.

The results of this study show that the RNA levels of the four tested genes were not

negatively correlated with the expression of either zinc finger construct; except, strikingly,

in the case of wt HTT with ZF-Kox-1 , at all time points. In particular, ZF-Kox-1 significantly

repressed approx. 10% of mouse HTT at 2 and 4 weeks after treatment, in a dose-

dependent manner.

Conversely, the expression of none of the genes was negatively correlated with mZF-

ZF87 at any timed point. Overall, the results thus demonstrate that not only is mZF-ZF87

less toxic than ZFKox-1 (or GFP), it seems also to be more specific for repressing mut

HTT in vivo.

Therefore, several design variants - as discussed above - are possible to retain

poly(CAG) binding, while maximising host matching properties and minimising toxicity in

vivo.

Example 17



A. Alternative promoter design for long term (therapeutic) transgene expression:

neuron specific expression

We have previously described (PNAS 109: E3136-E3145, 2012; WO 2012/049332) the

use of the strong viral promoter, pCAG (CMV-enhanced chicken beta-actin) to express

zinc fingers transcription factors and thus repress transcription of the mutant huntingtin

gene (HTT) over a period of several weeks. However, it has been found that the pCAG

promoter can (appear to) lose activity by 6 weeks after the start of expression; as

demonstrated in Figure 17, (see panels a , b, c and d) for expression of the target HTT

gene (panel a) and expression of of transgene (panels b, c and d) with pCAG at 3 weeks

compared to expression levels at 6 , 12 and 24 weeks. This reduction in expression of the

transgene / transcriptional effect is likely due to cellular DNA methylation of the CMV

DNA, as has been reported in the literature (e.g. see Gene Ther., 2001, 8 : 1323-1332).

Therefore, the present inventors set out to achieve a longer-term single-treatment therapy

and investigated alternative promoters for such purpose.

The NSE promoter-enhancer region(s) was considered to have potential application in

this respect, but has not previously been characterised in either mice or humans. Since

most HD models are based in mice, the inventors therefore identified and chemically

synthesised a rat version of the pNSE promoter for use in mouse and vectorised it to

express mZF-KRAB-WPRE from the rAAV2/1 viral vector.

In in vivo studies, it was found that the rat pNSE promoter was able to achieve transgene

expression in mice over a longer time period than corresponding pCAG-based viral

vectors: see Figure 17, panels b, c and d , for comparison between pCAG and pNSE

expression levels over the period of 3 to 24 weeks post infection. Specifically, it was found

that whereas pCAG promoter activity was lost by 6 weeks, the pNSE promoter displayed

relatively stable expression up to approximately 12 weeks (74-78% of the maximum

expression level), and zinc finger peptide was still detectable after 24 weeks (albeit at a

reduced level of 4-5% of maximum pNSE levels and 10-12% of maximum pCAG levels in

WT and R6/1).The sequence of the synthetic pNSE used in these experiments is provided

as SEQ ID NO: 152, whose sequence without restriction cloning sites is SEQ ID NO: 153.

It should be noted that the detection of zinc finger peptide is based on a relative scale and

that even approximately 5-10% of the maximum expression may still indicate an absolute



concentration of zinc finger peptide that could be functionally active and (therapeutically)

effective; this can only be determined by examining the repression of target mutant HTT

(see Figure 17, panel a).

When looking at repression of mutant HTT, pCAG-driven repression was only detected at

3 weeks post infection and was apparently lost by the 6 week time point assay, as shown

in Figure 17, panel a for pCAG. This finding is consistent with the complete loss of

detectable zinc finger transgene expression from this promoter at all assayed time points

post 3 weeks. By contrast, pNSE-driven repression of the HTT gene was maintained over

the entire 24-week period, albeit with a trend to reduction over time (again, see Figure 17,

panel a ; pNSE). Importantly, at 3 , 6 , 12 and 24 weeks, respectively, the expression of zinc

finger repressor peptide was sufficient to result in 77%, 61%, 48% and 23% repression of

mutant HTT in whole brain samples from mice.

Notably, pNSE-ZF still repressed mutant HTT expression levels by nearly a quarter after

24 weeks, which is close to the repression levels previously found to be in the therapeutic

range (see PNAS 109: E3136-E3145, 2012).

As expected, the short wild-type Htt allele was unaffected in all samples, indicating a lack

of off-target activity (see Figure 17, panels e and f); demonstrating the selectivity of the

zinc finger peptides / modulators of the invention.

Overall, the results show that combining the mouse host-adapted mZF-KRAB zinc finger

peptide (mZF1 1-ZF87) with the rat pNSE promoter allows target mut HTT repression in

the whole brain, for an extended 6 month period. This is a considerable improvement over

the 3 weeks reported repression previously demonstrated (PNAS 109: E3136-E3145,

2012).

pNSE promoter activity is relatively specific to neurons (Gene Ther. (2001), 8 : 1323-

1332). Thus, when used in combination with rAAV2/1 viral vectors that show a strong

tropism towards neurons, the targeting of pNSE is expected to be more neuron specific

and advantagesouly provide long-term therapeutic benefits for the treatment of

neurological disorders, such as HD, in animals (e.g. humans).



B. Alternative promoter design for long term therapeutic transgene expression:

ubiquitous expression

The pNSE promoter described above (see also SEQ ID NOs: 148, 151 , 152 and 153),

particularly when in combination with rAAV2/1 vectors, may allow the therapeutic

targeting of a large proportion of the brain over an extended time period.

However, there are many other cells types in the brain which are thought to play a role in

HD, such as glia cells. Additionally, it may be advantageous to have the ability to target

other organs or tissues of a subject, such as the heart. Therefore, the inventors sought to

identify new promoter sequences that might target alternative cell types, such as in the

brain or other potential target organs or tissues. In particular, it was desirable to be able to

target such alternative cell types in a ubiquitous manner.

Accordingly, the inventors searched for new endogenous promoters / enhancers that may

allow the targeting of a range of cell types beyond only neurons. For instance, a recent

RNA-seq study explored gene expression in the striatum and cortex, in WT and R6/2

mice, and found many genes consistently-upregulated in all four sample types

(Vashishtha et al. 10.1073 / pnas.131 13231 10). The promoters / enhancer regions from

some of these genes might potentially be good candidates to drive therapeutic gene

expression. Unfortunately, the functional promoter / enhancer regions in these genes

remain to be characterised.

Therefore, in accordance with this example, the inventors selected and screened potential

promoters / enhancers in silico and then engineered the new promoter / enhancer

sequences by de novo gene synthesis for in vitro and in vivo testing. Since the location of

any potentially functional DNA fragments was not known and the length of any potentially

effective sequences also was not known, a number of different construct sequences and

sequence lengths were studied to identify effective and/or optimal promoter-enhancer

sequences.

Selected sequences were then vectorised and tested, and edits were made to determine

appropriate lengths of DNA sequences to include in the potential promoter-enhancer

sequences before and after the transcriptional start site of the wild-type genes in order to

capture suitable functionality.



The inventors thereby surprisingly identified a new promoter-enhancer sequence that was

able to achieve potentially therapeutic zinc finger transgene expression levels in a

sustained manner, i.e. for periods of over 24 weeks, and potentially longer (see Figure 17,

as described further below).

A preliminary analysis was carried out in silico for alternative promoter candidates and 8

were identified that were in the top 20 most-expressed genes in all conditions according

to Vashishtha et al. (10.1073/pnas.131 13231 10: conditions: cortex & striatum, 8 & 12

week-old mice, R6/2 & WT; Table S3). In order of expression level, these highly-

expressed genes were: Tmsb4x (NCBI Gene ID: 19241), Snap25 (20614), Fth1 (14319),

Cst3 (13010), Cpe (12876), Hsp90ab1 (15516), Calml (12313) and Rtn1 (104001).

From these 8 promoters the ubiquitous gene promoter Hsp90ab1 was selected for further

testing because its endogenous gene product has been reported as being strongly

expressed in a variety of cell types in a number of different organisms. This gene

promoter is naturally associated with the heat shock protein HSP90. Notably, the

Hsp90beta isoform appears to be constitutively expressed, whereas the Hsp90alpha

isoform is expressed under cellular stress.

The Hsp90 promoter / enhancer has not been previously characterised and so it was not

possible to identify a hybrid promoter / enhancer construct, based on literature, for use in

driving zinc finger peptide gene expression in the HD mouse model described herein. In

this regard, whereas the non-homologous stress-dependent Hsp90beta minimal promoter

had been previously studied (Gene, (1996), 172, 279-284), as has a 2.0 kb sequence in

the Silkworm Bombyx mori (doi: 10.1534/g3.1 14.01 1643), these promoter / enhancer

sequences of the prior art show no evident homology to the mouse promoter region of

Hsp90 by sequence alignment.

Therefore, the present inventors set out to test potential regions in the mouse promoter

(SEQ ID NO: 143) for activity in the mouse expression models described herein. The

mouse promoter of SEQ ID NO: 143 is slightly homologous to the human promoter SEQ

ID NO:144.



First, potential transcription factor binding sites and TATA boxes were identified using a

20 kbp genome region (SEQ ID NO: 145) to search for distal enhancers, using the TSSW

algorithm

(http://linux1 .softberry. com/berry. phtml?topic=tssw&group=programs&subgroup=promoter

) .

Seven potential promoter / enhancer regions were identified within the 20 kbp sequence

region, as listed below, with the identified binding sites in each described as

"Position(strand)Species$Transcription factor - Sequence". Transcription factor binding

sites for human (HS), mouse and rat; enhancer regions and TATA boxes identified below

are greyed out in the relevant sections (SEQ ID NO: 154 to 160) of sequence SEQ ID NO:

145 reproduced below.

1. Promoter Pos: 820 LDF - 1.19 TATA box at 786 19.41 (SEQ ID NO: 154)

Ggaggggagagtgcaggctcatggcaggcctcaggagacctgtgttccttacagggtctgtttgct

ctctcactctttctccctttttcccctctgctctgtctcctcccctttgcctgctctgtcactgtt

gtcactgtccctgaccccttttctcttttctgtcttctttgactgtctttccctgcctctcaatca

tccgtcctcctcctcctcctcgattgctccccacccttcggtttccaagcttataaactgcttctg

ctgctggataaaaatagcggtggcagcggccaggctggca

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

523 (-) HS$NPY_04 - CCCCTCC(ggagggg) ; 531 (-) MOUSE$MT1 - TGCAC (gtgca) ;

534 (-) HS$EGFR_19 - GCCTGC (gcaggc) ; 538 (+) HS$ALBU_03 - TGGCA; 545 (-)

HS$EGFR_19 - GCCTGC (gcaggc) ; 558 (-) HS$APOB_04 - CAGGTC (gacctg) ; 561 (+)

HS$CDC2_02 - TTCCTT; 566 (-) HS$CDC2_01 - AAGGAA (ttcctt) ; 612 (-)

RAT$POMC_0 - CAGAG (ctctg) ; 615 (+) HS$GG_12 - CTGTC; 617 (-) RAT$POMC_0 -

CAGAG (ctctg) ; 631 (+) HS$EGFR_19 - GCCTGC; 638 (+) HS$GG_12 - CTGTC; 640 (-

) RAT$POMC_0 - CAGAG (ctctg) ; 640 (+) HS$CLASE_0 - GTCAC; 649 (+)

HS$CLASE_0 - GTCAC; 650 (-) MOUSE$RAS1 - ACAACA (tgttgt) ; 653 (+) HS$GG_12

- CTGTC; 654 (+) RAT$A2UG_1 - TGTCCC; 659 (-) RAT$A2UG_1 - GGGACA (tgtccc) ;

663 (-) RAT$EAI_09 - GTCAG (ctgac) ; 678 (+) HS$GG_12 - CTGTC; 681 (+)

MOUSE$RAS1 - TCTTCT; 691 (+) HS$GG_12 - CTGTC; 703 (+)

MOUSE$AACRGCCTCTC; 708 (+) HS$EGFR_15 - TCAAT; 745 (+) HS$BG_18 -

CCACC; 746 (+) HS$GG_13 - CACCC; 747 (-) MOUSE$M1 H2 - TGGGGA (tcccca) ;



749 (-) HS$BG_17 - GGTGGGG (ccccacc) ; 749 (-) HS$BG_22 - GGTGG (ccacc) ; 756

(+) HS$IGKL_01 - TTTCCA; 786 (+) TATA - GATAAAAA; 796 (-) HS$GMCSF_0 -

TATTT (aaata) ; 799 (+) HS$BG_22 - GGTGG; 801 (+) HS$ALBU_03 - TGGCA; 803 (-)

HS$BG_18 - CCACC (ggtgg) ; 816 (+) HS$ALBU_03 - TGGCA.

2 . Promoter Pos: 9004 LDF - 12.67 (SEQ ID NO: 155)

tgccagacttcctggagaacaacgggcctatgtgtcctcatgttggcgttggacctccccgttctt

cagccatactgtggtctgaggaagggtgtgttggtatgggatgtgagactccctcggtggaggggg

cgctgatgctccagctcaggactgactggaactgagaggaacactctggtcctaagtgccccttgt

ccccagccctgggagacagaagcttttgccccgccccatctcccaagccccctcccccaaggctgc

atgttctctcatcctctaccagctgatggctacaggggtgg

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

8704 (-) HS$ALBU_03 - TGGCA (tgcca) ; 8732 (+) RAT$AFEP_0 - TGTCCT; 8735 (-)

RAT$A2UG_1 - GACACA (tgtgtc) ; 8754 (-) HS$HH4_02 - GGTCC (ggacc) ; 8763 (+)

RAT$INS2_0 - CTTCAGCC; 8793 (-) HS$GG_13 - CACCC (gggtg) ; 8795 (-)

MOUSE$GATA - CACACCC (gggtgtg) ; 8801 (+) MOUSE$AAMY - ATGGGA; 8821

(+) HS$BG_22 - GGTGG; 8825 (-) HS$BG_18 - CCACC; 8830 (-) HS$NPY_04 -

CCCCTCC (ggagggg) ; 8857 (-) RAT$EAI_09 - GTCAG (ctgac) ; 8879 (+) HS$HH4_02 -

GGTCC; 8879 (-) RAT$POMC_0 - CAGAG (ctctg) ; 8892 (-) RAT$NF1_01 - GGGCA

(tgccc) ; 8902 (-) MOUSE$M1H2 - TGGGGA (tcccca) ; 8913 (-) HS$A1 1COL -

TCTCCCA (tgggaga) ; 8913 (-) HS$LCK_01 - TCTCCCAGG (cctgggata) ; 8916 (-)

HS$GG_12 - CTGTC (gacag) ; 8925 (+) HS$A1 1COL - GCCCCGCCCC; 8927 (+)

MOUSE$JUND - CCCGCCCC; 8928 (-) RAT$NF1_01 - GGGCA (tgccc) ; 8788

(-) MOUSE$FCGR - TTCCTC (gaggaa) ; 8872 (-) MOUSE$FCGR - TTCCTC (gaggaa) ;

8933 (-) HS$APOE_08 - GGGCGG (ccgccc) ; 8934 (-) MOUSE$DHFR -

GGGGCGGGGC (gccccgcccc) ; 8934 (-) HS$MT2A_10 - GGGGCGGGG

(ccccgcccc;)8936 (+) HS$A1 1COL - TCTCCCA; 8944 (+) HS$AAC_13 -

GCCCCCTCCCC; 8946 (+) HS$NPY_04 - CCCCTCC; 8953 (-) MOUSE$CMYC -

GGGAGGG (ccctccc;)8955 (-) HS$AAC_10 - GGGGGAGGGG (ccctccccc) ; 8895 (+)

RAT$A2UG_1 - TGTCCC; 8900 (-) RAT$A2UG_1 - GGGACA; 9000 (+) HS$BG_22 -

GGTGG; 9003 (-) HS$GG_13 - CACCC (gggtg) ; 9004 (-) MOUSE$THY1 -

CCACCCCTG (caggggtgg) ; 9004 (-) HS$BG_18 - CCACC (ggtgg)



3 . Promoter Pos: 9707 LDF - 3.70 (SEQ ID NO: 156)

gatccacctgcctctgcttcctgagtgctgggatttaaaggtgtatacaaccatagcctgggttgt

tttcaattctttttcttcttcttctttttttttttttaaaattaatgtgcattggtgtttttgctt

acatatatgtctgtgtcagagcatctgaccctctgggactggagttaaagacagttgtgagctgcc

acgtggctcctgggaattgaacccaggtttcctggaagagcagccaatgctcttaaccactgagcc

atccctccctccattccccagttgcttgttatcaatccttactaaggt

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

9413 (+) MOUSE$TDT - CCACCTG; 9413 (+) HS$BG_18 - CCACC; 9417 (-)

HS$BG_22 - GGTGG (ccacc) ; 9425 (-) RAT$POMC_0 - CAGAG (ctctg) ; 9443 (+)

MOUSE$WAP - TTTAAA; 9446 (-) HS$GRH_03 - TAAAT (attta) ; 9448 (-)

MOUSE$WAP - TTTAAA (tttaaa) ; 9478 (+) HS$EGFR_15 - TCAAT; 9481 (-)

HS$CDC2_10 - TTGAA (ttcaa) ; 9482 (-) HS$CMYB_01 - ATTGAA (ttcaat)9489 (+)

MOUSE$RAS1 - TCTTCT9492 (+) MOUSE$RAS1 - TCTTCT; 9495 (+) MOUSE$RAS1

- TCTTCT; 9510 (+) MOUSE$WAP - TTTAAA; 9512 (+) RAT$PL_15 - TAAAAT;

9513 (-) MOUSE$ADA - TAAAAAA (tttttta) ; 9515 (-) MOUSE$WAP - TTTAAA (tttaaa) ;

9522 (-) HS$GMCSF_0 - CATTA (taatg) ; 9526 (+) MOUSE$A21C - ATTGG; 9526 (-)

MOUSE$MT1 - TGCAC (gtgca) ; 9530 (-) HS$BAC_03 - CCAAT (attgg) ; 9545 (+)

RAT$GLU_04 - TATAT; 9548 (-) RAT$GLU_04 - TATAT (atata) ; 9556 (+) RAT$EAI_09

- GTCAG; 9558 (+) RAT$POMC_0 - CAGAG; 9558 (-) RAT$A2UG_1 - GACACA (tgtgtc)

; 9563 (+) HS$IGKL_1 1 - CATCTG; 9570 (-) RAT$EAI_09 - GTCAG (ctgac) ; 9576 (-)

RAT$POMC_0 - CAGAG (ctctg) ; 9593 (+) HS$NEU_01 - CAGTTG; 9595 (-) HS$GG_12

- CTGTC (gacag) ; 9608 (-) HS$ALBU_03 - TGGCA (tgcca) ; 9623 (+) HS$CMYB_01 -

ATTGAA; 9624 (+) HS$CDC2_10 - TTGAA; 9627 (-) HS$EGFR_15 - TCAAT (attga) ;

9640 (-) MOUSE$UPA - AGGAAA (tttcct) ; 9649 (+) HS$BG_02 - AGCCAAT; 9649 (+)

MOUSE$NCAM - AGCCAA; 9650 (+) HS$CJUN_02 - GCCAATG; 9650 (+)

MOUSE$JUND - GCCAAT; 9651 (+) HS$BAC_03 - CCAAT; 9655 (-) MOUSE$A21C -

ATTGG (ccaat) ; 9682 (-) MOUSE$CMYC - GGGAGGG (ccctccc) ; 9692 (+) HS$NEU_01

- CAGTTG; 9693 (-) MOUSE$M1H2 - TGGGGA (tcccca) ; 9705 (+) HS$EGFR_15 -

TCAAT; 9707 (-) HS$GP2B_02 - TGATAA (ttatca)

4 . Promoter Pos: 14700 LDF - 1.71 TATA box at 14673 2 1 .01 (SEQ ID NO: 157)

Tggaagagcagatagtgctcttaacctctgggctggccttgaactcagaaatcctcctgcctctac

ctcccgagtgctgggattaaaggcgtgcgccaccactgcctggcccctgagctttacttgagcata



ctaagtgcatagaacctccagcccacttgggcccttaacaacccaaggatgaacctgggtggccta

aggaaacagacaggcttaggacccatggagtcagggtagtacacagctctgctctcagaagattaa

aaaagaaaaaaaaaaaaaagccaggtgactcccagtgacctagaaaggaagcccttcaggaaggga

ggagtgtgggcacagaaagcagccctgcaggctggggctgggttataaaaggctgcgggtgccatg

ctgagctctatcctgaagagtgggaaaggcccctagagacagccttaaaaccccctagg

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

14400 (-) HS$BG_22 - GGTGG (ccacc); 14403 (+) MOUSE$ACRD - TGCCTGG; 14413

(-) HS$GG_36 - GGGGCC (ggcccc); 14441 (-) MOUSE$MT1 - TGCAC (gtgca); 14490

(+) HS$BG_22 - GGTGG; 14493 (-) HS$GG_13 - CACCC (gggtg); 14494 (-) HS$BG_18

- CCACC (ggtgg); 14498 (+) HS$CDC2_01 - AAGGAA; 14499 (+) MOUSE$UPA -

AGGAAA; 14502 (+) HS$APOA2_1 - AAACAGAC; 14503 (-) HS$CDC2_02 - TTCCTT

(aaggaa) ; 1451 1 (-) HS$GG_12 - CTGTC (gacag) ; 14521 (-) HS$HH4_02 - GGTCC

(ggacc) ; 14523 (-) HS$GG_40 - TGGGTC (gaccca) ; 14528 (+) RAT$EAI_09 - GTCAG;

14537 (-) RAT$EAI_07 - CTACCC (gggtag) ; 14549 (-) RAT$POMC_0 - CAGAG (ctctg) ;

14560 (-) MOUSE$RAS1 - TCTTCT (agaaga) ; 14562 (+) MOUSE$ADA - TAAAAAA;

14593 (-) HS$APOA2_0 - GTCACCTG (caggtgac) ; 14593 (-) HS$CLASE_0 - GTCAC

(gtgac) ; 14603 (-) HS$CLASE_0 - GTCAC (gtgac) ; 14609 (+) HS$CDC2_01 -

AAGGAA; 14614 (-) HS$CDC2_02 - TTCCTT (aaggaa) ; 14638 (+) RAT$NF1_01 -

GGGCA; 14644 (-) RAT$A2UG_0 - TGTGCC (ggcaca) ; 14662 (-) HS$EGFR_19 -

GCCTGC (gcaggc) 14673 (+) TATA - TATAAAAG; 14691 (-) HS$GG_13 - CACCC

(gggtg) ; 14694 (-) HS$ALBU_03 - TGGCA (tgcca) ; 14694 (-) RAT$OMP_07 - TGGCAC

(gtgcca).

5 . Promoter Pos: 17266 LDF - 0.75 TATA box at 17238 20.29 (SEQ ID NO: 158)

Ggatgagaagttcaaggtcaaaccaggcactggaggcacatgcctttaatcccagcatttgggaga

ctaaggcaggctgatttctgagttcaaggccagcctggtctataaagttccaggacacagagaaac

cctgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaagaaagaaataccataaaaactaatat

tcattattaaacgttcgtgtgtgcgtatttcctggaggagctggagttacagtggctgtgagctgg

cagaggtgcccgggtggaacttcggccctcaagaccagttagtgctggaccttctctctaaccccc

aggccttttataaaaaggaatcttatcatcttatcacccgggtgtgaaggtgcgccttcaatccca

gcactctggaggtagtgacacacctactccaacaaggccatacttcctaatagtgccac

Annotation:



Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

16966 (-) HS$A1 1COL - TCTCCCA (tgggaga) ; 16977 (-) HS$EGFR_19 - GCCTGC

(gcaggc) ; 16979 (+) HS$HH4_01 - GATTTC; 16992 (-) RAT$POMC_0 - TGAACT

(agttca) ; 16993 (-) HS$CDC2_10 - TTGAA (ttcaa) ; 17020 (+) RAT$A2UG_1 -

GACACA; 17023 (-) RAT$AFEP_0 - TGTCCT (aggaca) ; 17024 (+) RAT$POMC_0 -

CAGAG; 17082 (-) HS$GMCSF_0 - TATTT (aaata) ; 17092 (+) HS$GG_22 - CTAAT;

17096 (+) HS$PL_09 - TATTCAT; 17100 (+) HS$GMCSF_0 - CATTA; 17102 (-)

HS$PL_05 - ATGAATA (tattcat) ; 17108 (-) HS$ALBU_04 - TTAATAAT (attattaa) ; 17124

(+) HS$GMCSF_0 - TATTT; 17130 (-) HS$INS_05 - GGAAAT (atttcc) ; 17131 (-)

MOUSE$UPA - AGGAAA (tttcct) ; 17155 (-) RAT$GF_04 - AGCCACT (agtggct) ; 17162

(+) HS$ALBU_03 - TGGCA; 17165 (+) RAT$POMC_0 - CAGAG; 17175 (-)

RAT$NF1_01 - GGGCA (tgccc) ; 17177 (+) HS$BG_22 - GGTGG; 17180 (-) HS$GG_13

- CACCC (gggtg) ; 17181 (-) HS$BG_18 - CCACC; 17215 (-) HS$HH4_02 - GGTCC

(ggacc) ; 7238 (+) TATA - TATAAAAA; 17245 (+) HS$CDC2_01 - AAGGAA; 17250 (-)

HS$CDC2_02 - TTCCTT (aaggaa) ; 17252 (+) HS$BG_06 - CTTATCAT; 17257 (-)

MOUSESAAG - GATAAG (cttatc) ; 17258 (-) HS$GP2B_02 - TGATAA (ttatca) ; 17265 (-)

MOUSESAAG - GATAAG (cttatc) ; 17265 (+) HS$GG_13 - CACCC; 17266 (-)

HS$GP2B_02 - TGATAA (ttatca).

6 . Enhancer Pos: 19922 LDF - 42.00: (SEQ ID NO: 159)

Ccacctccattctctttcagtcccctgagttctggactcttggggggtgggggggtggaagcgcct

accttgagttttctgaggcagtccgtagggtattcgcccgcagatacatccctaattgcatatgca

tgctccctgctcatcttgaggggggacatgtcctactcctgcagaaatgggggatgtgcaaaacga

tattgaattggccttgactcaggaaccaggcccggggtcccgctcctccccgccccctccacgatc

tgctaccatgacgtcaaggtgggcgggcg

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

19622 (+) RAT$A12COL - CACCTCC; 19625 (-) HS$BG_22 - GGTGG (ccacc); 19648

(+) MOUSE$RAS1 - AGTTCT; 19666 (+) HS$BG_17 - GGTGGGG; 19666 (+)

HS$BG_22 - GGTGG; 19669 (-) HS$GG_13 - CACCC (gggtg); 19670 (-) HS$BG_18 -

CCACC (ggtgg); 19672 (-) MOUSE$PERI - CCCCACCCCC (gggggtgggg); 19674 (+)

HS$BG_22 - GGTGG; 19677 (-) HS$GG_13 - CACCC (gggtg); 19678 (-) HS$BG_18 -

CCACC (ggtgg); 19738 (+) HS$GG_22 - CTAAT; 19742 (+) HS$PL_01 - TTGCATA;

19775 (+) RAT$A2UG_1 - GGGACA; 19780 (-) RAT$A2UG_1 - TGTCCC (gggaca);



19781 (+) RAT$AFEP_0 - TGTCCT; 19789 (+) HS$EGFR_20 - TCCTGC; 19795 (+)

HS$HH4_07 - AGAAATG; 19801 (-) HS$GMCSF_0 - CATTT (aaatg) ; 19812 (-)

M0USE$MT1 - TGCAC (gtgca) ; 19820 (+) HS$CMYB_01 - ATTGAA; 19821 (+)

HS$CDC2_10 - TTGAA; 19824 (-) HS$EGFR_15 TCAAT (attga) ; 19825 (+)

M0USE$A21C - ATTGG; 19830 (-) MOUSE$JUND - GCCAAT (attggc) ; 19833

(+) HS$MT2A_08 - TGACTCA; 19839 (-) MOUSE$NGF - TGAGTCA (tgactca) ; 19854 (+)

HS$HH4_02 - GGTCC; 19867 (+) MOUSE$JUND - CCCGCCCC; 19868 (+)

HS$TGFB1_0 - CCGCCCCC; 19872 (+) HS$NPY_04 - CCCCTCC; 19872 (-)

HS$CDC25C - GGCGG (ccgcc) ; 19873 (-) HS$APOE_08 - GGGCGG (ccgccc) ; 19874 (-

) HS$MT2A_10 - GGGGCGGGG (ccccgcccc) ; 19875 (-) RAT$MT1_01 - GGGGGCGG

(ccgccccc) ; 19893 (+) HS$FN_03 - TGACGTCA; 19893 (+) HS$VIP_04 - TGACGT;

19893 (+) HS$INS_04 - TGACG; 19900 (-) HS$INS_04 - TGACG (cgtca) ; 19900 (-)

HS$VIP_04 - TGACGT (acgtca) ; 19900 (-) HS$FN_03 - TGACGTCA (tgacgtca) ; 19902

(+) HS$BG_22 - GGTGG; 19905 (+) HS$APOE_08 - GGGCGG; 19906 (-) HS$BG_18 -

CCACC (ggtgg) ; 19906 (+) HS$CDC25C - GGCGG; 19909 (+) HS$APOE_08 -

GGGCGG; 19910 (+) HS$CDC25C - GGCGG; 19912 (-) HS$APOE_09 - GCCCGCCC

(gggcgggc) ; 19913 (+) HS$CDC25C - GGCGG; 19914 (-) M0USE$MT1 - CCGCCCG

(cgggcgg).

7 . Promoter Pos: 20018 LDF - 2.88 TATA box at 19989 18.87 (SEQ ID NO: 160)

ctaattgcatatgcatgctccctgctcatcttgaggggggacatgtcctactcctgcagaaatggg

ggatgtgcaaaacgatattgaattggccttgactcaggaaccaggcccggggtcccgctcctcccc

gccccctccacgatctgctaccatgacgtcaaggtgggcgggcggcggcaggtgcgtggcccgcag

ccactcctttaaggcggagggatccaagggcggggcccgggctgtgcttcgccttatatagggcgg

tcgggggcgt

Annotation:

Position (DNA strand + or -) Species$Transcription factor - SEQUENCE (complement):

19738 (+) HS$GG_22 - CTAAT ; 19742 (+) HS$PL_01 - TTGCATA ; 19775 (+)

RAT$A2UG_1 - GGGACA ; 19780 (-) RAT$A2UG_1 - TGTCCC (gggaca) ; 19781 (+)

RAT$AFEP_0 - TGTCCT ; 19789 (+) HS$EGFR_20 - CCTGC ; 19795 (+) HS$HH4_07 -

AGAAATG ; 19801 (-) HS$GMCSF_0 - CATTT (aaatg) ; 19812 (-) MOUSE$MT1 -

TGCAC (gtgca) ; 19914 (-) MOUSE$MT1 - CCGCCCG (cgggcgg) ; 19820 (+)

HS$CMYB_01 - ATTGAA ; 19821 (+) HS$CDC2_10 - TTGAA ; 19824 (-) HS$EGFR_15

- TCAAT (attga) ; 19825 (+) MOUSE$A21C - ATTGG ; 19829 (-) HS$BAC_03 -



CCAAT (attgg) ; 19830 (-) MOUSE$JUND - GCCAAT (attggc) ; 19833 (+) HS$MT2A_08

- TGACTCA 19839 (-) MOUSE$NGF - TGAGTCA (tgactca) 19854 (+) HS$HH4_02 -

GGTCC ; 19867 (+) MOUSE$JUND - CCCGCCCC ; 19868 (+) HS$TGFB1_0 -

CCGCCCCC ; 19872 (+) HS$NPY_04 - CCCCTCC ; 19872 (-) HS$CDC25C - GGCGG

(ccgcc) ; 19873 (-) HS$APOE_08 - GGGCGG (ccgccc) ; 19874 (-) HS$MT2A_10 -

GGGGCGGGG (ccccgcccc) ; 19875 (-) RAT$MT1_01 - GGGGGCGG (ccgccccc) ; 19893

(+) HS$FN_03 - TGACGTCA ; 19893 (+) HS$VIP_04 - TGACGT ; 19893 (+) HS$INS_04

- TGACG ; 19900 (-) HS$INS_04 - TGACG (cgtca) ; 19900 (-) HS$VIP_04 - TGACGT

(acgtca) ; 19900 (-) HS$FN_03 - TGACGTCA (tgacgtca) ; 19990 (+) RAT$GLU_04 -

TATAT ; 19902 (+) HS$BG_22 - GGTGG ; 19905 (+) HS$APOE_08 - GGGCGG ; 19906

(-) HS$BG_18 - CCACC (ggtgg) ; 19906 (+) HS$CDC25C - GGCGG ; 19909 (+)

HS$APOE_08 - GGGCGG ; 19910 (+) HS$CDC25C - GGCGG ; 19912 (-)

HS$APOE_09 - GCCCGCCC (gggcgggc) ; 19913 (+) HS$CDC25C - GGCGG ;

19934 (+) RAT$GF_04 - AGCCACT ; 19947 (+) HS$TPI_04 - AGGCGG ; 19948 (+)

HS$CDC25C - GGCGG ; 19962 (+) HS$WAF1_03 - AGGGCGG ; 19963 (+)

HS$APOE_08 - GGGCGG ; 19964 (+) HS$CDC25C - GGCGG ; 19967 (+)

HS$GG_36 - GGGGCC ; 19989 (+) TATA box - TTATATAG ; 19995 (-) RAT$GLU_04 -

TATAT (atata) ; 19995 (+) HS$WAF1_03 - AGGGCGG ; 19996 (+) HS$APOE_08 -

GGGCGG ; 19997 (+) HS$CDC25C - GGCGG ; 20005 (+) MOUSE$GLUT - GGGGCGT

; 20006 (+) MOUSE$GLUT - GGGCGT ; 2001 1 (-) HS$U2SN_04 - ACGCCC (gggcgt)

Thereafter, since the AAV-ZF vector has an insert packaging limit of approx. 1810 bp, we

designed a potentially enhanced, minimal hsp90ab1 constitutive promoter, by using

potential enhancer regions from a region of approx. 1.7 k upstream of the transcription

start site (small caps in the sequence shown below), plus 95 bp of exon 1 (big caps in the

sequence shown below), thus resulting in a 1810 bp insert size that is ideal for an

optimally-packaged AAV vector in the present expression system. Optimal packaging

sizes are essential for high AAV titres (>10A12 virions/ml), which may in turn be essential

for effective gene therapy. The final synthetic hsp90ab1 design (SEQ ID NO: 146) was

further designed to also contain flanking Nhe\ sites (see bold), which were added for

cloning into the AAV vector. A cryptic Nhe\ site (underlined in the sequence below) was

mutated from the original sequence (oa).

gctagcaacaccctagggccttctgagcaatcctacccagtgtctcctcatatattgatttcttta
tgggcttcacacacacacacacacacacacacacacacacacacacacacacacagaattaaggag
aggctaacagacagtgcaggatgggatgataacagacgaagtagacagaggcaaggagaaagcaac
tactgtttaacaatgaatgcacattagacagactgcaggcaagcaccgggaacaaaggtgtgggcg
gtggtgtggggacacaagccagcatgagctaagatagcagagcactgagtgcccatcctctactgg



agggctcatcagtccaacaagcttccagatgcagccttggaaaaaggcaaggctagattgc caget
gaaggacatggcaggccacctttagaacagaggcactggcacaacttggttttctggctcctggaa
ctgggccaacctgtgaccagcaccttcatgcggatgcctagaactccagcttctctgaaaagactg
ggacctgctcctctctaggtccaaagagctgcatgcagtagggaagaggctagagaagcgaaacca
gcttgagaaacagcttgtgctcacatagggagggcgcacgtacccgcgcgctgtgtacgtgggaga
ccggggaggctgaggggtggggagtgttctacccagtagcgcaagctgatagctcggttctctgtt
cactagaaggtgtccgcagtcactcacccccacagecccegtgccctgtgaccgatccaggt cage
tatccctccctctgcgctccactcccccactgttatgtgggcctcttagggccacgcgtggagggt
cgttcaaccctggcccacggtaggcagacttggggaaaatttcttcccagggtaagatcaaggtag
gggaaaaaaaaaaaaaaaaaaagccacc cagecaagcggcgacgaagacactgcccc egccgcagc
aggggaggtggagcctaggggggaggggtggagaccgccgagacaggcctagaaactgctggaaga
aatcgcagcaccaccgctgctgatccttccgccgcaggccgccaaagagtccctaccagcccaggc
ccgtgcccctcccctcggggaaagcggctcccagcctgaagctgtgctgtacccgggagggtgggg
atgggggaatcgggggcctccttaaagttggacaaggaatttatcatccttttctcttgatgtgcg
atttgtagggaacattctagtaagatcgggtctggaaatggcagccgagttggccacctccattct
ctttcagtcccctgagttctggactcttggggggtgggggggtggaagcgcctaccttgagttttc
tgaggcagtccgtagggtattcgcccgcagatacatccctaattgcatatgcatgctccctgctca
tcttgaggggggacatgtcctactcctgcagaaatgggggatgtgcaaaacgatattgaattggcc
ttgactcaggaaccaggcccggggtcccgctcctccccgccccctccacgatctgctaccatgacg
tcaaggtgggcgggcggcggcaggtg egtggcccgcagccactcctttaaggcggagggatccaag
ggcggggcccgggctgtgcttcgccttatatagggcggtcgggggcgttcgggagctCTCTTGAGT
CACCCCCGCGCAGCCTAGGCTTGCCGTGCGAGTCGGACTTGGTCCGGGCCCACCACCCTGCTCTGT
ACTACTACTCGGCTTTCCCGTCAAGgctagc

The above designed potential pHSP promoter was synthesised chemically and vectorised

to express mZF1 1-KRAB-WPRE.

In one example, the expression construct was inserted into an rAAV2/9 viral vector,

similarly to that described previously for the equivalent pNSE construct in rAAV2/1, for a

broader expression profile than for rAAV2/1 which is relatively specific for neuronal

expression (Expert Opin. Biol. Then, (2012), June; 12(6): 757-766.). In this way, it was

possible to assay for both neuron-specific and potential ubiquitous expression of peptide-

encoding constructs. Similarly, the expression construct can be inserted into an rAAV2/1

viral vector for expression in cell types preferentially targeted by AAV2/1 .

To administer viral expression constructs, bilateral intraventricular injection on neonatal

R6/1 mice was performed, with the maximum volume of AAV possible (4 µ Ι, ~10 10

virions).

In these studies, it was found that pHSP controlled expression constructs (based on SEQ

ID NO: 146) were expressed for a significantly longer period of time than pCAG (see

Figure 17, panels b, c and d ; pHSP data for 3 , 6 , 12 and 24 weeks post administration).



As previously indicated, the data of Figure 17 clearly demonstrates that, when considering

the functional repression of mutant HTT, pCAG-driven repression was only detected at 3

weeks and was lost by 6 weeks (Figure 17, panel a ; pCAG), which matched the complete

loss of detectable zinc finger peptide expression from this viral promoter. By contrast,

pHSP-driven repression was maintained over the entire 24-week period, albeit with

slightly less repression at 3 weeks and a slight trend to reduction in expression over time

(Figure 17, panel a ; pHSP).

Beneficially, the short wild-type Htt allele was unaffected in all samples, indicating a lack

of off-target activity (see Figure 17, panels e and f) for the 11-finger zinc finger peptide of

the invention.

In summary, these results clearly demonstrate that the combination of mZF1 1-KRAB

design with a ubiquitous promoter (pHSP) results in similar levels of repression of target

gene to those based on the neuron-specific promoter (pNSE).

It should be further noted that long-term expression of transcription factors (TFs) is very

challenging and, to our knowledge, has never been attempted before. Indeed, it is far

more difficult to express functional levels of a synthetic transcription factor for months on

end compared to a secreted enzymatic reporter, such as luciferase (Gene Ther.

2001;8:1323-32), which amplifies any gene expression signal. Hence, the expression of

zinc finger transcription factor observed at 24 weeks post infection in the present

examples sets a new benchmark.

Overall, the pHSP construct described herein achieved mut HTT repression of approx.

25% in the whole brain for at least 24 weeks. Furthermore, it has previously been found

that approx. 25% repression of mutant HTT is in the therapeutic range (PNAS (2012),

109: E3136-E3145). Thus, the promoter designs of the present invention hold great

promise for therapy.

While the present beneficial results in long-term endogenous gene expression have been

demonstrated in the context of zinc finger-dependent repression of mutant HTT, these

results indicate that the pHSP promoter / enhance sequence identified herein may also

prove useful for ubiquitous expression of any sequence (e.g. transgene) of interest: for



example, for therapeutic applications, such as in gene therapies, and in particular for the

expression of transcription factors.

C. Alternative promoter design for long term therapeutic transgene expression:

human use

The novel pNSE and pHSP promoter / enhancer sequences described above for

expression of genes in mouse were used to derive corresponding promoter / enhancer

sequences for expression of genes in human cells in two ways.

First, the mouse versions (e.g. SEQ ID NO: 146 for pHSP) used and tested as described

in relation to Figure 17 are studied in different human cell types in tissue culture. In view

of the sequence conservation of many promoter sequences and binding sites for

transcription factors between different species, promoter constructs are often functional in

more than one species. It is therefore possible to identify mouse promoter / enhancer

constructs that achieve suitable transgene expression levels for therapeutic (gene

therapy) applications in a variety of human cell / tissue types.

Secondly, humanised versions of the human hsp90ab1 and pNSE promoter fragments

can be designed based on similar choices of DNA sequence start and end points in order

to achieve an optimal 1.8 kb DNA promoter fragment suitable for AAV viral packaging.

Nhe\ flanking restriction sites may be added to each of these sequences, e.g. resulting in

the human promoter / enhancer sequences of SEQ ID NOs: 147 and 148. Thus SEQ ID

NO: 147 corresponds to the sequence extending 1.6 kbps upstream of the transcription

start site of human hsp90ab1 and 179 bps of exon 1 of the gene, with additional Nhe\

flanking sites. SEQ ID NO: 148 corresponds to the sequence extending 1.6 kbps

upstream of the transcription start site of human enolase 2 plus 210 bps of exon 1 of the

gene, with the addition of flanking Nhe\ restriction sites.

Discussion

In these Examples, zinc finger peptides have been designed that are 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.



It has been 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 htt 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.

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 htt allele. Using a competition assay, it has been shown

that the zinc finger peptides of the invention preferentially repress the expression of

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.

After 20 days (approx. 3 weeks) of stable expression of the zinc finger peptides, the 11-

finger protein was found to exhibit the strongest repression of the target mutant HTT

allele. In fact, when fused to the Kox-I 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. However, sustained, mid to long term,

expression of therapeutic zinc finger proteins would likely be required for an effective

therapy.



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

zinc finger peptide 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

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 zinc

finger peptide modulators of the invention to the striatum of the R6/2 and the R6/1 mouse

models of HD. We observed a significant repression of the mutant htt transgene in R6/2

and R6/1 brain striatum compared to control striatum, while expression of the wt gene

was unaltered. Co-incident with the reduced mutant htt expression levels, 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, even with the improved rAAV expression construct, for some zinc finger peptide

modulators we observed a significant reduction in expression of the zinc finger peptides

over time (4 to 6 weeks post-injection), with a concomitant reduction in mutant htt

repression. Decreased expression of the zinc finger peptide over time could be due to a

number of reasons (e.g. promoter silencing, or to instability of the zinc finger peptide DNA

that remains as extra-chromosomal DNA in quiescent striatal cells).



Further studies indicated that the reduction in expression of zinc finger peptides from

about 4 weeks post-injection coincides with an upregulation in the host immune system

(microglial and astroglial cells are significantly activated in vivo), suggesting that the

expression of these heterologous peptides might be prevented by a severe and targeted

host immune response to cells expressing the zinc finger peptides. Thus, it was decided

to try to improve the mid- to long-term expression of the potentially therapeutic peptides in

vivo by reducing their immunogenicity in mouse and human cells. In this way, it was

hoped to create zinc finger repressor proteins capable of long-term therapeutic activity

against the mutant HTT gene and other pathogenic genes associated with expanded

CAG-trinucleotide repeat sequences.

Mousification versus Humanization in Therapy Development

The humanisation of biologies, such as engineered antibodies, is long established as a

way of reducing immunoreactivity in therapy (Carter et al. (1992), Proc. Natl. Acad. Sci.

USA, 89: 4285-4289; and Presta et al. (1997), Cancer Res., 57: 4593^1599). Adapting

synthetic gene therapy constructs for their hosts is relatively more challenging because

they can have more components, and longer functional regions have to be considered.

For example, multiple zinc finger binding helices usually require several non-wild-type

amino acids to bind desired target sequences (see e.g. Figure 10). Nonetheless, it was

considered in this work that these differences should be minimised to maximise the

chances of developing successful therapeutic candidate peptides.

In this study, we have shown that "mousifying" a zinc finger repressor construct for

therapy in mouse brains significantly reduced in vivo toxicity, while maintaining similar

repression efficiency against the target gene when compared to the original (non-

mousified) peptide in expression and repression studies. The reduction of inflammatory

responses following host-matching of the zinc finger construct suggests an immune

response against non-self proteins as the most likely explanation for the detected

medium-term toxicity. Indirect evidence supporting this hypothesis is the lack of apparent

toxicity of ZF-Kox-1 , both in cell culture and in short-term in vivo assays. Indeed, we were

able to generate stable cell lines expressing ZF-Kox-1 in vitro, and a cell viability assay

showed no toxic effects (Garriga-Canut et al. (2012), Proc. Natl. Acad. Sc/.;109, E3136-

3145).



One objective in this study was to replace all associated effector domains expressed as

part of the therapeutic protein with host homologues, while another objection was to re-

engineer the functional DNA-binding domain of the zinc finger peptide to retain their

intended binding activity. The latter required using the fewest possible amino acid

changes, relative to the host organism protein scaffold (in this case, the mouse zinc finger

domain, Zif268). In principle, epitope scanning (Parker et al. (2010), BMC

Bioinformatics,† V. 180) can also help to guide the final choice of amino acid design

changes, with the aim being to reduce potential epitopes.

In subsequent studies, it was shown that the protein sequence changes introduced were

sufficient to reduce neuronal cell loss in vivo, making the potential gene therapy construct

significantly less toxic than even a GFP expression vector. In fact, the mousified construct

behaved more like a control PBS injection than a heterologous protein treatment.

Functional mut HTT Repression and Sustained Zinc Finger Expression

This study has demonstrated that reduced toxicity levels of zinc finger peptide modulators

of the invention correlates with mut HTT repression activity. As individual ZF-expressing

cells of the invention achieve 95% mut HTT repression with the strong promoters used

here, slight improvements in transduction efficiency may be a target for future research so

as to further improve the therapeutic effect in HD phenotype reversal. One approach may

be to increase the effective dosage of the zinc finger peptide modulators of the invention.

For example, repression of mut HTT throughout the whole brain might be enhanced by

increasing the viral dosage, while monitoring potential toxicity.

Previous studies with modified antisense oligonucleotides have shown that transiently

lowering mut HTT levels to approx. 50% is sufficient for a sustained phenotypic reversal

over a two-month period (Kordasiewicz et al. (2012), Neuron, 74: 1031-1044). Such

levels of repression are within the range achieved in the present study.

It is also possible to alter zinc finger expression levels and persistence by altering

promoter designs. Here, the effectiveness of a strong expression construct has been

demonstrated, which contains the CMV early enhancer element and chicken β-actin

promoter, with the Woodchuck hepatitis virus post-transcriptional regulatory element

(pCAG-WPRE). However, use of a 1.8 kb rat neuron specific enolase promoter (pNSE)



sequence, which has been shown to give persistent expression that is several 100-fold

greater than the CMV promoter in rodent brains (Peel et al. (1997), Gene Then, 4 : 16-24;

Forss-Petter et al. (1990), Neuron, 5 : 187-197), has been demonstrated to provide

prolonged expression of zinc finger peptide transgenes. In combination with a WPRE,

pNSE has been shown to give strong stable luciferase expression in the rat striatum, even

after 15 months (Xu et al. (2001), Gene Then, 8 : 1323-1332). Interestingly, pNSE

appears to be specific to neurons (which do not present antigens). In combination with

rAAV2/1 vectors, which show a strong tropism towards neurons, the targeting may thus

beneficially avoid expression in glia and astrocytes (which do present antigens). The

reduced antigen presentation may account for how foreign luciferase gene expression is

sustained for at least 15 months. It has been demonstrated here that zinc finger

constructs of the invention in combination with WPRE and NSE (e.g. rAAV2/1-pNSE-

mZF-ZF87-WPRE) can yield strong stable repression of mut HTT primarily in neurons,

rather than also in glia and astrocytes. It is possible that since pNSE restricts expression

to neurons, this potential therapeutic route could reduce inflammation and toxicity even

further, enabling very long term expression of therapeutic zinc finger constructs. Overall,

the results presented here demonstrate that combining the mouse host-adapted mZF-

KRAB construct of the invention with the mouse pNSE promoter allows target mut HTT

repression in the whole brain, for an extended 6 month period, which is clearly

significantly longer than the 3 weeks reported previously. Similar effects can be expected

in human, using either the mouse promoter or the human equivalent of the synthetic

pNSE promoter used in this study, as described above.

Additionally, further benefits associated with the use of a newly characterised ubiquitous

promoter, pHSP (based on Hsp90) have been shown. In particular, these benefits of the

invention are enhanced when the novel promoter is used in combination with rAAV2/9

vectors, based on a virus that infects a wide variety of cell types. Thus, it has been

demonstrated that pHSP-driven repression of mutant HTT can be maintained over long

periods of time (e.g. for at least 24 weeks). In other words, the results presented herein

show that combining the mZF1 1-KRAB construct with the ubiquitous promoter (pHSP)

according to the invention, may allow similar levels of repression of target gene (e.g. of

mutant HTT) in the brain as compared to when the neuron-specific promoter (pNSE) is

used. Similar effects can be expected in human subjects using either the mouse promoter

or the human equivalent of the synthetic pHSP promoter used in this study. Similarly,



beneficial effects are expected with the other zinc finger modulator peptides disclosed

herein.which may contain 6 , 8 , 10, 11, 12, 18 or more adjacent zinc finger domains.

As described above, the inventors have developed a formulation for a promoter-enhancer

(derived from Hsp90ab1) that functions ubiquitously and long term in vivo. However, the

use of ubiquitous promoters goes beyond applications to gene therapy in the brain, and

have particular significance in Huntington's and other poly-glutamine diseases where

injection and expression of therapeutic zinc fingers in peripheral tissue may become

increasingly important.

Although HD is widely thought of as primarily a neurological disease, it is in fact a

complex disease that has a peripheral component to its pathophysiology, including effects

in the heart, skeletal muscle, kidney and liver. In fact, heart failure is the second most

common cause of death in HD patients (Zielonka, D et al., (2014), Exp. Clin. Cardiol. 20,

2547-2554).

The inventors have previously established a number of molecular and physiological

events leading to HD-related cardiomyopathy in two widely used HD mouse models,

namely R6/2 and HdhQ150 (Mielcarek, M . et al., (2014), Dysfunction of the CNS-Heart

Axis in Mouse Models of Huntington's Disease. PLoS Genetics, 10(8): e 1004550).

Following on from this, the inventors have recently obtained a striking new technical effect

in two HD mouse models (as well as in clinical HD settings), which suggests a metabolic

remodelling typical of failing hearts (Toczek, M . et al. (2016), An impaired metabolism of

nucleotides underpins a novel mechanism of cardiac remodelling leading to Huntington's

disease related cardiomyopathy. BBA Molecular basis of disease, 1862, 2147-2157).

Indeed, it was found that heart dysfunction in HD appears to be associated with cellular

energy imbalances, changes in catabolism of adenine nucleotides, steady-state internal

redox derangements and an activation of AMPK, leading to a shift in the cardiac substrate

preference. These changes were accompanied by increased concentrations of adenine

nucleotide catabolites (inosine, hypoxanthine, xanthine and uric acid) and uridine, in both

HD mouse models and HD patients' plasma. These metabolites represent the first

identified biomarkers related to heart dysfunction in HD.

In this context, the new ubiquitous promoter (pHSP) for mouse and human use as

described herein, and alternative multi-cell type-targeting AAV tropisms (e.g. rAAV2/9)



can be advantageously used in methods and treatments described herein. For example, it

would prove particularly useful if HD morbidity and mortality could be rescued using zinc

finger repression of mutant HTT in peripheral tissues such as the heart. Additionally, in

the brain, using rAAV2/9 (broad infectivity), rAAV2/1 (more neuron-specific), or a mixture

of both could be used to tune the target cell range, particulary in combination with

advantageously-chosen promoter-enhancers.

Conclusion

This study demonstrates that host-matching synthetic gene constructs can reduce

immunotoxicity damage to the brain. This could be applied to many other gene therapy

constructs, including ones that are promising but show a degree of toxicity. Developing

constructs that function for the lifetime of an organism is an important aim of gene therapy

and host optimisation brings us one step closer towards this goal.

Overall, the results presented in this study establish that the zinc finger peptides of the

invention can specifically and effectively repress mutant htt 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. The constructs of the

present invention demonstrate improved host-compatibility and do not induce the strong

immunological responses when expressed in mouse brain that caused the expression of

previous constructs to be shut down. The improved therapeutic zinc finger constructs

disclosed here have demonstrated great potential for the treatment of Huntington's

disease due to the ability to maintain heterologous protein expression over the mid- to

long-term without obvious toxicity issues. Improved delivery and expression systems will

further enhance the potential of these therapeutic peptides.

The protein constructs of the invention also have great potential for the treatment of other

diseases known to be associated with pathogenic expanded polyglutamine repeat

sequences.
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Sequences

SEQ ID Sequence Sequence
NO: Type
1 Recognition QS / D / T/K

sequence (prt)
2 Recognition QSADLTR

sequence (prt)
3 Recognition QSGDLTR

sequence (prt)
4 Recognition QSGDRKR

sequence (prt)
5 Recognition QSADRKR

sequence (prt)
6 Linker (prt) TGEKP

7 Linker (prt) TG / V P
8 Linker (prt) TG / S / V P
9 Linker (prt) TGGERP

10 Linker (prt) TGSERP

11 Linker (prt) TGGQRP

12 Linker (prt) TGSQRP

13 Linker (prt) TGGEKP

14 Linker (prt) TGSEKP

15 Linker (prt) TGGQKP

16 Linker (prt) TGSQKP

17 Linker (prt) TG(7s)o-2 / p
18 Linker (prt) T ( s)O-2G RP

19 Linker (prt) TG(7 s)37 7RP

20 Linker (prt) T(7 s)3G7 7RP

2 1 Linker (prt) LRQKD (GGGGS )^QLVGTAERP

22 Linker (prt) LRQKD (GGGGS) 1-4QKP

23 Linker (prt) LRQKDGGGGS GGGGS GGGGSQLVGTAERP

24 Linker (prt) LRQKDGGGGS GGGGS GGGGSQKP

25 Poly-zinc [(Formula 2 ) - X ]no - {[(Formula 2 ) - X 5 - (Formula 2 )

finger peptide - X ] l - [(Formula 2 ) - X 5 - (Formula 2 ) - XL]} 2 -

(prt) [(Formula 2 ) - X 5 - (Formula 2 ) - X ]N3 - [(Formula 2 ) -
X 5 - (Formula 2)] - [X - (Formula 2 ) - ] 4

26 Poly-zinc [(Formula 1-6) - L3] 0 - {[(Formula 1-6) - L2 - (Formula
finger peptide 1-6) - L3] l - [(Formula 1-6) - L2 - (Formula 1-6) -

(prt) XL] n2 - [(Formula 1-6) - L2 - (Formula 1-6) - L3] 3 -
[(Formula 1-6) - L2 - (Formula 1-6)] - [L3 - (Formula

1-6) ]„4
27 Poly-zinc [(Formula 1-6) - L4] 0 - {[(Formula 1-6) - LI - (Formula

finger peptide 1-6) - L4] l - [(Formula 1-6) - LI - (Formula 1-6) -

(prt) XL] n2 - [(Formula 1-6) - LI - (Formula 1-6) - L4] 3 -
[(Formula 1-6) - LI - (Formula 1-6)] - [L4 - (Formula

1-6) ]„4
28 Poly-zinc [(Formula 1-6) - L5] 0 - {[(Formula 1-6) - LI - (Formula

finger peptide 1-6) - L5] l - [(Formula 1-6) - LI - (Formula 1-6) -

(prt) XL] n2 - [(Formula 1-6) - LI - (Formula 1-6) - L5] 3 -



[(Formula 1-6) - LI - (Formula 1-6)] - [L5 - (Formula

1-6) ]„4
11-zinc finger YACPVESCDRRFSQSGDLTRHIRIHTGSQKPFQCRICMRNFSQSGDLTRHIRT
peptide 1 (prt) HTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTR

HIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHLRQKDGGGGSGGGGSGGGGS
QKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKI
HTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKR
HTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSG
DRKRHTKIH

11-zinc finger TACGCCTGTCCTGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCT
peptide 1 GACAAGGCACATCAGAATTCATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGA
(DNA) TCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACATCCGAACC

CATACAGGGGAGAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCA
GAGCGGCGA AGGAAGAGACACACAAAAAT CCA ACTGGCTCCCAGAAG CCAT
TCCAGTGCCGAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGA
CACATCAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTTGTGGAAG
GAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCATCTCAGAC
AGAAGGACGGAGGAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCA
CAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGAACTTTTCACAGAGCGGAGA
TCTGACCAGACACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACA
TTTGTGGTAGGAAATTTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATC
CATACAGGAAGTCAGAAACCTTTCCAGTGCCGCATTTGTATGCGAAATTTTTC
CCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTT
TCGCCTGTGACATTTGTGGAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGG
CACACTAAAAT CCATACCGGCTCTCAGAAAC CATTCCAGTGCCGGATTTGTAT
GCGCAACTTTAGTCAGTCAGGCGACCTGACCAGACACATCAGAACTCACACCG
GAGAGAAACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGC
GATCGCAAGCGACACACTAAAAT CCAC

11-zinc finger FQCRICMRNFSQSADLTRHTKIHTGSERPFQCRICMRNFSQSADLTRHIRTHT
2 peptide (prt) GEKPFACDICGRKFAQSADLTRHTKIHTGSERPFQCRICMRNFSQSADLTRHI

RTHTGEKPFACDICGRKFAQSADLTRHTKIHLRQKDGGGGSGGGGSGGGGSQL
VGTAERPFQCRICMRNFSQSADLTRHIRTHTGEKPFACDICGRKFAQSADLTR
HTKIHTGSERPFQCRICMRNFSQSADLTRHIRTHTGEKPFACDICGRKFAQSA
DLTRHTKIHTGSERPFQCRICMRNFSQSADLTRHIRTHTGEKPFACDICGRKF
AQSADLTRHTKIH

11-zinc finger TTCCAGTGCCGCATTTGTATGCGCAACTTTAGCCAGAGCGCGGACCTGACCCG
peptide 2 CCATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCA
(DNA) TGCGTAATTTTAGCCAGTCCGCGGACCTGACCCGCCATATTCGTACCCATACC

GGTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGAGCGC
GGACCTGACCCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGT
GCAGGATTTGCATGCGTAATTTTTCCCAGAGCGCGGACCTGACCCGCCATATT
CGCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTAAATT
TGCGCAGTCCGCTGACTTAACCCGCCATACCAAAATTCATCTGCGCCAGAAAG
ATGGTGGCGGCGGCTCAGGTGGCGGCGGTAGTGGTGGCGGCGGCTCACAACTA
GTCGGTACCGCCGAGCGCCCCTTCCAGTGCCGCATTTGTATGCGCAACTTTAG
CCAGAGCGCGGACCTGACCCGTCATATTCGCACCCATACCGGTGAAAAACCGT
TTGCGTGCGATATTTGCGGTCGTAAATTTGCGCAGAGCGCGGACCTGACCCGC
CATACCAAAATTCACACCGGATCCGAACGGCCGTTTCAGTGCCGTATTTGCAT
GCGTAATTTTAGCCAGTCCGCGGACCTGACCCGCCATATTCGTACCCATACCG
GTGAAAAACCGTTTGCCTGCGATATTTGTGGCCGTAAATTTGCCCAGagcGCG
GACCTGACCCGCCATACCAAAATTCATACCGGTTCTGAACGGCCGTTTCAGTG
CAGGATTTGCATGCGTAATTTTTCCCAGAGCGCGGACCTGACCCGCCATATTC
GCACCCATACTGGTGAAAAACCGTTTGCCTGCGATATTTGCGGTCGTAAATTT
GCGCAGAGCGCTGACTTAACCCGCCATACCAAAATTCAT

11-zinc finger YACPVESCDRRFSQSADLTRHIRIHTGSQKPFQCRICMRNFSQSADLTRHIRT
peptide 3 (prt) HTGEKPFACDICGRKFAQSADRKRHTKIHTGSQKPFQCRICMRNFSQSADLTR

HIRTHTGEKPFACDICGRKFAQSADRKRHTKIHLRQKDGGGGSGGGGSGGGGS
QKPFQCRICMRNFSQSADLTRHIRTHTGEKPFACDICGRKFAQSADRKRHTKI







Humanised MGPKKRRKVTGERPFQCRICMRNFSQSADLTRHTKIHTGSERPFQCRICMRNF
11-zinc finger SQSADLTRHIRTHTGEKPFACDICGRKFAQSADLTRHTKIHTGSERPFQCRIC
modulator 2 MRNFSQSADLTRHIRTHTGEKPFACDICGRKFAQSADLTRHTKIHLRQKDGGG
hZF-ZF-kox1 GSGGGGSGGGGSQLVGTAERPFQCRICMRNFSQSADLTRHIRTHTGEKPFACD

( t ) ICGRKFAQSADLTRHTKIHTGSERPFQCRICMRNFSQSADLTRHIRTHTGEKP
FACDICGRKFAQSADLTRHTKIHTGSERPFQCRICMRNFSQSADLTRHIRTHT
GEKPFACDICGRKFAQSADLTRHTKIHLRQKDGGGGSGGGGSSLSPQHSAVTQ
GSIIKNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVML
ENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSGDLTRHIRIHTGSQKPFQCRICMR
11-zinc finger NFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQCR
modulator 1 ICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHLRQKDG
hZF-ZF-kox1 GGGSGGGGSGGGGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGR

( t ) KFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACD
ICGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKP
FACDICGRKFAQSGDRKRHTKIHLRQKDGGGGSGGGGSSLSPQHSAVTQGSII
KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYK
NLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSADLTRHIRIHTGSQKPFQCRICMR
11-zinc finger NFSQSADLTRHIRTHTGEKPFACDICGRKFAQSADRKRHTKIHTGSQKPFQCR
modulator 3 ICMRNFSQSADLTRHIRTHTGEKPFACDICGRKFAQSADRKRHTKIHLRQKDG
hZF-ZF-kox1 GGGSGGGGSGGGGSQKPFQCRICMRNFSQSADLTRHIRTHTGEKPFACDICGR

(Pit) KFAQSADRKRHTKIHTGSQKPFQCRICMRNFSQSADLTRHIRTHTGEKPFACD
ICGRKFAQSADRKRHTKIHTGSQKPFQCRICMRNFSQSADLTRHIRTHTGEKP
FACDICGRKFAQSADRKRHTKIHLRQKDGGGGSGGGGSSLSPQHSAVTQGSII
KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYK
NLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSADLTRHIRIHTGSQKPFQCRICMR
11-zinc finger NFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQCR
modulator 4 ICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHLRQKDG
hZF-ZF-kox1 GGGSGGGGSGGGGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGR

(Pit) KFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACD
ICGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKP
FACDICGRKFAQSGDRKRHTKIHLRQKDGGGGSGGGGSSLSPQHSAVTQGSII
KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYK
NLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Mousified 11- ATGGGCCGCATTAGAAAGAAACTCAGACTCGCAGAAAGACCTTACGCCTGTCC
zinc finger TGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCTGACAAGGCACA
modulator 1 TCAGAATTCATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGATCTGTATGCGC
mZF-ZF87 AACTT AGCCAGTCCGGAGACCTCACCCGACACATCCGAACCCA ACAGGGGA
(DNA) GAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGCGATA

GGAAGAGACACACAAAAATCCATACTGGCTCCCAGAAGCCATTCCAGTGCCGA
ATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCTGACTCGACACATCAGGAC
TCATACCGGCGAAAAGCCCTTCGCATGCGACATTTGTGGAAGGAAATTTGCCC
AGTCTGGG GATCGGAAGCGCCACACCAAAATCCATCTCAGACAGAAGGACGGA
GGAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTT
CCAGTGCAGAATCTGTATGCGGAACTTTTCACAGAGCGGAGATCTGACCAGAC
ACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGG
AAATTTGCACAGTCTGGCGATCGAAAGAGGCACACCAAAATCCATACAGGAAG
TCAGAAACCTTTCCAGTGCCGCATTTGTATGCGAAATTTTTCCCAGTCTGGTG
ACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGAC
ATTTGTGGAAGAAAATTTGCTCAGAGCGGGGATAGAAAGCGGCACACTAAAAT
CCATACCGGCTCTCAGAAACCATTCCAGTGCCGGATTTGTATGCGCAACTTTA
GTCAGTCAGGCGACCTGACCAGACACATCAGAACTCACACCGGAGAGAAACCC
TTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCG
ACACACTAAAATCCACCTCCGCCAGAAGGACGGCGGAGGATCCGGAGGGGGTG
GGTCCGAAGAGATGCTCAGTTTTAGAGATGTCGCTATTGACTTTTCAGCCGAG
GAATGGGAGTGCCTGGAACCTGCCCAGTGGAACCTGTACAGGGACGTGATGCT



GGAGAATTATAGCCACCTGGTCTTCCTGGGCCTCGCCTCCTGCAAGCCCTACC
T CGT GACCT T T CT CGAACAGAG GCA GGAGCCAAG CGT CGT CAAGAGAC CA GCA
GCA GCAAC CGT CCAT CCA

Humanised ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCC

11-zinc finger TGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCTGACAAGGCACA

modulator 1 TCAGAATTCATACTGGGTCCCAGAAGCCCTTCCAGTGCCGGATCTGTATGCGC

hZF-ZF-kox1 AAC T T A GCCAGT CCGGAGAC CT CA CCCGACA CAT CCGAACCCA A CA GGGGA

(DNA) GAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCGGCGATA
GGAAGAGACA CA CAAAAAT CCATA CT GGCT CCCAGAAG CCAT T CCAGT GCCGA

AT T T GTAT GAGGAAT T T T T CT CAGAGT GGCGACCT GACT CGACA CAT CA GGAC
TCATACCGGCGAAAAGCCCTTCGCATGCGACATTTGTGGAAGGAAATTTGCCC
AGTCTGGG GAT CGGAAGCGCCA CA CCAAAAT CCAT CT CAGACAGAAG GACGGA
GGAGGAGGTTCCGGAGGAGGAGGTAGTGGCGGAGGGGGTTCACAGAAGCCTTT
CCAGT GCAGAAT CT GTAT GCGGAACT T T T CA CAGAG CGGAGAT CT GACCAGAC

ACATCCGGACACATACTGGGGAGAAGCCATTCGCTTGCGACATTTGTGGTAGG
AAAT T T GCA CAGT CT GGCGAT CGAAAGAGGCA CA CCAAAAT CCATA CA GGAAG
TCAGAAACCTTTCCAGTGCCGCATTTGTATGCGAAATTTTTCCCAGTCTGGTG
ACCTGACACGCCATATTCGAACCCATACAGGGGAAAAACCTTTCGCCTGTGAC
AT T T GT GGAAGAAAAT T T GCT CAGAG CGGGGATAGAAAG CGGCA CA CTAAAAT

CCATACCGGCTCTCAGAAACCATTCCAGTGCCGGATTTGTATGCGCAACTTTA
GT CAGT CA GGCGACCT GACCAGACA CAT CAGAAC T CA CA CCGGAGAGAAAC CC
TTCGCATGTGATATCTGTGGTCGGAAATTCGCCCAGAGCGGCGATCGCAAGCG
ACACACTAAAATCCACCTCCGCCAGAAGGACGGCGGAGGATCCGGAGGGGGTG
GGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACTCAAGGAAGTATCATCAAG

AACAAGGAGGGCATGGATGCTAAGTCACTAACTGCCTGGTCCCGGACACTGGT
GACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGG
ACACT GCT CAGCAGAT CGT GTACAGAAAT GT GAT GCT GGAGAACTATAAGAAC
CTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGA
GAAGGGAGAAGAGCCCTGGCTGGTG GAGAGAGAAAT T CA CCAAGAGAC CCAT C

CT GAT TCAGAGACTG CAT T T GAAAT CAAAT CAT CAGT T

Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSGDLTRHI RIHTGQKPFQCRI CMRN

10-zinc finger FSQSGDRKRHI RTHQNKKGSHI CHIQGCGKVYGQSGDLTRHLRWHTGERPFMC

modulator TWSYCGKRFTQSGDRKRHKRTHLRQKDGERPYACPVESCDRRFSQSGDLTRHI

hZF-ZF-kox1 RIHTGEKPYKCPECGKS FSQSGDRKRHQRTHTGSERPFMCNWSYCGKRFTQSG

( t ) DLTRHKRTHTGEKPFACPECPKRFMQSGDRKRHI KTHTGSEKPFQCRI CMRNF
SQSGDLTRHI RTHTGERPFACDI CGRKFAQSGDRKRHTKIHLRQKDGGGSGGG
GS SLS PQHSAVTQGS I I KNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLL
DTAQQIVYRNVMLENYKNLVSLGYQLTKPDVI LRLEKGEEPWLVEREIHQETH
PDSETAFEI KS SV

Humanised ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGCCCTGTGGA

10-zinc finger GTCCTGCGATAGAAGATTTTCCCAGAGCGGCGACCTGACCAGACATATTCGGATTCACA

modulator CCGGCCAGAAGCCATTCCAGTGCAGAATCTGTATGCGGAACTTTTCCCAGAGCGGCGAC
CGCAAGCGGCACATTCGCACTCATCAGAATAAGAAAGGGTCTCACATCTGCCATATTCAhZF-ZF-kox1
GGGGT GTGGCAAAGTGTATGGACAGAGCGGCGACCTGACCCGACACCTGAGGTGGCATA

(DNA) CCGGAGAGAGGCCCTTCATGTGCACATGGAGTTACTGTGGCAAGAGGTTCACCCAGAGC
GGCGACCGCAAGAGACACAAACGGACACATCTGCGACAGAAGGACGGAGAGCGACCATA
TGCATGCCCAGTCGAAAGTTGTGATAGGAGATTCTCACAGAGCGGCGACCTGACCCGCC
ACATCCGAATTCATACCGGCGAGAAACCTTACAAGTGCCCAGAATGTGGAAAGAGCTTT
TCCCAGAGCGGCGACCGCAAGAGGCACCAGAGAACCCATACAGGCAGTGAGCGGCCCTT
CATGTGCAACTGGTCATATTGTGGAAAAAGGTTTACCCAGAGCGGCGACCTGACCCGGC
ACAAACGCACACATACTGGCGAGAAGCCTTTCGCTTGCCCCGAATGTCCTAAGCGGTTT
ATGCAGAGCGGCGACCGCAAGCGGCACATCAAAACCCATACAGGAAGCGAGAAGCCTTT
CCAGTGCCGAATTTGTATGAGGAATTTTTCCCAGAGCGGCGACCTGACCCGACACATCA
GGACTCATACCGGGGAACGGCCATTCGCCTGCGACATTTGTGGCAGAAAATTTGCACAG
AGCGGCGACCGCAAGCGACACACCAAAATCCACCTCCGCCAGAAGGACGGCGGAGGATC
CGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACTCAAGGAAGTATCA
TCAAGAACAAGGAGGGCATGGATGCTAAGTCACTAACTGCCTGGTCCCGGACACTGGTG
ACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGC

CAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGG
GTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCTGG
CTGGT GGAGAGAGAAATTCACCAAGAGACCCATCCTGATTCAGAGACTGCATTTGAAAT



CAAATCATCAGTT
Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSGDLTRHIRIHTGQKPFACDICGRK
12-zinc finger FAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDI

modulator CGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPF

hZF-ZF-kox1 ACDICGRKFAQSGDRKRHTKIHLRQKDGGGGSGGGGSGGGGSQKPFQCRICMR

( t ) NFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQCR
ICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQKP
FQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHLR
QKDGGGSGGGGSSLSPQHSAVTQGSIIKNKEGMDAKSLTAWSRTLVTFKDVFV
DFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWL
VEREIHQETHPDSETAFEIKSSV

Humanised ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCC
12-zinc finger TGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCTGACAAGGCACA

modulator TCAGAATTCATACTGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTCGGAAA

hZF-ZF-kox1 TTTGCTCAGAG CGGCGA AGGAAGAGAC ACACAAAAAT CCA ACTGGCTCCCA

(DNA) GAAGCCATTCCAGTGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGGAGACC
TCACCCGACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATT
TGTGGTCG GAAATTTGCTCAGAG CGGCGATAGGAAGAGAC ACACAAAAAT CCA
TACTGGCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATTTTTCTC
AGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTC
GCATGCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCA
CACCAAAAT CCATCTCAGACAGAAG GACGGAGGAGGAGGTTCCGGAGGAGGAG
GTAGTGGCGGAGGGGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGG
AAC TTTTCACAGAG CGGAGAT CTGACCAGACACATCCGGACACATACTGGGGA
GAAGCCATTCGCTTGCGACATTTGTGGTAGGAAATTTGCACAGTCTGGCGATC
GAAAGAG GCACACCAAAAT CCATACAGGAAGT CAGAAAC CTTTCCAGTGCCGC
ATTTGTATGCGAAATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAAC
CCATACAGGGGAAAAACCTTTCGCCTGTGACATTTGTGGAAGAAAATTTGCTC
AGAG CGGGGATAGAAAG CGGCACACTAAAAT CCATACCGGCTCTCAGAAAC CA
TTCCAGTGCCGGATTTGTATGCGCAACTTTAGTCAGTCAGGCGACCTGACCAG
ACACATCAGAAC TCACACCGGAGAGAAAC CCTTCGCATGTGATATCTGTGGTC
GGAAATTCGCCCAGAGCGGC GATCGCAAGCGACACACT AAAAT CCACCTCCGC
CAGAAGGACGGCGGAGGATCCGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCA
CTCTGCTGTCACTCAAGGAAGTAT CATCAAGAACAAGGAGGGCAT GGATGCTA
AGTCACTAACTGCCTGGTCCCGGACACTGGTGACCTTCAAGGATGTATTTGTG
GACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTA
CAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTATCAGC
TTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCTGGCTG
GTGGAGAGAGAAAT TCACCAAGAGAC CCATCCTGATTCAGAGACTG CATTTGA
AAT CAAAT CATCAGTT

Humanised MGPKKRRKVTGERPYACPVESCDRRFSQSGDLTRHIRIHTGQKPFACDICGRK
18-zinc finger FAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDI

modulator CGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPF

hZF-ZF-kox1 ACDICGRKFAQSGDRKRHTKIHLRQKDGGGGSGGGGSGGGGSQKPYACPVESC

( t ) DRRFSQSGDLTRHIRIHTGQKPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQ
CRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIHTGSQ
KPFQCRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQSGDRKRHTKIH
LRQKDGGGGSGGGGSGGGGSQKPFQCRICMRNFSQSGDLTRHIRTHTGEKPFA
CDICGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRTHTGE
KPFACDICGRKFAQSGDRKRHTKIHTGSQKPFQCRICMRNFSQSGDLTRHIRT
HTGEKPFACDICGRKFAQSGDRKRHTKIHLRQKDGGGSGGGGSSLSPQHSAVT
QGSIIKNKEGMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVM
LENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSS
V

Humanised ATGGGCCCGAAGAAACGCCGTAAAGTGACCGGCGAGCGCCCCTACGCCTGTCC
18-zinc finger TGTGGAATCCTGTGATAGACGGTTCAGCCAGAGCGGGGATCTGACAAGGCACA

modulator TCAGAATTCATACTGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTCGGAAA

hZF-ZF-kox1 TTTGCTCAGAG CGGCGATAGGAAGAGAC ACACAAAAAT CCATACTGGCTCCCA
GAAGCCATTCCAGTGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGGAGACC



(DNA) TCACCCGACACATCCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATT
TGTGGTCG GAAAT TTGCTCAGAG CGGCGA AGGAAGAGAC ACACAAAAAT CCA
TACTGGCTCCCAGAAGCCATTCCAGTGCCGAATTTGTATGAGGAATTTTTCTC
AGAGTGGCGACCTGACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTC
GCATGCGACATTTGTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCA
CACCAAAAT CCATCTCAGAC AGAAG GACGGAGGAGGAGGTTCCGGAGGAGGAG
GTAGTGGCGGAGGGGGTTCACAGAAGCCTTACGCCTGTCCTGTGGAATCCTGT
GATAGAC GGTTCAGCCAGAG CGGGGATCTGACAAG GCACATCAGAAT TCATAC
TGGGCAGAAGCCCTTCGCCTGCGACATTTGTGGTCGGAAATTTGCTCAGAGCG
GCGATAGGAAGAGAC ACACAAAAAT CCATACTGGCTCCCAGAAG CCATTCCAG
TGCCGGATCTGTATGCGCAACTTTAGCCAGTCCGGAGACCTCACCCGACACAT
CCGAACCCATACAGGGGAGAAGCCTTTCGCCTGCGACATTTGTGGTCGGAAAT
TTGCTCAGAG CGGCGATAGGAAGAGAC ACACAAAAAT CCATACTGGCTCCCAG
AAGCCATTCCAGTGCCGAATTTGTATGAGGAATTTTTCTCAGAGTGGCGACCT
GACTCGACACATCAGGACTCATACCGGCGAAAAGCCCTTCGCATGCGACATTT
GTGGAAGGAAATTTGCCCAGTCTGGGGATCGGAAGCGCCACACCAAAATCCAT
CTCAGAC AGAAG GACGGAGGAGGAGGTTCCGGAGGAGGAGGTAGT GGCGGAGG
GGGTTCACAGAAGCCTTTCCAGTGCAGAATCTGTATGCGGAACTTTTCACAGA
GCGGAGAT CTGACCAGAC ACATCCGGACACATACTGGGGAGAAG CCATTCGCT
TGCGACATTTGTGGTAGGAAATTTGCACAGTCTGGCGATCGAAAGAGGCACAC
CAAAAT CCATACAGGAAGT CAGAAAC CTTTCCAGT GCCGCATTTGTATGCGAA
ATTTTTCCCAGTCTGGTGACCTGACACGCCATATTCGAACCCATACAGGGGAA
AAACCTTTCGCCTGTGACATTTGTGGAAGAAAATTTGCTCAGAGCGGGGATAG
AAAGCGGCACACTAAAATCCATACCGGCTCTCAGAAACCATTCCAGTGCCGGA
TTTGTATGCGCAAC TTTAGT CAGT CAGGCGACCTGACCAGAC ACATCAGAAC T
CACACCGGAGAGAAACCCTTCGCATGTGATATCTGTGGTCGGAAATTCGCCCA
GAGCGGC GATCGCAAGCGACACACT AAAAT CCACCTCCGCCAGAAGGACGGCG
GAGGATCCGGAGGGGGTGGGTCCAGCTTGTCTCCTCAGCACTCTGCTGTCACT
CAAGGAAGTAT CATCAAGAACAAGGAGGGCAT GGAT GCTAAGT CACTAACT GC
CTGGTCCCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGG
AGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATG
CTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGA
TGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCTGGCTGGTGGAGAGAGAAA
TTCACCAAGAGAC CCATCCTGATTCAGAGACTG CATTTGAAAT CAAAT CATCA
GTT

Linker (prt) TGQKP

Linker (prt) TGERP
dodecamer CCCCGCCCCGCG
repeat
sequence
(DNA)

ZF1 1-KOX-1 MADYKDHDGDYKDHDIDYKDDDDKPKKKRKVTGAERPFQCRICMRNFSQRATL

(Prt) QRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQ
RATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGR
KFAQRATLQRHTKIHLRQKDGGGGSGGGGSGGGGSQLVGTAERPFQCRICMRN
FSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRI
CMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPF
QCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHLRQ
KDGGGGSGGGGSGGGGSQLVSSLSPQHSAVTQGSIIKNKEGMDAKSLTAWSRT
LVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILR
LEKGEEPWLVEREIHQETHPDSETAFEIKSSV

Recognition QRATLQR

sequence
Primer GTGGAAGCTGCTGGACACT

Primer AACGTAAAGTGACCGGGGCCG

Primer GGTCCGAAGAGATGCTCAGT

Primer CAGGAAGAC CAGGTGGCTAT

Primer GCTGCACCGACCGTGAGT



75 Primer CGCAGGCTGCAGGGTTAC
76 Primer CAGATG CAGAATGG GGCT
77 Primer GCCTTGGAAGAT AGAATCCA
78 Primer CACCTGCCTCCACCTCATGGC
79 Primer ATGCTCCTTGGGGGCCCTGG
80 Primer ATCCCAATGCAAAGGAGTTC
8 1 Primer CTGCTGATGACCCACCA AG
82 Primer ACTTCGTGCAAGAAATGCTG
83 Primer GCTCATAGCTCTTGGCTCCT
84 Primer GGTTAAGCAGTACAGCCCCA
85 Primer AGAGGTCCTTTTCACCAGCA
86 Primer GCTTCTTTGCAGCTCCTTCGT
87 Primer CCAGCGCAGCGATATCG
88 Primer CCACCGACATGGGCACAATGCA
89 Primer ATGGGCAAAGGTGGTTGCAGGG
90 ZF4xHunt (prt) FQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGS

ERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH
9 1 ZF6xHunt (prt) FQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGS

ERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH
TGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHT
KIH

92 ZF1 1xHunt FQCRICMRNFSQRATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTG

(Prt) EKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRT
HTGEKPFACDICGRKFAQRATLQRHTKIHLRQKDGGGGSGGGGSGGGGSQLVGT
AERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKI
HTGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRH
TKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATL
QRHTKIH

93 ZF1 2xHunt FQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGS

(Prt) ERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH
TGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHT
KIHLRQKDGGGGSGGGGSGGGGSQLVGTAERPFQCRICMRNFSQRATLQRHIRT
HTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRH
IRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQRATL
QRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH

94 ZF1 8xHunt FQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGS

(Prt) ERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH
TGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHT
KIHLRQKDGGGSQLVGTAERPFQCRICMRNFSQRATLQRHIRTHTGEKPFACDI
CGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTGEKPFA
CDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQRATLQRHIRTHTGEK
PFACDICGRKFAQRATLQRHTKIHLRQKDGGGSGTAERPFQCRICMRNFSQRAT
LQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRNFSQ
RATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIHTGSERPFQCRICMRN
FSQRATLQRHIRTHTGEKPFACDICGRKFAQRATLQRHTKIH

95 Primer CCTGAAGTTCATCTGCACCA
96 Primer AAGTCGTGCTGCTTCATGTG
97 Primer AGATGCTGCGGAAGAAGAAG
98 Primer GGTACCGTCGACTGCAGAA
99 Primer CTTTGCTTTCCTTGGTCAGG
100 Primer TATCCAACACTTCGTGGGGT
10 1 Primer GTCTCCCTCCGATCTGGATA
102 Primer CACACTTCCAGGGCTGTAGA
103 Primer CCAGCACCGTAGAGAGGATT
104 Primer AGCCCTGTCCAAACACAAA
105 Primer GACGCAGCTGAGCAAGTTAG
106 Primer GAAGGAACGTGGGTTGAACT



107 Primer AGAGCTTCGGAAGAGACGAG
108 Primer ACTCCCAAGTGCTCCTGAAC
109 Primer AACTGTGTGGCTCACTCTGG
110 Primer TGGGAAGATGTTACCGTTGA
111 Primer GGGAACTACACCCTCCTGAA
112 Primer CGCTGCTTCTTCTTCCTCTT
113 Primer ACGCCGAATATAATCCCAAG
114 Primer CTTCACTCTTGGCTCCTGTG
115 Primer CAGATG CAGAATGG GGCT
116 Primer GCCTTGGAAGAT AGAATCCA
117 Primer CACCTGCCTCCACCTCATGGC
118 Primer ATGCTCCTTGGGGGCCCTGG
119 Primer TGTGGAGAGAATCGAGGAGA
120 Primer CAGCCCTGTCCAAA ACAAA
12 1 Primer ATCCCAATGCAAAGGAGTTC
122 Primer CTGCTGATGACCCACCATAG
123 Primer ACCTCGCACTATTCTTGGCT
124 Primer TGCATCTGTTGGACCTTGAT
125 Primer TGCCCGTGTTCCTCACCGGA
126 Primer GCGCGGAGACAGTGGTTGCT
127 Primer CACTGGCAATAGCAAAGGAA
128 Primer TTCTTGAGCGAGTTCACCAC
129 Primer ACTTCGTGCAAGAAATGCTG
130 Primer GCTCATAGCTCTTGGCTCCT
13 1 Primer TCCTGGCTTTGAGGAGCCGA
132 Primer CCACAGCACAGCTCTGCAGCAT
133 Primer GGGGGCTCAAGCAGGCATGG
134 Primer GGGAGCCAGCCTCCGAGTCA
135 Primer CAGATGTCAGAATGGTGGCT
136 Primer GCCTTGGAAGATTAGAATCCA
137 Primer GGTTAAGCAGTACAGCCCCA
138 Primer AGAGGTCCTTTTCACCAGCA
139 Primer GTAAAACGACGGCCAG
140 Primer CAGGAAACAGCTATGAC
14 1 ZFI OxHunt YACPVESCDRRFSQRATLtRHIRIHTGQKPFQCRICMRNFSQRATLsRHIRTHQ

( t ) NKKGSHICHIQGCGKVYGQRATLQRHLRWHTGERPFMCTWSYCGKRFTQRATLQ
RHKRTHLRQKDGERPYACPVESCDRRFSQRATLsRHIRIHTGEKPYKCPECGKS
FSQRATLQRHQRTHTGSERPFMCNWSYCGKRFTQRATLtRHKRTHTGEKPFACP
ECPKRFMQRATLQRHIKTHTGSEKPFQCRICMRNFSQRATLQRHIRTHTGERPF
ACDICGRKFAQRATLQRHTKIH

142 ZNFI OxHunt LRQKDAPKKKRKVGGSLSPQHSAVTQGSIIKNKEGMDAKSLTAWSRTLVTFKDV
C-terminal FVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPW
linker and LVEREIHQETHPDSETAFEIKSSV
repressor
domain (prt)

143 Mouse agtacactcctgtccccattctactttcagaacaggaatggccctgggtttagtg
hsp90ab1 accccattattcacagagaccttcattttcctgtccatgaaatatacagagtagc
promoter 2k tttcaaccattcagaggccaaggagaggtagtcagtgctgtttgtgaactaggga
plus exon 1 95 atccaggattggtgggtcttagggaaacactaccctggagctaaatgtccagccc
bp (mouse agggatcagctaggctccttttgctgagagggtttgagtgttgaagtttctggtt

NCBI 1551 6 tcagattaggaatcaatgcaacaccctagggccttctgagcaatcctacccagtg

NC_000083.6) tctcctcatatattgatttctttatgggcttcacacacacacacacacacacaca
cacacacacacacacacacacacagaattaaggagaggctaacagacagtgcagg
atgggatgataacagacgaagtagacagaggcaaggagaaagcaactactgttta
acaatgaatgcacattagacagactgcaggcaagcaccgggaacaaaggtgtggg
cggtggtgtggggacacaagccagcatgagctaagatagcagagcactgagtgcc



catcctctactggagggctcatcagtccaacaagcttccagatgcagccttggaa
aaaggcaaggctagattgccagctgaaggacatggcaggccacctttagaacaga
ggcactggcacaacttggttttctggctcctggaactgggccaacctgtgaccag
caccttcatgcggatgcctagaactccagcttctctgaaaagactgggacctgct
cctctctaggtccaaagagctgcatgcagtagggaagaggctagagaagcgaaac
cagcttgagaaacagcttgtgctcacatagggagggcgcacgtacccgcgcgctg
tgtacgtgggagaccggggaggctgaggggtggggagtgttctacccagtagcgc
aagctgctagctcggttctctgttcactagaaggtgtccgcagtcactcaccccc
acagcccccgtgccctgtgaccgatccaggtcagctatccctccctctgcgctcc
actcccccactgttatgtgggcctcttagggccacgcgtggagggtcgttcaacc
ctggcccacggtaggcagacttggggaaaatttcttcccagggtaagatcaaggt
aggggaaaaaaaaaaaaaaaaaaagccacccagccaagcggcgacgaagacactg
cccccgccgcagcaggggaggtggagcctaggggggaggggtggagaccgccgag
acaggcctagaaactgctggaagaaatcgcagcaccaccgctgctgatccttccg
ccgcaggccgccaaagagtccctaccagcccaggcccgtgcccctcccctcgggg
aaagcggctcccagcctgaagctgtgctgtacccgggagggtggggatgggggaa
tcgggggcctccttaaagttggacaaggaatttatcatccttttctcttgatgtg
cgatttgtagggaacattctagtaagatcgggtctggaaatggcagccgagttgg
ccacctccattctctttcagtcccctgagttctggactcttggggggtggggggg
tggaagcgcctaccttgagttttctgaggcagtccgtagggtattcgcccgcaga
tacatccctaattgcatatgcatgctccctgctcatcttgaggggggacatgtcc
tactcctgcagaaatgggggatgtgcaaaacgatattgaattggccttgactcag
gaaccaggcccggggtcccgctcctccccgccccctccacgatctgctaccatga
cgtcaaggtgggcgggcggcggcaggtgcgtggcccgcagccactcctttaaggc
ggagggatccaagggcggggcccgggctgtgcttcgccttatatagggcggtcgg
gggcgttcgggagctctcttGAGTCACCCCCGCGCAGCCTAGGCTTGCCGTGCGA
GTCGGACTTGGTCCGGGCCCACCACCCTGCTCTGTACTACTACTCGGCTTTCCCG
TCAAG

Human gcctggctaggcatggtcctaagactgctccctttcccaagctgagctgagggcc
hsp90ab1 tctgcggcttctcccatcctcctatggttcacacttggctgctgcagcctccagt
promoter 2k gggttaagggctcccagtcctgtgtatgcatctctgcatccccaggatctccaca
plus exon 1 cagtggaggcttagtgagtgtcaatgagtggaaaacgatggagcttgtggacaca
179 bp ggtaggcggtctcctgaaaggcttcctggaagagaaagtggaatttctttttttt
(human NCBI ttttcttttttgagacagagtctcactgtgtcgctcaggctggagtgcagtggcg

3326 tgatctcggctcacggcaacctctgccgcccgggttcaagtgattctcctgcttc

NC 000006.1 agcctcccaagtagcggggactataggcgcgctaccacgcccggctaatttttgt

2) atttttagtagagacaaggtttcaccagagtggccaggctggtcttgaactcctg
acctggtgatccgctggactcggcctcccaaagtgctggaattacaggcatgagc
caccgcgcccagcccccttttttttttttttttttttttgagacggagtttctct
tttgttgcccaggctggagtgcaatggcatggtctcagctcactgcagcctctgc
ctccagagttcaagcaatcttcctgcctcagcctcccaagtagctgggattacag
gcatgtgccaccacgcccagctaatttttagtagagacgaggtttttcaccatgt
tggccaggctggttgtgaactactgacctcgggtgatccacccacctcggccttc
caaagtgctgggattacaggtatgagccactgtgcccagcagagaaagtggaatt
tctatgctggtgtaacatttgagattttcccatttagaaagtcttcaggaagccg
tcgagtcttgacacagaaaggatccagctcaggggaagcccatccacaggagtga
ttcctgctttggatttaggtcctaggggtgagatcacatccctgctccatttctg
gagcagaaagggagctagtgcagcaaggactctgagtagacgggccttgggagtc
actgaagccacttccctgttgacagaatgtgcacactgactttcatccgctcaca
ggagagtgagagtttgtgaatgctctctgtgaactggggagcagatttttaatga
gctctgcttagaaggagaggacacgttaagggatcacgctcccactggtttgcgg
ttttggtcaggaatagagcacccaacgccccttcttatagacttctcccagccat
aggctttttgcagaccataatgaaagggagaaaggatatccaatcgggatggtga
tggcaggcatggcgaagtggacagggacaaagaagaggaaagcaagggacaccct
ttgttctttggtattcaacacatgaacaaaacttgttaacgaatcgtagactggg
taacaacagggctggtgagggaggacgatgtgggtggctgtggggaaactcttcc
caagcatcccaggggtgggccaggaaggggagcagatggacatctacagggcaca
gagcagggagtggctattctctcctggaggggttgtgggtccagcaggctttcgg
atgaggccttggaaaggcaaggacagcttgccaactggagggcaggcaaaacggc



tgagccaggccagacacggcagctcactggccaggggcatggcctaggggctctg
gtgccaaggctgaaggggaacaacttggccagccgctctgtggccggcatcgtca
cgcggcctccaagagctccggctgccctgcactggttcccagagactccctcctt
cccaggtccaaatggctgcaggagcgaagtgggcggaaaaaaagcgaaccagctt
gagaaagggcttgacgtgcctgcgtagggagggcgcatgtccccgtgctccgtgt
acgtggcggccgcaggggctAGAGGGGGGTCCCCCCCGCAGGTACTCCACTCTCA
GTCTGCAAAAGTGTACGCCCGCAGAGCCGCCCCAGGTGCCTGGGTGTTGTGTGAT
TGACGCGGGGAAGGAGGGGTCAGCCGATCCCTCCCCAACCCTCCATCCCATCCCT
GAGGATTGGGCTGGTACCCGCGTCTCTCGGACAG

Mouse ctcttgagtcctcttgagtcgggtgtcccttgaatatgcttcttccttacaggac
Hsp90ab1 - tagcccactggtgctgttatctcctctttgagagtgaggcacagggcagcatgtc
20kb to 100b aagggtttggttaggagctctgggagcacgatgctagctttccaaatttcccttc

aaagccactgtcagacacgggaagaggatagttagtggccttggactgagaaagg
aactgggggtgggggggggaagaaaggaacattctggaactggaggtcaaggaaa
ggaacttgctgtggagaagtctgtgtccctcccacagttatgaaatatattcctg
gagaactcaggaagcccctaggcagcagctggaaaggcgtagaggctggctccag
cagaggctggctccagcagaggctggctccagcagaggctggagggagtcccgat
tactctaggaagcagtctgcgaagggaaggccctccctgccacagtcttgattgg
gtgatggggtgggggcacccaggaggggagagtgcaggctcatggcaggcctcag
gagacctgtgttccttacagggtctgtttgctctctcactctttctccctttttc
ccctctgctctgtctcctcccctttgcctgctctgtcactgttgtcactgtccct
gaccccttttctcttttctgtcttctttgactgtctttccctgcctctcaatcat
ccgtcctcctcctcctcctcgattgctccccacccttcggtttccaagcttataa
actgcttctgctgctggataaaaatagcggtggcagcggccaggctggcagccag
gtgcagcccaatcaggcagagagacgacaggaaggccttcctggggccaaaggcc
agatggggctgagttgagtggtcctgagtctgcagaggcttcccttgcctactct
gtgtccagctctaccccccccccccaagagaaaggcccagggcagtgtggaagca
gagccagacagggctcgatattcctttacccccagcaagagccagagggagggag
ctgccagccaggcacagccgagaacactggagccatgacaaccagtcaccagcct
caggacaggtactgggtggccaaggggtgtgacggagggtggttgcagggagggg
ggagccggtctggagatctggggagtgagtctctagggtaagggtgggagggagg
gaggtgcggtgtttgggacttgagggaggggacctcaggactaactgtgttccca
gcctggtggttctgagtcagttctgcatggggtagggtggagaacatgcatgccc
tggctgggtgctggctagcatgcccgcagggctaggtgagcagtaggtccctatt
ggagtgtctcagtctttccactgttatgcgcagctagacagcagcttccagctcc
tcccaccatcactgtggggagacacttggctgcttccctcattccagaacacatc
tggcaggactacccctgtccctgggggtcgcccttgcatgacctcagcccacgct
gctctctggcctgacccttccagccttctagctccggagcttgggatcttcctca
agctagttaaggtccggaatgcgtgctaggatggaaaaggagcttgagtctagtc
cttcagaggggctgaggcttgtggaagtttatgaagccatgatacactctttcca
gatggcccctctgtcctgttgggtctctgaacctctcacggctcccctgcccacc
attttcctcttgtgctatgtaactaggcccattctgactggagagttagctgcat
ctttctgggaccatttctccatcctgtaaagtctggtgagaacaccagccttctg
tgactgttttctgaggggaagaattgtcattgtcattgtaggttccagcttcctg
cctcctttccttcccaggctgcctggtgccctggcctcttcaacaatctacccat
ttcactgctgcctggctcagcagctcttctctgacctcctgtccttgtataacct
tccctcggaattttaccttccatctgagcctttgaaccaagccttgagcatcttg
acctcaaagggaatggatgagggctttgaaggctgtggtgtggccatggcttaga
ctggcgaatttggttgctcttctggctgtcccatttcaggcttgcaagaggcctg
ttccactgagttgggtctctgctaccatctctgtgcagcctgtagatgccggcta
aggggaaggtattttaccaggcataggcaactgtaatggaagggaccagggccac
taagcttacaggcaaagactgtccgaagtcatgctcagaaccagatggcagccat
aagtcctaatctatctgccctgccgtaggtagtttggactataaaactggttctg
tctgtctaatatctaataagggaaaaaaaaattctatagctctctacttcctagt
ccccaccccctacccccagccatgtgacccactgggtctagaattgtctgggtgt
tgttttttgacctcaagagttcttgagagaactggcgttcccgcttagacagctt
aactacttccagctggtgtggtggggctggggcttgtgcccactgccctttaccc
gcccacctttaacagaggttccaacaccagctctggaagtgtgggtcatcacact
gcttccccgatcacccagccccctgaaccttctaggacttgggaacaaaggttct



gtctcccgtgtcattcagaactgccaccagcccttttccttcaacccatcttaca
gcctgtcctgtacccaggacctacacatccctcacacctctgcaggagggcgcct
acttgtggatacacacagctgggaccgctgggtagacgggagggaggggaggtgg
gctgactgatcactttgcctttttcctacgcaggtataaggcagtatggcttatc
ttctttgtgctgggcctggggacactgctcccctggaatttttttatgaccgcaa
ccaaggtgaggttggagtgggggtcaggtactaggctccagaggacatgttcctt
aggctttcaaggcctggttctgtgcctctgggcacagagagggacagaggtccca
acactcaacctctgcaaaccccacagtatttcacaaaccgcctggacgtgtccca
gaatgtgtcctcggacactgatcaatcatgcgaaagcaccaaggccttggctgac
cccacagtggccttgccagcccggagttctctcagtgccatcttcaacaatgtca
tgaccctgtgtgccatgctgcccttgctggtcttcacctgcctcaactcgtttct
gcatcagcggtgagcctccccgtccatgatgcccagccagctcctgcttcctcag
ccccaggctgacccttcctgacaccccaccaccaccaccacccctgcctctccta
ggatctctcaatctgttcggatcttgggcagcctgctggcaatcctgctggtatt
ccttgtcactgccgccctggtgaaggtggagatggatgctctgatcttctttgtc
atcaccatgatcaagattgtgctcatcaattgtaatcgggaggggacgggatgga
cagccatgggcctgggttgagatcagggtgggggtggttcaggttaaagcttcct
gggaagccctgattgccagcctctgctgacaagctgtctttgctactccccagca
tttggtgccattttgcaagccagcctttttggtctggcaggtgtcctgccagcca
actacacagcccccatcatgagtggccagggcctggctggcttcttcacctctgt
cgccatgatctgtgccattgccagtgagtccaactgcgcgcgcactgccctgctt
tgctggttgtggggaggcagggtagggtgatttggaagggtggagcgtatctgag
cttgtgcactgtctgcgccaggtggttctgagctgtcagaaagcgcctttggcta
cttcatcacagcctgtgcagttgtcattttggccatcctgtgctacctggctctg
cctcggacggtgagcaaatggggggatttggggaggcctcggggtttcaaagcaa
gggtgtctggaaactaaaggatggcaagctcggatgcctagagctgccctgactc
tacttacttctcccatctcccttgctgaacaggaattctatcgccattacctgca
gctcaaccttgcggggcctgcagagcaggagaccaagttggatctcataagtaaa
ggtcttaattactaaaggaagtctggtagggcggtaggatgggagtgggagggtt
gtgggcatgttgtgttaactggcagctgggagccaaaggaggacactcgggccgt
gagtgggtagggagaggggaaaagaggggtgagccagggaagatagcgcagatgc
cttgcagggtcttggcgtgttgctcggttggtaagagtgggtgcacaaaggcctg
agtttgattcctgcactgggcaaggtggtgcacatgtaaccttagcgtttgggaa
ggagaggcaggaggactgtattcaaggtcatccttggctatacagtgagttcaag
gccagcctgacctacatgacatcttgatgaagaaagaagggaaacttgggtcacc
ctgaatgtctcgggcattcggacagaggtcagcggcttcagagggaacagagaat
gacaggagcctcctgggggaagggtcagtccccaggggctcgagtcaagggttat
tagggtagaactgcggactagccagttaagggaggtgcccacctccagctcattc
tacctgttgttctgtcctccccaaaacttaaagatccttttacaacctctcaccc
gacaggagaggagccaaaaggaagaagagaggaatctggggtgccaggccccaac
tctccacccaccaacagaaaccagtctatcaaagccatacttaagagtgtacgtg
ggcccggggtgtcctgcctacccttcctcacccttctttctccttttgctgtttc
taccttataccacttccctttctgatctaagactgggctttctcctgtcttccta
tgaatgctgtgtgtgtgtctgtctgtctgtctgtctgtctgtgagatttaaaaaa
aaaagatttatttatttattatacataagtacattgtagttgtcttcagacacca
cagaagagggcaacagatctcattacagatggttgtgagccaccatgtaattgct
gggaattgaactcaggaccttcaaaagagcagtccgtgcttttaactgctgagcc
atctctccagccccatctctgagatttatttatttatttatttatttatttattt
atttattgttttttcaagaacagggttttgatgtagccctggttgtcttggaact
cactctgtagaccaggctggccttgaactcagagatcagcctgcctctgcctcct
gagttctgggattaaaaaggggtatggtaccagtgtctggctctttggtcttttg
tacacagagccatgacaacctagggccctgtatgaatctctcttctcttctctct
ctccagatctgtgtcccggctctgtctgtctgcttcatcttcacggttaccattg
ggttgttccctgctgtgactgctgaggtggaatccagcatcgcaggcacaagtcc
ctggagtatgtgtgtcccttgccccctcccagcccccccccccagcccccgcact
tccctcctaggacggattcacccagagtctaaagtggaatcatgggtggggtatg
ggcaacctctggggctccctctgcccagctggatctacacgggcctactagacac
cctgccattggatggaaacctctgaggcagaatgaagagtcctaggcccagagag
ggccagttgctaagtcttaagtctctttcctagaaagctacttcattcccgtggc



ctgtttcttgaatttcaatgtctttgactggctaggccggagcctcactgctgtc
tgcatgtgggtgagtacagcatgggcggcagggctgtggggttcaggtgtccagc
tgaggccaagagggaacccaagaaagtatggtggctgcagtgtggctctgtgact
gatagagggcttgctagcatgcatggcccctgggtcccatctgtaaaactgcaag
aagggaaaatggagggggtggggcagtggctcaacaggttaagagcactgactgc
tcttccagagatcctgagttcaattcccagcagccacaacggtggctcacaacca
tctgtaatgggatctgatgccctcttctggtgcatctgaagacagctaccagtgt
actcatcaaaaacaaaaaacctgcaagaagggaaaaataccgtgtactactcata
acttatgtgtaactctgtgtacaagttcattcgtttgtttatctgtctgtagagg
cagggtctctgtgtgttgctatctgggaatttactctgtagaccaggctggcctg
gaactcagatctctttactccctgcttcccaagtgcatgtgccaccagctaagac
tttcaaattatgtgtgtgtgcatgtgaatgcaatgcccacagaggccagaagagg
gcaccagatcccctggagctggagttagaggagcttgtgaggactggaaactaaa
cctgggtcttccgcaagagcaggactcttaactattgagccattcctggcccatg
cgtacagttcttaggtgtgtagcctggcagaggtgtgcatgtcatggctcccacc
tagatggaaagatacatctcgacatatcataggcaccactgcgcccctagcaatc
agcacccccaaaggcacccaggcctagtggttttatccaagtccccaggggcccc
aggagaccgggaggactgacatgcgtgctgaagccttgcctgtgtccgcagcctg
gccaggatagccgctggctgccggttttggtcgcctcgaggattgtgtttattcc
cctgctgatgctctgcaacgtgaaggctcgccactgcggcgcgcagcggcaccac
ttcgtctttaagcatgacgcctggttcatcgccttcatggctgcctttgccttct
ccaatggctacctcgccagcctctgcatgtgcttcgggcccaagtgagtcgggcc
atgaggggatttggtgacatcaggcaggacttacagggagatggcagtaggagag
tccctccccatctcatagctgcacggagttggagttgctggggggttttaagggg
cagtggaggtaagggcttgctaatgtgctcctgctgagctgtgtgggaagggatt
aagacagggtggaggatggtccctagacacagtctcccaagaagtgggctgggat
tgggagtgttggaaggtttgggggtggggggacagggctgggctcagcttgccta
agattaccctgcctttccttttaggaaagtcaaaccagctgaggcggagacagca
ggaaacatcatgtccttctttctgtgtctgggcctggctctgggagctgtgttgt
ccttcttgttaagggcacttgtgtgaccctgtggggacagaagaactacactgcc
tgcttcctgctcacttccttccctgccagggacgagcaggggtcgagaggggctg
ttcttctagctgacttctgctttcctctggactgtgcttcgcccagctgtccagg
agccagcgatggcctgcgggtggacttggaattcagggtcagaatggcaagggct
caatggcctctgactgacagctccgactgatgcccgcttactccaagcacaagag
actccagggccaagagagatctgtccgcctgcctatcacaggatagggcggaggc
ggatggctgattggtgtcgtgtgacctgatgtccctccccttgcccttcttcctt
ctgtgcctgttccatgtccccagcccttgtcattttactgccttttttatactga
cagaaaccaggtgccttcagaggccatctgattaaataaacattttttttctcca
tagctctgtgcatccttccaaggtttaactaactccttggagaggagagaaggct
ggcagcctgagtctaggtttctgcaatgacccaagcctgggcctgggtataaggg
ggaggatgcagtccttcagtctcagaggggctgcagcgccccctactggggacac
agggaagagacaggcctggagccaagacgccacccagactgtggcccagatttag
aaagatgtagcccgagtggtcttcacattccataagtacctgaaggtggccttga
accgcttcctatgtgctggtactgcagctgtgtaccaccatgtcctggatctagg
gatcaagtccagggctttgtgcatgctaggcaagcgctctgctagccgagctatg
ccccagcccctctttctcatttcaagggcctggaaatggaggcagctttgtcttc
cccgctaccttcccctcccccaccacgctgtcctcagctcctggaatgaactctg
ccaaactggccagccccacccccagctcctggccatactcccacatccctgggca
ggaaaaggctgaggcctgggctctcccttaccttggctccaggccctgacaccaa
agcccaggctgccagacttcctggagaacaacgggcctatgtgtcctcatgttgg
cgttggacctccccgttcttcagccatactgtggtctgaggaagggtgtgttggt
atgggatgtgagactccctcggtggagggggcgctgatgctccagctcaggactg
actggaactgagaggaacactctggtcctaagtgccccttgtccccagccctggg
agacagaagcttttgccccgccccatctcccaagccccctcccccaaggctgcat
gttctctcatcctctaccagctgatggctacaggggtggccctactgttgggact
tccttttttcacagaaatttcatttaaactagtggttctcaaacttcctagtgct
tcaacacttttaacacagttcctcatggggtgagccccaaccataaaattatttt
cgttgctgtttcataactgcaattctgctgctgttatgagtcgttctataaatat
ctgttttcccatggtcttgggtgacccctgtgaaagggtccttagacccacccca



aaggggtcacaatccacaggtggagaactgatttaaacaaaggcttcagactttc
gtgagaagtagtgtattttcttttgtttttgttttttttattgagacagagtttc
tctctaaccttggctgtcctggaactctatatatagatcatgctggccttaaact
cagagatccacctgcctctgcttcctgagtgctgggatttaaaggtgtatacaac
catagcctgggttgttttcaattctttttcttcttcttctttttttttttttaaa
attaatgtgcattggtgtttttgcttacatatatgtctgtgtcagagcatctgac
cctctgggactggagttaaagacagttgtgagctgccacgtggctcctgggaatt
gaacccaggtttcctggaagagcagccaatgctcttaaccactgagccatccctc
cctccattccccagttgcttgttatcaatccttactaaggtcaagcttggtggtg
ggttggaggttaaacgcatcactgtaccaagcacgggtgtccatgactagtttgt
caaaactgcatacatgcctcagcagtggtagctcacacctttaatgctggcgctt
gggaggcagaggcaggcagatctgtgagttcaaggctgttctggtggtctacagt
tcaagttccaggaaagcagggctatacagagaaaccatgtttcaaacaaccaaac
caatcaaccaacaaacacccccagcatacatctgctctgttagaaatggccttcc
tatgctatctggttcaaactgcctgttccctaactaggaggcaagctaaaaaata
caaacaaagtctctcctgcttgcccttagctccaatgacttgacttcctcctcgt
actgaaattcacgagaggtttagcagctttctttttcaacactggtagcctctgg
ggaacccgaatttttttcccaaactctaacttcctacctacagtctggctcctgg
gttccctctaatccacccccgtgtgtggccacaaggaactggtgagagtgtaatt
actcattttccaaagatttattttatgtatgtgagtacactgtagctgtcctcag
acataccagaagagggcaccagaccccactacagatgcttgtgagccaccttgtg
gttgctgagagttgaactcaggacctctgggagagcagtcagtgttctcaccgct
gagccatctctccagccctcccctttccccgccctcccccctttttttgagtcag
tttttctgtgtagccctgactgtcttggaacttgctctctagagatcctcctgtc
tctgcctcctgagcactaggaagtaaggtatgtgccaccgctgtcctgcctgtaa
ctacttttttactggtcttagcttttccgaagagtgttgaagattcagcaagatg
gctgtgcatcctggctggcatggtactcactatggctactctcccgagggctagg
attgaggcatggcaccatcacaagggaatttttgtgcagtgattacaagggtgtc
tctcccttccccaaagttccctgatgtttgactctctaccattggcttgtgaaag
tctctccccgttctgcgccctagggcgttggtgatatgacttatctcctgtcaca
ctttgagctgaaagtgctccctggttcctaggggtgatctgaagatattcatgag
catgtgacgcttgtcaagtttaccccatctcatgtcccacccacctatgtggtga
cattcattgcttgaatgtccttgaatgttagtaggctcttaactctggcactgac
ctgaatgggtgtcggaggggggcatttatgattctgccaccagtgttgaagaaaa
tatctggaatataatcgttttctcccaaagtctttttaaaaaaaaaaaacaattt
tatgtacattggtgttttgcttgcatatacatctagttgcagacagttgtgaact
accatgtgggtcctgggaattgaacccaggtgctctgtaagaggagccagtgctc
ttaagaaccactgagatctctcttcagcctcccccacctcaaactcttctaatgc
atagccttgtccctgagtaactacactgatggcttctgaccacaagtgagctctg
taggcaccaccttgaaggtcaaggagagtcaggacccactgcaggttacttcctc
ctcctgggagggagggaagcttgagcaagggactgccaggtatccttcctgccac
aatgttgtacatcacttcctgacgtctctggtctctgttcaaagcagtctactga
actgctgttttctggatggctgccactgatgtaaaagtcctttactgtgtgggtc
aatatggtgaagattgcagagcacccccttgtggtcataatccaccactgcaatt
gagcagaccagtgactgcaaggatgtctgctttttccggtgtttacatgagaaga
ctggtaaattctacctttgtttaaaaacctctaggtatagaaaggaggagatgtg
aaaacaagggtacaaggaagtggagagacaggagaacctcaattctcacctaaac
taaattgttcgtagaattaagttgatagcaactaggaatggatgtgagcagagaa
ctgtgctgtctggctgtgcaaacaggaaagtgtgacggcaggagattggccagaa
tgatgtcacagctaggctggcagtccatacaggtccctggggaccgtagtgttcc
tagggtgggaatggccagagtcctcaactccttaacccatcgatgactgtgttct
agccaggctagaaaaacaggcttaccctgtttgttttcatggtgtgcccattcag
ccctctacccctcccggtagtcccgagcacgcggctttctgggtcctagctgtgg
ggaagtgctaagtgtggatcagcagggcccgagacagcagcacgctcttccttgg
ccttttcagggggtagggccacttggcttgaattcagacccacagagtcatctgt
cttgggcccagctgttcaaaccaggaaaagccattctctgtggctccggtttctc
gccagggagtgggaacatcgggcaggctctgctaagggaattaaaccacgtgcct
agagttggtacagggtaagaagatactatttatttatttatttatttatttattt
atttattagagttggtacagggtaagaagatactatttatttatttatttattta



ttggtttttcgagacagggtttctccgtgtagccctggctgtcctgaaactcact
ctgtagaccaggctggcctcaaactcagaaatctgcctgcctttgcctcccaaat
gctgggattaaaggtgtgcaccaccactgaacagcaagaagatactcttaatgct
gctgccccgtaaggtcccctggtaaccaggatgagtctcggcatcctggggtggt
ccacctaagctacctgctcccctcccccacacctctgggcgctgggagcttgaga
accaagccatacttacctagttacctcttccagtgtggattactgcttgggctct
tgctgtcagtcagtcagctaggaatcccaagactttggagacgggatgcaccctg
ggtttggggtaggggctgctggagctaagcaaagtatgtgatgtcacaggttccc
tgccccccacctcaatgggagcaccttctccacttgcttgtgaggaagtcagact
gtgggacctataccactgcacctcgtgcccaggtcaccttacaccaggtactcag
agtctctcatgtgtaaagcagggaaggtaacaggtggagagccacagagatcatg
aatgactcagctctcccatagctggggactgggactcctcgatgcgtgcctggtt
tactctggaaaacagaaaggctaaaggatgaaaaagggattctgtaggcaggcat
gacgatgcggtgcgtgcctttaatcccaggactcaggaagcagaggcagggggat
ttctgtgagtttgaggccagcctggtctaacagagttgagttcgaggacagccaa
ggaaggctacactgtgaaaccctgactcaaaacaaaaacaaaacaacagcaacaa
aaagattctgtcagtaaactacagtggaacgaaaggcttgggtccttgatgtgta
tctctgccacccagtcccagagctaaggacacaggcacagagcacagcaaacaga
gatccagtcagctgagacccgtgtgcagaaagggagtcgccagtgcctggggcag
aacaggaggcaggcagaacccaggacaggttgtgtgtatggcgccagcctgcccc
tcccctgaccagtcaggtccagaataaattctgttcaggctactctttagtttcc
cttgaaggggctgggagcactggaggtcaagtctgagaggactgtggtagaagag
aaggcagggctggttagttagttacataccttagagacacaggtcttcagaacac
ggaaaaatggtcccgagtgtgttaatggggtaccctgatgaggtcccgtttacat
tttgagaatagggtcagtcacaaatcctgtcctttttttttttttttttggtttt
tcgagacagggtttctctgtgtagccctggctgtcctggcattcactttgtagac
caggctggcctggaactcagaaatgcctctgcctcccgagggctgggattaaagg
catgcgccaccacgcccggctctctttttacattttctttttaatcctgtccctt
ttataaccattctgcctttagcgattctgttcttgtccataactttagctatcgg
cttggttaggcctgggtcttcaatccaaatccagtctggatcgccccctcccatc
cctctgcctgttggatagctgtttttgtcttgtttttatgatttgcttattatgt
atacagtgttctgcctgcatgtacacatgcaagtcagaagagggcgccagatctc
attacagatggtcatgagccaccatgtggttgttggggattgaactcaggacctc
tggaagagcagatagtgctcttaacctctgggctggccttgaactcagaaatcct
cctgcctctacctcccgagtgctgggattaaaggcgtgcgccaccactgcctggc
ccctgagctttacttgagcatactaagtgcatagaacctccagcccacttgggcc
cttaacaacccaaggatgaacctgggtggcctaaggaaacagacaggcttaggac
ccatggagtcagggtagtacacagctctgctctcagaagattaaaaaagaaaaaa
aaaaaaaagccaggtgactcccagtgacctagaaaggaagcccttcaggaaggga
ggagtgtgggcacagaaagcagccctgcaggctggggctgggttataaaaggctg
cgggtgccatgctgagctctatcctgaagagtgggaaaggcccctagagacagcc
ttaaaaccccctaggcctggaggggcctgagtcccagtagtaggctgcaaccacc
attgttcctaagatagggtttatacttgatccggcagaagctgttggagagtggc
cagctaacacagctcgtaacaggtcactacttgccgctgctgggccccacgcttg
gttatctacaccctgtaggcaaagaattctccttacaattggtagtgaattgggg
gtaaaatcaactccttcactctccacaccttgcttttttttctttgtttttaacc
attttccccaatgttgtccagactactctgcttcagtgtccagaatgctgggaca
aacaaatgccaccattcctgagttaaagatagtgtattgataagggaaaatgtta
catttgaattttagcccctataaagttttgaatgtgccttgccagcctgcctgtg
cgttgtgtacacataatacctttgggggcaggagaggtgaatatttctctagaac
tggagttacaggtagttgtgagccacaccccacaccccggctctgggaatcttac
ccccatcttctgcaggagcaagtgttgttttttttttttttttttttttttttga
gacagagtctctgtatagccctggctgtcctggaactcctttgtagaccaggctg
gcctcaaactcaggaatctgcctgcgtctgcctcccaagtgctgggattaaaggc
gtgcgccaccatgctcggcaagacagagtctttgtatgtagtcctcgatgtcctg
gaacttaccatgtagacgaagctggcctcacactcagagacccaccctcctttgc
ctcctgggtgctggcatcaaaggtgcttacaaccaccccgagcctgtctacaggt
gtcttgcttccatgtgtgtgtgccatgtgtgctccggaagggcagccagtgattt
tagcccctgattcatctctctagccccatcatcgttttttttttttgtttgttta



tttattttattttatttttttgtttttcgagacagggtttctctgtgtagccctg
gctgtcctggaactcactctgtagaccaggctggcctcgaactcagaaatcctcc
tgcctctgcctcccgagtgctgggattaaaggcgtgcgccaccactgcccggcat
catcgttgttttaaggcagggtctcactccatagaccaggctagcctgcagaaca
ctgcatagcctaggctgccctggaactcatggtaatcctctaccccaaattctaa
atgccggaaaagtaaatatgagctactaaacccagactcgagactatgaatattt
gaaaattttctgggtaagcgtgagaagataaattacctagccattgggtttacta
aatcaagcctgataagtgccttattaaaaaaggcaaacggaaaggtggagggacg
gctcagcggttaagaccacatactgctcttgcagaggacccagcctttatttttt
tattttttattttttttgtttttttttttttgagacagggtttctctgtatagct
ctggctgtcgtaactcactctgtagatcaggctggcctagaactcaaatcggcct
gcctctgcctccctagtgctgggattaaaggcatgtgctaccactgcccggcttg
gacccagcctttagttcccagctcccacatccacctggaactccatatctgacct
ttggcatcacatgcacatacacataattgagaataaaataaatactatggggctg
gagagatggctccgtggttaagaacactggctgttgttcttccagaggacctggg
ttgaattcctggcacccacatgggggctcagaaccatttgtaatttccaattccg
ggggatctgaagaccttcatctgacctctgtgggtaccaggttagcatacagggt
gtacttacatacatgcagccaaaatactacacatagtgtatgtgtgtacatgcct
ttaaaatgcaacacagctgatatggtgatacatgtattgtgatcagaaataggag
gatgagaagcaggcggatttctgagtttgaggccagcctggtctacaaagtgagt
accaggacagccagggctatagagagaaaccctgtctcgaaaaacaaaacaaaca
aaaaaagaaataggaggatgagaagttcaaggtcaaaccaggcactggaggcaca
tgcctttaatcccagcatttgggagactaaggcaggctgatttctgagttcaagg
ccagcctggtctataaagttccaggacacagagaaaccctgcaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaagaaagaaataccataaaaactaatattcattat
taaacgttcgtgtgtgcgtatttcctggaggagctggagttacagtggctgtgag
ctggcagaggtgcccgggtggaacttcggccctcaagaccagttagtgctggacc
ttctctctaacccccaggccttttataaaaaggaatcttatcatcttatcacccg
ggtgtgaaggtgcgccttcaatcccagcactctggaggtagtgacacacctactc
caacaaggccatacttcctaatagtgccactccctaggcatatacaaaccatcac
cccccccccccaaaaaagagaacttatcttgtgtgtgtgtgtgtgtgtgtgtaag
tatgggcacaaggacacaatcaatgcacatgaagaagtccaaggacaacttgagg
agtcagtttgtccctttcaccatgggatctgtcatcaaattgaggtctgggctgt
cctgcttggaggaccagggtaaatgcttttacccatggagtgagtcatcgtgctc
cctagccctcctcctccttggttgttgagatagagtctgttagtataacccttag
ctggtctggtaccatgtacttggaattacaagcatcctcttgtctcaaccaccct
aatactgacacagacatgtgctgccacagcaaggtaaaaggtatctctaggttga
tataaaatgatttttccactttatgcaacaggatttcactcctagcccacgctgg
cctgtaatacgcgctcctctcctctcctccgagctgggatcgaagctgtgccccc
cacccccatgcctggtgcccgttccccaactgagaacgtcccaggaagctgctgt
ggagccttggtcctgtcattgctgggggacagccaaagggaaactgcagaggaga
ggttcctggcctgcttcagactagggttccagcaagagagagtacactcctgtcc
ccattctactttcagaacaggaatggccctgggtttagtgaccccattattcaca
gagaccttcattttcctgtccatgaaatatacagagtagctttcaaccattcaga
ggccaaggagaggtagtcagtgctgtttgtgaactagggaatccaggattggtgg
gtcttagggaaacactaccctggagctaaatgtccagcccagggatcagctaggc
tccttttgctgagagggtttgagtgttgaagtttctggtttcagattaggaatca
atgcaacaccctagggccttctgagcaatcctacccagtgtctcctcatatattg
atttctttatgggcttcacacacacacacacacacacacacacacacacacacac
acacacacagaattaaggagaggctaacagacagtgcaggatgggatgataacag
acgaagtagacagaggcaaggagaaagcaactactgtttaacaatgaatgcacat
tagacagactgcaggcaagcaccgggaacaaaggtgtgggcggtggtgtggggac
acaagccagcatgagctaagatagcagagcactgagtgcccatcctctactggag
ggctcatcagtccaacaagcttccagatgcagccttggaaaaaggcaaggctaga
ttgccagctgaaggacatggcaggccacctttagaacagaggcactggcacaact
tggttttctggctcctggaactgggccaacctgtgaccagcaccttcatgcggat
gcctagaactccagcttctctgaaaagactgggacctgctcctctctaggtccaa
agagctgcatgcagtagggaagaggctagagaagcgaaaccagcttgagaaacag
cttgtgctcacatagggagggcgcacgtacccgcgcgctgtgtacgtgggagacc



ggggaggctgaggggtggggagtgttctacccagtagcgcaagctgctagctcgg
ttctctgttcactagaaggtgtccgcagtcactcacccccacagcccccgtgccc
tgtgaccgatccaggtcagctatccctccctctgcgctccactcccccactgtta
tgtgggcctcttagggccacgcgtggagggtcgttcaaccctggcccacggtagg
cagacttggggaaaatttcttcccagggtaagatcaaggtaggggaaaaaaaaaa
aaaaaaaaagccacccagccaagcggcgacgaagacactgcccccgccgcagcag
gggaggtggagcctaggggggaggggtggagaccgccgagacaggcctagaaact
gctggaagaaatcgcagcaccaccgctgctgatccttccgccgcaggccgccaaa
gagtccctaccagcccaggcccgtgcccctcccctcggggaaagcggctcccagc
ctgaagctgtgctgtacccgggagggtggggatgggggaatcgggggcctcctta
aagttggacaaggaatttatcatccttttctcttgatgtgcgatttgtagggaac
attctagtaagatcgggtctggaaatggcagccgagttggccacctccattctct
ttcagtcccctgagttctggactcttggggggtgggggggtggaagcgcctacct
tgagttttctgaggcagtccgtagggtattcgcccgcagatacatccctaattgc
atatgcatgctccctgctcatcttgaggggggacatgtcctactcctgcagaaat
gggggatgtgcaaaacgatattgaattggccttgactcaggaaccaggcccgggg
tcccgctcctccccgccccctccacgatctgctaccatgacgtcaaggtgggcgg
gcggcggcaggtgcgtggcccgcagccactcctttaaggcggagggatccaaggg
cggggcccgggctgtgcttcgccttatatagggcggtcgggggcgttcgggagct
CTCTTGAGTCACCCCCGCGCAGCCTAGGCTTGCCGTGCGAGTCGGACTTGGTCCG
GGCCCACCACCCTGCTCTGTACTACTACTCGGCTTTCCCGTCAAGG

146 Synthetic gctagcaacaccctagggccttctgagcaatcctacccagtgtctcctcatatat
mouse 1.8 kb tgatttctttatgggcttcacacacacacacacacacacacacacacacacacac
hsp90ab1 acacacacacagaattaaggagaggctaacagacagtgcaggatgggatgataac
promoter- agacgaagtagacagaggcaaggagaaagcaactactgtttaacaatgaatgcac
enhancer attagacagactgcaggcaagcaccgggaacaaaggtgtgggcggtggtgtgggg
design acacaagccagcatgagctaagatagcagagcactgagtgcccatcctctactgg

agggctcatcagtccaacaagcttccagatgcagccttggaaaaaggcaaggcta
gattgccagctgaaggacatggcaggccacctttagaacagaggcactggcacaa
cttggttttctggctcctggaactgggccaacctgtgaccagcaccttcatgcgg
atgcctagaactccagcttctctgaaaagactgggacctgctcctctctaggtcc
aaagagctgcatgcagtagggaagaggctagagaagcgaaaccagcttgagaaac
agcttgtgctcacatagggagggcgcacgtacccgcgcgctgtgtacgtgggaga
ccggggaggctgaggggtggggagtgttctacccagtagcgcaagctgatagctc
ggttctctgttcactagaaggtgtccgcagtcactcacccccacagcccccgtgc
cctgtgaccgatccaggtcagctatccctccctctgcgctccactcccccactgt
tatgtgggcctcttagggccacgcgtggagggtcgttcaaccctggcccacggta
ggcagacttggggaaaatttcttcccagggtaagatcaaggtaggggaaaaaaaa
aaaaaaaaaaagccacccagccaagcggcgacgaagacactgcccccgccgcagc
aggggaggtggagcctaggggggaggggtggagaccgccgagacaggcctagaaa
ctgctggaagaaatcgcagcaccaccgctgctgatccttccgccgcaggccgcca
aagagtccctaccagcccaggcccgtgcccctcccctcggggaaagcggctccca
gcctgaagctgtgctgtacccgggagggtggggatgggggaatcgggggcctcct
taaagttggacaaggaatttatcatccttttctcttgatgtgcgatttgtaggga
acattctagtaagatcgggtctggaaatggcagccgagttggccacctccattct
ctttcagtcccctgagttctggactcttggggggtgggggggtggaagcgcctac
cttgagttttctgaggcagtccgtagggtattcgcccgcagatacatccctaatt
gcatatgcatgctccctgctcatcttgaggggggacatgtcctactcctgcagaa
atgggggatgtgcaaaacgatattgaattggccttgactcaggaaccaggcccgg
ggtcccgctcctccccgccccctccacgatctgctaccatgacgtcaaggtgggc
gggcggcggcaggtgcgtggcccgcagccactcctttaaggcggagggatccaag
ggcggggcccgggctgtgcttcgccttatatagggcggtcgggggcgttcgggag
ctCTCTTGAGTCACCCCCGCGCAGCCTAGGCTTGCCGTGCGAGTCGGACTTGGTC
CGGGCCCACC CCC GC CTG AC CT C CGGCTT CCCGTCAAGgctagc

147 Synthetic gctagcctgcttcagcctcccaagtagcggggactataggcgcgctaccacgccc
human 1.8 kb ggctaatttttgtatttttagtagagacaaggtttcaccagagtggccaggctgg
hsp90ab1 tcttgaactcctgacctggtgatccgctggactcggcctcccaaagtgctggaat
promoter- tacaggcatgagccaccgcgcccagcccccttttttttttttttttttttttgag

acggagtttctcttttgttgcccaggctggagtgcaatggcatggtctcagctca



enhancer ctgcagcctctgcctccagagttcaagcaatcttcctgcctcagcctcccaagta
design gctgggattacaggcatgtgccaccacgcccagctaatttttagtagagacgagg

tttttcaccatgttggccaggctggttgtgaactactgacctcgggtgatccacc
cacctcggccttccaaagtgctgggattacaggtatgagccactgtgcccagcag
agaaagtggaatttctatgctggtgtaacatttgagattttcccatttagaaagt
cttcaggaagccgtcgagtcttgacacagaaaggatccagctcaggggaagccca
tccacaggagtgattcctgctttggatttaggtcctaggggtgagatcacatccc
tgctccatttctggagcagaaagggagctagtgcagcaaggactctgagtagacg
ggccttgggagtcactgaagccacttccctgttgacagaatgtgcacactgactt
tcatccgctcacaggagagtgagagtttgtgaatgctctctgtgaactggggagc
agatttttaatgagctctgcttagaaggagaggacacgttaagggatcacgctcc
cactggtttgcggttttggtcaggaatagagcacccaacgccccttcttatagac
ttctcccagccataggctttttgcagaccataatgaaagggagaaaggatatcca
atcgggatggtgatggcaggcatggcgaagtggacagggacaaagaagaggaaag
caagggacaccctttgttctttggtattcaacacatgaacaaaacttgttaacga
atcgtagactgggtaacaacagggctggtgagggaggacgatgtgggtggctgtg
gggaaactcttcccaagcatcccaggggtgggccaggaaggggagcagatggaca
tctacagggcacagagcagggagtggctattctctcctggaggggttgtgggtcc
agcaggctttcggatgaggccttggaaaggcaaggacagcttgccaactggaggg
caggcaaaacggctgagccaggccagacacggcagctcactggccaggggcatgg
cctaggggctctggtgccaaggctgaaggggaacaacttggccagccgctctgtg
gccggcatcgtcacgcggcctccaagagctccggctgccctgcactggttcccag
agactccctccttcccaggtccaaatggctgcaggagcgaagtgggcggaaaaaa
agcgaaccagcttgagaaagggcttgacgtgcctgcgtagggagggcgcatgtcc
ccgtgctccgtgtacgtggcggccgcaggggctAGAGGGGGGTCCCCCCCGCAGG
TACTCCACTCTCAGTCTGCAAAAGTGTACGCCCGCAGAGCCGCCCCAGGTGCCTG
GGTGTTGTGTGATTGACGCGGGGAAGGAGGGGTCAGCCGATCCCTCCCCAACCCT
CCATCCCATCCCTGAGGATTGGGCTGGTACCCGCGTCTCTCGGACAGgctagc

Synthetic gctagccataccttgaacgcctggacaaggaattctatgaggaggaggaacgggc
human 1.8 kb tgaggctgatgtgattcgacagaggctgaaggaagaaaaggagcaggagcctgag
eno2 (pNSE) ccccagcgtgacctggaacccgaacagtcattgatctagcagcagttctagcctc
promoter- taaagatagtaaggaagcctgcagggaggcagtgggaggaggccaagggctgggc
enhancer aggtaggggaagaggcaagaggggaagctgctgcagaaggaggtgggagaggaaa
design gcatcagacaagcaggacccttaaagagaggagggttaggagtcagggagaggaa

aagggacccaaggggcctgggaccagctgagaaagacttaggaggccagaagagt
aagtgaaaagaattggggtggcaggcagaggagttggtggggggtggggcagcca
tacctgacacagagtgaagtcggctaggaaaggacaggtgtgggtgcatggtagg
ggctgcaggggaaagttggtggtgtatgcagctggacctaggagagaagcaggag
aggaagatccagcacaaaaaatctgaagctaaaaacaggacacagagatggggga
agaaaagagggcagagtgaggcaaaaagagactgaagagatgagggtggccgcca
ggcactttagataggggagaggctttatttacctctgtttgtttttttttttttt
ttttttttttttttgcgaggtagtcttgcttagtctccaggctggagtgcagtgg
cacaatctcagctcactgcaacttccacctcctgggttcaagcaattctcctgcc
tcagcctcccgagtagctgggactacaggcgcatgcaaccgcgcctggctaattt
ttgtatttttagtagaaacggggtttcaccacgttagccaggatggtctggatct
cctgacctcgtgatctgcccgcctccgccttccaaagtgctgggattacaggggt
gagccacagcgcctggtccctatttacttctgtcttctacctccaggagatcaaa
gacgctggccttcagacctgatcagactcccaggggcagccaccacatgtatgac
agagaacagaggatgcctgtttttgccccaaagctggaaattcatcacaacctga
ggcccaggatctgctctgtgccggtcctctgggcagtgtggggtgcagaatgggg
tgcctaggcctgagcgttgcctggagcctaggccgggggccgccctcgggcaggc
gtgggtgagagccaagaccgcgtgggccgcggggtgctggtaggagtggttggag
agacttgcgaaggcggctggggtgttcggatttccaataaagaaacagagtgatg
ctcctgtgtctgaccgggtttgtgagacattgaggctgtcttgggcttcactggc
agtgtgggccttcgtacccgggctacaggggtgcggctctgcctgttactgtcga
gtgggtcgggccgtgggtatgagcgcttgtgtgcgctggggccaggtcgtgggtg
cccccacccttcccccatcctcctcccttccccactccaccctcgtcggtccccc
aACCCGCGCTCGTACGTGCGCCTCCGCCGGCAGCTCCTGACTCATCGGGGGCTCC
GGGTCACATGCGCCCGCGCGGCCCTATAGGCGCCTCCTCCGCCCGCCGCCCGGGA



GCCGCAGCCGCCGCCGCCACTGCCACTCCCGCTCTCTCAGCGCCGCCGTCGCCAC
CGCCACCGCCACCGCCACTACCACCGTCTGAGTCTGCAGTCCCGAGGGCTAGC

149 Synthetic aacaccctagggccttctgagcaatcctacccagtgtctcctcatatattgattt
mouse 1.8 kb ctttatgggcttcacacacacacacacacacacacacacacacacacacacacac
hsp90ab1 acacagaattaaggagaggctaacagacagtgcaggatgggatgataacagacga
promoter- agtagacagaggcaaggagaaagcaactactgtttaacaatgaatgcacattaga
enhancer cagactgcaggcaagcaccgggaacaaaggtgtgggcggtggtgtggggacacaa
design - gccagcatgagctaagatagcagagcactgagtgcccatcctctactggagggct

without catcagtccaacaagcttccagatgcagccttggaaaaaggcaaggctagattgc

flanking cagctgaaggacatggcaggccacctttagaacagaggcactggcacaacttggt

restriction sites tttctggctcctggaactgggccaacctgtgaccagcaccttcatgcggatgcct
agaactccagcttctctgaaaagactgggacctgctcctctctaggtccaaagag
ctgcatgcagtagggaagaggctagagaagcgaaaccagcttgagaaacagcttg
tgctcacatagggagggcgcacgtacccgcgcgctgtgtacgtgggagaccgggg
aggctgaggggtggggagtgttctacccagtagcgcaagctgctagctcggttct
ctgttcactagaaggtgtccgcagtcactcacccccacagcccccgtgccctgtg
accgatccaggtcagctatccctccctctgcgctccactcccccactgttatgtg
ggcctcttagggccacgcgtggagggtcgttcaaccctggcccacggtaggcaga
cttggggaaaatttcttcccagggtaagatcaaggtaggggaaaaaaaaaaaaaa
aaaaagccacccagccaagcggcgacgaagacactgcccccgccgcagcagggga
ggtggagcctaggggggaggggtggagaccgccgagacaggcctagaaactgctg
gaagaaatcgcagcaccaccgctgctgatccttccgccgcaggccgccaaagagt
ccctaccagcccaggcccgtgcccctcccctcggggaaagcggctcccagcctga
agctgtgctgtacccgggagggtggggatgggggaatcgggggcctccttaaagt
tggacaaggaatttatcatccttttctcttgatgtgcgatttgtagggaacattc
tagtaagatcgggtctggaaatggcagccgagttggccacctccattctctttca
gtcccctgagttctggactcttggggggtgggggggtggaagcgcctaccttgag
ttttctgaggcagtccgtagggtattcgcccgcagatacatccctaattgcatat
gcatgctccctgctcatcttgaggggggacatgtcctactcctgcagaaatgggg
gatgtgcaaaacgatattgaattggccttgactcaggaaccaggcccggggtccc
gctcctccccgccccctccacgatctgctaccatgacgtcaaggtgggcgggcgg
cggcaggtgcgtggcccgcagccactcctttaaggcggagggatccaagggcggg
gcccgggctgtgcttcgccttatatagggcggtcgggggcgttcgggagctCTCT
TGAGTCACCCCCGCGCAGCCTAGGCTTGCCGTGCGAGTCGGACTTGGTCCGGGCC
CACCACCCTGCTCTGTACTACTACTCGGCTTTCCCGTCAAG

150 Synthetic ctgcttcagcctcccaagtagcggggactataggcgcgctaccacgcccggctaa
human 1.8 kb tttttgtatttttagtagagacaaggtttcaccagagtggccaggctggtcttga
hsp90ab1 actcctgacctggtgatccgctggactcggcctcccaaagtgctggaattacagg
promoter- catgagccaccgcgcccagcccccttttttttttttttttttttttgagacggag
enhancer tttctcttttgttgcccaggctggagtgcaatggcatggtctcagctcactgcag
design - cctctgcctccagagttcaagcaatcttcctgcctcagcctcccaagtagctggg
without attacaggcatgtgccaccacgcccagctaatttttagtagagacgaggtttttc

flanking accatgttggccaggctggttgtgaactactgacctcgggtgatccacccacctc

restriction sites ggccttccaaagtgctgggattacaggtatgagccactgtgcccagcagagaaag
tggaatttctatgctggtgtaacatttgagattttcccatttagaaagtcttcag
gaagccgtcgagtcttgacacagaaaggatccagctcaggggaagcccatccaca
ggagtgattcctgctttggatttaggtcctaggggtgagatcacatccctgctcc
atttctggagcagaaagggagctagtgcagcaaggactctgagtagacgggcctt
gggagtcactgaagccacttccctgttgacagaatgtgcacactgactttcatcc
gctcacaggagagtgagagtttgtgaatgctctctgtgaactggggagcagattt
ttaatgagctctgcttagaaggagaggacacgttaagggatcacgctcccactgg
tttgcggttttggtcaggaatagagcacccaacgccccttcttatagacttctcc
cagccataggctttttgcagaccataatgaaagggagaaaggatatccaatcggg
atggtgatggcaggcatggcgaagtggacagggacaaagaagaggaaagcaaggg
acaccctttgttctttggtattcaacacatgaacaaaacttgttaacgaatcgta
gactgggtaacaacagggctggtgagggaggacgatgtgggtggctgtggggaaa
ctcttcccaagcatcccaggggtgggccaggaaggggagcagatggacatctaca
gggcacagagcagggagtggctattctctcctggaggggttgtgggtccagcagg
ctttcggatgaggccttggaaaggcaaggacagcttgccaactggagggcaggca



aaacggctgagccaggccagacacggcagctcactggccaggggcatggcctagg
ggctctggtgccaaggctgaaggggaacaacttggccagccgctctgtggccggc
atcgtcacgcggcctccaagagctccggctgccctgcactggttcccagagactc
cctccttcccaggtccaaatggctgcaggagcgaagtgggcggaaaaaaagcgaa
ccagcttgagaaagggcttgacgtgcctgcgtagggagggcgcatgtccccgtgc
tccgtgtacgtggcggccgcaggggctAGAGGGGGGTCCCCCCCGCAGGTACTCC
ACTCTCAGTCTGCAAAAGTGTACGCCCGCAGAGCCGCCCCAGGTGCCTGGGTGTT
GTGTGATTGACGCGGGGAAGGAGGGGTCAGCCGATCCCTCCCCAACCCTCCATCC
CATCCCTGAGGATTGGGCTGGTACCCGCGTCTCTCGGACAG

15 1 Synthetic cataccttgaacgcctggacaaggaattctatgaggaggaggaacgggctgaggc
human 1.8 kb tgatgtgattcgacagaggctgaaggaagaaaaggagcaggagcctgagccccag
eno2 (pNSE) cgtgacctggaacccgaacagtcattgatctagcagcagttctagcctctaaaga
promoter- tagtaaggaagcctgcagggaggcagtgggaggaggccaagggctgggcaggtag
enhancer gggaagaggcaagaggggaagctgctgcagaaggaggtgggagaggaaagcatca
design - gacaagcaggacccttaaagagaggagggttaggagtcagggagaggaaaaggga
without cccaaggggcctgggaccagctgagaaagacttaggaggccagaagagtaagtga

flanking aaagaattggggtggcaggcagaggagttggtggggggtggggcagccatacctg

restriction sites acacagagtgaagtcggctaggaaaggacaggtgtgggtgcatggtaggggctgc
aggggaaagttggtggtgtatgcagctggacctaggagagaagcaggagaggaag
atccagcacaaaaaatctgaagctaaaaacaggacacagagatgggggaagaaaa
gagggcagagtgaggcaaaaagagactgaagagatgagggtggccgccaggcact
ttagataggggagaggctttatttacctctgtttgtttttttttttttttttttt
ttttttttgcgaggtagtcttgcttagtctccaggctggagtgcagtggcacaat
ctcagctcactgcaacttccacctcctgggttcaagcaattctcctgcctcagcc
tcccgagtagctgggactacaggcgcatgcaaccgcgcctggctaatttttgtat
ttttagtagaaacggggtttcaccacgttagccaggatggtctggatctcctgac
ctcgtgatctgcccgcctccgccttccaaagtgctgggattacaggggtgagcca
cagcgcctggtccctatttacttctgtcttctacctccaggagatcaaagacgct
ggccttcagacctgatcagactcccaggggcagccaccacatgtatgacagagaa
cagaggatgcctgtttttgccccaaagctggaaattcatcacaacctgaggccca
ggatctgctctgtgccggtcctctgggcagtgtggggtgcagaatggggtgccta
ggcctgagcgttgcctggagcctaggccgggggccgccctcgggcaggcgtgggt
gagagccaagaccgcgtgggccgcggggtgctggtaggagtggttggagagactt
gcgaaggcggctggggtgttcggatttccaataaagaaacagagtgatgctcctg
tgtctgaccgggtttgtgagacattgaggctgtcttgggcttcactggcagtgtg
ggccttcgtacccgggctacaggggtgcggctctgcctgttactgtcgagtgggt
cgggccgtgggtatgagcgcttgtgtgcgctggggccaggtcgtgggtgccccca
cccttcccccatcctcctcccttccccactccaccctcgtcggtcccccaACCCG
CGCTCGTACGTGCGCCTCCGCCGGCAGCTCCTGACTCATCGGGGGCTCCGGGTCA
CATGCGCCCGCGCGGCCCTATAGGCGCCTCCTCCGCCCGCCGCCCGGGAGCCGCA
GCCGCCGCCGCCACTGCCACTCCCGCTCTCTCAGCGCCGCCGTCGCCACCGCCAC
CGCCACCGCCACTACCACCGTCTGAGTCTGCAGTCCCGAGG

152 Synthetic rat gctagcctcctctgctcgcccaatccttccaaccccctatggtggtatggctgac
1.8 kb eno2 acagaaaatgtctgctcctgtatgggacatttgcccctcttctccaaatataaga
(pNSE) caggatgaggcctagcttttgctgctccaaagttttaaaagaacacattgcacgg
promoter- catttagggactctaaagggtggaggaggaatgagggaattgcatcatgccaagg
enhancer ctggtcctcatccatcactgcttccagggcccagagtggcttccaggaggtattc
design ttacaaaggaagcccgatctgtagctaacactcagagcccattttcctgcgttaa

cccctcccgacctcatatacaggagtaacatgatcagtgacctgggggagctggc
caaactgcgggacctgcccaagctgagggccttggtgctgctggacaacccctgt
gccgatgagactgactaccgccaggaggccctggtgcagatggcacacctagagc
gcctagacaaagagtactatgaggacgaggaccgggcagaagctgaggagatccg
acagaggctgaaggaggaacaggagcaagaactcgacccggaccaagacatggaa
ccgtacctcccgccaacttagtggcacctctagcctgcagggacagtaaaggtga
tggcaggaaggcagcccccggaggtcaaaggctgggcacgcgggaggagaggcca
gagtcagaggctgcgggtatctcagatatgaaggaaagatgagagaggctcagga
agaggtaagaaaagacacaagagaccagagaagggagaagaattagagagggagg
cagaggaccgctgtctctacagacatagctggtagagactgggaggaagggatga
accctgagcgcatgaagggaaggaggtggctggtggtatatggaggatgtagctg



ggccagggaaaagatcctgcactaaaaatctgaagctaaaaataacaggacacgg
ggtggagaggcgaaaggagggcagagtgaggcagagagactgagaggcctgggga
tgtgggcattccggtagggcacacagttcacttgtcttctctttttccaggaggc
caaagatgctgacctcaagaactcataataccccagtggggaccaccgcattcat
agccctgttacaagaagtgggagatgttcctttttgtcccagactggaaatccgt
tacatcccgaggctcaggttctgtggtggtcatctctgtgtggcttgttctgtgg
gcctacctaaagtcctaagcacagctctcaagcagatccgaggcgactaagatgc
tagtaggggttgtctggagagaagagccgaggaggtgggctgtgatggatcagtt
cagctttcaaataaaaaggcgtttttatattctgtgtcgagttcgtgaacccctg
tggtgggcttctccatctgtctgggttagtacctgccactatactggaataaggg
gacgcctgcttccctcgagttggctggacaaggttatgagcatccgtgtacttat
ggggttgccagcttggtcctggatcgcccgggcccttcccccacccgttcggttc
cccaccaccacccgcgctcgtacgtgcgtctccgcctgcagctcttgactcatcg
gggccccccgggtcacatgcgctcgctcggctctataggcgccgccccctgccca
cCCCCCGCCCGCGCTGGGAGCCGCAGCCGCCGCCACTCCTGCTCTCTCTGCGCCG
CCGCCGTCACCACCGCCACCGCCACCGGCTGAGTCTGCAGTCgctagc

Synthetic rat ctcctctgctcgcccaatccttccaaccccctatggtggtatggctgacacagaa
1.8 kb eno2 aatgtctgctcctgtatgggacatttgcccctcttctccaaatataagacaggat
(pNSE) gaggcctagcttttgctgctccaaagttttaaaagaacacattgcacggcattta
promoter- gggactctaaagggtggaggaggaatgagggaattgcatcatgccaaggctggtc
enhancer ctcatccatcactgcttccagggcccagagtggcttccaggaggtattcttacaa
design-without aggaagcccgatctgtagctaacactcagagcccattttcctgcgttaacccctc

flanking ccgacctcatatacaggagtaacatgatcagtgacctgggggagctggccaaact

restriction sites gcgggacctgcccaagctgagggccttggtgctgctggacaacccctgtgccgat
gagactgactaccgccaggaggccctggtgcagatggcacacctagagcgcctag
acaaagagtactatgaggacgaggaccgggcagaagctgaggagatccgacagag
gctgaaggaggaacaggagcaagaactcgacccggaccaagacatggaaccgtac
ctcccgccaacttagtggcacctctagcctgcagggacagtaaaggtgatggcag
gaaggcagcccccggaggtcaaaggctgggcacgcgggaggagaggccagagtca
gaggctgcgggtatctcagatatgaaggaaagatgagagaggctcaggaagaggt
aagaaaagacacaagagaccagagaagggagaagaattagagagggaggcagagg
accgctgtctctacagacatagctggtagagactgggaggaagggatgaaccctg
agcgcatgaagggaaggaggtggctggtggtatatggaggatgtagctgggccag
ggaaaagatcctgcactaaaaatctgaagctaaaaataacaggacacggggtgga
gaggcgaaaggagggcagagtgaggcagagagactgagaggcctggggatgtggg
cattccggtagggcacacagttcacttgtcttctctttttccaggaggccaaaga
tgctgacctcaagaactcataataccccagtggggaccaccgcattcatagccct
gttacaagaagtgggagatgttcctttttgtcccagactggaaatccgttacatc
ccgaggctcaggttctgtggtggtcatctctgtgtggcttgttctgtgggcctac
ctaaagtcctaagcacagctctcaagcagatccgaggcgactaagatgctagtag
gggttgtctggagagaagagccgaggaggtgggctgtgatggatcagttcagctt
tcaaataaaaaggcgtttttatattctgtgtcgagttcgtgaacccctgtggtgg
gcttctccatctgtctgggttagtacctgccactatactggaataaggggacgcc
tgcttccctcgagttggctggacaaggttatgagcatccgtgtacttatggggtt
gccagcttggtcctggatcgcccgggcccttcccccacccgttcggttccccacc
accacccgcgctcgtacgtgcgtctccgcctgcagctcttgactcatcggggccc
cccgggtcacatgcgctcgctcggctctataggcgccgccccctgcccacCCCCC
GCCCGCGCTGGGAGCCGCAGCCGCCGCCACTCCTGCTCTCTCTGCGCCGCCGCCG
TCACCACCGCCACCGCCACCGGCTGAGTCTGCAGTC
Ggaggggagagtgcaggctcatggcaggcctcaggagacctgtgttccttacagg
gtctgtttgctctctcactctttctccctttttcccctctgctctgtctcctccc
ctttgcctgctctgtcactgttgtcactgtccctgaccccttttctcttttctgt
cttctttgactgtctttccctgcctctcaatcatccgtcctcctcctcctcctcg
attgctccccacccttcggtttccaagcttataaactgcttctgctgctggataa
aaatagcggtggcagcggccaggctggca
tgccagacttcctggagaacaacgggcctatgtgtcctcatgttggcgttggacc
tccccgttcttcagccatactgtggtctgaggaagggtgtgttggtatgggatgt
gagactccctcggtggagggggcgct gatgetccagctcaggactgactggaact



gagaggaacactctggtcctaagtgccccttgtccccagccctgggagacagaag
cttttgccccgccccatctcccaagccccctcccccaaggctgcatgttctctca
tcctctaccagctgatggctacaggggtgg

156 gatccacctgcctctgcttcctgagtgctgggatttaaaggtgtatacaaccata
gcctgggttgttttcaattctttttcttcttcttctttttttttttttaaaatta
atgtgcattggtgtttttgcttacatatatgtctgtgtcagagcatctgaccctc
tgggactggagttaaagacagttgtgagctgccacgtggctcctgggaattgaac
ccaggtttcctggaagagcagccaatgctcttaaccactgagccatccctccctc
cattccccagttgcttgttatcaatccttactaaggt

157 tggaagagcagatagtgctcttaacctctgggctggccttgaactcagaaatcct
cctgcctctacctcccgagtgctgggattaaaggcgtgcgccaccactgcctggc
ccctgagctttacttgagcatactaagtgcatagaacctccagcccacttgggcc
cttaacaacccaaggatgaacctgggtggcctaaggaaacagacaggcttaggac
ccatggagtcagggtagtacacagctctgctctcagaagattaaaaaagaaaaaa
aaaaaaaagccaggtgactcccagtgacctagaaaggaagcccttcaggaaggga
ggagtgtgggcacagaaagcagccctgcaggctggggctgggttataaaaggctg
cgggtgccatgctgagctctatcctgaagagtgggaaaggcccctagagacagcc
ttaaaaccccctagg

158 ggatgagaagttcaaggtcaaaccaggcactggaggcacatgcctttaatcccag
catttgggagactaaggcaggctgatttctgagttcaaggccagcctggtctata
aagttccaggacacagagaaaccctgcaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaagaaagaaataccataaaaactaatattcattattaaacgttcgtgtgt
gcgtatttcctggaggagctggagttacagtggctgtgagctggcagaggtgccc
gggtggaacttcggccctcaagaccagttagtgctggaccttctctctaaccccc
aggccttttataaaaaggaatcttatcatcttatcacccgggtgtgaaggtgcgc
cttcaatcccagcactctggaggtagtgacacacctactccaacaaggccatact
tcctaatagtgccac

159 ccacctccattctctttcagtcccctgagttctggactcttggggggtggggggg
tggaagcgcctaccttgagttttctgaggcagtccgtagggtattcgcccgcaga
tacatccctaattgcatatgcatgctccctgctcatcttgaggggggacatgtcc
tactcctgcagaaatgggggatgtgcaaaacgatattgaattggccttgactcag
gaaccaggcccggggtcccgctcctccccgccccctccacgatctgctaccatga
cgtcaaggtgggcgggcg

160 ctaattgcatatgcatgctccctgctcatcttgaggggggacatgtcctactcct
gcagaaatgggggatgtgcaaaacgatattgaattggccttgactcaggaaccag
gcccggggtcccgctcctccccgccccctccacgatctgctaccatgacgtcaag
gtgggcgggcggcggcaggtgcgtggcccgcagccactcctttaaggcggaggga
tccaagggcggggcccgggctgtgcttcgccttatatagggcggtcgggggcgt

Table 1 1 : Peptide and Nucleic Acid Sequences.



Claims:

1. An isolated nucleic acid encoding a polypeptide, the polypeptide comprising a zinc

finger peptide having from 8 to 32 zinc finger domains and wherein the zinc finger peptide

comprising the sequence:

N'- [(Formula 4) - L3]n0
- {[(Formula 6) - L2 - (Formula 6) - L3]n - [(Formula 6) -

2 - (Formula 6) - XL]}N2 - [(Formula 4) - L2 - (Formula 6) - L3]N3 - [(Formula 6) - L2 -

(Formula 6)] - [L3 - (Formula 6) - ]
n4

- ,

wherein nO is 0 or 1, n 1 is from 1 to 4 , n2 is 1 or 2 , n3 is from 1 to 4 , n4 is 0 or 1,

2 is the linker sequence -TGE/Q
K/RP- (SEQ ID NO: 7), L3 is the linker sequence

-TG G/S
E/ QK/RP- (SEQ ID NO: 8), and XL is a linker sequence of between 8 and 50 amino

acids;

Formula 4 is a zinc finger domain of the sequence X2 C X
2,

C X5 X 1 X+ X+2 X+3

X+4 X+5 X+6 H X3 ,5 /c and Formula 6 is a zinc finger domain of the sequence X2 C X2 C X5

X 1 X+ X+2 X+3 X+4 X+5 X+6 H X3 H , 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 wherein at least 8 adjacent zinc finger domains have a recognition sequence

X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NO: 1.

2 . The nucleic acid according to Claim 1 , wherein the sequence of SEQ ID NO: 1 is

selected from SEQ ID Nos: 2 to 5 .

3 . The nucleic acid according to Claim 1 or Claim 2 , wherein the sequence of SEQ

ID NO: 1 is selected from the group consisting of SEQ ID NOs: 2 and 5 ; or from the group

consisting of SEQ ID NOs: 3 and 4 .

4 . The nucleic acid according to any of Claims 1 to 3 , wherein L3 is selected from the

group consisting of -TGSERP- (SEQ ID NO: 10) and -TGSQKP- (SEQ ID NO: 16).

5 . The nucleic acid according to any of Claims 1 to 4 , wherein L2 is selected from the

group consisting of -TGEKP- (SEQ ID NO: 6) and -TGQKP- (SEQ ID NO: 65).

6 . The nucleic acid according to any of Claims 1 to 5 , wherein the all of the zinc

finger domains are defined according to Formula 6 .



7 . The nucleic acid according to any of Claims 1 to 6 , wherein the zinc finger peptide

has from 10 to 18 zinc finger domains and all of the zinc finger domains of the zinc finger

peptide have a recognition sequence X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NO:

1.

8 . The nucleic acid according to any of Claims 1 to 7 , wherein the zinc finger peptide

has 10, 11 , 12 or 18 zinc finger domains and all of the zinc finger domains of the zinc

finger peptide have a recognition sequence X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ

ID NOs: 2 to 5 .

9 . The nucleic acid according to Claim 8 , wherein L2 is -TGEKP- (SEQ ID NO: 6); L3

is selected from the group consisting of -TGSERP- (SEQ ID NO: 10) and -TGSQKP-

(SEQ ID NO: 16); and SEQ ID NO: 1 is selected from the group consisting of SEQ ID

NOs: 3 and 4 , or from the group consisting of SEQ ID NOs: 2 and 5 .

10. The nucleic acid according to Claim 9 , wherein XL is selected from the group

consisting of SEQ ID NOs: 21, 22, 23 and 24.

11. The nucleic acid according to any of Claims 1 to 10, wherein the polypeptide

comprises the human KRAB repressor domain from Kox-1 according to SEQ ID NO: 39,

or the mouse KRAB repressor domain from ZF87 according to SEQ ID NO: 40.

12. The nucleic acid according to Claim 11, wherein the sequence of SEQ ID NO: 39,

or SEQ ID NO: 40 is attached to the C-terminus of the zinc finger peptide by the linker

sequence of SEQ ID NO: 42 or SEQ ID NO: 43.

13. The nucleic acid according to any of Claims 1 to 12, wherein the polypeptide

comprises the nuclear localisation signal sequence of SEQ ID NO: 37 or SEQ ID NO: 38.

14. The nucleic acid according to any of Claims 1 to 13, wherein the zinc finger

peptide has a sequence selected from the group consisting of SEQ ID NOs: 29, 31, 33

and 35.



15. The nucleic acid according to any of Claims 1 to 13, wherein the polypeptide

comprises a sequence selected from the group consisting of SEQ ID NOs: 49 to 56 and

59, 6 1 and 63.

16. An isolated nucleic acid transcription promoter construct comprising about 1.6 to

about 1.7 kb upstream and about 100 bp to about 200 bp downstream of the transcription

start site of the Hsp90ab1 gene.

17. The nucleic acid of Claims 16, comprising at least a portion of exon 1 of the

Hsp90ab1 gene, and a portion of the sequence upstream of the transcription start site of

the Hsp90ab1 gene, wherein the exon and upstream sequence together are about 1.8 kb

long.

18. The nucleic acid of Claim 16 or Claim 17, comprising a sequence selected from

SEQ ID NO: 146, SEQ ID NO:147, SEQ ID NO:149 and SEQ ID NO:150.

19. An isolated nucleic acid transcription promoter construct comprising about 1.6 to

about 1.7 kb upstream and about 100 bp to about 200 bp downstream of the transcription

start site of the enolase gene.

20. The nucleic acid of Claim 19, comprising at least a portion of exon 1 of the

enolase gene, and a portion of the sequence upstream of the transcription start site of the

enolase gene, wherein the exon and upstream sequence together are about 1.8 kb long.

2 1. The nucleic acid of Claims 19 or 20, comprising a sequence selected from SEQ ID

NO:148, SEQ ID NO:151 , 152 or 153.

22. The nucleic acid of any of Claims 16 to 21, which is a promoter sequence for

sustained constitutive expression of a nucleic acid for a period of at least 3 weeks, at least

6 weeks, at least 12 weeks or at least 24 weeks.

23. The nucleic acid of any of Claims 16 to 22, wherein restriction sites for cloning of

the construct into a vector are provided and wherein any cryptic restriction sites in the

contruct are mutated.



24. A nucleic acid expression construct comprising the nucleic acid of any of Claims 1

to 15 and/or any of Claims 16 to 23.

25. A vector comprising the nucleic acid of any of Claims 1 to 24.

26. The vector according to Claim 25, which is a viral vector derived from retroviruses,

such as influenza, SIV, HIV, lentivirus, and Moloney murine leukaemia; adenoviruses;

adeno-associated viruses (AAV); herpes simplex virus (HSV); and chimeric viruses.

27. An adeno-associated virus (AAV) vector comprising the nucleic acid of any of

Claims 1 to 24.

28. An AAV2/1 subtype adeno-associated virus (AAV) vector comprising the nucleic

acid of Claims 20 to 22 or 24.

29. An AAV2/9 subtype adeno-associated virus (AAV) vector comprising the nucleic

acid of Claims 16 to 19 or 24.

30. An adeno-associated virus (AAV) vector comprising an nucleic acid expression

construct capable of expressing a polypeptide, the polypeptide comprising a zinc finger

peptide having from 8 to 32 zinc finger domains and wherein the zinc finger peptide

comprising the sequence:

N'- [(Formula 4) - L3]n0
- {[(Formula 6) - L2 - (Formula 6) - L3]ni - [(Formula 6) -

2 - (Formula 6) - XL]}n2
- [(Formula 4) - L2 - (Formula 6) - L3]n3

- [(Formula 6) - L2 -

(Formula 6)] - [L3 - (Formula 6) - ]
n4

- ,

wherein nO is 0 or 1, n 1 is from 1 to 4 , n2 is 1 or 2 , n3 is from 1 to 4 , n4 is 0 or 1,

2 is the linker sequence -TG E/Q
K/RP- (SEQ ID NO: 7), L3 is the linker sequence

-TG G/S
E/ QK/RP- (SEQ ID NO: 8), and XL is a linker sequence of between 8 and 50 amino

acids;

Formula 4 is a zinc finger domain of the sequence X2 C X
2,

C X5 X 1 X+ X+2 X+3

X+4 X+5 X+6 H X3 ,5 /c and Formula 6 is a zinc finger domain of the sequence X2 C X2 C X5

X 1 X+ X+2 X+3 X+4 X+5 X+6 H X3 H , 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 wherein at least 8 adjacent zinc finger domains have a recognition sequence

X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NO: 1.

3 1. The adeno-associated virus (AAV) vector according to Claim 30, wherein the zinc

finger peptide has 10, 11 , 12 or 18 zinc finger domains each of which has a recognition

sequence X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NOs: 2 to 5 ; and wherein the

polypeptide comprises the human KRAB repressor domain from Kox-1 according to SEQ

ID NO: 39, or the mouse KRAB repressor domain from ZF87 according to SEQ ID NO: 40

arranged C-terminal to the zinc finger peptide.

32. The adeno-associated virus (AAV) vector according to Claim 30 or Claim 3 1 ,

wherein the zinc finger peptide has a sequence selected from the group consisting of

SEQ ID Nos: 29, 3 1 , 33 and 35.

33. The adeno-associated virus (AAV) according to any of Claims 30 to 32, wherein

the polypeptide comprises a sequence selected from the group consisting of SEQ ID

NOs: 49 to 56 and 59, 6 1 and 63.

34. A gene therapy method comprising administering to a person in need thereof an

adeno-associated virus (AAV) vector according to any of Claims 30 to 33.

35. A method of treating a polyglutamine disease in an individual in need thereof, the

method comprising administering to the individual an adeno-associated virus (AAV) vector

according to any of Claims 30 to 33.

36. The method according to Claim 35, wherein the polyglutamine disease is selected

from the group consisting of Huntington's disease (HD), Spinal and bulbar muscular

atrophy (SBMA), Dentatorubropallidoluysian atrophy (DRPLA), Spinocerebellar ataxia

Type 1 (SCA1), Spinocerebellar ataxia Type 2 (SCA2), Spinocerebellar ataxia Type 3 or

Machado-Joseph disease (SCA3), Spinocerebellar ataxia Type 7 (SCA7), Spinocerebellar

ataxia Type 6 (SCA6) and Spinocerebellar ataxia Type 17 (SCA17).



37. The method according to Claim 35 or Claim 36, wherein the polyglutamine

disease is Huntington's disease (HD).

38. A polypeptide comprising a zinc finger peptide, the zinc finger peptide having from

8 to 32 zinc finger domains and wherein the zinc finger peptide comprising the sequence:

N'- [(Formula 4) - L3]n0
- {[(Formula 6) - L2 - (Formula 6) - L3]ni - [(Formula 6) -

2 - (Formula 6) - XL]}N2 - [(Formula 4) - L2 - (Formula 6) - L3]N3 - [(Formula 6) - L2 -

(Formula 6)] - [L3 - (Formula 6) - ]
n4

- ,

wherein nO is 0 or 1, n 1 is from 1 to 4 , n2 is 1 or 2 , n3 is from 1 to 4 , n4 is 0 or 1,

2 is the linker sequence -TG E/Q
K/RP- (SEQ ID NO: 7), L3 is the linker sequence

-TG G/S
E/ QK/RP- (SEQ ID NO: 8), and XL is a linker sequence of between 8 and 50 amino

acids;

Formula 4 is a zinc finger domain of the sequence X2 C X
2,4

C X5 X 1 X+ X+2 X+3

X+4 X+5 X+6 H X3,4,5 /c and Formula 6 is a zinc finger domain of the sequence X2 C X2 C X5

X 1 X+ X+2 X+3 X+4 X+5 X+6 H X3 H , 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 wherein at least 8 adjacent zinc finger domains have a recognition sequence

X 1 X+ X+2 X+3 X+4 X+5 X+6 according to SEQ ID NO: 1.

39. The polypeptide according to Claim 38, wherein the sequence of SEQ ID NO: 1 is

selected from SEQ ID NOs: 2 to 5 .

40. The polypeptide according to Claim 38 or Claim 39, wherein the sequence of SEQ

ID NO: 1 is selected from the group consisting of SEQ ID NOs: 2 and 5 ; or from the group

consisting of SEQ ID NOs: 3 and 4 .

4 1. The polypeptide according to any of Claims 38 to 40, wherein L3 is selected from

the group consisting of-TGSERP- (SEQ ID NO: 10) and -TGSQKP- (SEQ ID NO: 16).

42. The polypeptide according to any of Claims 38 to 4 1, wherein L2 is selected from

the group consisting of-TGEKP- (SEQ ID NO: 6) and -TGQKP- (SEQ ID NO: 65).



43. The polypeptide according to any of Claims 38 to 42, wherein all of the zinc finger

domains are defined according to Formula 6 .

44. The polypeptide according to any of Claims 38 to 43, wherein the zinc finger

peptide has 10, 11, 12 or 18 zinc finger domains and all of the zinc finger domains of the

zinc finger peptide have a recognition sequence X 1 X+ X+2 X+3 X+4 X+5 X+6 according to

SEQ ID NOs: 2 to 5 .

45. The polypeptide according to Claim 44, wherein L2 is -TGEKP- (SEQ ID NO: 6);

L3 is selected from the group consisting of -TGSERP- (SEQ ID NO: 10) and -TGSQKP-

(SEQ ID NO: 16); and SEQ ID NO: 1 is selected from the group consisting of SEQ ID

Nos: 3 and 4 or from the group consisting of SEQ ID NOs: 2 and 5 .

46. The polypeptide according to Claim 45, wherein XL is selected from the group

consisting of SEQ ID NOs: 21, 22, 23 and 24.

47. The polypeptide according to any of Claims 48 to 46, wherein the polypeptide

comprises the human KRAB repressor domain from Kox-1 according to SEQ ID NO: 39,

or the mouse KRAB repressor domain from ZF87 according to SEQ ID NO: 40, and

wherein the KRAB repressor domain is attached to the C-terminus of the zinc finger

peptide.

48. The polypeptide according to any of Claims 38 to 47, wherein the polypeptide

comprises the nuclear localisation signal sequence of SEQ ID NO: 37 or SEQ ID NO: 38.

49. The polypeptide according to any of Claims 38 to 48, wherein the zinc finger

peptide comprises a sequence selected from the group consisting of SEQ ID Nos: 29, 3 1,

33 and 35.

50. The polypeptide according to any of Claims 38 to 49, wherein the polypeptide

comprises a sequence selected from the group consisting of SEQ ID NOs: 49 to 56 and

59, 6 1 and 63.



5 1. The polypeptide of any of Claims 38 to 48 which comprises a peptide sequence

having at least 95% identity to a peptide sequence selected from any of SEQ ID NOs: 29,

31, 33, 35, 49, 50, 5 1 , 52, 53, 54, 55, 56, 59, 6 1 and 63.

52. The polypeptide according to any of Claims 38 to 5 1 , wherein the zinc finger

peptide binds double-stranded trinucleotide repeat nucleic acid sequences comprising

CAG-repeat, CTG-repeat, and/or CAGCTG-repeat sequences containing at least 22

triplet repeats.

53. The polypeptide according to Claim 52, 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.

54. The polypeptide according to amy of Claims 38 to 53, which comprises 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.

55. A method of treating a polyglutamine disease in an individual in need thereof, the

method comprising administering to the individual a polypeptide according to any of

Claims 38 to 54.

56. A gene therapy method comprising administering to a person in need thereof or to

cells of the person a nucleic acid encoding a polypeptide according to any of Claims 38 to

54, and causing the polypeptide to be expressed in cells of the person.

57. The gene therapy method of Claim 56, wheren the nucleic acid further comprises

the nucleic acid of Claims 16 to 22.

58. The gene therapy method according to Claim 56 or 57, which is for treating a

polyglutamine disease or condition selected from the group consisting of Huntington's

disease (HD), Spinal and bulbar muscular atrophy (SBMA), Dentatorubropallidoluysian

atrophy (DRPLA), Spinocerebellar ataxia Type 1 (SCA1), Spinocerebellar ataxia Type 2

(SCA2), Spinocerebellar ataxia Type 3 or Machado-Joseph disease (SCA3),



Spinocerebellar ataxia Type 7 (SCA7), Spinocerebellar ataxia Type 6 (SCA6) and

Spinocerebellar ataxia Type 17 (SCA17).

59. A pharmaceutical composition comprising the polynucleotide of any of Claims 1 to

26, the vector of any of Claims 25 to 33, or the polypeptide of any of Claims 38 to 54.

60 A pharmaceutical composition comprising the vector of Claim 28 and the vector of

Claim 29.

6 1. The pharmaceutical composition of Claim 59 or Claim 60 for use in a method of

treating Huntington's Disease (HD).

62. The pharmaceutical composition of Claim 59 or Claim 60, for use in a method of

treating a polyglutamine disease wherein the use is in combination with one or more

additional therapeutic agent.

63. The pharmaceutical composition for use according to Claim 6 1 or Claim 62, or the

method according to any of Claims 55 to 58, which is in a combination therapy which

comprises the sequential, simultaneous or separate administration of an additional

therapeutic agent.

64. A gene therapy method comprising administering to a subject in need thereof or to

cells of the subject the vector of Claim 28 and/or the vector of Claim 29.

65. The gene therapy method of Claim 64, which comprises administering to the

subject in need thereof an AAV2/1 subtype adeno-associated virus (AAV) vector

according to Claim 28 in combination with an AAV2/9 subtype adeno-associated virus

(AAV) vector according to Claim 29, wherein the administering is simultaneous, separate

or sequential.

66. A method for treating a disease in a subject in need thereof, wherein the method

comprises administering to the subject an AAV2/1 subtype adeno-associated virus (AAV)

vector comprising the nucleic acid transcription promoter construct according to any of

Claims 19 to 21, in combination with an AAV2/9 subtype adeno-associated virus (AAV)



vector comprising the nucleic acid transcription promoter construct according to any of

Claims 16 to 18, wherein the administering is simultaneous, separate or sequential.

67. An AAV2/1 subtype adeno-associated virus (AAV) vector comprising the nucleic

acid transcription promoter construct of any of Claims 19 to 2 1 for use in a method of

treating a disease, wherein the method comprises administering the AAV2/1 vector in

combination with an AAV2/9 subtype adeno-associated virus (AAV) vector comprising the

nucleic acid promoter construct according to any of Claims 16 to 18; and wherein the

administration of the AAV2/1 and AAV2/9 vectors is performed simultaneously, separately

or sequentially.

68. An AAV2/9 subtype adeno-associated virus (AAV) vector comprising the nucleic

acid transcription promoter construct of any of Claims 16 to 18 for use in a method of

treating a disease, wherein the method comprises administering the AAV2/9 vector in

combination with an AAV2/1 subtype adeno-associated virus (AAV) vector comprising the

nucleic acid promoter construct according to any of Claims 19 to 2 1; and wherein the

administration of the AAV2/1 and AAV2/9 vectors is performed simultaneously, separately

or sequentially.

69. The method according to any of Claims 64 to 66 or vector for use according to

Claims 67 to 68, wherein the nucleic acid transcription promoter construct is operably

linked to a nucleic acid sequence according to any of Claims 1 to 15 for expression of the

peptide sequence encoded by the nucleic acid sequence.

70. The method according to any of Claims 64 to 66 or 69, or vector for use according

to any of Claims 67 to 69, for treating a polyglutamine disease or condition selected from

the group consisting of Huntington's disease (HD), Spinal and bulbar muscular atrophy

(SBMA), Dentatorubropallidoluysian atrophy (DRPLA), Spinocerebellar ataxia Type 1

(SCA1), Spinocerebellar ataxia Type 2 (SCA2), Spinocerebellar ataxia Type 3 or

Machado-Joseph disease (SCA3), Spinocerebellar ataxia Type 7 (SCA7), Spinocerebellar

ataxia Type 6 (SCA6) and Spinocerebellar ataxia Type 17 (SCA17).
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