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COMPOSITIONS AND METHODS FOR EPIGENETIC MODIFICATION OF
NUCLEIC ACID SEQUENCES IN VIVO

FIELD

The invention relates to the field of epigenetic modification of genomic DNA in
animal cells. In particular, methods and compositions for controlling methylation of

genomic DNA in mammalian cells.
BACKGROUND

Epigenetics concerns the transmission of information from a cell or multicellular
organism to its descendants without that information being encoded in the
nucleotide sequence of genes. One mechanism by which epigenetic information is
transmitted is via methylation of cytosine (C) bases in the genomic DNA of

multicellular organisms.

DNA methylation in multicellular organisms occurs mainly at CpG dinucleotides,
and has important regulatory functions in development and in the epigenetic
control of gene expression, including genomic imprinting, X chromosome
inactivation, the silencing of transposable elements, and possibly wider roles in
silencing of genes in development. Loss of DNA methylation can occur during
DNA replication by inactivation of the major maintenance methyltransferase
Dnmt1. In addition, there are a number of examples in mammals and plants where
demethylation occurs without replication of DNA, and hence is likely to be an

active enzymatic process.

Active demethylation of DNA is thought to occur in a variety of biological systems
in animals and plants, but the molecular mechanisms”are not yet understood. In
Arabidopsis, the DNA glycosylase Demeter has been shown to excise 5-
methylcytosine from DNA and to be required for the activation of the maternal

allele of Medea, an imprinted gene.
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In cancer, it is well documented that the majority of tumour cells display abnormal
DNA epigenetic imprints (Feinberg and Vogelstein, 1983). Studies have gone on
to show that tumour suppressor genes within cancer cells are silenced by DNA
methylation (Lyko and Brown, 2005). In gastric cancers, inactivation of the genes
CDKN2A, CDH1, hMLH1 and RUNX3 has been described as resulting from DNA
methylation in their respective promoters and it is believed that these and other
genes may be methylated in response to infection by Helicobacter pylori (Ushijima,
2007).

Cancer is the second leading cause of death in the United States. An estimated
10.1 million Americans are living with a previous diagnosis of cancer. In 2002,
1,240,046 people were diagnosed with cancer in the United States (information
from Centres for Disease Control and Prevention, 2004 and 2005, and National
Cancer Institute, 2005). By way of example, according to Cancer Research UK,
almost 44,100 cases of breast cancer are diagnosed in the UK each year (i.e. 16%
of all new cancer cases), and over 12,400 deaths result annually from this disease
in the UK. In the same period almost 7,000 new cases of pancreatic cancer are
diagnosed in the UK (3% of all new cases), and approximately the same number
of deaths resulf. An appreciation of why and how epigenetic changes are

regulated is critical to the understanding, detection and treatment of cancer.

Methylation and resultant gene silencing plays an important role in cancer
development and also in cancer progression. Reversal of the aberrant methylation
patterns induced in cancer cells represents a way in which types of cancers that
are poorly responsive to conventional chemotherapeutic treatments could be
targeted. In addition, epigenetic treatment factors that target DNA methylation
could also be used to treat advanced or inoperable cancers, or as a adjunct to

other conventional existing therapies.

Somatic cell nuclear transfer (SCNT) is used to generate animals for livestock
production (for cloning or for stem cell therapy), biomanufacturing of proteins and
for disease modelling (Wilmut et al, 2002). A major obstacle to the application of
SCNT in order to reprogramme somatic donor nuclei to a pluripotent state is the

inefficient demethylation of the donor genome by the recipient oocyte. It has been
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found that genomic patterns of DNA methylation are reprogrammed genome-wide
in early embryos and in primordial germ cells. The ability to manipulate in a
targeted fashion epigenetic reprogramming in vivo may thus have important

applications in regenerative medicine and in cancer therapy.

Several possible biochemical pathways for demethylation have been suggested,
but until recently none of these has been proved to operate in vivo. In vitro studies
in E. coli have shown that the cytidine deaminases Activation induceq cytiding, -
deaminase (Aid) and Apobec1 can deaminate 5-methylcytosine in DNA'i\_(MQ’rg'én
et al 2004). This deamination results in a thymine base opposite a guanine, which
may be repaired to a cytosine via endogenous DNA mismatch repair mechanisms,
leading to effective demethylation. In the event that mismatch repair does not,

occur the deamination can cause transition mutations.

The role of Aid in antibody gene diversification and somatic hypermutation (SMH),
via deamination of cytosines in specific regions of the immunoglobulin locus, has
been previously characterised (Neuberger et al. 2003). In the organism, Aid is
usually located in the cytoplasm where it is tightly regulated (Rada et al. 2002). It
is believed that Aid activity is moderated by interactions with other proteins in the
cell. Thus, it is generally thought that, in vivo, Aid is tightly controlled because an
‘unregulated’ deamination activity would be potentially hazardous to the cell since
it could result in an increased rate of mutation in the genome and/or activation of

epigenetically silenced genes.

It is apparent, therefore, that there is a need for novel compositions and methods
that provide for either global or directed demethylation of genomic DNA in animal
cells, optionally mammalian somatic cells, whilst maintaining the integrity of the

sequence of that DNA.
SUMMARY
In a first aspect, the invention provides an isolated polypeptide molecule capable

of initiating a demethylation of a methylated DNA sequence in a eukaryotic cell,

the molecule comprising at least a first domain that exhibits a cytidine deaminase



WO 2007/128982 PCT/GB2007/001304

activity and at least a second domain that confers a DNA binding activity. In a
specific embodiment the molecule of the invention, further comprises a nuclear
localisation signal, which may or may not be comprised within the first domain.
Suitably the first domain comprises the cytidine deaminase domain of an
Activation induced cytidine deaminase (Aid). In a specific embodiment, the first
domain comprises the AIdANES sequence set out in SEQ ID NO: 1. Alternatively,

the first domain comprises the cytidine deaminase domain of Apobec1.

In particular embodiments of the invention, the second domain comprises either a
non-sequence specific DNA binding domain, or a sequence specific DNA binding
domain. Where a sequence specific DNA binding domain is selected it may
comprise a domain selected from: a zinc finger domain; a leucine zipper domain; a
helix-turn-helix domain; a steroid receptor DNA binding domain; and a
homeodomain. Optionally, the sequence specific DNA binding domain is targeted
to a bind sequence present in the promoter region of one or more genes whose
expression is associated with a pluripotent phenotype. Suitably, the sequence
specific DNA binding domain is targeted to a bind sequence present in the
promoter region of one or more genes whose expression is associated with a

tumour suppression phenotype.

In a specific embodiment of the invention the cell is a mammalian cell, optionally a
human cell. In further embodiments of the invention the cell can be a pluripotent

cell, a somatic cell or a cancer cell.

A second aspect of the invention provides for an isolated nucleic acid molecule
that encodes a polypeptide molecule as described in any of the embodiments

mentioned above.

A third aspect of the invention provides for an expression vector for transfection of,
and expression within a eukaryotic cell of, a polypeptide molecule capable of
initiating a demethylation of a methylated DNA sequence in the cell, the vector
comprising a coding sequence that includes a first nucleic acid sequence that
encodes a polypeptide sequence that exhibits a cytidine deaminase activity, the

first sequence being linked to at least a second nucleic acid sequence that
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encodes a polypeptide sequence that confers a DNA binding activity, the first and

second nucleic acid sequences being operably linked to a promoter sequence.

A fourth aspect of the invention provides a nucleic acid vector for transfection of a
eukaryotic cell, the vector comprising a sequence that encodes a molecule that is
capable of initiating demethylation of methylated genomic DNA within the
mammalian cell, the vector comprising a first nucleic acid sequence that encodes
a polypeptide that exhibits a cytidine deaminase activity linked to a second nucleic
acid sequence that encodes a polypeptide sequence that exhibits a DNA binding
activity, the first, and second sequences being operably linked to a promoter

sequence.

In embodiments of the invention the vectors further comprise one or more
selection marker sequences and/or reporter gene sequences. In a specific
embodiment of the invention, the first and second nucleic acid sequences are
separated by one or more intervening sequences. Optionally, the promoter
sequence is selected from either a constitutive promoter or an inducible promoter.
In an embodiment of the invention, the inducible promoter is selected from: a Tet
regulated promoter; a Tamoxifen regulated promoter; and a steroid hormone
regulated promoter. Suitably, the vectors further comprise a sequence that
encodes a nuclear localisation signal. In a specific embodiment the vectors of the
invention comprise a nucleic acid molecule that encodes a polypeptide of the
invention. Suitably, the vectors are selected from: a plasmid; a cosmid; a viral
vector; and an artificial chromosome. Typically, vectors are suitable for use in a
mammalian cell, optionally a human cell. In specific embodiments, the cell is a

pluripotent cell, a somatic cell, and/or a cancer cell.

Further aspects of the invention provide methods for initiating demethylation of a
methylated DNA sequence in a target cell, comprising transfecting the target cell
with a vector described above and, if required, initiating expression of the vector
within the target cell. Typically, the demethylation of the DNA sequence is for the

purpose of removing epigenetic imprints in the genome of the target cell.
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A further aspect of the invention provides a method for undertaking a somatic cell
nuclear transplant (SCNT) procedure comprising expressing within a somatic cell
nuclear donor a polypeptide molecule capable of initiating a demethylation of at
least one methylated DNA sequence located in the genome of the somatic cell, the
molecule comprising at least a first domain that exhibits a cytidine deaminase

activity and at least a second domain that confers a DNA binding activity.

A still further aspect of the invention provides a method for treating cancer present
within a patient, comprising expressing within at least one cancer cell in the
patient, a polypeptide molecule capable of initiating a demethylation of at least one
methylated DNA sequence located in the genome of the cancer cell, the molecule
comprising at least a first domain that exhibits a cytidine deaminase activity and at

least a second domain that confers a DNA binding activity.

In a further aspect the invention provides for a transgenic non-human animal that
comprises a nucleic acid molecule of the invention that is stably integrated within
the genome of the non-human animal. Typically, expression of the nucleic acid
molecule is under the control of a heterologous inducible promoter. Although, in an
embodiment of the invention, expression of the nucleic acid molecule is under the
control of an endogenous inducible promoter. In a specific embodiment, the non-

human animal is a mouse.

A further aspect of the invention provides a pharmaceutical composition
comprising a polypeptide or nucleic acid molecule described above and a

pharmaceutically acceptable carrier.

The methods and compositions of the invention are suitable for use in animal cells,
suitably mammalian cell systems. The invention is intended to be worked in
human cells, although it should be appreciated that the invention is in no way

intended to encompass reproductive cloning of human beings.

These and other uses, features and advantages of the invention should be

apparent to those skilled in the art from the teachings provided herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the structure of the transgene producing the fusion protein Gal4-Aid,

and schematic of the transgenic targeting strategy in vivo

a) structure of the Aid protein, the Aid protein variant with a C terminal deletion
that removes the nuclear export signal (AIdANES), and the transgene that
expresses a Gal4-deleted AIdANES fusion protein from a CMV promoter.

b) shows the differentially methylated region (DMR) upstream of H19 and the
position into which the UAS sequence was inserted (a single loxP site is also
present as a result of the recombination strategy). If this genotype is combined
with the CMV-Gal4-AidANES transgene in offspring of CMV-Gal4-AidANES
mothers with H19 DMR UAS fathers, the Gal4-AidANES fusion protein will bind to
the UAS sequence on the paternal methylated (closed lollipops) allele. The
regions analysed by bisulphite sequencing are shown above the chromosomes as
Bi1 and Bi2.

Fig. 2 shows a methylation analysis of the H19 DMR in experimental and control
crosses; bisulphite analysis of the region indicated in Figure 1 was carried out on
neonatal livers of offspring from crosses between CMV Gal4-myc females and
H19 DMR UAS males (control) and from CMV Gal4-AidANES females and H19
DMR UAS males. Closed circles, methylated CpGs, open circles, unmethylated
circles. The paternal H19 DMR UAS is highly methylated in the control cross, but
substantially hypomethylated in the experimental one. Maternal chromosomes are

unmethylated in both crosses.

Fig. 3 shows the sequence of AIdANES (SEQ ID NO:1).

Fig. 4 shows the sequence of the CMV-GAL4-AidANES

Fig. 5 shows a, The Gal4 DNA binding domain was fused to the Aid cDNA from

which the C terminus containing the nuclear export signal (NES) was deleted.
Amino acids in Aid are numbered. In addition to the wildtype Aid cDNA two mutant
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forms of Aid cDNA, resulting in amino acid changes D89G and C147R, and E58G,
respectively, were used. Insertion of fusion cDNAs into a CMV promoter vector
resulted in three transgene constructs, which were excised from the plasmid
backbone with ‘Nrul and Dralll and microinjected into zygotes, resulting in
transgenic strains TG4 and 5 (CMV Gal4-AidANES — shown here simply as ‘CMV
Gal4-Aid’), TG7 (CMV Gal4-AAid1), and TG8 (CMV Gal4-AAid2).b, Expression
analysis of strains TG5, TG7, and TG8 by RT PCR in embryonic and neonatal
tissues. ¢, Expression analysis of strains TG5 and TG7 by immunofluorescence
with Gal4 DNA binding domain antibody in zygotes (transgenic mother times H19
DMR-UAS father). The fusion proteins are predominantly localised in the

pronuclei.

Fig. 6 shows methylation in the H79 DMR-UAS as analysed by bisulphite
sequencing on the paternal allele which contains the UAS sequence (left panel),
and on the maternal allele which does not (right panel). Gal4 transgenic females
were crossed with H19 DMR-UAS homozygous males, and methylation was
analysed in embryos (E) and placentas (P) at E12.5, or in neonatal liver (L), of
transgene positive offspring. Filled circles = methylated CpGs, open circles, =
unmethylated CpGs. The 4th CTCF binding site within the DMR is shown. The
paternal DMR remains highly methylated in strains expressing Gal4-myc or the
Gal4-Aid mutants, but is substantially demethylated in strains expressing Gal4-
AIdANES (shown here simply as Gal4-Aid).

DETAILED DESCRIPTION

Prior to setting forth the invention, a number of definitions are provided that will
assist in the understanding 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.

The term ‘reprogramming’ as used herein, refers to the step of modifying or

removing epigenetic imprints from the nucleus of a cell. Reprogramming facilitates
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a reduction in cell fate commitment and, thus, the differentiation state of the cell as
a whole and in particular the nucleus. In essence, reprogramming consists of
returning a somatic differentiated or committed nucleus to a gene expression,
epigenetic, and functional state characteristic of an embryonic, germ, or stem cell.
Reprogramming of somatic cell nuclei is a preferred first step in procedures such
as SCNT, but is also of interest in other procedures where control of cell

differentiation state — i.e. potency — is important.

The term ‘imprinting’ refers to the "memory" held by a chromosome as to which
parent it was inherited from. This memory is brought about by epigenetic marks,
including DNA methylation, chemically imprinted onto the DNA and can result in
chromosomes behaving differently, depending on the parent of origin. Parent-of-
origin-specific gene expression (either from the maternal or paternal chromosome)
is often observed in mammais. This is in the parental germlines, which lead to

stable gene silencing or activation.

The term ‘DNA methylation’ refers to the addition of a methyl (CH3) group to a
specific base in the DNA. In mammals, methylation occurs almost exclusively at
the 5 position on a cytosine when this is followed by a guanine (CpG). DNA
methylation acts as an epigenetic mark, which has important roles in regulating

genome function and expression.

Cytidine deaminases are a family of enzymes found from prokaryotic organisms
such as E. coli through to mammals. These enzymes deaminate the free cytidine
or the cytosine in DNA or RNA to uracil, or as shown for Aid and Apobec1 (two

members of the family) the methylated cytosine to thymine.

The term ‘DNA mismatch repair refers to a repair process present in the cell of a
host organism that recognises and corrects base pairs in DNA that are
mismatched, i.e. deviate from the normal C:G and A:T Watson-Crick DNA base

pairing rules.

The term ‘cancer’ is used herein o denote a tissue or a cell located within a

neoplasm or with properties associated with a neoplasm. Neoplasms typically
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possess characteristics that differentiate them from normal tissue and normal
cells. Among such characteristics are included, but not limited to: a degree of
anaplasia, changes in cell morphology, irregularity of shape, reduced cell
adhesiveness, the ability to metastasise, increased levels of angiogenesis,
increased cell invasiveness, reduced levels of cellular apoptosis and generally
increased cell malignancy. Terms pertaining to and often synonymous with
‘cancer’ include sarcoma, carcinoma, tumour, epithelioma, leukaemia, lymphoma,

polyp, transformation, neoplasm and the like.

‘Bioprocessing’ refers to techniques in which living cells, or their components are
used to produce a desired end product. In the context of the present invention,
epigenetic modifications to cells can be used to enhance these cells ability to be
used in bioprocessing. For instance, targeted demethylation of the genome can be
used to improve efficiency of cloned animal production via SCNT, where the

cloned animals are transgenic and produce a desired end product.

Somatic cells typically develop along a differentiation pathway progressing from a
less specialised to a more specialised or committed state. Less specialised
somatic cells can demonstrate the ability to act as progenitor stem cells giving rise
to several different cell types. The amount of these different cell types that a given
stem cell can act as a progenitor for is typically referred to as the ‘potency’ of that
stem cell. Hence, pluripoteht stem cells can act as progenitors for very many
different differentiated cell types. If a cell can differentiate into all cells in the body,
it is totipotent. If it can differentiate into most cell types, it is pluripotent. Embryonic
stem cells are usually referred to as pluripotent as they can generate most cell
types in mammals with the exception of extra-embryonic tissues (i.e.

trophectoderm).

The terms ‘derivative or homologues’ of Aid as used herein refer to mRNA and
polypeptides that have substantially similar sequence identity to that of human or
murine Aid. Derivatives and homologues are considered to include orthologues of
the sequences from other species and mutants that nonetheless exhibit a high
level of functional equivalence — i.e. cytidine deaminase activity in vivo. By

substantially similar sequence identity, it is meant that the level of sequence
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identity is from about 50%, 60%, 70%, 80%, 90%, 95% to about 99% identical.
Percent sequence identity can be determined using conventional methods (e.g.
Henikoff & Henikoff, 1992; and Altschul et al., 1997). It will be appreciated that the
level of sequence identity described herein refers to both polypeptide sequences
and polynucleotide sequences (DNA or RNA). Alternatively, homologvues of the
cytidine deaminase domains — e.g. AIdANES — can be those sequences that are
able to demonstrate the ability to hybridise with the Aid sequences described

herein, under conditions of high, medium or low stringency.

A “polypeptide” is a polymer of amino acid residues joined by peptide bonds,
whether produced naturally or in vitro by synthetic means. Polypeptide of less than
approximately 12 amino acid residues in length is typically referred to as a
“peptide”. The term “polypeptide” as used herein denotes the product of a naturally
occurring polypeptide, precursor form or proprotein. Polypeptides also undergo
maturation or post-translational modification processes that may include, but are
not limited to: glycosylation, proteolytic cleavage, lipidization, signal peptide
cleavage, propeptide cleavage, phosphorylation, and such like. A “protein” is a

macromolecule comprising one or more polypeptide chains.

The term “promoter” as used herein denotes a region within a gene to which
transcription factors and/or RNA polymerase can bind so as to control expression
of an associated coding sequence. Promoters are commonly, but not always,
located in the 5’ non-coding regions of genes, upstream of the translation initiation
codon. The promoter region of a gene may comprise one or more consensus
sequences that act as recognisable binding sites for sequence specific DNA
binding domains of DNA binding proteins. Nevertheless, such binding sites may
also be located in regions outside of the promoter, for example in enhancer

regions located in introns or downstream of the coding sequence.

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.
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In a primary embodiment, the present invention resides in part in the identification
of a modified form of a cytidine deaminase, termed AIdJANES, that when
expressed in mammalian cells leads to demethylation of imprinted regions within
the genome. The modified form of Aid lacks a nuclear export signal (ANES) and as
a result when heterologously expressed in cells the enzyme remains localised to
the nuclei of the cells, whereas wild type Aid would be usually found mainly in the
cytoplasm. The present C terminal truncation is novel and more extensive than
that performed previously. C terminal truncations of Aid have previously been
shown to have effects on nuclear export and that these abolish class switch
recombination (CSR) but not somatic hypermutation (SHM) (Barreto et al. 2003).
Hence, in its broadest conception, the present invention provides for compositions.
and molecules possessing nuclear localised cytidine deaminase activity combined
with a DNA binding activity, that show widespread utility in bioprocessing and

cancer treatment amongst other uses.

According to an embodiment of the present invention, a fusion of AIJANES and
the GAL4 DNA binding protein bound to a UAS sequence placed upstream of the
H19 gene in mouse cells and resulted in demethylation of cytidine residues in a
DMR up to approximately 600 bases on either side of the UAS. The demethylation
of this region results in switching on of H19 gene expression. Sequencing of the
promoter sequence afterwards indicated that the level of mismatch point mutation
was not increased to statistically significant levels. This is an important and
surprising result, as Aid is a deaminase and relies essentially on host excision
repair mechanism to correct the T-G mismatch following the deamination of the
methylated C to a T. There are currently no known single function demethylase
enzymes, hence, Aid represents a part of a notional ‘demethylase’ function
characterised by deamination of methylcytosine followed by excision repair by the
host's own mechanisms. It is believed that this is the first time that the Aid
mediated demethylation of DNA has been shown to work in-vivo and in a targeted

manner.

In an example of the invention in use, set out in more detail below, the in vivo
experiments have been carried out in a mouse model. However, the results are

readily applicable to other mammalian species including, other rodents, cattle,
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sheep, goats, pigs, primates and humans. At 92% identical at amino acid level,
there is a high level of conservation between murine Aid (GENBANK accession
no: NM_009645) and its human homologue (GENBANK accession no: AB040430)
(Muto et al., 2000). Moreover, the DNA mismatch repair mechanisms employed in

human and mouse are known to be highly comparable.

The present invention has demonstrated a number of important factors. First, it
shows that local targeting of a cytidine deaminase activity, such as that of Aid or
Apobec, to a methylated region in the genome in vivo can lead to its efficient
demethylation without causing potentially catastrophic point mutations. Second, it
demonstrates that full methylation in a DMR of an imprinted gene can be erased
by an enzymatic mechanism; such erasure normally occurs during the
development of primordial germ cells at E11.5 to E12.5 (in the mouse model) and

may also involve active demethylation.

A role for both epigenetic (DNA methylation) and genetic (mutations) actions of
cytidine deaminases in cancer has been proposed, and a possible role in
demethylation which is widespread and may be an early event in cancer appears

to be further strengthened by the present results.

The current system has been shown to work in a transgenic system, whereby
expression in mice of a Gal4-AidANES fusion gene together with a UAS (Gal4-
binding site) into a methylated region (H19 DMR) results in its demethylation,
without apparent mutations. The suggested mechanism is by deamination of 5
methylcytosine by Aid to T, followed by T:G mismatch repair (by mismatch
glycosylases). This therefore establishes a system by which methylated genes can
be targeted for demethylation in vivo, which may lead to their expression

(methylation being a repressive modification most of the time).

The model system exemplified in the present example relies on the fact that the
target gene in question (H19) has been modified by addition of a UAS sequence,
to its promoter region. However, this is not a requirement of the embodiments of
the present invention which can also work by using fusions of a cytidine

deaminase domain, for example AIdANES, to specific or non-specific DNA binding
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domains, for example, zinc finger proteins that have specific DNA binding
properties or simply protein domains with a net positive charge that favour non-

specific DNA binding.

The presence of a site specific DNA binding domain allows for targeted
demethylation of specific subsets of genes activated at particular times in
development or during the cell cycle. For instance, the DNA binding domains of
the Oct4, SOX-2 or Nanog proteins when fused to AIdANES could provide for a
demethylation activity that is directed towards genes that are involved in cell fate
decisions relating to promotion of a pluripotent or stem cell-like phenotype.
Alternative DNA binding domains that could optionally be utilised include those
from T-box transcription factors such as Brachyury, or steroid hormone receptor
DNA binding domains such as the RAR and RXR DNA binding domains.
Nevertheless, AIdANES expression alone (without targeting domain) could be also
sufficient to demethylate the promoters of the pluripotent marker genes Oct4 and
Nanog as it has been found that there are several putative binding sites for Aid

itself in the upstream regions of these genes.

If non-specific targeting of demethylation is required the cytidine deaminase
domain is suitably fused to a protein domain of net positive charge — for example,
comprising a histone tail sequence from histones H2A/B, H3 and/or H4. Custom
peptide sequences that permit non-specific DNA binding can also be incorporated,

in accordance with this embodiment of the invention.

Cytidine deaminase activity combined with DNA binding, in accordance with the
embodiments of the invention, is therefore an epigenetic reprogramming, or
imprint erasure, factor. The identification of such factors is of great interest for the
improvement of somatic cell nuclear transfer techniques (cloning), stem cells and
regenerative medicine, and certain approaches to cancer therapy. Indeed,
according to the Examples of the present invention in use (see below) it is clear
that exposure of a fully methylated H19 DMR to Aid activity by direct targeting in
vivo of the AIdANES protein to the DNA in the zygote results in efficient and
almost complete demethylation at this locus. Hence demethylation can occur in

cell types in which epigenetic reprogramming occurs physiologically, suggesting



WO 2007/128982 PCT/GB2007/001304
15

that these totipotent or pluripotent cells may possess additional factors that
interact with Gal4-Aid to allow it to demethylate DNA, probably by increasing its

efficiency of deaminating 5-methylcytosine.

For SCNT, one of the key issues is that donor cell epigenetic marks, including
DNA methylation, are reprogrammed very inefficiently when the nuclei are
transferred to a recipient oocyte. This is one of the key explanations for why
cloning is presently highly inefficient and cloned animals, should they survive, can
exhibit a number of different abnormalities. For the early development and survival
of cloned animals, it is undoubtedly important that they express pluripotency genes
such as Oct4, Nanog, and SOX-2. The promoters of these genes are normally
methylated in somatic cells in which the genes are inactive. It has been shown that
demethylation of promoters is inefficient when the nuclei are transferred to
oocytes, thus leading to insufficient expression of pluripotency genes, and as a
consequence, poor development. Targeting of cytidine deaminase activity to a
select number of pluripotency promoters in the donor cell genome prior to SCNT in
the somatic cell can result in demethylation of these loci, and improved success in
SCNT. As described previously, this targeted demethylation can be mediated via
fusion of DNA binding domains from transcription factors known to bind to the
promoter region of the target gene of interest. The promoter region for nanog is
known to contain binding sites for Oct-4, SOX-2, Sp1 and Sp3 transcription
factors. Hence, in an embodiment of the invention the DNA binding region from
any one of these transcription factors can be combined with a cytidine deaminase
activity, such as that mediated by Aid, in order to obtain a demethylation factor that

targets the nanog promoter.

The improvement in SCNT technology described above would be of great value in
order to improve prospects for stem cell therépy in human patients, where somatic
cells are taken from the patient, could then be treated with cytidine deaminase,
and converted into stem cells by SCNT. In addition the treatment with Aid (and
possibly other reprogramming factors) could also result in reprogramming of the
somatic cells directly so that they become more 'stem cell like'. This prospect
would in the long run allow the production of stem cells for therapy without

recourse to SCNT, and would thus avoid many ethical problems.
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Another related area of application is in cancer therapy. Most if not all cancers
undergo epigenetic changes, including significantly the methylation and silencing
of tumour suppressor genes. Demethylation of tumour suppressor genes can
ameliorate cancer phenotype. Hence, a method of targeting demethylation in vivo
to tumour suppressor genes is a very promising avenue to cancer therapy. The
invention has particular relevance to therapéutics directed at targeting putative
cancer stem cells since they are believed to aberrantly reproduce many aspects of

the normal developmental programme.

Targeting of cytidine deaminase activity to genes of interest in cancer can include,
for example, fusion of the cytidine deaminase to a tumour suppressor DNA binding
domain — such as the zinc finger DNA core binding region of the p53 protein. It is
believed that in many cancers, mutation of the DNA binding domain of p53 can
contribute to transformation. In addition, the promoter regions of many tumour

suppressor genes, including p53 targets, are methylated in cancer cells.

There is also increasing overlap between the areas of stem cell biology and
oncology, particularly with regard to the cancer stem cell theory and also the
appreciation that p53 plays a crucial role in regulating the rate of differentiation in
human ES cells (Qin et al. 2007). It is conceivable that the strategies described
above for use in regulating methylation of genes involved in pluripotency could
also be of interest in control of cancer development and progression. Hence, the
present invention also provides to methods and compositions for the treatment of

cancer.

Therapeutic embodiments of the present invention comprise pharmaceutical
compositions that can be directed towards the treatment of cancer - for both solid
tumours and lymphatic cancers. In the compositions of the invention a fusion
polypeptide is provided comprising at least a cytidine deaminase domain and at
least a DNA binding domain. The DNA binding domain may be either specific to a
target DNA sequence or a non-specific polypeptide domain with DNA binding
affinity. The therapeutic compositions of the invention also typically comprise a

pharmaceutically acceptable carrier.
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Pharmaceutical preparations of the invention are formulated to conform with
regulatory standards and can be administered orally, intravenously, topically, or
via other standard routes. The pharmaceutical preparations may be in the form of
tablets, pills, lotions, gels, liquids, powders, suppositories, suspensions,

liposomes, microparticles or other suitable formulations known in the art.

For therapeutic purposes, the pharmaceutical preparations of the present
invention may be utilised as the primary form of cancer therapy. In this way it is
envisaged that the demethylation activity is targeted to sites in the promoters of
tumour suppressor genes that are known to be methylated in the specific cancer
cell to be treated (including p53) so as to induce ‘reactivation’ of these tumour
suppressor genes and consequent apoptosis or cell cycle arrest in the target
cancer cell. Alternatively, the pharmaceutical preparations of the invention can be
used as adjuncts to conventional cancer chemotherapeutics and other anti-cancer
drugs. In this way, the pharmaceutical compositions of the invention can increase
the susceptibility of the cancer cells to treatment with the conventional
pharmaceutical approach, by reducing the inherent ‘resistance’ of the cancer cells

to the chemotherapeutic agent.

It is evident, that the compositions of the present invention provide a unique

epigenetic route to treatment of cancers.

The molecules and pharmaceutical compositions of the present invention can be
assessed for their anti-cancer/anti-tumorigenic effects by utilising in vitro and ex
vivo assays. In one suitable assay, a nucleic acid vector that expresses a
molecule of the invention is transfected into a cancer cell line (e.g. HelLa cell line).
Appropriate controls are established comprising the cancer cell line transfected
with vector backbone only, or vector plus a molecule of the invention in which the
cytidine deaminase domain is rendered non-functional (e.g. see the AAid2 domain)
described in more detail below. Induced apoptosis in the cancer cell line
transfected with the molecules of the invention but not in the control cells would be

indicative of an anti-cancer effect for the molecule of the invention.
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A suitable ex vivo assay assesses the ability of the molecules of the invention to
inhibit tumour formation in an organism. The assay involves transfecting a cancer
cell line (e.g. NIH-3T3 cells) with nucleic acid vectors, such ‘as those described
above,l and then injecting the transfected cells sub-cutaneously into nude mice.
Rapidly growing tumours would be expected in mice injected with the vector
backbone only or a molecule with a non-functional cytidine deaminase domain by
21 days post injection. The animals injected with cells transfected with molecules
of the invention that exhibit targeted cytidine deaminase activity and which
successfully demethylate promoter regions of silenced tumour suppressor gehes,
would be expected to either not exhibit tumour growth, or exhibit reduced or
diminished tumours. This assay could be used‘ to screen many targeted and non-
targeted variants of the molecules of the invention. For instance, the ex vivo assay
is particularly suited for screening of several fusion molecules comprising the
cytidine deaminase domain of Aid (e.g. AIdAANES) or Apobec1 with different DNA
binding domains (e.g. zinc finger domains).

A specific embodiment of the invention provides for a transgenic animal
comprising a nucleic acid sequence that expresses a molecule of the invention.
Methods suitable for producing transgenic animals are described, for example in
European Patent No. 419621. Optionally, the nucleic acid sequence is inducible in
response to an exogenous factor. The inducible promoter sequence may be a
heterologous sequence that is introduced at the same time as the nucleic acid
sequence that expresses a molecule of the invention. Alternatively, the inducible
promoter sequence may be an endogenous sequence that is present normally in
the genome of the target cell. Transgenic animals of the invention can express
molecules exhibiting either targeted or non-targeted demethylation activity and are
therefore of considerable use in drug screening models or as a system for
investigating systems biology associated with erasure of genetic imprints. In a
specific embodiment of the invention, the transgenic animal of the invention is a
mouse comprising a stably integrated gene that expresses a polypeptide including
an AIdANES domain and a non-specific DNA binding domain. The integrated gene
comprises a heterologous promoter that is inducible in response to exposure of

the animal to an exogenous factor, such as a steroid hormone or a molecule such
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as tamoxifen or Tet. In this way, widespread demethylation of the DNA can be
controllably induced in the animal or in cells taken from the animal - i.e. in culture
~ and used to investigate the mechanisms involved in cancer development and

progression.

In accordance with the invention, nucleic acid vectors suitable for transfection of
the target cell of interest are used. The vectors are designed according to
conventional protocols for the intended use, such as for expression of the
molecules of the invention, and/or stable integration into the genome of the target
cell (Sambrook J. et al, Molecular Cloning: a Laboratory Manual, Cold Spring
Harbor Press, Cold Spring Harbor, NY). In its broadest sense, the vectors of the
invention encompass a DNA molecule that is either linear or circular, into which
other DNA sequence fragment(s) of appropriate size can be integrated, and
wherein the DNA fragmenti(s) include the nucleic acid sequences encoding the
molecules of the invention and, optionally, additional segments that provide for
transcription of the sequence encoded by the DNA sequence fragment. The
additional segments can include and are not limited to: promoters, transcription
terminators, enhancers, internal ribosome entry sites, untranslated regions,
polyadenylation signals, selectable markers, origins of replication, homologous
DNA flanking regions and such like. Suitable vectors are often derived from
plasmids, cosmids, viral vectors and yeast artificial chromosomes; vectors are

often recombinant molecules containing DNA sequences from several sources.

In a specific embodiment of the invention an expression vector comprises a first
nucleic acid sequence that encodes a polypeptide sequence that exhibits a
cytidine deaminase activity, the first sequence being linked to at least a second
nucleic acid sequence that encodes a polypeptide sequence that confers a DNA
binding activity. The ‘linkage’ between the first and second sequences can be
direct in the sense that the two domains are spatially proximate. In alternative
embodiments of the invention the linkage may be less direct in the sense that one
or more intervening polypeptide sequences can be included to assist with tertiary

conformation, cellular regulation, labelling or protein purification.
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The invention is now described in more detail by way of the following non-limiting

examples.
EXAMPLES
Example 1

We wished to determine if targeting of Aid protein in vivo to a highly methylated
region such as an imprinted region could lead to its demethylation. We chose the
paternally methylated region upstream of the H19 gene into which we introduced a
Gal4 binding site (UAS) to which a transgenically expressed Gal4 fusion protein
binds in vivo (Murrell et al 2004). We then made transgenic strains of mice that
expressed a Gal4-Aid fusion protein from the ubiquitous CMV promoter (Figure 1).
From this fusion protein we deleted the nuclear export signal of Aid, which
normally keeps Aid in the cytoplasm (Barreto et al, 2003), so as to generate the
Gal4-AidANES construct.

We bred males with the UAS binding site in the H19 DMR to females carrying the
Gal4-AidANES expressing ftransgenes, and analysed DNA methylation in
offspring. Strikingly, the paternally inherited DMR was largely unmethylated
(Figure 2), while the maternal allele in the same mice remained unmethylated as
expected. As a control for the presence of the UAS sequence and of proteins
bound to the paternal allele of the H19 DMR we analysed the paternally derived
DMR with the UAS bred with control transgenic mice expressing a Gal4-myc
fusion protein, which locates in vivo to the DMR (Murrell et al 2004, also WO-A-
04106550). This allele remained fully methylated just as the wildtype paternal one
(Figure 2).

Aid and Apobec1 and 3 can deaminate cytosine in DNA leading to hypermutation
of DNA in immunoglobulin genes and viruses (Petersen-Mahrt 2005). Deamination
of cytosine results in uracil which is normally efficiently repaired by the mismatch
glycosylases Ung and Smug, but this repair may be rate limiting in somatic
hypermutation of immunoglobulin genes (DiNoia et al 2006). Similarly,

deamination of 5 methylcytosine can be mutagenic if the resulting T:G mismatches
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are not repaired efficiently within the same cell cycle. We therefore sequenced 42
H19 DMR-UAS paternal chromosomes from offspring with Gal4-AidANES
transgenes, in which approximately 90% of CpGs were demethylated, as shown in
Figure 2. All sequences were wildtype, and mutations were therefore not found at
this level of detection (data not shown). We conclude that T:G mismatch repair is
efficient and is not rate limiting for demethylation of 5 methylcytosine by the

deamination mechanism.
Materials and methods

The generation of the H19 DMR UAS and of the CMV Gal4-myc mice have been
described (Murrell et al 2004 also W0O-A-04106550). The CMV Gal4-AidANES
transgene was constructed by fusing Aid in-frame with the Gal4 DNA binding
domain. We amplified Aid cDNA (NM_009645) without nuclear export sequence
(NES) at the C-terminus (nts 93-600) by PCR with appropriate sets of primers and
cloned it into the BamHI-EcoRI sites of the pcDNA3.1-Gal4 vector (Fuks et al.,
2001). The construct was verified by DNA sequencing (see Fig. 4).

The CMV Gal4-AidANES DNA fragment (see Fig. 1b) was then linearized by Nrul
and Dralll enzymes and microinjected into F1xF1 mouse zygotes. From five
positive founder mice, three permanent transgenic lines were established (termed
lines 4, 5, and 7). These were bred with the H19 DMR UAS mice as described in
the text. DNA was isolated from neonatal organs by standard methods, was
bisulphite treated as described (Oswald et al., 2000) and amplified with outer and

inner primers;

Fl: 5'-GTAAGATGTGTGTATTTTTGGAATG-3' and
R1: 5'- AATCCCTAACTTCTCCTAATCTCTA-3"';

F2: 5'-GTAAGATGTGTGTATTTTTGGAAT-3' and
R2: 5'- CAACCAAACTAACTTAACTACAAATC-3'

under the following conditions; Thirty-five cycles of 95°C for one min followed by

annealing temperature at 52°C for one min and subsequent elongation at 72°C for
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one min. PCR products were cloned into PCR2.1 using TOPO TA cloning kit
(Invitrogen) according to the manufacturer's instructions. The cloned PCR

fragments were then sequenced with M13 forward primers.

Our results show clearly that exposure of a fully methylated H19 DMR to Aid
activity by direct targeting in vivo of the protein to the DNA results in efficient and
almost complete demethylation. We do find that there are some DNA molecules
(approximately 10%, Figure 2) which remain substantially methylated, sometimes
in the form of almost completely methylated individual chromosomes that are
indistinguishable from the wildtype paternal ones. This may indicate that there is a
rapid erasure of methylation in early embryos which is not quite complete, but that
such erasure does not continue at later stages. Molecules that are substantially
demethylated will bind CTCF and hence be protected from de novo methylation,
while those that failed to undergo demethylation initially will remain methylated

through the activity of the maintenance methylitransferase Dnmt1.
Example 2

The above example demonstrates that deletion of a specific region of the C-
terminal region of Aid results in nuclear localisation of Aid but does not impair its
function as a cytidine deaminase. To further verify this finding, we made two
mutants of the same transgene; CMV Gal4-AAid1 carries two amino-acid changes,
which were designed to affect its catalytic function and its DNA binding,
respectively, and CMV Gal4-AAid2 has a single amino acid change in the catalytic
domain (see Figure 5a). Both CMV Gal4-AAid1 and CMV Gal4-AAid2 lack the C-
terminal NES. Plasmids CMV Gal4-AAid1 and CMV Gal4-AAid2 were derived from
CMV Gal4-AidANES by standard in vitro mutagenesis and were verified by

sequencing.

Four independent transgenic lines were established. Two of the lines were made
(as described above in Example 1) with CMV Gal4-AidANES (denoted as lines TG
4 and 5), the third with CMV Gal4-AAid1 (denoted as line TG7), and the fourth with
CMV Gal4-AAid 2 (denoted as line TG8). In all lines the transgenes were
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expressed in embryos and placentas on E12.5, and in postnatal tissues notably in
the ovary, with some exceptions such as the liver (Figure 5b, see further
discussion in Example 3 below). The RT PCR results were confirmed by Western
blotting using an antibody against the DNA binding domain of Gal4 (data not
shown). Expression was also analysed by immunofluorescence in 1 cell zygotes
produced from transgenic females of lines TG5 and 7. Gal4-AidANES or Gal4-
AAid1 protein was clearly detected in strains TG5 and 7, respectively, and was
localised in the pronuclei of the zygotes as expected from deleting the nuclear
export signal (Figure 5¢). This shows that the fusion protein is present in oocytes
before fertilisation, in agreement with detecting mRNA in the ovary, and is rapidly

translocated into the pronuclei as they form.

Example 3

Analysis of methylation in neonatal liver (in which the transgenes are not
expressed, see Figure 5b) was undertaken and the same extent of demethylation
(approximately 90%) was found (while the maternal allele in the same mice
remained unmethylated as expected). This shows that transgene expression in
somatic tissues is not necessary for maintenance of the hypomethylated state.
Maintenance of hypomethylation may occur because insulator proteins such as
CTCF can bind to the demethylated allele and thus protect it from de novo
methylation (Schoenherr et al., 2003). Demethylation was consistently observed in
all transgenic offspring of the CMV Gal4-AidANES transgenic lines 4 and 5,
however, no demethylation was observed in strains 7 and 8 which express the
mutant forms of Aid (Figure 6). As an additional control for the presence of the
UAS sequence and for ectopic protein binding to the paternal allele of the H19
DMR we analysed the paternally derived DMR with the UAS bred to control
transgenic mice expressing CMV Gal4-myc (TG1) in which the fusion protein also
locates in vivo to the DMR. This allele also remained fully methylated just as the

wildtype one (Figure 6).

Since demethylation was so uniform across different tissues and developmental

stages, the present results suggest that it is the presence in the zygote of the
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Gal4-AidANES protein that critical for demethylation. Hence, the results suggest
that Aid mediated demethylation of the genome at an early stage in development
or in precursor toti/pluripotent cells can result in sustained demethylation in cells
subsequently derived from these precursors. This finding has profound
implications, for example in cancer stem cells, where many tumour suppressor
genes are silenced by methylation of the DNA. According to the present invention
targeted demethylation in a precursor pluripotent cancer stem cell could, thus,
result in sustained demethylation in downstream cancer cell derivatives and the
thereby the maintenance of tumour suppressor gene expression in these

downstream cancer cells.

Materials and methods

RNA and protein expression of transgenes and RNA expression of Igf2 and H19

Total RNA was extracted from different embryonic and postnatal tissues with the
RNeasy mini/midi® kit (Qiagen). cDNA was synthesized by using SuperScriptTM II
reverse transcriptase (Invitrogen). The efficiency of cDNA synthesis was evaluated
by PCR for Hprt. To ensure there is no DNA contamination, reactions without
reverse transcriptase were always done in parallel. Expression of Gal4-AidANES
transcripts was analyzed by RT-PCR using primers in the Gal4 region (s:
AAGTGCGCCAAGTGTCTGAA) and Aid region (as:
CAGCCAGACTTGTTGCGAAG) - to prevent amplification of endogenous Aid
transcripts. Gal4-AidANES protein expression was confirmed by western blotting
of total protein extracted from different tissues of transgenic mice. Briefly, tissue
extracts were prepared using standard protocols and the protein concentration
was determined by Bradford assay. Protein samples were run on 10% SDS-
polyacrylamide gels, electroblotted onto Hybond-P membranes (Amersham),
blocked and incubated with 1:200 dilution of the anti-Gal4 primary antibody (Santa
Cruz) and 1:2000 anti-tubulin antibody (Abcam®). The membrane was then
incubated with 1:2000/1:10000 dilution of secondary antibody (Amersham) against
rabbit/goat immunoglobulin. Detection was done with the enhanced
chemiluminescence system (ECL, Amersham). Expression levels of Igf2
(Mm00439565_g1), H19 (MmO01156721_g1), and Gapdh (Mm99999915 g1)
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transcripts were determined by TagMan® probes purchased from Applied
Biosystems. Quantitative real time PCR experiments were performed in triplicate
with a ABI PRISM 7700 thermocycler (Applied Biosystems); the relative
quantification, amplification efficiencies, and comparative method of relative

quantification were done according to instructions supplied by Qiagen.

Gal4 staining of fertilised oocytes

Fertilised oocytes were washed in PBS, and after fixation in 4% paraformaldehyde
in PBS for 15 minutes, the zonae were removed with Tyrode’s Solution Acidic
(Sigma) and the oocytes permeabilised with 0.2% Triton X-100 in PBS for 1 hour,
at room temperature. Aifter blocking in 0.05% Tween-20 in PBS containing 1%
-BSA (BS) overnight at 4°C, the oocytes were incubated with anti-Gal4 rabbit
polyclonal antibody (Santa Cruz, sc-577) diluted 1:30 (BS) for 3 hours at room
temperature. Detection was achieved using goat a-rabbit IgG-Alexa (Molecular
Probes) as secondary antibody. DNA was stained with DAPI (5ug/ml) and all
samples were mounted in Slow Fade (Molecular Probes). Image acquisition was
performed with a LSM 510 Meta confocal laser scanning microscope (Carl Zeiss)
equipped with a "Plan-Apochromat” 63x/1.40 DIC oil-immersion objective. Final
pictures were obtained by Z-stack projection of serial sections (800x800, pixel

size; z-step, 0.46 um).
Example 4

We determined the extent to which demethylation had occurred on either side of
the H19 UAS targeting sequence. On the 3’ side of the UAS sequence efficient
demethylation of the paternal allele was also observed which extended to at least
600bp downstream including the G-repeat region. On the 5 side, there was a
sharp drop of demethylation around the 3rd CTCF binding site, but there was
evidence for demethylated CpGs further upstream. Hence, the demethylation
activity of the Gal4-AidANES protein is exerted over a large region deépite being
associated with the GAL4 site specific DNA binding domain. It is envisaged that
the choice of the DNA binding domain might also contribute to the control of the
extent of AIdANES activity.
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Although particular embodiments of the invention have been disclosed herein in
detail, this has been done by way of example and for the purposes of illustration
only. The aforementioned embodiments are not intended to be limiting with
respect to the scope of the appended claims, which follow. It is contemplated by
the inventors that various substitutions, alterations, and modifications may be
made to the invention without departing from the spirit and scope of the invention
as defined by the claims.
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CLAIMS

1. An isolated polypeptide molecule capable of initiating a demethylation of a
methylated DNA sequence in a eukaryotic cell, the molecule comprising at
least a first domain that exhibits a cytidine deaminase activity and at least a

second domain that confers a DNA binding activity.

2. A molecule according to claim 1, further comprising a nuclear localisation

signal.

3. A molecule according to claim 2, wherein the nuclear localisation signal is

comprised within the first domain.

4. A molecule according to any previous claim, wherein the first domain
comprises the cytidine deaminase domain of an Activation induced cytidine

deaminase (Aid).

5. A molecule according to claim 4, wherein the first domain comprises the
AIdANES sequence set out in SEQ ID NO: 1.

6. A molecule according to any of claims 1 to 3, wherrein the first domain

comprises the cytidine deaminase domain of Apobec1.

7. A molecule according to any previous claim, wherein the second domain

comprises a non-sequence specific DNA binding domain.

8. A molecule according to any of claims 1 to 6, wherein the second domain

comprises a sequence specific DNA binding domain.

9. A molecule according to claim 8, wherein the sequence specific DNA binding
domain comprises a domain selected from the group consisting of: a zinc finger
domain; a leucine zipper domain; a helix-turn-helix domain; a steroid receptor

DNA binding domain; and a homeodomain.
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10. A molecule according to claims 8 and 9, wherein the sequence specific DNA
binding domain is targeted to a bind sequence present in the promoter region
of one or more genes whose expression is associated with a pluripotent

phenotype.

11.A molecule according to claims 8 and 9, wherein the sequence specific DNA
binding domain is targeted to a bind sequence present in the promoter region
of one or more genes whose expression is associated with a tumour

suppression phenotype.

12. A molecule according to any previous claim, wherein the cell is a mammalian

cell.
13. A molecule according to claim 12, wherein the cell is a human cell.
14. A molecule according to claim 13, wherein the cell is a pluripotent cell.
15. A molecule according to claim 13, wherein the cell is a somatic cell.
16.A molecule according to claim 13, wherein the cell is a cancer cell.

17.An isolated nucleic acid molecule that encodes a polypeptide molecule as

described in any of claims 1 to 16.

18.An expression vector for transfection of, and expression within a eukaryotic cell
of, a polypeptide molecule capable of initiating a demethylation of a methylated
DNA sequence in the cell, the vector comprising a coding sequence that
includes a first nucleic acid sequence that encodes a polypeptide sequence
that exhibits a cytidine deaminase activity, the first sequence being linked to at
least a second nucleic acid sequence that encodes a polypeptide sequence
that confers a DNA binding activity, the first and second nucleic acid

sequences being operably linked to a promoter sequence.
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19.An expression vector according to claim 18, further comprising one or more

selection marker sequences and/or reporter gene sequences.

20. An expression vector according to claims 18 and 19, wherein the first and
second nucleic acid sequences are separated by one or more intervening

sequences.

21.An expression vector according to any of claims 18 to 20, wherein the promoter
sequence is selected from either a constitutive promoter or an inducible

promoter.

22.An expression vector according to claim 21, wherein the inducible promoter is
selected from the group consisting of: a Tet regulated promoter; a Tamoxifen

regulated promoter; and a steroid hormone regulated promoter.

23. An expression vector according to any of claims 18 to 22, further comprising a

sequence that encodes a nuclear localisation signal.

24. An expression vector according to any of claims 18 to 23, wherein the vector

comprises the nucleic acid molecule of claim 17.
25. An expression vector according to any of claims 18 to 24, wherein the vector is
selected from the group consisting of: a plasmid; a cosmid; a viral vector; and

an artificial chromosome.

26. An expression vector according to any of claims 18 to 25, wherein the cell is a

mammalian cell.

27. An expression vector according to claim 26, wherein the cell is a human cell.

28. An expression vector according to claims 26 or 27, wherein the cell is a

pluripotent cell.
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29. An expression vector according to claims 26 or 27, wherein the cell is a

somatic cell.

30.An expression vector according to claims 26 or 27, wherein the cell is a cancer

cell.

31. A nucleic acid vector for transfection of a eukaryotic cell, the vector comprising
a sequence that encodes a molecule that is capable of initiating demethylation
of methylated genomic DNA within the mammalian cell, the vector comprising a
first nucleic acid sequence that encodes a polypeptide that exhibits a cytidine
deaminase activity linked to a second nucleic acid sequence that encodes a
polypeptide sequence that exhibits a DNA binding activity, the first, and second

sequences being operably linked to a promoter sequence.

32. A vector according to claim 31, wherein the vector comprises the nucleic acid

molecule of claim 17.

33. A vector according to claims 31 and 32, wherein the first and second nucleic

acid sequences are separated by one or more intervening sequences.

34. A vector according to any of claims 31 to 33, wherein the vector is selected
~ from the group consisting of: a plasmid; a cosmid; a viral vector; and an

artificial chromosome.

35. A method for initiating demethylation of a methylated DNA sequence in a
target cell, comprising transfecting the target cell with an expression vector
according any of claims 18 to 30 and, if required, initiating expression of the

expression vector within the target cell.

36. A method according to claim 35, wherein the demethylation of the DNA
sequence is for the purpose of removing epigenetic imprints in the genome of

the target cell.
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37.A method for initiating demethylation of a methylated DNA sequence in a target
cell, comprising transfecting the target cell with a nucleic acid vector according
any of claims 31 to 34 and, if required, initiating expression of the expression

vector within the target cell.

38.A method according to claim 37, wherein the demethylation of the DNA
sequence is for the purpose of removing epigenetic imprints in the genome of

the target cell.

39.A method for undertaking a somatic cell nuclear transplant (SCNT) procedure
comprising expressing within a somatic cell nuclear donor a polypeptide
molecule capable of initiating a demethylation of at least one methylated DNA
sequence located in the genome of the somatic cell, the molecule comprising
at least a first domain that exhibits a cytidine deaminase activity and at least a

second domain that confers a DNA binding activity.

40.A method for treating cancer present within a patient, comprising expressing
within at least one cancer cell in the patient, a polypeptide molecule capable of
initiating a demethylation of at least one methylated DNA sequence located in
the genome of the cancer cell, the molecule comprising at least a first domain
that exhibits a cytidine deaminase activity and at least a second domain that

confers a DNA binding activity.

41. A transgenic non-human animal that comprises a nucleic acid molecule of

claim 17 that is stably integrated within the genome of the non-human animal.

42. A transgenic non-human animal according to claim 41, wherein expression of
the nucleic acid molecule is under the control of a heterologous inducible

promoter.

43.A transgenic non-human animal according to claim 41, wherein expression of
the nucleic acid molecule is under the control of an endogenous inducible

promoter.
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44. A transgenic non-human animal according to any of claims 41 to 43, wherein

the non-human animal is a mouse.

45. A pharmaceutical composition comprising a molecule according to any of

claims 1 to 16 and a pharmaceutically acceptable carrier.
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Figure 3

atggacagccttctgatgaagcaaaagaagtttctttaccatttcaaaaatgtecegetgy
gccaagggacggcatgagacctacctetgctacgtggtgaagaggagagatagtgecace
tcectgctecactggactteggecaccttegecaacaagtetggetgecacgtggaattgttyg
ttcctacgctacatetcagactgggacctggacecgggeecggtgttacegegtecacctgg
ttcaccteetggageccgtgetatgactgtgeccggeacgtggetgagtttctgagatgy
aaccctaacctcagectgaggattttcaccgegegectetacttectgtgaagacegeaag
gctgagecetgaggggetgeggagactgcaccgegetggggteccagategggatecatgace
ttcaaagactatttttactygctggaatacatttgtagaaaatcgtgaaagaactttcaaa
gectgggaagggctacatgaaaattet
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Figure 4

CMV-GALA4-AidANES expression construct

gacggatcgggagatctcecgatcecectatggtegactetcagtacaatetgetetgatgecgecatagttaage
cagtatctgctccctgecttgtgtgttggaggtegetgagtagtgecgegagcaaaatttaagectacaacaaggea
aggcttgaccgacaattgcatgaagaatctgcttagggttaggcgttttgcgctgct&cgcgdtgtacgggcca
gatatacgcgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttecatagecca
tatatggagttcegegttacataacttacggtaaatggccecgectggctgacegeeccaacgacccacgeecatt
gacgtcaataatgacgtatgttcccatagtaacgccaatagggactttecattgacgtecaatgggtggactatt
tacggtaaactgcccacttggcagtacatcaagtgtatcatatgeccaagtacgeccectattgacgtecaatgac
ggtaaatggccegectggecattatgeccagtacatgaccttatgggactttectacttggecagtacatctacgt
attagtcatcgctattaccatggtgatgeggttttggeagtacatcaatgggegtggatageggtttgactcac
ggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggecaccaaaatcaacgggacttteca
aaatgtcgtaacaactccgccccattgacgcaaatgggeggtaggegtgtacggtgggaggtctatataageag
agctctctggctaactagagaacccactgettactggecttategaaattaatacgactecactatagggagacce
aagctggnnnnnATGAAGCTACTGTCTTCTATCGAACAAGCATGCGATATTTGCCGACTTAAAAAGCTCAAGTG
CTCCAAAGAAAAACCGAAGTGCGCCAAGTGTCTGAAGAACAACTGGGAGTGTCGCTACTCTCCCAAAACCAAAA
GGTCTCCGCTGACTAGGGCACATCTGACAGAAGTGGAATCAAGGCTAGAAAGACTGGAACAGCTATTTCTACTG
ATTTTTCCTCGAGAAGACCTTGACATGATTTTGAAAATGGATTCTTTACAGGATATAARAACCATTGTTAACAGG
ATTATTTGTACAAGATAATGTGAATAAAGATGCCGTCACAGATAGATTGGCTTCAGTGCGAGACTCGATATGCCTC
TAACATTGAGACAGCATAGAATAAGTGCGACATCATCATCGGAAGAGAGTAGTAACAAAGGTCAAAGACAGTTG
ACTGTAAAGCTTGGTACCGAGCTCatggacagccttctgatgaagcaaaagaagtttctttaccattt
caaaaatgteccgctgggecaagggacggcatgagacctacctetgetacgtggtgaagaggagagatagtgeca
cctectgetcactggactteggecacettegecaacaagtectggetgecacgtggaattgttgttectacgetac
atctcagactgggacctggaccegggecggtgttacegegtecacetggttcacectectggagecegtgetatga
ctgtgececggeacgtggetgagtttetgagatggaaccectaacctecagectgaggattttecacegaegegectet
acttctgtgaagaccgcaaggetgagectgaggggectgeggagactgeacegegetggggtecagategggate
atgaccttcaaagactatttttactgctggaatacatttgtagaaaategtgaaagaactttcaaagectggga
agggctacatgaaaattctgf ltgcagatatccatcacactggeggecegetegageatgeatcetag

PcDNA3 .1, including CMV promoter after Nrul

Gald4d (in CAPITALS)

AidANES cDNA

BamHT
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