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Methods
Field of the Invention
The invention relates to methods for inducing cell type switching, particularly
switching of immune cell types. Specifically, the invention relates to methods of

switching cell types by induction of lineage factor activity in said cell(s).

Background to the Invention

The main focus in the medical consideration of immune responses has typic'ally’
been on the responses to pathogens or parasites. | Strategies for improving patient
outcomes are typically directed at producing or enhancing responses against such
entities. In contrast, the present invention is more closely connected with the area
of ‘undesirable’ responses. Examples of phenomena where undesirable responses
are important include in organ transplantation, autoimmune diseases, recurrent
abortion and other conditions which are based upon an underlying inappropriate or

illegitimate immune response.

"The conversion of pro-inflammatory T cells into cells with regulatory phenotype

may be susceptible of exploitation for therapeutic use. In principle, such an
approach should allow strategies to halt undesirable immune responses to be
developed. However, the progress in this area has been surprisingly slow'?. Even
despite the fact that it was demonstrated relatively éarly on that Ty cellséctopically
constitutively expressing Foxp3 (Tm::Foxp3) can be used to suppress the
development of colitis in lymph‘openic hosts®, progress has been difficult. It was
noted- that the effectiveness of polyclonal Ty::Foxp3 cells in this context might
have been due to the regulation of homeostatic expansion of the co-transferred pro-

inﬂémmatory cells, rather than to a true antigen-specific suppression“.

To date, all successful attempts to use Ty::Foxp3 in a therapeutic fashion have
been limited to the conversion of TCR tfansgenic Ty cells’®, or experimentally
expanded, antigen experienced, ’clonal populations of TH cells’. These approaches
ensured that the specificity of the Ty::Foxp3 cells matched the specificity of the

immune response which was to be suppressed.
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Regulatory T cells suppress undesirable immune responses. Under normal
circumstances they prevent both autoimm‘unity1 and the rejection of the fetus by
the maternal immune system?®. Their development is regulated by Foxp3, a member
of the forkhead box family of transéription factors®**S, Ectopic expression of
Foxp3 in pro-inflammatory CD4'Foxp3~ T cells confers regulatory T cell
phenotype, opening a new avenue for therapeutic intervention to prevent
autoimmune responses and transplant rejection. However, progress in this area has
been surprisingly slow mostly relying on T cell receptor transgenic systems’® or

antigen expanded clonal T cell populations® to demonstrate a beneficial effect.

- The invention seeks to overcome problem(s) associated with the prior art.

Summary Of The Invention

As noted above, it is known that constitutive expression of Foxp3 in a T-helper cell

" is both necessary and sufficient to convert that cell to a regulatory T cell

phenotype. Indeed, there are some techniques available in the prior art which
allow a degree of induction of endogenous Foxp3. However, these approaches
have problems associated with them such as generating cells which are CD62L low
and so therefore display incorrect homing behaviour. In addition, such techniques
are typically baséd on a sub-optimal activation approach and can lead to an

unstable induction of Foxp3. Once those cells are reintroduced into the subject,

‘Foxp3 may be turned off again, with no way of turning it back on iz vivo.

By contrast, the pfesent inventors have created systems for induction of lineage
factors such as Foxp3. In other words, cells can be prepared in such a manner that
a lineage factor may be switched on or off within those cells as desired by the
operator. It has been discovered by the inventors that such inducible lineage
factors havé surprising technical effects which would not have been expected from
an understanding of the prior art use of lineage factors in various constitutive

expression systems. One such unexpected effect is that when the lineage factor is
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iFoxp3, and its induction is used to convert a T-helper cell to a regulatory T cell,

that the homing behaviour of the cells prior to induction is not affected.

Effects such as these allow astonishing medical benefits to be generated. For
example, by prepaﬁng a cohort of T-helper cells which are capable of being
converted into regulatory T cells, the natural homing behaviour of those T-helper
cells can be exploited. The T-helper cells aie reintroduced into the subject, and are
allowed to home to the secondary lymphoid organs and to the site of an
inappropriate immune response which it is desired to inhibit. For example, T-
helper cells typically migrate to the sites of inflammation in arthritis and the
draining lymphoid organs. Then, by administration of the inducing agent, those
cells which actively participate in the response are converted into regulatory T
cells. The regulatory T cells are thus at the sites where the undesirable immune
resﬁonse is initiated/maintained/acting. These and other benefits flow from the

inducible cell switching aspects of the present invention:
The invention is based upon these surprising findings.

Thus in one aspect the invention provides a method of switching the phenotype of

‘a target cell, said method comprising inducing lineage factor activity in said cell

via a transgene.

- The phenotype of the target cell may comprise the lineage commitment i.e. the

differentiation or developmental fate of the target cell.

In another aspect, the invention relates to a metho_d of switching the phenotype of a
target cell, said method comprising

@) introducing to said cell a genetic element capable of inducibly generating
lineage factor activity, and |

(i)  inducing lineage factor activity in said cell.

Suitably the target cell is a T cell.

PCT/GB2008/003143
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Inducibility of the lineage factor activity (as opposed to constitutive activity) is a

key feature of the invention.

Tt is a key feature that the introduction of the transgene and the induction of the
lineage factor activity are disctinct, separate or discrete events. If the transgene
constitutively produces lineage factor activity then this would be inappropriate

since it would involve the problems associated with prior art constitutive

' expressmn of lineage factor activity. The constitutive expression of lineage factor

polypeptide itself is consistent with the present invention, provided that the act1v1ty

of polypeptide so expressed is inducible.

Suitably said transgene comprises a nucleotide sequence encoding a polypeptide
having lineage factor activity. In this embodiment induction of activity may

simply be induction of expression of the active polypeptide.

* Suitably said transgene comprises an. ‘inducible lineage factor. In these

embodiments, the lineage factor polypeptide may or may not be constitutively
expressed — What is important is that the activity of the lineage factor itself is
inducible eg. by bringing about a change in conformation, post-translational
modification, subcellular 1oca1isétion or other such property of the lineage factor to
clicit its activity. This means that the linéage factor- itself may persist in an
inactive state and that the activity thereof may be induced separately from its

expression/presence.

Suitably said transgene encodes a lineage factor fused to a polypeptide capable of
controlling the sub-cellular localisation of said lineage factor. Suitably said control
polypeptide is an oestrogen receptor polypeptide. Suitably the oestrogen receptor
polypeptide is an ERT polypeptide as described below. Suitably such an oestrogen
receptor is a modified oestrogen receptor such as a modified oestrogen receptor
which does not respond to, oestrogen,‘ but rather responds to another compound

such as tamoxifen, having the advantage of ameliorating unpredictability due to.

PCT/GB2008/003143
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hormone ﬂuctuatlons Most suitably such an oestrogen receptor is a modified
receptor which responds only to tamoxifen. Most suitably such an oestrogen
receptor has the sequence of one of the oestrogen receptor sequences comprlsed by
a sequence in the sequence listing. Other induction systems may be used if

desired.
Suitably said lineage factor is a DNA-binding factor.

Suitany said lineage factor is a transcription factor.

‘Suitably said lineage factor is Foxp3.

Suitably said target cellisa T cell.

Suitably said T cell is a CD4+ T cell.

Suitably said T cell is a CD8+ T cell.

Suitably said phenotype is switched to a regulatory r‘l‘ cell phenotype following
induction of lineage factor activity. In particular this may be brought about when
the lineage factor is Foxp3. -

In another aspect, the invention relates to a nucleic acid comprising a nucleotide
sequence encoding a lineage factor fused to a nucleotide sequence encoding a

polypeptide capable of controlling sub-cellular localisation.

In another aspect, the invention relates to a nucleic acid as described above,

wherein said lineage factor is Foxp3.

Suitably said nucleic acid comprises Foxp3 and an oestrogen receptor sequence

such as the ERT sequence. Suitably said nucleic acid comprises the sequence
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encoding the Foxp3-ERT fusion comprised by SEQ D NO:3. Suitably said
nucleic acid comprises SEQ ID NO:3. '

In another aspect, the invention relates to a nucleic acid as described above,

wherein said control polypeptide is an oestrogen receptor polypeptide.

In another aspect, the invention relates to a nucleic acid as described above,
wherein said lineage factor is further fused to a nucleotide sequence encoding a

fluorescent protein.

In another aspect, the invention relates to a cell comprising a nucleic acid as

described above.

In another aspect,' the invention relates to a method of suppressing an immune
response in a subject, said method comprising inducing lineage factor activity in a
target cell of said subject. Said target cell may be in the subject at the time of
induction or induction may be conducted ex vivo. Suitably said cell is in the

subject at the time of induction.

In another aspect, the invention relates to a method of treating an immune disorder
in a~subject said method comprising suppressing an immune response as described
above. Suitably said dlsorder is selected from the group consisting of autoimmune
disease, lupus, arthritis, vasculitis, graft vs host disease, transplant rejection,
chronic infection, hypersensitivity reaction, asthma, allergies, and recurrent
abortion syndrome. Clearly the particular conﬁguratlon of the treatment should be

determined by the operator with consideration of the subject being treated. For

.example, due to the contraceptive effects of tamoxifen, a tamoxifen inducible

system is preferably not used in the context of recurrent abortion syndrome — an

alternative induction system is thus preferably selected in such a context.

In another aspect, the invention relates to .a cell comprising an inducible lineage

factor transgene. Suitably the inducible lineage factor transgene encodes a lineage
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factor polypeptide which is itself inducible to provide lineage factor activity eg. by

‘induction of the polypeptide from an inactive to an active state.

Suitably the nucleic acids described above comprise iFoxp3 as shown in SEQ ID -
NO:3. Suitably the inducible lineage factor comprises the iFoxp3 polypeptide
encoded within SEQ ID NO:3.

Detailed Description Of The Invention

Definitions

Abbreviations used may include 4-OHT = A-hydroxytamoxifen; cIl = Chicken
Collagen Typell; CIA = Collagen Induced Arthritis; EAE = Experimental
Autoimmune Encephalomyelitis; ERT2 = mutated estrogen receptor sensitive to
tamoxifen but not estrogen; Foxp3 = Forkhead box p3;- GCV = Ganciclovir;
iFoxp3 = inducible Foxp3; IRES = Internal Ribosomal Entry Site; MFI = Mean
Fluorescence Intensity; MLV = Murine Leukemia Virus; Ova = Ovalbumin; Tam
= Tamoxifen; Ty = Helper T cell; Ty::iFoxp3 = CD4+CD25- T cell transduced
with iFoxp3; Tg::Foxp3 = CD4+CD25- T cell transduced with Foxp3; Ty::control
= CD4+CD25- T cell transduced with a control gene; Tr = Regulatory T cell.

The expression ‘illegitimate immune responses’ refers to immune responses which

~ should not occur as they are directed against self.

The expression ‘undesirable immune responses’ refers to immune responses which
are directed against legitimate targets (eg. foetus, transplants) or illegitimate targets

(eg. autoantigens) and have undesirable effects for the host.

Desirable, but illegitimate, immune responses are considered to be immune
responses which are directed against illegitimate targets (i.e. selfantigens), but

which would have a desirable effect (eg. attacking cancer cells).
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A “lineage factor’ is a factor such as a DNA binding factor which alters the lineage

commitment of a cell type. (Lineage factors may occasionally be referred to as

lineage markers or lineage switches.)

‘Cell type switching’ refers to altering or inducing the lineage comm1tment of a
particular cell type into another cell type (e.g. Two t0 Treg , OF Thi 10 Treg, OF Ta17
t0 TRreg, O Treg t0 Tmi, OF Tgo to Ty, etc.). This may be accomplished by

induction and/or conversion.

If an mappropnate or illegitimate immune response is causing a pathology in the
subject, one pos31ble approach might be to supply regulatory T cells. However, the
simple ex vivo preparation of regulatory T cells and supply of those T cells to the
subject involves numerous problems. Firstly, there are problems of specificity.
For example, there can be no guarantee that a mixed population of a regulatory T
cell (T-regs) would possess enough, or indeed any, having a correct specificity.
Furthermore, dealing with the issue of timing would present serious problems.

When should the T-regs be administered? When should the T-regs be prepared?

In addition to these problems, there is the issue of location of the cells. T-regs

prepared ex vivo typically lose/change their homing abilities. Furthermore, they
are typically CD62L low, and as a consequence of this are likely to end up in the
liver of the subject rather than at the site of inflammation or inappropriate immune

response. Thus, the simple supply of T-regs is insufficient to address these

" problems. By contrast, a solution provided by the present invention is the

provision of inducible cells which can be induced to sw1tch hneage at the desire of
the operator. Specifically, one example of the application of the invention is the
provision of T-helper cells whiph can be switched to T-regs by induction of lineage A
factor(s) in said cells. In this way, the natural multiplication and homing abilities

of the T-helper cells is preserved and exploited to populate the area of

inflammation or inappropriate immune response with T-helper cells. Then,

following induction of switching in those cells,v an expanded and localised

population of T-regs is created, which population is already expanded and located
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at the site of the immune response which is desired to inhibit. Such advantageous

effects are not péssible with prior art approaches.

It is a key feature of some aspects of the invention that T-helper cells are able to
take part in the immune response before lineage switching is induced. If T-regs
were manufactured and introduced to the subject as T-regs, those would need to be
antigen specific, and to be expanded, and then to be introduced into the patient.
However, this is a very labour intensive procedure. Furthérmore, it is not a
beneficial approach. T-regs produced and introduced into a subject in this manner
are not at the site of the response. Furthermore, when those cells are reintroduced
to the subject, they are CD62L low and therefore exhibit inappropriate homing

behaviour.

By contrast, the present invention offers a controlled technique for suppression or
control of inappropriate immune responses. Primarily, this control is effected by
fhe administration or withdrawal of the inducer. When the Foxp3-ERT fusion is
the indﬁcible lineage factor of the invention, then the inducer is typically

tamoxifen.

Selectable Markers
Suitably the invention may advantageously include the incorporation of one or |
more selectable markers in combination with the lineage factor of the invention.
This has the benefit of permitting selection of those cells into which the inducible
lineage factor(s) have been introduced. In particular, selectable markers could be
flourecent proteins (e.g. GFP), non-immunogenic surface markers (e.g. Thyl),

enzymatic markers (e.g. luciferase) or metabolic selection genes (e.g. HisD).

Selectable markers may also be capable of killing or preserving the cell under

appropriate selective/inductive conditions— so-called ‘suicide genes’.

Suitably, the invention may advantageously include the incorporation of one or

more suicide genes in combination with the inducible lineage factor of the

PCT/GB2008/003143
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invention. This has the advantage that the cells bearing the inducible lineage factor
may conveniently be removed from the patient by activation of the suicide gene
should that be deemed advantageous. In this embodiment, removal is by means of
a dissection of the cells. One benefit of this approach is that if any of those altered
cells became dysregulated and/or cancerous, then each of those cells could be
conveniently removed from the patient simply by activating the suicide gene or

genes incorporated therein. Suitably, the suicide gene may be the Herpes Simplex

" thymidine kinase gene (TK gene). In this embodiment, suitably administration of

gancyclovir (e.g. Zovirax ™) may be used to remove the cells of the invention

since those cells expressing the TK gene are killed by the presence of gancyclovir.

The inclusion of a suicide gene is also advantageous in enabling the selective
removal of the target cells such as the switched cells. Removal in this context
means disabling or killing the cells such as, via the suicide gene/selective agent.
The cells need not be physically removed so long as they are funétionally removed.
One advantage of being able to selectively remove the target cells is to alleviate the
need for continuous induction treatment. If induction is withdrawn, the cells might

revert back to their pre-switched state (e.g. TH::iFoxp3 cells might revert to T

effector cells), which may be undesirable or even detrimental. =~ Thus,

advantageously one or more selectable marker(s) such as suicide gene(s) are

incorporated with the inducible lineage factor(s) of the invention.

Any suitable sulclde gene known to those skilled in the art may be employed.
Suitably the thymidine kinase (‘TK”) gene is used. In this embodiment, su1tab1y

gangcyclovir is used as the selective agent.

Suitably, the suicide gene and the inducible lineage factor are introduced to the cell
at the same time e.g. simultaneously. This has the advantage of ensuring that the

target cells receive both elements.

Suitably, the inducible lineage factor and the suicide gene may be carried on the

same genetic construct. In this embodiment, the safety profile is still further
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improved since by retaining the inducible lineage factor and the suicide gene on
the same genetic construct, any genetic or cell division events which might lead to
the separation of the suicide gene from the inducible lineage factor are

advantageously minimised.

Suitably, only cells harbouring the suicide gene are administered to a subject.
Selection of such cells may be performed if desired, for example by any genetic
selection means known to those skilled in the art. This may advantageously
include provision of a selectable marker gene on the genetic construct harbouring
the suicide gene. Selection may be visual e.g. using a fluorescent protein marker

or enzymatic marker.

inducﬁon‘

Induction of the cell switching by induction of the inducible lineage factor may be
accomplished by any suitable means known to those skilled in the art. This may be
by modulation of express1on of the lineage factor, or may be by modulation of the
location or state of the lineage factor where it is already expressed. - For example

when the inducible lineage factor is a Foxp3-ERT fusion, then suitably that protein
is constifcutively expressed in the cells to be switched. However, in the absence of
tamoxifen, the protein would be confined to the cytoplasm. Since Foxp3 is a
DNA-binding factor, it is only fully active when present in the nucleus. Thus,
administration of the inducer tamoxifen results in translocation of the Foxp3-ERT
protein from the cytoplasm to the nucleus, and thus acti\‘/ation leading to cell

switching to a T-reg phenotype.

We show that the invention can be applied to techniques such as adoptive transfer -
of naive, poly-clonal, wild type T cells transduced with a retroviral transgene
carrying an inducible Foxp3 (iFoxp3) (eg. tamoxifen-inducible Foxp3), and thus
enable suppression of immune responses at will. In contrast to constitutively active
wild type Foxp3, iFoxp3 does not alter the homlng behaviour of the cells, thus
allowing them to participate in immune responses in the same way as they would

in the absence of Foxp3. Crucially, it is the inducibility of the system which

PCT/GB2008/003143
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provides excellent technical benefits, particularly in contrast to prior art systems
which are based on constitutive expression and therefore are not inducible. By
way of illustration, when Foxp3 is the lineage factor, only once iFoxp3 is induced
do the cells assume regulatory T cell phenotype and start to suppress the response

they partake in.

Induction may suitably be controlled by any suitable means known to those skilled
in the art. For example, induction may be controlled by one or more techniques set

out in Weber and Fusenegger (2004 Curr.-Opin. Biotech. vol. 15 pp 383-391).

In this or other systems, it may be suitable simply to control the expression of the
inducible lineage factor. - This may be accomplished by any suitable expression
system known in the art. For example, the RheoSwitch® mammalian inducible
expression, system (New England Biolabs Inc.) may be used, or one or more
transcriptional regulation systems available from Quadrant Biosystems (Intrexon

Corporation) may be used.

As an extra safety measure, or in order to provide an especially tight regulation,
multiple levels of induction may be built into the system. For example, a Foxp3-

ERT fusion might be placed under the control of an inducible promoter. Thus, the

possibility of accidental induction is drastically reduced since two induction events

would need to take place, namely induction of expression of the fusion protein,
followed by an administration of tamoxifen to facilitate translocation of the

expressed protein from the cytoplasm to the nucleus.

Of course, for reasons of simplicity and economy, it may be desirable to have only
one level of control of the induction of the inducible lineage factor. It is envisaged
that for the great majority of applications, a single level of control of induction

would be adequate.

In principle, any hormone receptor system which works by changing localization

into the nucleus would be particularly suitable for this type of induction according

PCT/GB2008/003143
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to the present invention. Of particular interest will be plant and insect hormones,
which are likely to (i) have no side effects on the mammalian hormone system and

(ii) are unlikely to be immuno genic.

A particularly suitable inducible system is the fusion of the lineage factor to ERT
and addition of tamoxifen to induce. This is an example of induction by control of

subcellular localisation.

A similar system using a mutated progesterone receptorvwith the synthetic steroid
RU486 has been develdped and may be employed in the present invention, for
example as described in Kellendonk C, Tronche F, Casanova E, Anlag K, Opherk
C, Schutz G: Inducible site-specific recombination in the brain. Mol Biol 285:175 -
182, 1999. This publication is hereby incorporated herein by, reference,
specifically with reference to the sequence and construction of the mutated

progesterone receptor, and the nature and dosing of the RU486 inducer.

The RheoSwitch™ inducible system, which relies on a synthetic hormone system,
for example as supplied by New England Biolabs Inc. (e.g. Cat. No. E3000S) may

also be used in the invention.

Induction may be systemic. In this emBodiment, typically the inducer would be
administered to the subject as a whole. For exampie, when the tamoxifen is the
inducer, then this could be administered orally 6r by injection into the bloodstream
of the subject. This would then result in distribution of tamoxifen throughout the

tissues of the subject, and thus would result in a systemic induction.

In another embodiment, localised induction may be employed. For example, the

inducer may be localised by means of a pétch or by topical administration thrdugh

a particular site or tissue of the subject. Alternatively, the inducer may be loca_llised

by implantation. Implantation may consist of a slow release reservoir, or any other

suitable means of controlling the localised release of the inducer. One such
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embodiment may involve implantation of a small pump to release the inducer

locally into an organ such as the liver.

Localised induction can offer advantages over systemic inductidn. For example, in
the case of a liver transplant patient, a systemic treatment might render them
susceptible to infection, particularly if their treatment has involved general
suppression of their immune system.. By advantageously localising the inducer to
the liver, for example by implantation of a pump system, then drawbacks of a

systemic approach can be avoided.

Tt should be noted that any cells migrating or being physically removed from a
localised site of induction (for example, removél via the bloodstream) would also
be taken away from the site of the inducer. Thus, in the absence of the inducer
there will be no more induction of the lineage factor, and the cells should revert to '
their original typé, thereby advantageously minimising any inappropriate

suppression effects.

When the lineage factor is fused to an oestrogen receptor polypeptide such as the
tamoxifen-sensitive ERT sequence, suitably the induction is via administration of
tamoxifen. Dosage of tamoxifen will typically be determined by the operator with
reference to the guidance given herein. As is well known, dosage may vary
depending upon factors such as method of administration and species of subject.
Suitably for mammalian subjects such as humans, a typical dose is approximately

0.01 mg/kg, given orally daily.

Lineage Factor

The term “lineage factor” as used herein has its natural meaning the art. A lineage

factor is an entity which exerts an effect on the fate or lineage of a particular cell.
In the context of the present invention, lineage factors are suitably factors involved
in governing the fate of a Ty or naive T cell. A naive T cell may différentiate along

one of a number of lineages. For example, a naive T-helper cell (sometimes called
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a Ty cell) may become a Tul cell, a T2 cell, a Tyl7 cell, or any other type of Ty

cell.

Suitably the lineage factor may be selected from GATA3, T-bet, Eomesodermin,
RORyt (sometimes referred to as RORgamma+ OF RORy) and Foxp3. Suitably said

lineage factor is inducible.

The lineage factor may be Blimp-1 (Turner ez al 1994 Cell vol 77 pp 297-306).
Suitably, when it is desired to switch a target cell into an immunoglobulin

secreting cell, the lineage factor is Blimp-1.

Suitably, when it is desired to switch a target cell to Tyl, the lineage factor is T-

bet. -

Suitably, when it is desired to switch a target cell to T2, the lineage factor is
GATA3.

Suitably, whet it is desired to switch a target cell to Tyl7, the lineage factor is
ROR y-T. , 3 { '
Suitably, when it is desired to switch a target cell to Treg, the lineage factor is

Foxp3.

' Suitably, when it is desired to switch a target cellto a cytdtoxic T cell, the 1iﬁeage

factor is eomesodermin.
When the target cell is CD8+, suitably the lineage factor is eomesodermin.

When the target cell is CD4+, suitably the lineage factor is selected from the group
consisting of GATA3, T-bet, RORyt and Foxp3. |
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Although the invention relates to lineage factors generally, numerous embodiments
of the invention are illustrated with Foxp3 as the exemplary lineage factor. Most

suitably, the lineage factor is Foxp3.

Of course, it may be desired to switch a T-helper cell to a regulatory T cell (Treg).

In this embodiment, preferably the lineage factor is Foxp3.

Suitably, the lineage factor is chosen with respect to the target cells in which
switching will be induced. In this regard, it is clearly important that the lineage
factor chosen is active and is able to exert its effects in the target cells. Thus,
suitably the use of cognate lineage factors is preferred. By cognate lineage factor
is meant that the lineage factor should be from a similar source to the target cells.
Suitably, mammalian lineage factors are used in order to bring about switching in
mamﬁalim target cells. More suitably, the lineage factor will be from the same
mammalian group as the target cells to be switched. Suitably, primate lineage
factors are used in order to switch primate cells. More suitably, the lineage factor
used is from the same species as the target cells to be switched. Suifably, human

lineage factors are used in order to switch human cells. More suitably, the lineage |
factor may be from the actual subject from which the target cells are also taken.
Thus, suitably the lineage factor will be derived from the genetic complement of

the actual subject whose target cells will be switched.

Notwithstanding the above, it should be clear to the skilled operator that any

lineage factor which is in fact active in the target cells to be switched would be

“suitable for use according to the present invention. Activity in the target cells may

be éonveniently and easily tested by attempting switchihg as described herein.
Truncated, modified, chimeric or otherwise altered lineage factors may also be
used in the present invention. In case any guidance is needed in identifying
lineage factors, reference is made to the exemplary sequences of lineage factors
disclosed herein such as in the sequence listing. In this regard, it should be noted
that exemplary sequences of RORgt are found in several occurrences in the

sequence listiﬁg.' SEQ ID NO:6 contains a few extra residues which may be
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discarded; SEQ ID NO:8 contains a preferred RORgt sequence; SEQ ID NO:9

.contains a preferred RORgt sequence in a preferred core vector; thus SEQ ID

NO:9 also discloses a preferred core vector sequence (i.e. by removing the
sequence of SEQ ID NO:8 from the sequence of SEQ ID NO:9 the core vector
sequence is obtained). Of Cdurse sequence substitutions may be made such as

conservative substitutions, or splice variants or alternate alleles may be used

provided the key character of the lineage factor is not altered. The key character or

key feature which needs to be retained by Tineage factor for a particular apphcatlon
is the ab111ty to induce switching in the target cells. As noted above this may be
easily tested by attempting switching by induction of the chosen lineage factor in
the chosen target‘ cells, and dbserving those cells to determine whether or not their
phenotype is switched. Clearly, a lineage factor which is unable to produce the
switching phenotype will be of limited or no use in the present invention. For
these reasons, it is important that the lineage factors or fragments thereof which are
used in the methods of the in\}eﬁtion retain the ability to bring about switching in

the target cells.

For example in relation to Foxp3, there are certain regions that are suitably
conserved in order to maintain lineage factor function; thus, other elements of
Foxp3 are particularly suscept1ble to being altered, such as truncated or substituted,
provided that the resulting Foxp3 construct retains its function in bringing about
switching in the target cells. The particular regiohs of Foxp3 whjch should be
conserved include: the N-terminal stretch of 150 aa and the C-terminal fork head
domain. It is believed that these are very important to the function of Foxp3. It
may be of help to note that within the forkhead domain there is a nuclear
localization sequence which is believed to be important for the function of the wild |
type Foxp3, but in the context of the invention the function is modulated through
rendering the polypeptide inducible (e.g. via the ERT fusion/application of
tamoxifen) so that the naturally oécﬂrring nuclear localisation sequence may also

be truncated and/or substituted provided its function is retained.
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More specifically, in relation to Foxp3 the following guidance is provided as to
regions of Foxp3 which should suitably not be substituted or truncated or
otherwise altered: |

- aa 70-151; preservation of this sequence is preferred due to interaction with
cREL and possibly other transcription factors.

- aa 337-410, the forkhead domain; preservation of this sequence is preferred for
NFAT interaction and }DNA binding.

- 2a397; preservation of this residue is preferred for proper function of the forkhead
domain. |

- aa371; preservation of this residue is preferred for proper function of the forkhead

domain.

Thus, suitably when the lineage factor of the invention is Foxp3, suitably at least
amino acid residues corresponding to aa 70-151, aa 337-410, aa397 and aa371 of

wild type Foxp3 are conserved.

Similar analyses may be conducted if it is desired to truncate or vary the sequence

of any other lineage factor(s) of the invention.

In some embodlments it may be desired to alter only particular element(s) of a
target cell’s phenotype. For example, mutant lineage factors may be used to obtain
part1a1 effects or one or more ‘subsets of effects relative to the wild-type hneage
factor(s). One example of this may be to use an inducible mutant Foxp3 in order
to induce the homing behaviour of a Treg yet without inducing the suppressive .

activity.

As used herein, the term induction as appli.ed to induction of a lineage factor or
induction of switching means induction of the lineage factor’s activity. In some
embodiments, this may be as simple as inducing expression of the lineage factor.
If the lineage factor so expressed is indeed active, then mere induction of its
expression would be sufficient to induce it, and therefore to induce its activity and

thus induce the switching. However, a more sophisticated induction mechanism
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may be used if desired. For example, some lineage factors may only be active
when translocated to a particular sub-cellular compartment. In this situation, the
operator may choose to have the lineage factor constitutively expresséd in the
target cells, and may use an alternative induction mechanism to bring about its
activity. One example of this is when the lineage factor is a transcription factor.
Transcription factors need to reach the nucleus in order exert their activity. By
modifying the lineage factor, for example by fusion to a prbtein capable of
controlling of its sub-cellular localisation or translocation pattern, then in those
embodiments induction of activity would correspond to induction of translocation

of said modiﬁed lineage factor.

‘Tt is further possible that the lineage factor may be multi-factorial. In this

embodiment, a subset of the elements making up the lineage factor might be
constitutively expressed, with modulation of the overall lineage factor activity
dependent on induction of expression or induction of translocation of the one

missing element required for activity.

It is important to appreciate that whatever the system chosen by the operator for
induction of lineage factor activity, it is the activity of the lineage factor which is
crucial, rather than a mere presence or absence of said lineage factor. Of course,
clearly there are embodiments where the-activity of the lineage factor is entlrely
dependent on its presence or absence. Clearly, one of the simplest ways to induce
activity of a lineage factor is simply to induce its expression. Equally clearly, there
are embodiments where the lineage factor may be present in the target cells .
regardless whether or not they have been induced to switch their phenotype, with
the induction being designed. to alter the behaviour, location, post-translational
modification, or ofher characteristics of said lineage factor in order to modulate its

activity.

In all embodiments, it is important to note that it is the activity of the lineage factor -
which is being manipulated, whether or not that correlates with its mere.expression

may vary from embodiment to embodiment.
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It should be noted that it may be desirable to arrange the lineage factors to permit
multiple switching events. In a first embodiment, this may be accomplished
simply un—indﬁcing or switching off the activity of the lineage factor. This
typically leads to reversion of the switched cell to its original state. In another
embodiment, it may be desirable to switch the cell a second time, to turn it into a
third cell type. For example, a T, cell may be initially switched to a Tyl cell by
activation of an appropriate lineage factor such as T-bet. It may then be desired to
switch this Tyl cell to a regulatory T cell, for example by induction of Foxp3
activity. These and other combinétions featuring the various factors and switching
methods described herein are intended to be within the scope of the present

invention.

| Target Cells

The target cell may be any immune cell for which it is desired to switch type.
Suitably the target cell is a cell of the T-cell lineage, i.e. suitably a T-cell. Suitably

said cell is a naive T cell (sometimes referred to as a Ty cell).

Naive T cells are cells which have been produced (and have survived the positive
and negative selection in the thymus) but is regarded as not yet having encountered
antigen. Naive T cells are cohsidered to be mature but are not yet
activated/expanded due to not yet having encountered cognate antigen. Suitably ‘
the target cell of the invention is a naive T cell. Naive T cells are typically
characterised by expression of CD62L (sometimes referred to as L-selectin),
and/or the absence of activation markers such as CD25, CD44 or CD69. An
advantage of the target cells being naive T cells is that they are not yet activated or
committed to a particular path of differentiation and can be switched from the Ty or

‘ground’ state.

Suitably the target cells comprise a population of polyclonal T cells. Suitably said

cells are as harvested from peripheral blood.
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As explained above, the target cells may be T cells which have already proceeded
along a particular lineage. For example, the target cells may be T cells which have
already developed into T help.er (Tw) cells, or into regulatory T cells (Tregs).
Within these classes, the target cells may be further committed eg. they may have
assumed a particular Ty type such as Tyul, Tu2, Tul7 or other type. It is an
advantage of the invention that these cells may also be target cells and may be

switched according to the present invention. This is particularly advantageous for

- embodiments 'taking advantage of the characteristics of particular Ty cell

phenotypes for example the homing behaviour of Ty cells before switching to a
non-Ty cell type takes place. Furthermore, this advantageously provides an even

greater flexibility in application of the invention.

For example, if it is desired to produce a Tu2 cell, this may be accomplished

according to the present invention in an number of ways. Firstly, a T, cell may be

" switched to a T2 cell, eg. by inducing lineage factor such as GATA-3. Secondly,

a Tg17 cell may be switched to a T2 cell, for example by inducing lineage factor
such as GATA-3. Alternatively, if the Tg2 cell had previously been switched tol
another cell type such as Treg by induction of a lineage factor such as Foxp3, then
induction may be withdrawn, allowing the cell to revert and thereby creating (eg.
recreating/reverting) a Tu2 cell in that manner. Thus, it can be appreciated that the
invention may be advantageously applied in a number of different wayé,.the key
underlying technical connection being the switching of cell type by induction of

lineage factor.

The target cell may be a CD4+ cell, a CD8+ cell or a naive cell from the
bloodstream. Thus, the target cell may be a Tul, Tu2, Tul7 or other type of T

~cell, a Tj cell (naive T cell), a Treg, or a population of cells comprising one or

more such cell types eg. polyclonal T cells such as polyclonal T célls harvested

from peripheral blood.



10

15

20

25

30

WO 2009/037439

22

Transfection/Transduction

Delivery of the nucleic acids of the invention to cell(s) is suitably accomplished
using a vector. Such vectors are well known in the art. Any vector permitting
introduction of the nucleic acid of interest into a cell may be employed. Suitably
viral vectors are used.- Suitably retroviral or DNA based viral vectors may be
used. Most suitably the viral vector is or is derived from a lentivirus based

vector.

In the examples section m6p based vectors are described. These vectors are
based on the Moloney Murine Leukemia Virus (MLV) - a retrovirus which is
cépable of infecting dividing cells. m6p vectors are vectors in which all the
structural genes have been taken out, and only the 'Long Terminal Repeats'
(LTRs) remain. The requisite structural genes are provided in frans. An overview
of the differentﬁ viruses can be seen in Figure 4. Furthermore such viral vectors
contain an 'Tnteinal Ribosomal Entry Site' (IRES) to drive the protein expression
of markers (such as GFP).

«“Cell transfection” refers to the introduction of foreign or exogenous nucle;ic acid
into a cell. There are several methods of introducing DNA or RNA into a cell,A
including chemical transfection methods (eg. liposome-mediated, non-liposomal
lipids, dendrimers), physical delivery —methods (eg. electroporation,
microinjection, heat éhock), and viral-based gene transfer such as viral
transduction (eg. retrovirus, adeno-associated virus, and lentivirus). The method
of choice will usually depend on the cell type and cloning application and
alternative methods are well known to those skilled in the art. Such methods are
described in many standard laboratory manuals such as Davis et al, Basic

Methods In Molecular Biology (1986).

Transfected genetic material can either be expressed (whether constitutively or
inducibly) in the cell transiently or permanently. In transient transfection, DNA

is transferred and present in the cell, but nucleic acids do not integrate into the
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host cell chromosomes. Typically transient transfection results in high expressioh
levels of introduced RNA 24-72 hours post-transfection, and DNA 48-96 hours
post-transfection. Stable transfection is achieved by integration of DNA. vector
into chromosomal DNA and thereby permanently retaining said nucleic acid in

the genome of the cell.

Chemical means of transfecting cells with foréign nucleic acid include use of
DEAE-dextran, calcium phosphate or artificial liposomes. DEAE-dextran is a
cationic polymer that associates with negatively charged nucleic acids. An
excess of positive charge, contributed by the polymer in the DNA/polymer
complex allows the complex to come into closer association with the negatively
charged cell membrane. It is thought that subsequent uptake of the complex by
the cell is by endocytosié. This method is successful for delivery of nucleic acids

into cells for transient expression. Other synthetic cationic polymers may be

-used for the transfer of mnucleic acid into cells including polybrene,

polyethyleneimine and dendrimers.

Transfection using a calcium phosphate co-precipitation method can be used for
transient or stable transfection of a variety of cell types. This method involves
mixing the nucleic acid to be transfected with calcium chloride, adding this in a -
controlled manner to a Buffered saline/phbsphate solution and allowing the
mixture to incubate at room temperature. This step generates a precipitate that is
dispersed onto the cultured cells. The precipitate including nucleic acid is taken

up by the cells via endocytosis or phagocytosis.

Transfection using artificial liposomes may be used to obtain transient or longer
term expression of foreign nucleic acid in a host cell. This method may also be
of use to tra_nsfect certain céll-types that are intransigent to calcium phosphate or
DEAE-dextran.
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Liposomes are small membrane-bound bodies that can actually fuse with the cell

membrane, releasing nucleic acid into the cell. A lipid with overall net positive

charge at physiological pH is the most common synthetic lipid component of
liposomes developed for transfection methods using artificial liposomes. Often the

cationic lipid is mixed with a neutral lipid such as L-dioleoylphosphatidyl-

‘ethanoloamine (DOPE). The cationic portion of the lipid molecule associates with

the negatively charged nucleic acids, resulting in compaction of the nucleic acid in

a liposome/nucleic acid complex. Following endocytosis, the complexes appear in

_ the endosomes, and later in the nucleus. Transfection reagents using cationic lipids

for the delivery of nucleic acids to mammalian cells are widely available and can

be obtained for example from Promega (TransFast™ Transfection Reagent).

In addition to the above, transduction, for example using viral vectors, ‘may
suitably be accomplished by retroviral transduction of target cells using vectors
based on MMLV (murine) or HIV (primate); this results in permanent
incorporation’ of the 4gene into target cells. Other viral methods operating in a
similar manner include ‘AAV (adeno-associated virus). Adeno'vlirus rhay also be

used, for example to produce transient expression.

Further Applications
The invention may be applied in the suppression of undesirable immune responses

using polyclonal T cells transduced with inducible lineage factor such as Foxp3.

The methods and techniques described herein find application in treatment of non-
desirable immune responses such as auto-immune diseases. For example, diseases
in which regulatory T cells have the potential to stop the response, but for some
reason fail to do so. Clearly, the prevention of transplant rejection is one of the

most important applications of the invention.

The advantages of our strategy are many fold. It may advantageously use .
polyclonal, naive T cells. It does not require any prior knowledge of the antigen
specificities involved, a prior art problem which complicates the ex vivo expansion

of regulatory T cells for therapeutic use? 222,

PCT/GB2008/003143



10

15

20

25

WO 2009/037439

PCT/GB2008/003143

25

Furthermore, our approach does not rely on any endogenous triggers; although of
coufse the existence of an undesirable response (ie. the pathology being addressed)
may in a strict sense be regarded as an endogenous trigger. As we externally
trigger the phenotypic conversion of the cells by induction of lineage factor

activity, the exact time point when this happens can be determined by the operator.

The invention may be applied to restrict the induction of suppression to a

geographically defined region by local administratibn of the inducing agent.

By use of either or both such temporal and spatial controls advantageously enables

prevention or reduction of collateral damage, which might be caused by a more
syst,emicA immunosuppression. Of course in other embodiments systemic

immunosuppression may be desired.

The safe utilization of gene therapy is an established, and of course evolving,
area’+? and thus this approach to transgene delivery to the target cells is well

within the abilities of the skilled user.

Thus the invention provides strategies to speciﬁcaliy inhibit undesirable immune

_responses in subjects such as humans.

| ~
The invention may be applied to treatment or prevention of diabetes.

Tn one embodiment the invention may relate to a method of inducibly lowering the

expression of CD62L in a cell, said method comprising inducing lineage factor

activity in said cell.

The requirement of the invention to use inducible lineage factor activity provides
advantages as set out herein. Furthermore, the ‘disguised’ nature of the' cells
before switching can be exploited. For example, Ty cells harbouring inducible
Foxp3 lineage factor activity behave as normal Ty cells before
induction/switching. Thus they go through normal self selection and expansion
upon enpountering antigeh. This is an advantage because then precisely those cells
which will be switched have already expanded ‘naturally’ in the host. Thus there.

are advantageously more of those cells pre-switching due to natural expansion and
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selectioﬁ. Furthermore, switching not only has the advantage of providing Tregs at
the site of the response thereby suppressing the response locally as desired, but
also has the effect of removing Ty cells from the site of tﬁe response (due to
switching them to Tregs, thereby ‘removing’ each Ty cell which is switched — of
course the cell is not removed but after switching it is no longer a Ty cell so has

effectively been ‘removed’ as a Ty cell.

Furthermore, the invention finds application from the reversion/reversible nature of
the inducible switching. Tumours tend to accumulate Tregs within the tumour
itself, This can contribute to immune evasion by suppression of immune responses
directed against the tumour. This is clearly undesirable. According to the present
invention, cells may be switched to Treg within the patient. These are then
allowed to accumulate in the tumour according to the natural process. Once the
tunour is populated with switched Tregs, then induction may be withdrawn ie. the
cells may be switched back to Ty cells. This has the twin advantage of ‘removing’
suppressive Tregs from. the tumour (ie. removing them By switching them to
énother type rather than physical removal as explained above), but also creates Tu
cells within the tumour, thereby provoking or enhancing a helpful immune
response against the tumour as well as alleviating suppression of that response by

the (pre-switching) Tregs.

In another aspect, the invention relates to a method of enhancing and/or biasing an

_ immune response in a subject, said method comprising inducing lineage factor

activity in a target cell of said subject. In another aspect, the invention relates to a

- method of biasing and or boosting an insufficient or inappropriate immune

response in a subject, said method comprising enhancing an immune response as

_ described above. Suitably said insufficient immune response is in the context of

vaccination, infection (such as viral, bacterial, fungal, or parasitic infection), or

cancer. Clearly, although the invention has been illustrated with an array of

immune suppressive -or ‘immune diverting effects, the invention also finds

-application in the enhancement of 'immune responses. For example, it is a benefit

of the invention that undesirable or illegitimate immune responses may in fact be
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enhanced by the use of inducible lineage factors as taught herein. This can be
advantageous for example in the augmentation of responses against tumours or
other pathological entities which might bear ‘self’ antigens and thus represent a

context in which enhancement of an otherwise illegitimate or undesirable immune

résponse is in fact therapeutically useful.

-In another aspect the invention may advantageously be combined with

Tolerostem™ cells produced using Medistem Laboratories Inc. systems.

The invention may also be used in overriding polérisation signals such as Thl
polarisation signals. For example, when the lineage factor is RORgt, IFNgamma
méy be suppressed and Th17 may be promoted. This effect is advantageously
dominant over external stimuli. This finds application in disease settings where
pathogens have evolved to slip the immune system, for example where the
pathogen is a bacterium and a Th2 response is needed but the bacterium ‘fools’ the
immune system into a Th1 response and thus evades clearance. The invention may
advantageously be used in this context to force the respdnse in the correct

direction, particularly when the lineage factor is RORgt.

Brief Description of the Figures

Figure 1 shows graphs and charts demonstrating that constitutive Foxp3 transduced
cells . fail to suppress colla;gen-indimed arthritis and exhibit altered homing
behaviour. (a, b) Arthritis was induced on day 0 by immunization with chicken
collagen in Complete Freund’s Adjuvant. (diamonds) Mice did not receive any

further treatment; n=18. (circles) Mice received 10° Ty::Foxp3 cells one day prior

 to disease induction; n=7. The progression of the disease was monitored blindly on

a daily basis by scoring the inflammation of the paws (0 - no swelling, 1- swelling
in individual Jomt 2 - swelhng in more than one joint or mild inflammation of the
paw; 3 - ‘severe swelling of the entire paw and/or ankylosis). The scores for all
paws of each mouse were totalled (maximum reachable s¢ore of 12 per mouse).
Mice reaching a score of 8 or more were euthanized. All the experiments were

stopped at day 51. (a) The average arthritis scores of all mice in the groups are
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shown for each day. (bj Maximum arthritis score reached by each of the animals.
(p values were determined using Fischer’s Exact test)(c-f) comparison of the
homing behavioui‘ of Ty::Foxp3 , Ty::control, Ty and Tg cells. 10° cells were
transferrod into each mouse (control, n=4; Foxp3, n=6; Tu, n=3; Tr, n=3;). After
48h the various tissues were collected and analysed by flow cytometry, the
transduced cells were identified based on their expression of GFP, primai'y cells
were CFSE labelled. (c, ) frequency [%] at which the transferred cells can be
found in each of tissue. (d,f) Relative distribution of the transferred cells within the
various tissues. (g,h) CD4"CD25" cells were activated for 36h and then transduced
(Oh) with either a control (black line, n=3) or Foxp3 (red line, n=3). (g) CD62
surface expression at Oh and 24h after transduction (h) Percentage of
surfaceCD621M cells was analysed in the transduced populations at the indicated
time points (rﬁean of three independent experiments). All error bars represent

standard error of the mean.

Figure 2 shows scatterplots, ‘charts and graphs of effects of inducible Foxp3
(tamoxifen-induction). (a-d) Comparison of CD25 and CD62L surface oxpression
in cells transduced with either a control gene, Foxp3, or iFoxp3. The transduced
cells were identified based on the co-expression of rat CD8 (a, ¢) Representati\}e
FACS profiles determining the (a) level of CD25 or (¢) surface CD62L expression
of the transduced cell populations (b) Mean intensity of CD25; n=2 and (d)
percentage of surfaceCD62I ™ cells amongst the Foxp3 and iFoxp3 transduced
cells; n=2.(e) change in surface CD62L express1on on TH::iFoxp3 cells at various

time points after induction with 50nM 4-hydroxytamoxifen. (f) Proliferation of

" control, Foxp3 and iFoxp3 transduced cells measured by °H thymidine

incorporation in absence (white bars, n=3) or presence of 50nM 4-
hydroxytamoxifen (grey bars, n=3). (g) Time course measuring the suppressive
activity of Tp::iFoxp3 cells upon addition of 50nM 4-hydroxytamoxifen. 10° CFSE
labelled CD4°CD25 T cells -were incubated with either 10° control transduced Ty
cells (solid black line (upper line)), or 10° Ty::Foxp3 cells (solid red line (lower
line)) or 10° Ty::iFoxp3 cells (dotted red line (middle line)). In either case, two

individual experiments were performed for each time point. The cells were co-
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cultured from time point Oh and the proliferation was measured based on CFSE
dilution after 72h. 4-hydroxytamoxifen was added at the various time points
indicated. (h) Comparison of the homing behaviour of Tw::iFoxp3 (n=3) and
Ty::control, (n=3). The experiment was performed as outlined in Fig.1. The
relative distribution of the transferred cells within the various tissues is shown. All

error bars represent standard error of the mean.

Flgure 3 shows graphs, plots and charts showing that induced Ty::iFoxp3 cells
suppress collagen-induced arthritis. (a, b) Arthritis was induced and monitored as
described in Fig.l. Mice that did not receive any further treatment (black
diamonds), n=18; mice that received 10° Ty::iFoxp3 cells one day prior to disease
induction (red circles, dotted line), n=7 and mice that received 10° Ty::iFoxp3 cells
one day prior to disease induction and tamoxifen inj ections to induce iFoxp3 from
day 15 onwards (red circles, solid line), n=25. (é) The average arthritis scores of all
mice in the groups are shown for each day. (b) Maximum arthritis score reached by
each of the animals. (c, d) Tw::iFoxp3 cell can readily be detected in the spleen 52
days after transfer into DBA1 mice, independent of tamoxifen treatment and
arthritis level. The cells were identified based on the co-expression of GFP (¢)
Representative FACS profiles. (d) Summary of the frequency of GFP" cells in the
spleen 52 days after transfer (n=4 in both cases).

Figure 4 shows diagrams of retroviral vectors. Foxp3 was amplified from Balb/c
cDNA and ijFoxp3 was constructed by a C-terminal fusion of ERT2 replacing the
Foxp3 stop-codon and cloned into the rétroviral vectors m6p GFP and m6p_rCD8.
GFP was fused to the N-terminus of iF 0xp32°.293€T cells were co-transfected with

' pCI-Eco and m6p_GFP or m6p_rCD8 (1:1) carrying a Foxp3, blasticidine-S-

deaminase (control), iFoxp3 or GFP-iFoxp3 transgene.

F1gure 5 shows photomicrographs of iFox3p induction in vivo. Sub cellular
localization of the GFP-iFoxp3 fusion protein within Ty :GFP-iFoxp3 cells which
had been injected into mice and sorted four days later by flow cytometry. Mice

received each day an i.p. injection of either (a) vehicle or (b) tamoxifen.
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" Figure 6 shows graphs demonstrating that tamoxifen treatment has only minor

effect on collagen-induced arthritis. ~Arthritis . was induced and monitored as
described in Fig.1. Mice did not receive any further treatment (black diamonds);
=18 mice that received tamoxifen injections from day 15 onwards (triangles);
n=14. The average arthritis scores of all mice in thé groups are showﬁ for each

day.

Figure 7 shows scatterplots and a bar chart demonstrating tissue distribution of
Ty::iFoxp3 cells at day 52. Tamoxifen induced Ty::iFoxp3 cell can readily be
detected in the blood, spleen and auxiliary lymph nodes (aux. LN) at 52 days after
transfer into DBA/1 mice (collagen/CFA immﬁnized). The cells were identified
based on the co-expression of GFP (a) Representative FACS profiles of tissues.
For éomparison the representative profiles from mice that had received no cell
transfer are shown. (b) Summary of the frequency of GFP" cells in various tissues
52 days after transfer (n=4). For comparison blood frequency of GFP" cells in
blood 17 days after transfer is shown (n=4).

Figure 8 shows bar charts illustrating the level of arthritis specific IgG antibodies.
Comparison of the levels of collagen-specific TgG1, 1gG2a, 1gG2b and 1gG3*
prior to arthritic induction (pre) and at the end of the experiments on day 51 (post)
in control mice (white bars) and mice that had received Tq::iFoxp3 cells (grey
bars). Results are shown as a mean of six randomly chosen animals from each

group in.

Figure 9 shows that Tx::iFoxp3 cells partake in the immune‘requnse and suppress
it upon induction. (A-C) CD4'CD25 T cells were puriﬁed from DO11.10xSCID
mice and 'transduced with either Foxp3 or iFoxp3. Balb/c females received i.v.
5x10% transduced and non-transduced cells at a ratio of 2:3 before being
immunized with ova in CFA [+ova] or CFA alone [-ova] (n=3 in all cases). Mice
were sacrificed eight days after immunization. (A) The frequency of GFP" cells
from tissues was measured and the relative eXpansion was calculated as %GFP"

[+ova] | %GFP* [-ova] for T::Foxp3 (white bars) and Ty::iFoxp3 cells (grey bars).
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(B) Total splenocytes were isolated from mice receiving Ta::iFoxp3 cells and
challenged with the indicated amounts of ova for 72h in the absence (white bars) or
presence (grey bars) of 50nM 4-hydroxytamoxifen. The total proliferation was
measured by the SH-thymidine ihcorporation and the relative proliferation was
measured as “H counts/min [+ova] / 3H counts/min [-ova]. (C) Total ova-specific
antibodies were measured in pre-bleeds (white bars; n=2) and 8 days after

immunization (grey bars; n=3) with [+ova] or [-ova].

Figure 10 shows graphs of average weight per mouse against time.

Figure 11. Polyclonal Tg::Foxp3 cells fail to suppress CIA and exhibit altered

homing behavior. (A) Arthritis was induced on day 0 by immunization with cIl in

CFA. Mice that did not receive any further treatment (black, n=27) and mice that

received 1x10° Ty::Foxp3 cells one day prior to immunization (red, n=7). The
average arthritis scores of all mice in the two groups are shown. (B, C)
Companson of the homing behavior of (B) CFSE labeled Ty (black) and Tx (red)
cells and (C) GFP-expressing Tg::control (black) and Ty::Foxp3 (red) cells. 1x10°
cells were transferred into each mouse (T, n=3; Tr, n=3; control, n=4; Foxp3,
n=6) and the tissues were analyzed 48h later ‘by flow cytometry. The diagrams
represent the percentage of cells in each tissue, calculated from the total number of
cells recovered in all tissues together (1 2x105ﬂ:0 1x10° Ty cells and
| 1x10%£0.2x10° T cells; 8.3x10%:2.7x10* T::control cells and 5.1x10%£0.9x10*
Tu::Foxp3: cells; values = SEM). Error-bars represent the SEM.

Figure 12. Foxp3 mediated regulation of CD62L. (A-D) CD62L expression on
CD4+Fexp3' Ty cells (black) and CD4'Foxp3" Tr cells (red). (A) Representative |
FACS profiles for CD62L expression on Ty and Tr cells prepared from spleen
(0=3 in each case) with unstained Ty cells (grey) shown as control. (B) Mean
fluorescence intensity (MFI) of CD62L on Ty and Tr cells from indicated tissues
(n=2 in each case). (C) Representative FACS profiles of CD44CD25' Ty (black)
and CD4'CD25" Tr (red) cells activated for 72h (n=3 in each case). (D) Total

splenocytes were incubated in the absence of any treatment (solid line) or activated

PCT/GB2008/003143
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by addition of 100ng/ml PMA in the presence (dashed line) or absence (dotted
line) of 50pM TAPI-2 (n=3 in each case). (E-I) CD62L expression in Ty::control
(black) and Tg::Foxp3 cells (red). CD4'CD25" cells were activated for 36h and
transduced (Oh) with either m6p8[control] (black line; n=3) or m6p8[Foxp3] (red
line; p=3). (E, F) Representative FACS profiles of CD62L expression on
transduced cells -at (E) Oh and (F) 24h after transduction. (G) Percentage of
CD621™ cells within the transduced populations in the presence (dashed line) or
absence (solid line) of 50uM TAPI-2. (H) Amount of soluble CD62L in the
supernatant measured by ELISA (representative of two independent experiments).
(D) Relative CD62L expression in CD4"CD25 Ty and CD4TCD25" Tk cells (n=3 in
each case), as well as Ty::control and Ty::Foxp3 cells 48h after transduction (n=2
in each case) determined by qPCR and normalized to HPRT. Error bars represent
the SEM.

Figure 13. Inducible Foxp3. (A) Diagram of iFoxp3 containing retroviral vectors
m6pg[iFoxp3] either co-expressing GFP or a GPI-linked ratCD8 a-chain
m6p8[1Foxp3] and m6p8[GFP-iFoxp3] which contains a fusion of GFP and
iFoxp3. (B) MFI of intra-cellular stain for Foxp3 in Tu: Foxp3 and Ty::iFoxp3
cells compared to CD4" Tg and Ty cells (=2 in egch case). (C, D) Sub-cellular
localization of GFP-iFoxp3 in Ty::GFP-iFoxp3 cells (C) in vitro after 48h in the
presence or absence of 50nM 4- OHT or (D) in vivo after three injections of
tamoxifen or carrier. (E-G) Gain of TR cell functlon upon induction of iFoxp3. (E)
Proliferation of Tm::control, Ty::Foxp3 and TH..1F0xp3 cells upon antiCD3e

[0.6ug/ml] stimulation measured by *H-thymidine incorporation in the absence

~(White bars; n=3 in each case) or presence of 50nM 4-OHT (grey bars; n=3 in each

case). (F) 1x10°> CFSE labeled CD4"CD25 ta:rgét T cells were co-cultured with
1);10‘5 Ty::control, Ty::Foxp3 or Ty:iFoxp3 cells énd activated with antiCD3e
[0.6ug/ml] (n=2 in each case). The proliferation of target cells was measured based
on CFSE dilution after 72h and the % of cells that had undergone at least one cell
cycle is shown. The assay was performed in the absence (white bars) or the
presence (grey bars) of 50nM 4-OHT added to the transduced cells 24h prior to
set-up. (G) MFI of CD25 48h after tra_nsduction on Ty::control, Ty::Foxp3 and
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Ty::iFoxp3 in the absence (white bars; n=2 in each case) or presénce of 50nM 4-

OHT (grey bars; n=2 in each case). (H, I) Comparison of CD62L expression on

" Ty:control, Tu::Foxp3 and Ty::iFoxp3 48h after transduction with m6p8. (H)

Representative FACS proﬁles of CD62L expression (n=2 in each case). (I)
Percentage of CD62LY cells within the transduced populations. (J) Comparison of

- the homing behavior of TH::contfol (black) and Ty::iFoxp3 (red) cells. 1x1 0% cells

were transferred into each mouse (Ty::control, n=2; Ty::iFoxp3, n=3) and the
tissues were analyzed 48h later by flow cytometry. The diagrams fepresent the
percentage of cells in each tissue calculated from the total number of cells
recovered in all tissues together (5.4)(10531:0.7xlO5 Ty::control cells and
3.1x10°+0.4x10° Ty::iFoxp3 cells; values = SEM). ’

Figure 14. Ty::iFoxp3 cells partake in the immune response aﬁd suppress it upon
induction. (A-C) Balb/c mice received 2x10* Ty:Foxp3 or Ty::iFoxp3 cells
prepared from DO11.10xSCID mice Before being immunized s.c. with either ova
in CFA [+ova] or CFA alone [-ova] (n=3 in each case). (A) The frequency of GFP"
cells was measured eight days after immunization and the relative expansion was
calculated as %GFP" [+ova] / %GFP" [-ova]. (B) Total ova-specific antibodies in
pre-bleeds (d0, white bars; n=2 in each case) and 8 days after immunization (d8,
grey bars; n=3 in each casé) in immunized and naive mice. (C) Total splenocytes
were isolated from mice which had received Tg::iFoxp3 cells and were challenged
with the 1nd1cated amounts of ova for 72h in the absence (white bars) or presence
(grey bars) of 50nM 4-OHT. The total proliferation was measured by H-thymldme
incorporation and the relative prohfera’uon was calculated as [+ova] / [-ova]. (D, E)
Mice received 1x10° polyclonal Ty::iFoxp3 cells and were immﬁnized s.c. with
ova in CFA. A week later various tissues were analyzed. (D) The total number of
recovered Ty::iFoxp3 cells from immunized mice (red, n=3) or non-immunized

mice (black, n=3) was calculated. (E) The relative number of endogenous and

 TgiFoxp3 cells was calculated as a ratio between immunized and non-immunized

mice. All error bars represent SEM and p values were determined using an

unpaired t test.
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Figure. 15. Tu::iFoxp3 cells suppress collagen-induced arthritis upon iFoxp3
induction. (A, B) Arthritis was induced on day 0 by immunization with cll in CFA.
(A) Mice that received 1x10° Ty::iFoxp3 cells (grey, n=17), mice that did not
receive: any further treatment (black, n=27), mice that received tamoxifen
injections (tam) (blue, n=14) and mice that received 1x10° Ty::iFoxp3 ceHs and
tamoxifen injections to induce iFoxp3 (red, n=25). The average arthritis scores of
all mice in the groups are shown for each déy. (B) Maximum arthritis score
reached by individual animals, that had received no transfer of cells, Tw::Foxp3
cells (see Fig, 11A) and Ty::iFoxp3 cells +/- tam. (C, D) Arthritis was induced by
immunization with Il in CFA. (C) Mice that had received 1x10® Ty::iFoxp3 cells
the day before cll immunization and tamoxifen injections (;ed, n=4) when the mice
reached a score of 3 (day 0) and mice that did not receive any further treatment
(black, n=9). (D) Maximum arthritis score reached by individual animals. Error

bars represent the SEM and p values were determined using Fisher’s Exact Test.

Figure 16. Ty::iFoxp3 cell-mediated suppression is specific. (A, B) Mice were
immunized with cIl in CFA on day O (A) On day 35 ex vivo recall reactions to cll
were performed on cells purified from mice that did not receive any further
treatment (control, n=10), mice' that had receiye‘d 1x10® Ty::iFoxp3 cells and
tamoxifen injections (Tw::iFoxp3 + tam, n=10) and naive mice (naive, n=10). (B)
Some of the mice described in (A) were immunized on day 28 with ova and ex vzvo
recall reactions to ova were performed in parallel (control, -ova: n=3, +ova: n—7
Ty::iFoxp3 + tam, -ova: n=3, +ova: n=7; naive, -ova: n=>3, ‘+ova: n=>5). (C) Mice
were immunized simultaheously with cIl and ova in CFA on day 0 and ex vivo
antigen-specific recall reactions to ova (closed), cll (half-closed) were performed
on day 28. Mice that did not receive any further. treatmeﬁt (naive, n=4), mice that -
received 1x10° Ty::iFoxp3 cells and tamoxifen injections (Tw: -iFoxp3 + tam, n=4)
and mice that received 1x10° Tx: 1Foxp3 cells (Ty::iFoxp3, n=4). p values were

determined using an unpaired t test.

Figure 17. T 1Foxp3 cell 10ngev1ty (A) Representative FACS profiles of

splenocytes punﬁed from the indicated mice 52 days after transfer of 1x10°
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Tu::iFoxp3 cells. (B) Summary of the frequency of GFP" cells in the spleen 52
days after transfer (n=3 in each case).. (C) Representative FACS profiles of
specified tissues 52 days after transfer of 2x10° Ty::iFoxp3 cells (n=4 in each case,
for auxiliary lymph node (ax. LN) a pooled sample was analyzed). (D) Summary

of the frequency of Ty::iFoxp3 cells in the various tissues 17 and 52 days after

‘transfer. .(E-H) Tg::iFoxp3 cell survival upon 4-OHT withdrawal (E) Ty::control

and Ty::iFoxp3 were cultured in the continuous presence [+ > +] or absence [- > -]

of 50nM 4-OHT. In the case of [+ > -] 4-OHT was withdrawn for. 72h after an

initial induction for 48h, before their suppressive activity was measured. 1x10°

cells of the indicated populations were co-cultured at a 1:1 ratio with 1x10°
CD4'CD25 target cells in 96-well plates coated‘ with antiCD3¢ [0.6pg/ml]. The
proliferation of the cells was measured after 72h based on SH-thymidine
incorporation (n=3 in each case). (F-H) Ty::control and Ty::iFoxp3 were cultured
in the presence or absence of 4-OHT [50nM] and antiCD3¢ [0.6pg/ml]. After 48h
4-OHT and antiCD3¢ was withdrawn. The viability of the cells was assessed by
flow cytometry at Oh, 24h and 48h by measuring the co-expression of GFP. (F) -
Ratio of cells after 4-OHT withdrawal and cells that ‘wveré cultured in the absence
of 4-OHT from the start. (G, H) Representative FACS profiles of Tg::control and
Ti::iFoxp3 cells. All error bars represent the SEM.

Figure 18. Foxp3 and control retroviral vectors. Diagram of Foxp3 containing
retroviral vectors either co-expressing GFP (m6pg[iFoxp3]) or a GPI-linked
ratCD8 o-chain (m6p8[iF0xp3]) and retroviral vectors containing a blasticidine-S-
deaminase (bsd) as a control gene either co-expressing GFP (m6pg[control]) or a
GPI-linked ratCD8 o-chain (m6p8[control]).

.Figure 19. Activation-mediated down regulation of CD62L in T cells. (A, B)

CD62L expression on CD4"CD25™ Ty cells (black) and CD4*CD25" Tr cells (red).

(A) Representative FACS profiles for CD62L expression on Ty and Tr cells

prepared from spleen (n=2) and activated with aCD3e, aCD28 and IL-2 for the
indicated length of time. (B) Representative graph of the relative mRNA levels of
CD62L, in CD4*CD25" Ty and CD4"CD25" T cells activated for the indicated



10

15

20

25

30

WO 2009/037439

PCT/GB2008/003143

36

length of time (n=2) determined by gPCR and normalized to HPRT. (C)
Comparison of the homing behavior of activated mépg[control] transduced
CD4"CD25" Ty (black, n=8) and CD4'CD25" Tr (red, n=8) cells. 1x10° cells were
transferred in;co each mouse and the tissues were analyzed 48h later by flow

cytometry as described above.

Figure 20. Adoptive transfer of Ty::iFoxp3 cells does not lead to any overt signs of -
autoimmune disease. Balb/c mice received 2x10° Ty::iFoxp3 cells (red, n=7) or no

cells (black, n=5) and were visually inspected and weighed weekly for 1 1 weeks.

Figure 21. Tamoxifen treatment has no effect on Ty::control cells in vivo. Total
splenocytes were isolated from mice which .had received no transfer of cells or
1x10° polyclonal Ty::control and were challenged with ova in CFA. Some of the
mice were injected with tamoxifen on day 4 after immunization (n=3 in all cases).
The relative proliferation is shown as a ratio of thymidine incorporation in the
presence or absence of ova stimulation in the recall reaction performed on day 7.
All error bars represent the SEM and the p values were determined using an

unpaired t test.

Figure 22. Level of collagen-specific IgG antibodies. Levels of collagen-specific
TgG1, IgG2a, IgG2b and 1gG3 on day -2 and 52 in control mice (black, n=6) and

mice that had received Ty::iFoxp3 cells and tamoxifen injections (red, n=6). All

- error bars represent the SEM.

Figuré 23. Migration of Ty::iFoxp3 cells into the inflamed paw. Mice received
either 1x10° TH::iFoxp3’ cells or no cell transfer (n=2 in both cases). Arthritis was
induced on day 0 by immunization with cll in CFA. The front and hind paws of
arthritic mice were dissected on day 45 and the GFP" cells were detected by flow
cytometry. Error bars represent the SEM. |

Figure 24. Survival of Ty::iFoxp3 cells in the presence or absence of antigen. Mice -

received 1x10° polyclonal Ty::iFoxp3 cells on day 0 and were inqnﬁnized with ova
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as indicated on day 5. Some of the mice also received tamoxifen injections either
on day 0 or day 8. The number of Ty::iFoxp3 cells present in the spleen was
assessed .by flow cytometry based on GFP expressibn on day 13. (A)
Represehtative FACS profiles. (B) Summary of the relative number of GFP" cells
in the spleen normalized to the total umber of recovered cells (n=3 in absence and

n=4 in the presence of ova immunization). All error bars represent the SEM.

Figure 25. In vivo depletion of Tw:GFP/TK cells. CD4*'CD25™ T cells were
transduced with a retroviral vector containing GFP co-expressing a herpes simplex

thymidine Kinase gene (m6ptk[GFP]). 24h after transduction, 1x10° cells were

" transferred into wild-type mice (day 0). Ganciclovir [Img/mouse] was .

administered for three consecutive days by i.p. injection and on day 5 the inguinal
lymph nodes and spleen were analyzed for the presence of Ty::GFP/TK cells (n=4
in all cases). All error bars represent the SEM.

Figure 26 shows graphs.
Figures 27 and 28 show plots.

The invention is now described by way of example. These examples are intended

to be illustrative, and are not intended to limit the appended claims.

Examples - Methods

Animals and cell preparations. Balb/c and DBA/1 mice (8—12 weeks) were
purchased from Charles River, UK and Harlan, UK respectively. Animals were
maintained under specific ﬁathogen—free conditions. Cells used for in vivo and ex
vivo experifnents were purified (>90% puﬁty) using an AutoMACS (Miltenyi
Biotéc, UKH)B‘. EXpert animal technicians provided animal care in compliance with
the relevant laws and institutional guidelines. Flow cytometric analysis and

proliferation assays were performed as described previouslyB.
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Retroviral vectors and transduction. Retroviral transduction was performed as
described previously”. Six hours after transduction, cells were resuspended in
RPMI/ 10%FCS/ 10uM B-mercaptoethanol/ 10IU/ml IL2. A fixed ratio of
transduced (50-60% in all cases) and non-transduced cells was adoptively

transferred into mice after 72h.

Collagen induced arthritis and gene induction. Male DBA/1 mice received 1-
2x10° transduced cells i.v (day -1) and were immunized i.d. with 100pl chicken
Collagen Type II dissolved in 10mM acetic acid (Sigma) and emulsified [1pg/pl]
in Complete Freund’s Adjuvant (DIFCO) the following day (day 0)". For iFoxp3
induction the mice were injected ip. with 100pl tamoxifen (in 10:1 sunflower
oil/ethanol) [10pg/ul] on days 15 and 16 and [1pg/ul] on days 23, 29, 30, 36 and
43. -

Example 1: Cell Homing Behaviour
Background

The efficacy of the use of naive, polyclonal wild type Ty::Foxp3 cells to treat
autoimmune disease has been very limited”'?. Indeed, our own attempts to treat
collagen-induced arthritis with Ty::Foxp3 cells, ie. cells constitutively expressing
Foxp3 according to the prior art, failed entirely (Fig.1a and b). This might be due
to the low frequency of antigen specific cells within the transferred population“.
The low number of antigen-specific Ty::Foxp3 cells in a polyclonal pool of cells
might be overwhelmed by the high number of already expanded pro-inflammatory '
T cells. However, as we have demonstrated that antigen experienced regulatory T
cells are effective suppressors at extremely low ratios'®, we found this to be an

inadequate explanation.
Homing Behaviour

According to the insight of the inventors, it was suspected that the prbcess of
generating Tu::Foxp3 cells altered their homing behaviour. Indeed, we find that
most of the Ty::Foxp3 cells failed to home into the secondary lymphoid organs and

instead appeared to accumulate in the liver (Fig.1c and d). This is in stark contrast
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to the cells transduced with an irrelevant control gene, which-did not prevent
efficient homing of the cells to the sepondary lymph nodes and mimicked the
homing behaviour of primary cells (Fig.1e and f). This observation deserved some

closer examination.
CD62L

CD62L has been described to be one of the key molecules involved in the homing
of T cells to the secondary lymphoid organs™® and it has been shown that only
CD62LY regulatory T cells have a protective effect in vivqls. It is noteworthy that-
retroviral transduction requifes at least some degree of activation of the cell in
order to push them into S-phase of mitosis. We found that in the presence of Foxp3
this lead to a very marked and sustained down-regulation of surface CD62L

(Fig.1g and h). Whilst we cannot exclude that ectopic expression of Foxp3 alters

- the expression of further homing receptors, one would expect the change 'in

CD62L, surface expression to alter the homing behaviour of the cells'®. This in turn
is likely to hinder the Tu::Foxp3 cells from mimicking the homing behaviour of
regulatory T cells, leading to the low efficacy of these cells in suppressing immune

responses in an antigen specific manner’ .

Example 2: Inducible Lineage Factors

Next we demonstrate a strategy thaf utilizes an inducible lineage factor. We
demonstrate a method of switching the phenotype of a target cell, which method
comprises inducing lineage factor activity in the target cell via a transgene. In this
example the lineage factor is Foxp3 (inducible Foxp3 = “{Foxp3”), and the
transgene encodes Foxp3 polypeptide having lineage factor activity. In this

example the transgene is introduced into the target cell using a retroviral vector.

According to the invention cells transduced with a retroviral transgene expressing
iFoxp3 (Ty::iFoxp3 cells) should retain the phenotype of pro-inflammatory T cells.

When encountering an antigen they should participate in the immune response,

- expand and exert their pro-inflammatory functions until Foxp3 is induced. Upon

induction, the transduced cells should aésmne the phenotype of regulatory T cells
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and suppress the response they are involved in. This approach has"the advantage
that the transduced cells should home normally. This approach has the further
advantage that antigen specific cells should ‘self-select’ and expand in the same

way as any other cell involved in the response.
Manufacture of Inducible Lineage Factor Transgene

In thié example the lineage fa(;tor is Foxp3. In this example, the inducibility is
provided by centrol of the subcellular localisation of the lineage factor via fusion
to a control polypeptide. Thus, we fused a modified estrogen receptor which only
responds to famoxifen (ERT2)18 to the C-terminal end of Foxp3 and cloned it into *
our standard retroviral vector (Fig.4). The Foxp3ERT2 fusion protein is retained
in the cytoplasm by heat shock proteins binding to the ERT2 part of the chimeric
protein. As Foxp3 must be in the nucleus to modify the transcriptional program of
the cell, it is thereby rendered inactive. In contrast to transduction of the cells with
Foxp3, transduction with iFoxp3 resulted neither in a marked increase in CD25

expression beyond that of cells transduced with a control gene (Fig.2a and b) nor

in down-regulation of CD62L (Fig. 2¢ and d). However, CD62L surface

expression .in activated Ti::iFoxp3 cells is rapidly down-regulated if iFoxp3 is

induced By tamoxifen (Fig.2e).
Phehotype Switching

In the absence of induction, Ty::iFoxp3 cells appear to retain the phenotype of
proinflammatory cells. They are neither anergic (Fig.2f) nor do they have any
suppressive activity (Fig.2g). Only upon exposure to tamoxifen does the
Foxp3ERT2 fusion protein translocate to the nucleus, and the Ty::iFoxp3 cells
assume regulatory T cell phenotype. They become anergic (Fig.2f) and gain
suppressive activity (Fig.2g).

To examine the kinetics of the induction process, we coupled a time course of
tamoxifen exposure to an in vitro suppression assay (Fig. 2g). Suppression of
target cells can be observed if tamoxifen is added at the time of set-up (Oh).

However, full suppression activity is only reached if iFoxp3 is induced at least 24h
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prior (-24h) to the use of the cells in the assay. Like Tq::control cells, Ty::iFoxp3
cells mimic the homing behaviour of bﬁmary cells and preferentially accumulate
in the secondary 1y1nphqid organs (Fig.2h). To assess the induction process in Vivo
we injected cells transduced with a retroviral vector carrying a GFP-tagged iFoxp3
into wild type Balb/c mice. Microscopic analysis of FACSsorted GFP" splenocytes
prepared from either tamoxifen or control treated mice confirmed the induction of

iFoxp3 in vivo (Fig.5).

Thus, it is demonstrated that Ty::iFoxp3 cells retain their pro-inflammatory
phenotype unless they are induced, which in this example is performed by
exposure to tamoxifen. 'Only upon this induction do they switch phenotype and

assume the characteristics of regulatory T cells. .

Example 3: Expanéion and switching of target cells using inducible lineage

factors

To assess whether Ty::Foxp3. and Ty::iFoxp3 cellé expénd upon antigenic
challenge ‘in vivo, we transferred Foxp3- or iFoxp3-transduced T cells from
DO11.10xSCID mice, expressing an ovalbumin-specific T cell recéptor traﬂsgene,
into wild type Balb/c mice. In order to approximate physiolo gicél conditions whilst
still retaining a measurable effect, we transferred only 2x10* cells transduced cells
(19). We found that Ty::iFoxp3 cells expanded upon immunization with ovalbumin

(ova) by a factor of 12 in the draining lymph nodés and a factor of 37.5 in the

Aspleen. In contrast, Tr::Foxp3 cells only exhibited a very modest expansion by a

factor of 3.6 in the lymph nodes and 4.4 in the spleen (Fig. 9A). This could have
been due to the Tu::Foxp3 cells limiting the response and thereby impeding their

- own expansion. However, when we examined the levels of ova specific antibodies

in the serum, we found no difference between mice having received Ty::Foxp3 or
Ty::iFoxp3 cells, suggesting this was not the case (Fig. 9B). Our data demonstrates
a clear expansion of Ty::iFoxp3 cells, which is consistent with their participation in

the immune response against ova.
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Next we investigated whether the in vivo expanded ova specific Tu::iFoxp3 cells
can be induced to suppress the very same immune response they partake in. We
isolated the splenocytes from these mice and exposed them to ova in vitro. Whilst
in the absence of induction we observed the expected antigen-induced recall
proliferation, we could not detect any proliferation above background in the
presence of tam (Fig. 9C). This suggests that upon induction the Ty::iFoxp3 cells
assumed a Tgr cell phenotype and suppressed the proliferation of both the
endogenous ova-specific T cells as well ;as the co-transferred non-transduced

DO11.10 T cells.
Example 4: Suppression of Immune Responses

Following from example 3, in order to demonstrate the efficacy in suppressing
immune responses in vivo, we tumed to a collagen-induced arthritis model.
Arthritis was induced by immunization of male DBA/1 mice with chicken collagen
type II in Complete Freund’s Adjuvant. Adoptive transfer of Ty::iFoxp3 cells was
performed .one day prior (day -1) to immunization (day 0). Induction of iFoxp3
was achieved by 1nJect1ons of tamoxifen from day 15 onwards. Arthritis was
scored blindly on a daily basis according to a standardized scorlng system 19

(Fig:3a and b). In the controligroup, first signs of arthritis were observed on day
18 and a plateau was reached at around day 35. Mice that had received Ty::iFoxp3

- cells, but which did not receive tamoxifen injections also showed first signs of
' arthrltls on day 18. However, the onset of arthritis in this group was more marked.

In this case a plateau was reached a week earlier on day 28. The average arthritis

score on reaching the plateau was the same for both groups. Remarkably, 23 out 25
of the mice, which had received TH::iFoxp3 cells and tamoxifen injections, did not
show any clear signs of arthritis. Whilst tamoxifen itself has been reported to have
anti-inflammatory propertieszo, we found that if had only a mild effect, if any, on
the development of collagen-induced arthritis in the absence of Ty::iFoxp3 cells
(Fig.6). Interestingly, we were able to detect Ty -iFoxp3 cells 52 days after their
transfer, independent of the level of arthritis and whether the mice received |

tamoxifen treatment or not (Fig.3¢,d and Fig.7).
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This demonstrates that Ty::iFoxp3 cells are present throughout, but do not suppress
the response in the absence of induction. The fact that the level of anti-collagen
IgG antibodies detected in mice in which iFoxp3 was induced and in control mice
that developed arthritis were similar (Fig.8),. shows that we are indeed stopping an
ongoing response rather than ﬁlerely préventing its onset. By the time iFoxp3 is
induced, the anti-collagen antibody response is already well advanced.
Nevertheless, the induction of Ty::iFoxp3 cells was successful in completely

stopping arthritis in over 90% of the cases.

Example 5: Specific immunosuppression with inducible lineage factor-
transduced polyclonal T cells _
We show suppression of immune responses with 1ndu01ble lineage factor in this

example the lineage factor is Foxp3.

Overview

Foxp3-expressing regulatory. T cells are key mediators of peripheral tolerance
suppressing undesirable immune responses. Ectopic expression of Foxp3 confers
regulatory T cell phenotype to conventional T cells, lending itself to therapeutic
use in the prevention of autoimmunity and transplant rejection. Here, we show that
adoptive transfer of polyclonal, wild-type T cells trzinsduced with an inducible
form of Foxp3 (iFoxp3) can be used to suppress immune responses on demand. In
contrast to Foxp3-, iFdxp3—transduced cells home ‘correctly’ into secondary
lymphoid organs, where they expand and participate in immune responses. Upon
induction of iFoxp3 the cells assume regulatory T cell phenotype and start to

suppress the response they initially partook in. without causing systemic -

~ 1mmunosuppress1on We demonstrate this approach to suppress collagen—mduced

arthritis, where conventional Foxp3-transduced cells failed to show any effect.
This provides with a generally applicable strategy to specifically halt immune

responses on demand without prior knowledge of the antigens involved.

- Materials And Methods

Animals and cell preparations. Balb/c and DBA/1 mice (8—12 weeks) were
purchased from Charles River (UK) and Harlan (UK). DO11.10xSCID mice on the

PCT/GB2008/003143
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Balb/c background were kindly provided by Caetano Reis ¢ Sousa, CRUK.
Animals were maintained undeér specific pathogen—free conditions. Expert animal
technicians provided animal care in compliance with the reievant laws and
institutional guidelines. Cells used for in vivo and ex vivo experiments were
purified (>90% 'purity) using an AutoMACS (Miltenyi Biotec, UK) as previously
described: [66]. Flow cytometric analysis and proliferation assays were performed
as described previously [66] using the following antibodies: ratCD8o. (BD
Bioscience, UK), CD62L (BD Bioscience, UK), CD4 (BD Bioscience, UK), CD25
(BD Bioscience, UK) and Foxp3 (eBioscience, USA).

Retroviral vectors and transduction. Foxp3 was amplified from total spleen
cDNA and iFoxp3 was constructed. by a C-terminal fusion of ERT2 in place of the
stop codon. Both were cloned into mép retroviral vectors co-expressing either GFP
ora GPI-linked rat CD8o. marker. For the measurement of in vivo translocation of
iFoxp3, GFP was cloned in-frame with Foxp3 after the first five codons in the 5°-
prime-end [67] in order to produce GFP-iFoxp3. For the production of retroviral
supernatant, 293eT cells were co-transfected with an equal amount of pCl-Eco
packaging plasmid and the respective m6p retroviral construct. Supernatant was
harvested at 36h and 48h after transfection, filtered and used immediately. For
retrov1ra1 transduction the freshly purified CD4" CD25 T cells were activated in
the presence of plate-bound antiCD3e [O. 6ug/m1] (BD B1os01ence UK) and
10U/ml of recombinant mIL-2 (PeproTech, UK). Cells were transduced at 24h and

' 36h after activation by re-suspension-in a 1:2 mixture of supernatant and complete

medium (RPMI/ 10%FCS/ 10uM B-mercaptoethanol/ 50pg/ml gentamicin)
supplemented with 10U mIL-2 and 6ug/ml Protamine Sulphate (Sigma, UK) and
10U/ml mIL2, followed by centrifugation at 600xg for 2h at 32°C. Six hours after
transduction, cells were resuspehded in complete medium containing 10U mIL-2.
A fixed ratio of transduced (50-60% in all cases) and non-tranéduced cells was

adoptively transferred into mice 72h after the last transduction.

Collagen induced arthritis and gene induction. Male DBA/l mice received 1-
2x10° transduced cells 7.v (day -1) and were immunized i. d. with 1001 cII (Sigma,
UK) dissolved in 10mM acetic acid and emulsified [1pg/pl] in CFA (DIFCO,
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USA) the following day (day 0) [46]. The mice were assessed (blinded) on a daily

basis and inflammation of the paws was scored as follows: grade 0 - no swelling;

~ grade 1 - swelling in an individual joint; grade 2 - swelling in more than one joint

or mild inflammation of the paw; grade 3 - severe swelling of the entire paw and/or
ankylosis. Each paw was graded and all scores where totaled for a maximum score
of 12 pef mouse. Mice reaching a score of 8 or more were euthanized in
accordance with restrictions imposed by UK.legislation. For iFoxp3 induction the
mice were injected i.p. with 100ul tamokifen (in 10:1 sunflower oil/ethanol)
[10ug/u1]. on days 15 and 16 and [1pg/pl] on days 23, 29, 30, 36 and 43.
Alternatwely, iFoxp3 was induced once the mice had reached a score of °3’ (day 0)
by i.p. injections with 100p1 tamoxifen (in 10:1 sunflower oil/ethanol) [10pg/pl]
on days 1, 2, 9 and 16.

In vivo expansion of antigen-specific T cells and ova-specific suppression
assay. CD4'CD25" T cells were purified from 6-12 week old female
SCIDxDO11.10 mice and transduced with Foxp3 or 1Foxp3 as described above.
Balb/c females received i.v. 5x10° of a 2:3 ratio of transduced and non-transduced
cells. Three days later éach mouse was immunized s.c. with either ova (Sigma,
UK) in CFA [50pg/mouse] or just Witﬁ CFA. The mice were sacrificed and
analyzed eight days after immunization. For ova-specific suppression assays total
splenocytes were prepared as described [66], resuspended in complete medium and
plated into round-bottom 96-well plates (density of 2x10° cells/well). iFoxp3 was
induced by adding 50nM 4-OHT (Sigma, UK). Ova was added to the cells 16h

" after induction. After 60h, the cells were pulsed. with 1pCi ’H-thymidine

(Amersham, UK),. collected at 72h with a Filtermate Harvester (Packard) and
analyzed with a TopCount scintillation counter (Packard) according to the

manufacturer’s instructions.

Collagen and ova—spéciﬁc ex vivo recall reactions. CIA and iFoxp3 induction
was performed as described above. On day 28, some of the mice received ova in
CFA s.c. into both flanks [100ug/mouse] Total splenocytes were prepared on day
35 and plated into round-bottom 96-well plates at a density of 5x10° cells/well,
Proliferation of the cells was measured 72h after addition of either ova [100pg/ml]
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or clI [100pg/mi] as described above. Alternatively, mice were immunized
simultaneously with ova and cII on day 0 by i.d. injection of a mixture of 100pg
ova and 100pg cIl in CFA. Recall reactions were performed on day 28 as described

above at a density of 2x10° cells/well.

Elisa for the detection of collagen and ova-specific_antibodies. 96-well flat-
bottom plates (Nunc, DK) were coated with either ova [50pg/ml] or cII [2ug/ml] at
4°C for 16h and blocked with 1% BSA in PBS for 1h. 50ul of serial dilutions
(starting at 1:50 for ova and 1:10,000 for cII) of mouse sera in PBS were incubated
for 2h. Biotin-conjugated IgG1, IgG2a, IgG2b and IgG3 (BD Bioscience, UK)
were then applied for 2h. For ova detection IgM (BD Bioscience, UK) was also
included. The development of cIl and ova-specific immunoglobulins was then
measured using a DuoSet kit (R&D Systems, UK) according to the manufacturer’s

instructions.

Real-time RT-PCR. Total RNA was extracted using an RNeasy kit (Qiagen, UK)
including DNasel treatment (Invitrogen, "UK). cDNA was synthesized with

‘Superscnpt I (Inv1trogen UK) with random hexamer primers (Amersham, UK)

following the" manufacturers instructions. Real-time PCR was performed using
Taqman SYBR green PCR master mix (Applied Biosystems, UK) with primers
specific for Sell (CD62L) and Hprt. The sequences used were: Sell primers: 5°-
ATG CAG TCC ATG GTA CCC AAC TCA-3’ and 5’-CTG CAG AAA CAC

. AGT GTG GAG CAT-3%; Hprt primers: 5°-TTA AGC AGT ACA GCC CCA

AAA TG-3' and 5-CAA ACT TGT CTG GAA TTT CAA ATC C-3°. An ABI
Prism 7900 sequence detection system (Applied Biosystems, UK) was used for 45

cycles of PCR according to the manufacturer’s instructions.

Introduction

Transplant rejection and autoimmune diseases ranging from Rheumatoid Arthritis,
Type I Diabetes, Multiple Sclerosis to Inflammatory Bowel Disease - as diverse as
they might appear - all have the same underlying problem: the launch of an
undesirable immune response [1]. Equally similar are the current approaches to

treat these conditions, which are generally based on drugs that lead to systemic
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. immunosuppression [2]. Thus, the induction of specific tolerance is seen as the

- “Holy Grail’ of therapeutic approaches [3].

The discovery that the immune system evolved regulatory T (Tg) cells to stop
undesirable immune responses, such as autoimmunity [4] and the rejection of the
fetus [5-7], is of obvious therapeutic promise [8]. Indeed, Tx cells have already
been shown to.be capable of fulfilling such functions [9]. However, the translation
of experimental findings into actual therapeutic approaches is hampered by a
variety of problems. Under experimental conditions, antigen-specific tolerance can

be achieved by using Tg cells from TCR-transgenic animals or by ex Vivo

“expansion of antigen-specific Tx cells [9-11]. However, it is difficult to imagine

how a TCR transgenic approach can be translated into a generally apphcable '
therapy. The antigen-specific ex vivo expansion of Tr cells [9-11], or in vivo
convérsion of Ty into Tx cells [12], are more feasible, albeit still problematic. They
not only rely on the knoWledge of, or at 1east access to the antigens involved in the
pathologisal immune response, but are also time consuming and complicated when

applied in a therapeutic context [8,13].

There are also conceptual problems. The lack or malfunction of Tr cells is
suspected to be at the root of many autoimmune diseases [14,15]. In these cases, it
might be impossible to obtain and expand functioﬁal, antigen-specific Tk cells, as

they may not exist in the host in the first place. In principle, this problem can be

" circumvented by the conversion of conventional T cells into Tg cells, either by

TGF-B ‘mediated induction [16-18] or ectopic expression of the 1ineage factor
Foxp3 (NP_473380) [19-21]. However, without enriching antigen-specific
‘induced Tg cells’ this is likely to be of limited benefit and may lead to systemic
immune-suppression [11,22-24]. A further problem with TGF-B induced Tr cells is
that their phenotype seems to be unstable [25,26], although the presence of retinoic

acid appears to stabilize the conversion [27,28].

By contrast, the invention provides a strategy to suppress undesirable immune
responses in an antigen-specific fashlon without prior knowledge of the antigens

involved. We accomplish this by adoptlve transfer of a small number of polyclonal
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Ty cells transduced with a genetically engineered, inducible form of lineage factor
(in this- example the lineage factor is Foxp3) (iFoX‘p3). CD4"CD25  cells
transduced with iFoxp3 (Tm:iFoxp3) initially retain their ‘pro-inflammatory’
phenotype. They home ‘correctly” into the secondary lymphoid organs and partake
in immune responses. Once the Ty:iFoxp3 cells have expanded in an antigen-
specific fashion they can be converted to Tr cell phenotype on demand by
inducing iFoxp3, therby stopping the immune respoﬁse they partook in.

Failure of polyclonal Ty::Foxp3 cells to suppress CIA

Encouraged by the initial finding that polyclonal CD4"CD25 T cells transduced
with Foxp3 (Tg::Foxp3) can prevent and treat colitis in lymphopemc animals
[19,29] we, like others [23,30,31], set out to test whether this can be used' as a
general strategy to prevent and treat autoimmune diseases. ‘To test this hypothesis,
we used collegen-induced arthritis (CIA), which is a well-established. murine
model of human rheumatoid arthritis [32]. To obtain Ty::Foxp3 cells, we

.transduced CD4"CD25 T cells with a MLV-based retroviral vector carrying a

Foxp3-IRES-GFP cassette (m6pg[Foxp3]) (Figure 18) We immunized male
DBA/1 mice with chicken collagen type II (cII) in Complete Freund’s Adjuvant
(CFA). In this model, we observe the first clinical symptoms of arthritis on day 19
after immunization, with the average clinical score reaching a plateau around day
35. Injection of 1x10° Tw::Foxp3 cells one day prior to immunization did not have
any significant impact on the outcome of the arthritis. It neither delayed the time of
disease onset, nor did it alter disease progression (Figure 11A). The failure of
polyclonal Ty::Foxp3 cells'to show any beneficial effect on the outcome of CIA -
under these experimental conditions, is in agreement with the findings of others
[31] and led us to reassess the approach per se. Therefore we decided to examine

the homing, expansion and participation of Ty::Foxp3 cells in immune responses.

Altered homing behavior of Tg::Foxp3 cells '

The decision whether to launch or suppress an immune response is made within
the secondary lymphoid organs [33]. This makes ‘correct’” homing of the
adoptively transferred cells an essential requirement for cyto-therapy, as otherwise

their participation in immune responses might be severely limited.
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We therefore compared the homing of Ty::Foxp3 cells to that of m6pg[control]
transduced CD4"CD25 T (Tx::control) cells (Figure 18) and freshly isolated CFSE

labeled CD4"CD25 (Tw) cells or CD4'CD25" (Tg) cells. 1x10° cells were injected

into wild type Balb/c mice. After 48h, we isolated the lymphocytes from the
various tissues and analyzed them by flow cytometry. The transferred cells were
identified based on either their GFP co-expression or CFSE label. Ty::control cells,
like Tg and Ty cells could be detected at comparable frequencies in blood, inguinal
and iliac lymph nodes, as well as the spleen (Figures 11B and C). In contrast, the
homing of Ty::Foxp3 cells into the lymph nodes appeared to be defective and their
homing into the spleen slightly impaired. Instead, a large number of these cells
could be found in the liver (Figure 11C). The data suggest that ectopic express1on
of Foxp3 substantially altered the homing behavior of the transduced cells.

Foxp3 mediated regulation of CD62L

The absence of T cells from the peripheral lymph nodes is one of the key features
of CD62L-deficient (sell "} mice [34]. CD62L (L-selectin) plays a key role in the
homing of lymphocytes into these tissues by allowing their attachment to high
endothelial venules [35]. Activation of T cells leads to endoproteolytic'shedding of
CD62L from the surface of the cells, involving the matrix-met:ﬂloprotease
Adam17 [36]. Therefore, we investigated whether the altered homing behavior of
Ty::Foxp3 cells is due to FoXpS-mediated effects. on the surface expression of

CD62L.

We found that the majority of freshly isolated Ty and Tr cells are CD62LY
(Figures 12A and B). Activation of the cells for 72h with antiCD3/antiCD28/1L-2
led to a down-regulation of CD62L surface expression, which was more marked in
Tr' than Ty cells (Figures 12C and 19A). To assess whether this is due to an

increase in Adam17 activity in Ty cells, we activated freshly isolated splenocytes

" with PMA and compared the surface expression of CD62L on Foxp3" (Tr) and

Foxp3™ (Tu) CD4" T cells. The rate of CD62L shedding appeared to be very similar
for both cell types and could be completely blocked by the Adam17 inhibitor
TAPI-2 (Figure 12D). This suggests, that an additional Adam17-independent

mechanism in Tg cells is responsible for the difference in CD62L surface
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expression observed upon activation of Tg and Ty cells.

To further investigate this, we examined CD62L expression in Ta::Foxp3 cells. We
transduced CD47CD25" cells with either m6p8[Foxp3] or m6p8[control]. The cells

~ carrying the vector were identified based on their co-expression of ratCD8a

(Figure 18). Whilst Tg::control cells exhibited some down-regulation of surface
CD62L upon activation with antiCD3/IL-2, this was substantially more marked in
Ty::Foxp3 cells (Figures 12E and F). For the first 24h, TAPI-2 appeared to
partially inhibit the Joss of surface CD62L on Ty::Foxp3 cells, but it did not halt
the steady decrease in surface CD62L over an extended period of time (Figure
12G). The CD62L down-regulation in Ty::control cells was accompanied by an
accumulation of soluble CD62L in the cultufe supernatant. This was not the case
for Ty::Foxp3 cells (Figure .12H), suggesting that in these ‘cells CD62L surface

expression is regulated by a mechanism other than shedding. As Foxp3 is known to

be a transcriptional régulator [37-40], we investigated whether it affects CD62L

transcription. The CD62L mRNA expression level was reduced in both Ty::Foxp3
and Ty::control cells compared to freshly isolated Ty and Tr cells (Figure 12I).
However, the level of CD62L transcript was 7.2 fold lower in Ty::Foxp3 cells than
in Tﬁ::control cells. The data suggest that upon activation of the cells, CD62L is
further down-regulated on a transcriptional level by Foxp3.

It is noteworthy, that retroviral transduction requires at least some ‘degree of
activation of the cell to allow for transgene integration. In this context, the
expression of Foxp3 led to a very marked and sustained down-regulation of surface
CD62L expression. This is likely to be a major contributor to the altered homing
behavior of Ty::Foxp3 cells. Whilst the down-regulation of CD62L upon activation
is similarly more evident in thymically derived Tg cells than Ty cells (Figure 19A
and B), albeit less marked than in Ty::Foxp3 (Figure 12I), it does not appear to
interfere with the cells ability to home into peripheral lymph nodes (Figure 19C).

iFoxp3 - an engineered inducible lineage factor
The “incorrect’ homing of polyclonal Ty::Foxp3 cells might well contribute to their
lack of showing any beneficial effect in CIA [31] (Figure 11A) and other animal

PCT/GB2008/003143
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models of autoimmune disease [11]. However, one might question whether our
initial approach had any merit in the first place, since the transfer of polyclonal
Ty::Foxp3 celis will only marginally incréase the number of suppressive cells that
récognize a particular antigen. Indeed, treatment with polyclonal Tu::Foxp3 cells
more or less mimics polyclonal Tr cell therapy, which in contrast to approaches

using antigen-specific Tr cells, appears to be of limited benefit [22-24,41].

We decided to develop an alternative strategy, allowing us to convert the lineage
commitment of conventional Ty cells to that of Tr cells after their antigen-specific
expansion in vivo. To achieve this, we created an inducible Foxp3 (iFoxp3) that is
constitutivély expressed, but only becomes functionally active upon induction.
Polyclonal, primary Ty cells transduced with iFoxp3 (Tq::iFoxp3 cells) should act
like conventional T cells, retain their homing behavior, participate in immune
responses and expand in an antigen-specific fashion. This antigen-specific in vivo
expansion of Ty::iFoxp3 cells should allow us to specifically switch off immune

responses on demand by inducing iFoxp3.

We fused a modified estrogen receptor (ERT2) to the C-terminal end of Foxp3 and
cloned it into the mép vector (Figures. 13A and B). ERT2 only responds to
tamoxifen and its metabolites such as 4-hydroxytamoxifen (4-OHT), but not
estrogen [42]. In the absence of induction, iFoxp3 is retained in the cytoplasm and
kept inactive by heat shock proteins binding to the ERT?2 part of the fusion protein
[43]”. To' confirm the inducible nature of iFoxp3, we transduced CD4"CD25 cells
witﬁ m6p carrying a GFP-tagged iFoxp3 (m6p8[GFP-iFoxp3]). This allowed us to
assess the induction of iFoxp3 based on the translocation of the fusion protein from
the cytoplasm into the nucleus. We induced iFoxp3 in vitro by exposure to 4-OHT
for 48h (Figure 13C) or in vivo after adoptive transfer of the transduced cells into
wild type Balb/c mice by i.p. injections of tamoxifen (Figure 13D). In elther case,
iFoxp3 translocated into the nucleus in about 60-70% of the transduced cells at the -

time of microscopic analysis, confirming its inducible nature.

Induction of suppressor function in Ty::iFoxp3 cells

A key requirement for our strategy is that iFoxp3 can be used to induce Tr cell
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phenotype on demand. We therefore tested Ty::iFoxp3 cells for hallmark features
of Tr cells such as sustained up-regulation of CD25, in vitro anergy to antiCD3-
stimulation and suppression of target cells [4] before and after induction of iFoxp3.
Whereas Ty::Foxp3 cells were anergic (Figure 13E), suppressed the proliferation
of co-cultured CD4"CD25" cells ~(Figure 13F) and exhibited up-regulation of CD25
(Figure 13G), TI;::iF 6xp3 cells did so only after induction of iFoxp3 with 4-OHT.
This demonstrates that, at least in vitro, Ty::iFoxp3 cells appear to behave like
conventional Ty cells and only assume the phenotype of Tr cells upon the

induction of iFoxp3.

Ty::iFoxp3 home like naive CD4" T cells

From our observations with Ty::control cells, we already knew that transduction
per se did not appear to alter the homing behavior of the cells (Figures 11B and C).
Nevertheless, wenwxanted to verify that non-induced iFo'xp3- neither changes the
expression of CD62L, nor significantly alters the homing behavior of the
Ty::iFoxp3 cells. We found that in the absence of iFoxp3 induction, CD62L
expression remained unchanged in Ty::iFoxp3 compared to Tg::control cells
(Figures 13H and I). This is in stark contrast to our observations made. for
THZZFOX}?S cells (Figures 12E to I). To assess the homing behavior of the cells we
used the same approach as described above. We found that the homing behavior of
Ty::iFoxp3 cells was comparable to that of Ty::control cells (Figure 13]) and thus
very similar to that of naive Ty and Tg cells (Figure 11B).

Antigen-specific in vivo expansion of Ty::iFoxp3 cells

To assess whether Ty::Foxp3 and TH::iFoip3 cells expand upoﬁ antigenic
challengé in  vivo, we transferred transduced cells prepared from
DO11.10xSCID/Balb/c mice that expressed an ovalbumin (ova) spéciﬁc TCR, into
wild-type Balb/c mice. We transferred 5x10* cells containing a mixture of 2x10*
Ty::iFoxp3 cells and 3x10* non-transduced cells. (transduction efficiency of 40%)
with the transduced population being clearly identifiable based on the co-
expréssion of GFP. Ti::iFoxp3 cells expanded upon immunization with ova in

CFA by a factor of 12 in the draining lymph nodes and by a factor of 37.5 in the
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spleen (Figure 14A). In contrast, Tu::Foxp3 cells only exhibited a very modest
expansion by a factor of 3.6 in the lymph nodes and 4.4 in the spleen. This could

have been due to the Tg::Foxp3 cells suppressing the ova-specific immune

“response and thereby impeding their own expansion. However, the levels of ova-

specific antibodies in the serum were the same, independent of whether the mice
had received Tu::Foxp3 or Ty:iFoxp3 cells, suggesting this was not the case
(Figure 14B). Our data demonstrates a clear expansion of Ty::iFoxp3 cells, which
is consistent with their participation in the immune .response against ova. This in
vivo expansion upon antigen exposure is considerably less marked in Ty::Foxp3

cells.

Next, we investigated whether the in vivo expanded ova-specific Ty::iFoxp3 cells
can be induced to suppress the very same immune response they partook in. We
isolated splenocytes from these mice and exposed them to ova ex vivo. Whilst in
the absence of induction of iFoxp3 we observed the expected antigen-induced
recall proliferation, we could not detect any proliferation above background in the
presence of 4-OHT (Figure 14C). ‘This suggests that upon iFoxp3 induction the
expanded Ty::iFoxp3 cells became anergic and suppressed the proliferation of the
co-transferred, non-transduced DO11.10 T cells as well as any endogenous ova-

specific T cells.

To assess to what degree polyclonal Ty::iFoxp3 participate in an immune response,
we transferred 1x10° wild-type Ty::iFoxp3 cells into wild-type Balb/c mice. A
week after immunization with ova, we analyzed the lymphocytes from various
tissues by flow cytometry. Whilst the number of Ty::iFoxp3 cells recovered from
the blood, iliac lymph nodes, liver and spleen did not appear to change upon
antigenic challenge, we observed a marked increase in the inguinal lymph nodes of
the immunized mice (Flgure 14D). This indicates that some of the Ty::iFoxp3 cells
expanded in the draining lymph nodes (s.c. immunization into the flanks).

However, the number of ‘endogenous’ cells in the 1ngu1na1 lymph nodes increased
equally (Figure 14E), suggesting that both populations expand to a similar degree

with their ratio remaining constant.

PCT/GB2008/003143
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Switching off immune responses

To test the potential of Ty::iFoxp3 cells in suppressing autoimmune responses, we
turned to the collagen-induced arthritis model, in which Ty::Foxp3 cells had failed
to show an effect (Figure 11A). We transferred 1-2x1 0° polyclonal Ty::iFoxp3
cells into wild type DBA/1 mice one day prior to immunization lwith cll in CFA.
We induced iFoxp3 on day 15 after immunizaﬁon, which lies between the peak of
the T cell response to collagen around day 10 [44,45] and the onset of clinical

* symptoms around day 21 [46]. Mice that had received Ty::iFoxp3 cells but did not

receive tamoxifen injections to induce iFoxp3 showed the first signs of arthritis on
day 19, similar to the mice that received no transfer of cells (Figure 15A). This
effect was specific to the antigenic challenge (cIl in CFA) inducing the
autoimmune response, as mice receiving these cells without imrﬁunization did not
exhibit any overt signs of developing autoimmune disease (Figure 20).
emarkably, 23 out of 25 of the mice that had received Tm::iFoxp3 cells and
tamoxifen injections to induce iFoxp3 did not show any clinical signs of arthrltls
(scores < 3; Figures 15B). This is in stark contrast to the other groups, in Wthh the
majority of animals developed arthritis (scores > 3; Figures 15B). Whilst
tamoxifen has been reported to have anti-inflammatory properties [47], we found |
that by itself it had only a minor effect on the development of CIA (Figure 15A)
and no effect on the activity of Tu::control cells. in vivo (Figure 21). Despite the
clear suppression of the clinical signs- of CIA, we could detect collagen-specific
antibodies in the serum of the animals at day 52, irrespective of the treatment they

had received (Figure 22).

Next, we investigated whether Tg::iFoxp3 cells are capable of stopping already
estabhshed CIA. To this end, we waited until the mice had reached a clinical score
of 3 before inducing iFoxp3. The induction appeared to completely halt if not
reverse CIA, leading to a decline in the average severity score (Figure 15C). None
of the mice showed a further increase of symptoms after induction of iFoxp3
(Figure 15D).

Specificity of the suppressmn

To assess whether the conversion of Tw: -iFoxp3 cells to Tr cell phenotype causes
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systemic immunosuppression, we compared ‘ex vivo recall reactions’ to the
antigen used prior to the induction of iFoxp3 (cI) to that of an unrelated antigen
(ova) injected after induction. The collagen-specific T cell proliferation measured

for mice in which iFoxp3 had been induced was significantly lower than that of

thice that had received no transfer of cells, albeit still higher than that of naive

. mice (Figure 16A). As we did not add tamoxifen to the ex vivo culture, this most

likely reflects a lower number of clI-specific pro-inﬂamrhatory T cells in the
animals that had received Tu::iFoxp3 cells and tamoxifen induction, rather than a
mere ex vivo suppressive effect of Ty::iFoxp3 cells. Remarkably, we could not
detect any difference in the T cell proliferation upon exposure to ova irrespective
of whether the mice had received treatment or not (Figure 16B). This suggests that

the suppression only affects immune responses in which the Ty::iFoxp3 cells have

‘had the opportunity to participate prior. to induction of iFoxp3. Indeed, we were

able to detect Ty::iFoxp3 cells in the inflamed paw of cll-immunized mice,
suggesting that in the absence of induction these cells can contribute to the
inflammation (Figure 23) However, once converted the Ty::iFoxp3 cells, despite
still being present (Figure 24A and B), seem to have lost the capacity to suppress
further unrelated immunological challenges (Figure 16B). This‘suggests that the
conversion of Ty::iFoxp3 cells by induction of iFoxp3 does not lead to a systemic

immunosuppression.

Having shown that induced Ty::iFoxp3 cells do not suppress further unrelated
immune responses post induction, we wanted to investigate the suppressive
activity of Ty::iFoxp3 cells in a context in which both cII and ova are present prior
to induction. We transferred 1x10° polyclonal ATH:‘:iFoxp3 cells into wild type
DBA/1 mice one day before immunization with a 1:1 mixture of ova and cII in
CFA. We induced iFoxp3 on day 15 after immunization and assessed the antigen-
induced proliferation of splenocytes prepared from these mice on day 28. The
recall proliferation against ova and cII were comparable. Equally similar was the
reduction in proliferation in the cases in which iFoxp3 was induced (Figure 16C).

In combination, these results suggest that this approach enables selective

" suppression without affecting further unrelated immune responses after induction

of iFoxp3.

PCT/GB2008/003143



10

15

20

25

30°

WO 2009/037439

56

Ty::iFoxp3 cell longevity

It is noteworthy, that we were able to detect Tw::iFoxp3 cells 52 days after their
transfer, independent of the level of arthritis and whether thé mice had received.
tamoxifen treatment or not (Figures 17A and B). An analysis of various tissues
revealed that Ty::iFoxp3 cells in blood were only marginally reduced between d;ay
17 and day 52 (Figures 17C and D) and could readily be detected in the auxiliary
lymph nodes and spleeﬁ. Whilst this is likely to be of advantage with regard to
actively subpressing immune responses, it poses the question whether continuous
tamoxifen presence is required. Due to the long half-life of tamoxifen [48], a direct

assessment of this in vivo is not feasible. However, in vitro suppression assays,

* Ty::iFoxp3 cells had completely lost their suppressive activity 72h after
. withdrawal of 4-OHT (Figure 17E). To perform these experiments we had to

compensate for a. marked reduction in the number of viable Ty::iFoxp3 cells that
could be recovered under these conditions. To formally address the effect of the
withdrawal of 4-OHT on Ty::iFoxp3 cell viability, we exposed the cells to 4-OHT
for 48h from the point of transduction and then cultured them for a further 48h in
the absence of 4-OHT. The number of viable cells was assessed by flow
cytometry.‘ Withdrawal of 4-OHT had no effect on Ty::control cells, but led to a‘
marked decrease in the number of Ty::iFoxp3 cells (Figure 17F to H). This
suggests, that once induced, Ty::iFoxp3 cells die upon tamoxifen withdrawal, but it
remains unclear how this translates into an in vivo context. Indeed, it might be
desirable to incorporate a suicide gene [49] into the retroviral vector as this allows

the removal of the transduced cells if desired (Figure 25).

Discussion A

Here, we have demonstrated an approach, which allows us to stop undesirable
immune responses without prior knowledge of the antigens involved. Ty::iFoxp3
cells participate in immune responses as conventional Ty cells until iFoxp3 is
induced. At this point they change their phenotype from that of pro-inﬂainmatory
T cells to that of regulatory T cells and suppress the response they partook in.

Ectopic expression of Foxp3 in conventional T cells leads to their conversion into
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cells with Tg-like phenotype [19-21}. Tt was demonstrated early on, that these
Tﬁ::FoxpS cells, like Tr cells, could suppress the development of colitis in
lymphopenic hosts [19,29]. However, it was noted that in this context the
effectiveness of both polyclonal Ty::Foxp3 cells and Tr cells [29,50,51] might be
due to the regulation of homeostatic expansion of the co-transferred, pro-
inflammatory cells, rather than to a true antigen-specific suppression [9,11,52].
Furthermore, adoptive transfer of polyclonal Tr cells will only marginally increase
the number of suppressive cells that recognize a particular antigen. Indeed, the use’
of polyclonal T cell [22] or Tu::Foxp3 populations [11,23] (Figure 11A) have
been of limited efficacy, unless the immune pathology was caused by an absence
of functional Tr cells [20,53] or the experiments were pefformed in lymphopenic

animals -[1.1]: The restrictions imposed by the low frequency of antigen-specific Tr

‘or Ty::Foxp3 cells in polyclonal populations can be circumvented by ex vivo

expansion of antigen-specific Tr cells and TCR transgenic Tu::Foxp3 cells [9-
11,41]. Both approaches have been successfullsl éxploited in mouse models to treat -
diabetes [23,24,54,55], arthritis [31] and EAE [56], as well as being used for the
induction of transplantation tolerance [57,58]. Whilst TCR transgenic T cells are

‘an invaluable research tool to improve our understanding of the regulation of

immune responses [59,60], it is unclear to what degree they can be used in a
therapeutic context. Ex vivo expansion of antigen-specific Tr cells [9,11], -or in
vivo conversion of Ty into Tr cells [12], promises to be more applicable. However,
these approaches are technically challenging, time consuming and most
importantly requir¢ knowledge of or access to the éntigens involved in the immune

response to be suppressed [8,13].

Our study of Ty::Foxp3 cells revealed a further problem. Whilst Ty::Foxp3 cells
appear to adopt the characteristics of Tr cells in vitro, we found their homing to be
altered from that of endogenous Tr and Ty cells. This hinders the Tr::Foxp3 cells

from mimicking the homing behavior of endogenous Tr cells, which has been

shown to be important for their suppréssive function in vivo [61-63]. Those

Ta::Foxp3. cells that fail to home to the secondary lymphoid organs might not
receive the required antigen priming [63] and thus fail to expand like endogenous

Tg cells [64]. This might explain the difference in the efficacy of approaches that

PCT/GB2008/003143



10

15

20

25

30

WO 2009/037439

PCT/GB2008/003143

58

use-polyclonal Fo'xp3+ cells and those that use antigen-selected or TCR transgeﬁic

'Foxp3+ cells. The létter might circumvent the need for an antigen-specific

expansion in vivo by ensuring that there are sufficient numbers of antigen-specific

cells from the onset.

The activation-induced, Foxp3 -mediated down-regulation of CD62L might well be
a key factor in the exclusion of Ty::Foxp3 cells from the peripheral lymph nodes
since T -cells from CD62L-deficient mice exhibit a similar phenotype [34,35].
Further, it has been shown that CD62LY polyclonal Tr cells have a more potent
protective effect in vivo [65]. Héwever, we cannot exclude that ectopic expression
of Foxp3 also alters the-expression of other homing receptors. Indeed, we found
that the activation-induced down-regulation of CD62L in thymically derived Tr

and Ty cells was not sufficient to exclude them from the peripheral lymph nodes.

Here, we present an approach that addresses these problemé by transducing
polyclonal, conventional T cells with a retroviral vector encoding a genetically
engineered inducible form of Foxp3. Ty::iFoxp3 cells retain their pro-
inflammatory character and the ability to home to the lymph nodes. Those
Tu::iFoxp3 cells that recognize an antigen appear to participate in the immune
response and expand. This in vivo expansion of antigen—speciﬁc Ty::iFoxp3 cells
circumvents the need for an ex vivo expansion and does not rely on any knowledge
of thie antigens involved. Upon induction of iFoxp3, the in vivo expanded, antigen-
specific TH::iFoxp3 cells assume a Tgr cell-like phenotype and suppress the
undesirable response they initiaily partook in. We were able to demonstrate the
efficacy of our approach by specifically halting collagen-induced arthritis in a
mouse model. Importantly, TH::iFoxp3 cell-mediated suppression appears to be
restricted to the specific response, which is ongoing at the time of induction of
iFoxp3. Those Ty::iFoxp3 -cells that do not already participate in an immune

response at the time of induction lose the capacity to suppress further unrelated

immune fesponses despite still being present. Whilst we cannot exclude that other

factors play-a role, it appears that the antigen specific expansion of the Tg::iFoxp3
cells prior to induction is an integral part of the observed non-systemic

suppression. In a therapeutic context, it might be desirable to limit the exposure to
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" tamoxifen to minimize possible side effects. Whilst it appears that most Ty::iF oxp3

cells die upon withdrawal of tamoxifen, those that do survive lose their suppressive

activity. To avoid possible deleterious effects these ‘revertant’ cells can be

removed based on the incorporation of a suicide gene into the retroviral vector

* used for the delivery of iFoxp3.

We believe that this strategy of induced conversion of Ty cells into cells with Tgr

cell-like phenotype using iFoxp3 is generally apphcable and allows us to stop a

variety of undesirable immune responses
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Example 6: Application in Diabetes
TH::iFoxp3 cells can suppress the development of diabetes.

Diabetes was induced on day 0 by transferring 15x10° unfractionated splenocytes
from NOD donors into NODxSCID recipients.

With reference to figure 26, the treatment group received 1x10° TH::iFoxp3 cells

' (red (grey), n=10) and tamoxifen injections. The control group did not receive any

further treatment (black (black), n=10).

Thus it can be clearly seen that the number of mice going diabetic continues to

climb, and climbs more steeply, in the control group. By contrast, in the group of

‘mice treated according to the invention. which received T cells comprising

inducible lineage factor (in this example iFoxp3) and in which the lineage factor
activity was induced (in this example by administration of tamoxifen), fewer mice

went diabetic,A and of those mice which did go diabetic, onset was delayed.

Thus the applicability of the invention to treatment or prevention of diabetes is

demonstrated.
Example 7: Phenotype Switching (Thy/Th17)

In this example we further demonstrate phenotype switching according to the

present invention. In this example the switching is done in vitro.
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In this example, the inducible lineage factor is RORgt. The induction is via
addition of tamoxifen (the RORgt is provided as an ERT fusion).

By intracellular staining we looked at the expression levels of the key signature
cytokines INFg (expressed by TH1 cells), IL4 (expressed by the TH2 cells) and
IL17 (expressed by TH17 cells) in iRORgt, RORgt or MOCK transduced cells

grown in cultures with or w1thout tamoxifen.

In iRORgt transduced cells grown without tamoxifen we detect no IL17 expression
as is the case for MOCK transduced cells. When the iRORgt cells have been
grown with tamoxifen we clearly see an increased IL17 expression which is similar
to the TL17 expression we observe in cells transduced with the constitutively active
RORgt construct. As expected we see no significant change in the expression
levels of INFg or IL4 in iRORgt or RORgt transduced cells.

The results are shown in figure 27. The plots shown are gafed on lymphocytes and
the numbers in the quadrants indicate the percentage of total lymphocytes. RCD8

and GFP indicates transduction efficiency.

ThlS demonstrates the capability of turning naive T cells into IL17 expressing T
cells according to the invention (Thp-Th17 switching). Moreover, it is shown that

this is done in a controlled and inducible way.
Example 8: Phenotype Switching (Th1/Th17)

Further to example 7, in this example we looked at the effect of iRORgt induction

'in cells that have been grown in TH1 polarizing conditions (grown in cultures with

20ng/mL IL12).

The clear effect of the induction of iRORgt is an increased expressmn of TIL17.

This indicates that the 1nduct10n of iRORgt according to the invention is sufficient
to switch cells into TH17 cells even though the cytokine environment favours TH1
polarization. Furthermore, we 6bserve é significant decrease in the percentage of
INFg expressing cells in cultures where iRORgt has been induced. This seems to

be the case both for transduced and non ‘transduced cells.
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The results are shown in figure 28. The plots shown are gated on lymphocytes and
the numbers in the quadrants indicate the percentage of total lymphocytes, GFP
indicates transduction efficiency. The negative control was very similar to the

iRORgt induction and has not been included here.

Again we see that the effects of the induction of iRORgt are very similar to the
effects of the constitutively active RORgt, confirming that the inducible construct
is fully functional. ‘

Moreover, we see that practically all IL17 expressing cells do not express INFg
and vice versa, indicating that the result of iRORgt induction is a complete switch

to TH17 cells and not to some TH1/TH17 hybrid.
Thus Th1-Th17 switching according to the invention is demonstrated.
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All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described  aspects and
embodiments of the present invention will be apparent to those skilled in the art
without departing from the scope of the preseht invention. Although the present
invention has been described in connection with specific preferred embodiments, it
should be understood that the invention as claimed should not be unduly limited to
such specific embodiments. Indeed, various modifications of the described modes
for carrying out the invention which are apparent to those skilled in the art are

intended to be within the scope of the following claims.
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Sequence Listing

SEQ ID NO:1

iFoxp3 nucleic acid sequence

1-1290: Foxp3

1291-2262: -ERT2
ATGCCCAACCCTAGGCCAGCCAAGCCTATGGCTCCTTCCTTGGCCCTTGGCCCATCCCCAGGAGTC
TTGCCAAGCTGGAAGACTGCACCCAAGGGCTCAGAACTTCTAGGGACCAGGGGCTCTGGEGGACCC
TTCCAAGGTCGGGACCTGCGAAGTGGGECCCACACCTCTTCTTCCTTGAACCCCCTGCCACCATCC
CAGCTGCAGCTGCCTACAGTGCCCCTAGTCATGGTGGCACCGTCTGGGGCCCGACTAGGTCCCTCA
CCCCACCTACAGGCCCTTCTCCAGGACAGACCACACTTCATGCATCAGCTCTCCACTGTGGATGCC
CATGCCCAGACCCCTGTGCTCCAAGTGCGTCCACTGGACAACCCAGCCATGATCAGCCTCCCACCA
COTTCTGCTGCCACTGGGGTCTTCTCCCTCAAGGCCCGGCCTGGCCTGCCACCTGGGATCAATGTG
GCCAGTCTGGAATGGGTGTCCAGGGAGCCAGCTCTACTCTGCACCTTCCCACGCTCEGGTACACCC
AGGAAAGACAGCAACCTTTTGGCTGCACCCCARGGATCCTACCCACTGCTGGCARATGGAGTCTGC
AAGTGGCCTGGTTGTGAGAAGGTCTTCGAGGAGCCAGAAGAGTTTCTCAAGCACTGCCAAGCAGAT
CATCTCCTGGATGAGAAAGGCAAGGCCCAGTGCCTCCTCCAGRAGAGARGTGGTGCAGTCTCTGEAC
CAGCAGCTGGAGCTGGAAAAGGAGAAGCTGGGAGCTATGCAGGCCCACCTGGCTGGGAAGATGGCE
CTGGCGAAGGCTCCATCTGTGGCCTCAATGGACAAGAGCTCTTGCTGCATCGTAGCCACCAGTACT
CAGGGCAGTGTGCTCCCGGCCTGGTCTGCTCCTCGGGAGGCTCCAGACGGCGGCCTGTTTGCAGTG
CGCAGCCACCTCTGGGGAAGCCATGGCAATAGTTCCTTCCCAGAGTTCTTCCACAACATGGACTAC
TTCAAGTACCACAATATGCGACCCCCTTTCACCTATGCCACCCTTATCCGATGGGCCATCCTGGAR
GCCCCGGAGAGGCAGAGGACACTCAATGARATCTACCATTGGTTTACTCGCATGTTCGCCTACTTC
AGAAACCACCCCQCCACCTGGAAGAATGCCATCCGCCACAACCTGAGCCTGCACAAGTGCTTTGTG

‘CGAGTGGAGAGCGAGAAGGGAGCAGTGTGGACCGTAGATGAATTTGAGTTTCGCAAGAAGAGGAGC

CAACGCCCCAACAAGTGCTCCAATCCCTGCCCTGTGCCGGCGGATGATACGTATCGCTATATATCT
GCTGGAGACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGAAGAAC
AGCCTGGCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATA
CTCTATTCCGAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACCAAC
CTGGCAGACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGATTTG
ACCCTCCATGATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTC
TGGCGCTCCATGGAGCACCCAGTGAAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAG
GGAAAATGTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATCTCGGTTCCGC
ATGATGAATCTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTATTTTGCTTAATTCTGGAGTG
TACACATTTCTGTCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGAC
AAGATCACAGACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAG
CGGCTGGCCCAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCAT
CTGTACAGCATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGCC
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CACCGCCTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCAAAGCCACTTG
GCCACTGCGGGCTCTACTTCATCGCATTCCTTGCAAAAGTATTACAT CACGGGGGAGGCAGAGGGT
TTCCCTGCCACRGCTTGA '

SEQ ID NO:2

iFoxp3 amino a01d sequence

MPNPRPAKPMAPSLALGP SPGVLPSWKTAPKGSELLGTRGSGGPFQGRDL
RSGAHTSSSLNPLPPSQLQLPTVPLVMVAPSGARLGPSPHLQALLQDRPHF
MHQLSTVDAHAQTPVLQVRPLDNPAMISLPPPSAATGVFSLKARPGLPPGI

 NVASLEWVSREPALLCTFPRSGTPRKDSNLLAAPQGSYPLLANGVCKWPG
CEKVFEEPEEFLKHCQADHLLDEKGKAQCLLQREVVQSLEQQLELEKEKL

GAMQAHLAGKMALAKAPSVASMDKSSCCIVATSTQGSVLPAWSAPREAP
DGGLFAVRRELWGSHGNSSFPEFFHNMDYFKYHNMRPPFTY ATLIRWAIL
EAPERQRTINETYHWFTRMFAYFRNHPATWKNAIRHNLSLHKCFVRVESE
KGAVWTVDEFEFRKKRSQRPNKCSNPCPVPADDTYRYISAGDMRAANLW |
PSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILY SEYDPTRPFSEASMM
GLLTNLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLV
WRSMEHPVKLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQ
GEEFVCLKSILLNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAG
L TLQQQHQRLAQLLLILSHIRHMSNKGMEHLYSMKCKNVVPLYDLLLEAA
DAHRLHAPTSRGGASVEETDQSHLATAGSTSSHSLQKYYITGEAEGFPATA

*

' SEQ ID NO:3

iFoxp3 Construct
GGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTG
GTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTG
GOTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTA
GTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT
CTGCTGAAGCCAGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGT
CTTACCGGGTTGGACTCAAGAGATAGTTACCGGATAAGGCGCAGCGGT
CGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA
CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCA
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CGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTG
GTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGAT
TTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCA
ACGCAAGCTAGAGTTTAAACTTGACAGATGAGACAATAACCCTGATAA
ATGCTTCAATAATATTGAAAAAGGAAAAGTATGAGTATTCAACATTTCC
GTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTC
ACCCAGAAACGCTGGTGAAAGTAAAAGATGCAGAAGATCACTTGGGTG
CGCGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCITG
AGAGTTTTCGCCCCGAAGAACGTTTCCCAATGATGAGCACTTTTAAAGT
TCTGCTATGTGGCGCGGTATTATCCCGTATTGATGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAATACTCAC
CAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTAT
GCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCT
GACAACTATCGGAGGACCGAAGGAGCTAACCGCTFﬂﬂTGCACAACAT

GGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGA

AGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGC
AACAACGTTGCGAAAACTATTAACTGGCGAACTACTTACTCTAGCTTCC
CGGCAACAACTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCA
CTTCTGCGCTCGGCACTTCCGGCTGGCTGGTTTATTGCTGATAAATCAG
GAGCCGGTGAGCGTGGGTCACGCGGTATCATTGCAGCACTGGGGCCGG
ATGGTAAGCCCTCCCGTATCGTAGTTATCTACACTACGGGGAGTCAGGC
AACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACT
GATTAAGCATTGGTAAGGATAAATTTCTGGTAAGGAGGACACGTATGG
AAGTGGGCAAGTTGGGGAAGCCGTATCCGTTGCTGAATCTGGCATATG
TGGGAGTATAAGACGCGCAGCGTCGCATCAGGCATTTFN?CTGCGCCA‘

ATGCAAAAAGGCCATCCGTCAGGATGGCCTTTCGGCATAACTAGGACT

AGTCATCTTTTTTTAAGCTCAAGTTTTGAAAGACCCCACCTGTAGGTTT
GGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACAT
AACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAGACAG
CAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCG
CTCAGGGCCAAGAACAGTTGGAACAGGAGAATATGGGCCAAACAGGA
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TATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATG
GTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGAT
GTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATITGAA
CTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCG
AGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTCC
GATAGACTGCGTCGCCCGGGTACCCGTGTTCTCAATAAACCCTCTTGCA
GITGCATCCGACTCGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGA
GTGATTGACTACCCGTCAGCGGGGTCTTTCATTTGGAGGTTCCACCGAG
ATTTGGAGACCCCTGCCCAGGGACCACCGACCCCCCCGCCGGGAGGTA
AGCTGGCCAGCAACTTATCTGTGTCTGTCCGATTGTCTAGTGTCTATGA
CTGATTTTATGCGCCTGCGTCGGTACTAGTTAGCTAACTAGCTCTGTAT
CTGGCGGACCCGTGGTGGAACTGACGAGTTCGGAACACCCGGCCGCAA
CCCTGGGAGACGTCCCAGGGACTTCGGGGGCCGTTTTTGTGGCCCGACC
TGAGTCCTAAAATCCCGATCGTTTAGGACTCTTTGGTGCACCCCCCTTA
GAGGAGGGATATGTGGTTCTGGTAGGAGACGAGAACCTAAAACAGTTC
CCGCCTCCGTCTGAATTTITGCTTTCGGTTTGGGACCGAAGCCGCGCCG
CGCGTCTTGTCTGCTGCAGCATCGTTCTGTGTTGTCTCTGTCTGACTGTG
TTTCTGTATTTGTCTGAAAATATGGGCCCGGGCTAGACTGTTACCACTC
CCTTAAGTTTGACCTTAGGTCACTGGAAAGATGTCGAGCGGATCGCTCA
CAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTTACCTTCTGCTCT
GCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCTTT
AACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCC
CGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCT
TGGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCC
TCCGCCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTC
GTTCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTA
GGCGCCCCCATATGGCCATATGAGATCTTATATGGGGCACCCCCGCCCC
TTGTAAACTTCCCTGACCCTGACATGACAAGAGTTACTAACAGCCCCTC
TCTCCAAGCTCACTTACAGGCTCTCTACTTAGTCCAGCACGAAGTCTGG
AGACCTCTGGCGGCAGCCTACCAAGAACAACTGGACCGACCGGTGGTA
CCTCACCCTTACCGAGTCGGCGACACAGTGTGGGTCCGCCGACACCAG
ACTAAGAACCTAGAACCTCGCTGGAAAGGACCTTACACAGTCCTGCTG
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ACCACCCCCACCGCCCTCAAAGTAGACGGCATCGCAGCTTGGATACAC
GCCGCCCACGTGAAGGCTGCCGACCCCGGGGGTGGACCATCCTCTAGA
CTGAAGCTATAGAAGCTTCTCCCGGCAACTTCTCCTGACTCTGCCTTCA
GACGAGACTTGGAAGACAGTCACATCTCAGCAGCTCCTCTGCCGTTATC
CAGCCTGCCTCTGACAAGAACCCAATGCCCAACCCTAGGCCAGCCAAG
CCTATGGCTCCTTCCTTGGCCCTTGGCCCATCCCCAGGAGTCTTGCCAA
GCTGGAAGACTGCACCCAAGGGCTCAGAACTTCTAGGGACCAGGGGCT
CTGGGGGACCCTTCCAAGGTCGGGACCTGCGAAGTGGGGCCCACACCT
CTTCTTCCTTGAACCCCCTGCCACCATCCCAGCTGCAGCTGCCTACAGT
GCCCCTAGTCATGGTGGCACCGTCTGGGGCCCGACTAGGTCCCTCACCC
CACCTACAGGCCCTTCTCCAGGACAGACCACACTTCATGCATCAGCTCT
CCACTGTGGATGCCCATGCCCAGACCCCTGTGCTCCAAGTGCGTCCACT
GGACAACCCAGCCATGATCAGCCTCCCACCACCTTCTGCTGCCACTGGG'
GTCTTCTCCCTCAAGGCCCGGCCTGGCCTGCCACCTGGGATCAATGTGG
CCAGTCTGGAATGGGTGTCCAGGGAGCCAGCTCTACTCTGCACCTTCCC
ACGCTCGGGTACACCCAGGAAAGACAGCAACCTTTTGGCTGCACCCCA
AGGATCCTACCCACTGCTGGCAAATGGAGTCTGCAAGTGGCCTGGTTGT
GAGAAGGTCTTCGAGGAGCCAGAAGAGTTTCTCAAGCACTGCCAAGCA‘
GATCATCTCCTGGATGAGAAAGGCAAGGCCCAGTGCCTCCTCCAGAGA
GAAGTGGTGCAGTCTCTGGAGCAGCAGCTGGAGCTGGAAAAGGAGAA
GCTGGGAGCTATGCAGGCCCACCTGGCTGGGAAGATGGCGCTGGCCAA
GGCTCCATCTGTGGCCTCAATGGACAAGAGCTCTTGCTGCATCGTAGCC
ACCAGTACTCAGGGCAGTGTGCTCCCGGCCTGGTCTGCTCCTCGGGAGG
CTCCAGACGGCGGCCTGTTTGCAGTGCGGAGGCACCTCTGGGGAAGCC
ATGGCAATAGTTCCTTCCCAGAGTTCTTCCACAACATGGACTACTTCAA
GTACCACAATATGCGACCCCCTTTCACCTATGCCACCCTTATCCGATGG
GCCATCCTGGAAGCCCCGGAGAGGCAGAGGACACTCAATGAAATCTAC
CATTGGTTTACTCGCATGTTCGCCTACTTCAGAAACCACCCCGCCACCT
GGAAGAATGCCATCCGCCACAACCTGAGCCTGCACAAGTGCTTTGTGC
GAGTGGAGAGCGAGAAGGGAGCAGTGTGGACCGTAGATGAATTTGAG
TTTCGCAAGAAGAGGAGCCAACGCCCCAACAAGTGCTCCAATCCCTGC
CCTGTGCCGGCGGATGATACGTATCGCTATATATCTGCTGGAGACATGA
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GAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGA

AGAACAGCCTGGCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTT
GTTGGATGCTGAGCCCCCCATACTCTATTCCGAGTATGATCCTACCAGA
CCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACCAACCTGGCAGACA
GGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTG
TGGATTTGACCCTCCATGATCAGGTCCACCTTCTAGAATGTGCCTGGCT

AGAGATCCTGATGATTGGTCTCGTCTGGCGCTCCATGGAGCACCCAGTG
AAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAGGGAAAAT
GTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATC
TCGGTTCCGCATGATGAATCTGCAGGGAGAGGAGTTTGTGTGCCTCAA

ATCTATTATTTTGCTTAATTCTGGAGTGTACACATTTCTGTCCAGCACCC
TGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGA
TCACAGACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGC

AGCAGCAGCACCAGCGGCTGGCCCAGCTCCTCCTCATCCTCTCCCACAT

: CAGGCACATGAGTAACAAAGGCATGGAGCATCTGTACAGCATGAAGTG

CAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGC
CCACCGCCTACATGCGCCCACTAGQCGTGGAGGGGCATCCGTGGAGGA
GACGGACCAAAGCCACTTGGCCACTGCGGGCTCTACTTCATCGCATTCC
TTGCAAAAGTATTACATCACGGGGGAGGCAGAGGGTTTCCCTGCCACA
GCTTGATGAAGCGGCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTG
GCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATT
TTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGC
CCTATCTTCTTGATGAGCATTCCTAGGGGTC;FTTCCCCTCTCGCCAAAG
GAATGCAAGGTCTGTTGAATGTCGTGAAGGMGCAGTTCCTCTGGAAG
TTTCTTGAAGATAAACAACGTCTGTAGCAACCCTTTGCAGGCAGCGGA
ACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTAT
AAGATACACCTGTAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTT '
GGGTAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACA
AGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATC

' TGGGGCCTCGGTGCATATGCTTTACATATGTTTAGTCGAGGTTAAAMA
' CGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACAC

GATGATAATATGGCCACAACCATGCAGCTTGCCAGCA'TGGGCTACCTG
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CGCCGCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCC
ATCCTGGTCGAGCTGGACGGCGACGTGAACGGCCACAAGTTCAGCGTG
TQCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAG
TTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGA
CCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACAT
GAAGCAGCACGACTHHﬁCAAGTCCGCCATGCCCGAAGGCTACGTCCA‘
GGAGCGCACCATCFKHTCAAGGACGACGGCAACTACAAGACCCGCGC
CGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA
GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGA
GTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA

‘GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGG

CAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGA
CGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCC
CTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAAAGCGCCGTAGGCAGGTAGTTAACAGATCCGGATTAGTCCAATTTG
TTAAAGACAGGATATCAGTGGTCCAGGCTCTAGTTTTGACTCAACAATA
TCACCAGCTGAAGCCTATAGAGTACGAGCCATAGATAAAATAAAAGAT |
TTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCC@CCTGTAG
GTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAAT
ACATAACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAG
ACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGC
CCCGCTCAGGGCCAAGAACAGTTGGAACAGGAGAATATGGGCCAAAC
AGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACA
GATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATC
AGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATT,
TGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTC
CCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTC
CTCCGATAGACTGCGTCGCCCGGGTACCCGTGTTCTCAATAAACCCTCT
TGCAGTTGCATCCGACTCGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCT
CTGAGTGATTGACTACCCGTCAGCGGGGTCTTTCAGTTTCTCCCACCTA
CACAGGTCTCACTGGATCTGTCGACATCGATGGGCGCGGGTGTACACTC
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CGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCTCA
TGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCC

. TCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCT

TTTGCAAAAAGCTAATTC

SEQ ID NO:4

iEomesodermin

1—2142} Eomesodermin

2143-3117: ERTZ2
ATGCAGTTGGGAGAGCAGCTCCTGGTGAGCTQGGTGAACCTGCCCGGCGCGCACTTCTACTCGCTG
GAGAGCTGCTCGCGGAGGAGGAGGAGGAGGAGGCGGAGGAGGAGGGGGAGGCGGAGGEAGCGTCAGC
CTCCTCCCCGGTGCTGCCCCCTCGCCCCAGAGGCTGGACTTAGACAAAGCGTCCAAGAAGTTTCCG
GGCAGTCTCCCGTCCCAGGCCEGGGAGCGCAGRACCCGCAGGCGCTGGCGCGGGGECCCCCGECGELT
ATQCTCAGTGACGCGGACGCTGGGGACACCTTCGGGAGCACCTCGGCGGTGGCCAAGCCCGGGCCC
CCGEACGECCGCAAGGGCTCCCCETGCGCEGAGGAGGAGCTGCCCTCCGCCGCCACCGCCGCEGCC
ACCGCGCGCTACTCCATGGACAGCCTGAGCTCCGAGCGCTACTACCTCCCGTCGCCGGGACCGCAG
GGCTCCGAGCTCGCCGCGCCCTGCTCGCTCTTCCAGTACCCGGCGGCGGCCGGAGCAGCCCACGGA
CCCGTGTACCCCECGTCCAATGGCGCGCGCTACCCCTACGGCTCCATGCTGCCCCCCGGTGGATTC
CCCGCCGCCGTGTGCCCGCCCGGGAGGGCGCAGTTCGGCCCCGCTGCGGGTTCGGGGAGCGGCGCT
GGTAGCAGCGGCGGTGGTGCTGGCGGTCCTGGCGCCTATCCCTACGGCCAGGGTTCTCCGCTCTAC
GGGCCATACGCCGGAACCTCAGCGGCCGGETCTTGTGGAGGATTGGGGGECCTAGGGGTGCCTGGC
TCCGGCTTCCGCGCCCACGTCTACCTGTGCARCCGGCCCCTATGGCTCARATTCCACCGGCACCAA
ACTGAGATGATCATCACCAAACAGGGCAGGCGCATGTTTCCTTTCTTGAGCTTCAACATAAACGGA
CTCAACCCCACCGCCCACTACAATGTTTTCGTGGAAGTGGTTCTGGCCGACCCTAACCACTGGCGC
TTCCAGGGGGGCAAGT GGGTGACCTGCGGCARAGCGGACAATAACATGCAGGGCAATARGATGTAC
GTTCACCCAGAATCTCCTAACACTGGCTCCCACTGGATGAGGCAGGAGATTTCCTTTGGGAAGTTA

- AAACTCACCAATAACAAAGGTGCAAACAACAACAACACACAGATGATAGTGTTGCAGTCTCTGCAC

AAATACCAACCGAGGCTGCACATCGTGCAAGTGACAGAGGACGGTGTGGAGGACTTGAATGARCCT
TCCAAGACTCAGACCTTCACCTTCTCAGAGACACAGTTCATCGCTGTGACGGCCTACCAAAACACG
GATATCACCCAGCTAAAGATCGAéCATAACCCCTTCGCCAAAGGCTTCCGGGACAACTACGATTCC
ATGTACACGGCTTCAGAAAATGACAGGTTAACTCCATCTCCCACGGATTCCCCTAGATCCCATCAG
ATTGTCCCTGGAGGTCGGTACGGCGTTCAAAACTTCTTCCCGGAGCCCTTTGTCAACACTTTGCCT
CAAGCCCGATATTATAACGGTGAGAGAACCGTGCCACAGACCAACGGCCTCCTCTCACCCCAACAG
ACCGARGAGETGGCCAACCCTCCCCAGCGGTGGCTTGTCACGCCTGTCCAGCAACCTGTGACCARC
AAGCTAGACATCGGTTCTTATGAATCTGAATATACTTCCAGTACCTTGCTCCCATATGGTATTAAG
TCCTTGCCCCTGCAGACATCCCATGCCCTGGGGTATTACCCTGACCCGACCTTCCCTGCTATGGCAD
GECTGGGEAGGCCETEGCGCTTATCAGAGGAAGATGGCAGCTGGACTACCATGGACATCCAGAATG
AGCCCACCTGTCTTCCCAGAAGATCAGCTTGCCAAGGAAAAAGTTAAAGAAGAGATTAGTTCCTCC
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TGGATAGAGACTCCCCCCTCCATCAAGTCTCTAGACTCCAGCGACTCCGGGGTGTACAACAGCGCT
TGCAAGAGAAAGCGCCTGTCTCCCAGCACCCCCAGCAATGGAAACTCGCCQCCCATAAAGTGTGAG
GACATTAACACTGAAGAGTACAGTAAAGACACCTCCARAGGCATGGGGGCTTATTATGCTTTTTAC
ACAAGTCCCGGCGGCGGCTCAGGCGBCGGGCCGGCGGATGATACGTATCGCTATATATCTGCTGGA
GACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGAAGAACAGCCTG
GCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATACTCTAT
TCCGAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACCAACCTGGCA
GACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGATTTGACCCTC
CATGATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTCTGGCGC
TCCATGGAGCACCCAGTGAAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAGGCARRA
TGTGTAGAGGGCATGGTGGAGATCT TCGACATGCTGCTGGCTACATCATCTCGGTTCCGCATGATG
ARTCTGCAGGGAGAGGAGTTTGTGTGCCTCARATCTATTATTTTGCT TAAT TCTGGAGTGTACACA
TTTCTGTCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGATC
ACAGACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTG
GCCCAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCATCTGTAC
AGCATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGEACGCCCACCER
CTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCAAAGCCACTTGGCCACT
GCGGGCTCTACTTCATCGCATTCCTTGCARAAGTATTACATCACGGGGGAGGCAGAGEETTTCCOT ©
GCCACAGCTTGATGA ‘

SEQ ID NO:5

iGATA-3

1-1350: GATA3

1351-2325: ERT2
ATGGAGGTGACTGCGGACCAGCCGCGCTGGGTGAGCCACCATCACCCCGCGGTCCTCAACGGTCAG
CACCCAGACACGCACCACCCGGGCCTCGGCCATTCGTACATGGAAGCTCAGTATCCGCTGACGGAA
GAGGTGGACGTACTTTTTAACATCGATGGTCAAGGCAACCACGTCCCGTCCTACTACGGAAACTCC
GTCAGGGCTACGGTGCAGAGGTATCCTCCGACCCACCACGGGAGCCAGGTATGCCGCCCGCCTCTG
CTGCACGGATCTCTGCCCTGGCTGGATGGCGGCAAAGCCCTGAGCAGCCACCACACCGCCTCGCCC
TGGAACCTCAGCCCCTTCTCCAAGACGTCCATCCACCACGGCTCTCCGGGGCCTCTGTCCGTTTAC
CCTCCGGCTTCATCCTCTTCTCTGGCGGTCGGCCACTCCAGTCCTCATCTCTTCACC?TCCCGCCC
ACCCCGCCGAAAGACGTCTCCCCAGACCCGTCGCTGTCCACCCCGGGATCCGCQGGGTCGGCCAGG
CAAGATGAGAAAGAGTGCCTCAAGTATCAGGTGCAGCTGCCAGATAGCATGAAGCTGGAGACGTCT
CACTCTCGAGGCAGCATGACCACCCTGGGTGGGGCCTCATCCTCAGCCCACCACCCCATTACCACC
TATCCGCCCTATGTGCCCGAGTACAGCTCTGGACTCTTCCCACCCAGCAGCCTGCTGGGAGGATCC
CCTACCGGGTTCGGATGTAAGTCGAGGCCCAAGGCACGATCCAGCACAGAAGGCAGGGAGTGTGTG
AACTGCGGGGCAACCTCTACCCCACTGTGGCGGCGAGATGGTACCGGGCACTAC&TTTGCAATGCC

-TGCGGACTCTACCATAAAATGAATGGGCAGAACCGGCCCCTTATCAAGCCCAAGCGAAGGCTGTCG

GCAGCAAGGAGAGCAGGGACATCCTGCGCGAACTGTCAGACCACCACCACCACCCTCTGGAGGAGG
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AACGCTAATGGGGACCCGGTCTGCAATGCCTGTGGGCTGTACTACCAGCTTCATAATATTAACAGA
CCCCTGACTATGAAGAAAGAAGGCATCCAGACCCGAAACCGGAAGATGTCTAGCAAATCGAARAAG
TGCAAAAAGGTGCATGACGCGCTGGAGGACTTCCCCAAGAGCAGCTCCTTCAACCCGGCCGCTCTC
TCCAGACACATGTCATCCCTGAGCCACATCTCTCCCTTCAGCCACTCCAGCCACATGCTGACCACA
CCGACGCCCATGCATCCGCCCTCCGGCCTCTCCTTCGGACCTCACCACCCTTCCAGCATGGTCACC
GCCATGGGTGGCGGCGGCTCAGGCGGCGGGCCGGCGGATGATACGTATCGCTATATATCTGCTGGA
GACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTARGAAGARACAGCCTG
GCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATACTCTAT
TCCGAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACCAACCTGGCA

‘ GACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGATTTGACCCTC

CATGATCAGGTCCACCTTCTAGRAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTCTGGCGC
TCCATGGAGCACCCAGTGAAGCTACTGTITTGCTCCTAACTTGCTCTTGGACAGGAACCAGGGAARA
TGTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATCTCGGTTCCGCATGATG
AATCTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTATTTTGCTTAATTCTGGAGTGTACACA
TTTCTGTCCAGCACCCTGAAGTCTCTGGARGAGAAGGACCATATCCACCGAGTCCTGGACAAGATC
ACAGACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTG
GCCCAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGAGTARCAAAGGCATGGAGCATCTGTAC
AGCATGAAGTGCRAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGCCCACCGC
CTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCARAGCCACTTGGCCACT
GCGGGCTCTACTTCATCGCATTCCTTGCARAAGTATTACATCACGGGGGAGGCAGAGGGTTTCCCT
GCCACAGCTTGATGA

SEQID NO:6
iRORyt

1-1569: RORgt
1570-2544: ERT2

[

ATGGACAGGGCCCCACAGAGACACCACCGGACATCTCGGGAGCTGCTGGCTGCAAAGAAGACCCAC
ACCTCACAAATTGAAGTGATCCCTTGCAAGATCTGTGGGGACAAGTCATCTGGGATCCACTACGGG
GTTATCACCTGTGAGGGGTGCAAGGGCTTCTTCCGCCGCAGCCAGCAGTGTAATGTGGCCTACTCC
TGCACGCGTCAGCAGAACTGCCCCATTGACCGAACCAGCCGCAACCGATGCCAGCATTGCCGCCTG
CAGAAGTGCCTGGCTCTGGGCATGTCCCGAGATGCTGTCAAGTTTGGCCGAATGTCCAAGAAGCAG
AGGGACAGTCTACATGCAGAAGTGCAGARACAACTGCAACAGCAGCAGCAACAGGAACAAGTGGCC
AAGACTCCTCCAGCTGGGAGCCGCGGAGCAGACACACTTACATACACTTTAGGGCTCTCAGATGGG

;CAGCTACCACTGGGCGCCTCACCTGACCTACCCGAGGCCTCTGCTTGTCCCCCTGGCCTCCTGAGA

GCCTCAGGCTCTGGCCCACCATATTCCAATACCT TGGCCARAACAGAGGT CCAGGGGGCCTCCTGC
CACCTTGAGTATAGTCCAGAACGAGGCAAAGCTGAAGGCAGAGACAGCATCTATAGCACTGACGGC
CAACTTACTCTTGGAAGATGTGGACTTCGTTTTGAGGAAACCAGGCATCCTGAACTTGGGGAACCA
GAACAGGGTCCAGACAGCCACTGCATTCCCAGTTTCTGCAGTGCCCCAGAGGTACCATATGCCTCT
CTGACAGACATAGAGTACCTGGTACAGAATGTCTGCAAGTCCTTCCGAGAGACATGCCAGCTGCGA
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CTGGAGGACCTTCTACGGCAGCGCACCAACCTCTTTTCACGGGAGGAGGTGACCAGCTACCAGAGG
AAGTCAATGTGGGAGATGTGGGAGCGCTGTGCCCACCACCTCACTGAGGCCATTCAGTATGTGGTG
GAGTTTGéCAAGCGGCTTTCAGGCTTCATGGAGCTCTGCCAGAATGACCAGATCATACTACTGACA
GCAGGAGCAATGGAAGTCGTCCTAGTCAGAATGTGCAGGGCCTACAATGCCAACAACCACACAGTC
TTTTTTGAAGGCAAATACGGTGGTGTGGAGCTGTTTCGAGCCTTGGGCTGCAGCGAGCTCATCAGC
TCCATATTTGACTTTTCCCACTTCCTCAGCGCCCTGTGTTTTTCTGAGGATGAGATTGCCCTCTAC
ACGGCCCIGGTTCTCATCAATGCCAACCGTCCTGGGCTCCARGAGAAGAGGAGAGTCCAACATCTG
CAATACAATTTGGAACTGQCTTTCCATCATCATCTCTGCAAGACTCATCGACAAGGCCTCCTAGCC
AAGCTGCCACCCAAAGGAAAACTCCGGAGCCTGTGCAGCCAACATGTGGAAAAGCTGCAGATCTTC
CAGCACCTCCACCCCATCGTGGTCCAAGCCGCCTTCCCGCCACTCTATAAGGAACTCTTCAGCACT‘
GATGTTGAATCCCCTGAGGGGCTGTCAAAGGGCGGCGECTCAGGCGECGEECCGGCECATGATACG
TATCGCTATATATCTGCTGGAGACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATCGATCAAA

. CGCTCTAAGAAGAACAGCCTGGCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGAT
‘GCTGAGCCCCCCATACTCTATTCCGAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATG

GGCTTACTGACCAACCTGGCAGACAGGGAGCTGGTTCACATGATCARCTGGGCGAACAGEGTGCCA

4GGCTTTGTGGATTTGACCCTCCATGATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTG

ATGATTGGTCTCGTCTGGCGCTCCATGGAGCACCCAGTGAAGCTACTGTTTGCTCCTAACTTGCTC
TTGGACAGGAACCAGGGAAAATGTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACA
TCATCTCGGTTCCGCATGATGAATCTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTATTTTG_
CTTAATTCTGGAGTGTACACATTTCTGTCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCATATC
CACCGAGTCCTGGACAAGATCACAGACACTTTGATCCACCTGATGGCCARGGCAGGCCTCACCCTE

. CAGCAGCAGCACCAGCGGCTGGCCCAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGAGTAAC

AAAGGCATGGAGCATCTGTACAGCATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTG
GAGGCGGCGGACGCCCACCGCCTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACE
GACCARAGCCACTTGGCCACTGCGGGCTCTACTTCATCGCATTCCTTGCARAAGTATTACATCACE
GGGGAGGCAGAGGGTTTCCCTGCCACAGCTTGATGR

SEQ ID NO:7

iTbet

1-1611: TBet

1612-2586: ERT2
ATGGGCATCGTGGAGCCGGGCTGCGGAGACATGCTGACCGGCACCGAGCCGATGCCGAGTGACGAG
GGCCGGGGGCCCGGAGCGGACCAACAGCATCGTTTcTTCTATCCCGAGCCGGGCGCACAGGACCCG
ACCGATCGCCGCGCAGGTAGCAGCCTGGGGACGCCCTACTCTGGGGGCGCCCTGGTGCCTGCCGCE
CCGGGTCGCTTCCTTGGATCCTTCGCCTACCCGCCCCGGGCTCAGGTGGCTGGCTTTCCCGGGCCT
GGCGAGTTCTTCCCGCCGCCCGCGGGTGCGGAGGGCTACCCGCCCEGTGGATGGCTACCCTGCCCCT
GACCCGCGCGCGGEECTCTACCCAGGGCCGCGCGAGGACTACGCAT TGCCCECEGEGTTGGAGGTG
TCTGGGAAGCTGAGAGTCGCGCTCAGCAACCACCTGTTGTGGTCCAAGTTCAACCAGCACCAGACA
GAGATGATCATCACTAAGCAAGGACGGCGAATGTTCCCATTCCTGTCCTTCACCGTGGCTGGGCTG
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GAGCCCACAAGCCATTACAGGATGTTTGTGGATGTGGTCTTGGTGGACCAGCACCACTGGCGGTAC
CAGAGCGGCAAGTGGGTGCAGTGTGGAAAGGCAGAAGGCAGCATGCCAGGGAACCCCTTATATGTC
CACCCAGACTCCCCCAACACCGGAGCCCACTGGATGCGCCAGGRAAGTTTCATTTGGGAAGCTARAG
CTCACCAACAACAAGGGGGCTTCCAACAATGTGACCCAGATGATCGTCCTGCAGTCTCTCCACAAG
TACCAGCCCCGGCTGCACATCGTGGAGGTGAATGATGGAGAGCCAGAGGCTGCCTCCAGTGCTTCT
AACACACACGTCTTTACTTTCCAAGAGACCCAGTTCATTGCAGTGACTGCCTACCAGAACCCAGAG
ATCACTCAGCTGAAAATCGACAACAACCCCTTTGCCARAGGAT TCCGGGAGAACTTTCGAGTCCATG
TACGCATCTGTTGATACGAGTGTCCCCTCGCCACCTGGACCCAACTGTCAACTGCTTGGGGGAGAC
CCCTTCTCACCTCTTCTATCCAACCAGTATCCTGTTCCCAGCCGTTTCTACCCCGACCTTCCAGGC
CAGCCCAAGGATATGATCTCACAGCCTIACTGGCTGGGGACACCTCGGGAACACAGTTATGAAGCG
GAGTTCCGAGCTGTGAGCATGAAGCCCACACTCCTACCCTCTGCCCCGGGGCCCACTGTGCCCTAC
TACCGGGGCCAAGACGTCCTGGCGCCTGGAGCTGETTGGCCCGTGECCCCTCAATACCCGCCCARG
ATGAGCCCAGCTGGCTGGTTCCGGCCCATGCGAACTCTGCCCATGGACCCGGGCCTGGGATCCTCA
GAGGAACAGGGCTCCTCCCCCTCGCTGTGGCCTGAGGTCACCTCCCTCCAGCCEGAGTCCAGCGAC
ICAGGACTAGGCGAAGGAGACACTAAGAGGAGGAGGATATCCCCCTATCCTTCCAGTGGCGACAGC
TCCTCTCCCGCTGGGGCCCCTTCTCCTTTTGATAAGGARACCGAAGGCCAGT TTTATAATTATTTT
CCCAACGGCGGCGGCTCAGGCGGCGGGCCGGCGGATGATACGTATCGCTATATATCTGCTGGAGAC

,ATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGAAGAACAGCCTGGCC

TTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATACTCTATTCC
GAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACCAACCTGGCAGAC
AGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGATTTGACCCTCCAT
GATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTCTCGCECTCC

tATGGAGCACCCAGTGAAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAGGGAAAATGT

GTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATCTCGGTTCCGCATGATGAAT
CTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTATTTTGCTTAATTCTGGAGTGTACACATTT
CTGTCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGATCACA
GACACTTTGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTGGCC
CAGCTCCTCCTCATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCATCTGTACAGC
ATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGCCCACCGCCTA
CATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCAAAGCCACTTGGCCACTGCG
GGCTCTACTTCATCGCATTCCTTGCAAAAGTATTACATCACGGGGGAGGCAGAGGGTTTCCCTGCC
ACAGCTTGATGA .

SEQ ID NO:8

preferred protein sequence of iRORgt ‘
MRTQIEVIPCKICGDKSSGIHYGVITCEGCKGFFRRSQQCNVAYSCTROONCPIDRTSRN
RCOHCRLOKCLALGMSRDAVKFGRMSKKQRDSLHAEVOKOLOQQQQQEQVAKTPPAGSRG
ADTLTYTLGLSDGQLPLGASPDLPEASACPPGLLRASGSGPPYSNTLAKTEVQGASCHLE
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YSPERGKAEGRDSIYSTDGQLTLGRCGLRFEETRHPELGEPEQGPDSHCIPSFCSAPEVP
YASLTDIEYLVQNVCKSFRETCQLRLEDLLRQRTNLFSREEVTSYQRKSMWEMWERCAHH
LTEAIQYVVEFAKRLSGFMELCQNDQIILLKAGAMEVVLVRMCRAYNANNHTVFFEGKYG
GVELFRALGCSELISSIFDFSHFLSALCFSEDEIALYTALVLINANRPGLQEKRRVEHLQ
YNLELAFHHHLCKTHRQGLLAKLPPKGKLRSLCSQHVEKLQIFQHLHPIVVQAAFPPLYK
ELFSTDVESPEGLSKGGGSGGGPADDTYRYISAGDMRAANLWPSPLMIKRSKKNSLALSL
TADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINWAKRVPGFVDL
TLHDQVHLLECAWLEILMIGLVWRSMEHPVKLLFAPNLLLDRNQGKCVEGMVEIFDMLLA
TSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLM
AKAGLTLQQQHQRLAQLLLILSHIRHMSNKGMEHLYSMKCKNVVPLYDLLLEAADAHRLH
APTSRGGASVEETDQSHLATAGSTSSHSLOKYYITGEAEGFPATA *

SEQ ID NO:9 ‘

core vector with iRORgt embedded
GGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCG
GATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCA
AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCG
CCTACATACCTCGCTCTGCTGAAGCCAGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGAGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGA
ACGGGGGGTTéGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATAC
CTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTAT‘,
CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCC
TGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGA
TGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCAAGCTAGAGTTTAAAC

,TTGACAGATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAAAGTAT‘

GAGTATTCAACATTTCCGTGTCGCCCTTATTCCGTTTTTTGCGGCATTTTGCCTTCCTGT

‘ TTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCAGAAGATCACTTGGGTGCGCG

AGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGA
AGAACGTTTCCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCG‘
TATTGATGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGT
TGAATACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG
CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACTATCGG
AGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGA
TCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCC
TGTAGCAATGGCAACAACGTTGCGAAAACTATTAACTGGCGAACTACTTACTCTAGCTTC
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CCGGCAACAACTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCACTTCCGGCTGGCTGGTTTATTGCTGATAAATCAGGAGCCGGTGAGCGTGGGTCACG
CGGTATCATTGCAGCACTGGGGCCGGATGGTAAGCCCTCCCGTATCGTAGTTATCTACAC
TACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTC
ACTGATTAAGCATTGGTAAGGATAAATTTCTGGTAAGGAGGACACGTATGGAAGTGGGCA
AGTTGGGGAAGCCGTATCCGTTGCTGAATCTGGCATATGTGGGAGTATAAGACGCGCAGC
GTCGCATCAGGCATTTTTTTCTGCGCCAATGCAAAAAGGCCATCCGTCAGGATGGCCTTT
CGGCATAACTAGGACTAGTCATCTTTTTTTAAGCTCAAGTTTTGAAAGACCCCACCTGTA
GGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAG
AATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGG
ATATCTGTGGTAAGCAGTTCCTGCCCCGCTCAGGGCCAAGAACAGTTGGAACAGGAGAAT‘
ATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAG
ATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAG
GGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTT
CTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCA
CTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTGTTCTCAATAAACC
CTCTTGCAGTTGCATCCGACTCGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTG
ATTGACTACCCGTCAGCGGGGTCTTTCATTTGGAGGTTCCACCGAGATTTGGAGACCCCT
GCCCAGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCAACTTATCTGTGTCT
GTCCGATTGTCTAGTGTCTATGACTGATTTTATGCGCCTGCGTCGGTACTAGTTAGCTAA
CTAGCTCTGTATCTGGCGGACCCGTGGTGGAACTGACGAGTTCGGAACACCCGGCCGCAA
CCCTGGGAGACGTCCCAGGGACTTCGGGGGCCGTTTTTGTGGCCCGACCTGAGTCCTAAA
ATCCCGATCGTTTAGGACTCTTTGGTGCACCCCCCTTAGAGGAGGGATATGTGGTTCTGG
TAGGAGACGAGAACCTAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGG
ACCQAAGCCGCGCCGCGCGTCTTGTCTGCTGCAGCATCGTTCTGTGTTGTCTCTGTCTGA
CTGTGTTTCTGTATTTGTCTGAAAATATGGGCCCGGGCTAGACTGTTACCACTCCCTTAA
GTTTGACCTTAGGTCACTGGAAAGATGTCGAGCGGATCGCTCACAACCAGTCGGTAGATG
TCAAGAAGAGACGTTGGGTTACCTTCTGCTCTGCAGAATGGCCAACCTTTAACGTCGGAT
GGCCGCGAGACGGCACCTTTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTT
CACCTGGCCCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTGG

'CTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCGCCTCCTCTTC

CTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGTTCGACCCCGCCTCGATCCTCCC
TTTATCCAGCCCTCACTCCTTCTCTAGGCGCCCCCATATGGCCATA&GAGATCTTATATG
GGGCACCCCCGCCCCTTGTAAACTTCCCTGACCCTGACATGACAAGAGTTACTAACAGCC
CCTCTCTCCAAGCTCACTTACAGGCTCTCTACTTAGTCCAGCACGAAGTCTGGAGACCTC
TGGCGGCAGCCTACCAAGAACAACTGGACCGACCGGTGGTACCTCACCCTTACCGAGTCG
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GCGACACAGTGTGGGTCCGCCGACACCAGACTAAGAACCTAGAACCTCGCTGGAAAGGAC
CTTACACAGTCCTGCTGACCACCCCCACCGCCCTCAAAGTAGACGGCATCGCAGCTTGGA
TACACGCCGCCCACGTGAAGGCTGCCGACCCCGGGGGTGGACCATCCTCTAGACTGAAGC
TATAAGCTTATGAGAACACAAATTGAAGTGATCCCTTGCAAGATCTGTGGGGACAAGTCA
TCTGGGATCCACTACGGGGTTATCACCTGTGAGGGGTGCAAGGGCTTCTTCCGCCGCAGC
CAGCAGTGTAATGTGGCCTACTCCTGCACGCGTCAGCAGAACTGCCCCATTGACCGAACC
AGCCGCAACCGATGCCAGCATTGCCGCCTGCAGAAGTGCCTGGCTCTGGGCATGTCCCGA
GATGCTGTCAAGTTTGGCCGAATGTCCAAGAAGCAGAGGGACAGTCTACATGCAGAAGTG
CAGAAACAACTGCAACAGCAGCAGCAACAGGAACAAGTGGCCAAGACTCCTCCAGCTGGG
AGCCGCGGAGCAGACACACTTACATACACTTTAGGGCTCTCAGATGGGCAGCTACCACTG
GGCGCCTCACCTGACCTACCCGAGGCCTCTGCTTCTCCCCCTGGCCTCCTGAGAGCCTCA
GGCTCTGGCCCACCATATTCCAATACCTTGGCCAAAACAGAGGTCCAGGGGGCCTCCTGC'
CACCTTGAGTATAGTCCAGAACGAGGCAAAGCTGAAGGCAGAGACAGCATCTATAGCACT

‘GACGGCCAACTTACTCTTGGAAGATGTGGACTTCGTTTTGAGGAAACCAGGCATCCTGAA

CTTGGGGAACCAGAACAGGGTCCAGACAGCCACTGCATTCCCAGTTTCTGCAGTGCCCCA
GAGGTACCATATGCCTCTCTGACAGACATAGAGTACCTGGTACAGAATGTCTGCAAGTCC‘
TTCCGAGAGACATGCCAGCTGCGACTGGAGGACCTTCTACGGCAGCGCACCAACCTCTTT
TCACGGGAGGAGGTGACCAGCTACCAGAGGAAGTCAATGTGGGAGATGTGGGAGCGCTGT
GCCCACCACCTCACTGAGGCCATTCAGTATGTGGTGGAGTTTGCCAAGCGGCTTTCAGGC
TTCATGGAGCTCTGCCAGAATGACCAGATCATACTACTGAAAGCAGGAGCAATGGAAGTC
GTCCTAGTCAGAATGTGCAGGGCCTACAATGCCAACAACCACACAGTCTTTTTTGAAGGC
AAATACGGTGGTGTGGAGCTGTTTCGAGCCTTGGGCTGCAGCGAGCTCATCAGCTCCATA
TTTGACTTTTCCCACTTCCTCAGCGCCCTGTGTTTTTCTGAGGATGAGATTGCCCTCTAC
ACGGCCCTGGTTCTCATCAATGCCAACCGTCCTGGGCTCCAAGAGAAGAGGAGAGTGGAA
CATCTGCAATACAATTTGGAACTGGCTTTCCATCATCATCTCTGCAAGACTCATCGACAA
GGCCTCCTAGCCAAGCTGCCACCCAAAGGAAAACTCCGGAGCCTGTGCAGCCAACATGTG
GAAAAGCTGCAGATCTTCCAGCACCTCCACCCCATCGTGGTCCAAGCCGCCTTCCCTCCA
CTCTATAAGGAACTCTTCAGCACTGATGTTGAATCCCCTGAGGGGCTGTCAAAGGGCGGC
GGCTCAGGCGGCGGGCCGGCGGATGATACGTATCGCTATATATCTGCTGGAGACATGAGA
GCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAAACGCTCTAAGAAGAACAGCCTGGCC
TTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCTGAGCCCCCCATACTC
TATTCCGAGTATGATCCTACCAGACCCTTCAGTGAGGCTTCGATGATGGGCTTACTGACC
AACCTGGCAGACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTT
GTGGATTTGACCCTCCATGATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTG
ATGATTGGTCTCGTCTGGCGCTCCATGGAGCACCQAGTGAAGCTACTGTTTGCTCCTAAC
TTGCTCTTGGACAGGAACCAGGGAAAATGTGTAGAGGGCATGGTGGAGATCTTCGACATG
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CTGCTGGCTACATCATCTCGGTTCCGCATGATGAATCTGCAGGGAGAGGAGTTTGTGTGC
CTCAAATCTATTATTTTGCTTAATTCTGGAGTGTACACATTTCTGTCCAGCACCCTGAAG
TCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGATCACAGACACTTTGATC
CACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTGGCCCAGCTC
CTCCTCATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCATCTGTACAGC
ATGAAGTGCAAGAACGTGGTGCCCCTCTATGACCTGCTGCTGGAGGCGGCGGACGCCCAC
CGCCTACATGCGCCCACTAGCCGTGGAGGGGCATCCGTGGAGGAGACGGACCAAAGCCAC
TTGGCCACTGCGGGCTCTACTTCATCGCATTCCTTGCAAAAGTATTACATCACGGGGGAG
1GCAGAGGGTTTCCCTGCCACAGCTTGATGAAGCGGCCGCCCCTCTCCCTCCCCCCCCCCT
AACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTT
TCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTATCTTCTTG
ATGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTC
GTGAAGGAAGCAGTTCCTCTGGAAGTTTCTTGAAGATAAACAACGTCTGTAGCAACCCTT
TGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTA
TAAGATACACCTGTAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGGTAGTTGTG
GAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAG
GTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCATATGCTTTACATATGTTTAG'
TCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAA.
CACGATGATAATATGGCCACAACCATGCAGCTTGCCAGCATGGGCTACCTGCGCCGCATG
GTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGC
GACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGC
AAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTC

,GTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAG ’

CACGACTTCTTQAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTC
AAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTG
AACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGC
ATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGAC
CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTAC
CTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTG
CTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGC
GCCGTAGGCAGGTAGTTAACAGATCCGGATTAGTCCAATTTGTTAAAGACAGGATATCAG
TGGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGTACGAGC:
CATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCA
CCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATA
ACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCA
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AACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGCTCAGGGCCAAGAACAGTTGGAACAG
GAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAA
GAACAGATG@TCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGT
TTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGT
TCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAAC
CCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTGTTCTCAA
TAAACCCTCTTGCAGTTGCATCCGACTCGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTC

TGAGTGATTGACTACCCGTCAGCGGGGTCTTTCAGTTTCTCCCACCTACACAGGTCTCAC

TGGATCTGTCGACATCGAT GGGCGCGGGT GTACACTCCGCCCATCCCGCCCCTAACTCCG
CCCAGTTCCGCCCATTCT CCGCCTCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCC
GAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGT GAGGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCTAATTC
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CLAIMS

1. A method of switching the phenotype of a target cell, wherein said target
cell is a T cell, said method comprising inducing hneage factor activity in said cell

via a transgene.

2. A method according to claim 1 wherein said transgene comprises a

nucleotide sequence encoding a polypeptide having lineage factor activity.

3. - A method. according to claim 2, wherein said transgene comprises an

inducible lineage factor.

4, A method according to any preceding claim, wherein said lineage factor is

a transcription factor.

5. A method according to any preceding claim, wherein said transgene

encodes a lineage factor fused to a polypeptide capable of controlling the sub-

. cellular localisation of said lineage factor.

6. A method according to claim 5 wherein said control polypeptide is a

modified oestrogen receptor polypeptide.

7. A method according to any preceding claim wherein the target cell is CD4+
and said lineage factor is selected from the group consisting of GATA3, T-bet
RORyt and Foxp3 '

8. A method according to any preceding claim wherem said lineage factor is

Foxp3
9. A method according to claim 8 wherein said lineage factor comprises the

iFoxp3 polypeptide encoded within SEQ ID NO:3.
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10. A method according to any preceding claim wherein the target cell is CD8+

and said lineage factor is eomesodermin.

11. A method according to any preceding claim, wherein said T cell.is a T-

helper cell. .

12. A method according to claim 11, wherein said phenotype is switched to a

- regulatory T cell phenotype following induction of lineage factor activity.

13. A nucleic acid comprising a nucleotide sequence encoding a lineage factor

' fused to a nucleotide sequence encoding a polypeptide capable of controlling sub-

cellular localisation.

14. A nucleic acid according to claim 13, wherein said lineage factor is selected

from the group consisting of GATA3, T-bet, Eomesodermin, RORyt and Foxp3.

15. A nucleic acid according to claim 14, wherein said lineage factor is Foxp3.

16. A nucleic acid according to any of claims 13 to 15, wherein said control

+ polypeptide is a modified oestrogen receptor polypeptide.

17. A nucleic acid according to any of claims 13 to 16 wherein said nucleic

acid comprises the nucleotide sequence of SEQ ID NO:3.

18. . A nucleic acid according to a:ny of claims 13 to 17, wherein said lineage

factor is further fused to a nucleotide sequence encoding a fluorescent protein.
19. A cell comprising a nucleic acid according to any of claims 13 to 18.

20. A method of suppressing an immune response in a subject, said method

comprising inducing lineage factor activity in a target cell of said subject.
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21. A method of treating an immune disorder in a subject, said method

comprising suppressing an immune response according to claim 20.

22. A method according to claim 21 wherein said disorder is selected from the -
group consisting of autoimmune disease, lupus, arthritis, vasculitis, graft vs host
disease, transplant rejection, chronic infection, hypersensitivity reaction, asthma,

allergies, and recurrent abortion syndrome.

23. A method of switching the phenotype of a. target cell, said method
comprising

@) introducing to said cell a genetic element capable of inducibly generating
lineage factor activity, and '

(i1) inducing lineage factor activity in said cell.

24, A cell comprising an inducible lineage factor transgene.
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