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The invention provides nucleic acid sequences useful in regu-
lating the transcription of a gene. In particular, the invention
relates to a promoter sequence, and variants thereof, that can
be used to differentially regulate the transcription of a gene.
The present invention, accordingly, provides methods for
regulating transcription of a gene, the method comprising
providing a gene transcription-regulating polynucleotide in
operable association with the gene, optionally within a host
cell, wherein the gene transcription-regulating polynucle-
otide comprises the nucleic acid sequence of SEQ ID NO:1 of
the nucleic acid sequence of thromboxane A2 receptor pro-
moter or a fragment thereof, the gene transcription-regulating
polynucleotide or the fragment thereof further comprising at
least one nucleic acid modification and/or substitution. The
nucleic acid sequences and probes of the present invention
also find utility as predictive markers for alterations in gene
transcription in disease settings; or can be used to achieve
over-expression of recombinant proteins in mammalian cells.
Accordingly, the present invention also provides recombinant
expression vectors and host cells for use in regulating the
transcription of a gene.
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MODIFIED THROMBOXANE A2 RECEPTOR
PROMOTER SEQUENCE

[0001] This invention relates to nucleic acid sequences use-
ful in regulating the transcription of a gene. In particular, the
invention relates to a promoter sequence, and variants thereof,
that can be used to differentially regulate the transcription of
a gene, and/or which are predictive markers for alterations in
gene transcription in disease settings, and/or which can be
used to achieve over-expression of recombinant proteins in
mammalian cells.

BACKGROUND

[0002] The prostanoid thromboxane (TX) A, plays a cen-
tral role in haemostasis and vascular tone, acting as a potent
mediator of platelet activation and aggregation, and potentia-
tion of mitogenic or hypertrophic growth of vascular smooth
muscle cells. TXA, is mainly produced in platelets, vascular
smooth muscle cells, activated macrophages and monocytes,
and imbalances in the level of TXA,, or its receptor, are
associated with a variety of vascular disorders such as throm-
bosis, various hypertensions, atherosclerosis, and ischaemic
heart disease, as well as with inflammatory renal diseases. In
humans, TX A, signals through two TXA, receptor (TP) iso-
forms, termed TPa and TP, that are encoded by a single gene
on chromosome 19p13.3, but are transcriptionally regulated
by distinct promoters, termed Prm1 and Prm3, respectively.
TPa and TPp, are identical for their N-terminal 328 amino
acid residues but differ exclusively in their C-tail domains. As
members of the G protein coupled receptor (GPCR) super-
family. TPo and TP@ show identical coupling to Go,,-medi-
ated phospholipase Cp activation, but differentially couple to
other secondary effectors including adenylyl cyclase and tis-
sue transglutaminase. TPa and TPP regulate both common
and distinct signaling pathways but are subject to entirely
different modes of regulation, such as through both agonist-
dependent (homologous) desensitization and through
intramolecular cross-talk between other signaling systems.
Hence, while the functional relevance for the existence of two
TP receptors in primates is currently unknown, there is abun-
dant evidence that they have distinct physiologic roles. As
well as being subject to differential regulation, the relative
expression of TPa and TPP mRNA varies greatly in arange of
cell and tissues types of vascular origin. The findings that
platelets almost exclusively express TPc., and that anti-aggre-
gatory autocoids, including prostacyclin and nitric oxide, act
as mediators of TPa desensitization, suggest that TPa.may be
the isoform that plays a more central role in haemostasis.
Hence, whilst the significance of two receptors for TXA, in
humans but not in other species is currently unknown, there is
abundant and increasing evidence that they have distinct
(patho)physiologic roles displaying differences in their sig-
nalling, modes of regulation and patterns of expression.
Despite the recognized importance of TPa in haemostasis,
contributing to platelet activation status and vascular tone,
until recently the factors regulating its expression through
Prm1 remained largely uncharacterised. Prm1 is known to
lack consensus TATA or CAAT elements, and transcription
initiation is thought to occur at multiple sites within exon (E)1
of the TP gene. Moreover, in the platelet progenitor mega-
karyocytic HEL 92.1.7 cell line, Prm1 is known to be located
between nucleic acid positions —8500 and -5895, and in this
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invention, it has been discovered that it can be regulated by
binding of transcription factors such as Spl, Egrl, NF-E2,
GATA, Ets and WT1I.

SUMMARY OF THE INVENTION

[0003] According to a first aspect of the present invention,
there is described a gene transcription-regulating polynucle-
otide selected from the nucleic acid sequence of at least one,
optionally any one, of SEQ ID NOs:2-6, optionally, compris-
ing at least one nucleic acid modification and/or substitution;
the nucleic acid sequence of a fragment of SEQ ID NO:1 of
the nucleic acid sequence of thromboxane A2 receptor pro-
moter, optionally, comprising at least one nucleic acid modi-
fication and/or substitution; or the nucleic acid sequence of
SEQ ID NO:1 of the nucleic acid sequence of thromboxane
A2 receptor promoter comprising at least one nucleic acid
modification and/or substitution.

[0004] It is understood that a fragment may comprise any
polynucleotide comprising a nucleic acid sequence, which
retains promoter activity. Preferably, the fragment is capable
of promoting expression of a gene in operable association
with the fragment. Further preferably, the fragment is a func-
tional fragment, which retains at least part of the promoter
activity of the gene transcription-regulating polynucleotide.

[0005] Also encompassed within the scope of the first
aspect of the present invention is a method for regulating
transcription of a gene, the method comprising providing a
gene transcription-regulating polynucleotide in operable
association with the gene, optionally within a host cell,
wherein the gene transcription-regulating polynucleotide is
selected from the nucleic acid sequence of at least one,
optionally any one, of SEQ ID NOs:2-6, optionally, compris-
ing at least one nucleic acid modification and/or substitution;
the nucleic acid sequence of SEQ ID NO:1 of the nucleic acid
sequence of thromboxane A2 receptor promoter, optionally,
comprising at least one nucleic acid modification and/or sub-
stitution; or the nucleic acid sequence of a fragment of SEQ
ID NO:1 of the nucleic acid sequence of thromboxane A2
receptor promoter comprising at least one nucleic acid modi-
fication and/or substitution.

[0006] It is understood that the gene transcription-regulat-
ing polynucleotide in operable association with the gene can
be in the presence of those biological components necessary
to promote expression of the gene, and optionally to initiate
and maintain the transcription process. For example, those
biological components may comprise transcription factors,
polymerase enzymes, or other biological entities necessary
for transcription of the gene. Those biological components
may be provided, for example, within a host cell, or in a
cell-free system or subcellular fraction.

[0007] According to a second aspect of the present inven-
tion, there is provided a method of producing a promoter, the
method comprising the step of:

[0008] introducing at least one nucleic acid modification
and/or substitution within SEQ ID NO:1 of the nucleic
acid sequence of thromboxane A2 receptor promoter;

[0009] removing at least one nucleic acid from SEQ ID
NO:1 of the nucleic acid sequence of thromboxane A2
receptor promoter;

[0010] introducing at least one further nucleic acid into
SEQ ID NO:1 of the nucleic acid sequence of throm-
boxane A2 receptor promoter; or

[0011] a combination thereof.
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[0012] According to a third aspect of the present invention
there is described the use of a polynucleotide for regulating
gene transcription, the polynucleotide comprising the nucleic
acid sequence of SEQ ID NO:1 of the nucleic acid sequence
of thromboxane A2 receptor promoter or a fragment thereof,
the gene transcription-regulating polynucleotide or the frag-
ment thereof further comprising at least one nucleic acid
modification and/or substitution.

[0013] The nucleic acid sequences of each of SEQ ID NOs:
2-6 are each wholly contained within SEQ ID NO:1. Option-
ally or additionally, the gene transcription-regulating poly-
nucleotide fragment is selected from at least one of SEQ ID
NOs: 2-6. Further optionally or additionally, the fragment
comprises at least one nucleic acid modification and/or sub-
stitution. The at least one nucleic acid modification and/or
substitution may, optionally, be located within any one of
SEQ ID NOs:2-6

[0014] Alternatively, the at least one nucleic acid modifi-
cation and/or substitution is located within SEQ ID NO:1 or
a fragment thereof but outside any of SEQ ID NOs:2-6. By
outside any one of SEQ ID NOs:2-6 is meant the at least one
nucleic acid modification and/or substitution is located within
SEQ ID NO:1 or a fragment thereof; but is not located within
any one of SEQ ID NOs:2-6. Preferably, the at least one
nucleic acid modification and/or substitution is located within
SEQ ID NO:1 or a fragment thereof; but is, optionally, not
located within at least one, optionally any one, of SEQ ID
NOs:2-6. Alternatively, the at least one nucleic acid modifi-
cation and/or substitution is located within SEQ ID NO:1 or
a fragment thereof; and is, optionally, located within at least
one, optionally any one, of SEQ ID NOs:2-6.

[0015] Optionally, the at least one nucleic acid modifica-
tion and/or substitution, or the at least one further nucleic acid
modification and/or substitution, is selected from the addition
of at least one nucleic acid, the deletion (removal) of at least
one nucleic acid, or the substitution of at least one nucleic
acid.

[0016] Optionally, the at least one nucleic acid modifica-
tion and/or substitution or the further nucleic acid is intro-
duced atleast one location within SEQ ID NO:1 of the nucleic
acid sequence of thromboxane A2 receptor promoter, each
said location being independently selected from one or more
of'the group comprising, but not limited to, locations whose 5'
most nucleotides are at or adjacent nucleic acid positions
-6007, -6022, -6080, —-6098, —6206, —6278, —6294, -6717,
-7805, 7870, -7890, -7831, -8146, —8281 and -8345. All
positions with respect to ATG start site (at +1) of the TP gene,
where each actual nucleotide number indicated represents the
5" nucleotide of the respective consensus transcription bind-
ing site of the wild type sequences (Table 1).

[0017] Further optionally, the at least one nucleic acid
modification and/or substitution or the further nucleic acid is
introduced at least one location within SEQ ID NO:1 of the
nucleic acid sequence of thromboxane A2 receptor promoter,
each said location being independently selected from one or
more of the group comprising, but not limited to, locations
whose 5' most nucleotides are at or adjacent nucleic acid
positions =8500, —=7962, -7717, -6848, and -6320.

[0018] Optionally or additionally, the at least one nucleic
acid modification and/or substitution is introduced; the at
least one nucleic acid is removed; or the at least one further
nucleic acid is introduced, into at least one element, each said
element being independently selected from one or more of the
group comprising, but not limited to, SEQ ID NOs:2-6.
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[0019] The nucleic acid modification is selected from the
group comprising, but not limited to, a multiplication (or
insertion) of at least one nucleic acid or element, a deletion of
at least one nucleic acid or element, inversion of the element,
and a nucleic acid substitution or modification within the
element. The nucleic acid modification is selected from the
group comprising, but not limited to, a multiplication (or
insertion) of the element, a deletion of the element, inversion
of'the element, and a nucleic acid substitution or modification
within the element.

[0020] Optionally, the at least one nucleic acid modifica-
tion and/or substitution is introduced at least one location
within SEQ ID NO:1. For the purposes of the present speci-
fication, the term “location” is intended to encompass an
element of the nucleic acid sequence, which element com-
prises at least one nucleic acid. In the case of an element
comprising a single nucleic acid, the element is identified by
the nucleic acid position defined in SEQ ID NO:1. Optionally,
the element may comprise a string of nucleic acids. Inthe case
of an element comprising a string of nucleic acids, the ele-
ment is identified by a 5' nucleic acid position and a 3' nucleic
acid position, the nucleic acid positions being those positions
defined in SEQ ID NO:1.

[0021] Preferably, either the at least one nucleic acid modi-
fication or substitution or the at least one further nucleic acid
is introduced at a location or within an element, whereby the
at least one nucleic acrd modification or substitution renders
the promoter non-functional.

[0022] Optionally, the element comprises a transcription
factor binding site. Optionally, the element comprises a bind-
ing site for a transcription factor selected from the group
comprising, but not limited to, GC, GATA, Ets, Spl, Egrl,
NF-E2, WT-1, and AP1. Preferably, the element comprises a
nucleic acid sequence to which a transcription factor can
bind. Further preferably, the element comprises a nucleic acid
sequence to which a transcription factor selected from, but
not limited to, GC, GATA, Ets, Sp1, Egrl, NF-E2, WT-1, and
AP1, can bind. Optionally, the element is selected from Table
2

[0023] The at least one nucleic acid modification or substi-
tution or the at least one further nucleic acid may be intro-
duced at a location, such that the ability of a transcription
factor to bind to the element, for example a transcription
factor binding site, is altered. The ability of a transcription
factor to bind to the element may be positively altered or may
be negatively altered.

[0024] Optionally, the at least one nucleic acid modifica-
tion or substitution or the at least one further nucleic acid may
be introduced at a location, such that the ability of a transcrip-
tion factor to bind to the element, for example a transcription
factor binding site, is positively altered. By positively altered
is meant that the element is altered such that a transcription
factor is capable of binding to the element. Optionally, the
element comprises a nucleic acid sequence to which a tran-
scription factor can bind. Further optionally, the element
comprises a nucleic acid sequence to which a transcription
factor selected from, but not limited to, GC, GATA, Ets, Sp1,
Egrl, NF-E2, WT-1, and AP1, can bind. Optionally, the ele-
ment comprises a nucleic acid sequence selected from any
one of SEQID NOs: 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30,32, 34, and 36, as indicated under the Wild-type Sequence
(5" to 3") column in the Table 1 herein.
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[0025] Alternatively, the at least one nucleic acid modifi-
cation or substitution or the at least one further nucleic acid
may be introduced at a location, such that the ability of a
transcription factor to bind to the element, for example a
transcription factor binding site, is negatively altered. By
negatively altered is meant that the element is altered such
that a transcription factor is less, optionally not, capable of
binding to the element, relative to the unmodified element.
Optionally, the element comprises a nucleic acid sequence to
which a transcription factor cannot bind. Further optionally,
the element comprises a nucleic acid sequence to which a
transcription factor selected from, but not limited to, GC,
GATA, Ets, Spl, Egrl, NF-E2, WT-1, and AP1, cannot bind.
Optionally, the element comprises a nucleic acid sequence
selected from any one of SEQ ID NOs: 9, 11, 13, 15, 17, 19,
21, 23, 25,27, 29, 31, 33, 35, and 37, as indicated under the
Mutated Sequence column in the Table 1 herein.

[0026] Optionally, the at least one nucleic acid modifica-
tion or substitution or the at least one further nucleic acid is
introduced at a location such that a transcription factor cannot
bind to the location or the element. Optionally, the at least one
nucleic acid modification or substitution is a deletion. Further
optionally, the at least one nucleic acid modification or sub-
stitution is a nucleic acid substitution.

[0027] Optionally, the thromboxane A2 receptor is the
human thromboxane A2 receptor. Optionally, the promoter is
the promoter of an isoform of thromboxane A2 receptor.
Preferably, the promoter is the promoter of the alpha isoform
of thromboxane A2 receptor.

[0028] Itisunderstood that promoter variants, or fragments
or multimers thereof, comprising nucleic acid substitutions
that preserve the structure and functional properties of the
polynucleotides described herein fall within the scope of the
present invention.

[0029] Itis also understood that, polynucleotide variants or
fragments thereof, which are at least 75%, optionally at least
85%, further optionally at least 90% homologous to the poly-
nucleotides described herein fall within the scope of the
present invention.

[0030] Optionally, the promoter sequence is at least 75%,
optionally at least 85%, further optionally at least 90%
homologous to the nucleic acid sequence defined in SEQ ID
NO 1. As used herein, SEQ ID NO 1 refers to nucleotides
-8500 to -5895 of human Prml, when compared to the
position with respect to ATG start site (at position +1) of the
TP gene.

[0031] Optionally or additionally, the at least one location
is further independently selected from one or more of the
group comprising, but not limited to, locations whose 5' most
nucleotides are at or adjacent nucleic acid positions —6007,
-6022, -6080, —6098, -6206, —6278, -6294, 6717, -7805,
-7870, -7890, -7831, -8146, —8281 and -8345. All posi-
tions with respect to ATG start site (at +1) of the TP gene,
where each actual nucleotide number indicated represents the
5" nucleotide of the respective consensus transcription bind-
ing site of the wild type sequences (Table 1).

[0032] Further optionally or additionally, the at least one
location is further independently selected from one or more of
the group comprising, but not limited to, locations whose 5'
most nucleotides are at or adjacent nucleic acid positions
-8500, -7962, -7717, —6848, and -6320.

[0033] Optionally, the gene transcription-regulating poly-
nucleotide comprises one or both of: at least one nucleic acid
sequence selected from the group comprising SEQ ID NOs
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2-6; or at least one nucleic acid modification and/or substitu-
tion or at least one further nucleic acid introduced at least one
location within SEQ ID NO 1 of the nucleic acid sequence of
thromboxane A2 receptor promoter, the at least one location
being independently selected from one or more of the group
comprising, but not limited to, locations whose 5' most nucle-
otides are at or adjacent nucleic acid positions —6007, -6022,
-6080, -6098, -6206, 6278, —-6294, 6717, —7805, -7870,
-7890, -7831, -8146, —-8281 and —8345. All positions with
respect to ATG start site (at +1) of the TP gene, where each
actual nucleotide number indicated represents the 5' nucle-
otide of the respective consensus transcription binding site of
the wild type sequences (Table 1).
[0034] Optionally, the gene transcription-regulating poly-
nucleotide further comprises at least one element comprising
a nucleic acid sequence, which facilitates initiation of tran-
scription. Preferably, the element is a cis-regulatory element.
Optionally, the element comprises an RNA polymerase bind-
ing site, or a binding site for any member of the transcription
preinitiation complex. Preferably, the element comprises a
transcription-factor binding site. The transcription factor
binding site preferably binds a transcription factor, which
facilitates initiation of transcription. The transcription factor
may facilitate binding of RNA polymerase. For example, the
element may comprise the nucleic acid sequence TATA(A/T)
A(A/T), or TATA box, which binds TATA binding protein
(TBP, a subunit of TFIID). TBP, along with a variety of
TBP-associated factors, make up the TFIID, a general tran-
scription factor that in turn makes up part of the RNA poly-
merase [1 preinitiation complex, thereby facilitating initiation
of transcription.
[0035] Optionally, the element comprises the nucleic acid
sequence defined in SEQ ID NO 7 (positions -5895 to
-6320), or fragment thereof. Alternatively, the element may
comprise the nucleic acid sequence of the human cytomega-
lovirus (CMV) immediate-early enhancer and promoter.
[0036] Optionally, the polynucleotide comprises:
[0037] the nucleic acid sequence of SEQ ID NO 7 (posi-
tions -5895 to -6320), and
[0038] at least one nucleic acid sequence selected from
the group comprising SEQ ID NOs 2-6; or
[0039] at least one nucleic acid modification and/or sub-
stitution or at least one further nucleic acid introduced at
least one location within SEQ ID NO 1 of the nucleic
acid sequence of thromboxane A2 receptor promoter,
the at least one location being independently selected
from one or more of the group comprising, but not lim-
ited to, locations whose 5' most nucleotides are at or
adjacent nucleic acid positions —6007, -6022, —6080,
-6098, -6206, -6278, -6294, -6717, 7805, -7870,
-7890, -7831, -8146, —8281 and -8345. All positions
with respect to ATG start site (at +1) of the TP gene,
where each actual nucleotide number indicated repre-
sents the 5' nucleotide of the respective consensus tran-
scription binding site of the wild type sequences (Table
D).
[0040] Optionally, the polynucleotide positively regulates
gene transcription. By “positively regulates” is meant
increased transcription of the gene above that found in a
normal cellular state. Positive regulation may manifest as
increased rates of transcription, or in an increased abundance
of gene product relative to that found in a normal cellular
state. Optionally, the polynucleotide comprises at least one
element that can positively regulate gene transcription, and is
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described herein after as an activating sequence. Preferably, a
first activating sequence comprises the nucleic acid sequence
of SEQ ID NO 2 (positions -7962 to -=7717), or a second
activating sequence comprises the nucleic acid sequence of
SEQ ID NO 3 (positions —7717 to =7504). All nucleotide
sequence position numbers are based on intact Prm1.

[0041] Optionally, the polynucleotide negatively regulates
gene transcription. By “negatively regulate” is meant reduced
transcription of the gene below that found in a normal cellular
state. Negative regulation may manifest as reduced rates of
transcription, or in a reduced abundance of gene product
relative to that found in anormal cellular state. Optionally, the
polynucleotide comprises at least one element that can nega-
tively regulate gene transcription, and is described herein
after as a repressor sequence. Preferably, a first repressor
sequence comprises the nucleic acid sequence of SEQ ID NO
4 (positions —8500 to —=7962), or a second repressor sequence
comprises the nucleic acid sequence of SEQ ID NO 5 (posi-
tions —6848 to —-6648). All nucleotide sequence position num-
bers are based on intact Prm1. A third repressor sequence,
designated RR3, is located between —6258 and -6123 within
the proximal core promoter; SEQ ID NO 6 (positions —6258
to —=6123).

[0042] The polynucleotide may include one or both acti-
vating sequences, whether modified or unmodified. The poly-
nucleotide may include one, any two, or all repressor
sequences, whether modified or unmodified. The polynucle-
otide may include a combination of at least one activating
sequence, and at least one repressor sequence, whether modi-
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fied or unmodified. Optionally, the polynucleotide may
include a combination of at least one activating sequence, and
at least one repressor sequence, either or both of which can be
modified or unmodified. For example, it is envisaged that a
polynucleotide comprising an unmodified activating
sequence will positively regulate gene transcription, and that
apolynucleotide comprising an activating sequence modified
as described herein will negatively regulate gene transcrip-
tion. Further, it is envisaged that a polynucleotide comprising
an unmodified repressor sequence will negatively regulate
gene transcription, and that a polynucleotide comprising a
repressor sequence modified as described herein will posi-
tively regulate gene transcription.

[0043] Optionally, the polynucleotide comprises at least
one further nucleic acid modification or substitution. Option-
ally, the at least one further nucleic acid modification or
substitution is selected from the group comprising, but not
limited to, a nucleic acid substitution at one or more locations
whose 5' most nucleotides are at or adjacent positions —6007,
-6022, -6080, -6098, -6206, —6278, 6294, —6717, -7805,
-7870, -7890, 7831, -8146, —8281 and -8345. All posi-
tions with respect to ATG start site (at +1) of the TP gene,
where each actual nucleotide number indicated represents the
5' nucleotide of the respective consensus transcription bind-
ing site of the wild type sequences (Table 1).

[0044] Further optionally, the at least one further nucleic
acid modification or substitution is selected from the group
comprising, but not limited to those indicated under the
mutated sequence column in the Table 1 below:

Position with

respect to

ATG start site Wild-type SEQ SEQ

Binding (@ + 1) of Sequence* ID Mutated D
Site the TP gene*** (5' to 3') NO Sequence** NO
GC -8345 tgcceceCGCCeccac 8 tgcccclGACcccac 9
GC -8281 gceccegGCCCecgecgga 10 gececegGILICecgecgga 11
ac -8146 CGEGEGETYggGEaCa 12 CcGGGGGTCYLgGGGTG 13

GGGGGCgggcecaa GATGGCgggccaa

GC -7831 tcactGCCCcctcatcet 14 tcactGICCtctcatct 15
GATA -7890 cttgtTATCtcag 16 cttggTAGCtcag 17
Ets -7870 gacagAGGAagtgggga 18 gacagGTGAagtgggga 19
Ets -7805 gccccacaTCCTcctec 20 gccccacaTCACcctec 21
GC -6717 tectgtectCCCAcceca 22 tctgtcctAlCAcccca 23
Spl/Egrl -6294 cgaggGGCGtggcca 24 cgagglACAtggcca 25
Spl/Egrl -6278 cgcagggtGGGCggggcty 26 cgcagggtGIATggggcty 27
GC -6206 cagcggccCCCAccegt 28 cagcggccIACAcccgt 29
Spl/Egrl -6098 tgggceeGCCletygg 30 tgggccclRATCctgyg 31
NF - -6080 ccagaCTGActcagtttecct 32 ccagaCACActcagtttcect 33

E2/AP1
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-continued
Position with
respect to

ATG start site Wild-type SEQ SEQ
Binding (@ + 1) of Sequence* ID Mutated D
Site the TP gene*** (5' to 3') NO Sequence** NO
Spl/Egrl -6022 tetgeceGCCCecagecect 34 tctgcccTAACccagecect 35
Spl/Egrl -6007 cecctecgeccCACCetegg 36 ccctegecaaTACCetegy 37

Note:

*Core sequences of binding sites are in capital letters, while **mutated nucleotides are

shaded/highlighted in yellow and underlined.

*Sequences given for all wild type sequences are those of the + strand of the TP gene.
***Nucleotide numbers indicated represent the 5' nucleotide of each consensus element of the

wild type sequences.

[0045] Optionally, the at least one further nucleic acid
modification or substitution comprises a nucleic acid substi-
tution at one or more locations whose 5' most nucleotides are
at or adjacent positions: —8345, —8281, and —-8146. Further
optionally, the at least one further nucleic acid modification or
substitution comprises a nucleic acid substitution at one or
more locations whose 5' most nucleotides are at or adjacent
position -6717.

[0046] Optionally, the at least one further nucleic acid
modification or substitution comprises a nucleic acid substi-
tution at one or more locations whose 5' most nucleotides are
at or adjacent positions: =7805, —7870, -7890, and -7831.
[0047] Preferably, the polynucleotide comprises the
nucleic acid sequence defined in SEQ ID NO:1 and a nucleic
acid modification and/or substitution at position —8146. Fur-
ther preferably, the nucleic acid modification and/or substi-
tution comprises a nucleic acid substitution. Still further pref-
erably, the nucleic acid modification and/or substitution to the
nucleic acid sequence defined by SEQ ID NO:13.

[0048] Alternatively, the polynucleotide comprises the
nucleic acid sequence defined by nucleotide positions —7962
to —5895 of SEQ ID NO:1.

[0049] Further alternatively, the polynucleotide comprises
the nucleic acid sequence defined by nucleotide positions
-6848 to —=5895 of SEQ ID NO: 1. Optionally or additionally,
the polynucleotide further comprises at least one nucleic acid
modification and/or substitution selected from a nucleic acid
modification/or substitution at a position selected from
nucleic acid positions —6717, —=6206, and —6800. Optionally,
the nucleic acid modification or substitution selected com-
prises a nucleic acid substitution at a location selected from
nucleic acid positions —6717, —=6206, and —6800. Optionally,
the nucleic acid substitution is selected from a G—C nucleic
acid substitution at position —6800, CC—AT nucleic acid
substitution at position —-6717, and a CC—TA nucleic acid
substitution at position —6206.

[0050] The present invention thereby provides the use of a
gene transcription-regulating polynucleotide, wherein the
polynucleotide comprises one or both of:

[0051] at least one element having a nucleic acid
sequence selected from the group comprising SEQ 1D
NOs 2-6; or

[0052] atleast one nucleic acid modification and/or sub-
stitution or at least one further nucleic acid is introduced
at least one location within SEQ ID NO 1 of the nucleic
acid sequence of thromboxane A2 receptor promoter,
the at least one location being independently selected

from one or more of the group comprising, but not lim-
ited to, locations whose 5' most nucleotides are at or
adjacent nucleic acid positions —6007, -6022, —6080,
-6098, -6206, -6278, -6294, -6717, 7805, -7870,
-7890, 7831, -8146, -8281 and -8345 to drive the
expression of a gene. All positions with respect to ATG
start site (at +1) of the TP gene, where each actual
nucleotide number indicated represents the 5' nucleotide
of the respective consensus transcription binding site of
the wild type sequences (Table 1).
[0053] Optionally, the polynucleotide comprises:
[0054] the nucleic acid sequence of SEQ ID NO 7 (posi-
tions -5895 to -6320), and
[0055] at least one nucleic acid sequence selected from
the group comprising SEQ ID NOs 2-6; or
[0056] at least one nucleic acid modification and/or sub-
stitution or at least one further nucleic acid introduced at
least one location within SEQ ID NO 1 of the nucleic
acid sequence of thromboxane A2 receptor promoter,
the at least one location being independently selected
from one or more of the group comprising, but not lim-
ited to, locations whose 5' most nucleotides are at or
adjacent nucleic acid positions —6007, -6022, —6080,
-6098, -6206, -6278, -6294, -6717, 7805, -7870,
-7890, -7831, -8146, —8281 and -8345. All positions
with respect to ATG start site (at +1) of the TP gene,
where each actual nucleotide number indicated repre-
sents the 5' nucleotide of the respective consensus tran-
scription binding site of the wild type sequences (Table
D).
[0057] According to a further aspect of the present inven-
tion there is provided a method for regulating transcription of
a gene, the method comprising providing a gene transcrip-
tion-regulating polynucleotide in operable association with
the gene, optionally within a host cell, wherein the gene
transcription-regulating  polynucleotide comprises the
nucleic acid sequence of SEQ ID NO:1 of the nucleic acid
sequence of thromboxane A2 receptor promoter or a fragment
thereof, the gene transcription-regulating polynucleotide or
the fragment thereof further comprising at least one nucleic
acid modification and/or substitution. Preferably, the gene is
in operable association with a polynucleotide of the present
invention. Preferably, the gene is a heterologous gene.
Optionally, the heterologous gene is a tissue factor gene.
Further optionally, the heterologous gene is human tissue
factor gene. The gene transcription-regulating polynucleotide
can bein operable association with the gene within a host cell,
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which is stably or transiently transfected using a recombinant
expression vector comprising a nucleic acid sequence of a
polynucleotide of the present invention.

[0058] According to a further aspect of the present inven-
tion there is provided a recombinant expression vector com-
prising a nucleic acid sequence of a polynucleotide of the
present invention. Preferably, the polynucleotide is in oper-
able association with a gene of interest. Preferably, the recom-
binant expression vector can replicate or be maintained
within a host cell. Preferably, the gene is in operable associa-
tion with a polynucleotide of the present invention. Prefer-
ably, the gene is a heterologous gene. Optionally, the heter-
ologous gene is a tissue factor gene. Further optionally, the
heterologous gene is human tissue factor gene.

[0059] According to a still further aspect of the present
invention there is provided a host cell, which is stably or
transiently transfected using the recombinant expression vec-
tor of the present invention. Optionally, the host cell is
selected from the group comprising, but not limited to, eryth-
roleukemia cells, endothelial cells, embryonic kidney cells,
smooth muscle cells, and fibroblast cells. Further optionally,
the host cell is selected from the group comprising, but not
limited to, human erythroleukemia cells, human endothelial
cells, human embryonic kidney cells, human aortic smooth
muscle cells, and human lung fibroblast cells.

[0060] According to a still further aspect of the present
invention there is provided a method of diagnosing a disorder
caused by, or associated with, dysregulated thromboxane A2
signalling, the method comprising the steps of identifying a
nucleic acid modification and/or substitution within SEQ ID
NO 1 of the nucleic acid sequence of the promoter of throm-
boxane A2 receptor, and associating the presence of the
nucleic acid modification or substitution with a disorder
caused by, or associated with, dysregulated thromboxane A2
signalling.

[0061] The nucleic acid modification is selected from the
group comprising, but not limited to, a multiplication of the
element, a deletion of the element, inversion of the element,
and a nucleic acid substitution within the element.

[0062] Optionally, the thromboxane A2 receptor is the
human thromboxane A2 receptor. Optionally, the promoter is
the promoter of an isoform of thromboxane A2 receptor.
Preferably, the promoter is the promoter of the alpha isoform
of thromboxane A2 receptor. By “dysregulated” is meant any
disturbance resulting in the abnormal functioning of a pro-
cess, whereby the process no longer follows a conventional
functional pattern associated with a normal cellular state.
Dysregulated thromboxane A2 signalling may be caused by
dysregulated receptor gene transcription, dysregulated recep-
tor gene translation, or dysregulated receptor function, each
of' which may be attributable to a nucleic acid modification or
substitution. Disorders may be, for example, vascular disor-
ders, such as thrombosis, unstable coronary artery disease,
ischaemic heart disease, congestive heart failure; neoplastic
disorders, such as paediatric kidney cancer, breast cancer,
oesophageal cancer, and pancreatic cancer; preterm labour,
pre-eclampsia, and renal disorders, such as inflammatory
renal disease, adult renal syndrome, diabetic nephropathy and
renal failure.

[0063] According to a still further aspect of the present
invention there is provided a method for treating a patient
suffering from a disorder caused by, or associated with, dys-
regulated thromboxane A2 signalling, the method comprising
the step of either rendering Prm1 non-functional; or rendering
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genetically mutated Prm1 functionally normal with respect to
the pattern of Prm1 transcription in human cells and tissues
and/or the quantification of expression to reflect that found in
normal cells or tissues.

[0064] Optionally, the method comprises the step of intro-
ducing a nucleic acid modification and/or substitution within
an element of the nucleic acid sequence of the promoter of
thromboxane A2 receptor. Optionally, the method comprises
the step of removing an element from the nucleic acid
sequence of the promoter of thromboxane A2 receptor.
Optionally, the method may be carried out in situ. Further
optionally, the method may be carried out ex vivo or in vitro.
It is understood that an in situ procedure involves carrying out
the method internal to the patient. An ex vivo procedure
involves carrying out the method external to the patient, and,
optionally, further comprises the step of reintroducing the
non-functional element into the patient.

[0065] Optionally, the method comprises the inhibition or
restoration of transcription factor binding to at least one loca-
tion or element. Optionally, the method comprises the inhi-
bition or restoration of transcription factor binding to the
promoter. Optionally, transcription factor binding is achieved
or impeded by chemical means, or by physical means. In the
case of chemical means, a chemical substance may be used to
alter the chemical interaction between the transcription factor
and the element. In the case of physical means, a substance,
which may be chemical or biological in nature, may be used
to compete with transcription factor binding to the element.
Optionally, cooperative transcription factor interaction to
form dimers or oligomers followed by binding is achieved or
impeded by chemical means, or by physical means. In the
case of chemical means, a chemical substance may be used to
alter the chemical interaction between the transcription factor
and the element. In the case of physical means, a substance,
which may be chemical or biological in nature, may be used
to compete with transcription factor binding to the element.
Optionally, the transcription factor may be altered or modi-
fied to inhibit or restore binding to the element.

[0066] For the purposes of the present specification, it is
understood that this invention is not limited to the specific
methods, treatment regimens, or particular procedures, which
as such may vary. Moreover, the terminology used herein is
for the purpose of describing particular embodiments and is
not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1: Organisation of the human TP gene. Panel
A: The human TP gene contains 3 exons (E) 1, E2 and E3
separated by 2 introns (I) 1 and 12. An additional exon, Elb,
is located within 11 and there are 2 putative promoters (P) 1
and P2, located 5' of E1 and E1b sequences, respectively. The
lower numbering system indicates the position of those
sequences within the TP gene, spanning from —8500 to +6547
(italics, underlined) while the upper numbering system indi-
cates the position of the exon sequences within the TP mRNA
(s). All nucleotide numbers are assigned relative to the trans-
lation start site, ATG designated +1 and all sequences 5' of +1
are given a — designation and all numbers 3' of +1 are given a
+ designation. E1, encodes nucleotides —289 to -84 of &'
untranslated region (UTR) of the TP mRNA; alternatively,
exon Elb, of 115 bp, located within 11, encodes —199 to -84
of S'UTR sequence. E2 contains nucleotides —-83 to -1 of 5
UTR sequence and +1 to +786 of coding sequence, encoding
amino acids 1-261. E3 contains nucleotides +787 to +1029,
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coding for amino acids 262-343 of TPa, and nucleotides
+1030 to +1938, representing 3' UTR sequences Nucleotides
+984 to +1642 behave as a potential intron (Intron 3b) on the
TP mRNA; splicing of nucleotides +983/+1643 generates a
mRNA which has a novel open reading frame, encoding TPa
of 407 amino acids, whereby nucleotides +983 to +1221
encode amino acids 328-407 that are unique to TPa.

[0068] FIG. 2: Effect of 5' and 3' Deletions on Prm1-di-
rected Gene Expression. Schematic of the human TP gene
spanning nucleotides —8500 to +786, encoding Prm1 (-8500
to —=5895), Prm3, exon (E)1, intron (I)1 and E2, where nucle-
otide +1 represents the translational start site (ATG). Plas-
mids (2 pg) encoding: Panel A: pGL3control (positive con-
trol; 23.9x1.1 RLU), Prml, Prm1B, Prm1BA, PrmlC,
Prm1D, PrmlE; Panel B: Prm1BA, Prm1BA 3'deletion,
Prm1C, Prm1C 3'deletion, Prm1E, Prm1E 3'deletion or, as a
negative control, pGL3Basic (A & B) were co-transfected
with pRL-TK into HEL 92.1.7 cells. Mean firefly relative to
renilla luciferase activity was expressed in arbitrary relative
Iuciferase units (RLU£SEM; n=5).

[0069] FIG. 3: Identification of NF-E2/AP1 and Spl/Egrl
Elements within Prm1. Putative Sp1/Egrl and NF-E2/AP1
elements within Prm1, where the 5' nucleotide is indicated
and the star symbol signifies mutated elements. pGL3Basic
plasmids (2 ug) encoding: Panel A: Prm1E, Prm1HA, Prm 1K,
Prmi1L, Prm1L?#&ri6097% and a5 a control, pGL3Basic
or Panel B: Prm1HA, Prm1HAPVES1(-6299%  pry  HAPY
Fer(6278)¥, Prm1HAS Y Es (—6098)*, Prm ] HANF-E24PL(-
6080)*, PrmlHASpl/Egrl(_6022)*, PnanASpl/Egrl(—6007)*, or
Panel C: PrmlHA,  PrmlHA®P/Eeri(-6294,-6022)x
Prm1HASPV/Eer1(-0022,-6007% \yere co-transfected with pRL-
TK into HEL 92.1.7 cells. Luciferase activity was expressed
as mean firefly relative to renilla luciferase activity
(RLU£SEM; n=5).

[0070] FIG. 4: NF-E2 Binding to the Proximal Prml.
EMSAs (Panel A) or supershift assays (Panel B) using
nuclear extract from HEL cells and a biotin-labelled double-
stranded NF-E2/AP1 probe (Probe) spanning —6087 to —6049
of the TP gene, as indicated by the horizontal bar. Panel A:
Nuclear extract was pre-incubated with the vehicle (-) or with
excess non-labelled competitor oligonucleotides (+) prior to
addition of the NF-E2/AP1 probe. One main complex C1, as
well as one or more faster-migrating complexes, were
observed; prolonged exposure revealed a slower-migrating
C2 complex (not shown). Panel B: Nuclear extract was pre-
incubated with vehicle (=), anti-NF-E2 (+), or anti-cJun (+)
sera before addition of the biotinylated NF-E2 probe. Two
main complexes, C1 and C2, were observed. The arrow to the
right indicates the supershifted transcription factor:DNA
complex detected with the anti-NF-E2 serum (lane 3). Panel
C: Immunoblot analysis of NF-E2 expression in HEL cells
(60 (g whole cell protein). Panels D & E: ChIP analysis of
Prm1. Schematic of Prm1 and primers (arrows) used in the
PCR to detect the proximal Prm1 region (-6368 to —5895;
Panel D) from input chromatin or anti-NF-E2 or, as a control,
normal rabbit IgG immunoprecipitates of crosslinked chro-
matin from HEL cells. Primers to detect an upstream region
of Prm1 (-8460 to —8006; Panel E) from input chromatin,
anti-NF-E2 or normal rabbit IgG precipitates were used as a
negative control. Images are representative of three indepen-
dent experiments.

[0071] FIG.5: Nuclear Factor Binding to Overlapping Sp1/
Egrl Sites within Prm1. Immunoblot analysis of Sp1 (Panel
A) and Egrl (Panel B) expression in HEL cells (80 pg whole

Nov. 3, 2011

cell protein/lane). EMSAs (Panel C) or supershift assays
(Panel D) using nuclear extract from HEL cells and a bioti-
nylated double-stranded Sp1/Egr1=%*°* probe (Probe) span-
ning -6299 to -6276 of the TP gene, as indicated by the
horizontal bar. Panel C: Nuclear extract was pre-incubated
with the vehicle (-) or excess non-labelled competitor oligo-
nucleotides (+) before addition of the Sp1/Egr1=5*** probe.
Two main complexes, C1 and C2, were observed. Panel D:
Nuclear extract was pre-incubated with vehicle (-) or with (+)
anti-Sp1, anti-Egr1, anti-W'T-1 or anti-cJun sera before addi-
tion of the Sp1/Egrl~%%** probe. Two main complexes were
observed. EMSAs (Panel E) or supershift assays (Panel F)
using nuclear extract from HEL cells and a biotinylated
double-stranded Sp1/Egr1=%*"® probe (Probe) spanning
-6283 t0 —6255 of the TP gene, as indicated by the horizontal
bar. Panel E: Nuclear extract was pre-incubated with the
vehicle (-) or excess non-labelled competitor oligonucle-
otides (+) before addition of the Sp1/Egr1~%*"® probe. One
main complex, C1, was observed. Panel F: Nuclear extract
was pre-incubated with vehicle (-) or with (+) anti-Sp1, anti-
Egrl, anti-WT-1 or anti-cJun sera before addition of the Sp1/
Egrl=%* probe. One main complex, C1, was observed.
Images are representative of three independent experiments.

[0072] FIG. 6: EMSA and ChIP analysis of Spl and Egrl
Binding to Prm1. EMSAs (Panel A) or supershift assays
(Panel B) using nuclear extract from HEL cells and a bioti-
nylated double-stranded Sp1/Egr1=5°22=5%7 probe (Probe)
spanning —-6027 to —5985 of the TP gene, indicated by the
horizontal bar. Panel A: Nuclear extract was pre-incubated
with vehicle (-) or excess non-labelled competitor oligo-
nucleotides (+) before addition of the Sp1/Egr]=6922:-6%°7
probe. Two main complexes, C1 and C2, were observed.
Panel B: Nuclear extract was pre-incubated with vehicle (-)
or with (+) anti-Sp1, anti-Egrl, anti-WT-1 or anti-cJun sera
before addition of the Sp1/Egrl ~99**~%%7 probe. The image
on the right represents a longer exposure of the upper section
of'the same chromatogram on the left. The arrows indicate the
supershifted transcription factor: DNA complex detected with
the anti-Sp1 (lane 3, left panel) and anti-Egrl (lane 4, right
panel) sera, respectively. Panels C & D: ChIP analysis of
Prm1. Schematic of Prm1 and primers (arrows) used in the
PCR to detect the proximal Prm]1 region (-6368 to —5895;
Panel C) from input chromatin or immunoprecipitated
crosslinked chromatin from HEL cells using anti-Sp1, anti-
Egrl or normal rabbit IgG sera. Primers to detect an upstream
region of Prm1 (-8460 to -8006; Panel D) from input chro-
matin, anti-Sp1, anti-Egr1 or normal rabbit IgG precipitates
were used as a negative control. Images are representative of
three independent experiments. Panel E: Effect of over-ex-
pression of Egrl on Prml-directed gene expression. HEL
cells were transiently co-transfected with pGL3b:Prm1HA
plus pRL-TK in the presence of pCMV-Egrl1 (+Egrl) or with
pCMVS5 (Control) and expressed as mean relative firefly to
renilla luciferase activity (RLU+SEM; n=19).

[0073] FIG. 7: Identification of Functional GATA and Ets
Elements within Prm1. The positions of putative GATA and
Ets elements within Prm1, where the 5' nucleotide of each
element is shown and the star symbol signifies mutated ele-
ments. Recombinant pGL3Basic plasmids (2 pg) encoding:
Panel A: pGL3control (positive control), PrmlB,
Prm1BAGata/Ets, Prm1BA or Panel B: Prm1A, Prm1B“4 7
(—7890)¥, PnnlBEts(—7870)*, Prm1BS4T4 (—7890)*,Ets(—7870)*,
Prm1BAGata/Ets, Prm1B[Gata/EtsZ* -78%9%and Prm1BA
were co-transfected with pRL-TK into HEL cells. Panel C: A
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245 bp subfragment of Prm1, spanning nucleotides —7962 to
-7718, encoding either the wild type or mutated (*) GATA®
7800y and Ets© 757 elements was subcloned into pGL3control
vector upstream of the SV40 promoter. Resulting recombi-
nant plasmids (0.5 pg), as well as pGL3control (0.5 pg), were
co-transfected with pRL-TK into HEL cells. Luciferase activ-
ity was expressed as mean firefly relative to renilla luciferase
activity (RLU+SEM; n=4).

[0074] FIG. 8: GATA-1 and Ets-1 Binding to Prm1. Panel
A: EMSAS using nuclear extract from HEL cells and a bioti-
nylated double-stranded GATA, Ets probe (Probe) spanning
-7890 to -7848 of the TP gene, indicated by the horizontal
bar. Nuclear extract was pre-incubated with vehicle (-) or
excess non-labelled competitor oligonucleotides (+) before
addition of the GATA/Ets probe. Four complexes, C1-C4,
were observed. The image is representative of three indepen-
dent experiments. Panels B & C: Immunoblot analysis of
GATA-1(50kDa) and Ets-1 (54 kDa) expressionin HEL cells
(100 pg per lane). Panels D & E: ChIP analysis of Prm1.
Schematic of Prm1 and primers (arrows) used in the PCR to
detect the Prm1 region from -7978 to —7607 (Panel D) from
input chromatin, anti-GATA-1, anti-Ets-1, or as a control,
normal rabbit IgG immunoprecipitates, as indicated. Primers
to detect the proximal Prm1 (-6368 to —5895; Panel E) from
input chromatin, anti-GATA-1, anti-Ets-1 or normal rabbit
1gG precipitates were used as a negative control. Images are
representative of three independent experiments.

[0075] FIG.9: Effect of 5' deletions on Prm1-directed gene
expression and identification of GC elements within the
-8500 to 7962 region of Prm1. Panel A: Schematic of the
human TP gene spanning nucleotides —8500 to +786 encod-
ing Prm1 (-8500 to -5895), Prm3, exon (E)1, intron (I)1 and
E2, where nucleotide +1 represents A of the translational start
site (ATG) and nucleotides 5' of that are given a — designation.
pGL3Basic plasmids encoding Prm1 (-8500 to -5895) and
its 5' deletion fragments Prm1B (-7962), Prm1BAGata/Ets
(-7859), Prm1BA (=7717), Prm1C (-7504), Prm1D (-6848),
Prm1E (-6648), Prm11 (-6258), Prm1J (-6123) and, as a
control, pGL3Basic were co-transfected with pRL-TK into
HEL 92.1.7 cells. Mean firefly relative to renilla luciferase
activity was expressed in arbitrary relative luciferase units
(RLU£SEM; n=6). Panels B, C and D: GC elements contain-
ing putative overlapping WT1/Egr1/Sp1 binding sites within
Prm1, where the 5' nucleotide is indicated and the star symbol
signifies mutated elements. pGL3Basic plasmids encoding
(B) Pmll PrmlGC*( 8345) P lGC*( 8281) P lGC*( 8146)
Prm19*=73D and Prm1B or (C) Prm1, Prm19C 8345)
PHanC*( 8345, 7831) PHanC*( 8345, 8281 —7831) and
Pmll GCx(-8345,-8281 ,—8146,—783 1) or (D) PrmlB, Prml BGC*(—
7831) and Prm1B[] were co-transfected with pRL-TK into
HEL cells. Luciferase activity was expressed as mean firefly
relative to renilla luciferase activity (RLU+SEM; n=8).
[0076] FIG.10: Expression of WT1, Spl and Egrl proteins
in HEL 92.1.7 cells. Western blot analysis of WT1 (Panel A),
Egrl (Panel B) and Sp1 (Panel C) expression in HEL cells (60
ng whole cell protein per lane). The positions of the molecular
size markers (kDa) are indicated to the left, while the sizes of
WT1, Spl and Egrl are indicated to the right of the panels,
respectively.

[0077] FIG. 11: Nuclear factor binding to 5' GC elements
within Prm1 in vitro. EMSAs using nuclear extract from HEL
cells and biotin-labelled double-stranded probes encoding
GC=83%, GC32%! (Panel A), GC~*'*S (Panel B) and GC~7®*!
(Panel C). In each case, the horizontal bar indicates the rela-

Nov. 3, 2011

tive position of the probe within Prm1. Nuclear extract was
pre-incubated with the vehicle (-) or with excess non-labelled
competitor oligonucleotides (+) prior to addition of the rel-
evant probe. Images are representative of three independent
experiments.

[0078] FIG. 12: ChIP analysis of WT1, Spl and/or Egrl
binding to the 5' region of Prm1 and effect of over-expression
of WT1 on Prm1-directed luciferase expression. Panels A and
B: ChIP analysis of WT1, Sp1 and/or Egr1 binding to Prm1 in
HEL 92.1.7 cells. Schematic of Prm1 and primers (arrows)
used in the PCR to detect the -8460 to —8006 (Panel A) or the
-7978 to =7607 (Panel B) regions of Prm1 using either input
chromatin or chromatin extracted from anti-WT1, anti-Egrl,
anti-Sp1 or, as a control, normal rabbit IgG immunoprecipi-
tates. Images are representative of three independent experi-
ments. Panel C: Effect of over-expression of WT1 on Prm1-
directed gene expression. HEL cells were transiently
co-transfected with 0.5 pg of pcDNA3 (control) or 0.5 pg of
recombinant pcDNA3 plasmids encoding (+/+), (+/-), (-/+)
or (/=) isoforms of WT1, along with pGL3b:Prm1 (1.5 pg)
plus pRL-TK (200 ng). Luciferase activity was expressed as
mean relative firefly to renilla luciferase activity (RLU+SEM;
n=6). Panel D: Western blot analysis to confirm over-expres-
sion of WT'1 in HEL cells following transfection with 0.5 pug
of pcDNA3 (control) or 0.5 pug of recombinant pcDNA3 plas-
mids encoding (+/+), (+/-), (-/+) or (-/-) isoforms of WT1
(25 ng whole cell protein per lane). The size of WT1 isoforms
are indicated to the right of the panel. Panel E: RT-PCR
analysis using primers to amplify TPa and GAPDH
sequences from total RNA isolated from HEL cells following
transfection with 0.5 pg of pcDNA3 (control) or 0.5 pg of
recombinant pcDNA3 plasmids encoding (+/-) or (-/-) iso-
forms of WT1.

[0079] FIG. 13: Identification of GC elements within Prm1
regions from -6848 to —6648 and -6258 to —6123. Panels A
and B: Schematic of Prm1 (6848 to —5895) and the relative
positions of GC elements containing putative overlapping
WT1/Egrl/Spl binding sites, where the 5' nucleotide is indi-
cated and the star symbol signifies mutated elements.
pGL3Basic plasmids encoding (A) PrmlD (-6848),
Prm1DCC*C1D 0 prmlE  (-6648), Prmll  (-6258),
Prm119€%¢C%299) or Prml] (-6123) or (B) Prml D,
Prm1 DGC* (—6717), Prm1 DGC* (—6206), Prm1 DGC* (-6717,-6206)
or Prm1E were co-transfected with pRL-TK into HEL 92.1.7
cells. Luciferase activity was expressed as mean firefly rela-
tive to renilla luciferase activity (RLU+SEM; n=9).

[0080] FIG. 14: Nuclear factor binding to GC™5’'7 and
GC~%2°% elements within Prm1 in vitro and in vivo. Panels A
and C: EMSAs using nuclear extract from HEL cells and a
biotinylated double-stranded probe encoding (Panel A) the
Prm1 GC=%""” element and (Panel C) the Prm1 GC~5%°° ele-
ment where, in each case, the location of the specific probe
within Prml is indicated by the horizontal bar. Nuclear
extract was pre-incubated with vehicle () or excess non-
labelled competitor oligonucleotides (+) before addition of
the probe. One complex, C1, was observed in each case. The
images are representative of three independent experiments.
Panels B and D: ChIP analysis and schematic of Prm1 and
primers (arrows) used in PCR to amplify the -6848 to -6437
(Panel B) and the -6368 to —5895 (Panel D) regions of Prm1
from input chromatin or from chromatin extracted from anti-
WT1, anti-Egrl, anti-Sp1 or, as a control, normal rabbit IgG
immunoprecipitates, as indicated. The images are represen-
tative of three independent experiments.
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[0081] FIG.15: Proposed model for WT1-mediated repres-
sion of Prm1 in HEL 92.1.7 cells Panel A: Schematic repre-
sentation of the relative positions of functional binding ele-
ments within Prml, as well as binding of the basal
transcription apparatus (BTA) to the transcription initiation
(TI) site. Overlapping Sp1/Egrl elements at -6294, 6278,
—-6022 and -6007, as well as an NF-E2 element at —6080,
located within the “core” proximal promoter, direct efficient
basal activity of Prm1 in megakaryoblastic HEL cells. Addi-
tionally, GATA-1 and Ets-1 bind elements at —-7890 and
-7870, respectively, within UAR1 to increase Prm1 activity
in HEL cells. The data herein indicate that WT1 binds to GC
elements within URR1, specifically at -8345, -8281 and
-8146, as well as elements at —=7831 within UAR1, -6717
within URR2 and -6206 within RR3, to repress Prm1 activ-
ity. Panels B, C, D and E: Proposed model for WT-mediated
repression of Prm1 in HEL cells. It is suggested that WT1
overcomes competition from other factors, such as Egrl and
Sp1 by binding cooperatively to neighbouring GC elements at
-8345, —8281, -8146 and -7831 and independently to GC
elements at —6717 and —6206 to mediate repression of Prm1-
directed transcription by the basal transcription apparatus in
HEL cells (Panel B). Mutation of any of the upstream GC
elements at —8345, -8281, —-8146 and -7831 by SDM inter-
feres with cooperation among WT1 proteins binding to these
elements, thereby inhibiting WT1 binding and alleviating
repression of Prm1. In the absence of repressor binding to the
remaining intact sites, these elements may now have a higher
affinity for activating factors (Panel C). Disruption of remain-
ing upstream GC elements blocks the binding of activators
and results in de-activation of the promoter (Panel D). Fur-
thermore, mutation of GC elements at —6717 and -6206 in
Prm1D (-6848) alleviates repression of Prm1 (Panel E).

[0082] FIG. 16: Effect of PMA on TPa mRNA expression
in HEL 92.1.7 cells. Panels A & B: RT-PCR analysis of RNA
isolated from HEL cells incubated with PMA (100 nM; 1-48
h;lanes 2-11), where cells incubated with the vehicle [v; 0.1%
(v/v) dimethylsulfoxide (DMSO); 48 h; lane 1] served as a
control. Primers were used to amplify TPa and GAPDH
mRNA sequences. Panel B: Southern blot analysis of the
RT-PCR products co-screened using 5' biotin-labeled oligo-
nucleotide probes specific for TPa. and GAPDH mRNA
sequences. The images are representative of four independent
experiments.

[0083] FIG.17: Effectof 5' deletions on the PMA-mediated
increase of Prm1-directed gene expression. Panels A and B:
Schematic of the human TP gene spanning nucleotides —8500
to +786 encoding Prm1 (-8500 to -5895), Prm3, exon (E)1,
intron (I)1 and E2, where nucleotide +1 represents A of the
translational start site (ATG) and nucleotides 5' of that are
given a —designation. pGL.3Basic plasmids encoding Prm1
(-8500 to -5895) and its 5' deletion fragments Prm1B
(=7962), Prm1C (=7504), Prm1D (-6848), Prm1E (-6648),
Prm1F (-6552) and Prm1K (-6067) were co-transfected with
pRL-TK into HEL 92.1.7 cells. Approximately 32 h post-
transfection, cells were incubated with either vehicle [veh;
0.1% (v/v) DMSO] or PMA (PMA; 100 nM) for 16 h. Data
are presented as (Panel A) mean firefly relative to renilla
luciferase activity expressed in arbitrary relative luciferase
units (RLU£SEM; n=4) or (Panel B) fold induction of mean
luciferase activity in PMA-treated cells compared to vehicle-
treated cells. The asterisks (*) indicate that incubation of HEL,
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cells with PMA significantly increased luciferase expression
in HEL cells, where * and **** indicate p <0.05 and p<0.
0001, respectively.

[0084] FIG. 18: Identification of PMA-responsive ele-
ments within the Prm1 region from —8500to —7504. Panels A,
B, C and D: Schematic of GC elements containing putative
overlapping WT1/Egr1/Sp1 binding sites within Prm1, where
the 5' nucleotide is indicated and the star symbol signifies
mutated elements. pGL3Basic plasmids encoding Prml,
PHanC*(_8345) PmllGC*(_stl), PHanC*(—8146) or

Prm19°#783L (Panels A and B) or Prm1, Prm] F€*(-834%),
PmllGC*(_8345’_7831), PrmlGC*(—8345,—8281,—7831) or
Prm] FC#(-8345,-8281.-8146-7831) (panels B and C) were co-
transfected with pRL-TK into HEL 92.1.7 cells. Cells were
incubated with vehicle [veh; 0.1% (v/v) DMSO] or PMA
(PMA; 100 nM) for 16 h. Data are presented as (Panels A and
C) mean firefly relative to renilla luciferase activity expressed
in arbitrary relative luciferase units (RLU+SEM; n=4) or
(Panels B and D) fold-induction of mean luciferase activity in
PMA-treated cells compared to vehicle-treated cells. The
asterisks (*) indicate that PMA significantly induced
luciferase expression in HEL cells, where **** indicates
p<0.0001.

[0085] FIG. 19: Identification of a PMA-responsive ele-
ment within the Prm1 region from —7962 to =7717. Panels A
and B: Schematic of GC elements containing putative over-
lapping WT1/Egrl/Sp1 binding sites within Prm1, where the
5' nucleotide is indicated and the star symbol signifies
mutated elements. pGL3Basic plasmids encoding Prm1B,
Prm1BeC*C783 or Prm1C were co-transfected with pRL-
TK into HEL 92.1.7 cells. Cells were incubated with vehicle
[veh; 0.1% (v/v) DMSO] or PMA (PMA; 100 nM) for 16 h.
Data are presented as (Panel A) mean firefly relative to renilla
luciferase activity expressed in arbitrary relative luciferase
units (RLU£SEM; n=4) or (Panel B) fold induction of mean
luciferase activity in PMA-incubated cells compared to
vehicle-incubated cells. The asterisks (*) indicate that PMA
significantly induced luciferase expression in HEL cells,
where **, and **** indicate p<0.01 and p<0.0001, respec-
tively.

[0086] FIG. 20: Effect of PMA on expression of WT1, Spl
and Egrl proteins in HEL 92.1.7 cells. Panels A-D: Immuno-
blot analysis of WT1, Egrl, Spl and HDJ2 expression,
respectively, in HEL cells pre-incubated with vehicle [v;
0.1% (v/v) DMSQO; 48 h; lane 1] or PMA (100 nM; 0-48 h;
lanes 2-12). The sizes of WT1, Egrl, Sp1 and HDJ2 proteins
are indicated to the left of the panels. The images are repre-
sentative of four independent experiments.

[0087] FIG. 21: Effect of NAB1 over-expression and ERK
1/2 signaling on the PMA-mediated induction of Prm1-di-
rected luciferase expression. Panels A and B: Effect of over-
expression of NAB1 on Prm1-directed gene expression. HEL
cells were transiently co-transfected with pCMV5 (control)
or pCMV:NABI1 along with pGL3b:Prm1 plus pRL-TK.
Approximately 32 h post-transfection, cells were incubated
with vehicle [veh; 0.1% (v/v) DMSO] or PMA (PMA; 100
nM) for 16 h. Data are presented as (Panel A) mean firefly
relative to renilla luciferase activity expressed in arbitrary
relative luciferase units (RLU+SEM; n=3) or (Panel B) fold
induction of mean luciferase activity in PMA-incubated cells
compared to vehicle-incubated cells. The asterisks (*) indi-
cate that PMA significantly induced Prm1-directed luciferase
expression in HEL cells, where **** indicate p<0.0001
(Panel A), or that over-expression of NAB1 significantly
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reduced PMA-induction of Prm1-directed luciferase expres-
sion, where **** indicate p<0.0001 (Panel B). Panel C:
Effect of PD98059 (MEKI1 inhibitor, 2-(2-amino-3-methox-
yphenyl)-4H-1-benzopyran-4-one) on the PMA-mediated
induction of Prm1-directed gene expression. HEL cells were
transiently co-transfected with pRL-TK plus pGL3b:Prm1 or
pGL3b:Prm1K. Cells were incubated with vehicle [veh; 0.1%
(v/v) DMSO], PMA (PMA; 100 nM) or 100 nM PMA plus 10
uM PD98059 (PMA+PD98059) for 16 h. Luciferase activity
is expressed as mean firefly relative to renilla luciferase activ-
ity expressed in arbitrary relative luciferase units
(RLU£SEM; n=3). Panel D: Effect of PD98059 on the PMA-
mediated increase in Egrl expression in HEL cells. Immuno-
blotanalysis of Egrl expression in HEL cells incubated for 16
h with: vehicle [0.1% (v/v) DMSO], 10 uM PD98059, 100
nM PMA or 100 nM PMA plus 10 uM PD98059, where
non-stimulated HEL cells served as an additional control (0
h). The size of the Egrl protein (approximately 82 kDa) is
indicated to the left of the panel. The image is representative
of three independent experiments.

[0088] FIG. 22: Time-course of PMA-mediated induction
of Prm1-directed luciferase expression in HEL cells. HEL
cells were transiently co-transfected with pGL3b:Prm1 plus
pRL-TK and cells were incubated with vehicle [v; 0.1% (v/v)
DMSO; 48 h] or PMA (100 nM; 0-48 h). Luciferase activity
is expressed as mean firefly relative to renilla luciferase activ-
ity expressed in arbitrary relative luciferase units
(RLU£SEM; n=4). The asterisks (*) indicate that PMA sig-
nificantly induced Prml-directed luciferase expression in
HEL cells, where *, *** and **** indicate p<0.01, p<0.001
and p<0.0001, respectively.

[0089] FIG. 23: Nuclear factor binding to elements within
the —8460 to —8006 region of Prm1 in vivo and PMA-induced
translocation of WT1 from the nucleus to the cytoplasm.
Panels A and B: ChIP analysis of WT1, Sp1 and Egrl protein
binding to Prm1. Schematic of Prm1 and primers (arrows)
used in PCR to detect the —8460 to -8006 (Panel A) and
-6368 to —5895 (Panel B) regions of Prm1 from input chro-
matin or chromatin extracted from anti-WT1, anti-Egrl, and
anti-Spl immunoprecipitates or, as a control, from a normal
rabbit IgG precipitate, as indicated, from HEL cells that were
non-treated (0 h), or treated with 100 nM PMA for 5, 8 or 16
h, as specified. Images are representative of three independent
experiments. Panel C: Confocal microscopy of HEL cells that
were pre-incubated with PMA for 0, 1, 5, 8, 16, or 24 h,
followed by immunolabeling with anti-WT1 antibody and
AlexaFluor488 conjugated anti-rabbit IgG (green), followed
by counterstaining with DAPI (red). Co-localization was
observed by merging the green and the red channels (yellow).
Images are representative of three independent experiments.
[0090] FIG. 24: Effect of 1a, 25-dihydroxy-vitamin D, on
Prm1-directed gene expression and Egrl protein expression
in HEL cells. Panel A: Effectof 1a, 25-dihydroxy-vitamin D,
on Prml-directed gene expression. HEL cells were tran-
siently co-transfected with pRL-TK plus pGL3b:Prm1 or
pGL3b:Prm1K. Cells were incubated with vehicle (H,O;
veh) for 30 h or with 80 nM Vitamin D; for 24 h (24 h) or 30
h (30 h). Luciferase activity was expressed as mean firefly
relative to renilla luciferase activity expressed in arbitrary
relative luciferase units (RLU+SEM; n=3). The asterisks (*)
indicate that PMA significantly induced Prml-directed
luciferase expression in HEL cells, where * and *** indicate
p<0.01 and p<0.001, respectively. Panel B: Effect of Vitamin
D; on Egrl expression in HEL cells. Immunoblot analysis (60
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ng of total protein per lane) of Egrl expression in HEL cells
incubated for 72 h with: vehicle (H,O; v) or Vitamin D, (80
nM; Vit. D;), where non-stimulated HEL cells served as an
additional control (0 h). The size of the Egrl protein (approxi-
mately 82 kDa) is indicated to the left of the panel. The image
is representative of three independent experiments.

[0091] FIG. 25: Proposed model for PMA-mediated
increases in Prm1 activity Panel A: Schematic representation
of'the relative positions of functional binding elements within
Prm1, as well as binding of the basal transcription apparatus
(BTA) to the transcription initiation (TI) site. Overlapping
Spl/Egrl elements at —6294, —6278, —6022 and -6007, as
well as an NF-E2 element at —6080, located within the “core”
proximal promoter, direct efficient basal activity of Prm1 in
megakaryoblastic HEL cells. GATA-1 and Ets-1 bind ele-
ments at —7890 and -7870, respectively, within UARI to
increase Prm1 activity in HEL cells. WT1 binds to GC ele-
ments within URR1, specifically at -8345, -8281 and -8146,
as well as elements at —=7831 within UAR1, -6717 within
URR?2 and -6206 within RR3, to repress Prm1 activity. Pan-
els B, C, D and E: Proposed model for PMA-induction of
Prm1 in HEL cells. In quiescent HEL cells, WT'1 binds coop-
eratively to multiple neighbouring GC elements at —8345,
-8281, -8146 and 7831 within Prm1 to repress transcription
by impairing the initiation of transcription by the BTA at the
transcription initiation (TI) site (represented by an arrow;
Panel B). Following exposure of HEL cells to PMA for
approximately 5 h, ERK-mediated up-regulation of Egrl
expression results in increased competition between Egrl and
WTT1 for binding to 5' GC elements. This leads to displace-
ment of WT1 and increased Egrl binding to the GC elements,
thereby enhancing transcription initiation by the BTA and
leading to the initial increase in Prml activity and TPa
expression during the early stages of differentiation of HEL
cells induced by PMA (Panel C). Following exposure of HEL
cells to PMA for approximately 8 h, a more pronounced
increase in Egrl binding occurs, with an associated decrease
in WT1 binding. It has been suggested that translocation of
WT1 from the nucleus to the cytoplasm following PMA-
stimulation of HEL cells is responsible for the decrease in
WT1 binding. This leads to promoter de-repression and
facilitates a further increase in Egrl binding, leading to a
more pronounced activation of Prm1 by the BTA (Panel D).
Following exposure of HEL cells to PMA for approximately
16 h, increased Egrl turnover leads to a decrease in Egrl
expression. It is also suggested that PMA-mediated differen-
tiation of HEL cells leads to phosphorylation of Sp1, enhanc-
ing its DNA binding activity. Therefore, increased affinity of
Spl for the 5' GC elements, associated with increased turn-
over of Egrl, facilitates binding of Spl to Prml, thereby
mediating a sustained increase in Prm1 activity as differen-
tiation of HEL cells progresses toward the platelet phenotype
(Panel E).

[0092] FIG. 26: Modified Prm1 promoter-directed gene
expression in a panel of different cell types. Plasmids, encod-
ing 5' deletion fragments of Prm1, pGL3B:Prm1, pGL3B:
Prm19¢=84%%  pGL3B:Prm1B, pGL3B:PrmlD, pGL3B:
Prm1D771@:®%  and,  as controls, pGL3Control &
pGL3Basic (empty vector) were co-transfected with pRL-
TK, into HEL (Human erythroleukemia) 92.1.6 (A), EA hy
926 (human endothelial) (B), and HEK (Human embryonic
kidney) 293 (C), cells.
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[0093] FIG. 27: Modified Prm1 promoter-directed gene
expression in a panel of different cell types. Panels A & B:
Plasmids, encoding 5' deletion fragments of Prm1, pGL3B:
Prml, pGL3B:Prm19-#45%%  pGL3B:Prm1B, pGL3B:
Prm1D, pGL3B: PmID”7*@®#* and  as controls,
pGL3Control & pGL3Basic (empty vector) were co-trans-
fected with pRL-TK, into 1° hAoSMC (primary human aortic
smooth muscle) (A), and WI-38 (human lung fibroblast) (B)
cells. Panel C: Investigation of the Prml1D derivatives
(Prm1D, Prm1DP7 @ x®x%  and Prm1DP7H@#D%D0x 1
direct luciferase expression in HEL cells, where WT1)*
refers to the mutation of the WT1 site at -6717, WT1®*
refers to the mutation of the WT1 site at -6206 and WT1¢9#*
refers to the mutation of a repressor site at —6800.

[0094] FIG. 28: Immunoblot analysis of human tissue fac-
tor expression in HEL cells. HEL cells were co-transfected
with 2 pg pcDNA3.1(-), pcDNA3.1(-)-hTF, pPrm1°<~
g146* hTF, pPrm1B:hTF and pPrm1D”71@®% glong with
200 ng pRL-TK. Cells were analysed 48 h post-transfection
by western blotting (60 pg of whole cell protein per lane)
along with a hTF Biomass control using anti-hTF (upper
panel) antibody; to confirm equal protein loading, immuno-
blots were stripped and rescreened with an anti-HDJ-2 anti-
body (lower panel).

MATERIALS AND METHODS

Materials

[0095] pGL3Basic, pRL-Thymidine Kinase (pRL-TK),
and Dual Luciferase® Reporter Assay System were obtained
from Promega Corporation. DMRIE-C®, RPMI 1640 culture
media and fetal bovine serum (FBS) were from Invitrogen
Life Technologies. Anti-NF-E2 (sc-291x), anti-Sp1 (sc-59x),
anti-Egrl (sc-110x), anti-WT-1 (sc-192x), anti-cJun (sc-
45x), anti-GATA-1 (sc-13053x%), anti-Ets-1 (sc-350x), rabbit
IgG (5¢-2027), and goat anti-rabbit horseradish peroxidase
(sc-2204) were obtained from Santa Cruz Biotechnology.
Anti-HDJ2 antibody was obtained from Neomarkers. All
antibodies used for ChIP analysis were ChIP-validated by the
supplier (Santa Cruz) and have been widely used in the lit-
erature for such analyses (Hoffmann et al., 2008; Kooren et
al., 2007; Murakami et al., 2006; Sawado et al., 2001; Sinha-
Dattaetal., 2004; Sobue et al., 2005; Sohn et al., 2005; Zhang
et al., 2002). The plasmid pCMV-Egrl was kindly provided
by Dr Gerald Thiel, University of Saarland Medical Centre,
Homburg, Germany (Thiel et al., 1994). Bioinformatic analy-
ses to identify putative transcription factor binding sites
within Prm1 were carried out using the Matlnspector™ pro-
gramme (Quandt et al., 1995). Anti-human Tissue Factor
(SC-20160) antibody was obtained from Santa Cruz. The
plasmid pDNR-LIB: Tissue Factor (FactorIll/thromboplas-
tin), containing a 1.374 kb insert encoding full length cDNA
for Tissue Factor (GenomeCube#IRAUp969D0152D; Gen-
bank number BC011029; CDS=169-1056(887 bp)), was pur-
chased from Genome Cube.

Construction of Luciferase-Based Genetic Reporter Plasmids

[0096] Promoter (Prm)1 is defined as nucleotide positions
-8500 to —5895, located upstream (5' flanking) of A of the
translational ATG initiation codon, designated +1. The plas-
mid pGL3b:Prml, containing the Prm1 sequence (2605 bp) in
the pGL3Basic genetic reporter vector, has been previously
described (Coyle et al., 2002). To identify elements required
for Prm1 activity, a series of 5'- and 3'-deletion subfragments
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were subcloned into pGL.3Basic. The recombinant plasmids
generated, as well as the identities, sequence and correspond-
ing nucleotides of the specific primers used for each fragment
are listed in the expanded Materials and Methods section
below. The identity and fidelity of all recombinant plasmids
was verified by DNA sequence analysis. Additional 5' dele-
tion sub-fragments of Prm1 were amplified by the poly-
merase chain reaction (PCR) using pGL3b:Prm1 as template
and subsequently sub-cloned into pGL.3Basic. Specifically,
for pGL3b:Prm1l, a PCR fragment was generated using the
sense primer Kin358 (5'GAGA
GGTACCTGAGAGACAGCGGGAGACAGA GAC3,
nucleotides (nu) -6258 to —6235, SEQ ID NO:38, where the
underlined sequence corresponds to a Kpn1 cloning site) and
the antisense primer Kin109 (5'AGAG
ACGCGTCTTCAGAGA CCTCATCTGCGGGG3',
complementary to nu -5917 to =5895 of Prm1, SEQ ID NO:
39, where the underlined sequence corresponds to a Mlul
cloning site). For pGL3b:Prm1J, a fragment was generated
using sense primer Kin391 (5'GAGA
GGTACCCCTCCATCTGTGTGG GTCCTC 3" nu —6122 to
-6102, SEQ ID NO: 40) and the antisense primer Kin109.
The identity and fidelity of all Prm1-derived sub-fragments in
the corresponding recombinant pGL3Basic plasmids were
verified through DNA sequencing. An additional 5' sub-frag-
ment of Prml, termed Prm1F, was amplified by the poly-
merase chain reaction (PCR) using pGL3b:Prm1 as template
and subsequently sub-cloned into the Kpnl-Mlul sites of
pGL3Basic. Specifically, Prm1F was generated using the
sense primer Kin235 (5'GAGA
GGTACCTCCAGGCCTTGGGTGCTG3, nucleotides
(nu)-6552 to —6535, SEQ ID NO: 41, where the Kpn1 clon-
ing site is underlined) and the antisense primer Kin109
(5'AGAG
ACGCGTCTTCAGAGACCTCATCTGCGGGG3'; comple-
mentary to nu -5917 to -5895 of Prm1, SEQ ID NO: 39,
where the Mlul site is underlined). The identity and fidelity of
all Prm1 gene fragments in the corresponding recombinant
plasmids was verified through DNA sequencing. The full
length coding sequence for human tissue factor (hTF) was
amplified by PCR using pDNR-LIB/TF (IRAUp969D0152D
GenomeCube ID) as template versus Kin623
(5'GAGAAAGCTTTTATGAAACATTCAGTGGGGAG-3',
SEQ ID NO: 42) and Kin624 (5' GATGTTCCAGAT-
TACGCTAGCCTCTGGGTCTGCTGCCTGTG-3', SEQ ID
NO: 43) and Pfu Turbo and the resulting 887 bp fragment
subcloned into the BamHI/HindIII sites of the pcDNA3.1(-)
vector to generate the recombinant plasmid pcDNA3.1(-):
hTF. The plasmid pcDNA3.1(-):hTF was confirmed correct
by restriction endonuclease digestion and was fully validated
by DNA sequence analysis. The plasmid pPrm1“<~*145:hTF
encoding the full length coding sequence for hTF under the
control of Prm1°“~#!4¢ was generated by ligating a purified
5174 bp Pcil to Nhel fragment, encoding Prm1““~314¢ and
generated from the plasmid pGL3B:Prm1GC~3'#® to a 4915
bp Pcil to Nhel fragment, encoding full length hTF and puri-
fied from pcDNA3.1(-)-hTF, to generate pPrm1““~314¢:hTF.
The plasmid pPrm1B:hTF encoding the full length coding
sequence for hTF under the control of Prm1B was generated
by ligating a purified 4636 bp Pcil to Nhel fragment, encod-
ing Prm1B and generated from the plasmid pGL3B:Prm1B,
to 24915 bp Pcil to Nhel fragment, encoding full length hTF
and purified from pcDNA3.1(-)-hTF, to generate pPrm1B:
hTF. The plasmid pPrm1D?7*@# #7104 hTF encoding the
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full length coding sequence for hTF under the control of
Prm1D? 7@ TN wag generated by ligating a purified
3522 bp Pcilto Nhel fragment, encoding pPrm1D "7 (@)-771
»* and generated from the plasmid pGL3B: pPrm1D» 7@
#PTLO% 15 a 4915 bp Pcil to Nhel fragment, encoding full
length hTF and purified from pcDNA3.1(-)-hTF, to generate
pPrm1 D77 @ P B W TR Note; Prm1D™7H(@%-FT10)%
contains the mutated Wilms’ tumor 1 sites at 6717 (WT1(a)
*) and —6206 (WT(b)*) sites, respectively.

Site-Directed Mutagenesis

[0097] Site-directed mutagenesis was carried out using the
Quik-Change™ method (Stratagene).

The identities of the Prm1 elements subjected to site-directed
mutagenesis and the corresponding plasmids generated, as
well as the identity, sequence and corresponding nucleotides
of the specific primers used are listed in the expanded Mate-
rials and Methods section below. The following lists the name
and starting position of the Prm1 elements that were sub-
jected to site-directed mutagenesis, the nucleotides that were
changed, the templates that were used, the name of the cor-
responding plasmids generated, as well as the specific prim-
ers, their sequences and corresponding nucleotides. In each
case, the — designation indicates nucleotides 5' of the trans-
lational ATG start codon (designated +1).

[0098] 1.GC at-8345 changed from tgecccCGCCeccac
(SEQ ID NO:8) to tgeccecTGACcccac (SEQ ID NO:9)
using template pGL3b:Prm1 to generate pGL3Basic:
Prm19€*C8345)  Primers used: Kin423 (5'TG-
GAAGCTGCCCCTGACCCCACCCAGCTTC3', SEQ
ID NO:44) and the complementary oligonucleotide

Kin424
[0099] 2. GC at -8281 changed from gccegG
CCCccgccgga (SEQ ID NO:10) to geeegG

TTCccgeegga (SEQ ID NO:11) using template (a)
pGL3b:Prm1 to generate pGL3Basic:Prm]“<*525L)
and (b) pGL3Basic:Prm19C*8345-7831) 15 generate
pGL3Basic:Prm] “C#(-8345--828L-7831) " Primers used:
Kin478 (5'CTCCCTGCCCGGTTCCCGCCG-
GAAACC3', SEQ ID NO: 45) and the complementary
oligonucleotide Kin479

[0100] 3. GC at -8146 changed from cGGGGGGTg
28GGGCGGGGGGCgggecaa (SEQ ID NO:12) to
cGGGGGTCgtgGGGTGGATGGC Cgggecaa (SEQ 1D
NO:13) using template (a) pGL3b:Prml to generate
pGL3Basic:Prm1°*(=8149  and  (b) pGL3Basic:
Prm] GC*(-8345.-8281.-7831) 14 generate pGL3Basic:
Prm] €€(-8345,-8281,-8146.-7831) brimers used: Kin510
(5'GTGCTG-
GCGGGGGTCGTGGGGCGGGGGGCG3, SEQ ID
NO: 46) and the complementary oligonucleotide
Kin511, as well as Kin512 (5GGGGTCGTGGGGTG-
GATGGCGGGCCAAGAC3', SEQ ID NO:47) and the
complementary Kin513

[0101] 4.GCat-7831 changed from tcactGCCCcctcatct
(SEQID NO:14) to tcactGTCCtcteatet (SEQ ID NO:15)
using template (a) pGL3b:Prm1 to generate pGL.3Basic:
Prm19°#E7830 0 (h)  pGL3b:PrmI1B to generate
pGL3Basic:Prm1BEC*783D  and  (c) pGL3Basic:
Prm19°#(83%%) 1o generate pGL3Basic: Prm19<*C
s34s5,-7831). Primers used: Kin361 (5S'TCCGTCTCT-
CACTGTCCTCTCATCTGGAGCCC3', SEQ ID
NO:48) and the complementary oligonucleotide Kin362

Nov. 3, 2011

[0102] 5. GC at -6717 changed from tctgtcct
CCCAcccca (SEQ ID NO:22) to tctgtcctATCAcccca
(SEQ ID NO:23) using template pGL.3Basic:Prm1D to
generate pGL3Basic: Prm1D%*5717) Primers used:
Kin502 (5'CATCCCTCTGTCCTATCACCCCAC-
CCCTGG 3', SEQ ID NO:49) and the complementary
oligonucleotide Kin503

[0103] 6. GC at -6206 changed from cagcggee
CCCAccegt (SEQ ID NO:28) to cageggec TACAcccegt
(SEQ ID NO:29) using template pGL3Basic:Prm1I to
generate pGL3Basic:Prm119°*%2°9 Primers used:
Kin506 (5'GCTGCCAGCGGCCTACACCCGTC-
CCAGC3', SEQ ID NO:50) and the complementary oli-
gonucleotide Kin507

[0104] To mutate a putative repressor site at —6800, herein
referred to as WT1(X), the previously generated plasmid
pGL3Basic: Prm1DFC*(-6717:-6206) 4154 referred to herein
as pGL3Basic: Prm1D”7 @ #®* w3 used as template ver-
sus the primers Kin802 (5' CCATGCGATGCCACCAC-
CCCAGCCCTC 3', SEQ ID NO:51) and the complementary
oligonucleotide Kin803 to generate the plasmid pGL3Basic:
Prm1D”7H@#®)%0% The identity and fidelity of the result-
ing pGL3Basic: Prm1 D" @#®*x plagmid was verified
by DNA sequence analysis.

Cell Culture

[0105] Human erythroleukemic (HEL) 92.1.7 cells,
obtained from the American Type Culture Collection
(ATCC), were cultured in RPMI 1640, 10% fetal bovine
serum (FBS).Human erythroleukemia (HEL) 92.1.7 cells
were obtained from the American Type Culture Collection
(ATCC) and were grown in RPMI 1640, 10% fetal bovine
serum (FBS). Human embryonic kidney (HEK) 293 cells
were obtained from the ATCC and cultured in MEM, 10%
FBS.EA hy926 cells were obtained from were obtained from
the Tissue Culture Facility of the University of North Caro-
lina Lineberger Comprehensive Cancer Center (Chapel Hill,
N.C.) and were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) and 10% FBS. WI-38 cells were obtained
from the ATCC and cultured in MEM, 10% FBS, essential
amino acids. Primary human aortic smooth muscle cells (1°
hAoSMCs)were purchased from Cascade biologics and were
cultured in M199, 10% FBS. All cells were grown at 37° C. in
a humid environment with 5% CO,.

Assay of Luciferase Activity

[0106] HEL and EA.hy 926 cells were co-transfected with
the various pGL3Basic-recombinant plasmids (2 mg), encod-
ing firefly luciferase, along with pRL-TK (200 ng), encoding
renilla luciferase, using DMRIE-C® transfection reagent.
HEK293, WI-38, and 1° hAoSMCs were co-transfected with
the pGL3Basic-recombinant plasmids (2 mg), along with
pRL-TK (200 ng), using Effectene transfection reagent. In all
cases, cells co-transtected with pRL-TK (200 ng) in the pres-
ence of either the pGL.3Control vector (firefly luciferase gene
under the control of the SV40 promoter; 2 mg) or the pro-
moter-less pGL3Basic empty vector (2 mg), which served as
positive and negative controls, respectively. Firefly and
renilla luciferase expression was assayed some 48 h post-
transfection using the Dual-Luciferase Reporter Assay Sys-
tem™, as described (Coyle et al., 2005). Relative firefly to
renilla luciferase activity (arbitrary units) was calculated as a
ratio and was expressed in relative luciferase units (RLU). To
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investigate the effect of over-expression of exon 5 (+ or —) or
KTS (+ or -) isoforms of WT1 on Prm1-directed gene expres-
sion, HEL cells were co-transfected with either pGL3b:Prm1
orpGL3b:Prm1D (1.5 pg) plus 200 ng of pRL-TK along with
either pcDNA3:WT1 (+/+), pcDNA3:WT1 (+/-), pcDNA3:
WT1 (-/+), pcDNA3:WT1 (-/-) (0.5 pg), or as a control,
pcDNA3 (0.5 pg). Cells were harvested 48 h post-transfection
and assayed for luciferase activity, as above, or subjected to
western blot or RT-PCR analysis. The plasmids pcDNA3:
WT1 (+/+), pcDNA3:WT1 (+/-), pcDNA3:WT1 (-/+) and
pcDNA3:WT1 (-/-) were generously donated by Dr. Charles
T. Roberts JR, Oregon National Primate Research Center,
Oregon, USA and have been previously described (Tajinda et
al., 1999). For PMA studies, approximately 32 h post-trans-
fection, the medium was supplemented with PMA (100 nM),
with PMA (100 nM) and PD98059 (10 uM) or, as a control,
with vehicle [0.1% (v/v) DMSO]. After 16 h, cells were
assayed for firefly and renilla luciferase using the Dual-Lu-
ciferase Reporter Assay System™ as previously described
(Coyle et al., 2005). The plasmid pCMV5-NAB1, containing
the entire coding sequence for NABI1, was generously
donated by Dr. Gerald Thiel, University of Saarland Medical
Center, Homburg, Germany, and has been described previ-
ously (Thiel et al., 2000). To investigate the effect of over-
expression of NAB1 on the PMA-mediated induction of
Prm1-directed gene expression, HEL cells were transiently
co-transfected with pGL3b:Prm1 (2 pg) plus pRL-TK (200
ng) along with either pPCMV5 (control) or pCMV:NABI (1
ng). Cells were harvested 48 h post-transfection and assayed
for luciferase activity, as above.

Western Blot Analysis

[0107] The expression of WT1, Spl, Egrl, NF-E2,
GATA-1 and Ets-1 proteins in HEL cells was confirmed by
western blot analysis. Briefly, whole cell protein was resolved
by SDS-PAGE (10% acrylamide gels) and transferred to
polyvinylidene difluoride (PVDF) membrane according to
standard methodology. Membranes were screened using anti-
WT1, anti-NF-E2, anti-Sp1, anti-Egr1, anti-GATA-1 or anti-
Ets-1 sera in 5% non fat dried milk in 1xTBS (0.01 M Tris/
HCI, 0.1 M NaCl) for 2 h at room temperature followed by
washing and screening using goat anti-rabbit horseradish per-
oxidase (sc-2204) followed by chemiluminescence detection,
as described by the supplier (Roche Applied Science). For
PMA studies, HEL cells were pre-incubated for the indicated
amount of time with 100 nM PMA, with 10 uM PD98059,
with 100 nM PMA plus 10 uM PD98059 or, as a control, with
vehicle [0.1% (v/v) DMSO]. Whole cell protein (60 pg per
lane) was resolved by SDS-PAGE (10% acrylamide gels) and
transferred to polyvinylidene difluoride (PVDF) membrane
according to standard methodology. Membranes were
screened using anti-WT1, anti-Sp1, anti-Egr-1 or anti-HDJ2
sera in 5% non fat dried milk in 1xTBS (0.01 M Tris/HC], 0.1
M NaCl) for 2 h at room temperature followed by washing
and screening using goat anti-rabbit horseradish peroxidase
(sc-2204) followed by chemiluminescence detection, as
described by the supplier (Roche Applied Science). HEL cells
were co-transfected with either the empty vector pcDNA3.1
(-), or with pcDNA3.1(-): hTF, pPrml““=3#%hTF,
pPrm1B:hTF, pPrm1DP 71 (@ T1E% 4 TE (2 mg), encoding
the full length cDNA for human tissue factor (hTF) under the
control of the cytomegalovirus (CMV) promoter or Prm1
derivatives, respectively. All transfections were carried out
using 2 mg of the respective plasmids and using DMRIE-C®
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transfection reagent. Cells were harvested 48 hr post-trans-
fection and aliquots (60 mg/lane) were analysed by SDS-
PAGE/western blot analysis. As a positive control for hTF
expression, 60 mg/lane of a commercial control Tissue-Fac-
tor Biomass was also analysed. Briefly, protein was resolved
by SDS-PAGE (10% acrylamide gels) and transferred to
polyvinylidene difluoride (PVDF) membrane according to
standard methodology. Membranes were screened using anti-
hTF sera in 5% non fat dried milk in 1xTBS (0.01 M Tris/
HCl, 0.1 M NaCl) for 2 h at room temperature. Thereafter,
membranes were washed and screened using goat anti-rabbit
horseradish peroxidase (sc-2204), followed by chemilumi-
nescence detection as previously described.

Electrophoretic Mobility Shift and Supershift Assays

[0108] Nuclear extract was prepared from HEL cells as
previously described (Coyle et al., 2005). Oligonucleotides
corresponding to the sense (5' end-labelled with biotin) and
antisense strands of each probe (90 uM) were annealed by
heating at 95° C. for 2 min followed by slow cooling to room
temperature. The identities and sequences of the biotin-la-
belled oligonucleotide probes and the non-labelled competi-
tor/non-competitor oligonucleotides are listed in the
expanded Materials and Methods section below. Initially,
serial dilutions of each probe were incubated with nuclear
extract (2.5 pg total protein) for 20 min at room temperature
in 1x Binding Buffer [20% glycerol, 5 mm MgCl,, 2.5 mm
EDTA pH 8.0, 250 mm NaCl, 50 mm Tris-HCI pH 8.0 and
0.25 mg ml~" poly (dI-dC; Sigma)]. Protein-DNA complexes
were subjected to electrophoresis through 6% DNA retarda-
tion gels (Invitrogen) in Tris borate, EDTA (TBE) buffer for
1-2 h at room temperature and then transferred to Biodyne®
B positively-charged nylon membrane (Pall). Thereafter,
detection was carried out using the Chemiluminescence
Nucleic Acid Detection Module, as described by the manu-
facturer. Once the optimal concentration of each probe was
determined, binding reactions were set up by incubating
nuclear extract (2.5 ng total protein) with/without 300-fold
molar excesses of non-labelled double-stranded competitors/
non-competitors in 1x Binding Buffer for 20 min at room
temperature. The appropriate concentration of biotin-labelled
probe was then added and mixtures were incubated for 20 min
at room temperature after which electrophoresis, transfer and
detection were carried out, as before. For supershift assays,
nuclear extract (2.5 pug total protein) was pre-incubated with 3
ngofanti-NF-E2, anti-Sp1, anti-Egrl, anti-W'T-1 or anti-cJun
sera for 2 h at 4° C. Thereafter, the nuclear extract-antibody
mixtures were incubated for 20 min at room temperature with
the appropriate biotin-labelled double-stranded probe, as
described in the expanded Materials and Methods section
below. The sequences of the probes used were as follows:

1. GC—8345, —8281 probe

(Kin733; 5'[Btn]GAAGCTGCCCCCGCCCCCACCCA
GCTTCCTGACTTTGGCTGTGTCCAGAGCTAAGAATAGACGCTCCC
TGCCCGGCCCCCGCCGGARACCE3 !, nu -8350 to -8260
of Prml, SEQ ID NO: 52)

2. ac 814 probe
(Kin737; 5'[Btn]GTGCTGGCGGGGGGTGGGGGGCGG
GGGGCGGGCCAAGACCGG3 !, nu -8153 to -8118 of
Prml, SEQ ID NO: 53)
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3. Icleatias probe
(Kin739; 5'[Btn]|TCCTCCGTCTCTCACTGCCCCCTCATC

TGGAGCCCCAG3', nu -7842 to -7805 of Prml,
SEQ ID NO: 54)

4. ac¢"Y probe
(Kin762; 5'[Btn]|CACCCCCCATCCCTCTGTCCTCCCA
CCCCACCCCTGGAAG3', nu -6730 to -6691
of Prml, SEQ ID NO: 55)

5. aCe9% probe
(Kin764; 5'[Btn]GCCGCGGGCTGCCAGCGGCCCCCACT

CGTCCCAGCTCGGC3 ', nu -6218 to -6178 of Prml,
SEQ ID NO: 56)
[0109] Only forward biotin-labelled oligonucleotides are

listed above. Sequences of the corresponding non-labelled
complementary oligonucleotides are omitted. The sequences
of'the competitor/non-competitor oligonucleotides used were
as follows:

1.Prm17%34
(Kin45s;
nu -8453 to -8327 of Prml,

competitor
5'CTGGAAGCTGCCCCCGCCCCCACCC AG3!',
SEQ ID NO: 57)

2.Prm17%2%! competitor
(Kin742; 5'CTCCCTGCCCGGCCCCCGCCGGAAACCGL3!,
nu -8287 to -8259 of Prml, SEQ ID NO: 58)

3. Prm17Sl46
(Kin745;
nu -8153 to -8112 of Prml,

competitor

SEQ ID NO: 59)

4.Prm17783!
(Kin798;
nu -7842 to -7805 of Prml,

competitor

SEQ ID NO: 60)
5. Prm1 %Y competitor
(Kin779;
nu -6730 to -6691 of Prml, SEQ ID NO: 61
6. Prm1-%2%
(Kin780;

competitor
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1000 bp in length. Prior to immunoprecipitation (IP), chro-
matin was incubated with 60 ng normal rabbit IgG overnight
at 4° C. on a rotisserie, after which 250 pl of salmon sperm
DNA/protein A agarose beads (Millipore) were added and
chromatin was precleared for 3 h at 4° C. with rotation.
Thereafter, anti-WT1, anti-NF-E2, anti-Sp1, anti-Egrl, anti-
GATA-1, anti-Ets-1 (10 paliquots), normal rabbit IgG (10
1g), or a “no antibody” control were used for immunoprecipi-
tation. Following elution, cross-links were reversed by incu-
bation at 65° C. overnight followed by protease digestion with
proteinase K (Sigma; 9 pl of 10 mg/ml) at 45° C. for 7 h. After
precipitation, samples were resuspended in 50 ul dH,O. PCR
analysis was carried out using 2-3 ul of ChIP sample as
template or, as a positive control, with an equivalent volume
of'a 1:20 dilution of the input chromatin DNA. The identities
of the primers used for the ChIP PCR reactions, as well as
their sequences and corresponding nucleotides within Prm1
are listed below.

5'GTGCTGGCGGGGGETGGGGEGGCEGGGGGCGGGCCAAGACCGG3 Y,

5'CACCCCCCATCCCTCTGTCCTCCCACCCCACC CCTGGAAG3',

5'GCCGCGGGCTGCCAGCGGCCCCCACCCGTCCCAGCTCGGE3 !,

nu -6218 to -6179 of Prml, SEQ ID NO: 62)
7.WTE consensus
(Kin748; 5'CGAGTGCGTGGGAGTAGAATT3', SEQ ID NO: 63)
8.Spl consensus
(Kiné51; 5'ATTCGATCGGGGCGGGGCGAGC3', SEQ ID NO: 64)
9.Egrl consensus
(Kin746; 5'GGATCCAGCGGGGGCGAGCGEGGGCGA 3', SEQ ID NO: 65)
10.non-specific A
(Kin484; 5'GGGCCGAGGACAGGTGAAGTGGGGACAG 3', SEQ ID NO: 66)
11.non-specific B
(Kin450; 5'GCCAGACTGACTCAGTTTCCC3', SEQ ID NO: 67)
Chromatin Immunoprecipitation (ChIP) Assays
[0110] Chromatin immunoprecipitation (ChIP) assays 1. Kin462 (5'CGAGACCCTGCAGGCAGACTGGAGS';
were performed essentially as described (Koch et al., 2007). -8460 to -8437, SEQ ID NO: 68)
. S .
Specifically, HEL cells (1x10°) were pelleted, washed in 2. Kind63 (5'CACATGGCCAAACTCAGGCACARAG :

ice-cold PBS and resuspended in serum-free RPMI 1640.
Formaldehyde-cross linked chromatin was sonicated, as
described (Koch et al., 2007), to generate fragments 500 bp to

-8030 to -8006, SEQ ID NO: 69)



US 2011/0269825 Al

-continued
3. Kin468 (5'GCCTTGCAGAGATGTGGTGAGGC3';
-7978 to -7973, SEQ ID NO: 70)

4. Kin467 (5'GAGGTGAGCTAGGAAGACATCTTG3';
-7630 to -7607, SEQ ID NO: 71)

5. Kin233 (5'GAGAGGTACCGCTCCAAAGCCACCTCC G3';
-6848 to -6831, SEQ ID NO: 72)

6. Kinl44 (5'AGAGACGCGTCGCTTCCTCGGGAGCCTCA3! ;
-6455 to -6437, SEQ ID NO: 73)

7. Kin456 (5'CTTCCCCAGAAGGCTGTAGGGTGTC3!' ;
-6368 to -6344, SEQ ID NO: 74)

8. Kinl09 (5'AGAGACGCGTCTTCAGAGACCTCATCT-

GCGGGG3 ' ;

-5917 to -5895, SEQ ID NO: 39)

[0111] For PMA studies, HEL cells were pre-incubated
with vehicle [0.1% (v/v) DMSO; 16 h] or with 100 nM PMA
for 5h, 8 hor 16 h. PMA-stimulated HEL cells (1x10%) were
scraped to remove from culture flasks, and then both PMA-
stimulated and vehicle-treated cells were pelleted, washed in
ice-cold PBS and resuspended in serum-free RPMI 1640.
Formaldehyde-cross linked chromatin was sonicated to gen-
erate fragments 500 bp to 1000 bp in length. Chromatin
samples were immunoprecipitated with 10 pg of anti-WT1,
anti-Sp1 or anti-Egrl. The primers used for the ChIP PCR
reactions, their sequences and corresponding nucleotides
within Prm] are listed below.

9. Kin462 (5'CGAGACCCTGCAGGCAGACTGGAG3 ' ;
-8460 to -8437, SEQ ID NO: 68

10. Kin463 (5'GAGATGGGGAAACTGAGGCACAAAG3' ;
-8030 to -8006, SEQ ID NO: 69)

11. Kin456 (5'CTTCCCCAGAAGGCTGTAGGGTGTC3! ;
-6368 to -6344, SEQ ID NO: 74)

12. Kinl09 (5'AGAGACGCGTCTTCAGAGACCTCATC
TGCGGGG3'; -5917 to -5895,
SEQ ID NO: 39)

Reverse transcriptase-polymerase chain reaction (RT-PCR)
[0112] Total RNA was isolated from HEL 92.1.7 cells
(5%10° approximately) using TRIzol reagent (Invitrogen Life
Technologies). RT-PCR was carried out with DNase 1-treated
total RNA using oligonucleotide primers to specifically
amplify TPa and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) mRNA sequences, as previously described
(Miggin et al., 1998). The following primers were used:

1. Kinlé:

(SEQ ID NO: 75)
TPo. forward 5'-GAGATGATGGCTCAGCTCCT-3'
2. DT75:

(SEQ ID NO: 76)
TPo. reverse 5'-CCAGCCCCTGAATCCTCA-3!
3. Kin291:

(SEQ ID NO: 77)
GAPDH forward 5'-CCACAGTCCATGCCATCAC-3'
4. DT91:

(SEQ ID NO: 78)

GAPDH forward 5'-TGAAGGTCGGAGTCAACG-3'
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5. DT92:
(SEQ ID NO:
GAPDH reverse 5'-CATGTGGGCCATGAGGTC-3'!

79)

[0113] Following agarose gel electrophoresis, PCR prod-
ucts were transferred to Biodyne® B positively-charged
nylon membrane (Pall) using standard methodology (Sam-
brook et al., 1989). Southern blot analysis of the RT-PCR
products was carried out using oligonucleotide probes (5'
end-labelled with biotin) specific for TPa (Kin 583: 5'[Btn]
CTGTCCCGCACCACGGA GAAG3', SEQ ID NO:80) and
GAPDH (Kin 584: 5'[Btn]CACCCAGAAGACTGTG-
GATGGC3', SEQ ID NO:81] mRNA sequences and detec-
tion was carried out using the Detector™ HRP Chemilumi-
nescent Blotting Kit (KPL), as described by the manufacturer.

Confocal Microscopy

[0114] HEL 92.1.7 cells were seeded at ~1x10° cells/ml in
2 ml normal growth media (RPMI 1640, 10% FBS) in 6-well
plates containing Poly-L-lysine coated coverslips. Cells were
grown at 37° C. for 24 h prior to incubating cells with 100 nM
PMA for0, 1, 5, 8, 16 and 24 h. Thereafter, cells were fixed in
3.4% paraformaldehyde and permeabilized with 0.2% Triton
X-100 for 10 min on ice, after which cells were immunola-
belled with anti-WT1 (1:1000 of 2 ng/ul stock) and Alex-
aFluor488 conjugated anti-rabbit, followed by counterstain-
ing with DAPI (1 pg/ml in H,O). Images were obtained using
Carl Zeiss Lazer Scanning System L.SM510 and Zeiss LSM
Imaging software for acquiring multi-channel images with
filters appropriate for enhanced DAPI & AlexaFluor488.

Statistical Analysis

[0115] Statistical analysis of differences were routinely
analysed using the two-tailed Student’s unpaired t-test and
two-way ANOVA. All values are expressed as meanzstandard
error of the mean (SEM). P-values<0.05 were considered to
indicate statistically significant differences and *, *%, ##*
¥EEE  indicate p<0.05, p<0.01, p<0.001 and p<0.0001,
respectively.

Supplemental Materials and Methods
Construction of Luciferase-Based Genetic Reporter Plasmids

[0116] To identify elements required for Prm1 activity, a
series of 5'- and 3'-deletion subfragments were subcloned into
the Kpnl-Mlul site of pGL3Basic. Specifically, for all §'
deletions, PCR fragments were generated using the antisense
primer Kinl09 (5'AGAG
ACGCGTCTTCAGAGACCTCATCTGCGGGG3'; comple-
mentary to nucleotides —=5917 to -5895 of Prm1, SEQ ID
NO:39, where the underlined sequence corresponds to a Mlul
cloning site), in combination with specific sense primers
designed to amplify progressively shorter fragments. The list
below identifies the recombinant plasmids encoding 5' dele-
tion fragments of Prm1 generated in pGL3Basic (pGL3b), as
well as the identity, sequence and corresponding nucleotides
(nu) of the specific sense primer used for each fragment. In
each case, the — designation indicates nucleotides 5' of the
translational ATG start codon (designated +1) and underlined
sequences represent the Kpn1 cloning site.



US 2011/0269825 Al

1. pGL3b:PrmlB; Primer Kinl91l
(5 'GAGAGGTACCGTGAGGCTTAAGCTAAATGC3 ! ;

nu -7962 to -7943, SEQ ID NO: 82)

2. pGL3b:PrmlBAGata/Ets; Primer Kin3é63
(5 'GAGAGGTACCTGGGGACAGGACAGCCTTCCTCCG3 ! ;
nu -7859 to -7836, SEQ ID NO: 83)

3. pGL3b:Prml1B[]; Primer Kinl92

(5 ' GAGAGGTACCCATGCAATTCCTGTCACTGCC3 ! ;
nu -7717 to -7697, SEQ ID NO: 84)

4. pGL3b:PrmlC; Primer Kin203
(5 'GAGAGGTACCGGCAGGCCTGGTTTCAGGTCTC3 ! ;
nu -7504 to -7483, SEQ ID NO: 85)

5. pGL3b:PrmlD; Primer Kin233
(5 ' GAGAGGTACCGCTCCAAAGCCACCTCCG3 ! ;
nu -6848 to -6831, SEQ ID NO: 72)

6. pGL3b:PrmlE; Primer Kin234
(5'GAGAGGTACCCTACTGTGTGCCGCGTTC3 ! ;
nu -6648 to -6631, SEQ ID NO: 86)
7. PGL3b:PrmlHA; Primer Kin390

(5 ' GAGAGGTACCGACTCCAAGTCAGCCAGGCCC3 ! ;
nu -6320 to -6300, SEQ ID NO: 87)

8. pGL3b:PrmlK; Primer Kin392
(5 'GAGAGGTACCTCAGTTTCCCTGGGAGGTCCC3 ! ;
nu -6067 to -6047, SEQ ID NO: 88)

9. pGL3b:PrmlL; Primer Kin393
(5 ' GAGAGGTACCCAGCCCTCGCCCCACCCTC3 ! ;
nu -6010 to -5992, SEQ ID NO: 89)

For all 3' deletions, PCR fragments were generated using the
antisense primer Kinl44 (5'AGAG
ACGCGTCGCTTCCTCGGGAGCCTCA3', complemen-
tary to nucleotides -6455 to —6437, SEQ ID NO:73, where
the underlined nucleotides correspond to an Mlul cloning
site). The following lists the recombinant pGL3b plasmids
encoding 3' deletion fragments of Prm1, as well as the identity
of the specific sense primer used for each fragment.
[0117] 1. pGL3b:Prm1B[]0 3' deletion; Primer Kin192
(SEQID NO:84)
[0118] 2. pGL3b:Prm1C 3' deletion; Primer Kin203
(SEQ ID NO:85)
[0119] 3. pGL3b:Prml1E 3' deletion; Primer Kin234
(SEQ ID NO:86)
A 245 bp-deletion fragment encoding the Prm1 sequence
between -7962 and -7718 was amplified by PCR using
pGL3b:Prm1 as template and the primers Kin191 (SEQ ID
NO:82) and Kin565 (8'AGAG
ACGCGTTATAAAGCTTTGGAGGCAAGAGAG 3'; nu
7741 to =7718, SEQ ID NO:90). This fragment was then
subcloned into vector pGL3control, upstream of the SV40
promoter, to generate the plasmid pGL3control:Prm1GATA/
Ets. The identity and fidelity of all recombinant plasmids was
verified by DNA sequence analysis.

Site-Directed Mutagenesis

[0120] The identities of the Prm1 elements subjected to
site-directed mutagenesis, with their starting positions in
brackets, the nucleotides that were changed, templates used
and names of the corresponding plasmids generated, as well
as the identity, sequence and corresponding nucleotides of the
specific primers used are listed below.
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1. GATA (-7890), from cttgtTATCtcag (SEQ ID NO:16) to
cttgg TAGCtcag (SEQ ID NO:17) using template pGL3b:
PrmIB to generate pGL3b:Prm1BF47%9%  Primers
Kin482 (5'GTCATTGTCCTTGGTAGCTCAGGGC-
CGAGGAC3', SEQ ID NO:91) and complementary Kin483
2. Ets (-7870), from gacagAGGAagtgggga (SEQ ID NO:18)
to gacagGTGAagtgggga (SEQ ID NO:19) using template
pGL3b:Prm1B to generate pGL3b:Prm1B**'7579 Primers
Kin484 (5'GGGCCGAGGACAGGTGAAGTGGGGA-
CAG3', SEQ ID NO:66) and complementary Kin485

3. Ets (-7870), from gacagAGGAagtgggga (SEQ ID NO:18)
to gacagGTGAagtgggga (SEQ ID NO:19) using template
pGL3b:Prm 1B 7890)% 1o generate pGL3B:Prm1B 4%
(—7800)*FECT870% - Primers Kind84 (S'GGGCCGAGGA-
CAGGTGAAGTGGGG ACAG3', SEQ ID NO:66) and
complementary Kin485

4.FEts (-7805), from gceccacaTCCTectee (SEQ ID NO:20) to
geeccacaTCACcectee (SEQ ID NO:21) using template
pGL3b:Prm1BAGata/Ets to generate pGL3b:Prm1B[JGata/
EtsZ5C7895)% - primers Kind86 (5'CCCAGCCCCACAT-
CACCCTCCCCCAAC3', SEQ ID NO:92) and complemen-
tary Kin487

5. NF-E2/AP1 (-6080), from ccagaCTGActcagtttcect (SEQ
ID NO:32) to ccagaCACActcagtttee ct (SEQ ID NO:33)
using template pGL3b:Prm1HA to generate pGL3b:
Prm 1 HYF-52/4F1 6080 pPrimers Kind31 (S'CTGGTCA-
CAGCCAGACACACTCAGTTTCCCTGG3', SEQ 1D
NO:93) and complementary Kin432

6. Spl/Egrl (-6294), from cgaggGGCGtggeca (SEQ ID
NO:24) to cgaggAACAtggeca (SEQ ID NO:25) using tem-
plate pGL3b:Prm1HA to generate pGL3b:Prm1H[ 1P Ze71-
s204*. Primers Kin425 (5'CCCGGGCCCGAGGAACATG-
GCCAGCGCAGG3', SEQ ID NO:94) and complementary
Kin426

7.Spl/Egrl (-6278), from cgcagggtGGGCggggctg (SEQ ID
NO:26) to cgeagggtGTATGgggcetg (SEQ ID NO:27) using
template pGL3b:Prm1HA to generate pGL3b:Prm1H[ 1Y
Egr1 (-6278). Primers Kind27-(5'GCCAGCGCAGGGTG-
TATGGGGCTGATGAGAGAC3', SEQ ID NO:95) and
complementary Kin428

8. Spl/Egrl (-6098), from tgggecccGCCCctgg (SEQ ID
NO:30) to tgggececcAATCetgg (SEQ ID NO:31) using tem-
plate pGL3b:Prm1HA to generate pGL3b:Prm1H[ 1P &7
soopy*. Primers Kin429 (S'CCTCTGCTGGGCCCAATC-
CTGGTCACAGCCAG3', SEQ ID NO:96) and
complementary Kin430

9. Spl/Egrl (-6022), from tctgeccGCCCecagecct (SEQ 1D
NO:32) to tetgcecTAACccageeet (SEQ ID NO:33) using
template pGL3b:Prm1HA to generate pGL3b: Prm1H[1**Y

Egri-6022)*.  Primers  Kin433  (S'CCTCCCTCTGCC
CTAACCCAGCCCTCGCCC3', SEQ ID NO:97) and
complementary Kin434

10. Sp1/Egrl (-6007), from ccctcGCCCCACCctegg (SEQ
ID NO:36) to ccctcGCAATACCctegg cgagGGTATTGC-
gagggcga (SEQ ID NO:37) using template pGL3b:Prm1HA
to generate pGL3b: Prml1H[JPY#er(-5997%  Primers
Kin435 (5'CCCAGCCCTCGCAATACCCTCGGCGC-
CCGC3', SEQ ID NO:98) and complementary Kin436

11. Spl/Egrl (-6022), from tctgeccGCCCecagecct (SEQ ID
NO:34) to tetgceccTAACccageeet (SEQ ID NO:35) using
template pGL3b:Prm1H[ TPV 029D 15 generate
pGL3b: Prm1H[JAP1°P1/Fer(=6294.-6022)% primers Kin433
(5'CCTCCCTCTGCCCTAACCCAGCCCTCGCCC3', SEQ
ID NO:97) and complementary Kin434
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12. Sp1/Egrl (-6007), from ccctcGCCCCACCcetegg (SEQ
IDNO:36)to ccctcGCAATACCctegg (SEQ ID NO:37) using
template pGL3b: PrmI1H[JPYE8r1922% 1o generate
pGL3b: Prm1H[I%!/5&71(-6022:-6000% = Primers Kin435
(§'CCCAGCCCTCGCAATACCCTCGGCGCCCGC3!,
SEQ ID NO:98) and complementary Kin436

13. Sp1/Egrl (-6007), from ccctcGCCCCACCcetegg (SEQ
IDNO:36)to ccctcGCAATACCctegg (SEQ ID NO:37) using
template pGL3b:Prm1L to generate pGL3b:Prm1L*P1/#&" ¢
soon*. Primers Kin435 (5'CCCAGCCCTCGCAATAC-
CCTCGGCGCCCGC3, SEQ ID NO:98) and complemen-
tary Kin436

Electrophoretic Mobility Shift and Supershift Assays

[0121] The identities and sequences of the forward biotin-
labelled oligonucleotide probes are listed below. Sequences
of the corresponding non-labelled complementary oligo-
nucleotides are omitted.

1. NF-E2/AP1 Probe; Kin750

(5 [Btn]CTGGTCACAGCCAGACTGACTCAGTTTCC
CTGGGAGGTC3' ;nu -6087 to -6049,

SEQ ID NO: 99)

2. Spl/Egr1 %% probe; Kin906

(5' [Btn]GGECCCGAGGEGCETEECCAGCGC3 ! ;

nu -6299 to -6276 of Prml, SEQ ID NO: 100)
3. Spl/Egr1®’® probe; Kin909

(5' [Btn]GCCAGCGCAGEGTEGECGECGECTGATGAGS ! ;
nu -6283 to -6255, SEQ ID NO: 101)

4. Spl/Egr1-%022.-6907 probe; Kiné47

(5' [Btn]CTCCCTCTGCCCGCCCCCAGCCCTCRGCCC
CACCCTCGGCGCCC3 ! ;
nu -6027 to -5985, SEQ ID NO: 102)
5. GATA, Ets Probe; Kiné699

(5'[Btn]CATTGTCCTTGTTATCTCAGGGCCGAGGACAGAGGA

AGTGGGGACAGGAC3'; nu -7898 to -7848,
SEQ ID NO: 103)
[0122] The identities and sequences of the forward non-

labelled competitor/non-competitor oligonucleotides are
listed below.

1. NF-E2/AP1 Prml; King30
(5' CTGGTCACAGCCAGACTGACTCAGTTTCCCTGGGAGGTC ! ;

nu -6087 to -6049, SEQ ID NO: 104)
2. NF-E2 consensus; Kin766 (5'TGGGGAACCTGTGCT-

GAGT

CACTGGAG 3', SEQ ID NO: 105)
3. c¢Jun consensusg; Kiné49

(5' CGCTTGATGACTCAGCCGGAAZ ', SEQ ID NO: 106)
4. Spl/Egrl1 %%, Kinoos

(5' GGGCCCGAGGEGCETEECCAGCG3 !,

nu -6299 to -6276 of Prml, SEQ ID NO: 107)
5. Spl/Egr1®’; Kinoil

(5' GCCAGCGCAGGGTCGECGEGGCTGATGAGS !,

nu -6283 to -6255 of Prml, SEQ ID NO: 108)
6. Spl/Egr1™®??; Kin452

(5'CTCCCTCTGCCCGCCCCCAGCCOTCG !,

nu -6027 to -6002 of Prml, SEQ ID NO: 109)
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7. Spl/Egri™®®7; Kin4s4
(5' CCCCAGCCCTCGCCCCACCCTCGGCGCCCE3 !,

nu -6013 to -5984 of Prml, SEQ ID NO: 110)
8. Spl consensus; Kiné51
(5'ATTCGATCGGGGCGGGGCGAGC3 !, SEQ ID NO: 64)
9. Egrl consensus; Kin746
(5' GGATCCAGCGGGGGCGAGCGGGGGCGA3 !,
SEQ ID NO: 65)
10. WT-1 sequence; Kin748
(5' CGAGTGCGTGGGAGTAGAATT3 ', SEQ ID NO: 63)
11. Prml%™,. Kin701
(5'CATTGTCCTTGTTATCTCAGGGCCGAG3 !,
nu -7897 to -7871 of Prml, SEQ ID NO: 111
12. Prml®*; Kin703
(5' GGCCGAGGACAGAGGAAGTGGGGACAGGAC3 !
nu -7877 to -7848 of Prml, SEQ ID NO: 112)
13. GATA-1 consensus; Kin705
(5'TCCCTGATAAGACCCAGG3', SEQ ID NO: 113)
14. Etg-1 consensusg; Kin707
(5'GATCTCGAGCAGGAAGTTCGA3 ', SEQ ID NO: 114)
15. non-specific; Kin335

(5' TGCGCCCGGCCTTCCATGCTCTTTGAC 3!,
SEQ ID NO: 115)

Chromatin Immunoprecipitation (ChIP) Assays

[0123] The identities of the primers used for the ChIP PCR
reactions, as well as their sequences and corresponding nucle-
otides within Prm1 are listed below.

13. Kin456

nu -6368 to -6344,

(5'CTTCCCCAGAAGGCTGTAGGGTGTC3 ! ;
SEQ ID NO: 74)

14. Kinl09 (5'AGAG
ACGCGTCTTCAGAGACCTCATCTGCGGGG3 ! ;
nu -5917 to -5895, SEQ ID NO: 39

Kin4e68
-7978 to -7973,

(5'GCCTTGCAGAGATGTGGTGAGGC3 ! ;
SEQ ID NO: 70)

16. Kin4e7
-7630 to -7607,

(5' GAGGTGAGCTAGGAAGACATCTTG3' ;
SEQ ID NO: 71)

17. Kin4e2
-8460 to -8437,

(5' CGAGACCCTGCAGGCAGACTGGAG3' ;
SEQ ID NO: 68)

18. Kin4e3
-8030 to -8006,

(5' GAGATGGGGAAACTGAGGCACAAAG3 ' ;
SEQ ID NO: 69).

EXAMPLES
Example 1

Functional Analysis of Promoter 1 of the Human
TXA, Receptor Gene

[0124] The aim of this investigation was to characterize
promoter (Prm)1 of the human thromboxane (TX) A, recep-
tor (TP) gene within the megakaryocytic human erythroleu-
kemia (HEL) 92.1.7 cell line, seeking to identify the key
factors regulating TP[J expression in platelets and related cell
types. Prm1 is defined as nucleotides -8500 to -5895
upstream of the translational initiation codon (Coyle et al.,
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2002). A series of 5' deletions was generated, where the 5'
nucleotide of each sub-fragment is indicated in brackets
throughout. Through genetic reporter assays, the recombi-
nant plasmid pGL3b:Prm1 directed 7.83+0.70 RLU in HEL
cells (FIG. 2A), compared to 23.9x1.1 RLU directed by an
SV40 promoter in the pGL3control vector, which acted as a
reference. Deletion of Prml (-8500) to Prm1B (-7962)
yielded a 2.8-fold increase in luciferase activity (p<0.0001).
Further 5' deletion to generate Prm1BA (=7717) resulted in a
2.4-fold decrease in luciferase expression (p<0.0001). More-
over, progressive 5' deletion to generate Prm1C (-7504)
yielded a further 1.8-fold reduction (p=0.0014), whilst dele-
tion of nucleotides from Prm1D (-6848) to generate Prm1E
(-6648) resulted in a 1.3-fold increase (p=0.0242) in
luciferase expression. Hence, 5' deletion analysis revealed
two upstream repressor sequences (URS; between -8500 to
-7962; -6848 to -6648) and two upstream activator
sequences (UAS; between -7962 to -7717; =7717 to =7504)
within Prm1. The Prm1E (-6648) sub-fragment directed
luciferase expression comparable to that of the full-length
Prm1, indicating that Prm1E contains core elements required
to direct minimal Prm1 activity. Consistent with this, 3' dele-
tion of nucleotides —6437 to -5895 from Prm1BA, Prm1C
and Prm1E significantly reduced luciferase expression (p<0.
0001 in each case; FIG. 2B), to levels that were not substan-
tially greater than that of pGL3Basic, such as in the case of
Prm1E 3' deletion. These data further suggest that the proxi-
mal Prm1E (-6648) contains the “core” elements required to
direct minimal Prm1 activity.

Example 2

Identification of Functional NF-E2 and Overlapping
Spl/Egrl Elements in Prm1

[0125] Successive 5' deletions of Prm1E (-6648) further
localized the positive regulatory element(s) between —6648
and -5895 (FIG. 3A). Deletion of nucleotides from —6648 to
generate Prm1HD (-6320) did not affect luciferase expres-
sion, but generation of Prm1K (-6067) and Prm1L (-6010)
led to 1.3-fold (p=0.0003) and 1.8-fold (p<0.0001) reduc-
tions, respectively. Further 5' deletions, to generate Prm1F-1J
(data not shown), in combination with bioinformatic analysis
to identify elements within the -6320 to -5895 region
revealed five putative overlapping sites for Sp1/Egrl and a
putative NF-E2/AP1 site (FIG. 3). Hence, site-directed
mutagenesis was used to disrupt those putative Sp1/Egrl and
NF-E2/AP1 sites within either Prm1HA (-6320) or Prm1L
(-6010). Mutation of the Sp1/Egr1~%%°7 site within Prm1L
significantly reduced, but did not abolish, luciferase expres-
sion (FIG. 3A, p=0.0135). Mutation of four of the five Sp1/
Egrl sites, specifically Sp1/Egr1=5°4, Sp1/Egr1=%%7%, Sp1/
Egr1=%°2? and Sp1/Egr1=%°°7, but not Spl/Egrl1=%%%, each
reduced luciferase activity directed by Prm1H[] (p=0.0096,
p=0.0005, p<0.0001, p<0.0001, respectively; FIG. 3B). Fur-
thermore, disruption of the putative NF-E2/AP175°%site also
reduced luciferase activity directed by Prm1HA (p<0.0001).
Thereafter, to investigate possible cooperative actions of the
latter, the effect of mutating combinations of the Sp1/Egrl
and NF-E2/AP1 elements within Prm1HA was examined
(FIG. 3C & data not shown). As stated, disruption of Sp1/
Egr1=%* and Spl/Egr1=%°** both decreased luciferase
expression directed by Prm1HA, where disruption of Spl/
Egr1~%°22 caused a more pronounced decrease (1.8-fold; p<0.
0001) than mutation of Sp1/Egr1=%%** (1.3-fold; p=0.0096).
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Mutation of both elements together, generating Prm1HA?"/
Egrl(-6294,-6022), also decreased luciferase expression com-
pared to that of Prm1HA (p<0.0001). However, the magni-
tude of this decrease (1.8-fold) was not greater than of Sp1/
Egr1=%°** alone. Furthermore, the activity directed by
Prm1HAP/Ee™ (-6294.-6922)% wa5 not significantly different
from that of Prm1HAPY#e"(=6022% (,—( 5033). Similarly,
mutation of Sp1/Egr1=%°*2 and Sp1/Egr1=%°°7 both led to
decreased luciferase expression directed by Prm1HA (1.8-
fold; p<0.0001 and 1.5-fold; p<0.0001, respectively). Dis-
ruption of both elements, generating Prm1HASP!/E&71(-6022.-
so07™* reduced luciferase expression relative to that of
Prm1HA (p=0.0001). The extent of this decrease (1.5-fold)
was of the same order as that caused by Sp1/Egrl=%°°”. More-
over, the luciferase activity directed by Prm1HAS =& ¢
6022,-6007)* was not significantly different from that of
Prm1HASFYEE 1 -0022% (5=0.1333) or Prml1HAS YEeri
s007)* (p 0.7571). Hence, collectively, these and other com-
binations of mutations (data not shown) indicate that the
Spl/Egrl and/or NF-E2/AP1 elements within the —-6320 to
-5895 region act interdependently and functionally cooper-
ate to regulate Prm1. Thereafter, electrophoretic mobility
shift assays (EMSAs) were carried out to investigate the
presence and identity of nuclear factors capable of binding to
the NF-E2/AP1-%°%¢ element in vitro (FIG. 4A). Expression
of NF-E2 (FIG. 4C) and the AP1 component cJun (data not
shown) in HEL 92.1.7 cells was confirmed by immunoblot
analysis. Incubation of a biotin-labelled NF-E2/AP1 probe
with nuclear extract from HEL cells resulted in the appear-
ance of a main protein-DNA complex, C1, as well as one or
more faster-migrating complexes (FIG. 4A, lane 2). The main
C1 complex was competed by specific NF-E2/AP17°%° or
consensus NF-E2 sequences but not by a consensus AP1
sequence (FIG. 4A, lanes 3-5). It appears that the faster-
migrating complexes were competed in a similar manner to
C1. Following prolonged exposure of the chromatogram in
FIG. 4A, a further slower-migrating complex, designated C2,
and equivalent to C2 in FIG. 3B, was observed and, like C1,
was competed by NF-E2/AP17%°%¢ and consensus NF-E2
sequences but not by the consensus AP1 sequence (data not
shown). Thereafter, pre-incubation of nuclear extract with an
anti-NF-E2 antibody resulted in a supershifted complex (FIG.
4B). However, it appeared that C1 was not significantly
reduced following formation of this supershift, suggesting
that the supershifted NF-E2 may have originated from a com-
plex other than C1. While no supershift was observed with an
anti-cJun antibody, it appeared that addition of this antibody
reduced both C1 and C2, suggesting a possible role for cJun
binding to the NF-E2/AP1 probe (FIG. 4B, lane 4). To inves-
tigate whether NF-E2 can directly bind to Prm1 in vivo,
chromatin immunoprecipitation (ChIP) assays were carried
out on chromatin extracted from HEL cells (FIG. 4D). PCR
analysis using primers specific to the 3' Prm1 region (-6368
to —5895) generated amplicons from both the input chromatin
and from an anti-NF-E2, but not from a control IgG, immu-
noprecipitate (FIG. 4D). PCR analysis using primers specific
to the —8460 to —8006 region of Prm1, which does not contain
any predicted NF-E2 elements, resulted in generation of an
amplicon from input chromatin, but not from anti-NF-E2 nor
IgG precipitates (FIG. 4E). Taken together, EMSA and super-
shifts demonstrate that NF-E2 specifically binds to the
NF-E2/AP17%°% probe in vitro, while ChIP assays establish
that NF-E2 occupies element(s) within the -6368 to -5895
region of Prm1 in vivo. EMSAs also investigated nuclear
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factor binding to the Sp1/Egr1~%*°* and Sp1/Egr1=%27® ele-
ments in vitro. Immunoblot analysis confirmed abundant
expression of Spl and Egrl in HEL cells (FIGS. 5A & 5B).
Incubation of the Sp1/Egrl~%*** probe with nuclear extract
generated two DNA-protein complexes, C1 and C2 (FIG. 5C,
lane 2). Both C1 and C2 were efficiently competed by the
Sp1/Egr1=5***and consensus Egrl sequences (FIG. 5C, lanes
3 & 5, respectively), and to a lesser extent by consensus Sp1
and WT-1 sequences (FIG. 5C, lanes 4 & 6, respectively).
Neither C1 nor C2 were competed by a non-specific random-
ized sequence based on the TP gene (FIG. 5C, lane 7). More-
over, addition of an anti-Egrl antibody resulted in generation
of a supershift complex, as well as reducing both C1 and C2
(FIG. 5D, lane 4). While no supershift was observed with an
anti-Sp1 antibody, both C1 and C2 were substantially reduced
following its addition (FIG. 5D, lane 3), indicating a possible
role for Sp1 binding to the probe. Addition of an anti-W'T-1
antibody or an anti-cJun antibody, used as a control, had no
substantial effects on binding patterns to the probe (FIG. 5D,
lanes 5 & 6, respectively). Collectively, these data indicate
that complexes of Sp1 and Egr1 from HEL cell nuclear extract
can bind to the Sp1/Egr]1~%*°* element within Prm1 in vitro.
Thereafter, EMSAs were carried out to investigate the pres-
ence of nuclear factors capable of binding to the Sp1/Egr1~
6278 element in vitro. Incubation of the Sp1/Egr1=%*"® probe
with HEL cell nuclear extract generated one main complex,
designated C1 (FIG. 5E, lane 2). C1 was efficiently competed
by Spl/Egr1=®*"® consensus Spl and consensus Egrl
sequences, and to a much lesser extent by the WT-1 sequence
(FIG. 5E, lanes 3-6, respectively). C1 was not competed by a
non-specific randomized sequence based on the TP gene
(FIG. 5E, lane 7). Moreover, addition of an anti-Egrl anti-
body generated a supershift complex, as well as reducing the
main complex C1. While addition of an anti-Sp1 antibody did
not lead to observation of a supershift complex, it reduced C1
in a similar manner to the anti-Egrl antibody, indicating a
possible role for Sp1 binding. Addition of an anti-WT-1 anti-
body or an anti-cJun antibody, used as a control, did not have
any substantial effects on binding patterns to the probe. Col-
lectively, these data indicate that a complex of Sp1 and Egrl
from HEL cell nuclear extract can bind to the Sp1/Egr]~%2"%
element within Prm1 in vitro. EMSAs also confirmed the
presence of nuclear factors capable of binding to the Spl/
Egr1=%°22 and Sp1/Egr1~5°°7 elements in vitro. Incubation of
the Sp1/Egr1~%°2%=%%7 probe with HEL cell nuclear extract
resulted in two main complexes, C1 and C2 (FIG. 6A). Both
C1 and C2 were competed by both Sp1/Egr1=°*? and Sp1/
Egr1=%%°7 specific sequences (FIG. 6A, lanes 3-5, respec-
tively). The faster migrating C1 complex was efficiently com-
peted by consensus Sp1, consensus Egrl and WT-1 sequences
(FIG. 6A, lanes 6-8, respectively). It was notable, however,
that C2 was actually increased by consensus Spl, Egrl or
WT-1 oligonucleotides (FIG. 6A, lanes 6-8, respectively),
suggesting that nuclear factor(s) other than Spl, Egrl or
WT-1 may possibly bind to the Sp1/Egrl1~%92%~°%7 probe in
vitro, and that these factor(s) may bind more efficiently to the
probe when the protein(s) involved in the formation of C1 are
unavailable for binding. A non-specific randomized sequence
based on the TP gene (FIG. 6 A, lane 9) failed to inhibit C1 or
C2. These data indicate that Sp1, Egrl and/or WT-1 proteins
from HEL cells bind to the sites at -6022 and —-6007 within
Prm1. Moreover, anti-Sp1 (FIG. 6B left, lane 3) and anti-Egrl
(FIG. 6B right, lane 4) antibodies both resulted in supershift
complexes while no supershifts were observed with either
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anti-WT-1 or, as a control, anti-cJun antibodies, even follow-
ing prolonged exposure of the chromatogram (FIG. 6B, lanes
5 and 6, respectively). Due to the weak nature of the super-
shifted complexes observed following pre-incubation with
either anti-Spl or anti-Egrl antibodies, it was not clear
whether the Sp1 or Egrl in the supershifted complexes actu-
ally originated from C1. Thereafter, in order to further inves-
tigate the possible binding of Sp1 and Egrl to the proximal
Prm1, ChIP analysis was carried out. Primers based on the
proximal Prm1 region generated amplicons from both anti-
Spl and anti-Egr1, but not from the control IgG, immunopre-
cipitates (FIG. 6C). Conversely, PCR analysis using primers
specific to an upstream region of Prm1 from -8460 to —8006
resulted in generation of an amplicon from input chromatin,
but not from anti-Sp1, anti-Egr1 nor IgG precipitates (FIG.
6D). Additionally, over-expression of Egrl led to a modest,
but significant, decrease in the luciferase expression directed
by Prm1HA in HEL cells (FIG. 6E). Hence, collectively, four
overlapping Sp1/Egrl sites and a NF-E2 site have been iden-
tified in the proximal Prm1 region. Both Spl and Egrl, in
addition to NF-E2, bind to those elements in vitro and in vivo
to regulate core Prm1 while over-expression of Egrl appears
to negatively regulate that transcriptional activity.

Example 3

Identification of Functional GATA and Ets Sites
within Prm1

[0126] As stated, 5' deletions of Prml revealed an UAS
between —7962 (Prm1B) and -7717 (Prm1BA), deletion of
which yielded a 2.8-fold reduction in luciferase expression,
FIG. 2A). To localise the regulatory element(s) within this
region, an additional 5' sub-fragment Prm1BAGata/Ets
(-=7859) was generated. Removal of nucleotides between
-7962 (Prm1B) and -7859 (Prm1BAGata/Ets) led to a 2.3-
fold reduction in luciferase activity (FIG. 7A; p<0.0001),
while there was no difference in expression between
Prm1BAGata/Ets and Prm1B{J (p=0.261). Amongst the
transcription factor elements identified between -7962 and
-7859 were putative GATA and Ets elements at =7890 and
-7870, respectively. Mutation of GATA=7*%° and Ets~7%7°
elements both reduced luciferase expression directed by
Prm1B (FIG. 7B), where the decrease due to the Ets™’57°
mutation (2.2-fold; p<0.0001) was more pronounced than
that caused by the GATA~7*°° mutation (1.8-fold; p<0.0001).
Luciferase expression directed by Prm1Bo474 (-7890).Ees(-
7870)%, where both GATA™7%°° and Ets™"®° were mutated,
was also significantly lower than that ofthe wild-type Prm1B.
However, the magnitude of this decrease (2.2-fold) was not
greater than that caused by the Ets™”*”° mutation alone. More-
over, luciferase activity directed by Prm1BF4747890).Ees(-
7870)* was not significantly different to that directed by
Prm1BF#C7879% (5=0.9293; FIG. 7B). Collectively, these
single and combination mutations suggest that the GATA™
7800 and Ets™’®7° elements do not act independently but
rather, cooperatively in an interdependent manner. Although,
it was already established (FIG. 7B) that there was no differ-
ence in luciferase expression directed by Prm1BAGata/Ets
(-=7859) and Prm1 BA (-7717), a second putative Ets site,
namely Ets~7%°%) was identified adjacent to the aforemen-
tioned GATA~7#%° and Ets~7*"° sites. However, site-directed
mutagenesis of the latter Ets™"%%° element did not signifi-
cantly affect the level of luciferase activity (FIG. 7B; p=0.
4287). Hence, collectively these data suggest that GATA~73%°
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and Ets™"®7° elements act as upstream activators of Prm1 and
may functionally cooperate to positively regulate basal Prm1
in HEL cells, while the putative Ets™"®°% element does not
appear to be functional. To investigate the ability of the UAS
encoding GATA™"%%° and Ets™"®7° elements to regulate gen-
eral gene expressionin HEL cells, a Prm1 sub-fragment span-
ning -7962 to —7718 was placed upstream of the heterolo-
gous SV40 promoter in the plasmid pGL3Control. The
Prm1GATA/Ets sub-fragment resulted in a 4.1-fold increase
in luciferase expression relative to that of the SV40 promoter
alone (FIG. 7C; p=0.0003). Moreover, the level of luciferase
expression directed by the Prm1GATA/Ets variant, in which
boththe GATA~73%° and Ets~787° elements were mutated, was
significantly impaired (p=0.0012), resulting in only a 1.8-fold
increase in SV40-directed luciferase activity (FIG. 7C, p=0.
0003). These data indicate that the Prm1 region from -7962 to
-7718 acts as an UAS, greatly increasing the activity of the
SV40 promoter in HEL cells, an effect mainly attributable to
the GATA™"%° and Ets~"®"° cis-acting elements. Thereafter,
EMSAs explored the presence of nuclear factors capable of
binding to the GATA™7®*° and Ets~"®"° elements in vitro.
Immunoblot analysis confirmed expression of both GATA-1
and Ets-1 in HEL cells (FIGS. 8B & 8C). Incubation of a
GATA/Ets probe with nuclear extract prepared from HEL
cells generated four DNA-protein complexes, C1-C4 (FIG.
8A, lane 2). C2 was competed by either the Prm1 GATA~73%°
or Ets™7%7° sequences, as well as by a consensus Ets-1, but
was not competed by a consensus GATA-1 sequence (FIG.
8A, lane 3-6). These data indicate that C2 consists of Ets-1
and another factor bound to the GATA/Ets probe. C3 was
competed by GATA™"®°° and consensus GATA-1, but not by
Ets~"®7° or consensus Ets-1 sequences (FIG. 8A, lanes 3-6,
respectively), suggesting that C3 consists of GATA-1 protein,
possibly complexed with another factor, bound to the GATA/
Ets probe. Complexes C1 and C4 were competed by either
GATA™7®° or consensus GATA-1 sequences, as well as by
Ets~"®7° and consensus Ets-1 sequences (FIG. 8A, lanes 3-6,
respectively). The non-specific competitor, based on a ran-
domized TP gene failed to inhibit any of the C1-C4 com-
plexes (FIG. 8A, lane 7), confirming the specificity of the
GATA/Ets probe. Therefore, complexes of GATA-1 and Ets-1
proteins from HEL cell nuclear extract can bind to Prml
GATA™"%%° and Ets™"®"° elements in vitro. Moreover, ChIP
assays confirmed the specific amplification of the Prml
proximal region from anti-GATA-1 and anti-Ets-1 immuno-
precipitates, but not from the control IgG precipitate (FIG.
8D), confirming that both GATA-1 and Ets-1 occupy element
(s) within the —7978 to -=7607 region of Prm1 in vivo. Con-
versely, primers specific to the proximal region of Prm1 from
-6368 to —5895 resulted in generation of an amplicon from
the input chromatin, but not from the GATA-1, Ets-1 or con-
trol IgG precipitates (FIG. 8E).

Example 4

Identification of Three Distinct Repressor Regions
within Prm1 of the Human TP Gene

[0127] The TPa and TPp isoforms of the TXA, receptor
(TP) are under the transcriptional regulation of Prm1 and
Prm3, respectively, within the human TP gene (Coyle et al.,
2002). Prm1 is defined as nucleotides —8500 to —5895 located
5' of'the translation initiation codon (Coyle et al., 2002). Sp1,
Egrl and NF-E2 have been identified as the key trans-acting
factors that regulate the “core” proximal Prm1 (-6320 to
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-5895), while two upstream activator regions (UAR) and two
upstream repressor regions (URR) have also been identified
(FIG. 9A). Additionally, GATA-1 and Ets-1 have been iden-
tified as the key factors that bind and regulate UAR1 (-7962
to =7717). Conversely, the factors regulating UAR2 (-7717 to
-7504), as well as URR1 (-8500t0 —=7962) and URR2 (-6848
to —6648) remain to be identified (FIG. 9A). Initially, genetic
reporter assays and progressive 5' deletion of nucleotides
from —8500to -6648 to yield the core promoter (Prm1E; FIG.
9A) confirmed the presence of two upstream regions of
repression, namely URR1 and URR2. Specifically, deletion
of nucleotides from Prml (-8500) to generate Prml1B
(=7962) yielded a 2.3-fold increase in luciferase expression
(p<0.0001), while 5' deletion of Prm1D (-6848) to generate
Prm1E (-6648) resulted in a 1.5-fold increase in luciferase
activity (p=0.0032). Further 5' deletion of Prm1E (-6648) to
generate Prm11 (-6258) resulted in a 1.6-fold decrease in
luciferase expression (p=0.0002), thereby uncovering an acti-
vator region within the core promoter region. Consistent with
this observation, two functional overlapping Sp1/Egrl ele-
ments have now been identified within this region, specifi-
cally at —6294 and -6278, that mediate activation of Prm1.
However, herein, further 5' deletion of Prm1I (-6258) to
generate Prm1J (-6123) yielded a 2-fold increase in
Iuciferase activity (p<0.0001) to reveal a third, previously
unidentified, repressor region (-6258 to —6123) also located
within the “core” Prm1. The luciferase expression directed by
Prm1] was substantially higher than that of the empty
pGL3Basic vector (FIG. 9A). Consistent with this observa-
tion, two functional overlapping Sp1/Egrl elements within
Prm1J, specifically at -6022 and -6007, in addition to an
NF-E2 element at -6080 have now been identified, and these
elements mediate activation of Prm1 within this core proxi-
mal region. Hence, collectively, three distinct regions of
repression have been identified within Prm1, namely the two
previously identified URR1 (-8500 to -7962) and URR2
(-6848 to —-6648) and an additional repressor region, desig-
nated RR3, located between —6258 and -6123 within the
proximal core promoter.

Example 5

Identification of Multiple GC-Enriched Elements in
the —8500 to -7962 Repressor Region of Prm1

[0128] Bioinformatic analysis (Quandtetal., 1995)toiden-
tify transcription factor elements within URRI located
between -8500 and -7962 revealed three putative GC ele-
ments representing putative overlapping WT1/Egr1/Spl sites
at —-8345, —-8281 and -8146, where the 5' nucleotide of each
element is indicated (Table 2 and FIG. 9B). Site-directed
mutagenesis (SDM) of each of these GC elements led to
substantial increases in luciferase activity directed by Prm1
(2.0-fold, 1.9-fold, and 2.5-fold, respectively; p<0.0001 in
each case; FIG. 9B). A fourth GC element was identified
somewhat adjacent to URRI, specifically at -7831 within
Prm1B. Mutation of this element also substantially increased
luciferase activity directed by Prm1 (2.1-fold; p<0.0001).
These data suggest that the GC elements at —8345, —-8281,
-8146 and -7831 mediate repression of Prm1.

[0129] Table 2: Consensus sequences for Egrl, WTE and
Spl, as well as sequences of GC elements within Prm1. Base
pairs underlined denote the core sequences of the elements,
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while base pairs in capital letters are in positions that exhibit
a high conservation profile (Quandt et al., 1995). The + and -
designation indicates that elements are found on the sense or
antisense strands of Prm1, respectively.

SEQ

Element Sequence ID NO

Egrl 5' GCGGGGGCG 3!

consensus

WTE 5' gtgcGIGGGaGtagaat 3! 116

consensus

Spl 5' gGGGCGGGge 3! 117

consensus

Prm1~%3° (=) 5' ctggGTGGGEGGCGEGGgGcagett 3! 118

Prm1 28! () 5! tccgGeGGAEGCCGEgeag 3! 119

Prm1 86 (1) 5' ggcGGEGGGTGEGGAACGGEEGGT 120
GGGeccaa 3!

Prml 7! () 5' agatGaGGAGGCAgtga 3! 121

Prm17¢"'7 (=) 5' ccagGGETGGCEGTGGGaGgacaga 3' 122

Prm1 %% (-) 5' acggGIGEGgGccgetyg 3! 123

[0130] To investigate the combined contribution of GC ele-

ments in directing Prm1 activity, the effect of collectively
mutating the sites within Prm1 (-8500) was examined (FIG.
9C). Disruption of the GC~73! element within Prm1“<*¢
8345) to generate Prm1PC*(-3345:-7831) {id not significantly
affect luciferase expression directed by Prm1“<*(=534) (=0,
3781). However, disruption of the GC™**%! element in
PmllGC*(_8345’_7831), generating PrmlGC*(—8345,—8281,—
7831), yielded a 1.6-fold decrease in luciferase expression
compared to that of Prm]FC*C8345-783L (5 (,0043).
Luciferase expression of Prm]@C#(-8345,-8281.-8146.-7831)
was not significantly different than that of Prm] F¢ #8345~
s2s1, ~7831) (p=0.7499). Therefore, generation of Prm1“<*¢
8345,-8281,-8146,-7831) from Prm19C*334% 1ed 10 an overall
1.7-fold decrease in luciferase expression (p=0.0024), sug-
gesting that repressor factors rely on a cooperative mecha-
nism of binding to multiple neighbouring GC elements. It is
likely that disruption of cooperative binding upon SDM shifts
the overall affinity of intact GC elements for activator, rather
than for repressor factors. Consistent with this suggestion,
disruption of GC™7®! in the Prm1B (-7962) sub-fragment,
which does not contain any of the other three GC elements,
actually decreased the luciferase activity directed by Prm1B
(1.4-fold; p=0.0004; F1G. 9D). This effect is in contrast to the
substantial increase (2.1-fold; p<0.0001; FIG. 9B) in
luciferase expression that occurred upon disruption of the
same GC element within Prm1 where the other three GC
elements at —8345, -8281 and -8146 were intact (compare
FIGS. 9B and 9D). Thereafter, electrophoretic mobility shift
assays (EMSAs) were carried out to investigate the presence
and identity of nuclear factors capable of binding to the over-
lapping WT1/Egrl/Sp1 elements at —8345, -8281, -8146 and
-7831 in vitro (FIG. 11). Herein, the expression of WT1, Sp1
and Egrl in the HEL 92.1.7 cell line was initially confirmed
by immunoblot analysis (FIG. 10). A doublet of WT1 protein
at 52/54 kDa was detected herein in HEL cells (FIG. 10A),
and an immunoreactive Egrl band of approximately 82 kDa
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was detected in HEL cells (FIG. 10B), while abundant
expression of the ubiquitous Sp1 protein (95 kDa) was also
confirmed (FIG. 10C). Incubation of biotin-labelled oligo-
nucleotide probes encoding GC#** and GC***! (FIG.
11A), GC™3'*% (FIG. 11B) and GC~7®* (FIG. 11C) with
nuclear extract prepared from HEL cells resulted in the
appearance of a number of protein-DNA complexes. Specifi-
cally, incubation of the probe encoding both GC~***° and
GC=*%! elements with nuclear extract generated three main
complexes, C1-C3 (FIG. 11A). C1 and C2 were partially
competed by non-labelled competitors containing either the
specific GC™***°, GC~**%! consensus Sp1 or Egrl sequences
(FIG. 11A, lanes 3-6, respectively. C3 was efficiently com-
peted by consensus Spl or Egrl sequences but not by
GC=**° or GC~®2*! sequences. The WTE sequence or a non-
specific competitor based on a random sequence within the
TP gene failed to compete with C1, C2 or C3 complexes (FIG.
11A, lanes 7 and 8, respectively). Therefore, it seems that
complexes C1 and C2 consist of Spl, Egrl and/or WT1
proteins bound to the GC~***° and GC~52*! elements in vitro,
whilst C3 may consist of Sp1, Egrl and/or WT1 bound to an
unidentified element within the probe (FIG. 11A). Incubation
of the GC~®#® probe with nuclear extract generated three
main complexes, C1-C3 (FIG. 11B). All three complexes
were efficiently competed by non-labelled competitors con-
taining the GC~** or consensus Egr1 sequences, while none
of' the three complexes were competed by the consensus Sp1,
WTE or non-specific oligonucleotide sequences. Thus, it is
indicated that complexes C1-C3 consist of Egrl and/or WT1
protein, possibly complexed with other factor(s), bound to the
GC=#%% element (FIG. 11B). Incubation of the GC~7®%!
probe with nuclear extract generated a single complex C1
(FIG. 11C) that was competed by a non-labelled competitor
containing the GC~7*3! element, or by consensus Sp1 or Egrl
sequences, but not by WTE or non-specific sequences. There-
fore, C1 is likely to consist of Sp1, Egrl and/or WT1 proteins
complexed to the GC~7®*! element. It was notable, however,
that a second slower-migrating complex appeared where the
main complex C1 was competed by non-labelled competi-
tors. Thus, it is possible that unidentified protein(s) can bind
to an element within the probe when the protein(s) involved in
the formation of C1 are unavailable for binding. Overall,
these EMSA data (FIG. 11) indicate that GC=*> GC=328!,
GC~84% and GC~7®*! elements have a sequence capacity to
bind Egrl and/or WT1 isoform(s), while GC™***°, GC82%1
and GC~7®%! also have a capacity to bind Sp1. Thereafter, to
investigate whether endogenous Sp1, Egrl and/or WT1 can
actually directly bind to chromatin encoding Prm1 in vivo,
chromatin immunoprecipitation (ChIP) assays were carried
out on chromatin extracted from HEL cells (FIG. 12). PCR
analysis using primers to amplify the 5' Prml repressor
region, specifically from -8460 to —8006 and containing GC
elements at —-8345, —-8281 and -8146, resulted in amplifica-
tion of DNA recovered from both the input chromatin and
from an anti-WT1 immunoprecipitate, but not from anti-Sp1,
anti-Egrl or control IgG precipitates (FIG. 12A). Further-
more, PCR analysis using primers specific to the adjacent
Prm1 region, specifically from -7978 to -7607 and contain-
ing the GC element at =783 1, also resulted in amplification of
DNA recovered from the input chromatin and an anti-WT1
immunoprecipitate, but not from anti-Sp1, anti-Egr1 or con-
trol IgG precipitates (FIG. 12B). These data provide evidence
that WT1, but not Sp1 nor Egrl, occupies element(s) within
the Prm1 -8460 and —7607 region of chromatin in HEL cells
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in vivo. Hence, to expand these studies, the effect of ectopic
expression of WT1 on Prm1-directed reporter gene expres-
sion and TPae mRNA was investigated (FIGS. 12C-12E). The
four main isoforms of WT1, specifically (+/+), (+/-), (-/+)
and (—/-) with respect to the presence or absence of exon 5
and KTS sequences, respectively, were over-expressed in
HEL cells (FIG. 12D) and the effects on Prml-directed
luciferase activity were investigated. The (+/-) and (-/-)
isoforms led to 1.4-fold (p=0.0009) and 1.5-fold (p=0.0022)
reductions in Prm1-directed luciferase expression, respec-
tively, while neither the (+/+) nor (-/+) isoforms had any
significant effect (p=0.0612 and p=0.3133; FIG. 12C). Con-
sistent with this, RT-PCR confirmed that ectopic expression
of the transcriptionally active (+/-) and (—/-) isoforms both
significantly reduced TPa. mRNA expression (FIG. 12E). No
substantial changes in GAPDH expression were observed
following over-expression of WT1 isoforms (FIG. 12E).
Taken together, these data indicate that —KTS isoforms of
WT1 mediate repression of Prm1 and TPa expression and
considering the data from mutational, EMSA and ChIP analy-
ses, it appears that WT'1 exerts this repression by binding to
GC elements at —8345, -8281, -8146 and -7831.

Example 6

Identification of GC Elements in the —6848 to —6648
and —6258 to —6123 Repressor Regions of Prm1

[0131] Amongst the transcription factor binding elements
identified within URR2 located between —6848 and —6648
(FIG. 9A), was a putative GC element at -6717 predicted to
represent a putative overlapping site for WT1/Egrl/Spl.
Additionally, bioinformatic analysis of the “core” repressor
region, from —-6258 to —6123 of Prm1, also revealed a GC
element, specifically at -6206 (Table 2 above). Hence, SDM
was used to disrupt the putative GC=%7'7 and GC~%°° ele-
ments within either Prm1D (-6848) or Prm11 (-6258; FIG.
13). Mutation of the GC~%7*7 element within Prm1D resulted
in a 4.8-fold increase in luciferase expression compared to
that of the wild-type Prm1D (p<0.0001). Mutation of the
GC5%°% element within Prm11 led to a 1.3-fold increase in
luciferase expression (p=0.0083; FIG. 13A). Mutation of the
same GC~%2°% element within the Prm 1D sub-fragment led to
a 3-fold increase in luciferase activity compared to that of the
wild-type Prm1D (p<0.0001; FIG. 13B). To investigate the
combined contribution of GC=7'7 and GC~%2°° elements in
directing Prm1 activity, the effect of collectively mutating
these elements within Prm1D was examined (FIG. 13B). The
luciferase activity directed by Prm1D@C*6717:-6209) iy
which both GC elements at —6717 and —-6206 were mutated,
was significantly higher than that of either Prm 1D #6717,
in which the -6717 element alone was mutated, or Prm1D<¢*
(=6209 i which the -6206 element alone was mutated (p<0.
0001 in each case). Hence, collectively, these data indicate
that GC elements at —6717 and -6206 bind factors that act
independently to mediate repression of Prm1. Thereafter,
EMSAs were employed to confirm the presence of nuclear
factors capable of binding to the GC™"'7 element in vitro
(FIG. 14A). Incubation of a GC~%"'7 probe with nuclear
extract prepared from HEL cells generated a single DNA-
protein complex, C1 (FIG. 14A). C1 was efficiently competed
by a non-labelled competitor containing the GC~°7'7
sequence, and by consensus Sp1 or Egrl sequences, but was
not competed by WTE or non-specific sequences. Thus, C1
consists of complexes of Spl, Egrl and/or WT1 proteins
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bound to the GC=57'7 probe. To investigate whether Sp1, Egrl
and/or WT1 can bind to chromatin encoding -6848 to —-6648
region of Prm1 in vivo, ChIP assays were carried out using
chromatin extracted from HEL cells (FIG. 14B). PCR analy-
sis using primers specific to this region of Prm1 and contain-
ing the GC element at —-6717 resulted in generation of ampli-
cons from input chromatin, anti-WT1 and to a lesser extent
anti-Egr] immunoprecipitates, but not from anti-Sp1 or the
control IgG precipitates. These data provide evidence that
WT1, and to a lesser extent, Egrl occupy element(s) within
the —6848 to —6648 region of Prm1 in vivo. EMS As were also
employed to investigate the presence of nuclear factors
capable of binding to the GC=%%°¢ element in vitro (FIG.
14C). Incubation of a GC~%%°% probe with nuclear extract
generated a single diffuse complex C1 that was efficiently
competed by a non-labelled competitor containing the
GC~%2°C sequence, or by consensus Spl or Egrl sequences,
but not by WTE or non-specific sequences. Thus, the complex
consists of Spl, Egrl and/or WT1 proteins bound to the
GC~%°Cprobe. To investigate whether Sp1, Egrl and/or WT1
can bind to the proximal Prm1 (from -6320 to -5895) in vivo,
ChIP assays were carried out (FIG. 14D). PCR generated
amplicons consisting of Prm1 sequences between —-6368 and
-5895 from input chromatin, anti-WT1, anti-Sp1 and anti-
Egrl immunoprecipitates but not from the control IgG pre-
cipitate. It has been previously established that both Sp1 and
Egrl bind to this region (-6368 to -5895) of Prm1 in vivo,
where binding was established to occur at overlapping Sp1/
Egrl elements at —-6294, —-6278, -6022 and -6007 within the
proximal Prm1. Hence, evidence is also presented herein that
WT1 binds to the proximal Prm1 in vivo, and the binding of
WTT1 is likely to occur at the GC element at —6206. Thereat-
ter, the effects of ectopic expression of WT1 on luciferase
activity directed by Prm1D (-6848) and Prm11 (-6258) were
investigated (data not shown). The (+/+), (+/-), (-/+) and
(-/-) isoforms of WT1 were over-expressed in HEL cells.
The (+/-) and (-/-) isoforms reduced PrmlD-directed
luciferase activity by 1.2-fold (p=0.0047) and 1.3-fold (p=0.
0044), respectively. However, neither the exon 5(+)/KTS(+)
nor exon 5(-)/KTS(+) isoforms had a significant effect on
luciferase activity directed by Prm1D (p=0.2665 and p=0.
9144, respectively). None of the four isoforms of WT1 had a
significant effect on Prml1l-directed luciferase expression
(p=0.8140, p=0.9413, p=0.8564 and p=0.8727; data not
shown). Collectively, data generated from mutational analy-
sis, EMSAs, ChIP analysis and over-expression studies indi-
cate that —-K'TS isoforms of WT1 bind to elements within the
Prm1 regions from —6848 to -6648 and from —6258 to -6123
and act independently to repress Prm1 activity.

Example 7

Effect of PMA on TPa mRNA Expression and
Prm1-Directed Gene Expression in HEL Cells

[0132] The effect of PMA-induced megakaryocytic differ-
entiation of human erythroleukemia (HEL) 92.1.7 cells on
TPa. expression was investigated, as well as to identify the
specific factors responsible for these changes through their
regulation of Prm1. Herein, RT-PCR and Southern blot analy-
sis (FIGS. 16A & 16B) revealed that pre-incubation of HEL,
cells with PMA for 2 to 48 h led to a time-dependent, sus-
tained increase in TPa mRNA expression (FIG. 16). More-
over, genetic reporter assays established that pre-incubation
of HEL cells with PMA (100 nM) for 16 h resulted in a 4-fold
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increase in Prml-directed luciferase expression (p<0.0001;
FIGS. 17A & 17B). In order to localize the key regulatory
domains responsible for increased Prml-directed gene
expression in response to PMA, genetic reporter assays were
also carried out using a series of recombinant plasmids
encoding 5' deletions of Prm1 (FIGS. 17A & 17B). Initially,
and consistent with our finding that WT1 represses Prm1
activity by binding to elements within URR1 (from -8500 to
-7962), 5' deletion of Prm1 (-8500) to Prm1B (-7962)
resultedina 2.1-fold increase in basal luciferase expression in
vehicle-treated HEL cells (p<0.0001; FIG. 17A). However,
deletion of these nucleotides also reduced the PMA-mediated
induction of Prm1-directed gene expression from 4-fold to
2.9-fold (FIGS. 17A & 17B). Thereafter, consistent with our
finding that GATA-1 and Ets-1 activate Prm1 by binding to
specific elements within UAR1 (from -7962 to -7717), 5'
deletion of nucleotides from Prm1B (-7962) to generate
Prm1C (-7504) resulted in a 2.4-fold decrease in basal
luciferase expression of Prm1 (p<0.0001; FIG. 17A). How-
ever, deletion of these nucleotides from Prm1B (-7962) to
generate Prm1C (-7504) also decreased the PM A-mediated
induction of Prm1-directed gene expression from 2.9-fold to
1.4-fold (FIGS. 17A & 17B). Further 5' deletion to generate
sub-fragments Prm1D (-6848), PrmlE (-6648), Prml1F
(-6552) and Prm1K (-6067) abolished PMA-responsiveness
of Prm1 (FIGS. 17A & 17B). Hence, these data indicate that
the increased transcriptional activity of Prm1 in response to
PMA is mediated mainly by cis-acting elements located
between —-8500 and -7504 within Prml, while elements
between -7504 and -6848 play a more minor role.

Example 8

Localization of the Site(s) of Action of PMA within
Prm1 by Mutational Analysis

[0133] Wehave established that WT1 binds to GC elements
at —-8345, -8281 and -8146 within URR1 (from -8500 to
-7962) and to another GC element at —=7831 within UAR1
(from -7962 to -7717) in quiescent HEL cells to repress
transcriptional activity of Prm1. Since the GC elements at
-8345, -8281, -8146 and -7831 consist of overlapping bind-
ing sites for WT1/Egrl/Spl, it was sought to determine if
factors(s) binding to these elements contribute to the PMA-
mediated increase in Prm1 activity. Site-directed mutagenesis
of any of the individual elements at —8345, -8281, —8146 or
-7831 within Prm1 did not substantially abrogate the PMA-
induction of Prm1 (FIG. 18A). More specifically, the sub-
fragments PrmlGC*(_8345), Pmll GC*(—8281), Prml GCx(-8146)
and Prm19¢*C783D displayed 3.8- to 3.9-fold increases in
luciferase activity in response to PMA, compared with a
4.3-fold PMA induction of Prm1 itself (FIG. 18A). To inves-
tigate whether the four GC elements act in an independent
manner to contribute to the PMA-mediated increase in Prm1
activity, the effect of collectively mutating the sites within
Prm1 (-8500) was examined (FIGS. 18B & 18C). The intro-
duction of sequential mutations to generate Prm] S #8345~
8281,-8146,-7831) from Prm1 progressively reduced the PMA-
mediated induction of Prm1 activity. Specifically, PMA only
yielded a 2.2-fold increase in luciferase activity directed by
Prm] GC#(-8345,-8281,-8146:-7831) compared to the 4.3-fold
increase directed by Prm1 itself (FIGS. 18B & 18C). Addi-
tionally, disruption of GC7**! in Prm1B (-7962), which
does not contain any of the other three GC elements, resulted
in an attenuation of PMA-induction of this sub-fragment
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from 2.5-fold to 1.9-fold (FIGS. 19A & 19B). Therefore, it is
indicated that GC elements at -8345, —-8281, -8146 and
-7831 are responsible, at least in part, for the PMA-mediated
increase in Prm1 activity in HEL cells.

[0134] The finding that mutation of any of the individual
elements at —8345, —-8281, —-8146 and -7831 resulted in only
a marginal attenuation of the PMA-mediated induction of
Prm1, compared to the substantial decrease observed upon
combined mutation of all four elements together to generate
Prm] FC#(-8345,-8281.-8146-7831) " qooests that GC elements
at —-8345, -8281, -8146 and -7831 act in an independent
manner to contribute to the increase Prm1 activity in response
to PMA.

Example 9

Effect of PMA on Expression of WT1, Egrl and Spl
Proteins in HEL Cells

[0135] In view of the finding that PMA significantly
increased Prml1-directed transcriptional activity and TPa
mRNA expression in HEL cells, it was sought to identify the
specific transcription factors involved. As stated, mutational
analysis of GC elements representing overlapping binding
sites for WT1/Egrl/Spl at —8345, —8281, -8146 and -7831
indicated that these elements are at least partially responsible
for PMA-mediated increases in Prml-directed luciferase
expression. Therefore, it was sought to determine if the levels
of'expression of WT1, Egrl or Sp1 changed upon incubation
of HEL cells with PMA. While pre-incubation of HEL cells
with PMA over a 48 h period did not substantially alter the
expression of the WT'1 doublet at 52/54 kDa (FIG. 20A), there
was a slight decrease in expression of both 52 kDa and 54 kDa
forms at 24 h and 48 h post-induction. There was a significant
increase in Egrl expression from 1 to 16 h, with the highest
induction observed at 5 h and 6 h (FIG. 20B). At 24 h post-
PMA treatment, the level of Egrl expression in HEL cells
returned to basal levels (F1G. 20B). Pre-incubation with PMA
over a 48 h period did not result in appreciable changes in the
expression of Sp1 (FIG. 20C), although slight increases were
observed from 1 to 6 h post-stimulation. There were no appre-
ciable changes in the expression of the molecular chaperone
protein HDJ2 (DNA J homologue; FIG. 20A), which was
used as an endogenous loading control, over a 48 h period
post-induction compared with that of vehicle-treated cells.
Collectively, these data indicate that PMA-induced differen-
tiation of HEL cells is associated with substantial, though
transient (1-16 h), increases in Egrl expression, but does not
substantially alter overall expression levels of WT1 or Spl.

Example 10

Investigation of the Role of Egrl Expression in
Mediating Increased Prm1 Activity in Response to
PMA

[0136] To further investigate the possible involvement of
Egrl in mediating increased Prm1-directed luciferase expres-
sion in response to PMA, the effect of ectopic expression of
the constitutively expressed Egrl co-repressor NGFI-A-
binding protein 1 (NAB1) was investigated (FIG. 21A).
While NAB1 over-expression did not significantly affect
Prm1-directed luciferase activity in vehicle-treated HEL cells
(p=0.1953), it significantly reduced the PMA-induction of
Prm1 activity (p<0.0001; FIG. 21B). To investigate the role of
the mitogen-activated protein kinase (MAPK) pathways in
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mediating the PMA-induction of Prml in HEL cells, the
effect of the extracellular signal-regulated kinase (ERK) 1/2
inhibitor PD98059 on Prm1-directed luciferase expression
was investigated (FIG. 21C). While PD98059 reduced the
PMA-induction of Prm1-directed luciferase expression from
4.3-fold to 2.3-fold (p=0.0011), neither PMA alone (p=0.
4721)nor PMA plus PD98059 (p=0.2693) had any significant
effect on luciferase expression directed by the Prm1K sub-
fragment. Furthermore, PD98059 completely abolished the
PMA-induction of Egrl protein expression in HEL cells
(FIG. 21D). Collectively, these data indicate that increased
expression of Egrl, mediated by PMA-induced activation of
ERK signaling, is at least partly responsible for the PMA-
induction of Prm1-directed luciferase activity in HEL cells.
To determine the actual time required for PMA to mediate
increased Prm1-directed luciferase expression, Prm1-trans-
fected HEL cells were incubated with PMA for 0 h-48 h (FIG.
22). It was established that Prm1-directed luciferase activity
was significantly increased within 4 h of incubation with
PMA (p=0.029; FIG. 22) and was continuously increased for
the duration of the 48 h incubation (p<0.0001). From the time
course assay, it appeared that PMA-induction of Prm1-tran-
scriptional activity was multi-phasic, with initial activity pla-
teauing at 5-8 h post-induction and a subsequent phase pla-
teauing at ~12-16 h followed by a more sustained activity at
24-48 h post-treatment.

Example 11

In Vivo Binding of WT1, Egrl and Sp1 to GC Ele-
ments Between —8460 and -8006 within Prm1

[0137] To investigate the molecular identity of transcrip-
tion factor(s) actually regulating Prm1 activity in response to
PMA treatment, chromatin immunoprecipitation (ChIP)
assays were carried out using antibodies directed to endog-
enous WT1, Egrl and Sp1 and chromatin extracted from HEL
cells pre-incubated with PMA for 5, 8 or 16 or 24 h, where
non-treated or vehicle-treated HEL cells served as controls
(FIGS. 24A & B). Initially, PCR analyses of ChIPs were
carried out using primers to amplify the distal 5' Prm1 region
located between —8460 and —8006, containing GC elements
at —8345, -8281 and -8146 (FIG. 24A). In non-treated (0 h)
or in vehicle-treated (data not shown) HEL cells, PCR ampli-
fication yielded products from DNA recovered from both the
input chromatin and from an anti-WT1 immunoprecipitate,
but not from anti-Sp1 or anti-Egrl immunoprecipitates (FIG.
24A). PCR analysis using ChIP samples generated from HEL
cells pre-incubated with PMA for 5 h resulted in amplifica-
tion of DNA recovered from both the input chromatin and
from an anti-WT1 immunoprecipitate, and to a lesser extent
from an anti-Egrl immunoprecipitate. However, no amplicon
was generated from an anti-Spl immunoprecipitate (FIG.
24A; 5 h). Conversely, following pre-incubation with PMA
for 8 h, PCR resulted in amplification of DNA recovered from
both the input chromatin and from an anti-Egrl immunopre-
cipitate, but not from anti-WT1 or anti-Sp1 immunoprecipi-
tates (FIG. 23A; 8 h). ChIP analysis using HEL cells pre-
incubated with PMA for 16 h (FIG. 23A; 16 h) or 24 h (data
not shown) yielded amplicons from the input chromatin and
an anti-Spl immunoprecipitate, but not from anti-WT1 or
anti-Egr1 immunoprecipitates. Hence, it appears that follow-
ing PMA-induced differentiation, there are distinct, multi-
phasic patterns of binding of WT1, Egrl and Spl to the GC
elements located within the -8460 to —8006 region of Prm1
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chromatin in HEL cells that may account for the observed
time-dependent induction in TPao mRNA expression (FIG.
16) and Prm1-directed luciferase expression (FIG. 22). It has
previously been demonstrated that Sp1, Egrl and WT1 bind
to GC elements in the proximal “core” Prm1 located between
-6320 and -5895. Hence, ChIP analysis of this region was
carried out to investigate if changes in the pattern of Sp1, Egrl
or WT1 binding occurred upon PMA-induced differentiation
of HEL cells. Consistent with the finding that PMA did not
lead to an induction of luciferase expression directed by
Prm1E, PrmlF and Prm1K sub-fragments consisting of
“core” Prm1 sequences (FIGS. 16A & 16B), ChIP analysis
revealed similar binding patterns for WT1, Egrl and Sp1 in
non-treated quiescent cells (0 h) and in cells treated with
PMA for 5, 8 or 16 (FIG. 23B and data not shown). Collec-
tively, these data indicate that while PM A-treatment of HEL
cells does not lead to significant changes in the relative levels
of WT1, Egrl and Sp1 binding to the proximal “core” Prm1,
it leads to substantial changes in the pattern of binding of
these factors to distal upstream GC-enriched elements. Spe-
cifically, in non-treated quiescent HEL cells, WT1 binds to
the 5' Prm1 region from -8460 to —8006. However, following
exposure of cells to PMA for 5 h, and coincident with its
increased expression (FIG. 20), Egrl appears to bind to this
region in vivo, albeit to a much lesser extent than WTI.
Following pre-incubation of HEL cells with PMA for 8 h, a
substantial increase in Egrl binding and an associated
decrease in WT1 binding was observed. Conversely, in HEL
cells pre-incubated with PMA for 16 h, Sp1 is the predomi-
nant protein bound. Therefore, it is suggested that these dis-
tinct patterns of binding of WT1, Egrl and Sp1 (FIGS. 23A &
23B) are accountable for initial and sustained increases in
Prm1-directed luciferase expression in response to PMA-
induced differentiation of HEL cells (FIG. 22). Thereafter,
the intracellular localization of WT1 in non-treated and
PMA-stimulated HEL cells was investigated. In the absence
of (FIG. 23C; 0 h) and 1 h post-PMA treatment (FIG. 23C; 1
h), WT'1 was almost exclusively localised to the nucleus while
at5h (FIG. 23C; Sh) and, in particular at 8 h (FIG. 23C; 8 h),
there was a redistribution of WT1 to the cytosolic fraction. At
16 and 24 h (FIG. 23C; 16 h & 24 h), a substantially higher
proportion of WT1 was located in the cytosol than in the
nucleus. Cytosolic WT1 appeared to be associated with punc-
tate vesicular structures.

Example 12

Effect of 1a, 25-Dihydroxy-Vitamin D, on Prm1-
Directed Luciferase Expression and Egrl Protein
Expression in HEL Cells

[0138] Thereafter, it was sought to investigate the effect of
PMA-independent megakaryocytic differentiation of HEL
cells on Prml-directed gene expression. Genetic reporter
assays established that pre-incubation of HEL cells with 1a,
25-dihydroxy-vitamin D, (Vitamin D;) for 30 h increased
Prm1-directed luciferase expression by 1.6-fold (FIG. 24A;
p=0.0002). Conversely, pre-incubation of HEL cells with
Vitamin D; for 24 h or 30 h had no significant effect on
luciferase expression directed by Prm1K (p=0.8037 and p=0.
8612, respectively). Furthermore, Vitamin D5 led to a sub-
stantial increase in Egrl protein expression in HEL cells
(FIG. 24B). Collectively, these data indicate that Vitamin
D;-induced differentiation of HEL cells leads to increased
expression of Egrl, as well as induction of Prm1-directed
luciferase activity in HEL cells.
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Example 13

Modified Prm1 Promoter-Directed Gene Expression
in HEL (Human Erythroleukemia) 92.1.6, EA hy
926 (Human Endothelial), HEK (Human Embryonic
Kidney) 293, 1° hAoSMC (Primary Human Aortic
Smooth Muscle), and WI-38 (Human Lung Fibro-
blast) Cells

[0139] The following plasmids, encoding 5' deletion frag-
ments of Prml, pGL3B:Prml, pGL3B:Prm]“¢-3146%
pGL3B:Prm1B, pGL3B Prm1D, pGL3B Prm1D"7H - @
and, as controls, pGL3Control (Promega) & pGL3Basic
(Promega; empty vector) were co-transfected with pRL-TK,
in the case of the luciferase assays (transfected without pRL-
TK in the case of Western Blotting analysis), into the follow-
ing cell lines;

[0140] 1) HEL (Human erythroleukemia) 92.1.6 (FIG.
26A);

[0141] 2) EAhy 926 (human endothelial) (FIG. 26B);

[0142] 3) HEK (Human embryonic kidney) 293 (FIG.
260);

[0143] 4) 1° hAoSMC (primary human aortic smooth
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TABLE 3B-continued

EAhy 926 (Endothelial) cells

Fragment 1 Fragment 2 Statistical significance
Prml vs Prm1 GC8146% ns
Prml vs PrmlB ok
Prm1D vs Prm1 D771 0% oAk
TABLE 3C
HEK 293 cells
DNA Mean SEM
pGL3b 0.51 0.06
pGL3 ctrl 9.97 1.4
pGL3b:Prml 8.83 0.395
pGL3b:Prm] CC-8146x 6.9 1.19
pGL3b:Prm1B 12.25 2.23
pGL3b:Prm1D 2.89 0.145
pGL3b:Prm1 D7 71@ &% 17.51 0.098

muscle ce]]) (FIG, 27 A); and Fragment 1 Fragment 2 Statistical significance
[0144] 5) WI-38 (human lung fibroblast) (FIG. 27B). Prml vs Py GC-8146x s
[0145] Their relative promoter-directed luciferase activity Prml vs Prm1B *
. . WI-1(a, b
was determined. The pGL3-Control Vector contains the fire- Prml1D vs Prm] DY 2 o
fly luciferase gene under the control of the SV40 promoter
and enhancer sequences, resulting in strong expression of
1u01fergse in many types of me.lmmaha.n cells.. This plasmid is TABLE 3D
useful in monitoring transfection efficiency, in general, and is
a convenient internal standard for promoter and enhancer 1° hAoSMC cells
activities expressed by pGL3 recombinants. DNA Mean SEM
TABLE 3A pGL3Control 69.861 14.086
pGL3Basic 1.086 0.561
HEL (Human erythroleukemia) 92.1.6 cells pGL3BPrml 43.733 4.043
pGL3BPrm1GC-8146 82.668 15.400
DNA Mean SEM pGL3BPmm1B 35.300 1.842
pGL3BPrm1D 3.611 1.901
pGL3b 0.506 0.055 pGL3BPrm1DWT1(a), (b)* 66.194 12.755
pGL3 ctrl 8.13 1.068
pGL3b:Prml 7.28 0.22 Fragment 1 Fragment 2 Statistical significance
pGL3b:Prm] CC8146x 21.5 0.525
pGL3b:Prm1B 20.68 0.17 Prml vs Prm] ©C-8146x ok
pGL3b:Prm1D 3.7 0.326 Prml vs Prm1B ns
pGL3b:Prm1 D77 1@ &« 26.87 1.29 Prm1D vs Prm1 D771 0% *ok
Fragment 1 Fragment 2 Statistical significance
Prml vs Prm1CGC8146% oAk TABLE 3F
Prml vs Prm1B oAk
Prm1D vs Prm1D7 7@ &% oAk WI-38 cells
DNA Mean SEM
TABLE 3B pGL3Control 115.09 13.9
pGL3Basic 0.82 0.09
EAhy 926 (Endothelial) cells pGL3BPrml1 78.68 1.58
pGL3BPrm1GC-8146 59.01 8.67
DNA Mean SEM pGL3BPmm1B 64.33 2.11
pGL3BPrm1D 2.75 1.50
pGL3b 0.51 0.06 pGL3BPrm1DWT1(a), (b)* 80.80 3.08
pGL3 ctrl 49.97 0.612
pGL3b:Prml 2.81 0.25 Fragment 1 Fragment 2 Statistical significance
pGL3b:Prm] CC8146x 3.11 0.327
pGL3b:Prm1B 4.52 0.332 Prml vs Prm] ©C-8146x ns
pGL3b:Prm1D 0.755 0.06 Prml vs Prm1B ns
pGL3b:Prm1 D77 1@ &« 8.89 0.612 Prm1D vs Prm1 D771 0% *ok
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Example 14
TABLE 5A
Modified Prm1D Derivatives (Prm1D, Prm1D” (@
(b)*, and Prm1D"7! (a)*(b)*(X)*) to Direct Gene Strength of Prm1 promoter
Expression in HEL Cells pGL3Control/ GL3B:Pml/
[0146] The Prm1D”7'@*®%X% promoter was generated e o o i
as described herein above, and comprises the nucleic acid HEL 8.13 7.28 0.90
sequence defined in SEQ ID NO:124). In brief, quickchange EA.hy 926 49.97 281 0.06
site-directed mutagenesis was performed at each of the ?Ehio SMC 63'22 é'?i 8'22
above-mentioned nucleotide positions (from G C, which WL3g 115.09 78,68 0.68
knocks out the activity of the WT-1% site (@-6800); (from
CC—>AT), which knocks out the activity of the WT-1( site
(@-6717); and (from CC—TA), which knocks out the activ-
ity of the WT-1 site (@-6206); all as confirmed by MatIn- TABLE 5B
spector™ analysis. The identity of the Prm1D-derived pro- Strength of Prm1 "7 &% promoter
moter, Prm1D?7@+®*®% comprising the mutations at
each of nucleic acid positions 6717, -6206, and —6800, was L3Control , Pl%fg:b)*/
verified through DNA sequencing (See SEQ ID NO:124). A Cell Line P RL%MO m RLU Ratio
multiple sequence alignment (not shown) confirmed that
Prm1DWT1@*® % had the three base changes (WT-1 HEL 8.13 26.89 331
% @ ~6800, WI-1@* @ —6717 and WIT-1¢% @-6206 rA 926 sl oo s
respectively). Investigation of the PrmlD derivatives 1° hAoSMC 69.86 66.19 0.95
(PrmlD, PrmlDWTl(a)*(b)*, and Prm1DP71@#®xX0x {4 WI-38 115.09 80.80 0.79

direct luciferase expression in HEL cells, where WT1¢)*
refers to the mutation of the WT1 site at -6717, WT1®*
refers to the mutation of the WT1 site at —=6206 and WT1¢V%* TABLE 5C

refers to the mutation of a repressor site at —6800 (F1G. 27C).

Strength of Prm19<8146* promoter

TABLE 4 pGL3B:Prm
pGL3Control/ Prm1 €C8146%/

DNA Mean SEM Cell Line RLU RLU Ratio
pGL3b 0.506 0.055 HEL 8.13 215 2.65
PGL3 ctrl 8.13 1.068 EAhy 926 49.97 3.11 0.06
pGL3b:Prm1D 3.7 0.326 HEK 9.97 6.9 0.69
PGL3b:Prm1 DP e D 26.87 1.29 1° hA0SMC 69.86 82.67 1.18
pGL3b:Prm1 D71 2. 38.26 19 WI-38 115.09 59.01 0.51

Fragment 1 Fragment 2 Statistical significance

Prm1D vs Prm1D7- 1 2% ok

Prm1D vs Prm 1D 7 L@ 5% ok TABLE 5D

PrmlDWTfl(a, b PrmlDWTfl(a, b, x)x EE 3

Strength of Prm1B promoter

pGL3Control/ pGL3B:Prm1B/
Cell Line RLU RLU Ratio
Example 15
HEL 8.13 20.68 2.54
. EA.hy 926 49.97 4.52 0.09
Analysis of Rromoter St{en.gth as M.ea.sured by Rela- HEK 0.07 1235 123
tive Transcriptional Activity 1° hAoSMC 69.86 353 0.51
WI-38 115.09 64.33 0.56
[0147] The ability of the native (unmodified) Prm1 pro-
moter, and each of the Prm1 derivatives (Prm1D, Prm1D**
Lamy®, Prm1978149% Prm 1B, and Prm1DP71@22%) 1o TABLE 5E
drive protein expression in a panel of various cell types was
evaluated, and compared to the ability of the pGL3Control Strength of Prm1D promoter
vector. As prf:Viously described, the pGL3Control vector has pGL3Control/ pGL3B:Prm1D/
the same luciferase gene under the control of an SV40 pro- Cell Line RLU RLU Ratio
moter and enhancer sequences, and results in strong expres-

. . . . HEL 8.13 3.7 0455
sion of luciferase in different types of mammalian cell types. EAhy 926 49.97 0.755 0.015
The ratio of luciferase expression by Prm1 (or its derivatives) HEK 9.97 2.89 0.29
relative to that directed by the pGL3Control plasmid (where 1° hAoSMC 69.86 3.6 0.05

WI-38 115.09 275 0.024

the luciferase gene is under the control of the SV40 promoter

and enhancer sequences) was determined to establish the
relative strengths of the promoters in the different cell types.
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[0148] It can be seen that the Prm1 promoter is particularly
strong in HEL cells and in HEK (Kidney) cells, relative to the
SV40 Promoter and enhancer; is comparible in AoSMCs;
slightly weaker in the WI-38 (lung fibroblasts) and weak in
endothelial cells. Prm1 is comparible to the SV40 Promoter
and enhancer in directing luciferase activity in many of the
cell types examined. However, these data also demonstrate
that Prm1WT1(a,b)* provides a stronger promoter activity
when compared to Prm1 in all cell lines. Moreover, the modi-
fied promoters of the present invention, unlike the SV40
promoter (which needs an enhancer element to efficiently
drive transcription), drives expression without the require-
ment of specific enhancer sequences.

Example 16

Modified Prm1-Directed Human Tissue Factor Pro-
tein Expression in HEL Cells

[0149] Theplasmid pcDNA3.1(-):hTF encodes human tis-
sue factor (hTF) under the control of the widely used strong
cytomegalovirus (CMV) promoter, and was generated as
described herein above. The nucleic acid sequence of the
recombinant plasmid was confirmed by DNA sequence
analysis. A multiple sequence alignment (not shown) con-
firmed that the resultant forward primer product, as defined
by SEQ ID NO:125, was 100% identical with nucleotides
169-1000 of the known nucleic acid sequence of the human
tissue factor gene (Genbank Accession No BC011029). A
multiple sequence alignment (not shown) confirmed that the
reverse complementary sequence, as defined by SEQ ID
NO:128, of the reverse primer product, as defined by SEQ ID
NO:127, was 100% identical with nucleotides 169-1056 of
the known nucleic acid sequence of the human tissue factor
gene (Genbank Accession No BC011029). Moreover, in
silico translation of SEQ ID NO:125 generated an amino acid
sequence as defined by SEQ ID NO: 126, and in silico trans-
lation of SEQ ID NO:128 generated an amino acid sequence
as defined by SEQ ID NO: 129. A multiple sequence align-
ment (not shown) confirmed that SEQ ID NO:126 was 100%
identical to SEQ ID NO:129. Taken together, these data con-
firm that there are no point mutations and the DNA to protein
translation is correct, as are the cloning sites and vector
sequences. To confirm these data, HEL cells were co-trans-
fected with 2 pg pcDNA3.1(-), pcDNA3.1(-)-hTF,
pPrm19-8146x: 4 TE, pPrm1B:hTF and pPrml1D”7H@-®)x
along with 200 ng pRL-TK. Cells were analysed 48 h post-
transcfection by western blotting (60 ng of whole cell protein
per lane) along with a hTF Biomass control using anti-hTF
(upper panel) antibody; to confirm equal loading, we stripped
and rescreen blots with an anti-HDJ-2 antibody (lower panel)
(FIG. 28). Additionally, the three Prm1 derivatives tested,
namely, Prm1 GC-8146*, Prm1B and Prm1D WT-1 (a,b)*,
drive human tissue factor expression in megakaryocytic HEL
cells at a level greater when compared to the control vector
used, namely, pcDNA3.1(-):hTF. The plasmid pcDNA3.1
(-=):hTF encodes human tissue factor (WTF) under the control
of'the widely used strong cytomegalovirus (CMV) promoter.
It can be seen that the level of human tissue factor expression
by promoters derived from Prml (for example, Prml
GC-8146*, Prm1B and Prm1D WT-1 (a,b)*) was signifi-
cantly greater than the level expressed in the control trans-
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fected cells (in the presence of pcDNA3.1(-)) or by that
directed by the CMV promoter (in the presence of pcDNA3.
1(=):hTF), indicating that the promoters of the present inven-
tion provide an unexpected technical advantage compared to
promoters currently available in the state of the art.

DISCUSSION

[0150] Inhumans, TXA, signals through the TPc and TP
isoforms of its cognate G-protein coupled receptor. Imbal-
ances in the levels of TXA, and TP are implicated in a range
of cardiovascular disorders, but the relative extent to which
TPo and TPp contribute to such pathologies is unknown. As
TPa and TP are under the transcriptional control of distinct
promoters, identification of the factors regulating Prm1 and
Prm3 may lead to a greater understanding of their contribu-
tory roles in health and disease. Through studies aimed at
characterizing Prm3, AP1 and Oct-2 were identified as the
key factors regulating its basal activity in HEL cells. More-
over, the endogenous cyclopentone 15-deoxy-A12,14-pros-
taglandin J, (15d-PGJ,), a peroxisome proliferator-activated
receptor (PPAR)y ligand, suppressed the transcriptional
activity of Prm3 but had no effect on Prm1. Additionally, the
synthetic thiazolidinedione (TZD) PPARy ligands rosiglita-
zone and troglitazone, used in the treatment of type 11 diabetes
mellitus, selectively suppressed Prm3 activity, without affect-
ing Prm1. An implication from those studies is that the TZD
PPARYy ligands may have combined therapeutic benefits in the
treatment of type II diabetes and of the associated cardiovas-
cular disease, partly due to their suppression of TP expres-
sion. Prm1 represents the main promoter within the human
TP gene, but despite this, to date the factors regulating its
expression such as within the vasculature or indeed other
tissue/cell types remain largely undefined. Herein, we sought
to identify the key factors regulating basal Prm1 activity in the
HEL 92.1.7 megakaryocytic cell line. Prm1 belongs to the
class of promoters that lack TATA or CAAT elements. Many
TATA-less promoters contain multiple GC-rich elements in
their proximal promoter from which transcription can be
activated by the ubiquitously expressed zinc finger transcrip-
tion factor Sp1 by its recruitment of multi-subunit complex
(es) involving TF,D. Adjacent Sp1 sites may activate tran-
scription independently from one another, or synergistically
through formation of homomultimeric complexes. Early
growth response protein (Egr)1, another zinc finger transcrip-
tion factor, also has a GC-rich binding site and because of the
similarity in their consensus elements, adjacent or overlap-
ping sites for Sp1 and Egr1 are frequently found in promoter
sequences. By mutational analysis and EMSAs, four func-
tional overlapping Sp1/Egrl elements were identified within
the proximal region of Prm1. EMSA and supershift analyses
indicated a role for Sp1 and Egrl binding to each of these
elements in vitro, while ChIP analysis confirmed the in vivo
binding of both endogenous Sp1 and endogenous Egrl to the
proximal Prml region of chromatin extracted from HEL
cells. Several studies have shown that where overlapping
Spl/Egrl sites occur in proximal promoter regions, Egrl
negatively regulates Spl-mediated basal transcription by
competitively binding to the overlapping element. The four
functional Sp1/Egrl elements identified herein within the
proximal Prm1 were adjacent overlapping sites that, through
mutational studies, were shown to cooperatively regulate
Prm1. Consistent with this, herein, EMSAs confirm that Sp1
and Egrl generally compete for the same sites within Prm1.
Moreover, over-expression of recombinant Egrl in HEL cells
led to a modest, but significant, reduction in the level of
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luciferase expression directed by the proximal Prml. It is
likely that over-expression of Egrl may have led to a more
pronounced reduction in Prml-directed gene expression if
the total amount of transfected DNA herein was not limited by
the luciferase-based reporter assay itself. Therefore, the com-
bined assessment of these studies suggest that it is likely that
Sp1 activates transcription from the TATA-less Prm1 of the
TP gene, and Egrl negatively regulates this transcription by
competing with Sp1 for binding at each of the four overlap-
ping Sp1/Egr1 sites. In addition to the Sp1/Egrl sites, we also
identified a functional NF-E2/AP1 element by mutational
analysis of the proximal Prm1l. NF-E2 is a heterodimeric
transcription factor that binds to the consensus sequence
(T/IC)GCTGA(G/C)TCA(T/C), with a core AP1 motif (in
italics). While data from EMSA, supershift and ChIP assays
confirmed that endogenous NF-E2 specifically bound to the
NF-E2/AP1 element within Prm1 both in vitro and to chro-
matin in vivo in HEL cells, further studies are necessary to
comprehensively investigate the possible binding of AP1
components suchas Jun B, Jun D, c-Fos, FosB, Fral and Fra2,
to the proximal Prm1. The heterodimeric NF-E2 is composed
of a tissue-restricted p45 subunit associated with a ubiqui-
tously-expressed p18 member of the Maf family. Expression
of p45 is restricted mainly to haematopoietic progenitors, as
well as differentiated erythroid and megakaryocytic cells,
mast cells and granulocytes. Originally it was thought that the
primary role of NF-E2 was in erythroid development due to
its regulation of the porphobilinogen deaminase and globin
genes. However, p45-deficient mice exhibited only mild dis-
ruption to erythropoiesis but displayed severe thrombocy-
topenia (<5% of normal platelet count) and high mortality
due to haemorrhage. Notable amongst its megakaryocytic
targets, NF-E2 regulates expression of the human and rodent
thromboxane synthases, platelet-specific Rab27b, §1-tubulin
and caspase-12. Thus, it is suggested that NF-E2 acts as a
critical mediator of platelet shedding, regulating a subset of
genes involved in late-stage megakaryocyte maturation. Con-
sistent with this, herein, we report that Prm1 of the TP gene is
also a bone fide target of NF-E2, suggesting that it plays a
critical role in regulating expression of TPa during mega-
karyocytic differentiation and in platelets in humans. Collec-
tively, whilst our data have established a role for Sp1, Egrl
and NF-E2 in regulating the core proximal Prm1, they do not
exclude the possible involvement of other regulatory ele-
ments/factors in this region. Most eukaryotic promoters con-
tain UAS and URS. Herein, 5' deletion analyses revealed two
UAS and two URS regions within Prm1. Mutational analysis
of'the first UAS region (-7962 to =7717) identified functional
GATA and Ets elements capable of regulating Prm1 and the
heterologous SV40 promoter in HEL cells. EMSAs con-
firmed the presence of nuclear factors in HEL cells capable of
binding to the GATA and Ets elements in vitro. Due to the
complex binding patterns of the probe encoding the GATA
and Ets elements, supershift assays failed to provide a clear
interpretation of the identities of specific transcription factors
that bind to these sites in vitro. However, supershift assays
were superseded by in vivo ChIP analysis, which confirmed
binding of endogenous GATA-1 and endogenous Ets-1 to the
Prm1 region of the chromatin in HEL cells. The GATA family
of transcription factors are so-called because they bind to a
consensus A/TGATAA/G DNA sequence. GATA-1 interacts
with the co-activator Friend of GATA (FOG)-1 to regulate
several genes involved in megakaryocyte differentiation.
GATA-1 is expressed in haematopoietic progenitor cells,
erythrocytes, megakaryocytes, eosinophils and mast cells and
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is essential for normal erythropoiesis and megakaryopoiesis.
Loss of megakaryocytic GATA-1 expression in mice resulted
in aberrant proliferation and maturation of megakaryocyte
cells. The Ets family of transcription factors consists of
approximately 30 proteins that play a role in a variety of
cellular processes such as differentiation, apoptosis and
development. Family members Ets-1, Fli-1 and PU-1 play an
important role in megakaryocytic and erythroid differentia-
tion. Whilst Ets-1 is downregulated and exported from the
nucleus during erythroid maturation, it promotes differentia-
tion and maturation of megakaryocytes. ChIP assays have
demonstrated that Ets-1 binds to proximal regions in the
GPIIb, GPIX, and thrombopoietin receptor (MPL) promot-
ers. Moreover, Ets-1 and GATA-1 activate promoters for rat
platelet factor (PF)4 and human thrombopoietin receptor, or
MPL. Itis indeed notable that the promoters of these genes are
characterized by closely spaced GATA-1 and Ets binding
elements, similar to those identified herein in Prm1. Func-
tional cooperativity among GATA-1, FOG-1 and specific Ets
family members is required for efficient expression of the
megakaryocytic-specific allb gene. Herein, we report that
Prm1 of the human TP gene contains an upstream activator
sequence that contains functional elements for GATA and Ets
factors separated by 5 bp and that GATA-1 and Ets-1 func-
tionally cooperate by binding to these elements, thereby
increasing the expression of TPa in HEL cells. In addition,
the ability of a 250 bp subfragment encoding the aforemen-
tioned GATA-1 and Ets-1 sites to act as an independent UAS
in HEL cells was confirmed whereby it resulted in a 4-fold
increase in reporter gene expression directed by the heterolo-
gous SV40 promoter. So, several critical regulatory regions
have been identified within Prm1 of the TP gene, including
two UAS and two URS and a proximal “core” Prm1 region.
Specifically, we have identified four functional overlapping
Spl/Egrl elements and a single NF-E2 element in the proxi-
mal Prm1 region, as well as functional GATA and Ets ele-
ments within the UAS, located between -7962 and -7859,
that regulate basal Prm1 activity. It seems likely that coop-
erative binding of Sp1 to multiple sites in the proximal Prm1
is an important step required for initiation of transcriptional
activity. Herein, it appears that over-expression of Egrl inhib-
its the Sp1-mediated activation of Prm1, suggesting that it is
the relative balance between Sp1 and Egrl binding that deter-
mines its basal transcription. Additionally, the activity of
Prm1 in the HEL megakaryocyte cell line is increased due to
afunctional NF-E2 element in the proximal promoter, as well
as functional GATA and Ets elements in an UAS. It has been
suggested that the haematopoietic-specific factors NF-E2 and
GATA-1 stabilize the open nucleosomal structure of the
[-globin gene following Spl binding. Additionally, interac-
tions between Ets factors and Sp1 stabilize Sp1 binding to the
alpha promoter. The functional characterization of Prml
herein greatly increases knowledge of the factors regulating
expression of the human TP gene. These data not only provide
a molecular and genetic basis for understanding the role of
TXA, and its receptor TP in haemostasis and vascular disease
but also provide a rationale for understanding how altered
numbers of TPs, such as through dysregulation of signaling
by the trans-acting factors involved or indeed through genetic
polymorphisms in Prm1 itself, contribute to such diseases.
Furthermore, these data also provide predictive or prognostic
diagnostic markers, which predict susceptibility to develop-
ment of different diseases including different diseases of the
cardiovascular system. Moreover, these data also signifi-
cantly increase appreciation that expression of the individual
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TPo and TP isoforms, as products of Prml and Prm3,
respectively, are subject to entirely distinct regulatory mecha-
nisms. Amongst the transcription factor elements identified
by bioinformatic analysis of URR1 were multiple GC-rich
elements containing putative WT1 binding sites. WT1 has
been reported to mediate repression of several gene promot-
ers, including the Egrl promoter, IGFI receptor, IGFII and
PDGF-A, as well as mediating auto-repression of its own
gene. Additionally, WT1 is thought to be an important factor
in the regulation of haematopoiesis. Whilst it is highly
expressed in a subset of CD34+ progenitors, it is down-
regulated early in the course of differentiation of these cells.
Additionally, WT1 mRNA is down-regulated during induc-
tion of erythroid and megakaryocytic differentiation of the
K562 cell line. Recently, —-KTS isoforms of WT1 have been
confirmed to act as transcriptional regulators during haemato-
poiesis, where they activate transcription of the erythropoi-
etin receptor. Moreover, increased expression of WT1 has
been reported to occur in acute human leukemias, with evi-
dence that WT1 expression is associated with prognosis.
Considering the function of WT1 as a transcriptional repres-
sor in many cases, as well as its role in haematopoietic dif-
ferentiation, it was sought to determine whether WT1 can act
as a repressor of Prm1 in HEL cells. Mutation of GC-rich
elements containing putative overlapping WT1/Egrl/Spl
binding sites, specifically at -8345, -8281, -8146 and -7831,
alleviated repression of Prm1. Despite the indication that
these GC elements mediate repression of Prml, collective
mutation of the sites resulted in de-activation of the promoter.
As outlined in the model presented in FIG. 15, these muta-
tional analyses suggest that repressor factor(s) normally bind
to neighbouring GC elements at —8345, —8281, -8146 and
-7831 in a cooperative manner, and it is suggested that muta-
tion of any of these GC elements by SDM disrupts coopera-
tive binding, thereby alleviating repression of Prm1. In the
absence of repressor binding to the remaining intact sites, it is
proposed that these elements may now have an increased
affinity for factors, such as Egrl or Sp1, that mediate activa-
tion, as opposed to WT1-mediated repression of Prm1. There-
fore, it is suggested that disruption of remaining elements
results in de-activation of the promoter, leading to the overall
decrease in luciferase expression upon generation of
PnnlGC*(—7831,—8281,—8146,—7831) from PrmlGC*(_8345). EVi-
dence for this proposed model of cooperative binding comes
from further studies whereby disruption of GC~7®*! in the
Prm1B (-7962) sub-fragment, which does not contain any of
the other four GC elements, actually decreased the luciferase
activity directed by Prm1B. This effect is in contrast to the
substantial increase in luciferase expression that occurred
upon disruption of the same GC element within Prm1, where
the other three GC elements at -8345, -8281 and —-8146 were
intact. The contrasting outcomes of disrupting the same ele-
ment in two distinct Prm1 fragments with different 5'
sequences highlights the influence of cooperation among spe-
cific factors on binding to local promoter elements within
Prm1. EMSAs using the Egrl consensus sequence as a non-
labelled competitor suggested that each of the four aforemen-
tioned GC elements has a sequence capacity to bind Egrl
and/or WT1, since both Egrl and WT1 proteins have been
widely reported to bind to the Egrl consensus sequence.
However, none of the complexes that bind to the four GC
elements at -8345, -8281, -8146 and -7831 were competed
by the WTE sequence, an element thought to be selectively
bound by WTI. Collectively, these data suggested that in
isolation from their surrounding sequences, the GC elements
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have a high binding affinity for Egrl but not for WT1, or
alternatively that the five GC elements have a binding affinity
for WT1 isoforms that bind to Egrl consensus elements but
not to WTE sequences. Not surprisingly, GC™***%, GC82%!
and GC~"#*! also have a sequence capacity to bind Sp1, since
overlapping sites for Sp1 and Egrl/WT1 are frequently found
in promoter sequences due to the similarity in their consensus
elements. Interestingly, it has previously been reported that
Spl binding to the GC element at -8345 mediates increased
Prm1 activity in response to phorbol 12-myristate 13-acetate
(PMA) in K562 cells. Therefore, it is suggested that this
element may play a diverse role in Prm1 regulation. Due to
the complex binding patterns of the Prm1-based probes and
the GC elements in question, EMSA or supershift assays
using Egrl, WT1 or Spl antibodies failed to provide a clear
interpretation of the identities of specific transcription factors
that bind to these sites in vitro. However, herein, those super-
shift assays were superseded by ChIP analysis, which
revealed that endogenous WT1, but not Egrl nor Spl, are
bound in vivo to the Prm1 region (from -8460 to —=7607) of
chromatin extracted from HEL cells. Moreover, ectopic over-
expression of —KTS isoforms of WT1 led to modest, but
significant, decreases in Prm1-directed luciferase expression
and in TPa mRNA expression. It is suggested that only mod-
est reductions in Prm1-directed luciferase expression were
seen due to the already abundant endogenous expression of
WT1 in HEL cells, and it is likely that over-expression of
-KTS isoforms may have led to greater reductions in Prm1-
directed gene expression if the total amount of transfected
DNA herein was not limited by the luciferase-based reporter
assay itself. Moreover, since the transcriptional effects of
WT1 may be dependent on synergistic activity of more than
one isoform of the protein, data from over-expression studies
may not reflect the true extent of repression of Prm1 activity
by WT1. Collectively, these data indicate that WT1 is the
repressor factor that binds to the GC elements at —8345,
-8281, -8146 and -7831. Itis proposed that WT1 overcomes
competition from other factors, such as Egrl and/or Sp1, by a
cooperative method of binding that relies on multiple neigh-
bouring GC elements within Prm1 to exert its repression.
Bioinformatic analysis of the two remaining URS regions
within Prm1, from -6848 to —6648 and from —6258 to -6123,
also revealed putative GC elements in each case. Mutational
analysis of the GC elements in both regions, specifically at
-6717 and -6206, indicated that they both mediate repression
of Prm1. EMSAs to analyse WT1/Egrl/Spl binding to the
—-6717 and -6206 elements in vitro revealed that these ele-
ments had a sequence capacity to be bound by Spl, Egrl
and/or WT1. More specifically, ChIP analysis revealed WT1
as the predominant protein bound to the —6848 to -6648
region in vivo, as well as indicating a major role for WT1
binding to RR3 (from -6258 to -6123) within the “core”
Prm1. Data herein suggest that WT1 binds to the GC=52°¢
element within the proximal Prm1. Moreover, over-expres-
sion of the -K TS isoforms, specifically (+exon 5/-KTS) and
(—exon 5/-KTS), repressed luciferase activity directed by
Prm1D (-6848). In contrast to the cooperative and co-depen-
dent manner in which WT1 binds to GC™33*5,GC~%28!
GC3*% and GC™7®! | it seems that it binds to the -6717 and
-6206 elements independently to mediate repression of
Prm1. In this study, it was sought to identify the key cis-acting
elements and trans-acting factors of the three distinct repres-
sor regions (URRI1, from -8500 to -7962; URR2, from
-6848 to —6648; RR3, from -6258 to -6123). Herein, it is
reported that the repression exerted within each of the three
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regions is largely attributable to the zinc finger transcription
factor WT1. Considering the importance of TXA, and TP
within the kidney, together with this novel role for WT1 as a
repressor of Prm1, it is suggested that WT'1 may play arole in
regulation of Prm1 and TPa expression in the renal system
and thus affords a predictive diagnostic marker for kidney
disease where mutations in Prm1 WT1 binding site occurs.
Moreover, WT1 triggers lineage-specific differentiation of
human primary haematopoietic progenitor cells and WT1
mRNA is down-regulated during induction of erythroid and
megakaryocytic differentiation of the K562 cell line. There-
fore, it is suggested that down-regulation of WT1 may act to
increase Prm1 activity, thereby increasing TPa expression,
during megakaryocytic differentiation of HEL cells. NF-E2,
GATA-1 and Ets-1 were previously identified as key regula-
tors of Prm1 during megakaryocytic differentiation. Collec-
tively, the data from these studies suggest that combinatorial
gene regulation by WT1, GATA-1, Ets-1 and NF-E2 may be
critical for regulation of TPa expression during different
stages of megakaryocytic differentiation. A further aim of the
current study was to investigate whether PMA-induced dif-
ferentiation of the megakaryoblastic HEL 92.1.7 cell line is
associated with increased Prm1 activity and TPa expression.
Thereafter, it was sought to identify the specific factors that
regulate Prm1-directed transcription and TPa expression
during differentiation of HEL cells toward the megakaryo-
cytic phenotype. Herein, PMA-induced differentiation of
HEL cells led to substantial increases in TPa. mRNA expres-
sion in atime-dependent manner, as well as leading to a 4-fold
induction of Prm1-directed reporter gene expression. More-
over, reporter gene assays indicated that the increase in Prm1-
directed luciferase expression in response to PMA is medi-
ated mainly by cis-acting elements located between -8500
and -7504, whilst element(s) in the region from -7504 to
-6848 play a more minor role. These elements consist of
overlapping binding sites for WT'1/Egrl/Sp1, and it has been
confirmed that each has a sequence capacity to bind Egrl
and/or WT1 isoform(s), while GC=**°, GC=**%! and
GC~7®3! also have a sequence capacity to bind Sp1. Herein, it
was sought to determine if one or more of these GC elements
may be responsible for the PMA-mediated induction of Prm1
in HEL cells. Mutation of the individual elements each
resulted in a marginal reduction of PMA-mediated induction
of Prm1, while a substantial reduction was observed upon
combined mutation of all four elements together to generate
Prm] ©€#(-8345,-8281,-8146-7831) Thege data indicate that GC
elements at —-8345, -8281, -8146 and -7831 act in an inde-
pendent manner to mediate the PMA-induction of Prm1 tran-
scriptional activity. Thereafter, it was sought to determine if
the levels of expression of WT1, Egrl or Spl changed upon
PMA-induced differentiation of HEL cells. Western blot
analysis indicated that the levels of expression of Sp1 or of the
52 kDa/54 kDa forms of WT1 were not substantially altered
over a period of 48 h in response to PMA-mediated HEL cell
differentiation. Conversely, there was a time-dependent, but
transient, increase in Egrl expression. PMA-mediated up-
regulation of Egrl, as well as of other immediate early genes,
is known to occur through activation of the ERK 1/2 signaling
cascades, leading to phosphorylation of a subfamily of Ets-
domain transcription factors known as the ternary complex
factors (TCFs), which include Elk-1, SAP-1 and SAP-2.
Herein, over-expression of the Egrl co-repressor NGFI-A-
binding protein 1 (NAB1) significantly reduced PMA-medi-
ated induction of Prm 1. NAB1 and NAB2 act as co-repressors
of' Egrl activity by binding to an inhibitory domain within the
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Egrl protein, thereby decreasing its transcriptional activity.
Moreover, PD98059, a selective inhibitor of the ERK 1/2
pathway, significantly abrogated the PMA-mediated increase
in Prm1 activity, as well as inhibiting the PMA-mediated
induction of Egrl protein expression in HEL cells. Therefore,
it is indicated that PMA-induced differentiation of HEL cells
is associated with an increase in Egrl expression through
ERK signaling, which in turn leads to increased Prm1-di-
rected gene expression. Thereafter, it was sought to investi-
gate whether the increased Prm1-directed gene expression
could be due to increased binding of Egrl to upstream GC-
enriched elements at —8345, -8281, —-8146 and —7831 within
Prm1. Like Prm1, many gene promoters, including that of the
human copper-zinc superoxide dismutase (SOD1) gene, con-
tain GC elements for which WT1, Egrl and Sp1 can compete
with one another for binding. Recruitment and/or binding of
a specific transcription factor depend mainly on its concen-
tration within the nucleus, as well as its affinity for a specific
cis-acting element. While WT1, Egrl and Spl proteins are
abundantly expressed in HEL cells, it was previously estab-
lished that WT1 binds cooperatively to GC elements at
-8345, 8281, -8146 and -7831 within Prm1 to repress its
activity in quiescent HEL cells. Herein, ChIP analysis con-
firmed that WT1 was bound to the 5' Prm1 region from -8460
to —8006 in non-stimulated HEL cells, with an absence of
Egrl or Spl binding. Following incubation of HEL cells with
PMA for 5 h, there was some evidence of low-level binding of
Egrl to Prm1, while there was no appreciable change in the
level of WT1 binding. However, following a longer incuba-
tion with PMA (8 h), the level of Egrl bound to Prm1 had
substantially increased, while WT1 binding was not detected.
Hence, collectively, this study provided evidence that PMA-
stimulation of HEL cells led to a time-dependent increase in
Egrl expression via the ERK pathway, leading to increased
binding of Egrl to upstream elements within Prm1, thereby
activating the promoter. This increase in Egrl binding to
Prm1 was associated with a decrease in binding of the repres-
sor WT'1. Although it has been established that WT1 mRNA
is down-regulated during induction of erythroid and mega-
karyocytic differentiation of the K562 cell line, no substantial
decreases in WT1 expression were observed herein following
PMA -stimulation of HEL cells. Therefore, it was investigated
whether the intracellular localization of WT1 may be altered
upon PMA-stimulation of HEL cells. It was established that
in non-treated HEL cells and in HEL cells stimulated with
PMA for 1 h, WT1 was almost exclusively localized to the
nucleus while at 5h and 8 h, there was aredistribution of WT1
to the cytosolic fraction. Thereafter, at 16 and 24 h, a higher
proportion of WT1 was found in the cytosol than in the
cytoplasm. Herein, the data indicate that translocation of
WT1 from the nucleus to the cytoplasm, as well as increased
competition from up-regulated Egrl, is responsible for
decreased binding of WT1 to upstream GC elements within
Prm1 in response to PMA-stimulated differentiation of HEL
cells. Thereafter, ChIP analysis of HEL cells that were pre-
incubated with PMA for a longer period (16 or 24 h) revealed
a decrease in Egrl binding to residual levels, whilst WT1
binding was still undetected. Conversely, substantial binding
of Spl was detected. Western blot analysis revealed that,
while the highest level of Egrl expression was observed
following incubation with PMA for 5 h -6 h, Egrl expression
levels decreased thereafter, possibly due to increased protein
turnover, such that the level of expression in HEL cells fol-
lowing incubation with PMA for 24 h was not significantly
different to that observed in vehicle-treated HEL cells. More-
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over, since the transcriptional effects of Egrl are largely
determined by its interaction with specific co-activators,
including CREB-binding protein (CBP) and p300, as well as
co-repressors including NAB1 and NAB2, it is suggested that
sustained PMA-stimulation of HEL cells may eventually
interfere with specific interactions that promote Egrl binding
and activation of Prm1, thereby maintaining a negative feed-
back loop to regulate its activity. Furthermore, it has been
established that PMA increases ERK-mediated phosphoryla-
tion of Sp1, enhancing its DNA-binding affinity. Moreover, it
is thought that Spl may play a structural role in transcrip-
tional activation by binding to multiple sites on promoter
DNA to maintain chromatin in an accessible conformation.
Hence, increased turnover of Egrl protein, combined with
increased competition from phosphorylated Sp1, is suggested
to be responsible for the overall concomitant decrease in Egrl
binding and increase in Spl binding. Collectively, in the
current study, chromatin immunoprecipitation (ChIP) analy-
sis indicated a distinct pattern of binding of WT1, Egrl and
Sp1 proteins to Prm1 in HEL cells in response to PMA stimu-
lation, which is thought to be responsible for the multi-phasic,
sustained increases in Prm1-directed luciferase expression
observed following PMA-stimulation of HEL cells over a 48
h period. Considering the data from mutational, western and
ChIP analyses presented herein, as well as from analysis of
intracellular localization of WT1, a model to explain the
PMA-mediated induction of Prm1 can be proposed, as out-
lined in FIG. 25. It is suggested that following incubation of
HEL cells with PMA for approximately 5 h, ERK-mediated
up-regulation of Egrl expression increases competition
between WT1 and Egrl for binding to 5' GC elements. This
leads to increased Egrl binding and promoter activation.
Subsequently, PMA-stimulation of HEL cells leads to trans-
location of WT1 from the nucleus to the cytoplasm, leading to
promoter de-repression. The decrease in WT1 binding, as
well as the continued increase in Egrl expression, facilitates
a further increase in Egrl binding and a more pronounced
activation of the promoter. Thereafter, it is suggested that
increased turnover of Egrl, in association with increased
competition for binding from phosphorylated Sp1, facilitates
Spl-mediated increases in Prml transcriptional activity in
response to PMA over longer incubations. Moreover, Egrl
mediates increased expression of G, during PMA-induced
megakaryocytic differentiation of HEL cells. G, plays a
central role in platelet signal transduction, and platelets from
G, -deficient mice are unresponsive to a variety of physi-
ological platelet activators. Additionally, due to its induction
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(LDL)-null mice resulted in increased aortic expression of
Egrl. Considering the well-documented role for Egrl in
megakaryocytic differentiation, it is likely that it may be
responsible, at least in part, for the induction of Prm1 activity
and TPa expression in response to PMA-mediated mega-
karyocytic differentiation of HEL cells. Moreover, following
its up-regulation in vascular disease, increased transcriptional
activity of Egr]l may be responsible for increased expression
of TPa in various pathophysiologic conditions, including
atherosclerosis. Phorbol ester stimulation of megakaryocytic
differentiation of HEL cells provides a useful means of study-
ing the molecular changes involved in the differentiation pro-
cess. Herein, upon PMA-induced differentiation of HEL
cells, there was a concomitant induction of Prm1 activity and
a resultant increase in endogenous TPae mRNA expression in
HEL cells. This increased TPa expression appears to be
dependent on changes in the levels of Egrl, WT1 and Spl
binding to Prm1. The finding that PMA-mediated differen-
tiation of HEL cells results in increased Prml-directed
expression of TPa, together with the recognized importance
of TPa in platelets, indicate that increased expression of TPa
is a key step in megakaryocytic differentiation. Additionally,
it is suggested that Vitamin D;-induced differentiation of
HEL cells may increase Prm1-directed TPa expression in a
similar manner to PMA, since pre-incubation of HEL cells
herein led to significant increases in Prm1-directed luciferase
expression, as well as substantial increases in Egrl protein
expression. The current study also indicates an important role
for Egrl and Sp1 in regulating Prm1 activity during the dif-
ferentiation process. Furthermore, it seems that the specific
pattern of WT1, Egrl and Sp1 binding to GC elements within
Prm1 is critical for initial and sustained increases in TPa
expression during the differentiation process. Collectively,
the data provide a molecular basis for understanding the role
of TXA, and TP in haemostasis and megakaryocytic differ-
entiation toward the platelet phenotype, as well as providing
further evidence to indicate that TP is the more important of
the two TP isoforms in haemostasis and platelet biology. In
summary, the present invention describes a gene transcrip-
tion-regulating polynucleotide comprising the nucleic acid
sequence of SEQ ID NO:1 of the nucleic acid sequence of
thromboxane A2 receptor promoter, or a fragment thereof, the
gene transcription-regulating polynucleotide, or the fragment
thereof, further comprising at least one nucleic acid modifi-
cation and/or substitution, selective results of which are
described in Table 6:

TABLE 6
Cell Lines
Mutation HEL EA.hy 926 HEK293 1°hAoSMC WI-38
Prml — Prm]©C8146% ] ookok ns ns 1o ns
Prml — Prm1B Hokok 1ok 1 ns ns
Prm1D — Prm1 D77, (&) [ [ [ p e [

by stimuli such as shear stress, mechanical injury, hypoxia
and reactive oxygen species, Egrl has been associated with
the pathogenesis of several vascular diseases following injury
to the vascular endothelium. Moreover, Egrl and Egrl-in-
duced genes are significantly up-regulated in endothelial and
smooth muscle cells within human atherosclerotic lesions,
while induction of atherosclerosis in low density lipoprotein

[0151] In brief, it can be seen that all three variants
(Prm1°°-#49% PrmIB and Prm1D”7*@-®%) of Prml
yielded si%niﬁcantly stronger promoters in HEL cells.
Prm19<=8"%%* and Prm1B fragments in comparison to Prm1
have variable results in the other cell lines (EA.hy 926, HEK,
1° hAoSMC & WI-382. In all cell lines, the double WT1
mutation (Prm1D”7*(@-®)%) results in a significantly stron-

ger promoter than Prm1, Prm1B or Prm1D. The data is



US 2011/0269825 Al

complemented by the immunoblotting analysis (page 8, of
this document) wherein hTF protein expression driven by
Prm1D"7 @)% g significantly higher than that directed by
CMV promoter. Furthermore, Prm1D”7@#®%% g ap
even stronger promoter for driving luciferase expression rela-
tive to Prm1D”7*@*® in HEL 92.1.7 cells.

[0152] Inconclusion, the present invention describes a pro-
prietary, universally strong promoter, particularly in the case
of Prm1 D" @)% even relative to the widely used SV40
promoter (in pGL3 control plasmid) or CMV promoter (in
pcDNA3.1(-), whereas other Prm1-based fragments show
cell specificity allowing low, medium or high expression
depending on the cell type versus promoter fragment.

[0153] All nucleotide sequence position numbers, with the
exception of the nucleotide sequence position numbers used
in PatentIn (hereunder), are based human Prm1, when com-
pared to the position with respect to ATG start site (A is at
position +1) of the TP gene. The nucleotide sequence position
numbers used in Patentln start at nucleotide 1 instead of
-8500.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 129

<210> SEQ ID NO 1

<211> LENGTH: 2605

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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-continued

<400> SEQUENCE: 1

gagggcgegt gagctgggga gggcctccga getgggtgte gagaccctge aggcagactg 60
gaggtggggg ccaggggtag gctctgcaca ccacccccce atctacccca tgactctceca 120
ccatggcceg aggtccacct ggtgtcctgg aagctgecce cgcccccacce cagcttectg 180
actttggctg tgtccagage taagaataga cgctcectge ccggccccceg ccggaaaccg 240
cagccacggg ggtacatcct gagcctggece tctgttccca ccatctgccce cccagecect 300
cacaactcct cccaccagag cctectgtge tcccattgaa cccgaagtgce tggegggggyg 360

tggggggcegy ggggcegggece aagaccggga gaccagcaac cagecccaga tgacagggaa 420

geccagtget catgttcecaa tcccacacat gggegtggea ttgtteccce tttgtgecte 480
agtttcccca tctctaaaat ttaagagtat ctttacccee tgecttgecag agatgtggtg 540
aggcttaage taaatgcaag tgtecttete tgaactetge ccaggetgtt tcccagaaga 600
gtcattgtce ttgttatcte agggccgagyg acagaggaag tggggacagyg acagecttec 660
tcegtetete actgeccect catctggage cccageccca catectecte ccccaacatce 720
tgccctectt gecagttagtg tagcaaggge ctcatgetet ctettgecte caaagettta 780
tacatgcaat tcctgtcact gecacgtage ccagacctgg ggagctccta ttcatcctac 840
aaaaccccac ttcccatgece ctetectcac aagatgtett cctagetcac ctetgggett 900
ccctaggece tgtcetettee tttggeccag cectgaccee agggggetgg aacagectgt 960

gtccagttceca ttectcecagcee tagggcatcce tgaagggcag gectggtttce aggtctcact 1020
tggagctcat aattgtccca ctgtataagce tgaacacaga gaggggttgg ggagagtaag 1080
acttggagat taggtcggct tcacgggaaa gcagccttgg agccagggtt ttgccacatce 1140
cataggagtt ggatagcctc cttgccagga aagagagaag ttgtgttaaa tggctggtga 1200
cttaatggga tagagctttg ggagggaggt tgggtgtggce cgaaggccag gaggaggaag 1260
gatagtgggc ggggtagccg gggaagggge ttccggactg ggetgacgag agggccgggce 1320
caggctggga atacccctca ctcacagect ggactagecag ccectecceggyg cccaggggac 1380
ggggtggggt gcagtcaggg caaggtcagce ttgtccggte ccactccagg tcectaactce 1440
aaggttcetgt ccggctcecggg tgtacaaaca aggccaagga agcccaaggt cccccectcetg 1500
caaagagacg gtcccagtcecce ctgcgtecgg caccttcetca gecattcecctg ttgggctceca 1560
tcectectte cccageccga getggggggt ggccaggaaa gagtgcccat cccccactge 1620
agccteecgg ctceccagactg ttectectcet ggctccaaag ccacctceccga gectectcaa 1680
gagaccctee catgcgatge catcacccca geccteccgg ctcacctget ctgggaccac 1740
ctttctcagt ctggctgtgt cgtctggtge accccccatce cctcetgtect ceccaccccac 1800
ccetggaagg ggcectcaaat atgtcectgta tgtattaagce agggcatact actactgtgt 1860
geegegttee agegcaccca gtgaatttgg agccctggag tcetgggegac ceccgggage 1920
cgatccgect ggacctgecece cgccccectee aggecttggg tgctgeccag atggtgaata 1980
atgegggect ggceggeggga gcgecgggaa gaggcectgge agggegetgg geggctggag 2040
gggctgagge tcccgaggaa gcegeccectge cacccectacyg cgggcecattg catcectgece 2100
accggtggee tgggggtece aagggegecg cettecccag aaggctgtag ggtgtceccegg 2160

cgtgeggggyg gcacccactg actccaagte agecaggece gggecegagg ggegtggeca 2220
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gegecagggty ggeggggcetyg atgagagaca gcgggagaca gagactggac ggagagageg 2280
agccgeggge tgccagegge ccccaccegt cecagetegyg cttageccee gceggaccect 2340
ccaggccegeg accccagggce gtectgtgcee gccacgecect ccatctgtgt gggtectcetg 2400
ctgggccecge ccectggtcac agccagactg actcagttte cectgggaggt cccgetecgag 2460
ccegtectte ccctecctet geccgeccee agecctegee ccaccctegyg cgcccgcaca 2520
tctgectget cagctcecaga cggcgeccgg acccccggge gegggatceca gecaggtggg 2580
agccccgcag atgaggtcete tgaag 2605
<210> SEQ ID NO 2

<211> LENGTH: 245

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gtgaggctta agctaaatgc aagtgtcctt ctctgaactc tgcccagget gtttcccaga 60
agagtcattg tccttgttat ctcagggccg aggacagagg aagtggggac aggacagcect 120
teccteegtet ctcactgece cctcatctgg agccccagec ccacatcctce ctcccccaac 180
atctgeccecte cttgcagtta gtgtagcaag ggcectcatge tctcectettge ctcocaaaget 240
ttata 245

<210> SEQ ID NO 3

<211> LENGTH: 213

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

catgcaattc ctgtcactgce cacgtagecce agacctgggg agctectatt catcctacaa 60
aaccccactt cccatgecct ctectcacaa gatgtcttece tagcetcacct ctgggettcee 120
ctaggecctg tetettectt tggcccagece ctgacccecag ggggctggaa cagectgtgt 180
ccagttcatt ctccagccta gggcatcctg aag 213

<210> SEQ ID NO 4

<211> LENGTH: 537

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

gagggcegegt gagetgggga gggectccega getgggtgte gagaccctge aggcagactg 60
gaggtggggyg ccaggggtag gctcectgcaca ccacccccee atctacccca tgactcteca 120
ccatggeceg aggtccacct ggtgtectgg aagctgecee cgcccccace cagettectg 180
actttggetyg tgtccagage taagaataga cgetccctge ceggeccecg ccggaaaccg 240
cagccacggg ggtacatcct gagectggece tctgttecca cecatctgece cccageccct 300
cacaactcct cccaccagag cctectgtge tcccattgaa cecgaagtge tggegggggg 360

tggggggcegy ggggcegggece aagaccggga gaccagcaac cagecccaga tgacagggaa 420

geccagtget catgttcecaa tcccacacat gggegtggea ttgtteccce tttgtgecte 480

agtttcccca tctctaaaat ttaagagtat ctttaccecce tgecttgcag agatgtg 537
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<210> SEQ ID NO 5

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

getccaaage cacctcecgag cctectcaag agacccteece atgegatgec atcaccecag
cectecegge tcacctgete tgggaccace tttetcagte tggetgtgte gtetggtgea
ccececcatee ctetgtecte ccacccecace cctggaaggg gectcaaata tgtcectgtat
gtattaagca gggcatacta

<210> SEQ ID NO 6

<211> LENGTH: 136

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

tgagagacag cgggagacag agactggacg gagagagcga gecgeggget gecageggece
cccaccegte ccagetegge ttagecceeg cggaccecte caggeegega ccccagggeg
tcectgtgeeyg ccacge

<210> SEQ ID NO 7

<211> LENGTH: 425

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

actccaagte agccaggece gggeccgagg ggegtggeca gegeagggtyg ggeggggetg
atgagagaca gcgggagaca gagactggac ggagagageg agcegeggge tgccagegge
cceccaccegt cccagetegg cttageccee geggacccect ccaggecgeg accccaggge
gtceetgtgee gecacgecct ccatctgtgt gggtectetyg ctgggecege cectggteac
agccagactyg actcagttte cctgggaggt ccegetegag cecgtectte cectecctet
gecegeceee agecctegee ccaccctegyg cgeccgcaca tetgectget cagetccaga
cggegecagyg acccecggge goegggatceca gecaggtggg agceccegeag atgaggtcete
tgaag

<210> SEQ ID NO 8

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

tgcceceegee cccac

<210> SEQ ID NO 9

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

tgccectgac cccac

<210> SEQ ID NO 10
<211> LENGTH: 17

60

120

180

200

60

120

136

60

120

180

240

300

360

420

425

15

15
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10
geceggecce cgecgga

<210> SEQ ID NO 11

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
geceggttee cgecgga

<210> SEQ ID NO 12

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
€ggggggtgg ggggcggggy gcgggccaa
<210> SEQ ID NO 13

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

cgggggtcgt ggggtggatg gcgggccaa

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14
tcactgccce cteatet

<210> SEQ ID NO 15

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 15
tcactgtect ctcatet

<210> SEQ ID NO 16

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
cttgttatct cag

<210> SEQ ID NO 17

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

cttggtaget cag

17

17

29

29

17

17

13

13
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<210> SEQ ID NO 18

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

gacagaggaa gtgggga

<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

gacaggtgaa gtgggga

<210> SEQ ID NO 20

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20
gecccacate ctectee

<210> SEQ ID NO 21

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 21
gecccacate accctee

<210> SEQ ID NO 22

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 22
tctgtectee cacccca

<210> SEQ ID NO 23

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
tctgtectat cacccca

<210> SEQ ID NO 24

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

cgaggggcgt ggcca

<210> SEQ ID NO 25

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

17

17

17

17

17

17

15
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<400> SEQUENCE: 25
cgaggaacat ggcca
<210> SEQ ID NO 26

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

cgcagggtgg gcggggctg

<210> SEQ ID NO 27
<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

cgcagggtgt atggggctg

<210> SEQ ID NO 28
<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28
cagcggeccee caccegt
<210> SEQ ID NO 29

<211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

cagcggecta caccegt
<210> SEQ ID NO 30

<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

tgggccegee cctygg

<210> SEQ ID NO 31
<211> LENGTH: 15
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

tgggcccaat cctygg
<210> SEQ ID NO 32

<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

ccagactgac tcagtttece t

15

19

19

17

17

15

15

21
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<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33
ccagacacac tcagtttece t
<210> SEQ ID NO 34

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 34
tctgecegee cccagecct

<210> SEQ ID NO 35

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 35
tctgecectaa cccagecct

<210> SEQ ID NO 36

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 36
cectegecce accctegyg

<210> SEQ ID NO 37

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 37
cectegecaat accctegyg

<210> SEQ ID NO 38

<211> LENGTH: 34
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

21

19

19

18

18

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 38

gagaggtacc tgagagacag cgggagacag agac

<210> SEQ ID NO 39
<211> LENGTH: 33
<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

34

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 39

agagacgcgt cttcagagac ctcatctgeg ggg

<210> SEQ ID NO 40
<211> LENGTH: 31

33
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<212>
<213>
<220>
<223>

<400>

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 40

Synthetic Primer Sequence

gagaggtacc cctccatctg tgtgggtect ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41
LENGTH: 28
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 41

Synthetic Primer Sequence

gagaggtacc tccaggectt gggtgetg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42
LENGTH: 32
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 42

Synthetic Primer Sequence

gagaaagctt ttatgaaaca ttcagtgggg ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43
LENGTH: 41
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 43

Synthetic Primer Sequence

gatgttccag attacgctag cctetgggte tgctgectgt g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44
LENGTH: 30
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 44

Synthetic Primer Sequence

tggaagctge ccctgaccee acccagette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45
LENGTH: 27
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

SEQUENCE: 45

Synthetic Primer Sequence

ctcectgece ggttecegee ggaaacc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 46
LENGTH: 30
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

Synthetic Primer Sequence

31

28

32

41

30

27
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<400> SEQUENCE: 46

gtgctggegg gggtcegtggg geggggggcy

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 47

ggggtcgtgg ggtggatgge gggccaagac

<210> SEQ ID NO 48

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 48

tcegtetete actgtectet catctggage cc

<210> SEQ ID NO 49

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 49

catccetetyg tectatcace ccaccectgg

<210> SEQ ID NO 50

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 50

getgecageg gectacacce gtcccage

<210> SEQ ID NO 51

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 51

ccatgegatyg ccaccacccee ageccte

<210> SEQ ID NO 52

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 52

gaagctgece ccgeccecac ccagettect gactttgget gtgtccagag ctaagaatag

30

30

32

30

28

27

60
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acgcteectyg ccoggeccoe gocggaaace g

<210> SEQ ID NO 53

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 53

gtgctggegg ggggtggggyg geggggggcy ggccaagace gg

<210> SEQ ID NO 54

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 54

tccteegtet cteactgece cctceatetgg agecccag

<210> SEQ ID NO 55

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 55

caccccccat cectetgtee teccacceca ccectggaag

<210> SEQ ID NO 56

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 56

geegeggget gecageggee cecaccegte ccagcetegge

<210> SEQ ID NO 57

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 57

ctggaagetyg ccccegeccee cacccag

<210> SEQ ID NO 58

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 58

ctcectgece ggecccegee ggaaaccga

91

42

38

40

40

27

29
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<210> SEQ ID NO 59

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 59

gtgctggegg ggggtggggyg geggggggcy ggccaagace gg 42

<210> SEQ ID NO 60

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 60

tccteegtet cteactgece cctceatetgg agecccag 38

<210> SEQ ID NO 61

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 61

caccccccat cectetgtee teccacceca ccectggaag 40

<210> SEQ ID NO 62

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 62

geegeggget gecageggee cecaccegte ccagcetegge 40

<210> SEQ ID NO 63

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 63

cgagtgcgtg ggagtagaat t 21

<210> SEQ ID NO 64

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 64

attcgatcgg ggcggggcga gc 22

<210> SEQ ID NO 65

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 65

ggatccageg ggggcgageg ggggcga 27

<210> SEQ ID NO 66

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 66

gggccgagga caggtgaagt ggggacag 28

<210> SEQ ID NO 67

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 67

gccagactga ctcagtttcee ¢ 21

<210> SEQ ID NO 68

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 68

cgagaccctg caggcagact ggag 24

<210> SEQ ID NO 69

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 69

gagatgggga aactgaggca caaag 25

<210> SEQ ID NO 70

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 70

gccttgcaga gatgtggtga ggce 23

<210> SEQ ID NO 71

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence



US 2011/0269825 Al

45

-continued

Nov. 3, 2011

<400> SEQUENCE: 71

gaggtgagct aggaagacat cttg

<210> SEQ ID NO 72
<211> LENGTH: 28
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 72

Synthetic Primer Sequence

gagaggtacc gctccaaage caccteeg

<210> SEQ ID NO 73
<211> LENGTH: 29
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 73

Synthetic Primer Sequence

agagacgcgt cgcttecteg ggagectca

<210> SEQ ID NO 74
<211> LENGTH: 25
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 74

Synthetic Primer Sequence

ctteccccaga aggctgtagg gtgte

<210> SEQ ID NO 75
<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 75

gagatgatgg ctcagctect

<210> SEQ ID NO 76

<211> LENGTH: 18
<212> TYPE: DNA

Synthetic Primer Sequence

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 76

ccagccectyg aatcctca

<210> SEQ ID NO 77

<211> LENGTH: 19
<212> TYPE: DNA

Synthetic Primer Sequence

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 77

ccacagtcca tgccatcac

Synthetic Primer Sequence

24

28

29

25

20

18

19
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<210> SEQ ID NO 78

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 78

tgaaggtcgg agtcaacg 18

<210> SEQ ID NO 79

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 79

catgtgggcce atgaggtce 18

<210> SEQ ID NO 80

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 80

ctgtcecegeca ccacggagaa g 21

<210> SEQ ID NO 81

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 81

cacccagaag actgtggatg gc 22

<210> SEQ ID NO 82

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 82

gagaggtacc gtgaggctta agctaaatgce 30
<210> SEQ ID NO 83

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 83

gagaggtacce tggggacagg acagccttcce teceg 34

<210> SEQ ID NO 84
<211> LENGTH: 31
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 84

gagaggtacc catgcaattc ctgtcactge ¢ 31

<210> SEQ ID NO 85

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 85

gagaggtacc ggcaggcctg gtttcaggte tce 32

<210> SEQ ID NO 86

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 86

gagaggtacc ctactgtgtg ccgecgtte 28

<210> SEQ ID NO 87

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 87

gagaggtacc gactccaagt cagccaggece ¢ 31

<210> SEQ ID NO 88

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 88

gagaggtacc tcagtttcce tgggaggtce ¢ 31

<210> SEQ ID NO 89

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 89

gagaggtacc cagccctege cccacccte 29

<210> SEQ ID NO 90

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence
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<400> SEQUENCE: 90

agagacgcgt tataaagett tggaggcaag agag

<210> SEQ ID NO 91

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 91

gtcattgtce ttggtagete agggccgagyg ac

<210> SEQ ID NO 92

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 92

cccagceccca catcacccte ccccaac

<210> SEQ ID NO 93

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 93

ctggtcacag ccagacacac tcagtttceee tgg

<210> SEQ ID NO 94

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 94

ccegggeceg aggaacatgg ccagegeagg

<210> SEQ ID NO 95

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 95

gecagegeag ggtgtatggg getgatgaga gac

<210> SEQ ID NO 96

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 96

cctetgetgyg geccaatect ggtcacagee ag

34

32

27

33

30

33

32
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<210> SEQ ID NO 97

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 97

cctecectetg cectaaccca gecctegece 30

<210> SEQ ID NO 98

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 98

cccageccte gcaatacect cggegeccge 30

<210> SEQ ID NO 99

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 99

ctggtcacag ccagactgac tcagttteee tgggaggte 39

<210> SEQ ID NO 100

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 100

gggceccgagyg ggcgtggceca gcgce 24

<210> SEQ ID NO 101

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 101

gccagegeag ggtgggeggg gctgatgag 29
<210> SEQ ID NO 102

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 102

ctcectetge cegeccccag cectegecee acecteggeg cec 43

<210> SEQ ID NO 103
<211> LENGTH: 50
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 103

cattgtcctt gttatctecag ggccgaggac agaggaagtg gggacaggac

<210> SEQ ID NO 104

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 104

ctggtcacag ccagactgac tcagttteee tgggaggte

<210> SEQ ID NO 105

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 105

tggggaacct gtgctgagte actggag

<210> SEQ ID NO 106

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 106

cgcttgatga ctcagecgga a

<210> SEQ ID NO 107

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 107

gggcccgagg ggcgtggeca gege

<210> SEQ ID NO 108

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 108

gccagegeag ggtgggeggg gctgatgag

<210> SEQ ID NO 109

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

50

39

27

21

24

29
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<400> SEQUENCE: 109

ctcectetge cegeccccag cecteg

<210> SEQ ID NO 110

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 110

cceccageact cgecccaccee teggegeceg

<210> SEQ ID NO 111

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 111

cattgtcctt gttatctcag ggccgag

<210> SEQ ID NO 112

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 112

ggccgaggac agaggaagtg gggacaggac

<210> SEQ ID NO 113

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 113

tcecctgataa gacccagg

<210> SEQ ID NO 114

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 114

gatctcgage aggaagtteg a

<210> SEQ ID NO 115

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer Sequence

<400> SEQUENCE: 115

tgcgeccegge cttecatget ctttgac

26

30

27

30

18

21

27
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<210> SEQ ID NO 116

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 116

gtgcgtggga gtagaat

<210> SEQ ID NO 117

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 117

dgggceggggc

<210> SEQ ID NO 118

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 118
ctgggtgggyg gcgggggcag ctt
<210> SEQ ID NO 119

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 119

tecggegggg gecgggcag

<210> SEQ ID NO 120

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 120

ggcggggggt ggggggcggg gggcgggceca a
<210> SEQ ID NO 121

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 121

agatgagggg gcagtga

<210> SEQ ID NO 122

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 122

ccaggggtgg ggtgggagga caga

<210> SEQ ID NO 123

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

17

10

23

19

31

17

24
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<400> SEQUENCE: 123
acgggtgggg gccgetg 17
<210> SEQ ID NO 124
<211> LENGTH: 954
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 124
gctecaaage cacctccgag cctectcaag agaccctcece atgcegatgec accaccccag 60
cecteccgge tcacctgete tgggaccace tttetcagte tggetgtgte gtcetggtgea 120
ccececatee ctetgtecta tcaccccace cectggaaggg gectcaaata tgtcectgtat 180
gtattaagca gggcatacta ctactgtgtg ccgcegttcca gegcacccag tgaatttgga 240
geectggagt ctgggcgace cccgggagcece gatccgectg gacctgecce geccecteca 300
ggecttgggt getgeccaga tggtgaataa tgcgggectyg geggcegggag cgecgggaag 360
aggcctggea gggegetggg cggctggagg ggctgagget cecgaggaag cgceccectgece 420
acccctacge gggecattge atccctgeca ceggtggect gggggtcecca agggegecge 480
cttececcaga aggctgtagg gtgtccegge gtgegggggyg cacccactga ctccaagtca 540
gecaggeceyg ggeccgaggg gcegtggecag cgcagggtgg geggggetga tgagagacag 600
cgggagacag agactggacg gagagagcga gecgeggget gecageggece tacacccegte 660
ccagetegge ttageccccg cggaccecte caggecgega cceccagggeyg tectgtgecyg 720
ccacgeccte catctgtgtyg ggtcectetge tgggeccgee cctggtcaca gccagactga 780
ctcagtttee ctgggaggtce ccgctcegage cegtecttece ccetecctetyg cccegecccca 840
geectegeee caccctegge gcoccgeacat ctgectgete agetccagac ggegeccgga 900
ceceeegggeyg cgggatccag ccaggtggga gecccgcaga tgaggtctet gaag 954
<210> SEQ ID NO 125
<211> LENGTH: 954
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (123)..(953)
<400> SEQUENCE: 125
attaatacga ctcactatag ggagacccaa gctggctage gtttaaacgg gccctctaga 60
ctegagegge cgccactgtg ctggatatcet gecagaattee accacactgg actagtggat 120
cc atg gag acc cct gee tgg cee cgg gte ceg cge ccc gag acc gec 167
Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala
5 10 15
gte get cgg acg ctc ctg cte gge tgg gte tte gee cag gtg gec gge 215
Val Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly
20 25 30
gct tca ggc act aca aat act gtg gca gca tat aat tta act tgg aaa 263
Ala Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys
35 40 45
tca act aat ttc aag aca att ttg gag tgg gaa ccc aaa ccc gtc aat 311
Ser Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn
50 55 60
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caa gtc tac act gtt caa ata agc act aag tca gga gat tgg aaa agc 359
Gln Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser
65 70 75
aaa tgc ttt tac aca aca gac aca gag tgt gac ctc acc gac gag att 407
Lys Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile
80 85 90 95
gtg aag gat gtg aag cag acg tac ttg gca cgg gtc tte tce tac ccg 455
Val Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro
100 105 110
gca ggg aat gtg gag agc acc ggt tet get ggg gag cct ctg tat gag 503
Ala Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu
115 120 125
aac tcc cca gag ttc aca cct tac ctg gag aca aac ctc gga cag cca 551
Asn Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gln Pro
130 135 140
aca att cag agt ttt gaa cag gtg gga aca aaa gtg aat gtg acc gta 599
Thr Ile Gln Ser Phe Glu Gln Val Gly Thr Lys Val Asn Val Thr Val
145 150 155
gaa gat gaa cgg act tta gtc aga agg aac aac act ttc cta age cte 647
Glu Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu
160 165 170 175
cgg gat gtt ttt ggc aag gac tta att tat aca ctt tat tat tgg aaa 695
Arg Asp Val Phe Gly Lys Asp Leu Ile Tyr Thr Leu Tyr Tyr Trp Lys
180 185 190
tct teca agt tca gga aag aaa aca gcoc aaa aca aac act aat gag ttt 743
Ser Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe
195 200 205
ttg att gat gtg gat aaa gga gaa aac tac tgt ttc agt gtt caa gca 791
Leu Ile Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gln Ala
210 215 220
gtg att ccc tec cga aca gtt aac cgg aag agt aca gac agc ccg gta 839
Val Ile Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val
225 230 235
gag tgt atg ggc cag gag aaa ggg gaa ttc aga gaa ata ttc tac atce 887
Glu Cys Met Gly Gln Glu Lys Gly Glu Phe Arg Glu Ile Phe Tyr Ile
240 245 250 255
att gga gct gtg gta ttt gtg gtc atc atc ctt gtc atc atc ctg gect 935
Ile Gly Ala Val Val Phe Val Val Ile Ile Leu Val Ile Ile Leu Ala
260 265 270
ata tct cta cac aag tgt a 954
Ile Ser Leu His Lys Cys
275

<210> SEQ ID NO 126

<211> LENGTH: 277

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 126

Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala Val
1 5 10 15

Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly Ala
20 25 30

Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser
35 40 45

Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn Gln
50 55 60
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Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys
65 70 75 80

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile Val
85 90 95

Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala
100 105 110

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn
115 120 125

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gln Pro Thr
130 135 140

Ile Gln Ser Phe Glu Gln Val Gly Thr Lys Val Asn Val Thr Val Glu
145 150 155 160

Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg
165 170 175

Asp Val Phe Gly Lys Asp Leu Ile Tyr Thr Leu Tyr Tyr Trp Lys Ser
180 185 190

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu
195 200 205

Ile Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gln Ala Val
210 215 220

Ile Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu
225 230 235 240

Cys Met Gly Gln Glu Lys Gly Glu Phe Arg Glu Ile Phe Tyr Ile Ile
245 250 255

Gly Ala Val Val Phe Val Val Ile Ile Leu Val Ile Ile Leu Ala Ile
260 265 270

Ser Leu His Lys Cys
275

<210> SEQ ID NO 127

<211> LENGTH: 896

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 127

cttttatgaa acattcagtg gggagttcte cttccagete tgccccacte ctgectttet 60
acacttgtgt agagatatag ccaggatgat gacaaggatg atgaccacaa ataccacagc 120
tccaatgatg tagaatattt ctctgaatte cectttcetee tggeccatac actctaccgg 180
getgtetgta ctetteeggt taactgtteg ggagggaatce actgcttgaa cactgaaaca 240
gtagttttct cctttatcca catcaatcaa aaactcatta gtgtttgttt tggcectgtttt 300
ctttectgaa cttgaagatt tccaataata aagtgtataa attaagtcct tgccaaaaac 360
atcceggagg cttaggaaag tgttgttect tetgactaaa gtecgttcat cttctacggt 420
cacattcact tttgttccca cctgttcaaa actctgaatt gttggctgte cgaggtttgt 480
ctccaggtaa ggtgtgaact ctggggagtt ctcatacaga ggctccccag cagaaccggt 540
getetccaca tteectgeeg ggtaggagaa gacccegtgece aagtacgtet gettcacatce 600
cttcacaatc tcgtcggtga ggtcacactce tgtgtctgtt gtgtaaaage atttgctttt 660
ccaatctect gacttagtge ttatttgaac agtgtagact tgattgacgg gtttgggtte 720

ccactccaaa attgtcttga aattagttga tttccaagtt aaattatatg ctgccacagt 780
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atttgtagtg cctgaagege cggecacctyg ggcgaagace cagecgagcea ggagegteceg 840

agcgacggeg gtetegggge gegggacceeg gggecaggea ggggtceteca tggate 896

<210> SEQ ID NO 128

<211> LENGTH: 896

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (6)..(896)

<400> SEQUENCE: 128

gatcc atg gag acc cct gece tgg cce cgg gte ceg cge cecec gag acc gec 50
Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala
1 5 10 15

gte get cgg acg ctc ctg cte gge tgg gte tte gee cag gtg gec gge 98
Val Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly
20 25 30

gct tca ggc act aca aat act gtg gca gca tat aat tta act tgg aaa 146
Ala Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys
35 40 45

tca act aat ttc aag aca att ttg gag tgg gaa ccc aaa ccc gtc aat 194
Ser Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn
50 55 60

caa gtc tac act gtt caa ata agc act aag tca gga gat tgg aaa agc 242
Gln Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser
65 70 75

aaa tgc ttt tac aca aca gac aca gag tgt gac ctc acc gac gag att 290
Lys Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile
80 85 90 95

gtg aag gat gtg aag cag acg tac ttg gca cgg gtc tte tce tac ccg 338
Val Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro
100 105 110

gca ggg aat gtg gag agc acc ggt tet get ggg gag cct ctg tat gag 386
Ala Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu
115 120 125

aac tcc cca gag ttc aca cct tac ctg gag aca aac ctc gga cag cca 434
Asn Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gln Pro
130 135 140

aca att cag agt ttt gaa cag gtg gga aca aaa gtg aat gtg acc gta 482
Thr Ile Gln Ser Phe Glu Gln Val Gly Thr Lys Val Asn Val Thr Val
145 150 155

gaa gat gaa cgg act tta gtc aga agg aac aac act ttc cta age cte 530
Glu Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu
160 165 170 175

cgg gat gtt ttt ggc aag gac tta att tat aca ctt tat tat tgg aaa 578
Arg Asp Val Phe Gly Lys Asp Leu Ile Tyr Thr Leu Tyr Tyr Trp Lys
180 185 190

tct teca agt tca gga aag aaa aca gcoc aaa aca aac act aat gag ttt 626
Ser Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe
195 200 205

ttg att gat gtg gat aaa gga gaa aac tac tgt ttc agt gtt caa gca 674
Leu Ile Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gln Ala
210 215 220

gtg att ccc tec cga aca gtt aac cgg aag agt aca gac agc ccg gta 722
Val Ile Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val
225 230 235
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gag tgt atg ggc cag gag aaa ggg gaa ttc aga gaa ata ttc tac atce 770
Glu Cys Met Gly Gln Glu Lys Gly Glu Phe Arg Glu Ile Phe Tyr Ile
240 245 250 255

att gga gct gtg gta ttt gtg gtc atc atc ctt gtc atc atc ctg gect 818
Ile Gly Ala Val Val Phe Val Val Ile Ile Leu Val Ile Ile Leu Ala
260 265 270

ata tct cta cac aag tgt aga aag gca gga gtg ggg cag agc tgg aag 866
Ile Ser Leu His Lys Cys Arg Lys Ala Gly Val Gly Gln Ser Trp Lys
275 280 285

gag aac tcc cca ctg aat gtt tca taa aag 896
Glu Asn Ser Pro Leu Asn Val Ser Lys
290 295

<210> SEQ ID NO 129

<211> LENGTH: 295

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 129

Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala Val
1 5 10 15

Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly Ala
20 25 30

Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Ser
35 40 45

Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn Gln
50 55 60

Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys
65 70 75 80

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile Val
85 90 95

Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala
100 105 110

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn
115 120 125

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gln Pro Thr
130 135 140

Ile Gln Ser Phe Glu Gln Val Gly Thr Lys Val Asn Val Thr Val Glu
145 150 155 160

Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg
165 170 175

Asp Val Phe Gly Lys Asp Leu Ile Tyr Thr Leu Tyr Tyr Trp Lys Ser
180 185 190

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu
195 200 205

Ile Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gln Ala Val
210 215 220

Ile Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu
225 230 235 240

Cys Met Gly Gln Glu Lys Gly Glu Phe Arg Glu Ile Phe Tyr Ile Ile
245 250 255

Gly Ala Val Val Phe Val Val Ile Ile Leu Val Ile Ile Leu Ala Ile
260 265 270
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Ser Leu His Lys Cys Arg Lys Ala Gly Val Gly Gln Ser Trp Lys Glu

275 280 285

Asn Ser Pro Leu Asn Val Ser
290 295

1-55. (canceled)

56. A gene transcription-regulating polynucleotide com-
prising

(a) the nucleic acid sequence of SEQ ID NOs:2-6, option-
ally comprising at least one nucleic acid modification or
substitution;

(b) the nucleic acid sequence of a fragment of SEQ ID
NO:1 of the nucleic acid sequence of thromboxane A2
receptor promoter, optionally comprising at least one
nucleic acid modification or substitution; or

(c) the nucleic acid sequence of SEQ ID NO:1 of the
nucleic acid sequence of thromboxane A2 receptor pro-
moter comprising at least one nucleic acid modification
or substitution.

57. The gene transcription-regulating polynucleotide of
claim 56, wherein the at least one nucleic acid modification or
substitution is present, and is located within:

(a) SEQ ID NOs:2-6;

(b) SEQ ID NO:1 or the fragment thereof, but not located

within SEQ ID NOs:2-6; or

(c) SEQ ID NO:1 or the fragment thereof, and at least one
of SEQ ID NOs:2-6.

58. The gene transcription-regulating polynucleotide of
claim 56, wherein at least one nucleic acid modification or
substitution is present, and is introduced at least one location
within SEQ ID NO:1 of the nucleic acid sequence of throm-
boxane A2 receptor promoter, wherein the location of the 5'
most nucleotides of the modification or substitution are at or
adjacent to nucleic acid positions selected from the group of:
-6007, -6022, —6080, -6098, —6206, -6278, 6294, -6717,
-7805, -7870,-7890,-7831, -8146, -8281 and -8345 of the
promoter.

59. The gene transcription-regulating polynucleotide of
claim 56, wherein the at least one nucleic acid modification or
substitution is present and is introduced at least one location
within SEQ ID NO:1 of the nucleic acid sequence of throm-
boxane A2 receptor promoter, wherein the location of the 5'
most nucleotides of the modification or substitution are at or
adjacent to nucleic acid positions selected from the group of:
-8500, =7962, -7717, -6848, and —6320 of the promoter.

60. The gene transcription-regulating polynucleotide of
claim 56, wherein at least one nucleic acid modification or
substitution is present, and is introduced into at least one
element, wherein the element is selected from the group of
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
and SEQ ID NO:6.

61. The gene transcription-regulating polynucleotide of
claim 60, wherein the nucleic acid modification is selected
from the group of:

(a) a multiplication of at least one nucleic acid or element,

(b) an insertion of at least one nucleic acid or element,

(c) a deletion of at least one nucleic acid or element,

(d) an inversion of the element, and

(e) a nucleic acid substitution or modification within the
element.

62. The gene transcription-regulating polynucleotide of
claim 60, wherein the element is:

(a) selected from the group of elements listed in Table 2;

(b) abinding site for a transcription factor selected from the
group consisting of GC, GATA, Ets, Sp1, Egrl, NF-E2,
WT-1, and AP1;

(c) anucleic acid sequence selected from the group of SEQ
IDNOs: 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, and 36, as indicated under the Wild-type Sequence
(5" to 3") column in the Table 1; or

(d) a nucleic acid sequence selected from the group of SEQ
IDNOs: 9,11, 13, 15,17, 19, 21, 23, 25,27, 29,31, 33,
35, and 37, as indicated under the Mutated Sequence
column in the Table 1.

63. The gene transcription-regulating polynucleotide of
claim 56, wherein the gene transcription-regulating poly-
nucleotide further comprises at least one element comprising
a nucleic acid sequence, which facilitates initiation of tran-
scription; and optionally wherein the element comprises a
nucleic acid sequence selected from the nucleic acid
sequence defined in SEQ ID NO 7 or a fragment thereof; and
the nucleic acid sequence of the human cytomegalovirus
(CMV) immediate-early enhancer and promoter.

64. The gene transcription-regulating polynucleotide of
claim 63 comprising:

(a) the nucleic acid sequence of SEQ IDNO 7 or a fragment

thereof, and

(b) at least one nucleic acid sequence selected from the
group consisting of SEQ ID NOs 2-6.

65. The gene transcription-regulating polynucleotide of
claim 63 comprising:
(a) the nucleic acid sequence of SEQ IDNO 7 or a fragment
thereof, and

(b) at least one nucleic acid modification or substitution, or
at least one further nucleic acid introduced at least one
location within SEQ ID NO 1 of the nucleic acid
sequence of thromboxane A2 receptor promoter, the at
least one location comprising locations whose 5' most
nucleotides are at or adjacent to nucleic acid positions
-6007, -6022, -6080, -6098, -6206, -6278, -6294,
-6717, -7805, =7870, —7890, -7831, -8146, —-8281 or
-8345 of the promoter.

66. The gene transcription-regulating polynucleotide of
claim 56, comprising at least one of SEQ ID NO:2 or SEQ ID
NO 3.

67. The gene transcription-regulating polynucleotide of
claim 56, comprising at least one of SEQ ID NO 4, SEQ ID
NO 5, or SEQ ID NO 6.

68. The gene transcription-regulating polynucleotide of
claim 66, further comprising at least one further nucleic acid
modification or substitution at one or more locations whose 5'

most nucleotides are at or adjacent to positions: —7805,
-7870, 7890, or -7831 of the promoter.
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69. The gene transcription-regulating polynucleotide of
claim 67, further comprising at least one further nucleic acid
modification or substitution at one or more locations whose 5'
most nucleotides are at or adjacent to positions: —8345,
-8281, -8146, or -6717 of the promoterjm.

70. The gene transcription-regulating polynucleotide of
claim 56, wherein said polynucleotide comprises:

(a) the nucleic acid sequence of SEQ ID NO:1 with a
nucleic acid modification or substitution at position
-8146;

(b) the nucleic acid sequence of SEQ ID NO:13;

(c) the nucleic acid sequence defined by nucleotide posi-
tions —=7962 to -5895 of SEQ ID NO:1; or

(d) the nucleic acid sequence defined by nucleotide posi-
tions —6848 to 5895 of SEQ ID NO:1.

71. The gene transcription-regulating polynucleotide of
claim 70, further comprising at least one nucleic acid modi-
fication or substitution selected from the group of:

(a) a nucleic acid modification or substitution at a position
selected from nucleic acid positions -6717, —=6206, and
-6800;

(b) a G—C nucleic acid substitution at position —6800,

(c) a CC—AT nucleic acid substitution at position —6717,
and

(d) a CC—TA nucleic acid substitution at position —6206.

72. A method for regulating transcription of a gene, the
method comprising providing a gene transcription-regulating
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polynucleotide of claim 56 in operable association with the
gene, optionally within a host cell.

73. A method of diagnosing a disorder caused by, or asso-
ciated with, dysregulated thromboxane A2 signalling, the
method comprising the steps of:

(a) identifying a nucleic acid modification or substitution
within SEQ ID NO:1 of the nucleic acid sequence of the
promoter of thromboxane A2 receptor, and

(b) associating the presence of the nucleic acid modifica-
tion or substitution with a disorder caused by, or associ-
ated with, dysregulated thromboxane A2 signalling.

74. The method of claim 73, wherein the disorder com-
prises a vascular disorder, a neoplastic disorder, preterm
labor, pre-eclampsia, or a renal disorder.

75. A method for treating a patient suffering from a disor-
der caused by, or associated with, dysregulated thromboxane
A2 signalling, the method comprising the step of:

(a) rendering Prm1 non-functional, or

(b) rendering genetically mutated Prm1 functionally nor-
mal with respect to
(1) the pattern of Prm1 transcription in human cells and

tissues or
(ii) the quantification of expression to reflect that found
in normal cells or tissues.
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