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THERAPEUTIC GENE-SWITCH CONSTRUCTS AND BIOREACTORS FOR
THE EXPRESSION OF BIOTHERAPEUTIC MOLECULES, AND USES

THEREOF
Background of the Invention
Field of the Invention
[0001] The present invention relates to methods and compositions for treating,

ameliorating, or preventing a disease, disorder, or condition in a subject by infroducing
into the subject a therapeutic gene switch construct that controls expression of one or
more therapeutic products. In a further embodiment, the present invention relates to
methods and compositions for treating, ameliorating, or preventing a disease, disorder, or
condition in a subject by introducing into the subject a “bioreactor,” a therapeutic implant
composed of a cell or cells that secrete a therapeutic protein. A bioreactor may be
immuno-isolated by encapsulation or non-immunoisolated. In particular embodiments,

the bioreactor comprises a therapeutic gene switch construct.

Background of the Invention

[0002] The concept of treating or preventing a disease in a subject through introduction
of a polynucleotide encoding a therapeutic molecule, e.g., a therapeutic polypeptide or
therapeutic polynucieotide into cells of the subject, or infroducing into the subject
modified cells engineered to secrete the therapeuntic molecule has been in existence for
many years. Several difficulties in the practical aspects of the concept have hindered
progress towards successful therapies. Direct introduction of genetic material into a
subject to be treated presents difficulties such as: safety of delivery, obtaining sufficient
expression levels of the therapeutic .pmduct for a sufficient period of time, limiting
expression of the therapeutic product to desired cells, and maintaining the ability to
modulate or pulse the expression of the therapeutic product, including the ability to turn
off expression of the therapeutic product if it is no longer needed. Cell based therapies are
subject to rejection via the subject's immune response, therefore imumuno-isclation
strategies such as cell encapsulation methods have been developed to increase the

longevity of implanted cells and allow use of xenogeneic cells, i.e., cells from a different



WO 2009/043370 2. PCTUS2008/011270
species. Current encapsulated and non-encapsulated cell therapies are engineered to
secrete the therapeutic protein constitutively. Once implanted, protein secretion can not
be regulated. To improve the safety and clinical application of direct or cell-mediated
bioreactor therapeutic protein delivery it would be advantageous to be able to tumn off the
protein production or regulate the rate at which protein production occurs.

[0003] Thus, there is a need in the art for new therapeutic methods and compositions that

provide these desired characteristics.

Summary of the Invention

[0004) The present invention relates to methods and compositions for treating,
ameliorating, or preventing a disease, disorder, or condition in a subject.
[0005) In one embodiment, the present invention provides a method for treating,
ameliorating, or preventing a disease, disorder, or condition in a subject, comprising:
[0006] (a) introducing into a subject (1) a first polynucleotide encoding a géne
switch, where the gene swiich comprises at least one transcription factor sequence
encoding a ligand-dependent wanscription factor through operable association with a
therapeutic switch promoter, where the therapeutic switch promoter is constitatively
active and (2) a second polynucleotide encoding a therapeuntic polypeptide or therapeutic
polynucleotide in operable association with a factbr»regulated promoter which is activated
by said ligand-dependent transcription factor, where the first and second polynucleotides
are introduced so as to permit their expression in the presence of ligand; and
[0007] (b)  administering ligand to the subject to induce expression of the therapentic
polypeptide or therapeutic polynucleotide.
[0008] A further embodiment of the invention provides a method for expressing a
therapeutic polypeptide or therapeutic polynucleotide in a subject, comprising:
(a) introducing into a subject (1) a first polynucleotide encodimg a gene
switch, where the gene switch comprises at least one transcription factor sequence
encoding 2 ligand-dependent franscription factor through operable association
with a therapeutic switch promoter, where the therapeutic switch promoter is
activated under conditions associated with the disease, disorder, or condition to be
treated, and {2) a second polynucleotide encoding a therapeutic polypeptide or

therapeutic polymicleotide in operable association with a factor-regulated
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[0009]

[0010}

[0011]

“3a

promoter which is activated by said ligand-dependent transcription factor, where
the first and second polynucleotides are introduced s0 as to permit their expression
in the subject under conditions associated with the disease, disorder, or condition;
and

(b)  administering ligand to the subject to induce expression of the therapeutic
polypeptide or therapeutic polynucleotide.

A further embodiment of the invention provides a method for expressing a

therapeutic polypeptide or therapeutic polynucleotide in a subject, comprising:

(a)  introducing into a subject (1)} a first polynucleotide encoding a gene
switch, where the gene switch comprises at least one transcription factor sequence
encoding a ligand-dependent transcription factor through operable association
with a therapeutic switch promoter, where the therapeutic switch promoter is
activated under conditions associated with a disease, disorder, or condition
treatable by the therapeutic polypeptide or therapeutic polynucleotide, and (2) a
second polynucleotide encoding the therapeutic polypeptide or therapeutic
polynucleotide in operable association with a factor-regulated promoter which is
activated by the Iigand—dependez;t transcription factor, wherein said the and
second polynucleotides are introduced so as to permitl expression of the first
polynucleotide under conditions associated with the disease, disorder, or
condition; and

(b)  administering ligand to the subject to Induce expression of the therapeutic
polypeptide or therapeutic polynucleotide.

In the methods described above, in one embodiment, the first polynucleotide

encoding the therapeutic gene switch and the second polynucleotide encoding the
therapeutic polypeptide or polynucleotide linked to a factor-regulated promoter are part of
one larger polynucleotide, e.g., a vector. In another embodiment, the first polynucleotide
encoding the therapeutic gene switch and the second polynucleotide encoding the
therapeutic polypeptide or polynucleotide linked to a factor-regulated promoter are

separate polynucleotides which may be administered as a nucleic acid composition.

The invention further relates to therapeutic gene switch constructs that are useful

in the disclosed methods.
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[0012] The invention additionally relates to vectors comprising the therapeutic gene
switch constructs of the invention.
[0013] The invention further provides a method for expressing a therapeutic polypeptide

or therapeutic polynucleotide in one or more modified cells, comprising:

(a)  introducing into a cell (1) a first polynucleotide encoding a gene switch,
where the gene switch comprises at least one ftranscription factor sequence
encoding a ligand-dependent transcription factor through operable association
with a therapeutic switch promoter which is activated under conditions associated
with a disease, disorder, or condition, and (2) a second polynucleotide encoding a
therapeutic polypeptide or therapeutic polynucleotide through operable
association with a factor-regulated promoter which is activated by the ligand-
dependent transcription factor, thereby producing a modified cell; and

(b)  administering ligand fo the modified cell to induce expression of said
therapeutic polypeptide or therapeuntic polynucleotide.

[0014] The invention further relates to modified cells comprising the therapeutic gene
switch constructs of the invention.

[0015] The invention also relates to bioreactor devices comprising modified cells of the
invention either non-encapsulated, or encapsulated in such a way to shield the cells from
the subject’s immune system. Such bioreactors may take the form, for example, of coated
celis, micro-encapsulated cells, or macro-encapsulated cells.

[0016] The invention also relates to kits for carrying out the methods of the invention,

comprising, e.g., gene switch constructs, vectors, ligands, efc.

Brief Description of the Drawings

[0017] Figure 1 shows an embodiment of the therapeutic gene switch of the invention in
which two transcription factor sequences encoding two separate portions of a ligand-
dependent transcription factor complex are under the control of a single promoter. YAD"
represents a transactivation domain; "HP" represents a heterodimerization purtner
domain. The AD and HP domains are expressed as a fusion protein termed a
"coactivation protein” or "CAP." "DBD" represents a DNA binding domain; "LBD"
represents a ligand binding domain. The DBD and LB domains are expressed as a
fusion protein termed a “ligand-dependent transcription factor,” or "LTE."
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“Transcriptional Linker” represents an IRES (Internal ribosomal entry site) or means of
generating two separate protein products from a single open reading frame. "Therapeutic
Product Sequence” represents a polynucleotide encoding a therapeutic polypeptide or
therapeutic polynucleotide; "Therapeutic Product” represents a therapeutic polypeptide or
therapeutic polynucleotide; and "TSP-1," represents either a constitutive therapeutic
switch promoter, or a therapeutic switch promoter activated under conditions associated
with a disease, disorder, or condition. CAP and L.TF combine to form a ligand-dependent
transcription factor complex (LDTFC) which in combination with ligand activates a
factor-regulated promoter (FRF).

[0018] Figure 2 shows an embodiment of the therapeutic gene switch of the invention in
which two transcription factor sequences (CAP and LTF) encoding two separate portions
of a ligand-dependent transcription factor complex are under the control of different
promoters, The terms AD, HP, CAP, DBD, LBD, LTF, "Therapeutic Product Sequence,”
"Therapeutic Product,” TSP, LDTFC, and FRP are defined in the legend to Fig. 1. "TSP-
1" and "TSP-2" represent two different therapeutic switch promoters, each of which is,
independently, either a constitutive promoter or a promoter activated under conditions
associated with a disease, disorder, or condition. In one embodiment TSP-1 is a
constitutive promoter and TSP-2 is a promoter activated under conditions associated with
a disease, disorder, or condition. CAP and LTF combine to form a LDTFC which in
combination with ligand activates a FRP.

[0019] Figure 3 shows an embodiment of the therapeutic gene switch of the invention in
which three transcription factor sequences (CAP, LTF-1, and LTF-2), which may
combine to form two separate LDTFCs under the control of different promoters. The
terms AD, HP, CAP, DBD, LBD, LTF, "Therapeutic Product Sequence,” "Therapeutic
Product,” TSP, LDTFC, and FRP are defined in the legend to Fig. 1. DBD-A represents a
first DNA binding domain which is fused with an LBD to form LTF-1, DBD-B represents
a second DNA binding domain which is fused with an LBD to form LTF-2. "Therapeutic
Product A" represents a first therapeutic polypeptide or therapeutic polynucleotide;
“Therapeutic Product B" represents a second therapeutic polypeptide or therapeutic
polynucleotide; and TSP-1, TSP-2, and TSP-3 represent three different therapeutic switch
promoters, each of which is, independently, either a constitutive promoter or a promoter

activated under conditions associated with a disease, disorder, or condition. In one
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embodiment, TSP-1 is a constitutive therapeuntic switch promoter and TSP-2, and TSP-3
are different therapeutic switch promoters, each of which is independently activated under

- conditions associated with a disease, disorder, or condition. CAP and LTF-] combine to
form LDTFC-1 which in combination with ligand activates FRP-1. CAP and LTF-2
combine to form LDTFC-2 which in combination with ligand activates FRP-2.

[0020] Figure 4 shows an embodiment of the therapeutic gene switch of the invention in
which three transcription factor sequences encoding CAP and two separate LTF portions
of a ligand-dependent transcription factor complex are under the control of different
promoters. The terms AD, HP, CAP, DBD, LBD, LTF, "Therapeutic Product Sequence,”
"Therapeutic Product,” TSP, LDTFC, and FRP are defined in the legend to Fig. 1. TSP-1,
TSP-2, and TSP-3 represent three different therapeutic switch promoters, each of which
is, independently, either a constitutive promoter or a promoter activated under conditions
associated with a discase, disorder, or condition. In one embodiment, TSP-1 is a
constitutive promoter and TSP-2 and TSP-3 are different promoters, each of which is
independently activated under conditions associated with a disease, disorder, or condition.
Either LTF-1 or LTF-2 may combine with CAP to form LDTFC-1 or LDTFC-2. Either
LDTFC-1 or LDTFC-2, in combination with ligand, activates FRP.

[0021} Figure 5 is a diagram of a vector constructed under the scheme shown in Fig. 1,
and engineered to express insulin growth factor-1 (IGF-1) under hypoxic conditions such
as cardiac ischemia.

[0022] Figure 6 is a diagram of a vector constructed under the scheme shown in Fig. 2,
and engineered fo express basic fibroblast growth factor (bFGF) under hypoxic conditions
such as cardiac ischemia.

[0023] Figure 7 is a diagram of a vector constructed under the scheme shown in Fig, 2,
and engineered to express erythropoietin (EPO) under hypoxic conditions such as cardiac
ischemia. ‘

[0024] Figure 8 is is a diagram of a vector constructed under the scheme shown in Fig. 2,
and engineered to express human B-type natriuretic peptide (BNP) under hypoxic
conditions such as cardiac ischemia.

[0025] Figure 9 is is a diagram of a vector constructed under the scheme shown in Fig. 2,
and engineered to express tissue plasminogen activator (tPA) under inflamrmatory

conditions such as cardiac ischemia.
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[0026] Figure 10 is is a diagram of a vector constructed under the scheme shown in Fig.
3, and engineered to express relaxin under inflammatory conditions and/or hepatocyte
growth factor under hypoxic conditions, both conditions being associated with cardiac
ischemia.

[0027} Figure 11 is is a diagram of a vector constructed under the scheme shown in Fig.
2, and engineered to express EPO under hypoxic conditions such as cardiac ischemia with
expression being limited to cardiac myocytes.

[0028] Figure 12 is is a diagram of a vector constructed under the scheme shown in Fig,
4, and engineered to express IGF-1 under either inflammatory conditions or hypoxic
conditions such as cardiac ischernia with expression being limited to cardiac myocytes.

[0029] Figure 13 is a diagram of a vector constructed under the scheme shown in Fig. 1,
and engineered to express tumor necrosis factor binding protein 2 (Enbrﬁ§®) under
inflammatory conditions such as rheumatoid arthritis.

[0030] Figure 14 is is a diagram of a vector constructed under the scheme shown in Fig,
4, and engincered to express tumor necrosis factor binding protein 2 (Enbrel®) either in
reponse to TNFEF alpha expression or under inflammatory conditions, both conditions
associated with rheumatoid arthritis.

[0031] Figure 15 is is a diagram of a vector constructed under the scheme shown in Fig,
3, and engineered to express tumor necrosis factor binding protein 2 (Enhre]®) under
inflammatory conditions andfor EP(Q under HIF-driven hypoxic conditions, both
conditions being associated with rheumatoid arthrifis.

[0032] Figure 16 is a diagram of a vector constructed under the scheme shown in Fig. 1,
and engineered to express human factor VIILC constitutively.

{0033} Figure 17 is is a diagram of a vector constructed under the scheme shown in Fig.
2, and engineered to express human factor VIILC under hypoxic conditions associated

with hemophilia.

Detailed Description of the Invention

{0034] The invention relates to methods and compositions for using a gene switch to
express a therapeutic polypeptide or therapeutic polynucleotide in a cell. The methods
and compaositions may be used in vitro, ex vivo or in vivo. The invention further relates to

methods and compositions for using a gene switch controlling expression of a therapeutic
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polypeptide or therapeutic polynucleotide for the treatment, amelioration, or prevention of
diseases, disorders, or conditions in a subject. The methods of the invention can be
carried out either ex vivo (by introducing the gene switch into isolated cells of a subject or
non-autologous cells, and introducing the modified cells to the subject or into a different
subject) or in vivo (by introducing the gene switch directly into cells of the subject). The
methods of the invention involve the use of a gene switch in which expression of a
ligand-dependent transcription factor is under the control of one or more therapeutic
switch promoters. The methods also include, without limitation, applications of the gene
switch technology in direct introduction into the subject to be treated, non-encapsulated
and encapsulated cell therapies. The methods and compositions described herein provide
a highly specific and tightly regulated therapeutic technique in which the level and timing
of expression of a therapeutic product is controlled by administration of ligand to cells
comprsing the gene switch.,

[0035] The following definitions are provided and should be helpful in understanding the
scope and practice of the present invention.

[0036] The term “isolated” for the purposes of the present invention designates a
biological material (cell, nucleic acid or protein) that has been removed from its original
environment (the environment in which it is naturally present). For example, a
polynucleotide present in the natural state in a plant or an animal is not isolated, however
the same polynucleotide separated from the adjacent nucleic acids in which it is naturally
present, is considered “isolated.”

[0037] The term “purified,” as applied to biological materials does not require the
material to be present in a form exhibiting absolute purity, exclusive of the presence of
other compounds. It is rather a relative definition.

[0038] ~ "Nucleic acid,” "mucleic acid molecule,” "oligonucleotide,” and *polynucleotide”
are used interchangeably and refer to the phosphate ester polymeric form of
ribonucleosides {(adenosine, guanosine, undine or cytidine; "RNA molecules") or
deoxyribonucleosides  (deoxyadenosine, deoxyguanosine, deoxythymidine, or
deoxycytidine; "DNA molecules”), or any phosphoester analogs thereof, such as
phosphorothioates and thioesters, in either single stranded form, or a double-stranded
helix. Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible.

The term nucleic acid molecule, and in particular DNA or RNA molecule, refers only to
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the primary and secondary structure of the molecule, and does not limit it to any
particular tertiary forms. Thus, this term includes double-stranded DNA found, inter alia,
i linear or circular DNA molecules (e.g., restriction fragments), plasmids, supercoiled
DNA and chromosomes. In discussing the structure of particular double-stranded DNA
molecules, sequences may be described herein according to the normal convention of
giving only the sequence in the 5° to 3’ direction along the non-transcribed strand of
DNA (ie., the strand having a sequence homologous to the mRNA). A “recombinant

. DNA molecule” is a DNA molecule that has undergone a molecular biological
manipulation. DNA includes, but is not limited to, cDNA, genomic DNA, plasmid DNA,
synthetic DNA, and semi-synthetic DNA. A "nucleic acid composition” of the invention
comprises one or more nucleic acids as described herein.

[0039] The term “fragment,” as applied to polynucleotide sequences, refers to a
nucleotide sequence of reduced length relative to the reference nucleic acid and
comprising, over the common portion, a nucleotide sequence identical to the reference
nucleic acid. Such a nucleic acid fragment according to the invention may be, where
appropriate, inciuded in a larger polynucleotide of which it is a constituent. Such
fragments comprise, or alternatively consist of, oligonucleotides ranging in length from at
least 6, 8, 9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25, 30, 39, 40, 42, 45, 48, 50, 51, 54, 57,
60, 63, 66, 70, 75, 78, 80, 90, 100, 105, 120, 135, 150, 200, 300, 500, 720, 900, 1000,
1500, 2000, 3000, 4000, 5000, or more consecutive nucleotides of a nucleic acid
according to the invention.

[6040] As used herein, an “isolated nucleic acid fragment” refers to a polymer of RNA or
DNA that is single- or double-stranded, optionally containing synthetic, non-natural or
altered nucleotide bases. An isolated nucleic acid fragment in the form of a polymer of
DNA may be comprised of one or more segments of cDNA, genomic DNA or synthetic
DNA.

[6041] A "gene" refers to a polynucleotide comprising nucleotides that encode a
functional molecule, including functional molecules produced by transcription only (e.g.,
a bioactive RNA species) or by transcription and translation (e.g., a polypeptide). The
term "gene" encompasses cDNA and genomic DNA nucleic acids. “Gene” also refers to
a nucleic acid fragment that expresses a speciﬁc RNA, protein or polypeptide, including

regulatory sequences preceding (5' non-coding sequences) and following (3' non-coding
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sequences) the coding sequence. “Native gene” refers to a gene as found in nature with
its own regulatory sequences. “Chimeric gene” refers to any gene that is not a native
gene, comprising regulatory ‘and/or coding sequences that are not found together in
nature. Accordingly, a chimeric gene may comprise regulatory sequences and coding
sequences that are derived from different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged in a manner different than that
found in nature. A chimeric gene may comprise coding sequences derived from different
sources and/or regulatory sequences derived from different sources. “Endogenous gene”.
refers to a native gene in its natural location in the genome of an organism. A *foreign”
gene or “heterologous™ gene refers to a gene not normally found in the host organism, but
that is introduced into the host organism by gene transfer. Foreign genes can comprise
native genes inserted into a non-native organism, or chimeric genes. A “transgene” is a
gene that has been introduced into the genome by a transformation procedure.

[0042] "Heterologous DNA" refers to DNA not naturally located in the cell, or in a
chromosomal site of the cell. The heterologous DNA may include a gene foreign to the
cell.

100431 The term “genome” includes chromosomal as well as mitochondnal, chloroplast
and viral DNA or RNA.

[0044) A nucleic acid molecule is "hybridizable” to another nucleic acid molecule, such
as a cDNA, genomic DNA, or RNA, when a single stranded form of the mucleic acid
molecule can anneal to the other nucleic acid molecule under the appropriate conditions
of temperature and solution ionic strength. Hybridization and washing conditions are
well known and exemplified in Sambrook et al. in Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor
{1989), particularly Chapter 11 and Table 11.1 therein (entirely incorporated herein by
reference}. The conditions of temperature and ionic strength determine the "stringency”
of the hybridization.

[0045] Stringency conditions can be adjusted to screen for moderately similar fragments,
such as homologous sequences from distantly related organisms, to highly similar
fragments, such as genes that duplicate functional enzymes from closely related
organisms. For preliminary screening for homologous nucleic acids, low stringency

hybridization conditions, corresponding to a Ty, of 55°, can be used, e.g., 5X S8C, 0.1%
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SDS, 0.25% milk, and no formamide; or 30% formamide, 5X 88C, 0.5% SDS. Moderate
stringency hybridization conditions correspond to a higher Ty, e.g., 40% formamide, with
5X or 6X SSC. High stringency hybridization conditions correspond to the highest T,
e.g., 50% formamide, 5X or 6X SSC.

[0046] Hybridization requires that the two nucleic acids contain complementary
sequences, although depending on the stringency of the hybndization, msmatches
between bases are possible. The tem “complementary” is used to desecribe the
relationship between nucleotide bases that are capable of hybridizing to one another. For
example, with respect to DNA, adenosine is complementary to thymine and cytosine is
complementary to guanine. Accordingly, the present invention also includes isolated
nucleic acid fragments that are complementary to the complete sequences as disclosed or
used herein as well as those substantially similar nucleic acid sequences.

[0047] In one embodiment of the invention, polynucleotides are detected by employing

- hybridization conditions compnising a hybridization step at T, of 55°C, and utilizing
conditions as set forth above. In other embodiments, the T, is 60°C, 63°C, or 65°C.

[0048] Post-hybridization washes also determine stringency conditions. One set of
conditions uses a series of washes starting with 6X SSC, 0.5% SDS at room temperature
for 15 minutes {min), then repeated with 2X SSC, 0.5% SDS at 45°C for 30 min, and then
repeated twice with 0.2X SSC, 0.5% SDS at 50°C for 30 min. A preferred set of stringent
conditions uses higher temperatures in which the washes are identical to those above
except for the temperature of the final two 30 min washes in 0.2X §8C, 0.5% SDS is
increased to 60°C. Another preferred set of highly stringent conditions uses two final
washes in 0.1X SSC, 0.1% SDIS at 65°C.

[0049] The appropriate stringency for hybridizing nucleic acids depends on the length of
the nucleic acids and the degree of complementation, variables well known in the art.
The greater the degree of similanty or homology between two nucleotide sequences, the
greater the value of Ty, for hybrids of nucleic acids having those sequences. The relative
stability (cotresponding to higher Ty} of nucleic acid hybridizations decreases in the
following order: RNA:RNA, DNARNA, DNA:DNA. For hybrids of greater than 100
nucleotides in length, equations for calculating Ty, have been derived (see Sambrook er

al., supra, 9.50-0.51). For hybridization with shorter nucleic acids, i.e., oligonucleotides,
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the position of mismatches becomes more imporiant, and the length of the
oligonucleotide determines its specificity (see Sambrook et al., supra, 11.7-11.8).

[0050] in one embodiment of the invention, polynucleotides are detected by employing
hybridization conditions comprising a hybridization step in less than 500 mM sali and at
least 37°C, and a washing step in 2X SSi?‘E at a temperature of at least 63°C. In another
embodiment, the hybridization conditions comprise less than 200 mM salt and at least
37°C for the hybridization step. In a further embodiment, the hybridization conditions
comprise 2X SSPE and 63°C for both the hybridization and washing steps.

[0031] In another embodiment, the length for a hybridizable nucleic acid is at least about
10 nucleotides. Preferably a minimum length for a hybridizable nucleic acid is at least
about 15 nucleotides; ¢.g., at least abaﬁ& 20 nucleotides; e.g., at least 30 nucleotides.
Furthermore, the skilled artisan will recognize that the temperature and wash solution salt
concentration may be adjusted as necessary according to factors such as length of the
probe: |

[0052] The term “probe” refers to a single-stranded nucleic acid molecule that can base
pair with a complementary single stranded target nucleic acid to form a double-stranded
molecule.

[0053} As used herein, the term "oligonucleotide” refers to a short nucleic acid that is
hybridizable to a genomic DNA molecule, a ¢cDNA molecule, a plasmid DNA or an
mRNA molecule. Oligonucleotides can be labeled, e.g., with Zp.nucleotides or
nucleotides to which a label, such as biotin, has been covalently conjugated. A labeled
oligonucleotide can be used as a probe to detect the presence of a nucleic acid.
Oligonucleotides (one or both of which may be labeled) can be used as PCR primers,
either for cloning full Iength or a fragment of a nucleic acid, for DNA sequencing, or to
detect the presence of a nucleic acid. An oligonucleotide can also be used to form a triple
helix with a DNA molecule. Generally, oligonucleotides are prepared synthetically,
preferably on a nucleic acid synthesizer. Accordingly, oligonucieotides can be prepared
with non-naturally occurring phosphoester analog bonds, such as thioester bonds, efe.

[0054] A “primer” refers to an oligonucleotide that hybridizes to a target nucleic acid
sequence to create a double stranded nucleic acid region that can serve as an initiation
point for DNA synthesis under suitable conditions. Such primers may be used in a

polymerase chain reaction or for DNA sequencing.
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[0055] “Polymerase chain reaction” is abbreviated PCR and refers to an in vitro method
for enzymatically amplifying specific nucleic acid sequences. PCR involves a repetitive
series of temperature cycles with each cycle comprising three stages: denaturation of the
template nucleic acid to separate the strands of the target molecule, annealing a single
stranded PCR oligonucleotide primer to the template nucleic acid, and extension of the
annealed primer(s) by DNA polymerase. PCR provides a means to detect the presence of
the target molecule and, under quantitative or semi-quantitative conditions, to determine
the relative amount of that target molecule within the starting pool of nucleic acids.

[0056] “Reverse transcription-polymerase chain reaction™ is abbreviated RT-PCR and
refers to an in vifro method for enzymatically producing a target ¢cDNA molecule or
molecules from an RNA molecule or molecules, followed by enzymatic amplification of
a specific nucleic acid sequence or seguences within the target cONA molecule or
molecules as described above. RT-PCR also provides a means to detect the presence of
the target molecule and, under quantitative or semi-quantitative conditions, to determine
the relative amount of that target molecule within the starting pool of nucleic acids.

{0057) A DNA "coding sequence” refers to a double-stranded DNA sequence that
encodes a polypeptide and can be transcribed and translated into a polypeptide in a cell in
vifro or in vivo when placed under the control of suitable regulatory sequences. “Suitable
regulatory sequences” refers to nucleotide sequences located upstream (5' non-coding
sequences), within, or downstream (3' non-coding sequences) of a coding sequence, and
which influence the tfranscription, RNA processing or stability, or translation of the
associated coding sequence. Regulatory sequences may include promoters, translation
leader sequences, introns, polyadenylation recognition sequences, RNA processing sites,
effector binding sites and stem-loop structures. The boundaries of the coding sequence
are determined by a start codon at the 5’ (amino) terminus and a translation stop codon at
the 3’ {(carboxyl) terminus. A coding sequence can include, but is not limited to,
prokaryotic sequences, cDNA from mRNA, genomic DNA sequences, and even synthetic
DNA sequences. If the coding sequence is intended for expression in a eukaryotic cell, a
polyadenylation signal and transcription termination sequence will usually be located 3°
to the coding sequence.

[0058] “Open reading frame” is abbreviated ORF and refers to a length of nucleic acid
sequence, ¢ither DNA, ¢cDNA or RNA, that comprises a translation start signal or
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[0060]

[0061]

[0062]

[0063]

-14-

initiation codon, such as an ATG or AUG, and a termination codon and can be potentially
translated into a polypeptide sequence.

The term “head-to-head” is used herein to describe the orientation of two
polynucleotide sequences in relation to each other. Two polynucleotides are positioned in
a head-to-head orientation when the 5’ end of the coding strand of one polynucleotide is
adjacent to the 5’ end of the coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide proceeds away from the 5° end of the
other polynucleotide. The term “head-to-head” may be abbreviated (5°)-to-(5’) and may
also be indicated by the symbols («— —) or (3’«-5’5"—>3").

The termn “tail-to-tail” is used herein to describe the orientation of two
polynucleotide sequences in relation to each other. Two polynucleotides are positioned in
a tail-to-tail orientation when the 3’ end of the coding strand of one polynucleotide is
adjacent to the 3° end of the coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide proceeds toward the other
polynucleotide. The term “tail-to-tail” may be abbreviated (3’)-to-{(3’) and may alsc be
indicated by the symbols (— «) or (5°>3°’3’«-5).

The term “head-to-tail” is used herein to describe the orientation of two
polynucleotide sequences in relation to each other. Two polynucleotides are positioned in
a head-to-tail orientation when the 5° end of the coding strand of one polynucleotide is
adjacent to the 3’ end of the coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide proceeds in the same direction as that of
the other polynucleotide. The term “head-to-tail” may be abbreviated (5°)-to~(3°) and
may also be indicated by the symbols (— —) or (5°—>3°5—>3").

The term “downstream” refers to a nucleotide sequence that is located 3° to a
reference nucleotide sequence. In particular, downstream nucleotide sequences generally
relate to sequences that follow the starting point of transcription. For example, the
translation initiation codon of a gene is located downstream of the start site of
transcription.

The term “upstream” refers to a nucleotide sequence that is located 5’ to a
reference nucleotide sequence. In particular, upstream nucleotide sequences generally

relate to sequences that are located on the 5° side of a coding sequence or starting point of
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transcription. For example, most promoters are located upstream of the start site of
transcription.

{0064} The terms “restriction endonuclease” and “restriction enzyme” are used
interchangeably and refer to an enzyme that binds and cuts within a specific nucleotide
sequence within double stranded DNA.

[0065] "Homologous recombination” refers to the insertion of a foreign DNA sequence
into another DNA molecule, e.g., insertion of a vector in a chromosome. Preferably, the
vector fargets a specific chromosomal site for homologous recombination. For specific
homologous recombination, the vector will contain sufficiently long regions of homology
to sequences of the chromosome fo allow complementary binding and incorporation of
the vector into the chromosome. Longer regions of homology, and greater degrees of
sequence similarity, may increase the efficiency of homologous recombination.

{0066} Several methods known in the art may be used to propagate a polynucleotide
according to the invention. Once a suitable host system and growth conditions are
established, recombinant expression vectors can be propagated and prepared in quantity.
As described herein, the expression vectors which can be used include, but are not limited
to, the following vectors or their derivatives: human or animal viruses such as vaccinia
virus or adenovirus; insect viruses such as baculovirus; yeast vectors; bacteriophage
vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name but a few.

[0067] A “vector” refers to any vehicle for the cloning of and/or transfer of a nucleic acid
into a host cell. A vector may be a replicon to which another DNA segment may be
attached so as to bring about the replication of the attached segment. A "replicon” refers
to any genetic element (e.g., plasmid, phage, cosmid, chromosome, virus) that functions
as an autonomous unit of DNA replication in vivo, i.e., capable of replication under its
own control. The term "vector" includes both viral and nonviral vehicles for introducing
the nucleic acid into a cell in vitro, ex vivo or in vive. A large number of vectors known
in the art may be used to m&mipu}.ate nucleic acids, incorporate response elements and
promoters into genes, ef¢. Possible vectors include, for example, plasmids or modified
viruses including, for example bacteriophages such as lambda derivatives, or plasmids
such as pBR322 or pUC plasmid derivatives, or the Bluescript vector. Another example
of vectors that are useful in the present invention is the UltraVector™ Production System
(Intrexon Corp., Blacksburg, VA) as described in WO 2007/038276, incorporated herein
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by reference. For example, the insertion of the DNA fragments corresponding to
response elements and promoters into a suitable vector can be accomplished by ligating
the appropriate DNA fragments into a chosen vector that has complementary cohesive
termini. Alternatively, the ends of the DNA molecules may be enzymatically modified or
any site may be produced by ligating nucleotide sequences (linkers) into the DNA
termini. Such vectors may be engineered to contain selectable marker genes that provide
for the selection of cells that have incorporated the marker into the cellular genome. Such
markers allow identification and/or selection of host cells that incorporate and express the
proteins encoded by the marker.

[C068] Viral vectors, and particularly retroviral vectors, have been used in a wide variety
of gene delivery applications in cells, as well as living animal subjects. Viral vectors that
can be used include, but are not limited to, retrovirus, adeno-associated virus, pox,
baculovirus, vaccinia, herpes simplex, Epstein-Barr, adenovirus, geminivirus, and
caulimovirus vectors. Non-viral vectors include plasmids, liposomes, electrically charged
lipids (cytofectins}), DNA-protein complexes, and biopolymers. In addition to a nucleic
acid, a vector may aisé comprise one or more regulatory regions, and/or selectable
markers useful in selecting, measuring, and monitoring nucleic acid transfer results
(transfer to which tissues, duration of expression, efc.).

[0069] The term “plasmid” refers to an extra-chromosomai elerment often carrying a gene
that is not part of the central metabolism of the cell, and usually in the form of circular
double-stranded DNA molecules. Such elements may be autonomously replicating
gequences, genome integrating sequences, phage or nucleotide sequences, linear, circular,
or supercoiled, of a single- or double-stranded DNA or RNA, derived from any source, in
which a number of nucleotide sequences have been joined or recombined into a unique
construction which is capable of introducing a promoter fragment and DNA sequence for
a selected gene product along with appropriate 3' untranslated sequence into a cell.

[0070] A "cloning vector" refers to a “replicon,” which is a unit length of a nucleic acid,
preferably DNA, that replicates sequentially and which comnprises an origin of replication,
such as a plasmid, phage or cosmid, to which another nucleic acid segment may be
attached so as to bring about the replication of the attached segment. Cloning vectors
may be capable of replication in one cell type and expression in another (“shuttle

vector”). Cloning vectors may comprise one or more sequences that can be used for



WO 2009/645370 (7 PCT/US2008/011270
selection of cells comprising the vector andfor one or more multiple cloning sites for
insertion of sequences of interest.

[0071} The term “expression vector” refers to a vector, plasmid or vehicle designed to
enable the expression of an inserted nucleic acid sequence following transformation into
the host. The cloned gene, i.e., the inserted nucleic acid sequence, is usually placed under
the control of control elements such as a promoter, a mimimal promoter, an enhancer, or
the like. Initiation control regions or promoters, which are useful to drive expression of a
nucleic acid in the desired host cell are numerous and familiar to those skilled in the art.
Virtually any promoter capable of driving expression of these genes can be used in an
expression vector, including but not limited to, viral promoters, bacterial promoters,
animal promoters, mammalian promoters, synthetic promoters, constitutive promoters,
tissue specific promoters, pathogenesis or disease related promoters, developmental
specific promoters, inducible promoters, light regulated promoters; CYC1, HIS3, GALI,
GAL4, GALIO, ADHI, PGK, PHOS, GAPDH, ADC1, TRPI1, URA3, LEU2, ENO, TPI,
alkaline phosphatase promoters (useful for expression in Saccharomyces), AOXI

promoter (useful for expression in Pichia); B-lactamase, lac, ara, te1, trp, Py, IPp, T7,

tac, and trc promoters (useful for expression in Escherichia coli); light regulated-, seed
specific-, pollen specific-, ovary specific-, cauliflower mosaic virus 35S, CMV 358
minimal, cassava vein mosaic virus (CsVMYV), chlorophyll a/b binding protein, ribulose
1,5-bisphosphate carboxylase, shoot-specific, root specific, chitinase, stress inducible,
rice tungro bacilliform virus, plant super-promoter, potato leucine aminopeptidase, nitrate
reductase, mannopine synthase, nopaline synthase, ubiquitin, zein protein, and
anthocyanin promoters {useful for expression in plant cells); animal and mammalian
promoters known in the art including, but are not limited to, the SV40 early (S§V40e)
promoter region, the promoter contained in the 3° long terminal repeat (LTR) of Rous
sarcoma virus (R8V), the promoters of the E1A or major late promoter (MLP) genes of
adenoviruses (Ad), the cytomegalovirus (CMV) early promoter, the herpes simplex virus
(HSV) thymidine kinase (TK) promoter, a baculovirus IE1 promoter, an elongation factor
1 alpha (EF1) promoter, a phosphoglycerate kinase (PGK) promoter, a ubiquitin (Ubc)
promoter, an albumin promoter, the regulatory sequences of the mouse metallothionein-L
promoter and transcriptional control regions, the ubiquitous promoters (HPRT, vimentin,

a-actin, tfubulin and the like), the promoters of the intermediate filaments (desmin,
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neurofilaments, keratin, GFAP, and the like), the promoters of therapeutic genes (of the
MDR, CFTR or factor VIII type, and the like), pathogenesis or disease related-promoters,
and promoters that exhibit tissue specificity and have been utilized in transgenic animals,
such as the elastase I gene control region which is active in pancreatic acinar cells; insulin
gene control region active in pancreatic beta cells, immunoglobulin gene control region
active in lymphoid cells, mouse mammary tumor virus control region active in testicular,
breast, lymphoid and mast cells; albumin gene, Apo AI and Apo AIl control regions
active in liver, alpha-fetoprotein gene control region active in liver, alpha 1-antitrypsin
gene control region active in the liver, beta-globin gene control region active in myeloid
cells, myelin basic protein gene control region active in oligodendrocyte cells in the brain,
myosin light chain-2 'gene control region active in skeletal muscle, and gonadotropic
releasing hormone gene control region active in the hypothalamus, pyruvate kinase
promoter, villin promoter, promoter of the fatty acid binding intestinal protein, promoter
of the smooth muscle cell a-actin, and the like. In addition, these expression sequences
may be modified by addition of enhancer or regulatory sequences and the like.

[0072] Vectors may be introduced into the desired host cells by methods known in the
art, e.g., transfection, electroporation, microinjection, transduction, cell fusion, DEAE
dextran, calcium phosphate precipitation, lipofection {lysosome fusion), use of a gene
gun, or a DNA vector transporter (see, e.g., Wu et al., J. Biol. Chem. 267:963 (1992); Wu
et al., J. Biol. Chem. 263:14621 (1988); and Hartmut ef al., Canadian Patent Application
No. 2,012,311).

[0073] A polynucleotide according to the invention can also be introduced ir vivo by
lipofection. For the past decade, there has been increasing use of liposomes for
encapsulation and transfection of nucleic acids in vitro. Synthetic cationic lipids designed
to limit the difficulties and dangers encountered with liposome-mediated transfection can
be used to prepare liposomes for in vivo transfection of a gene encoding a marker
(Felgner et al., Proc. Natl. Acad. Sci. USA. 84:7413 (1987); Mackey et al., Proc. Natl.
Acad. Sci. USA 85:8027 (1988); and Ulmer et al., Science 259:1745 (1993)). The use of
cationic lipids may promote encapsulation of negatively charged nucleic acids, and also
promote fusion with negatively charged cell membranes (Felgner et al., Science 337:387
(1989)). Particularly useful lipid compounds and compositions for transfer of nucleic
acids are described in WO95/18863, WO96/17823 and U.S. 5,459,127. The use of
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lipofection to introduce exogenous genes into the specific organs in wive has certain
practical advantages. Molecular targeting of liposomes to specific cells represents one
area of benefit. It is clear that directing transfection to particular cell types would be
particutarly preferred in a tissue with cellular heterogeneity, such as pancreas, liver,
kidney, and the brain. Lipids may be chemically coupled to other molecules for the
purpose of targeting (Mackey ef af. 1988, supra). Targeted peptides, e.g., hormones or
neurotransmitters, and proteins such as antibodies, or non-peptide molecules could be
coupled to liposomes chemically.

[0074] Other molecules are also useful for facilitating transfection of a nucleic acid in
vivo, such as a cationic oligopeptide {e.g., W(95/21931), peptides denved from DNA
binding proteins (e.g., WO96/25508), ot a cationic polymer (e.g., W095/21931).

[0075}) it is also possible to introduce a vector in vivo as a naked DNA plasmid (see U.S.
Patent Nos. 5,693,622, 5,589,466 and 5,580,85%). Receptor-mediated DNA delivery
approaches ¢an also be used (Curiel et al., Hum. Gene Ther. 3:147 (1992); and Wu et al,
J. Biol. Chem. 262:4429 (1987)).

{0076} The term “transfection” refers to the uptake of exogenous or heterologous RNA or
DNA by a cell. A cell has been "transfected” by exogenous or heterologous RNA or
DNA when such RNA or DNA has been introduced inside the cell. A cell has been
"transformed” by exogenous or heterologous RNA or DNA when the transfected RNA or
DNA effects a phenotypic change. The transforming RNA or DNA can be integrated
{covalently linked) into chromosomal DNA making up the genome of the cell.

{00771 “Transformation” refers to the transfer of a nucleic acid fragment into the genome
of a host organism, resulting in genetically stable inheritance. Host organisms containing
the transformed nucleic acid fragments are referred to as “transgenic” or “recombinant”
or “transformed” organisims.

[0078} In addition, the recombinant vector comprising a polynucleotide according to the
invention may include one or more origins for replication in the cellular hosts in which
their amplification or their expression 1s sought, markers or selectable markers.

[0079) The term “selectable marker™ refers to an identifying factor, usually an antibiotic
or chemical resistance gene, that is able to be selected for based upon the marker gene’s
effect, i.e., resistance to an antibiotic, resistance to a herbicide, colorimetric markers,

enzymes, fluorescent markers, and the like, wherein the effect is used to track the
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inheritance of a nucleic acid of interest and/or to identify a cell or organism that has
inherited the nucleic acid of interest. Examples of selectable marker genes known and
used in the art include: genes providing resistance to ampicillin, streptomyein,
gentamycin, kanamycin, hygromycin, bialaphos herbicide, sulfonamide, and the like; and
genes that are used as phenotypic markers, f.e., anthocyanin regulatory genes, isopentanyl
transferase gene, and the like,

[0080] The term “reporter gene” refers to a nucleic acid encoding an identifying factor
that is able to be identified based upon the reporter gene’s effect, wherein the effect is
used to track the inheritance of a nucleic acid of interest, to identify a cell or organism
that has inherited the nucleic acid of interest, and/or to measure gene expression induction
or transcription. Examples of reporter genes known and used in the art include: luciferase
(Luc), green fluorescent protein (GFP), chloramphenicol acetyltransferase (CAT), B-
galactosidase (LacZ), B-glucuronidase (Gus), and the like. Selectable marker genes may
also be considered reporter genes. '

[0081] “Promoter and "promoter sequence” are used interchangeably and refer to a DNA
sequence capable of controlling the expression of a coding sequence or functional RNA.
In general, a coding sequence is located 3' to a promoter sequence. Promoters may be
derived in their entirety from a native gene, or be composed of different elements denived
from different promoters found in nature, or even compnse synthetic DNA segments. It
is understood by those skilled in the art that different promoters may direct the expression
of a gene in different tissues or cell types, or at different stages of development, or in
response to different environmental or physiological conditions. Promoters that cause a
gene to be expressed in most cell types at most times are commonly referred to as
“constitutive promoters.” Promoters that cause a gene to be expressed in a specific cell
type are commonly referred to as “cell-specific promoters™ or “tissue-specific promoters.”
Promoters that cause a gene to be expressed at a specific stage of development or cell
differentiation are commonly referred to as “developmentally-specific promoters” or “cell
differentiation-specific promoters.” Promoters that are induced and cause a gene to be
expressed following exposure or treatment of the cell with an agent, biclogical molecule,
chemical, ligand, light, or the like that induces the promoter are commonly referred to as:

“inducible promoters” or “regulatable promoters.” It is further recognized that since in
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most cases the exact boundaries of regulatory sequences have not been completely
defined, DNA fragments of different lengths may have identical promoter activity.

[0082] The promoter sequence is typically bounded at its 3’ terminus by the transcription
initiation site and extends upstream (5° direction) to include the minimum number of
bases or elements necessary fo initiate transcription at levels detectable above
background, Within the promoter sequence will be found a transcription initiation site
(conveniently defined for example, by mapping with nuclease §1), as well as protein
binding domains (consensus sequences) responsible for the binding of RNA polymerase.

[0083] "Therapeutic switch promoter” ("TSP"} refers to a promoter that controls
expression of a gene switch component. Gene switches and their various components are
described in detail glsewhere herein. In certdin embodiments a TSP is constitutive, ie.,
continuously active. A consitutive TSP may be either constitutive-ubiquitous (i.e.,
generally functions, without the need for additional factors or regulators, in any tissue or
cell} or constitutive-tissue or cell specific (i.e., generally functions, without the need for
additional factors or regulators, in a specific tissue type or cell type). In certain
embodiments a TSP of the invention is activated under conditions associated with a
disease, disorder, or condifion. In certain embodimentis of the mvention where two or
more TSPs are involved the promoters may be a combination of constitutive and
activatable promoters. As used herein, a "promoter activated under conditions associated
with a disease, disorder, or condition” includes, without limitation, disease-specific
promoters, promoters responsive to particular physiological, developmental,
differentiation, or pathological conditions, promoters responsive to specific biological
molecules, and promoters specific for a particular tissue or cell type associated with the
disease, disorder, or condition, e.g. tumor tissue or malignant cells. TSPs can comprise
the sequence of naturally occurring promoters, modified sequences derived from naturally
occurring promoters, or synthetic sequences (e.g., insertion of a response element into a
minimal promoter sequence to alter the responsiveness of the promoter).

{0084] A coding sequence is "under the control" of transcriptional and translational
control sequences in a cell when RNA polymerase transcribes the coding sequence into
mRNA, which is then trans-RNA spliced (if the coding sequence contains introns) and
translated into the protein encoded by the coding sequence.
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[0085] “Transcriptional and translational conirol sequences” refer to DNA regulatory
sequences, such as promoters, enhancers, terminators, and the like, that provide for the
expression of a coding sequence in a host cell. In eukaryotic cells, polyadenylation
signals are conirol sequences.

[0086] The term “response element” ("RE") refers to one or more cis-acting DNA
elements which confer responsiveness on a promoter mediated through interaction with
the DNA-binding domains of a transcription factor. This DNA elerﬁent may be either
palindromic (perfect or imperfect) in its sequence or composed of sequence motifs or half
sites separated by a variable number of nucleotides. The half sites can be similar or
identical and arranged as either direct or inverted repeats or as a single half site or
multimers of adjacent half sites in tandem. The résponse element may comprise a
minimal promoter isolated from different organisms depending upon the nature of the cell
or organism into which the response element will be incorporated. The DNA binding
domain of the transcription factor binds, in the presence or absence of a ligand, to the
DNA sequence of a response element to initiate or suppress transcription of downstream
gene(s) under the regulation of this response element. Examples of DNA sequences for
response elements of the natural ecdysone receptor include:
RRGG/TTCANTGAC/ACYY (SEQ ID NO: 1) (see Cherbas et. al, Genes Dev. 5:120
(1991)); AGGTCANmAGGTCA, where N, can be one or more spacer nucleotides (SEQ
ID NO: 2) (see D'Avino et al.,, Mol C(Cell. Endocrinol 113:1 (1995)); and
GGGTTGAATGAATTT (SEQ ID NO: 3) (see Antoniewski et al., Mol. Cell Biol.
14:4465 (1994)). |

[0087] "Factor-regulated promoter" ("FRP") refers to a promoter comprising at least one
response element that is recogmized by the DNA binding domain of a ligand-dependent
transcription factor encoded by a gene switch of the invention.

[0088] The terms “operably linked,” "operably associated," "through operable
association,” and the like refer to the association of nucleic acid sequences on a single
nucleic acid fragment so that the function of one is affected by the other. For example, a
promoter is operably linked with a coding sequence when it is capable of affecting the
expression of that coding sequencé (i.e, that the coding sequence is under the
transcriptional control of the promoter). Coding sequences can be operably linked to

regulatory sequences in sense or antisense orientation.
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[0089] The term “expression” as used herein refers to the transcription and stable
accumnulation of sense (mRNA) or antisense RNA derived from a nucleic acid or
polynucleotide. Expression may also refer to translation of mRNA into a protein or
polypeptide.

[0090] The terms “cassette,” “expression cassette” and “gene expression cassetie” refer to
a segment of DNA that can be inserted into a nucleic acid or polynucleotide at specific
restriction sites or by homologous recombination. The segment of DNA comprises a
polynucleotide that encodes a polypeptide of interest, and the cassette and restriction sites
are designed to ensure insertion of the cassette in the proper reading frame for
transcription and translation. “Transformation cassette” refers to a specific vector
comprising a polynucleotide that encodes a polypeptide of interest and having elements in
addition to the polynucleotide that facilitate transformation of a particular host cell.
Cassettes, expression cassettes, gene expression cassettes and transformation cassettes of
the invention may also comprise elements that allow for enhanced expression of a
polynucieotide encoding a polypeptide of interest in a host cell. These elements may
include, but are not limited to: a promoter, a minimal promoter, an énhancer, a response
element, a terminator sequence, a polyadenylation sequence, and the like.

[0091] For purposes of this invention, the term “gene switch” refers to the combination of
a response element associated with a promoter, and a ligand-dependent transcription
factor-based system which, in the presence of one or more ligands, modulates the
expression of a gene into which the response element and promoter are incorporated.

[0092) The term “ecdysone receptor-based,” with respect to a gene switch, refers to a
gene switch comprising at least a functional part of a naturally occurring or synthetic
ecdysone receptor ligand binding domain and which regulates gene expression in
response to a ligand that binds to the ecdysone receptor ligand binding domain.

{0093] As used herein, the terms “bioreactor” or "bioreactor device" includes a cell or
cells intended to secrete a therapeutic protein or therapeutic polynucleotide. In certain
non-limiting embodiments, the bioreactor comprises modified cells as described
elsewhere herein. In certain, but not all embodiments, bioreactor cells may be
"immunoisolated.” Bioreactor cells are considered “immunoisolated” from a subject
when the cells are treated such that the cells, upon introduction or implantation into the

subject, are protected from the subject’'s immune system. For exampie, immunoisolated
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bigreactor cells may be contained within a barrier system which allows dissemination of
said therapeutic protein or therapeutic polynucleotide, but which prevents direct contact
of bioreactor cells with cells of the subject's immune system. Immunoisolated cells may
be, for example, coated or encapsulated. Immunoisclation methods include but are not
limited to conformal coating of cells, microencapsulation where cells are suspended in a
biocompatible material and separated into spherical masses, or macroencapsulation;
where the cells are enclosed in devices composed of natural or synthetic polymers that are
used to enclose cells.

[0094] The terms “modulate” and “modulates” mean to induce, reduce or inhibit nucleic
acid or gene expression, resulting in the respective induction, reduction or inhibition of
protein or polypeptide production.

[0095] The polynucleotides or vectors according to the invention may further comprise at
least one promoter suitable for driving expression of a gene in a modified cell.

{0096} Enhancers that may be used in embodiments of the invention include but are not
limited to: an SV40 enhancer, a cytomegalovirus (CMV) eﬁhancer, an elongation factor 1
(EF1) enhancer, yeast enhancers, viral gene enhancers, and the like.

10097] A "3' reg" as defined herein, is an expression modulating element sitvated 3' fo a
coding region of a gene or transcript. Such elements include, without limitation: primary
transeript-encoded Splicing elements, UTR from processed transcript, 2 polyadenylation
signal or a DNA-encoded Transcription termination domain.

[0098] Termination control regions, ie., terminator or polyadenylation nucleotide
sequences, may also be derived from various genes native to the preferred hosts.
Optionally, a termination site may be unnecessary, however, it is most preferred if
included. In a one embodiment of the invention, the termination control region may be
comprised or be derived from a synthetic sequence, synthetic polyadenylation signal, an
85V40 late polyadenylation signal, an SV40 polyadenylation signal, a bovine growth
hormone (BGH) polyadenylation signal, viral terminator sequences, or the like.

[0100] The terms “3” non-coding sequences” or “3° untranslated region (UTR)” refer to
DNA sequences located downstream (3’) of a coding sequence and may comprise
polyadenylation [poly(A}] recognition sequences and other sequences encoding

regulatory signals capable of affecting mRNA processing or gene expression. The
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polyadenylation signal is usunally characterized by affecting the addition of polyadenylic
acid tracts to the 3’ end of the mRNA precursor,

[0101] “Regulatory region™ refers to a nucleic acid sequence that regulates the expression
of a second nucleic acid sequence. A regulatory region may include sequences which are
naturally responsible for expressing a particular nucleic acid (2 homologous region) or
may include sequences of a different origin that are responsible for expressing different
proteins or even synthetic proteins (a heterologous region). In particular, the sequences
can be sequences of prokaryotic, eukaryotic, or viral genes or derived sequences that
stimulate or repress franscription of a gene in a specific or non-specific manner and in an
inducible or non-inducible manner. Regulatory regions include origins of replication,
RNA splice sites, promoters, enhancers, transcriptional termination sequences, and signal
sequences which direct the polypeptide mto the secretory pathways of the target cell.

[0102] A regulatory region from a “heterologous source” refers to a regulatory region that
is not naturally associated with the expressed nucleic acid. Included among the
“heterologous regulatory regions are regulatory regions from a different species, regulatory
regions from a different gene, hybrid regulatory sequences, and regulatory sequences
which do not occur in nature, but which are designed by one having ordinary skill in the
art,

{0103] “RNA transcript” refers to the product resulting from RNA polymerase-catalyzed
transcription of a DNA sequence. When the RNA transcript is a perfect complementary
copy of the DNA sequence, it is referred to as the primary transcript or it may be a RNA
sequence derived from post-transcriptional processing of the primary transcript and is
referred to as the mafure RNA. “Messenger RNA (mRNAY’ refers to the RNA that is
without introns and that can be translated into protein by the cell. “cDNA” refers to a
double-stranded DNA that is complementary to and derived from mRNA. “Sense™ RNA
refers to RNA transcript that includes the mRNA and so can be translated into protein by
the cell. “Antisense RNA” refers to a RNA transcript that is complementary to all or part
of & target primary transcript or mRNA. and that blocks the expression of a target gene.
The complementarity of an antisense RNA may be with any part of the specific gene
transcript, i.e., at the 5'non-coding sequence, 3'non-coding sequence, or the coding
sequence. “Functional RNA” refers to antisense RNA, ribozyme RNA, or other RNA
that is not translated yet has an effect on cellular processes.
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[0104] “Polypeptide,” "peptide” and "protein" are used interchangeably and refer to a
polymeric compound comprised of covalently linked amino acid residues.

[0105] An “isolated polypeptide,” "isolated peptide” or “isolated protein” refer to a
polypeptide or protein that is substantially free of those compounds that are normally
associated therewith in its natural state {e.g., other proteins or polypeptides, nucleic acids,
carbohydrates, lipids). "Isclated” is not meant to exclude artificial or synthetic mixtures
with other compounds, or the presence of impurities which do not interfere with
biological activity, and which may be present, for example, due fo incomplete
purification, addition of stabilizers, or compounding into a pharmaceutically acceptable
preparation.

[0106] A “substitution rutant polypeptide” or a “substitution mutant” will be understood
to mean a mutant polypeptide comprising a substitution of at least one wild-type or
naturally occurring amino acid with a different amino acid relative to the wild-type or
naturally occurring polypeptide. A substitution mutant polypeptide may comprise only
one wild-type or naturally occurring amino acid substitution and may be referred to as a
“point mutant” or a “single point mutant” polypeptide. Alternatively, a substitution
mutant polypeptide may comprise a substitution of two or more wild-type or naturally
occurTing amino acids with two or more amino acids relative to the wild-type or naturally
-occurring polypeptide.  According to the invention, a Group H nuclear receptor ligand
binding domain polypeptide comprising a substitution mutation comprises a substitution
of at least one wild-type or naturally occurring amino acid with a different amino acid
relative to the wild-type or naturally occurring Group H nuclear receptor ligand binding
domain polypeptide.

[0107] When the substitution mutant polypeptide comprises a substitution of two or more
wild-type or naturally occurring amino acids, this substitution may comprise either an
equivalent number of wild-type or naturally occurring amino acids deleted for the
substitution, i.e., 2 wild-type or naturally occurring amino acids replaced with 2 non-wild-
type or non-naturally occurring amino acids, or a non-equivalent number of wild-type
amino acids deleted for the substitution, ie., 2 wild-type amino acids replaced with 1 non-
wild-type amino acid (a substitution+deletion mutation), or 2 wild-type amino acids

replaced with 3 non-wild-type amino acids (a substitution-+insertion mutation).
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[0108] Substitution mutants may be described using an abbreviated nomenclature system
to indicate the amino acid residue and number replaced within the reference polypeptide
sequence and the new substituted amino acid residue. For example, a substitution mutant
in which the twentieth (20™) amino acid residue of a polypeptide is substituted may be
abbreviated as “x202z”, wherein “x” is the amino acid to be replaced, “20” is the amino
acid residue position or number within the polypeptide, and “z"” is the new substituted
amino acid. Therefore, a substitution mutant abbreviated interchangeably as “E20A” or
“Glu20Ala™ indicates that the mutant comprises an alanine residue (commonly
abbreviated in the art as “A” or “Ala”) in place of the glutamic acid {commonly
abbreviated in the art as “E” or “Glu”) at position 20 of the polypeptide.

[0109] A substitution mutation may be made by any technique for mutagenesis known in
the art, including but not limited to, in vitre site-directed mutagenesis (Hutchinson er .,
J. Biol. Chem. 253:6551 (1978); Zoller et al., DNA 3:479 (1984); Oliphant et al., Gene
44:177 (1986); Hutchinson et al., Proc. Natl. Acad. Sci. USA 83710 (1986)), use of
TAB® linkers (Pharmacia), restriction endonuclease digestion/fragment deletion and
substitution, PCR-mediated/cligonucleotide-directed mutagenesis, and the like. PCR-
based techniques are preferred for site-directed mutagenesis (see Higuchi, 1989, "Using
PCR to Engincer DNA", in PCR Technology: Principles and Applications for DNA
Amplification, H. Erlich, ed., Stockton Press, Chapter 6, pp. 61-70).

[0110) The term “fragment,” as applied to a polypeptide, refers to a polypeptide whose
amino acid sequence is shorter than that of the reference polypeptide and which
comprises, over the entire portion with these reference polypeptides, an identical amino
acid sequence. Such fragments may, where appropriate, be included in a larger
polypeptide of which they are a part. Such fragments of a polypeptide according to the
invention may have a length of at least 2, 3, 4, 5, 6, 8, 10, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 25, 26, 30, 35, 40, 45, 50, 100, 200, 240, or 300 or more amino acids.

[0111] A “variant” of a polypeptide or protein refers to any analogue, fragment,
derivative, or mutant which is derived from a polypeptide or protein and which retains at
least one biological property of the polypeptide or protein. Different variants of the
polypeptide or protein may exist in nature. These variants may be allelic variations
characterized by differences in the nuclectide sequences of the structural gene coding for

the protein, or may involve differential splicing or post-iranslational modification. The



WO 2009/045370 o8- PCT/USI008/011270
skilled artisan can produce variants having single or multiple amino acid substitutions,
deletions, additions, or replacements. These variants may include, inter alia: (a) variants
in which one or more amino acid residues are substituted with conservative or non-
conservative amino acids, (b) variants in which one or more amino acids are added to the
polypeptide or protein, (c) variants in which one or more of the amino acids includes a
substituent group, and (d) variants in which the polypeptide or protein is fused with
another polypeptide such as serum albumin. The techniques for obtaining these variants,
including genetic (suppressions, deletions, mutations, etc.), chemical, and enzymatic
techniques, are known to persons having ordinary skill in the art. In one embodiment, a
variant polypeptide comprises at least about 14 amino acids.

[0112] The term “homology” refers to the percent of identity between two polynucleotide
or two polypeptide moieties. The correspondence between the sequence from one moiety
to another can be determined by techniques known to the art. For example, homology
can be determined by a direct companison of the sequence information between two
polypeptide molecules by aligning the sequence information and using readily available
computer programs. Altematively, homology can be determined by hybridization of
polynucleotides under conditions that form stable duplexes between homologous regions,
followed by digestion with single-stranded-specific nuclease(s) and size determination of
the digested fragments.

[0113]) As used herein, the term "homologous” in all its grammatical forms and spelling
variations refers to the relationship between proteins that possess a “common
evolutionary origin,” including proteins from superfamilies (2.g., the immunoglobulin
superfamily) and homologous proteins from different species (e.g., myosin light chain,
ete.} (Reeck et al,, Cell 30:667 (1987)). Such proteins (and their encoding genes) have
sequence homology, as reflected by their high degree of sequence similarity. However, in
common usage and in the present application, the term "homologous,” when modified
with an adverb such as "highly,” may refer to sequence similarity and not a common
gvolutionary origin.

[0114] Accordingly, the term "sequence similarity” in all its grammatical forms refers to
the degree of identity or corresporklence between nucleic acid or amino acid sequences of
proteins that may or may not share a common evolutionary origin (see Reeck er al., Cell

30:667 (1987)}. In one embodiment, two DNA sequences are "substantially homologous™
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or "substantially similar”™ when at least about 50% (e.g., at least about 75%, 90%, or 95%)
of the nucleotides match over the defined length of the DNA sequences. Sequences that
are substantially homologous can be identified by comparing the sequences using
standard software available in sequence data banks, or in a Southem hybridization
experiment under, for example, stringent conditions as defined for that particular system.
Defining appropriate hybridization conditions is within the skill of the art (see e.g,
Sambrook et al., 1989, supra).

[0115) As used herein, “substantially similar” refers to nucleic acid fragments wherein
changes in one or more nucleotide bases results in substitution of one or more amino
acids, but do not affect the functional properties of the protein encoded by the DNA
sequence. “Substantially similar” also refers to nucleic acid fragments wherein changes
in one or more nucleotide bases do not affect the ability of the nucleic acid fragment to
mediate alteration of gene expression by antisense or co-suppression technology.
“Substantially similar’* also refers to modifications of the nucleic acid fragments of the
present invention such as deletion or insertion of one or more nucleotide bases that do not
substantially affect the functional properties of the resulting transeript. It is therefore
understood that the invention encompasses more than the specific exemplary sequences.
Each of the proposed modifications is well within the routine skill in the art, as is
determination of retention of biological activity of the encoded products.

[0116]. Moreover, the skilled artisan recognizes that substantially similar sequences
encompassed by this invention are also defined by their ability to hybridize, under
stringent conditions (0.1X S8C, 0.1% SDS, 65°C and washed with 2X SSC, 0.1% SDS
followed by 0.1X S8C, 0.1% SDS), with the sequences exemplified herein, Substantially
similar nucleic acid fragments of the present invention are those nucleic acid fragments
whose DNA sequences are at least about 70%, 80%, 90% or 95% identical to the DNA
sequence of the nucleic acid fragments reported herein.

[6117] Two amino acid sequences are “substantially homologous" or "substantially
similar" when greater than about 40% of the amino acids are identical, or greater than
60% are similar (functionally identical). Preferably, the similar or homologous sequences
are identified by alignment using, for example, the GCG (Genetics Computer Group,
Program Manual for the GCG Package, Version 7, Madison, Wisconsin) pileup program.
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[0118] The term "corresponding to” is used herein to refer to similar or homologous
sequences, whether the exact position is identical or different from the molecule to which
the similanty or homology is measured. A nucleic acid or amino acid sequence
alignment may include spaces. Thus, the termn "corresponding to" refers to the sequence
similarity, and not the numbering of the amino acid residues or nucleotide bases.

[0119] A “substantial portion” of an amino acid or nucleotide sequence comprises
enough of the amino acid sequence of a polypeptide or the nucleotide sequence of a gene
to putatively identify that polypeptide or gene, cither by manual evaluation of the
sequence by one skilled in the art, or by computer-automated sequence comparison and
identification using algorithms such as BLAST (Basic Local Alignment Search Tool;
Altschul et al., J. Mol. Biol. 215:403 {1993)), available at ncbinlm.nih.gov/BLAST/). In
general, a sequence of ten or more contigtous arnino acids or thirty or more nucleofides is
necessary in order to putatively identify a polypeptide or nucleic acid sequence as
homologous to a known protein or gene. Moreover, with respect to nucleotide sequences,
gene specific oligonucleotide probes comprising 20-30 contiguous nucleotides may be
used in sequence-dependent methods of gene identification {e.g., Southern hybridization)
and isolation {e.g., in situ hybridization of bacterial colonies or bacteriophage plaques).
In addition, short oligonucleotides of 12-15 bases may be used as amplification primersin
PCR in order to obtain a particular nucleic acid fragment comprising the primers.
Accordingly, a “substantial portion” of a nucleotide sequence comprises enough of the
sequence to specifically identify andfor isolate a nucleic acid fragment comprising the
sequence.

[0120] The term “percent identity,” as known in the art, is a relationship between two or
more polypeptide sequences or two or more polymicleotide sequences, as determined by
comparing the sequences. In the art, “identity” also means the degree of sequence
relatedness between polypeptide or polynucleotide sequences, as the case may be, as
determined by the match between strings of such sequences. “Identity” and “similarity”
can be readily calculated by known methods, including but not limited to those described
in: Computational Molecular Biology (Lesk, A. M., ed.) Oxford University Press, New
York (1988); Biocomputing: Informatics and Genome Projects (Smith, D. W, ed.)
Academic Press, New York (1993); Computer Analysis of Sequence Data, Part I (Griffin,
A. M., and Griffin, H. G, eds.} Humana Press, New Jersey (1994); Sequence Analysis in
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Molecular Biology (von Heinje, G., ed.) Academic Press (1987); and Seguence Analysis
Primer {Gribskov, M. and Deverecux, J., eds.) Stockton Press, New York (1991).
Preferred methods to determine identity are designed to give the best match between the
sequences tested. Methods to determing identity and similarity are codified in publicly
available computer programs. Sequence alignments and percent identity calculations may
be performed using sequence analysis software such as the Megalign program of the
LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison, WI). Muliiple
alignment of the sequences may be performed using the Clustal method of alignment
(Higgins ef al., CABIOS. 5:151 (1989)) with the default parameters (GAP PENALTY=10,
GAP LENGTH PENALTY=10). Default parameters for pairwise alignments using the
Clustal method may be selected: KTUPLE 1, GAP PENALTY=3, WINDOW=5 and
DIAGONALS SAVED=5.

[0121] The term “sequence analysis software” refers to any computer algorithm or
software program that is useful for the analysis of nucleotide or amino acid sequences.
“Sequence analysis software” may be commercially available or independently
developed. Typical sequence analysis software includes, but is not limited to, the GCG
suite of programs (Wisconsin Package Version 9.0, Genetics Computer Group (GCQ),
Madison, WI), BLASTP, BLASTN, BLASTX (Altschul et al., J Mol Biol 215403
(1990)), and DNASTAR {DNASTAR, Inc. 1228 S. Park S8t. Madison, WI 53715 USA).
Within the context of this application it will be understood that where sequence analysis
software is used for analysis, that the results of the analysis will be based on the “default
values™ of the program referenced, unless otherwise specified. As used herein “default
values” will mean any set of values or parameters which originally load with the software
when first initialized.

[0122] “Chemically synthesized,” as related fo a sequence of DNA, means that the
component nuclectides were assembled n vitro. Manual chemical synthesis of DNA may
be accomplished using well-established procedures, or automated chemical synthesis can
be performed using one of a number of commercially avatlable machines. Accordingly,
the genes can be tailored for optimal gene expression based on optimization of nucleotide
sequence to reflect the codon bias of the host cell, The skilled artisan appreciates the

likelihood of successful gene expression if codon usage is biased towards those codons
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favored by the host. Determination of preferred codons can be based on a survey of
genes derived from the host cell where sequence information is available.

[0123] As vsed herein, two or more individually operable gene regulation systems are

x4

said to be “orthogonal® when; a) modulation of each of the given systems by its
respective ligand, at a chosen concentration, results in a measurable change in the
magnitude of expression of the gene of that system, and b) the change is statistically
significantly different than the change in expression of all other systems simultaneously
operable in the cell, tissue, or organism, regardless of the simultaneity or sequentially of
the actual modulation. Preferably, modulation of each individually operable gene
regulation system effects a change in gene expression at least 2-fold greater than all other
operable systems in the cell, tissue, or organism, e.g., at least 5-fold, 10-fold, 100-fold, or
500-fold greater. Ideally, modulation of each of the given systems by its respective
ligand at a chosen concentration results in a measurable change in the magnitude of
expression of the gene of that system and no measurable change in expression of all other
systems operable in the cell, tissue, or organism. In such cases the multiple inducible
gene regulation system is said to be “fully orthogonal.” The present invention is useful to
search for orthogonal ligands and orthogonal receptor-based gene expression systems

- such as those described in US 2002/0110861 Al, which is incorporated herein by
reference in its entirety.

[0124] The term “exogenous gene™ means a gene foreign to the subject, that is, a gene
which is introduced into the subject through a transformation process, an unmutated
version of an endogenons mutated gene or a mutated version of an endogenous unmutated
gene. The method of transformation is not critical to this invention and may be any
method suitable for the subject known to those in the art. Exogenous genes can be either
natural or synthetic genes which are introduced into the subject in the form of DNA or
RNA which may function through a DNA intermediate such as by reverse transcriptase.
Such genes can be introduced info target cells, directly introduced into the subject, or
indirectly introduced by the transfer of transformed cells into the subject.

[0125] The terms “therapeutic product” and "therapeutic molecule” as used herein refer to
a therapeutic polypeptide ("TP", encoded by a "therapeutic proteins sequence” ("TPSQ™))
or therapeutic polynucleotide which imparts a beneficial function to the subject to be

treated. Therapeutic polypeptides may include, without limitation, peptides as small as
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three amino acids in length, single- or multiple-chain proteins, and fusion- proteins.
Therapeutic polynucleotides may include, without limitation, antisense oligomucleotides,
small intetfering RNAs, ribozymes, and RNA external guide sequences. Non-limiting
examples of therapeutic products are disclosed elsewhere herein. The therapeutic product
may comprise a naturally occurring sequence, a synthetic sequence or a combination of
natural and synthetic sequences.

[0126] The term "lgand-dependent franscription factor complex” or "LDTFC" refers to a
transcription factor comprising one or more protein subunits, which complex can regulate
gene expression driven by a "factor-regulated promoter” as defined herein. A model
EDTFC is an “ecdysone receptor complex” generally refers to a heterodimeric protein
complex having at least two members of the nuclear receptor family, ecdysone receptor
{“EcR”) and ultraspiracle (“USP”) proteins (see Yao et al., Nature 366:476 (1993)); Yao
et al., Cell 71:63 (1992)). A functional LDTFC such as an EcR complex may also
include additional protein(s) such as immunophilins. Additional members of the nuclear
receptor family of proteins, known as transcriptional factors (such as DHR38, betaFT2Z-1
or other insect homologs), may also be ligand dependent or independent partners for EcR
and/or USP. A LDTFC such as an EcR complex can also be a heterodimer of EcR
protein and the vertebrate homolog of ultraspiracle protein, retinoic acid-X-receptor
(“RXR”) protein or a chimera of USP and RXR. The terms "LDTFC" and "EcR
complex" also encompass homodimer complexes of the EcR protein or USP, as well as
single polypeptides or trimers, tetramer, and other multimers serving the same function.

{01271 A LDTFC such as an EcR complex can be activated by an active ecdysteroid or
non-steroidal ligand bound to one of the proteins of the complex, inclusive of EcR, but
not excluding other proteins of the complex. As used herein, the term "ligand,” as applied
to LDTFC-based gene switches e.g., EcD complex based gene switches, describes small
and soluble molecules having the capability of activating a gene switch to stimulate
expression of a polypeptide encoded therein. Examples of ligands include, without
limitation, an ecdysteroid, such as ecdysone, 20-hydroxyecdysone, ponasterone A,
muristerone A, and the like, 9-cis-retinoic acid, synthetic analogs of retinoic acid, NN
diacylhydrazines such as those disclosed in U.S. Patent Nos. 6,013,836; 5,117,057;
5,530,028; and 5,378,726 and U.S. Published Application Nos. 2005/0209283 and
2006/0020146; oxadiazolines as described in U.S. Published Application No.
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2004/0171651; dibenzoylalkyl cyanohydrazines such as those disclosed in European
Application No. 461,809; N-alkyl-N,N'-diaroylhydrazines such as those disclosed in U.S.
Patent No. 5,225.443; N-acyl-N-alkylcarbonylhydrazines such as those disclosed in
European Application No. 234,994; N-aroyl-N-alkyl-N'-aroylhydrazines such as those
described in U.S. Patent No. 4,985,461; amidoketones such as those descrbed in U.S.
Published Application No. 2004/0049037; each of which is incorporated herein by
reference and other similar materials including 3,5~éi~‘tert~buiyi@—hydroxy-N-isabzziyl'
benzamide, 8-O-acetylharpagide, oxysterols, 22(R) hydroxycholesterol, 24(8)
hydroxycholesterol, 25-¢poxycholesterol, T0901317, 5-alpha-6-alpha-epoxycholesterol-
3-sulfate (ECHS), 7-ketocholesterol-3-sulfate, famesol, bile acids, 1,1-biphosphonate
esters, juvenile hormone III, and the like. Examples of diacylhydrazine ligands useful in
the present invention include RG-115819 (3,5-Dimethyl-benzoic acid N-(1-ethyl-2,2-
dimethyl-propyl)-N'-(2-methyl-3-methoxy-benzoyl}-hydrazide), RG-115932 ((R)-3,5-
Dimethyl-benzoic acid N-(1-tert-butyl-butyl}-N'-(2-ethyl-3-methoxy-benzoyl)-
hydrazide), and RG-115830 (3,5-Dimethyl-benzoic acid N-(1-fer-butyl-butyl)-N'-(2-
ethyl-3-methoxy-benzoyl)-hydrazide). See, e.g., U.S. Patent Appl. Serial No. 12/155,111,
and PCT Appl. No. PCT/US2008/006757, both of which are incorporated herein by
reference in their entireties.

[0128] A LDTFC such as an EcR complex includes proteins which are members of the
nuclear receptor superfamily wherein all members are characterized by the presence of
one or more polypeptide subunits comprising an amino-terminal transactivation domain
("AD,” "ID," or "TA," used interchangeably herein), 2 DNA binding domain (*DBD™),
and a ligand binding domain (“LBD™). The AD may be present as a fusion with a
*heterodimerization partner” or “HP." A fusion protein comprising an AD and HP of the
invention is referred to herein as a "coactivation protein” or “CAP." The DBD and LBD
may be expressed as a fusion protein, referred to herein as a "ligand-inducible
transcription factor ("LTF"). The fusion partners may be separated by a linker, e.g., a
hinge region. Some members of the LTF family may also have another fransactivation
domain on the carboxy-terminal side of the LBD. The DBD is characterized by the
presence of two cysteine zinc fingers between which are two amino acid motifs, the P-

box and the D-box, which confer specificity for ecdysone response elements. These
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domains may be either native, modified, or chimeras of different domains of heterologous
receptor proteins.

[0129]) The DNA sequences making up the exogenous gene, the response element, and
the LDTFC, e.g., EcR complex, may be incorporated into archaebacteria, procaryotic
cells such as Escherichia coli, Bacillus subtilis, or other enterobacteria, or eucaryotic cells
such as plant or animal cells. However, because many of the proteins expressed by the
gene are processed incorrectly in bacteria, eucaryotic cells are preferred. The cells may
be in the form of single cells or multicellular organisms. The nucleotide sequences for
the exogenous gene, the response element, and the receptor complex can also be
incorporated as RNA molecules, preferably in the form of functional viral RNAs such as
tobacco mosaic virus. Of the eucaryotic cells, vertebrate cells are preferred because they
naturally lack the molecules which confer responses to the ligands of this invention for
the EcR. As a result, they are “substantially insensitive” to the ligands of this invention.
Thus, the ligands useful in this invention will have negligible physiological or other -
effects on transformed cells, or the whole organism. Therefore, cells can grow and
express the desired product, substantially unaffected by the presence of the ligand itself.

[0130) The term “subject” means an intact insect, plant or animal. It is also anticipated
that the ligands will work equally well when the subject is a fungus or yeast. When the
subject is an intact animal, preferably the animal is a vertebrate, most preferably a
marmmal.

{0131} EcR ligands, when used with a LDTFC, e.g., an EcR complex, which in turn is
bound to the résponse element linked to an exogenous gene {e.g., a reporier gene),
provide the means for external temporal regulation of expression of the exogenous gene.
The order in which the various components bind to each other, that is, ligand to receptor
complex and receptor complex to response element, is notf critical. Typically, modulation
of expression of the exogenous gene is in response to the binding of a LDTFC, e.g., an
EcR complex, to a specific control, or regulatory, DNA element. The EcR protein, like
other members of the nuclear receptor family, possesses at least three domains, an AD, a
DBD, and a LBD. This receptor, like a subset of the nuclear receptor family, also
possesses less well-defined regions responsible for heterodimerization properties (referred
to herein as a "heterodimerization partner® or "HP"). Binding of the ligand to the ligand
binding domain of a LTF, eg., an EcR protein, after heterodimerization with a CAP
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including, e.g., an AD and/or an HP, e.g., a USP or RXR protein, enables the DNA
binding domains of the heterodimeric proteins to bind to the response element in an
activated form, thus resulting in expression or suppression of the exogenous gene. This
mechanism does not exclude the potential for ligand binding to individual subunits, e.g.,
LTF or CAP, e.g., an EcR or USP, and the resulting formation of active homodimer
complexes (e.g. EcR+EcR or USP+USP). In one embodiment, one or more of the
receptor domains can be varied producing a chimeric gene switch. Typically, one or
more of the three domains may be chosen from a source different than the source of the
other domains so that the chimeric receptor is optimized in the chosen host cell or
organism for transactivating activity, complementary binding of the ligand, and
recognition of a specific response element. In addition, the response element itself can be
modified or substituted with response elements for other DNA binding protein domains
such as the GAL-4 protein from yeast (see Sadowski et al., Nature 335:563 (1988) or
LexA protein from E. coli (see Brent et al., Cell 43:729 (1985)) to accommeodate chimeric
LDTFCs, e.g., EcR complexes. Another advantage of chimeric systems is that they allow
choice of a promdter used to drive the exogenous gene according to a desired end result,
Such double control can be particularly important in areas of gene therapy, especially
when cytotoxic proteins are produced, because both the timing of expression as well as
the cells wherein expression occurs can be controlled. When exogenous genes,
operatively linked to a suitable promoter, are introduced into the cells of the subject,
expression of the exogenous genes is controlled by the presence of the ligand of this
invention. Promoters may be constitutively or inducibly regulated or may be tissue-
specific (that is, expressed only in a particular type of cell) or specific to certain
developmental stages of the organism.

[0132] Numerous genomic and ¢cDNA nucleic acid sequences coding for a variety of
polypeptides, such as transcription factors and reporter genes, are well known in the art.
Those skilled in the art have access to nucleic acid sequence information for virtually all
known genes and can either obtain the nucleic acid molecule directly from a public
depository, the institution that published the sequence, or employ routine methods to
prepare the molecule.

[0133] For in vivo use, the ligands described herein may be taken up in pharmaceutically

acceptable carriers, such as, for example, solutions, suspensions, tablets, capsules,
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ointments, elixirs, and injectable compositions. Pharmaceutical compositions may
contain from 0.01 % to 99% by weight of the ligand. Compositions may be either in
single or muliiple dose forms. The amount of ligand in any particular pharmaceutical
composition will depend upon the effective dose, that is, the dose required to elicit the
desired gene expression or suppression.

[0134] Suitable routes of administering the pharmaceutical preparations include oral,
rectal, topical (including dermal, buccal and sublingual), vaginal, parenteral (including
subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural) and by
naso-gastric tube. It will be understood by those skilled in the art that the preferred route
of administration will depend upon the condition being treated and may vary with factors
such as the condition of the recipient.

[0135] One embodiment of the invention comprises methods for treating, ameliorating, or
preventing a disease, disorder, or condition in a subject, comprising:

(a)  introducing into cells of said subject (1) a polynucleotide encoding a gene switch,
said gene switch comprising at least one transcription factor sequence, wherein
said at least one transcription factor sequence encodes a ligand-dependent
transcription factor complex, operably linked to a therapeutic switch promoter,
wherein the promoter is activated during said disease, disorder, or condition, and
(2) a polynucleotide encoding a therapeutic polypeptide or therapeutic
polynucleotide linked to a promoter which is activated by said ligand-dependent
transcription factor complex; and

(b)  administering ligand to said subject to induce expression of said therapeutic
polypeptide or therapeutic polynucleotide;
wherein said therapeutic polypeptide or therapeutic polynucleotide is expressed at

a level sufficient to treat, ameliorate, or prevent said disease, disorder, or condition.

[0136] One embodiment of the invention comprises methods for treating, ameliorating, or
preventing a disease, disorder, or condition in a subject, comprising:

() introducing into a subject (1) a first polynucleotide encoding a gene
switch, said gene switch comprising at least one transcription factor sequence, wherein
said at least one transcription factor sequence encodes a ligand-dependent transeription
factor complex through operable association with a therapeutic switch promoter, and (2) a

second polynucleotide encoding a therapeutic polypeptide or therapeutic polynucleotide
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operably associated with a factor-regulated promoter which is activated by said ligand-
dependent transcription factor complex, wherein said first and second polynucleotides are
introduced so as to permit expression of said ligand-dependent transcription factor
complex; and

(b)  administering ligand to said subject to induce expression of said
therapeutic polypeptide or therapeutic polynucleotide.

[6137] One embediment of the invention comprises methods for expressing a therapeutic
polypeptide or therapeutic polynucleotide in a subject, comprising:

(a) introducing into a subject (1) a first polynucleotide encoding a gene
switch, said gene switch comprising at least one franscription factor sequence, wherein
said at least one transcription factor sequence encodes a ligand-dependent transcription
factor complex through operable association with a therapeutic switch promoter, and (2)
a second polynucleotide encoding said therapeutic polypeptide or therapeutic
polynucleotide operably associated with a factor-regulated promoter which is activated by
said ligand-dependent franscription factor complex, wherein said first and second
polynucleotides are introduced so as to permit expression of said ligand-dependent
transcription factor complex; and

(b)  administering ligand to said subject to induce expression of said
therapeutic polypeptide or therapeutic polynucleotide.

[0138] In certain embodiments, the therapeutic switch promoter described in the methods
is consititutive. In certain embodiments, the therapeutic switch promoter is activated
under conditions associated with a disease, disorder, or condition, e.g., the promoter is
activated in response to a disease, In response to a particular physiological,
developmental, differentiation, or pathological condition, and/or in response to one or
more specific biological molecules; and/or the promoter is activated in particular tissue or
cell types. In certain embodiments, the disease, disorder, or condition is responsive to the
therapeutic polypeptide or polynucleotide. For example in certain non-limiting
embodiments the therapeutic polynucleotide or polypeptide is useful to treat, prevent,
ameliorate, reduce symptoms, prevent progression, or cure the disease, disorder or
condition, but need not accomplish any one or all of these things. In certain
embodiments, the first and second polynucleotides are introduced s0 as to permit

expression of the ligand-dependent transcription factor complex under consitions
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associated with a disease, disorder or condition. In one embodiment, the therapeutic
methods are carried out such that the therapeutic polypeptide or therapeutic
polynucleotide is expressed and disseminated through the subject at a level sufficient to
treat, ameliorate, or prevent said disease, disorder, or condition. As used herein,
"disseminated” means that the polypeptide is expressed and released from the modified
cell sufficiently to have an effect or activity in the subject. Dissemination may be
systemic, local or anything in between. For example, the therapeutic polypeptide or
therapeutic polynucleotide might be systemically disseminated through the bloodstream
or lymph system. Alternatively, the therapeutic polypeptide or therapeutic polynucleotide
might be disseminated locally in a tissue or organ to be treated.

[0139] In one embodiment, the therapeutic methods are carried out by administering
compositions of the invention, such as the first and second polynucleotides described
above, directly to the subject to be treated, such that the polynucleotides are taken up, in
vivo, by cells of the subject to be freated, and one or more therapeutic polypeptides or
polynucleotides will be expressed by those cells under appropriate conditions, as
described in detail elsewhere herein.  Polynucleotides may be directly delivered to a
subject to be treated by a variety of methods including, without limitation, viral vectors,
e.g., retroviral vectors, adeno-associated virus vectors, pox virus vectors, e.g., vaccinia
virus vectors, baculovirus vectors, herpes virus vectors, e.g., herpes simplex vectors or
Epstein-Barr virus vectors, adenovirus vectors, geminivirus vectors, or caulimovirus
vectors; non-viral vectors such as plasmids, which may be delivered, for example
complexed with liposomes, electrically charged lipids (cytofectins), biopolymers or as
DNA-protein complexes,

[0140] In another embodiment, the therapeutic methods are carried out by introducing the
compositions of the invention, such as the first and second polynucleotides described
above, into the subject to be treated contained in one or more modified cells. Following
administration of the modified cells the one or more therapentic polypeptides or
polynucleotides are expressed by the modified cells under appropriate conditions, as
described in detail elsewhere herein. The term "modified cell” refers to a cell or cells into
which at least a first and second polynucleotide as described above have been inserted.
As such, "a modified cell" refers to the cell harboring the first and second

polynucleotides, which may or may not be a cell from, or related to, the subject to be
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[0141]

[0142)

[0143]

[0144)

-40 -

treated. Such cells are included in the definition of "bioreactors" or "bioreactor devices"
as described herein. As defined herein, however, a "bioreactor" or "bioreactor device"
need not be not a modified cell, rather, a bioreactor or bioreactor device as defined herein
is any cell or cells intended to secrete a therapeutic protein or therapeutic polynucleotide,
whether or not the cell(s) are "modified cells."

In one embodiment, the therapeutic methods are carried out by introducing the
compositions of the invention, such as the first and second polynucleotides described
above, into cells that have been isolated from said subject, ie., autologous cells, to
produce modified cells, and the modified cells are re-introduced into said subject.

Altematively, modified cells may be prepared by introducing the compositions of
the invention, such as the first and second polynucleotides described above, into cells
which are not isolated from the subject, i.e., they are non-autologous relative to the
subject, to produce modified non-autologous (MNA) cells. Such MNA cells may be
allogeneic relative to the subject to be treated, i.e., they are derived from a genetically
non-identical member of the same species as the subject. For example, in treating a
human subject, the cells would be human cells, but not directly derived from the subject
to be treated. Altematively, MNA cells may be xenogeneic relative to the subject to be
treated. i.e., they are derived from a different species than the subject to be treated. For
example, in treating a human subject the cells might be mouse cells, monkey cells, or pig
cells.

MNA cells suitable for use in the present invention may be generated from any
number of cells types, including, but not limited to tmmortalized cells, primary cells, and
cells capable of terminal differentiation. Non-limiting examples of cells suitable for
generating MNA modified cells for the present invention include C2C12 mouse myoblast
cells, HEK293 human embryonic kidney cells, ARPE-19 cells, hMSC cells, pancreatic
islet cells, MDCK cell, BHK cell, hybridoma cell CHO cell, an astrocyte derived cell, an
oligodendrocyte derived cell, a myoblast derived cell, a parathyroid derived cell. In a
specific embodiment where pancreatic islet cells are used to generate modified cells to
treat a human subject, the pancreatic islet cells may be xenogeneic, e.g., porcine islet
cells, or allogeneic, e.g., human islet cells derived from cadavers.

In one embodiment, the therapeutic methods are carried out in vivo.
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[0145] In one embodiment, the polynucleotide encoding the gene switch and the
polynucleotide encoding the therapeutic polypeptide or therapeutic polynucleotide linked
to a promoter ar¢ part of one larger polynucleotide, eg., a vector. In another
embodiment, the polynucleotide encoding the gene switch and the polynucleotide
encoding the therapeutic polypeptide or therapeutic polynucleotide linked to a promoter
are separate polynucleotides, which may be combined to form a "nucleic acid
composition."”.

[0146] In certain embodiments, a bioreactor of the invention comprises modified or non-
modified cells swrrounded by a barrier (e.g., encapsulated) prior to being introduced into
the subject. Such a bioreactor may be used with any subject instead of having to modify
autologous cells from each individual. Cellular encapsulation methods have been used to
immunoisolate cells while allowing, c¢ither selectively or unselectively, the release of
desired biological materials. It may be desirable to provide encapsulation compositions
and methods for making them, which are capable of providing improved structural
characteristics and/or immune protection. Such compositions and methods may find use,
where encapsulated cells can withstand mechanical, chemical or immune destruction
within the subject to be treated, and wonld additionally provide for free permeability to
nutrients, ions, oxygen, and other materials needed to both maintain the tissue and support
normal metabolic functions, but impermeable to bacteria, lymphocytes, and large proteins
of the type responsible for immunochemical reactions. Barriers suitable for use in the
present invention allow dissemination of a therapeutic protein or therapeutic
polynucleotide expressed by modified or non-modified cells contained within the barrier,
but prevent direct contact of the cells with cells of the subject's immune system. The
barrier may also function to prevent non-autologous or autologous modified or non-
modified cells from escaping from the site of introduction, e.g., rogue cells that might
cause harm to the subject if allowed to circulate. In one embodiment the barrer is a
selectively permeable barrier, e.g., a barrier that is permeable to small molecules such as
hormones and small peptides but impermeable to larger polypeptides such as antibodies.
For example, the barrier may be impermeable to molecules with a molecular weight
greater than about 100,000, about 50,000, about 25,600, about 10,000, about 5,000 or
about 1,000 daltons.
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[0147]

[0148]

[0149]

10150}
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Any number of barrier systems are suitable for use in the present invention. In
one embodiment, for example, the bamier comprises a conformal coating which encases
one or more cells. Typically a conformal coating is made of a polymer material, e.g.,
polyethylene glycol or hydroxyethyl methacrylate-methyl methacrylate (HEMA-MMA).
Conformal coatings typically enclose a small number of modified cells, eg., 1-10 cells, 1-
20 cells, 1-30 cells 1-50 cells 1-70 cells or 1-90 cells, See, e.g., Shoichet MS, Winn SR.,
Adv Drug Delivery Rev. 42:81-102 (2000), which is incorporated herein by reference in
its entirety.

In other embodiments, a barrier system suitable for use in the present invention
comprises a bioreactor, which comprises encapsulated cells. Two non-limiting
encapsulation methods, microencapsulation and macroencapsulation, are known in the
art. Typically, in microencapsulation, the cells are suspended in a biologically
compatible encapsulation material which is then shaped info bead-like structures, whereas
in macroencapsulation the device is generally manufactured prior to the addition of cells
and can be composed of one or more synthetic membranes. As compared to conformal
coatings, barrier systems comprising encapsulated cells tend to be more uniform in size,
ard tend to have uniform pore size allowing better control of protein dissemination. For
encapsulation, living cells and other sensitive materials may be treated under sufficiently
mild conditions allowing the cells or biomaterial fo remain substantially unaffected by the
encapsulation process, yet permitting the formation of a capsule of sufficient strength to
exist over Jong periods of time.

Living cell(s) can be encapsulated and the resulting encapsulated cell(s) maintain
long term in vive activity by encapsulating the cells within a biocompatible semi-
permeable membrane. One way {0 increase biocompatibility is to add an outer surface of
biocompatible negatively-charged material. The term "biocompatible” as used herein
refers collectively to both the intact capsule and its contents. Specifically, it refers to the
capability of the implanted intact encapsulated cell to avoid detrimental effects of the
body's various protective systems, such as immune system or foreign body fibrotic
response, and remain functional for a significant period of time.

Bioreactors comprising encapsulated cells which are suitable for use in the present
invention are especially useful for the administration of cells to an animal, wherein the

immune response of the animal towards the cell is to be minimized. Cells which produce
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antibodies, enzymes, and other bioactive materials can also be administered. The small
size of the resulting encapsulated cells within the subject of the invention facilitate
administration of the microcapsules by injection, implantation or transplantation into a
subject.

[0151]) Living cells can be encapsulated in a variety of gels, e.g., alginate, to form
implantable bead-like structures, e.g., microbeads or microspheres to physically isolate
the cells once implanted into a subject to be treated. To prevent entry of smaller
molecular weight substances such as antibodies and complement (with a molecular
weight of about 150 kDa) into these bead-like structures, they can be coated with a
material such as poly-L-lysine, chitosan, or PAN-PVC, which provides an outer shell
with a controlled pore size or they can be treated by e.g., cross-linking, to control their
internal porosity.  Additional examples of useful materials include conventional
biocompatible materials made up of natural or synthetic polymers or co-polymers, such as
poly-L-lysine-alginate, collagen, gelatin, laminin, methyl methacrylate, hydroxyethyl
methacrylate, MATRIGEL, VIRTOGEN, polyvinylalcohol, agarose, polyethylene glycol,
hydrogels, polylactic acid, polyglycolic acid,  poly{lactide-co-glycolide),
polyhvdroxybutyrate-polyhydroxyvalerate, copolymer, poly(lactide-co-caprolactone),
polyesteramides, polyorthoesters, poly 13-hydroxybutyric acid, polyanhydrides,
polyethylene terephthalate, polyetrafluoroethylene, pliyacrylates (including acrylic
copolymers), polyvinylidenes, polyvinyl chloride copolymers, polyurethanes,
polystyrenes, polyamides, cellulose acetates, cellulose nitrates, polysulfones (including
polyether sulfones), polyphosphazenes, polyacrylonitriles, and poly(acrylonitrile/covinyl
chloride).

[0152] One form of encapsulation is microencapsulation, which involves suspension of
the cells in a liquid or gelatinous encapsulation material, which is then formed into a
supporting particulate matrix, e.g., a hydrogel matrix to form a bead-like structure, which
serves as a core of an implantable device. The core maintains a proper cell distribution,
provides strength, and enhances cell viability, longevity, and function. The core can also
contribute to immunoisolation. It also protects the internal cells contained in the bead-
like structures from direct cell-cell interactions that can elicit an undesirable immune

response in the subject to be treated.
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[0153] A barrier system may contain multiple layers, e.g., where each layer serves a
different purpose (e.g., support, control of permeability). Barriers may comprise contrast
agents or other properties that render the barrier imageable (e.g., by x-ray, sonography,
efc.) to ensure proper positioning of the implanted cells. Examples of barmer systems
useful for cell implantation are described un U.S. Patent Nos. 7,226,978, RE35,542
(agarose), 6,960,351, 6,916,640, 6,911,227 (polyethylene glycol), 6,818,018, 6,808,705,
6,783,964, 6,762,959, 6,727,322, 6,610,668 (poly--14-N-acetylglucosamine (p-GlecNAc)
polysaccharide), 6,558,665, RE38,027, 6,495,161, 6,368,612, 6,365,385, 6,337,008,
6,306,454 (polyalkylene), 6,303,355, 6,287,558 (gel super matrix), 6,281,015, 6,264,941,
6,258,870, 6,180,007, 6,126,936 (polyamine acid), 6,123,700, 6,083,523, 6,020,200,
5,916,790, 5,912,005, 5,908,623, 5,902,745, 5,858,746, 5,846,530 (polysaccaharides),
5,843,743, 5,837,747, 5,837,234, 5,834,274, 5,834,001, 5,801,033, 5,800,829, 5,800,828,
5,798,113, 5,788,988, 5,786,216, 5,773,286, 5,759,578, 5,700,848, 5,656,481, 5,653,975,

" 5,648,099, 5,550,178, 5,550,050, 4,806,355, 4,689,293, 4,680,174, 4,673,566, 4,409,331, -
4,352,883, and U.S. Patent Application Publications 2006/0263405 (alginate/polymer)
and 2004/0005302 (alignate-poly-L-lysine), each incorporated herein by references in ifs
entirety.

[0154] In certain embodiments, a barrier system suitable for use in the present invention
comprises microencapsulated cells.  Microencapsulation generates approximately
spherical and relatively uniform bead-like structures comprising encapsulated cells, where
the bead-like structures are about 100-700 um in diameter, .g., about 100, 200, 300, 400,
500, 600 or 700 um in diameter. Microencapsulated cells of the invention may be
produced using a variety of encapsulation materials as described above. In one
embodiment, the encapsulation material comprises a hydrogel. In another embodiment
the encapsulation material comprises a polymer. Suitable polymers include, without
limitation, cellulose, e.g., cellulose sulfate, and alginate. For example, one microcapsule
of the invention comprises polyanionic alginate and a poly-cationic polymer to interact
and formm a physical permselective membrane barrier. An altemnative method of
microencapsulation comprises the formation of poly (L-lactide) acid (PLLA) or a poly-L-
omithine (PLO) alginate microspheres. See, e.g., Damrabie, M.D. et al. Biomaterials
26:6846-6852 (2005) and Blasi, P. et al. Int J Pharm. 324:27-36 (2006). Alginate based
microencapsulation materials may forther contain ultra high viscosity (UHV) polymers,
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which may also be biodegradable. See, e.g., Zimmermann, U. ef el. Anmn N Y Acad Sci.
944:199-215 (2001).

[0155] Bioreactors of the present invention comprising microencapsulated cells typically
comprise at least one up to about 1000 cells per "bead,” e.g., modified or non-modified
cells intended fo secrete a desired therapeutic polypeptide or polynucleotide as described
herein. For example, a bioreactor of the invention which comprises microencapsulated
cells may result in at least 50, at least 100, at least 200, at least 400, at least 500, at least
800 to about 1000 or more cells per "bead.”

[0156] In certain embodiments, a bioreactor suitable for use in the present invention
comprises cells enclosed in a macroencapsulation device. As compared to bioreactors
comprising microencapsulated cells, bioreactors comprising macroencapsulation devices
are typically larger and often non-spherical encapsulated cell entities, and may be
composed of one or more synthetic membranes, e.g, one, two, three, four, 8, 10, or more
membranes, which may be the same composition of different compositions. As denoted
by the name, macrocapsulated cell devices are of a size such that individual entities may
be easily manipulated. For example, a typical macroencapsulation device may be an
oblong shape, about 3mm, 4mm, 5Smm, 6mm, 7mm, 8mm, Smm, 10mm or more long and
about 1 mm, 2 mm, 3 mm, 4 mm, or 5 mm or more in diameter. An exemplary but non-
limiting macroencapsulation deviceof the invention is about 6 mm long and about 1 mm
in diameter.

[0157] In certain embodiments a macroencapsulation device suitable for use in the
present invention comprises two or more synthetic membranes, where the synthetic
membranes have different pore sizes so as to regulate transit of therapeutic molecules
through the device and their dissemination into the environment. In certain embodiments,
a macroencapsulation device of the invention comprises a semi-permeable polymer outer
membrane and an intemnal scaffold to support the cells. In non-limiting examples, the
outer membrane comprises pores of about 15 nm to allow exchange of nutrients of
therapeutic molecules. The intemnal scaffold may comprise any number of materials, In
one non-limiting example the scaffold comprises poly (ethylene terephthalate) varn
(available from Neurotech (www.neurotechusa.com)).

[0X58] In another non-limiting example, a macroencapsulaton device suitable for use in

the invention comprises a polymeric membrane bilayer, where the bilayer comprises an
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outer layer of Sum poly(tetrafluoroethylene) (PTFE) membrane laminated onto an inner
tighter pore 045 uM PTFE immunobarrier layer (available from Theracyte
(www.theracyte.com)). Such a macroencapsulation device may further comprise a non-
woven poly mesh layer exterior to said polymeric membrane bilayer. In yet another non-
limiting example, a macroencapsulation device suitable for use in the invention is
composed of polyethersulfone (PES) hollow fibers. See, e.g., Li, Y., et al. J. Membrane
Sci. 245:53-60 (2004).

[0159] Macroencapsulation devices suitable for use in the present invention may
optionally have additional structures to allow convenient implantation into and retrieval
from a subject to be treated. For example, a macroencapsulation device may comprise,
without limitation, a suture clip, a loading port, a tether, or other structure for ease of use.

[0160] The interior space of macroencapsulation devices of the invention is typically
suitable to comprise at least one up to about 10° cells, e.g., modified or non-modified
cells ‘intended to secrete a desired therapeutic polypeptide or polynucleotide. For
example, a macroencapsulation device of the invention may comprise at least 500, at least
1,000, at least 2,000, at least 4,000, at least 5,000, at least 8,000 to about 10,000 or more
cells.

[0161] Some bioreactor devices, e.g., encapsulated or coated modified or non-modified
cells of the present invention intended to secrete a desired therapeutic polypeptide or
polynucleotide, may further comprise protective cells, e.g., within the barrier or capsule,
where the protective cells are capable of providing protection to the modified or non-
modified cells intended to secrete a desired therapeutic polypeptide or polynucleotide.
Non-limiting examples of such protective cells include modified or non-modified sertoli
cells and erythrocytes. Additionally, some bioreactor devices, e.g., encapsulated or
coated modified or non-modified cells of the present invention intended to secrete a
desired therapeutic polypeptide or polynucleotide, may further comprise an outer coating
capable of creating a more compatible or protective micro-environment. Exemplary, non-
limiting micro-environments which may be created include an anti-inflammatory micro-
environment and a pro-angiogenic micro-environment.

[0162] In still other embodiments, bioreactor devices of the present invention may
include modified cells with a "safety-shutoff" mechanism. For example, modified cells

contained in a bioreactor device may comprise a regulated suicide gene which encodes a
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lethal polypeptide where the gene, upon activation, would induce destruction of the
modified cell itself. For example, a modified cell might be programmed to die if it
escapes from a barrier system, or if it undergoes oncogenic conversion. Non-limiting
examples of lethal polypeptides suitable for use in the present invention are described in
more detail below.

[0163] The subject on which the therapeutic methods are carried out may be any subject
for which treatment or prevention is desired. For example, the subject may be one that is
exhibiting one or more symptoms of a disease, disorder, or condition. The subject may
also be one that is predisposed to a disease, disorder, or condition, .g., due to genetics,
family history, or environmental exposure. The subject may be a member of the general
public, eg., as part of a preventative immunization against a disease, disorder, or
condition in a population.

[0164] The disease, disorder, or condition to be treated or prevented by the methods of
the invention may be any disease, disorder, or condition for which one or more
therapeutic switch promoters is available. Examples of diseases or disorders which may
be treated or prevented by the methods of the invention include, without limitation,
hypetproliferative diseases, disorders, or conditions {e.g., cancer), cardiovascular
diseases, disorders, or conditions, neural diseases, disorders, or conditions, autoimmune
diseases, disorders, or conditions, bone diseases, disorders, or conditions, gastrointestinal
diseases, disorders, or conditions, blood diseases, disorders, or conditions, metabolic
diseases, disorders, or conditions, inflammatory diseases, disorders, or conditions, and
infectious diseases, disorders, or conditions.

[0165] The therapeutic switch promoters of the invention may be any promoter that is
usefit] for treating, ameliorating, or preventing a specific disease, disorder, or condition.
Examples include, without lipnitation, promoters of genes that exhibit increased
expression only during a specific disease, disorder, or condition and promoters of genes
that exhibit increased expression under specific cell conditions (eg., proliferation,
apoptosis, change in pH, oxidation state, oxygen level). In some embodiments where the
gene switch comprises more than one transcription factor sequence, the specificity of the
therapeutic methods can be increased by combining a disease- or condition- specific

promoter with a tissue- or cell type-specific promoter to limit the tissues in which the
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therapeutic product is expressed. Thus, tissue- or cell type-specific promoters are
encompassed within the definition of therapeutic switch promoter.

[0166] As an example of disease-specific promoters, useful promoters for treating cancer
include the promoters of oncogenes. Examples of classes of oncogenes include, but are
not limited to, growth factors, growth factor receptors, protein kinases, programimned cell
death regulators and transcription factors. Specific examples of oncogenes include; but
are not limited to, sis, erb B, erb B-2, ras, abl, myc and bel-2 and TERT. Examples of
other cancer-related genes include tumor associated antigen genes and other genes that
are overexpressed in neoplastic cells (e.g., MAGE-1, carcinoembryonic antigen,
tyrosinase, prostate specific antigen, prostate speéific membrane antigen, p53, MUC-1,
MUC-2, MUC-4, HER-2/meu, T/Tn, MART-1, gpl00, GM2, Tn, sTn, and Thompson-
Friedenreich antigen (TF)).

[0167] Examples of promoter sequences and other regulatory elements (e.g., enhancers)
that are known in the art and are useful as therapeutic switch promoters in the present
invention are disclosed in the references listed in Tables 1 and 2, along with the
disease/disorder (Table 1) or tissue specificity (Table 2) associated with each promoter.
The promoter sequences disclosed in these references are herein incorporated by

reference in their entirety.

Table 1
Promoter Sequence Disease/Disorder ij:;;ifggi%;:;
Her-2/nen (ERBB2/c-erbB-2) cancer 5,518,885
osteocalcin calcified tumors 5,772,993
stromelysin-1 cancer 5,824,794
prostate specific antigen prostate cancer 5,919,652
human sodinm-iodide symporter thyroid carcinoma 6,013,376
H19, IF-1, IGF-2 cancer 6,306,833
thymosin B15 breast, pancreatic, prostate | 6,489,463
cancer

T cell factor cancer 6,608,037
carﬁ.lzfge-deriv;ed retinoic acid- chondrosarcoma, 6,610,509
sensitive protein mamnmary tomor
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Promoter Sequence Disease/Disorder P:;‘;;ziri::sthi
insulin pancreatic cancer 6,716,824
PEG-3 cancer 6,737,523
telomerase reverse transcriptase cancer 6,777,203
melanoma differentiation associated | cancer 6,841,362
gene-7
prostasin cancer 6,864,093
telomerase catalytic subunit; cancer 6,936,595
cyclin-A
midkine; c-erbB-2 cancer 7,030,099
prostate-specific membrane antigen | prostate cancer 7,037,647
p5l cancer 7,038,028
telomerase RNA cancer 7,084,267
prostatic acid phosphatase prostate cancer 7,094,533
PCA3 s prostate cancer 7,138,235
DE3/MUCIH cancer 7,247,297
hex I cancer 2001/0011128
cyclooxygenase-2 cancer 2002/0107219
super PSA prostate cancer 2003/0078224
skp2 cancer 2003/0109481
PRL-3 metastatic colon cancer 2004/0126785
CAI25M1782 ovarian cancer 2004/0126824
IAL3B ovarian cancer 2005/0031591
CRG-L2 liver cancer 2005/0124068
TRPM4 prostate cancer 2006/01889%0
RTVP glioma 2006/0216731
TARP prostate cancer, breast 2007/0032439
cancer
telomere reverse transcriptase cancer 2007/0059287
A4 amyloid protein Alzheimer's disease 5,151,508
amyloid B-protein precursor Alzheimer's disease 5,643,726
precursor of the Alzheimer's Disease | Alzheimer's disease 5,853,985
A4 amyloid protein
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-50-
. . Patent/Published
Promoter Sequence Disease/Disorder Application No.

neuropeptide FF CNS disorders 6,320,038
endoplasmic reticulumn stress stress 7,049,132
elements _
urocortin II psychopathologies 7,087,385
tyrosine hydroxylase neurological disorders 7,195,910
complement factor 3; serum amyloid | inflammation 5,851,822
A3
tissue inhibitor of metalloproteinase- | rheumatism, cancer, 5,854,019
3 (TDMP-3) autoimmune disease,

inflammation
p75 tumor necrosis factor receptor autoimmune disease 5,959,094
tumor necrosis factor-a inflammmation 6,537,784
peroxisome proliferator activated inflammation 6,870,044
receptor/IIA-1 nonpancreatic
secreted phospholipase A2
SOCS-3 growth disorders, 2002/0174448

autoimmune disease,

inflammation
SR-BI lipid disorders 5,965,790
Ob obesity 5,698,389
site-1 protease obesity, diabetes 7,045,294
TIGR glaucoma 7,138,511
VL30 anoxia 5,681,706
excitatory amino acid transporter-2 | nervous system ischemia 2004/0171108
MDTS9 renal failure 2006/0014931
LIM, pyrroline 5-carboxylate prostate disorders 2006/0134688
reductase, SIM2
Bax apoptosis ' 5,744,310
fas apoptosis 5,888,764
bbc3 apoptosis 7,202,024
PINK-1 PI-3 kinase/Akt pathway 2006/0228776

disorders
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Table 2
Promoter Sequence Tissue Specificity l:;;ﬁgﬁ;g:fs;}zj
troponin T skeletal muscle 5,266,438
myoD muscle 5,352,595
actin muscle 5,374,544
smmth‘muscie 22a arterial smooth muscle 5,837,534
utrophin muscle 5,972,609
myostatin muscle 6,284,882
smooth muscle myosin heavy chain | smooth muscle 6,780,610
cardiac ankyrin repeat protein cardiac muscle 7,193,075
MLP muscle 2002/0042057
smoothelin smooth muscle 2003/0157494
MYBPC3 cardiomyocytes 2004/0175699
Tul a-tubulin neurons 5,661,032
intercellular adhesion molecule-4 Neurons 5,753,502
(ICAM-4)
y-aminobutyric acid type A receptor | hippecampus 6,066,726
B1 subunit
neuronal nicotinic acetylcholine NEUrons 6,177,242
receptor B2-subunit
presenilin-] neurons 6,255,473
calcium-calmodulin-dependent forebrain 6,509,190
kinase Ila
CRF5, receptor brain 7,071,323
nerve growth factor neurons 2003/ 159159
GLP-2 receptor gut, brain 2002/0045173
type I transglutaminase keratinocytes 5,643,746
Kil4 keratinocytes 6,596,515
stearoyl-CoA desaturase skin 2002/0151018
megsin renal cells 6,790,617
prolactin pituitary 5,082,779
GDF-9 ovary, testes, 7,227,013
hypothalamus, pituitary,
placenta




liver

WO 2009/045370 52 PCTAIS2008/011270
Promoter Sequence Tissue Specificity l:;gﬂgg::fsp{h?

PSP94 prostate 2003/0110522

NRL; NGAL mammary gland 5,773,250

long whey acidic protein mammary gland 5,831,141

mammary associated amyloid A mammary ductal epithelial | 2005/0107315
cells

endothelin-1 endothelial cells 5,288,846

serglycin hematopoietic cells 5,340,739

platelet-endothelial cell adhesion platelets, leukocytes, 5,668,012

molecule-1 (PECAM-1) endothelial cells

Tie receptor tyrosine kinase endothelial cells, bone 5,877,020
MAarrow

KDR/flk-1 endothelial cells 5,888,765

endoglin endothelial cells 6,103,527

CCRS myeloid and lymphoid 6,383,746
cells

CD11d myeloid cells 6,881,834

platelet glycoprotein IIb hematopoietic cells 6,884,616

preproendothelin-1 endothehal cells 7,067,649

mterleakin-18 binding protein mononuclear cells 2006/0239984

CD34 hematopoietic stem cells 5,556,954

Tec tyrosine kinase hematopoietic stem cells, 6,225459

Other genes that exhibit changes in expression levels during specific diseases or

disorders and therefore may provide promoters that are useful in the present invention

include, without limitation, the genes (along with the associated disease/disorder) listed in

Table 3.
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application publication
2001/0016651, incorporated by
reference herein

-53.
Table 3
. . Patent/Published
Gene Disease/Disorder Application No.
MLH1, MSH2, MSH6, PMSI, APC | Colorectal cancer - 7,148,016
LEF-1 Colon cancer 2002/0169300
F; receptor Colon cancer 2002/0187502
TGF-B type Il receptor Colon cancer 2004/0038284
EYA4 ' Colon cancer 2005/0003463
PCA3 Prostate cancer 7,138,235
K2 Prostate cancer 6,303,361
PROST 03 Prostate cancer metastases | 2002/0009455
PCAM-1 Prostate cancer 2002/0042062
PCADM-1 Prostate cancer 2003/0100033
PCA344s Prostate cancer 2003/0165850
PCAV Prostate cancer 2006/0275747
PAcP Androgen-insensitive 2006/0294615
prostate cancer
SEQ ID NO: 1 of the patent Liver cancer 5,866,329
5,866,329, incorporated by reference
herein
SEQID NOS: 1, 3 of the U.8. patent | Hepatocellular cancer 2002/0115094
application publication
2002/0115094, incorporated by
reference herein
SEQ ID NO: 1 of the patent U.S. Hepatocellular carcinoma | 2005/0037372
application publication
2005/0037372, incorporated by
reference herein
ATB; Hepatocellular carcinoma | 2006/0280725
SEQID NOS: 1,3 of the U.S. patent | Liver cancer 2007/0042420
application publication
2007/0042420, incorporated by
reference herein
CSA-1 Chondrosarcoma 2001/0016649
SEQ ID NOS: 1-15 of the U.S. patent | Pancreatic cancer 2001/0016651




B5-hCG, p8-beG, P3-hCG
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. . Patent/Published
Gene Disease/Disorder Application No.
SEQ ID NOS: 1-15 of the U.S. patent | Pancreatic cancer 2003/0212264
application publication :
200370212264, incorporated by
reference herein
SYGY72 Breast cancer 2002/0055107
Urb-ctf Breast cancer 2003/0143546
BCU399 Breast cancer 2003/0180728
TBX2 Breast cancer 2004/0029185
Cyr61 Breast cancer 2004/0086504
DIAPH3 Breast cancer 2005/0054826
SEQ ID NOS: 1-24 of the U1.S. patent | Breast cancer 2007/0134669
application publication
2007/0134669, incorporated by
reference herein
Human aspartyl {(asparaginyl) beta- CNSE cancer 2002/0102263
hydroxylase
BEHAB CNS cancer 2003/0068661
IL-8 Kaposi's Sarcoma 2003/0096781
SEQ ID NOS: 1-278 of the 1.5, Hematological cancers 2002/0198362
patent application publication
2002/0198362, incorporated by
reference herein
BLSA B-cell cancer 2003/0147887
BP1 Leukemia 2003/0171273
DAP-kinase, HOXA9 Non-small cell lung cancer | 2003/0224509
ARP Clear cell renal carcinoma, | 2004/0010119
inflammatory disorders
Nbk Renal cancer 2005/0053931
D43 Ovarian cancer 2006/0216231
SEQ ID NOS: 1-84 of the ULS. patent | Ovarian cancer 2007/0054268
application publication
2007/0054268, incorporated by
reference herein
B7-heG, B6-hCG, B6e-hCG, Uterine tumors 2006/0292567
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Gene Disease/Disorder ?;;‘:itg;z::ﬁ?
MTAls Hormone insensitive 2006/0204957
cancer :
Old-35, Old-64 Tumor proliferation 2003/0099660
LAGE-1 Cancer 6,794,131
CIF150/mTAF 150 Cancer 6,174,679
P65 oncofetal protein Cancer 5,773,215
Telomerase Cancer 2002/0025518
CYP1B1 Cancer 2002/0052013
14-3-3¢ Cancer 2002/0102245
NES1 Cancer 2002/0106367
CAR-1 Cancer 2002/0119541
HMGI, MAG Cancer 2002/0120120
ELL2 Cancer 2002/0132329
Ephrin B2 Cancer 2002/0136726
WAF1 Cancer 2002/0142442
CIF130 Cancer 2002/0143154
C35 Cancer 2002/0155447
BMP2 Cancer 2002/0159986
BUR3 Cancer 2002/0160403
Polymerase kappa Cancer 2003/0017573
EAG], EAG2 Cancer 2003/0040476
SEQ ID NOS: 18, 20, 22 of the U.S. | Cancer 2003/0044813
patent application publication
2003/0044813, incorporated by
reference herein
HMG I Cancer 2003/0051260
HLTF Cancer 2003/0082526
Barx2 Cancer 2003/0087243
SEQ ID NOS: 18, 20, 22, 32, 34, Cancer 2003/0108920
360of the U.S. patent application
publication 2003/0108920,
incorporated by reference herein
Cables Cancer 2003/0109443
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Pp 32r1 Cancer 2003/0129631
BMP4 Cancer 2003/0134790
T810q23.3 Cancer 2003/0139324
Nuclear spindle-associating protein | Cancer 2003/0157072
FFTAIRE Cancer 2003/0166217
SEMA3B Cancer 2003/0166557
MOGp Cancer, multiple sclerosis, | 2003/0166898
inflammmatory disease
Fortilin Cancer 2003/0172388
SEQ ID NO: 1 of the U.8. patent Cancer 2003/0215833
application publication
2003/0215833, incorporated by
reference herein
IGFBP-3 Cancer 2004/0005294
Polyhomeotic 2 Cancer 2004/0006210
PNQALRE Cancer 2004/0077009
SEQ ID NOS: 1, 3 of the U.S. patent | Cancer 2004/0086916
application publication
2004/0086916, incorporated by
reference herein
SCNSA Cancer 2004/0146877
miR15, miR16 Cancer 2004/0152112
Headpin Cancer 2004/0180371
PAOK1/SMO Cancer 2004/0229241
Hippo, Mst2 Cancer 2005/0053592
PSMA-like Cancer, neurological 2005/0064504
disorders
JABI Cancer 2005/0069918
NF-AT Cancer 2005/0079496
P28INGS Cancer 2005/0097626
MTGlé Cancer 2005/0107313
ErbR-2 Cancer 2005/0123538
HDAC?O Cancer 2005/0130146
GPBP Cancer 2005/0130227
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MG20 Cancer 2005/0153352
KLF6 Cancer 2005/0181374
ARTS] Cancer 2005/0266443
Dock 3 Cancer 2006/0041111
Annexin 8 Cancer 2006/0052320
MHI15 Cancer 2006/0068411
DELTA-N p73 Cancer 2006/0088825
RapRé6 Cancer 2006/099676
StarD10 Cancer 2006/0148032
Cizl Cancer 2006/0155113
HLJ1 Cancer -2006/0194235
RapR7 Cancer 2006/0240021
A34 Cancer 2006/0292154
Sef Cancer 2006/0293240
Killin Cancer 2007/0072218
SGA-IM Cancer 2007/0128593
TGFP Type I receptor Cancer 2002/0064786
GCA-associated genes Giant cell arteritis 6,743,903
PRV-1 Polycythemia vera 6,686,153
SEQ ID NOS: 2, 4 of the .S, patent | Ischomia 5,048,637
5,948,637, incorporated by reference
herein
Vezfl Vascular disorders 20020023277
MLP Dilatative cardiomyopathy | 2002/0042057
VEGI Pathological angiogenesis | 2002/0111325
PRO256 Cardiovascular disorders 2002/0123091
AQP2 Atherosclerosis 200210142417
Remodelin Arterial restenosis, fibrosis | 2002/0161211
Phosphodiesterase 4D Stroke 2003/0054531
Prostaglandin receptor subtype EP3 | Peripheral arterial 2003/0157599

occlusive disease

CARP Heart disorders 2004/0014706
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HOP Congenital heart disease 2004/0029158
. SEQ ID NOS: 1-4 of the U.S. patent | Apoplexy 2004/0087784
application publication
2004/0087784, incorporated by
reference herein
PLTP Atherosclerosis, vascular 200610252787
disease,
hypercholesterolemia,
Tangier's disease, familial
HDL deficiency disease
SEQID NOS: I, 3-8, 15, 16 of the Thrombosis 2007/0160996
U.S. patent application publication
2007/0160996, incorporated by
reference herein
uce-2 Stroke 2002/0172958
FLI11011 Fanconi's Anemia 2006/0070134
Codanin-1 Anemia 2006/0134331
SEQID NOS: 1, 6, 8 of the U.S. Insulin-dependent diabetes = 5,763,591
patent 5,763,591, incorporated by mellitus
reference herein
Resistin Type 11 diabetes 2002/0161210
Archipelin Diabetes 2003/0202976
SEQ ID NOS: 2, 7, 16, 27 of the U.S. | Diabetes, hyperlipidemia 2004/0053397
patent application publication
2004/0053397, incorporated by
-reference herein
Neuronatin Metabolic disorders 2004/0259777
Ncebsor Diabetes 2005/0031605
B2 Endocrine disorders 2005/0G86709
PTH:P, PEX Metabolic bone discascs 2005/0113303
KChiIPI Type I diabetes 2005/0196784
SLIT-3 Type 1 diabetes 2006/0141462
CX3CR1 Type Il diabetes 2006/0160076
SMAP-2 Diabetes 2006/0210974
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SEQID NOS: 2, 8, 12, 16, 22, 26, Type Il diabetes 2006/0228706
28, 32 of the U.S. patent application
publication 2006/0228706,
incorporated by reference herein
IC-RFX Diabetes 2006/0264611
E21G4 Diabetes, insulin 2007/0036787
resistance, obesity
SEQID NOS: 2, 8,10, 14, 18, 24, Diabetes 2007/0122802
26, 30, 34, 38, 44, 50, 54, 60, 62, 68,
74, 80, 86, 92, 98, 104, 110 of the
.S, patent application publication
2007/0122802, incorporated by
reference herein
UCP2 Body weight disorders 2002/0127600
Ob receptor Body weight disorders 2002/0182676
Ob Bodyweight disorders 2004/0214214
Dpl Neurodegenerative 2001/0021771
disorders
NRG-1 Schizophrenta 2002/0045577
Synapsin IIT Schizophrenia 2002/0064811
NRG1AG! Schizophrenia 2002/0094954
AL-2 Neuronal disorders 2002/0142444
Proline dehydrogenase Bipolar disorder, major 2002/0193581
depressive disorder,
schizophrenia, obsessive
compulsive disorder
MNR2 Chronic neurodegenerative | 2002/0197678
discase
ATM Ataxia-telangiectasia 2004/0029198
Ho-1 Dementing diseases 2004/0033563
CON202 Schizophrenia 2004/0091928
Ataxin-1 Neurodegenerative 2004/0177388
disorders
NR3B Motor neuron disorders 2005/0153287
NIPA-1 Hereditary spastic 2005/0164228
paraplegia
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DEPP, adrenomedullin, csdA Schizophrenia 2005/0227233
Inf-20 Neurodegenerative 2006/0079675
diseases
EOPA Brain development and 2007/0031830
degeneration disorders
SERT Autism 2007/0037194
FRP-1 Glaucoma 2002/0049177
Serum amyloid A Glaucoma 2005/0153927
BMP2 Osteoporosis 2002/0072066
BMPR1A Juvenile polyposis 2003/0072758
ACLP Gastroschisis 2003/0084464
Resistin-like molecule § Familial adenomatous 2003/0138826
polyposis, diabetes, insulin
resistance, colon cancer,
inflammatory bowel
disorder
Dlg5 Inflammatory bowel 2006/0100132
disease
SEQ ID NOS: 1-82 of the U.S. patent | Osteoarthritis 2002/0119452
application publication
2002/0119452, incorporated by
reference herein
TRANCE Immune system disorders | 2003/0185820
Matrilin-3 Osteoarthritis 2003/0203380
Synoviolin Rheumatoid arthritis 2004/0152871
SEQ ID NOS: 9, 35 of the U.S. Osteoarthritis 2007/0028314
patent application publication
2007/0028314, incorporated by
reference herein
HIV LTR HIV infection 5,627,023
SHIVA HIV infection 2004/0197770
EBI1,EBI 2, EBI 3 Epstein Barr virus infection | 2002/0040133
NM23 family Skin/intestinal disorders 2002/0034741




WO 2005/043370

PCTAUS2008/011270

-61 -
. . Patent/Published
Gene Disease/Disorder Application No.
SEQ ID NO: 1 of the U.S. patent Psoriasis 2002/0169127
application publication
2002/0169127, incorporated by
reference herein
Eps8 Skin disorders, wound 2003/0180302
healing
Beta-10 Thyroid gland pathology 2002/0015981
SEQ ID NO: 2 of the U.S. patent Thyroid conditions 2003/0207403
application publication
2003/0207403, incorporated by
reference herein
SEQID NO: 3 of the U.S, patent Thyroid disorders 2007/0020275
application publication
200770020275, incorporated by
reference herein
Hair follicle growth factor Alopecia 2003/0036174
Corneodesmosin Alopecia 2003/0211065
GCRO Asthma, lymphoma, L 2003/0166150
leukemia
SEQ ID NO: 1-71 of the U.S. patent | Asthma 2004/0002084
application publication
2004/0002084, incorporated by
reference herein
Bg Chediak-Higashi syndrome | 2002/0115144
SEQ ID NOS: 1-16 of the U.S. patent | Endometriosis 2002701275558
application publication
2002/0127555, incorporated by
reference herein
FGF23 Hypophosphatemic 2005/0156014
disorders
BBSR Bardet-Bied! syndrome 2003/0152963
MIC-1 Fetal abnormalities, cancer, | 2004/0053325
inflammatory disorders,
miscarmiage, premature
birth
MIA-2 Liver damage 2004/0076965
IL-17B Cartilage degenerative 2004/0171109

discrders
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Formylglycine generating enzyme Multiple sulfatase 2004/0229250
deficiency
LPLAZ Pulmonary alveolar 2006/0008455
proteinosis
CXCL1O Respiratory illnesses 2006/0040329
SEQID NOS: 1, 2 of the U.S. patent | Nephropathy 2006/0140945
application publication
2006/0140945, incorporated by
reference herein
HFEZA Iron metabolism disease 2007/0166711
[0169]) Once a gene with an expression pattemn that is modulated during a disease,

disorder, or condition is identified, the promoter of the gene may be used in the gene
switch of the invention. The sequence of many genes, including the promoter region, is
known in the art and available in public databases, eg., GenBank. Thus, once an
appropriate gene is identified, the promoter sequence can be readily identified and
obtained. Another aspect of the present invention is directed towards identifying suitable
genes whose promoter can be isolated and placed into a gene switch. The identity of the
gene, therefore, may not be crtical to specific embodiments of the present invention,
provided the promoter can be isolated and used in subsequent settings or environments.
The current invention thus includes the use of promoters from genes that are yet to be
identified. Once suitable penes are identified, it is a matter of routine skill or
experimentation to determine the genetic sequences needed for promoter function.
Indeed, several comrnercial protocols exist to aid in the determination of the promoter
region of genes of interest. By way of example, Ding et 2l recently elucidated the
promoter sequence of the novel Sproutyd gene (Am. J. Physiol. Lung Cell. Mol. Physiol.
287: 152 (2004), which is incorporated by reference) by progressively deleting the 5'-
flanking sequence of the human Sprouiy4 gene. Briefly, once the transcription initiation
site was determined, PCR fragments were generated using common PCR primers to clone
segments of the 5'-flanking segment in a unidirectional manner. The generated segments
were cloned into a luciferase reporter vector and luciferase activity was measured to

determine the promoter region of the human Sprousy4 gene.
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[0170] Another example of a protocol for acquiring and validating gene promoters
includes the following steps: (1) acquire diseased and non-diseased cell/tissue samples of
similar/same tissue type; (2) isolate total RNA or mRNA from the samples; (3) perform
differential microarray analysis of diseased and non-diseased RNA; (4) identify candidate
disease-specific transcripts; (5) identify genomic sequences associated with the disease-
specific transcripts; (6) acquire or synthesize DNA sequence upstream and downstream of
the predicted transcription start site of the disease-specific transcript; (7) design and
produce promoter reporter vectors using different lengths of DNA from step 6; and {8)
test promoter reporter vectors in diseased and non-diseased cells/tissues, as well as in
unrélated cells/tissues.

[0171] The source of the promoter that is inserted into the gene switch can be natural or
synthetic, and the source of the promoter should not limit the scope of the invention
described herein. In other words, the promoter may be directly cloned from cells, or the
promoter may have been previously cloned from a different source, or the promoter may

have been synthesized.

Gene Switch Systems

[0172] The gene switch may be any gene switch that regulates gene expression by
addition or removal of a specific ligand. In one embodiment, the gene switch is one in
which the level of gene expression is dependent on the level of ligand that is present.
Examples of ligand-dependent transcription factor complexes that may be used in the
gene switches of the invention include, without limitation, members of the nuclear
receptor superfamily activated by their respective ligands {e.z., glucocorticoid, estrogen,
progestin, retinoid, ecdysone, and analogs and mimetics thereof) and rI'TA activated by
tetracycline. In one aspect of the invention, the gene switch is an EcR-based gene switch.
Examples of such systems include, without limitation, the systems described in U.S.
Patent Nos. 6,258,603, 7,045,315, U.S, Published Patent Application Nos. 2006/0014711,
2007/0161086, and International Published Application No. WO 01/70816. Examples of
chimeric ecdysone receptor systems are described in U.S. Patent No. 7,091,038, US.
Published Patent Application Nos. 2002/0110861, 2004/0033600, 2004/00965942,
2005/0266457, and 2006/0100416, and International Published Application Nos. WO
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01/70816, WO 02/066612, WO 02/066613, WO 02/066614, WO 02/066615, WO
02/29075, and WO 2005/108617, each of which is incorporated by reference in its
entirety. An example of a non-steroidal ecdysone agonist-regulated system is the
RheoSwitch® Mammalian Inducible Expression System (New England Biolabs, Ipswich,
MA). In another aspect of the invention, the gene switch is based on heterodimerization
of FK506 binding protein {FKBP) with FKBP rapamycin associated protein (FRAP) and
is regulated through rapamyecin or its non-immunosuppressive analogs. Examples of such
systemns, include, without limitation, the ARGENT™ Transcriptional Technology
{ARIAD Pharmaceuticals, Cambridge, MA) and the systems described in U.S. Patent
Nos. 6,015,709, 6,117,680, 6,479,653, 6,187,757, and 6,649,595,

[6173] In one embodiment, the gene switch comprises a single transcription factor
sequence encoding a ligand-dependent transcription factor complex under the control of a
therapeutic switch promoter. The transcription factor sequence may encode a ligand-
dependent transcription factor complex that is a naturally occurring or an artificial ligand-
dependent transcription factor complex. An artificial transcription factor is one in which
the natural sequence of the transcription factor has been altered, e.g., by mutation of the
sequence or by the combining of domains from different transcription factors. In one
embodiment, the transcription factor comprises a Group H nuclear receptor ligand
binding domain. In one embodiment, the Group H nuclear receptor ligand binding
domain is from an ecdysone receptor, a ubiquitous receptor (UR), an orphan receptor 1
{OR-1), a steroid hormone nuclear receptor 1 (NER-1), a retinoid X receptor interacting
protein—15 (RIP-15), a liver X receptor § (LXRf3), a steroid hormone receptor like protein
(RLD-1), a liver X receptor (LXR), a liver X receptor o (LXRax), a farnesoid X receptor
(FXR), a receptor interacting protein 14 (RIP-14), or a farnesol receptor (HRR-1). In
another embodiment, the Group H nuclear receptor LBD is from an ecdysone receptor.

A, Ecdysone -based Gene Switch

[0174] The EcR and the other Group H nuclear receptors are members of the nuclear
receptor superfamily wherein all members are generally characterized by the presence of
an amino-terminal transactivation domain (AD, also referred to interchangeably as "TA"
or "TD"), optionally fused to a heterodimerization partner (HP) to form a coactivation
protein (CAP), a DNA binding domain (DBD), and a LBD fused to the DBD via a hinge
region to form a ligand-dependent transcription factor (LTF). As used herein, the term
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“DNA binding domain” comprises a minimal polypeptide sequence of a DNA binding
protein, up to the entire length of a DNA binding protein, so long as the DNA binding
domain functions to associate with a particular response element. Members of the nuciear
receptor superfamily are also characterized by the presence of four or five domains: A/B,
C, D, E, and in some members F (see US 4,981,784 and Evans, Science 240:88% (1988)).
The “A/B” domain corresponds to the transactivation domain, “C” corresponds to the
DNA binding domain, “D” corresponds to the hinge region, and “E” corresponds to the
lipand binding domain. Some members of the family may also have another
transactivation domain on the carboxy-terminal side of the LBD corresponding to “F”.

[0175] The following polypeptide sequence was reported as a polypeptide sequence of
Ecdysone receptor (Ecdysteroid receptor) (20-hydroxy-ecdysone receptor) (20E receptor)
(EcRH) (Nuclear receptor subfamily 1 group H member 1) and has the accession number
P34021 in Genbank.

[0176] Ecdysone receptor (878aa) from Drosophila melanogaster (Fruit fly) (SEQ ID

NO:5)
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[0177] The DBD is characterized by the presence of two cysteine zinc fingers between
which are two amino acid motifs, the P-box and the D-box, which confer specificity for
response ¢lements, These dorpains may be either native, modified, or chimeras of
different domains of heterologous receptor proteins. The EcR, like a subset of the nuclear
well-defined
heterodimernization properties. Because the domains of nuclear receptors are modular in

nature, the LBD, DBD, and AD may be interchanged.

receptor family, also possesses less regions responsible for
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[6178] In another embodiment, the transcription factor comprises a AD, a DBD that
recognizes a response element associated with the therapeutic protein or therapeutic
polynucleotide whose expression is to be modulated; and a Group H nuclear receptor
LBD. In certain embodiments, the Group H nuclear receptor LBD comprises a
substitution mutation.

[6179] In another embodiment, the gene switch comprises a first transcription factor
sequence, e.g., a CAP, under the control of a first therapeutic switch promoter (TSP-1)
and a.second transcription factor sequence, e.g., a LTF, under the control of a second
therapeutic switch promoter (TSP-2), wherein the proteins encoded by said first
transcription factor sequence and said second transcription factor sequence interact to
form a protein complex (LDTFCQ), i.e., a “dual switch” or "two-hybrid”-based gene
switch. The first and second TSPs may be the same or different. In this embodiment, the
presence of two different TSPs in the gene switch that are required for therapeutic
molecule expression enhances the specificity of the therapeutic method (see Figure 2).
Figure 2 also demonstrates the ability to modify the therapeutic gene switch to treat any
disease, disorder, or condition simply by inserting the appropriate TSPs.

[0180] In a further embodiment, both the first and the second transcription factor
sequence, e¢.g., a CAP or a LTF, are under the confrol of a single therapeutic switch
promoter {(e.g. TSP-1 in Figure 1). Activation of this promoter will generate both CAP
and LTF with a single open reading frame. This can be achieved with the use of a
transcriptional linker such as an IRES (internal ribosomal entry site). In this embodiment,
both portions of the ligand-dependent transcription factor complex will be synthesized
upon activation of TSP-1. TSP-1 can be a constitutive promoter or only activated under
conditions associated with the disease, disorder, or condition.

[0181] In a further embodiment, one transcription factor sequence, e.g. a LTF, is under
the control of a therapeutic switch promoter only activated under conditions associated
with the disease, disorder, or condition {e.g., TSP-2 or TSP-3 in Figure 4) and the other
transcription factor sequence, e.g2., CAP, is under the control of a constitutive therapeutic
switch promoter (e.g., TSP-1 in Figure 4). In this embodiment, one portion of the ligand-
dependent transcription factor complex will be constitutively present while the second
portion will only be synthesized under conditions associated with the disease, disorder, or

condition.
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[0182] In another embodiment, one transcription factor sequence, e.g., CAP, is under the
conirol of a first TSP (e.g., TSP-1 in Figure 3} and two or more different second
transcription factor sequences, e.g., LTF-1 and LTF-2 are under the control of different
TSPs (e.g., TSP-2 and TSP-3 in Figure 3). In this embodiment, each of the LTFs may
have a different DBD that recognizes a different factor-regulated promoter sequence {e.g.,
DBD-A binds to a response element associated with factor-regulated promoter-1 (FRP-1}
and DBD-B binds to a response element associated with factor-regulated promoter-2
(FRP-2). Each of the factor-regulated promoters may be operably linked to a different
therapeutic gene. In this manner, multiple {reatments may be provided simultaneously.

[0183] In one embodiment, the first transcription factor sequence encodes a polypeptide
comprising a2 AD, a DBD that recognizes a response element associated with the
therapeutic product sequence whose expression is to be modulated; and a Group H
nuclear receptor LBD, and the second tramscription factor sequence encodes a

* transcription factor comprising a nuclear receptor LBD selected from the group consisting
of a vertebrate retinoid X receptor (RXR), an invertebrate RXR, an ultraspiracle protein
(USP), or a chimeric nuclear receptor comprising at least two different nuclear receptor
ligand binding domain polypeptide fragments selected from the group consisting of a
vertebrate RXR, an invertebrate RXR, and a USP (see WO (1/70816 A2 and US
2004/0096942 Al). The “parmer” nuclear receptor ligand binding domain may further
comprise a truncation mutation, a deletion mutation, a substitution mutation, or another
modification.

[0184] In another embodiment, the gene switch comprises a first transcription factor
sequence encoding a first polypeptide comprising a nuclear receptor LBD and a DBD that
recognizes a response element associated with the therapeutic product sequence whose
expression is to be modulated, and a second franscription factor sequence encoding a
second polypeptide comprising an AD and a nuclear receptor LBD, wherein one of the
nuclear receptor LBDs is a Group H nuclear receptor LBD. In a preferred embodiment,
the first polypeptide is substantiaily free of ‘an AD and the second polypeptide is
substantially free of a DBD. For purposes of the invention, “substantiaily free” means
that the protein in question does not contain a sufficient sequence of the domain in

guestion fo provide activation or binding activity.
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[0185] In another aspect of the invention, the first transcription factor sequence encodes 2
protein comprising a heterodimerization partmer and an AD (a "CAP") and the second
transcription factor sequence encodes a protein comprising a DBD and a LBD (a "LTF").

[0186] When only one nuclear receptor LBD is a2 Group H LBD, the other nuclear
receptor LBD may be from any other nuclear receptor that forms a dimer with the Group
H LBD. For example, when the Group H nuclear receptor LBD is an EcR LBD, the other
nuclear receptor LBD "partner” may be from an EcR, a vertéb:ate RXR, an invertebrate
RXR, an ultraspiracle protein (USP), or a chimeric nuclear receptor comprising at least
two different nuclear receptor LBD polypeptide fragments selected from the group
consisting of a vertebrate RXR, an invertebrate RXR, and a USP (see WO 01/70816 A2,
International Patent Application No. PCT/US02/05235 and US 2004/0096942 Al,
incorporated herein by reference in their entirety). The “partner” nuclear receptor ligand
binding domain may further comprise a truncation mutation, a deletion mutation, a
substitution mutation, or another modification,

{0187] In one embodiment, the vertebrate RXR LBD is from a human Homo sapiens,
mouse Mus musculus, rat Rattus norvegicus, chicken Gallus gallus, pig Sus scrofa
domestica, frog Xenopus laevis, zebrafish Danio rerie, tnicate Polyandrocarpa
misakiensis, or jellyfish Tripedalia cysophora RXR.

[0188] In one embodiment, the invertebrate RXR ligand binding domain is from a locust
Locusta migratoria ultraspiracle polypeptide (“LmUSP™), an ixodid tick dmblyomma
americanum RXR homolog 1 (“AmaRXR1"), an ixodid tick Amblyomma americanum
RXR homolog 2 (“AmaRXR2™), a fiddler crab Celuca pugilator RXR homolog
(“CpRXR™), a beetle Tenebrio molitor RXR homolog (‘;‘TmRXR”), a honeybee Apis
mellifera RXR homolog (“AmRXR™), an aphid AMyzus persicce RXR homolog
(*MpRXR"), or 2 non-Dipteran/non-Lepidopteran RXR homolog.

{0189] In one embodiment, the chimeric RXR LBD comprises at least two polypeptide
fragments selected from the group consisting of a vertebrate species RXR polypeptide
fragment, an invertebrate species RXR polypeptide fragment, and a non-Dipteran/non-
Lepidopteran invertebrate species RXR homolog polypeptide fragment. A chimeric RXR
ligand binding domain for use in the present invention may comprise at least two different

species RXR polypeptide fragments, or when the species is the same, the two or more
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polypeptide fragments may be from two or more different isoforms of the species RXK
polypeptide fragment.

[0190] In one embodiment, the chimeric RXR ligand binding domain comprises at least
one vertebrate species RXR polypeptide fragment and one invertebrate species RXR
polypeptide fragment.

[0191] In another embodiment, the chimeric RXR ligand binding domain comprises at
least one vertebrate species RXR polypeptide fragment and one¢ non-Dipteran/non-
Lepidopteran invertebrate species RXR homolog polypeptide fragment.

[0192] The ligand, when combined with the LBD of the nuclear receptor(s), which in tumn
are bound to the response element of a FRP associated with a therapeutic product
sequence, provides external temporal regulation of expression of the therapeutic product
sequence. The binding mechanism or the order in which the various components of this
invention bind to each other, that is, for example, ligand to LBD, DBD to response
element, AD to promoter, efc., is not critical,

[0193] In a specific example, binding of the ligand to the LBD of a Group H nuclear
receptor and its nuclear receptor LBD partmer enables expression of the therapeutic
product sequence. This mechanism does not exclude the potential for ligand binding to
the Group H nuclear receptor (GHNR) or its partner, and the resulting formation of active
homodimer complexes (e.g. GHNR + GHNR or partmer + partner). Preferably, one or
more of the receptor domains is varied producing a hybrid gene switch. Typicaily, one or
more of the three domains, DBD, LBD, and AD, may be chosen from a source different
than the source of the other domains so that the hybrid genes and the resulting hybrid
proteins are optimized in the chosen host cell or organism for transactivating activity,
complementary binding of the ligand, and recognition of a specific response element. In
addition, the response element itself can be modified or substituted with response
elements for other DNA binding protein domains such as the GAIL-4 protein from yeast
(see Sadowski et al., Nature 335:563 (1988)) or LexA protein from Escherichia coli (see
Brent et al., Cell 43:729 (1985)), or synthetic response elements specific for targeted
interactions with proteins designed, modified, and selected for such specific interactions
(sce, for example, Kim et al, Proc. Natl. Acad Sci. US4, 94:3616 (1997)) to
accommodate hybrid receptors. Another advantage of two-hybrid systems is that they

allow choice of a promoter used to drive the gene expression according to a desired end
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result. Such double control may be particularly important in areas of gene therapy,
especially when cytotoxic proteins are produced, because both the timing of expression as
well as the cells wherein expression occurs may be controlled. When genes, operably
linked to a suitable promoter, are introduced into the cells of the subject, expression of the
exogenous genes is controlled by the presence of the system of this invention. Promoters
may be constitutively or inducibly regulated or may be tissue-specific (that is, expressed
only in a particular type of cells) or specific to certain developmental stages of the
organism.

[0194] The DNA binding domain of the first hybrid protein binds, in the presence or
absence of a ligand, to the DNA sequence of a response element to initiate or suppress
transcription of downstream gene(s) under the regulation of this response element. .

[0195] The functional LDTFC, e.g., an EcR complex, may also include additional
protein(s) such as immunophilins. Additional members of the nuclear receptor family of
proteins, known as transcriptional factors (such as DHR38 or betaFTZ-1), may also be
ligand dependent or independent partners for EcR, USP, and/or RXR. Additionally, other
cofactors may be required such as proteins generally known as coactivators (also termed
adapters or mediators). These proteins do not bind sequence-specifically to DNA and are
not involved in basal transcription. They may exert their effect on transcription activation
through various mechanisms, including stimulation of DNA-binding of activators, by
affecting chromatin structure, or by mediating activator-initiation complex interactions.
Examples of such coactivators include RIP140, TIF1, RAP46/Bag-1, ARA70, SRC-
1/NCoA-1, TIF2/GRIP/NCoA-2, ACTR/AIB1/RAC3/pCIP as well as the promiscuous
coactivator C response element B binding protein, CBP/p300 (for review see Glass et al.,
Curr. Opin. Cell Biol. 9:222 (1997)). Also, protein cofactors generally known as
corepressors {also known as repressors, silencers, or silencing mediators) may be required
to effectively inhibit transcriptional activation in the absence of ligand. These
corepressors may interact with the unliganded EcR to silence the activity at the response
element. Current evidence suggests that the binding of ligand changes the conformation
of the receptor, which results in release of the corepressor and recruitment of the above
described coactivators, thereby abolishing their silencing activity. Examples of
corepressors include N-CoR and SMRT (for review, see Horwitz ef al., Mol Endocrinol.

10:1167 (1996)). These cofactors may either be endogenous within the cell or organism,
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or may be added exogenously as transgenes to be expressed in either a regulated or
vnregulated fashion.
B. Rapamycin based Gene Switch

[0196] The present invention further provides a gene switch system which utilizes FK506
binding protein as the ligand-dependent transcription factor complex and rapamycin as
the ligand. In one embodiment, the construct encoding the gene switch comprises

(@  a first polynucleotide encoding a first chimeric protein which binds to
rapamycin or an analog thereof and which comprises at least one FK506-binding
protein (FKBP) domain and at least one protein domain heterologous thereto,

wherein the FKBP domain comprises a peptide sequence selected from:
(1) a naturally oceurring FKBP

(2) a variant of a naturally occurring FKBP in which up to 1G amino acid
residues have been deleted, inserted, or replaced with substitute amino

acids, and

(3) an FKBP encoded by a IXNA sequence which selectively hybridizes to
a DNA sequence encoding an FKBP of (1) or (2);

(b)  asecond polynucleotide encoding a second chimeric protein which forms a
complex with both (a) rapamycin or a rapamycin analog and (b) the first chimeric
protein, and which comprises at least one FKBP:uapamycin binding (FRB)
domam and at least one protein domain heterologous thereto, wherein the FRB

domain comprises a peptide sequence selected from:
{4) a naturally occurring FRB domain,

(5) a variant of a naturally occuring FRB domain in which up to 10 amine
acid residues have been deleted, inserted, or replaced with substitute amino

acids, and

(6) an FRB domain encoded by a DNA sequence which selectively
hybridizes to a DNA sequence encoding an FRB of (4) or (5).



WO 2009/045370 - PCT/US2008/011270

[0197] In this gene switch system, each of the first polynucleotide and the second
polynucleotide are under the control of one or more therapeutic switch promoters as
described elsewhere herein. Furthermore, in certain embodiments, at least one protein
domain heterologous to the FKBP and/or FRB domains in the first and second chimenc
protein may be one or more "action” or "effector” domains. Effector domains may be
selected from a wide variety of protein domains including DNA binding domains,
transcription activation domains, cellular localization domains and signaling domains
{i.e., domains which are capable upon clustering or multimerization, of triggering cell
growth, proliferation, differentiation, apoptosis, gene transcription, etc.).

[0198] In certain embodiments, one fusion protein contains at least one DNA binding
domain (e.g., a GAL4 or ZFHD1 DNA-binding domain) and another fusion protein
contains at least one transcription activation domain {e.g., a VP16 or p65 transcription
activation domainm). Ligand-mediated association of the fusion proteins represents the
formation of a transcription factor complex and leads to initiation of transeription of a
target gene linked to a DNA sequence recognized by (i.e., capable of binding with) the
DNA-binding domain on one of the fusion proteins. Information regarding the gene
expression system as well as the ligand is disclosed in U.S. Patent Nos. 6,187,757 B1,
6,649,595 B1, 6,509,152 B1, 6,479,653 B1, and 6,117,680 B1.

[0199] In other embodiments, the present inlvention provides a gene switch system which
comprises polynucleotides encoding two fusion proteins which self-aggregate in the
absence of a ligand, wherein (a) the first fusion protein comprises a conditional
aggregation domain which binds to a selected ligand and a transcription activation
domain, and (b) the second fusion protein comprising a conditional aggregation domain
which binds to a selected ligand and a DNA binding domain, and (c) in the absence of
ligand, the cells express a gene operably linked to regulatory DNA to which said DNA

~ binding domain binds. Modified cells comprising the gene switch system are expanded in
the presence of the ligand in an amount sufficient for repression of the gene. Ligand
removal indnces expression of the encoded protein that causes cell death.  The nucleic
acids encoding the two fusion proteins are under the control of at least one conditional
promoter. The gene expression system utilizing conditional aggregation domains is
disclosed in U.S. Publication No. 2002/0048792.
C. Procaryotic Repressor/ Operator based Gene Switch System
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[0200] In one embodiment, the present inveation provides gene switch system
comprising (a) a first polynucleotide coding for a transactivator fusion protein comprising
a prokaryotic tetracycline ("tet™) repressor and a eucaryotic transcriptional activator
protein domain; and (b) a second polynuclectide coding for a therapeutic protein or
therapeutic polypeptide, wherein said second polynucleotide is operably linked fto a
minimal promoter and at least one tet operator sequence. The first polynucleotide coding
for a transactivator fusion protein may comprise therapeutic switch promoter as described
elsewhere herein. The expression of the lethal protein is up-regulated in the absence of
tetracycline. (see, e.g., Gossen et al. (1992) Proc. Natl. Acad. Sci. 89: 5547-5551; Gossen
et al. (1993) TIBS 18 : 471-475; Furth et al. (1994) Proc. Natl. Acad. Sei. 91: 9302-9306;
and Shockett et al. (1995) Proc. Natl. Acad. Sci. 92: 6522-6526). The TetO expression
system is disclosed in U.S, Patent No. 5,464,758 B1.

[0201] In another embodiment, the gene switch system comprises the lactose (*Lac™)
repressor-operator systems from the bacterium Escherichia coli. The gene switch system
of the present invention may also comprise (a) a first polynucleotide coding for a
transactivator fusion protein comprising a prokaryotic lac 1 repressor and a eucaryotic
transcriptional activator protein domain; and (b) a second polynucleotide coding for a
therapeutic protein or therapeutic polypeptide, wherein said second polynucleotide is
operably linked to a therapeutic switch promoter. In the Lac system, a lac operon is
inactivated in the absence of lactose, or synthetic analogs such as isopropyl-b-D-
thiogalactoside.

[0202] Additional gene switch systems include those described in the following: US
7,091,038; 'WO02004078924; EP1266015; US20010044151; US20020110861;
US20020119521; US20040033600; US520040197861; 1US20040235097;
US20060020146, US20040049437; US$20040096942; US20050228016;
US20050266457; US20060100416; W02001/70816; WO2002/29075; WO2002/066612;
WO02002/066613; WO2002/066614; WO2002/066615; W02005/108617; US 6,258,603;
US20050209283; US20050228016; US20060020146; EP0965644; US 7,304,162; US
7,304,161; MX234742; KR10-0563143; AU765306; AU2002-248500; and AUZ2002-
306550, “

D. Combination of the Gene Switch Systems
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[0203) The present invention provides nucleic acid compositions, modified cells, and
bioreactors comprising two or more gene switch systems comprising different ligand-
dependent transcription factor complexes which are activated by an effective amount of
one or more ligands, wherein the two or more gene switch systems comprise a first gene
switch and a second gene switch, both of which selectively induce expresston of one or
more therapeutic polypeptides or therapeutic péiynnclectides, upon binding to one or
more ligands. Within the scope of the present invention are any numbers of and/or
combinations of gene switch systems.

[0204] In one embodiment, the present invention provides a nucleic acid composition
comprising:

() a first gene switch system which comprises:

i a first gene expression cassefte comprising a polynucleotide encoding a

first hybrid polypeptide which comprises:

1. a transactivation domain, which activates a factor-regulated
promoter opetably associated with a polynucleotide encoding a

therapeutic polypeptide or therapeutic polynucieotide; and
2. a heterodimer partner domain,

ii. a second gene expression cassette comprising a polynucleotide encoding a

second hybrid polypeptide which comprises:

I. a DNA-binding domain, which recognizes a factor-regulated
promoter operably associated with a polynucleotide encoding a

therapeutic polypeptide or therapeutic polynucleotide; and
2. a ligand binding domain; and

1. a third gene expression cassefte comprising a polynucleotide encoding a

therapeutic polypeptide or therapeutic polynucleotide comprising:

i. a factor-regulated promoter, which is activated by the
transactivation domain of the second hybrid polypeptide; and,
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2. a polynucleotide encoding a therapeutic polypeptide or therapeutic
polynucleotide, and

b. a second gene expression system which comprises:

i a first gene expression casseite comprising a polynucleotide encoding a

first hybrid polypeptide which comprises:

1. a transactivation domain, which activates a factor-regulated
promoter operably associated with a polynucleotide encoding a

therapentic polypeptide or therapeutic polynucleotide; and
2. a heterodimer partner domain,

il a second gene expression cassette comprising a polynucleotide encoding a

second hybrid polypeptide which comprises: -

1. a DNA-binding domain, which recognizes a factor-regulated
promoter operably associated with a polynucleotide encoding a

therapeutic polypeptide or therapeutic polynucleotide; and
2. a ligand binding domain; and

iiL. a third gene expression cassette comprising a polynucleotide encoding a

therapeutic polypeptide or therapeutic polynucleotide comprising:

1. a factor-regulated promoter, which is activated by the
transactivation domain of the second hybrid polypeptide; and,

2, a polymucleotide encoding a therapeutic polypeptide or therapeutic
polynucleotide.

[0205] The multiple inducible gene expression systems provide for expression of a given
therapeutic polynucleotide or therapeutic polypeptide under conditions associated with
different diseases, disorders or conditions, or expression of multiple therapeutic

polypeptides or therapeutic polynucleotides either under the same conditions associated
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-with the same disease disorder or condition, or under different conditions associated with
different diseases, disorders, or conditions.

[0206] In certain embodiments, the combination of two or more gene switch systems may
be (1) a dual-switch ecdysone receptor based gene expression system and (2) a single-
switch ecdysone receptor based gene switch. In other embodiments, the combination may
be (1) an single- or dual-switch ecdysone receptor based gene switch and (2) a rapamycin
based gene switch. Alternatively, the combination of gene switch systems may be two
identical rapamycin based gene switch systems disclosed above. Any possible
combinations of the gene switch systems are within the scope of the invention.

Ligands

[0267] The ligand for a ligand-dependent transcription factor complex of the invention
binds to the protein complex comprising one or more of the ligand binding domain, the
heterodimer partner domain, the DNA binding domain, and the transactivation domain.
The choice of ligand to activate the ligand-dependent transcription factor complex
depends on the type of the gene switch utilized.

{0208} For example, a ligand for the edysone receptor based gene switch may be selected
from any suitable ligands. Both naturally occurring ecdysone or ecdyson analogs (e.g.,
20-hydroxyecdysone, muristerone A, ponasterone A, ponasterone B, ponasterone C, 26-
iodoponasterone A, inokosterone or 26-mesylinokosterone} and non-steroid inducers may
be used as a ligand for gene switch of the present invention. U.S. Patent No.
6,379,945 B1, describes an insect steroid receptor isolated from Heliothis virescens
("HEcR"} which is capable of acting as a gene switch responsive to both steroid and
certain non-stercidal inducers. Non-steroidal inducers have a distinct advantage over
steroids, in this and many other systems which are responsive to both steroids and non-
steroid inducers, for a number of reasons including, for example: lower manufacturing
cost, metabolic stability, absence from insects, plants, or mammals, and environmental
acceptability. U.S. Patent No. 6,379,945 B1 describes the utility of two
dibenzoylhydrazines, 1,2-dibenzoyl-1-tert-butyl-hydrazine and tebufenozide (N-(4-
ethylbenzoyl}-N'-(3,5-dimethylbenzoyl)-N'-tert-butyl-hydrazine}) as ligands for an
ecdysone-based gene switch. Also included in the present invention as a ligand are other
dibenzoylhydrazines, such as those disclosed in U.S. Pat, No. 5,117,057 Bl. Use of
tebufenozide as a chemical ligand for the ecdysone receptor from Drosophila
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melanogaster is also disclosed in U.S. Patent No. 6,147,282, Additional, non-limiting
examples of ecdysone ligands are 3,5-di-tert-butyl-4-hydroxy-N-isobutyl-benzamide, 8-
O-acetylharpagide, a 1,2-diacyl hydrazine, an N'-substituted-N,N'-disubstituted
hydrazine, a dibenzoylalkyl cyanchydrazine, an N-substituted-N-alkyl-N,N-diaroyl
hydrazine, an N-substituted-N-acyl-N-alkyl, carbonyl hydrazine or an N-aroyl-N-alkyl-
N'-aroyl hydrazine. (See U.S. Patent No. 6,723,531). ‘

[0209] In one embodiment, the ligand for an ecdysone based gene switch system is a
diacylhydrazine ligand or chiral diacylhydrazine ligand. The ligand used in the gene

switch system may be compounds of Formula I

1 2
RN R
A/U\N“N\H/B Formula |

H 0O
wherein
A is alkoxy, arylalkyloxy or aryloxy;
B is optionally substituted aryl or optionally substituted heteroaryl; and

R' and R? are independently optionally substituted alkyl, arylalkyl, hydroxyalkyl,
haloalkyl, optionally substituted cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted heterocyclo, optionally substituted aryl or
optionally substituted heteroaryl;

or pharmaceutically acceptable salts, hydrates, crystalline forms or amorphous

forms thereof.

[0210] In another embodiment, the ligand may be enantiomerically enriched compounds

of Formula [
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Formula i
N

wherein

A is alkoxy, arylalkyloxy, aryloxy, arylalkyl, optionally substituted aryl or
optionally substituted heteroaryl;

B is optionally substituted aryl or optionally substituted heteroaryl; and

R! and R? are independently optionally substituted alkyl, arylalkyl, hydroxyalkyl,

haloalkyl, optionally substituted cycloalkyl, optionally substituted alkenyl,

optionally substituted alkynyl, optionally substituted heterocyclo, optionally substituted
aryl or optionally substituted heteroaryl;

with the proviso that R' does not equal R%;

wherein the absolute configuration at the asymmetric carbon atom bearing R! and
R? is predominantly $;

or pharmaceuticaily acceptable saits, hydrates, crystailine forms or amorphous
forms thereof.
[0211]

In certain embodiments, the ligand may be enantiomerically enriched compounds
of Formula III

R’ b R?
0 \}/
~N B Formula 11|
A N
N

0

wherein
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A is alkoxy, arylalkyloxy, aryloxy, arylalkyl, optionally substituted aryl or
optionally substituted heteroaryl;

B is optionally substituted aryl or optionally substituted heteroaryl; and

k' and R? are independently optionally substituted alkyl, arylalkyl, hydroxyalkyl,
haloalkyl, optionally substituted cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted heterocyclo, optionally substituted aryl or
optionally substituted heteroaryl;

with the proviso that R' does not equal R%

wherein the absolute configuration at the asymmetric carbon atom bearing R' and
R? is predominantly R;

or pharmaceutically acceptable salts, hydrates, crystalline forms or amorphous

forms thereof.

[0212] In one embodiment, a ligand may be (R)-3,5-dimethyl-benzoic acid N-(1-tert-
butyl-butyl)}-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide having an enantiomeric excess of
at least 95% or a pharmaceutically acceptable salt, hydrate, crystalline form or amorphous
form thereof.

[0213) The diacylhydrazine ligands of Formula I and chiral diacylhydrazine ligands of
Formula II or [, when used with an ecdysone-based gene switch gsystem, provide the
means for external temporal regulation of expression of a therapeutic polypeptide or
therapeutic polynucleotide of the present invention,

[0214] The ligands used in the present invention may form salts. The term "salt(s)" as
used herein denotes acidic and/or basic salts formed with inorganic and/or organic acids
and bases. In addition, when a compound of Formula I, II or Il contains both a basic
moiety and an acidic moiety, zwitterions ("inner salts”) may be formed and are included
within the term "salt(s)" as used herein. Pharmaceutically acceptable (i.e., non-toxic,
physiologically acceptable) salts are used, although other salts are also useful, e.g., in
isolation or purification steps which may be employed during preparation. Salts of the

compounds of Formula I, II or Ill may be formed, for example, by reacting a compound
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with an amount of acid or base, such as an equivalent amount, in a medjum such as one in
which the salf precipifates or in an agueous medium followed by lyophilization.

[0215] The ligands which contain a basic moiety may form salts with a variety of organic
and inorganic acids. Exemplary acid addition salts include acetates (such as those formed
with acetic acid or trihaloacetic acid, for example, triflucroacetic acid), adipates,
alginates, ascorbates, aspartafes, benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citrates, camphorates, camphorsuifcnaies, cyclopentanepropionates,
digluconates, dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with
hydrochloric acid), hydrobromides (formed with hydrogen bromide), hydroiodides, 2-
hydroxyethanesulfonates, lactates, maleates (formed with maleic acid), methanesulfonates
(formed with methanesulfonic acid), 2-naphthalenesulfonates, nicotinates, nitrates,
oxalates, pectinates, persulfates, 3-phenylpropionates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates (such as those formed with sulfuric acid),
sulfonates (such as those mentioned herein), tartrates, thiocyanates, toluenesulfonates
such as tosylates, undecanoates, and the like.

[0216] The ligands which contain an acidic moiety may form salts with a variety of
organic and inorganic bases. Exemplary basic salts include anumonium salts, alkali metal
salts such as sodium, lithium, and potassium salts, alkaline earth metal salts such as
calcium and magnesiom salts, salts with organic bases (for example, organic amines) such
as  benzathines, dicyclohexylamines, hydrabamines (formed with NN-
bis(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N-methyl-D-glucamides,
t-butyl amines, and salts with amino acids such as arginine, lysine and the like.

[0217] Non-limiting examples of the ligands for the inducible gene expression system
utilizing the FK506 binding domain are FK506, Cyclosporin A, or Rapamycin. FK506,
rapamycin, and their analogs are disclosed in U.8. Patent Nos, 6,649,505 B2 and
6,187,757, See also U.S. Patent Nos. 7,276,498 and 7,273,874,

[0218] The ligands described herein may be administered alone or as patt of a
pharmaceutical composition comprising a pharmaceutically acceptable carrier. In one
embodiment, the pharmacetical compoistion are in the form of solutions, suspensions,

tablets, capsules, ointments, elixirs, or injectable compositions.
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Pharmaceutical Compositions

[0219] Pharmaceutically acceptable carrers include fillers such as saccharides, for
example lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium
phosphates, for example tricalcium phosphate or calcium hydrogen phosphate, as well as
binders such as starch paste, using, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, tragacanth, methyl cellulose, hydroxypropylmethylcellulose,
sodium carboxymethyleellulose, and/or polyvinyl pyrrolidone. If desired, disintegrating
agents may be added such as the above-mentioned starches and also carboxymethyl-
starch, cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as
sodium alginate. Auxiliaries are flow-regulating agents and lubricants, for example,
silica, tale, stearic acid or salts thereof, such as magnesium stearate or calcium stearate,
amcl/or polyethylene glycol. In one embodiment, dragee cores are provided with suitable
coatings which, if desired, are resistant to gastric juices. For this purpose, concentrated
saccharide solutions may be used, which may optionally contain gum arabic, talg,
polyvinyl pyrrolidone, polyethylene glycol and/or titanium dioxide, lacquer solutions and
suitable organic solvents or solvent mixtures. In order to produce coatings resistant to
gastric juices, solutions of suitable cellulose preparations such as acetylcellulose phthalate
or hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or pigments may be
added to the tablets or dragee coatings, for example, for identification or in order to
characterize combinations of active compound doses.

[0220] Other pharmaceufical preparations which can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer
such as glycerol or sorbitel. The push-fit capsules can contain the active cornpounds in
the form of granules or nanoparticles which may optionally be mixed with fillers such as
lactose, binders such as starches, and/or lubricants such as tale or magnesium stearate
and, optionally, stabilizers. In one embodiment, the is dissolved or suspended in suitable
liquids, such as fatty oils, or liquid paraffin, optionally with stabilizers.

[0221] Fattty oils may comprise mono-, di- or triglycerides. Mono-, di- and triglycerides
include those that are derived from Cs, Cs, Cio, Ciz, Cia, Cis, Cia, Cap and Cyz acids,
Exemplary diglycerides include, in particular, diolein, dipalmitolein, and mixed caprylin-
caprin diglycerides. Triglycerides include vegetable oils, fish oils, animal fats,

hydrogenated vegetable oils, partially hydrogenated vegetable oils, synthetic



WO 2009/045370 8- PCT/US2008/011270
triglycerides, modified triglycerides, fractionated triglycerides, medium and long-chain
triglycerides, structured triglycerides, and mixtures thereof. Exemplary triglycerides
include: almond oil; babassu oil; borage oil; blackcurrant seed oil; canola oil; castor oil;
coconut oil; corn oil; cottonseed oil; evening primrose oil; grapeseed oil; groundnut oil;
mustard seed oil; olive oil; palm oil; palm kernel oil; peanut oil; rapeseed oil; safflower
oil; sesame oil; shark liver oil; soybean oil; sunflower oil; hydrogenated castor oil;
hydrogenated coconut oil; hydrogenated palm oil; hydrogenated soybean oil;
hydrogenated vegetable oil; hydrogenated cottonseed and castor oil; partially
hydrogenated soybean oil; partially soy and cottonseed oil; glyceryl tricaproate; glyceryl
tricaprylate; glyceryl tricaprate; glyceryl triundecanoate; glyceryl trilaurate; glyceryl
trioleate; glyceryl trilinoleate; glyceryl trilinolenate; glyceryl tricaprylate/caprate;
glyceryl tricaprylate/caprate/laurate; glyceryl tricaprylate/caprate/linoleate; and glyceryl
tricaprylate/caprate/stearate.

[0222] In one embodiment, the triglyceride is the medium chain triglyceride available
under the trade name LABRAFAC CC. Other triglycerides include neutral oils, e.g.,
neutral plant oils, in particular fractionated coconut oils such as known and commercially
available under the trade name MIGLYOL, including the products: MIGLYOL 810;
MIGLYOL 812; MIGLYOL 818; and CAPTEX 355. Other triglycerides are caprylic-
capric acid triglycerides such as known and commercially available under the trade name
MYRITOL, including the product MYRITOL 813. Further triglycerides of this class are
CAPMUL MCT, CAPTEX 200, CAPTEX 300, CAPTEX 800, NEOBEE M5 and
MAZOL 1400.

[0223] Pharmaceutical compositions comprising triglycerides may further comprise
lipophilic and/or hydrophilic surfactants which may form clear solutions upon dissolution
with an aqueous solvent. Omne such surfactant is tocopheryl polyethylene glycol 1000
succinate (vitamin E TPGS). Examples of such compositions are described in U.S, Pat.
6,267,985.

[0224] In another embodiment, the phammaceutically acceptable carrier comprises
LABRASOL (Gattefosse SA), which is PEG-8 caprylic/capric glycerides. In another
embodiment, the pharmaceutically acceptable carrier comprises PL90G, vitamin E TPGS,
and Miglyol 812N.
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[0225] Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of the ligands with
a suppository base. Suitable suppository bases are, for example, natural or synthetic
triglycerides, or paraffin hydrocarbons. In addition, it is also possible to use gelatin rectal
capsules which consist of a combination of the ligand with a base. Possible base
materials include, for example, liquid triglycerides, polyethylene glycols, or paraffin
hydrocarbons.

[0226] Suitable formulations for parenteral administration include aqueous solutions of
the ligand in water-soluble form, for example, water-soluble salts and alkaline solutions.
In addition, suspensions of the ligand as appropriate oily injection suspensions may be
administered. Suitable lipophilic solvents or vehicles mnclude fatty oils, for example,
sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or
polyethylene glycol-400. Aqueous injection suspensions may contain substances which
increase the viscosity of the suspension include, for example, sodivm carboxymethyl
cellulose, sorbitol, and/or dextran. Optionally, the suspension may also contain
stabilizers.

[0227] The topical compositions may be formulated as oils, creams, lotions, ointments
and the like by choice of appropriate carriers. Suitable carriers include vegetable.or
mineral oils, white petrolatum (white soft paraffin), branched chain fats or oils, animal
fats and high molecular weight alcohol (greater than C;;). Emulsifiers, stabilizers,
humectants and antioxidants may also be included as well as agents imparting color or
fragrance, if desired. Additionally, transdermal penetration enhancers can be employed in
these topical formulations. Examples of such enhancers can be found m U.S. Pat. Nos.
3,989,816 and 4,444,762.

[0228] Creams may be formulated from a mixture of mineral oil, self-emulsifying
beeswax and water in which ligand, dissolved in a small amount of an oil such as almond
oil, is admixed. A typical example of such a cream is one which includes about 40 parts
water, about 20 parts beeswax, about 40 parts mineral oil and about 1 part almond oil.

[0229] Ointments may be formulated by mixing a suspension of the ligand in a vegetable
oil such as almond oil with warm soft paraffin and allowing the mixture to cool. A
typical example of such an ointment is one which includes about 30% almond oil and
about 70% white soft paraffin by weight.
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[0230] Lotions may be conveniently prepared by preparing a suspension of the ligand in a
suitable high molecular weight alcohol such as propylene glycol or polyethylene glycol.

[0231] Examples of antioxidants which may be added to the pharmaceutical compositions
include BHA and BHT.

[0232} In one embodiment, the pharmaceutical composition comprises 30 mg ligand per
mL LABRASOL in a solid gelatin capsule. In another embodiment, the capsule contains
1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 85
or 100 mg ligand.

[0233] Pharmaceutical composjtions may contain from 0.01 % to 99% by weight of the
ligand. Compositions may be either in single or multiple dose forms, The amount of
ligand in any particular pharmaceutical composition will depend upon the effective dose,
that is, the dose required to elicit the desired gene expression or suppression. In one
embodiment, 0.1 to 7.5 mg/kg is administered to the subject. In another embodiment, 0.1
to 3 mg/kg 1s administered to the subject. In another embodiment, 0.1 to 3 mg/kg is
administered.

{0234} Suijtable routes of administering the pharmaceutical compositions include oral,
rectal, topical (including dermal, buccal and sublingual), vaginal, parenteral (including
subcutaneocus, intramuscular, intravenous, intradermal, intrathecal, intra-tamoral and
epidural) and by naso-gastric tube. It will be understood by those skilled in the art that
the route of administration will depend upon the condition being treated and may vary
with factors such as the condition of the recipient. The phammaceutical compositions may
be administered one or more times daily.

Therapentic Molecules

[0235} The therapeutic molecule, e.g., the polynucleotide encoding a therapeutic
polypeptide or therapeutic polynucleotide may be any sequence thal encodes a
polypeptide or polynucleotide that is useful for the treatment, amelioration, or prevention
of a disease, disorder, or condition. Therapeutic polypeptides may be any polypeptide
known to be effective for treating, amehorating, or preventing a disease, disorder, or
condition. Examples of classes of therapeutic polypeptides that may be used in the
invention include, without limitation, cytokines, chemokines, hormones, antibodies,
engineered immunoglobulin-like molecules, single chain antibodies, fusion proteins,

enzymes, Immune co-stimulatory wmolecnles, immunomodulatory molecules,
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transdominant negative mutants of target proteins, toxins, conditional toxins, antigens,
tumor suppressor proteins, growth factors, membrane proteins, vasoactive proteins and
peptides, anti-viral proteins or variants thereof. Therapeutic polynucleotides include,
without limitation, antisense sequences, small interfering RNAs, ribozymes, and RNA
extemal guide sequences. Therapeutic polynucleotides may be targeted to any transcript
associated with a particular disease, disorder, or condition and for which it is desired to
decrease or eliminate expression. Numerous genes exhibiting elevated expression during
a disease, disorder, or condition are known in the art, including the genes listed in Tables
1-3 above.

[0236] The polynucleotide encoding a therapeutic polypeptide or therapeutic
polynucleotide is operably linked to or operably associated with a factor-regulated
promoter comprising at least one response element that is recognized by the DBD of the
ligand-dependent transcription factor complex encoded by the gene switch. In one
embodiment, the promoter comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more copies of the
response element. Promoters comprising the desired response elements may be naturally
occurring promoters or artificial promoters created using techniques that are well known
in the art, e.g., one or more response elements operably linked to a minimal promoter.

[0237] Specific therapeutic polypeptides which may be expressed using a therapeutic
gene-switch include, but are not limited to antibodies, including monoclonal antibodies,
minimal antibodies, fusion proteins, endogenous protein mimetics, enzymes, hormones,
cytokines, chemokines, growth factors, and fragments, variants or derivatives of any such
polypeptides. Non-limiting representative therapeutic molecules are described below.
All references to these molecules, including patent publications, scientific literature, and
polynucleotide and polypeptide sequence accession numbers, are hereby incorporated by
reference in their entireties.

Monoclonal Antibodies

[0238] Therapeutic gene-swiich constructs of the present invention may be used to
express therapeutic monoclonal antibodies, or fragments, variants or analogs thereof
{collectively "monoclonal antibodies"). Such monoclonal antibodies are useful for
treatment of diseases and disorders including, without limitation, cancer, autoimmune
diseases {eg., MS, Crohn's disease, rheumnatoid arthritis), cancer, infectious diseases,

inflammatory diseases, allergies, heart disases, and transplantation rejection. Antibodies
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for use in the present invention include any known therapeutic monoclonal antibodies
including, but not limited to those listed below, monoclonal antibodies which bind to the
same epitope or target as any known monoclonal antibodies. Monoclonal antibody
constructs suitable for expression via therapeutic geme switch constructs include
multispecific, human, humanized, primatized, or chimeric antibodies, single chain
antibodies, epitope-binding fragments, e.g., Fab, Fab' and F(ab'),, Fd, Fvs, single-chain
Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv), and fragments
comprising either a VL or VH domain. ScFv molecules are known in the art and are
described, e.g., in US patent 5,892,019. Immunoglobulin or antibody molecules of the
invention can be of any type (e.g., IgG, IgE, IgM, IgD, IgA, and IgY), class (e.g., IgGl,
1gG2, IgG3, IgG4, IgAl and IgA2) or subclass of immunoglobulin molecule. Antibody
fragments, including single-chain antibodies, may comprise the variable region(s) alone
or in combination with the entirety or a portion of the following: hinge region, CH1, CH2,
and CH3 domains. Also included in the invention are antigen-binding fragments also
comprising any combination of variable region(s) with a hinge region, CH1, CH2, and
CH3 domains.

[0239] In certain embodiments, the present invention includes therapeutic gene switch
constructs which encode monoclonal antibodies against antigens including, but not
limited to CTLA4, CD25, HER-2/neu (ErbB2), CD20, TNFa, EGFR, and VEGEF.

[0240] Anti-CTLA4 antibodies employable in the present invention, and methods of
producing them, are described in the International Application No. PCT/US99/30895,
published on June 29, 2000 as WO 00/37504 (e.g., ticilimumab, also known as 11.2.1 and
CP-675,206), European Patent Appl. No. EP 1262193 Al , published April 12, 2002, U.S.
Patent Application No. 09/472,087, now issued as U.S. Patent No. 6,682,736, U.S. Patent
Application No. 09/948,939, now published as U.S. Pat. App. Pub. No. 2002/0086014
(e.g., ipilimumab, also known as 10D1 and MDX-010, Medarex, Princeton, NJ),

[0241] Anti-CD25 antibodies employable in the present invention include, without
limitation, Daclizumab. See, e.g., US Patent No. 5,530,101. Daclizumab (brand name:
Zenapax®, marketed by Roche) is a humanized IgG1 monoclonal antibody directed
against CD25 (IL-2 receptor). Functioning as an IL-2 receptor antagonist, it binds with
high affinity to the Tac subunit of the high-affinity IL-2 receptor complex. Daclizumab is
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indicated for the prophylaxis of acute organ rejection in renal transplant patients when
used in combination with cyclosporine and corticosteroids.

[0242] Anti-HER-2/neu (ErbB2) antibodies employable in the invention include, without
limitation, Trastuzumab. See, eg., U.S. Patent No. 5,677,171. Trastuzumab (brand
name: Herceptin®, marketed by Genentech) is a humanized, monoclonal antibody
targeted against the extracellular domain of the c-erbB2/HER2/neu protein, a
transmembrane receptor protein (structurally related to the Epidermal Growth Factor
receptor) which is overexpressed in certain types of breast cancer. As a mediator of
antibody-dependent cellular cytotoxicity, trastuzumab is preferentially toxic to HER2-
expressing cancer cells.

[0243] Anti-CD20 antibodies employable in the invention include, without limitation
rituximab (see, e g, U.S. Patent No. 5,736,137). Rituximab (brand name: Rituxan®,
marketed by Biogen ldec and Genentech) is a chimeric {murine/human) monoclonal
IgG1x antibody. Rituximab was initially designed and licensed for treatment of non-
Hodgkin's lymphoma, and more recently has been licensced for treatment of anti-TNF
refractory rheumatoid arthritis.

[0244] Anti-TNFa antibodies employable in the invention include, without limitation,
Adalimumab (see, e.g., U.S. Patent No. 7,223,394), and Infliximab (see, e.g., U.S. Patent
No. 7138118). Adalimumab, (brand name: Humira®, marketed by Abbott) is a
recombinant human lgGlx monoclonal antibody which binds specifically to TNFa,
thereby blocking interaction of TNFa with the p55 and p75 surface TNF receptors.
Adalimumab is licensed for use in rheumatoid arthritis, and juvenile idiopathic arthritis.
Additional indications for adalimumab include Crohn's disease, plaque psoriasis, psoriatic
arthritis, and ankylosing spondylitis. Infliximab (brand name: Remicade, marketed by
Centocor) is a recombinant chimeric Ig(G1x monoclonal antibody which binds specifically
to TNFu, thereby blocking interaction of TNFa with the p55 and p75 surface TNF
receptors. Infliximab is licensed for use in Crohn's disease. Additional indications
include rheumnatoid arthritis, psoriatic arthritis, severe chronic plaque psoriasis, and
ankylosing spondylitis.

[0245] Anti EGFR (Epidermal Growth Factor Receptor) antibodies employable in the
invention include, without limitation, Cetuximab (see, e.g., U.S. Patent No. 6,217,866).
Cetuximab (brand name: Erbitux®, marketed by Imclone and Bristol-Mevers Squibb
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(North America) and by Merck KGaA (other areas) wis a chimeric monoclonal antibody
which binds specifically to EGFR. Cetuximab is indicated for metastatic colorectal
cancer; and head and neck cancer.

[0246] Anti-VEGF antibodies employable in the invention include, without limitation,
Bevacizumab (see, e.g., U.S. Patent No. 6,383,486). RBevaciznmab (brand name:
Avastin®, marketed by Genentech) 1s a human monoclonal antibody that iphibits the
function of vascular endothelial growth factor (VEGF), thus inhibiting tumor
neoangiogenesis. Bevacizumab is indicated for treatment in combination with other anti-
cancer chemotherapeutics for the first- and second-line treatment of patients with
metastatic colorectal cancer and first-line treatment of patients with recurrent or
metastatic non-squamous non-small cell lung cancer (NSCLC).

Fusion Proteins

[0247] Therapeutic gene-switch constructs of the present invention may be used to
express therapeutic fusion proteins, such as a chimeric TNFa binding protein 2. Tumor
necrosis factor binding protein 2 (Enbrel) is produced from the membrane form by
proteolytic processing. Enbrel is a recombinant fusion protein consisting of two soluble
TNF receptors joined by the Fc fragment of a human JgGl molecule. It binds to TNF-
alpha and blocks TNF-alpha interaction with its receptor. Enbrel is used to treat moderate
to severe rheumatoid arthritis. The amino acid sequence coding for Enbrel is available
from public database as accession number P20333.

. [0248] The polynucleotide sequences of Enbrel are available from public databases as
accession numbers DD292498 and DD 292499, sequences of which are incorporated by
reference herein.

Enzymes

[0249] Therapeatic gene-switch constructs of the present invention may be used to
express therapeutic enzymes, including tissue plasminogen activator. Plasminogen
activator, tissue type isoform 3 preproprotein (tPA) is a secreted serine protease which
converts the proenzyme plasminogen to plasmin, a fibninolytic enzyme. This enzyme
plays a role in cell migration and tissue remodeling. The amino acid sequences coding
for tPA are available from public databases as accession numbers NP_127509 and

NP_000921 (both human), sequences of which are incorporated by reference herein.
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[0250] The polynucleotide sequences coding for tPA are available from public databases
as accession numbers NM_033011 and NM_000930 (both human), sequences of which
are incorporated by reference herein.

Endogenous protein mimetics

[0251] Therapeutic gene-switch constructs of the present invention may be used to
express therapeutic mimetics of endogenous proteins, such as the following,

[0252] Alphanate (Coagulation factor III), along with calcium and phospholipid, acts as a
cofactor for factor IXa when it converts factor X to the activated form of factor Xa.
Alphanate is purified Factor VIII {(also know as Antihemophilic factor) and von
Willebrand factor. Alphanate is approved for the prevention and control of bleeding in
patients with Factor VIII deficiency due to hemophilia A or acquired Factor VIII
deficiency. The amino acid sequences coding for factor VIII are available from public
databases as accession numbers AAAS2485 (human); and AAA37385 (mouse),
sequences of which are incorporated by reference herein.

[0253] The polynucleotide sequences coding for factor VIII are available from public
databases as accession numbers M14113 (human); and LOS573 (mouse), sequences of
which are incorporated by reference herein.

[0254] Aralast (Alpha-1 proteinase inhibitor) amino acid sequences are available from
public databases as accession numbers AABS59375 (human alpha l-antitrypsin);
AAC28869 (mouse alpha-1 protease inhibitor); and AAA40788 (rat alpha-1-antitrypsin),
sequences of which are incorporated by reference herein.

[6255] The polynucleotide sequences coding for alpha-1 proteinase inhibitor are available
from public databases as accession numbers K01396 (human) ; M75721 (mouse); and
M32247 (rat), sequences of which are incorporated by reference herein.

[0256] Nesiritide (Natrecor®) is a recombinant form of human B-type natriuretic peptide
(hBNP) that has been approved for the infravenous treatment of patients with acute
decompensated congestive heart failure (CHF) who have dyspnea at rest or with minimal
activity. The amino acid sequence coding for Brain natriuretic peptide is available from
public database as accession number NP_002512, sequence of which is incorporated by

reference herein.
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[0257] The polynucleotide sequence coding for brain natriuretic peptide is available from
public database as accession number NM_002521, sequence of which is incorporated by
reference herein.

[0258} The amino acid sequence coding for human insulin is available from public
database as accession number AAFH05255, sequence of which is incorporated by
reference herein.

[0259] The polynucleotide sequence coding for human insulin is available from public
database as accession number BC005255, sequence of which is incorporated by reference
herein. |

[0260) Granulocyte/macrophage colony-stimulating factor (GM-CSF) is a cytokine that
functions as a white blood cell growth factor, stimulates stems cells to produce
granulocytes (neutrophils, eosinophils, and basophils) and monocytes, The amino acid
sequences coding for granulocyte/macrophage colony-stimulating factor (GM-CSF) are
available from public databases as accession numbers AAAS2122 (human); NP_034099
(mouse); NP 001032749 (rat Csf2ra); and NP_598239 (Csf2rb), sequences of which are
incorporated by reference herein.

[0261} The polynucleotide sequences coding for GM-CSF are available from public
databases as accession numbers MI11734  (human); NM_00996% (mouse);
NM_001037660 (rat Csf2ra); and NM_ 133555 (rat Csf2rb), sequences of which are
incorporated by reference herein.

[0262] The amino acid sequences coding for erythropoietin are available from public
databases as accession numbers AAH93628 (human); AAI19266 (mouse); and
BAAOQ1593 (rat), sequences of which are incorporated by reference herein,

[0263] The polynucleotide sequences coding for erythropoietin are available from public
databases as accession numbers BC093628 (human); BC119265 (mouse); and D10763
(rat}), sequences of which are incorporated by reference herein.

[0264} The amino acid sequences coding for growth hormone are available from public
databases as accession numbers AAA98618 (human); NP_032143 (mouse); and
NP_001030020 (rat), sequences of which are incorporated by reference herein.

[0265] The polynucleotide sequences coding for growth hormone are available from
public databases as accession numbers M13438 (human); NM_008117 {(mouse); and
NM_001034843 (rat), sequences of which are incorporated by reference herein.
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Recombinant Protein

[0266] Therapeutic gene-switch constructs of the present invention may be used to
express therapeutic recombinant proteins, such as the botulinum toxin. The botulinum
toxin inhibits neurotransmitter acetylcholine release at nerve terminals, and is available
under the name BOTOX for the treatment of strabismus and blepharospasm associated
with dystonia and cervical dystonia. BOTOX is also used for the treatment of hemifacial
spasm and a number of other neurological disorders characterized by abnormal muscle
contraction. The amino acid sequence coding for botulinum neurotoxin type A precursor
(BoNT/A) (Bontoxilysin-A) (BOTOX) are available from public databases as accession
numbers P10845.

Treatment of Cardiovascular Diseases

[0267] The present invention is further directed to a method of treating, ameliorating, or
preventing cardiovascular disease, comprising administering to a subject in need of such
“treatment a therapeutic gene product which ameliorates, prevents, or treats cardiovascular
related diseases under control of the switch proteins referenced earlier. Such treatment
may be delivered directly to the subject to be treated, or via a bioreactor containing
encapsulated or non-encapsulated non-modified or genetically modified cells which
secrete one or more therapeutic proteins or therapeutic polypeptides as described
elsewhere herein. According to this embodiment, the cell will express one or more
therapeutic gene products effective in treating cardiovascular disease when transplanted
into a subject, e.g., into an infarct zone of a cardiovascular disease patient. Examples of
such therapeutic gene products are described in more detail below. In certain
embodiments, a genetically modified cell of the present invention expresses the one or
more therapeutic gene products coustitutively, i.e., one or more heterologous therapeutic
gene products are expressed in the cell continuously. Alfernatively, expression of one,
two, three, or more heterologous therapeutic gene products expressed by the cell is
controlled by a therapeutic gene switch. In certain aspects, bioreactors for treatment,
amelioration, or prevention of cardiovascular disease comprise encapsulated cells, e.g.,
the cells are encapsulated in an alginate-based formuiation. Examples and methods of
cell encapsulation, to provide, e.g., a physical or immunological barrier from the subject

being treated, are described in detail elsewhere herein.
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[0268] The invention further provides a nucleic acid composition comprising one or more
polynucleotides which express therapeutic gene products, e.g., therapeutic polypeptides
and/or therapeutic polvnucleotides, useful for the treatment, amelioration, or prevention
of cardiovascular disease through operable association with a promoter. In certain
embodiments a promoter controlling expression of a therapeutic gene preduct is activated
by a ligand-dependent transcription factor complex, where at least a portion of the
transcription factor is expressed via operable linkage to one or more therapeutic switch
promotesr, where the activity of the therapeutic switch promoters is constitutive and/or is
modulated under conditions associated with a tissue type or associated with a disease,
disorder, or condition. In embodiments relating to the treatment, amelioration, or
prevention of cardiovascular disease, a therapeutic switch promoter could be, for
example, a heari-specific promoter, or a promoter which is activated during conditions
such as congestive heart failure, ischemic heart disease, hypertensive heart disease,
coronary artery disease, peripheral vascular disease and ischemic cardiac events, e.g.,
myocardial infarction, heart attack, heart failure, arthythmia, myocardial rupture,
pericarditis, and cardiogenic shock. Exemplary promoters are presented in Tables 1 - 3.
Additional promoters are described elsewhere herein, for example in Examples 1 - 8.
Additional promoters can also be easily identified via methods described herein.

[0269] Examples of therapeutic switch promoters useful for regulated gene switch
expression in cardiac cells or under conditions related to cardiac diseases, disorders, or
conditions include, without limitation: the S100A6 promoter, which is tissue-specific for
cardiac myocytes (Tsoporis ef al., J Biol. Chem. (2008) (Epub ghead of print; PMID:
18’33141)}; Atrial Naturetic Factor (ANF) promoter, Alpha-myosin heavy chain
promoter, c-fos promoter, BNP promoter, or alpha actins promoter, all of which are
tissne-specific for cardiomyocytes (Nelson er al., J Mol Cell Cardiol. 39(3):479
(2005)); Erythropoictin promoter, which is activated in myocardium under ischemic
conditions (Su et al., Proc. Natl. Acad. Sci. U. 8. A. 99{14):9480 (2002)); AlphaB-
Crystallin (CRYAB) promoter including, for example, a BRGI-response element, which
is tissne-specific for vertebrate eye lens (Duncan B. and Zhao K. DNA Cell. Biol,
26(10):745 (2007)); AlphaB-Crystallin (CRYAB) promoter with cis-acting regulatory
elements, e.g., alpha BE-1, alpha BE-2, alpha BE-3, and MRF, which is tissue-specific
for skeletal muscle {Gopal-Srivastava ef al,, J Mol Cell Biol. 15(12):7081 (1995));



WO 2009/045370 03 PCT/US2008/011270
NCX]1 promoter, which is tissue-specific for cardiomyocytes (Xu et al., J Biol. Chem.
281(45):34430 (2006)); Beta myosin heavy chain promoter, which is tissne-specific for
cardiomyocytes (Nelson et al., J. Mol. Cell Cardiol. 39(3):479 (2005), Ross et al,
Development. 122(6):1799 (1996), and Lee et al., Mol. Cell. Biol. 14(2):1220 {1994)},
Myosin light chain-2 ventricular promoter including an HF-1a/HF-1b/MEF-2
combinatorial element (Ross ef al., Development. 122(6).1799 {1996)) or an HF-1a/HF-
1b element and an HF-3 regulatory element, (Lee e al, Mol Cell. Biol. 14(2):1220
{1994)}, which is tissue-specific for cardiac venﬁialesy; Myosin light chain promoters, e.g.,
MLCIF and MLC3F, which are differentially activated dunng skeletal muscle
development (Kelly ez al., J. Cell. Biol. 129(2):383 (1995)); Myosin light chain 2v (MLC-
2v) promoter, which is tissue-specific for cardiac muscles (Su et al., Proc. Natl. Acad.
Sei. U 8 4. 101(46):16280 (2004)); and Cardiac troponin I (Tnlc) promoter, which is
tissue-specific and developmental stage-specific in cardiac muscles (Bhavsar ef al., J
Mel. Cell Cardiol. 32(1):95 (2000}).

[0270] The invention further provides one or more vectors comprising the
aforementioned nucleic acid composition, and one or more genetically modified cells
comprising such vectors. Such cells may be allogeneic, autologous, or xenogeneic
relative to the subject to be treated. The invention further provides one or more
encapsulation methodologies for the treatment, amelioration, or prevention of
cardiovascular disease, comprising the aforementioned modified cells, where the cells
have been treated in such a way as 1o be protected from a subject’s immune system upon
introduction into the subject. Such treatments include, without limitation, provision of a
conformal coating, microencapsulation, or macroencapsulation,

[0271] Cardiovascular diseases include, but are not limited to congestive heart failure,
ischemic heart disease, hypertensive heart disease, coronary artery disease, peripheral
vascular disease and ischemic cardiac events, e.g., myocardial infarction, heart attack,
heart failure, arrhythmia, myocardial rupture, pericarditis, and cardiogenic shock. Causes
of such events include, without limitation, thrombosis, embolism, atherosclerosis, and
stenosis. Populations predisposed include, without limitation, smokers, persons with

diabetes, hypertension, or dyslipidemia.
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[0272} Suitable therapeutic molecules for the treatment, amelioration, or prevention of
cardiovascular disease include, without limitation, pro-angiogenic factors,
cardioprotective factors, and cardioregenerative factors.

[0273] The therapeutic molecules useful for the present invention to prevent, treat, or
ameliorate cardiovascular diseases include, without limitation, the atrial natriuretic factor
(ANF), carperitide, brain Natriuretic factor (BNP), nesiritide, relaxin, vascular endothelial
growth factor (VEGF165), hepatocyte growth factor (HGF), Angiopoietin-1 (Ang-1),
basic fibroblast growth factor (bFGF), fibroblast growth factor 4 (FGF-4), insulin-like
growth factor 1 (IGF-1), hypoxia-inducible factorl-alpha (HIF1-alpha), erythropoietin,
tissue plasminogen activator (tPA), growth hormone, Stromal-Derived Factor-1 (SDF-1),
sarco-endoplasmic reticulum Ca2+-ATPase (SERCAZ2a), adenylycyclase type VI (AC6),
S100A1, parvalbumin, phosphatase inhibitor 2, and phosphatase inhibitor 1. These
molecules are known to exert the effects on cardiac tissues through various mechanisms,
e.g., hemodynamics, angiogenesis, cardiac regeneration, anti-fibrosis, and/or cardiac
repair, These therapeutic molecules may provide multiple therapeutic actions and may be

used in combination with each other or other molecules that are known in public.

|0274] In one embodiment, pro-angiogenic gene therapy clinical trials for the treatment,
amelioration, or prevention of cardiovascular disease are currently being performed using
therapeutic proteins useful for promoting neo-vascularization. These include, without
limitation, pro-angiogenic factors such as VEGF, HGF, bFGF, Ang-1, FGF-4, IGF-1, and
HIF1-alpha as well as fragments, variants and derivatives thereof. Identification of
suitable molecules for promoting neo-vascularization are well within the capabilities of a
person of ordinary skill in the art Such pro-angiogenic factors stimulate neo-angiogenesis
to supply oxygen and nutrients within the infarct zone. This will limit infarct zone
expansion and sustain any cardiac progenitors that migrate into the infarct. .

[0275] Indeed, pro-angionic factor VEGF165 is known to induce neovascularization
(Benest et al., Microcirculation. 13(6):423 (2006); Riley et al., Biomaterials. 27(35):5935
(2006); Shyu et al., Life Sci. 73(5):563 (2003); Arsic et al., Mol Ther. 7(4):450 (2003);
Ye et al., J. Heart Lung Transplant. 24(9):1393 (2005); Lubiatowski et al., Plast.
Reconstr. Surg. 110(1):149 (2002) (Erratum in: Plast. Reconstr. Surg. 111(3):1380
(2003)); Kim et al., Ann. Thorac. Surg. 83(2):640 (2007) (Comment in; Ann. Thorac.
Surg. 83(2):646 (2007)); Thurston G., J. Anat. 200(6):575 (2002);' Ryu et al., Mol. Ther.
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13(4):705 (2006); Chae et al., Arterioscler. Thromb. Vasc. Biol. 20(12):2573 {(2000); and
Chen et al., Acta. Pharmacol. Sin. 28(4):493 (2007)). The shortcomings of early clinical
trials in therapeutic neovascularization have been partly attributed to the single
administration of high doses of growth factor. See Zacchigna et al., Hum. Gene Ther.
18(6):515 (2007) and Yla-Herttuala e al., J Am Coll Cardiol. 49(10):1015 (2007)
(Comment in: J Am Coll Cardiol. 50(2):186 {2007)). Since then, preclinical data on
VEGF expression and release has suggested that prolonged exposure results in the
formation of stable vessels, whereas short-term delivery merely produces leaky vessels
that regress easily. High local concentrations caused, for example, by VEGF-A-producing
myoblasts results in leaky and abnormal vessels, whereas moderate amounts of the
growth fictor initiated the growth of healthy vessels. See Arsic ef al., Mol Ther. 7(4):450
(2003); Benest et al., Microcirculation. 13(6):423 (2006); Yamauchi ¢f al., J Gene Med.
5(11):994 (2003); Jiang et al., Acta Cardiol. 61(2):145 (2006); Ozawa et al., J Clin
Invest. 113(43:516 (2004). Additionally, the combination of VEGF (initiation of
angiogenesis) and Ang-1 (maturation of vessels) has been shown to result in more stable
vascular growth, See Thurston G., J Anat. 200(6):575 (2002); Jiang et al., Acta Cardiol.
61(2):145 (2006); Benest et al., Microcirculation. 13(6):423 (2006); Zhou et al., Gene
Ther. 12(3):196 (2005) (Erratom in: Gene Ther, 12(6):552 (2005); Liu et al., Scand
Cardiovasc J. 41(2):95 (2007); Shyu et al., Life Sei. 73(5):563 (2003); Yamauchi et al., J
Gene Med. 5(11):994 (2003); Arsic et al., Mol Ther. 7{4):450 (2003); Ye et al., J Heart
Lung Transplant. 24(9):1393 (2005); Ye et al, Eur J Heart Fail. 9(1):15 (2007);
Lubiatowski ef al., Plast Reconstr Surg. 110(1):149 (2002) (Erratum in: Plast Reconstr
Surg. 111(3):1380 (2003)); Ryw &t al., Mol Ther. 13(4):705 (2006); Chen et al., Eur J
Pharmacol. 568(1-3):222 (2007); Chae et al., Arterioscler Thromb Vasc Biol.
20(12):2573 (2000); and Chen et al., Acta Pharmacol Sin. 28(4):493 (2007).

[0276] Therefore, pro-angiogenic factor VEGF165. is known to prevent, treat or
ameliorate various cardiovascular disease (Yamauchi ef al, J Gene Med. 5(11):994
(2003) and Xu et al., Cytotherapy. 6(3):204 (2004) (Comment in: Cytotherapy. 7(1):74
(2005))) including, without limitation, myocardial infarction (Zhou et al,, Gene Ther.
12(3):196 (2005) (Ematum in: Gene Ther. 12(6):552 (2005); Ye et al., Circulation.
116(11 Suppl):1113 (2007); Liu ef af., Scand Cardiovase J. 41(2):95 (2007); Ye et al.,
Eur. J. Heart Fail. 7(6):945 (2005); Zhang et al., Cell Transplant. 14(10%.787 (2005);



WO 2009/0453710 _96.- POTAUS2008/011270
Bonaros ef al., Interact Cardiovasc. Thorac. Surg. 7(2):249 (2008); Shyu ef al, J
Biomed. Sci. 13(1):47 (2006); Ventura ef al., J Biol Chem. 282(19):14243 (2007);
Sugimoto et al., Jpn. J. Thorae. Cardiovase. Surg. 51(5):192 (2003); Yau ef al., Ann
Thorac. Surg. 83(3):1110 (2007) (Comment in: Ann Thorac Surg. 83(3):1119 (2007));
Rong et al., Chin. Med. J. (Engl). 121{4):347 (2008); Yang et al., Cardiology. 107(1):17
(2007); Wang ef al., J. Mol. Cell Cardiol. 40(5):736 (2006); Chen et al., Eur J Clin
Invest. 35(11):677 (2005); Suzuki ef al., Circulation. 104(12 Suppl 1):1207 (2001); Ye et
al., Ann. Acad. Med. Singapore. 32(5 Suppl):521 (2003); and Haider-et al., J Mol Med.
82(8):539 (2004) (Comment in: J Mol Med. 82(8):485 (2004)}) or ischemia or reperfusion
injury (Becker et al., Int J Cardiol. 113(3):348 (2006); Gao et al., Can. J Cardiol,
23(11):891 (2007); Ye et al. Eur J Heart Fail. 9(13:15 (2007); Chen ef al., Eur. J
FPharmacol. 568(1-3):222 (2007); and Jiang et al., Acta Cardiol. 61(2):145 (2006)).

[0277) Furthermore, another pro-angiogenic factor HGF (human nucleotide sequence
accession No.: M29145, human amino acid sequence accession No.: NP_000592.3),
which provides multipotent actions, are useful for the present invention. . HGF,
mediated by c-Met receptor, provides a pro-angiogenic effect through mitogenic activity
on endothelial cells, 2 cardioprotective anti-apoptotic effect on cardiomyocytes, an anti-
fibrotic effect through suppression of TGF-betal signaling, and is a type [ collagen
regenerative factor through mobilization of CD117(+)/c-Met(+) stem cells into ischemic
myocardiam. See Li et al., Chin Med J (Engi) 121(4):336 (2008);Guo et al., Arch. Med.
Res. 39(2):179 (2008); Veniura ef al., J. Biol. Chem. 282(19):14243 (2007); Yang ef al.,
Gene Ther. 13(22):1564 (2006); Tambara et al., Circulation. 112(9 Suppl):1129 (2005);
Zhang et al., Tissue Eng. Part A. 14(6):1025 (2008); and Sakaguchi ef al., Ann. Thorac.
Surg. 79(5):1627 (2005).

[0278] Similarly, BFGF (amino acid sequence accession no. NP_001997) has been shown
to have the added effect of cardioprotection by promoting angiogenesis,
neovascularization, and tissue regeneration. (Doi ef al., Heart Vessels. 22(2):104 (2007);
Fujita et al., J. Surg Res. 126(1):27 (2005); Fujita ef al., Wound Repair Regen. 15(1):58
(2007); Hosaka ef al., Circulation. 110(21):3322 (2004); Iwakura et al., Heart Vessels.
18(2):93 (2003); Lai er al., Tissue Eng. 12(9):2499 (2006); Nakajima et al., J. Artif.
Organs. 7(2):58 (2004); Perets et al., J. Biomed. Mater. Res. A. 65(4):489 (2003); Pike et
al., Biomaterials. 27(30):5242 (2006); Sakakibara ef al., J Thorac Cardiovasc Surg.
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124(1):50 (2002); Sakakibara et al., Eur J Cardiothorac Surg, 24(1):105 (2003); Shao ef
al., Circ J. 70{4):471 (2006); Tabata Y. and Tkada Y., Biomaterials. 20(22):2169 (1999);
Yamamoto et al., Artif. Organs. 27(2):181 (2003); Yamamoto et al., Jpn. Circ. J
65(5):439 (2001); Yang et al., Ophthalmic Res. 32(1):19 (2000); and Zhu et al., Chin.
Med. Sei. J. 15(4):210 {2000)) In certain embodiments, bFGF may be used to prevent,
treat, or ameliorate osteoarthritis. See Inoue et al., Arthritis Rheum. 54(1):264 (2006);

[0279] IGF-1 (human amino acid sequence accession No.: NP_001104753.1) is also
known to exert multipotent function of protecting cardiomyocytes from apoptosis and
enhancing neovascularization (Su et al., Am J Physiol Heart Circ Physiol. 284(4).H1429
(2003); Chao et al., J. Gene Med. (4):277 (2003); Rabinovsky E.D. and Draghia-Akli R,,
Mol Ther. 9(1):46 (2004); and Barton et al., Circulation. 112(9 Suppl):146 (2005}) and
may be used in the present invention.

[0280} In addition, FGF-4 may be used as a therapeutic molecule to prevent, treat, or
ameliorate chronic ischemic heart disease by inducing myocardial angio-/arteriogenesis, .
(Kapur NK. and Rade 1.1, Trends Cardiovasc. Med. 18(4):133 (2008); Henry et al., 1.
Am. Coll. Cardiol, 50(11):1038 (2007); Grines et al.; Am. J. Cardiol. 92(9B):24N (2003);
(no author listed) BioDrugs. 16(1):75 (2002)).

[0281] Furthermore, HIF1-alpha gene therapy, ¢.g., HIF 1-alpha (aa 1-390)/VP16 (aa 413~
490}, is known to treat, prevent, or ameliorate ischemic disease by enhancing BNP gene
expression (Rajagopalan et al,, Circulation. 115(10%:1234 (2007) (Comment in:
Circulation. 115(10%:1180 (2007)); Wilhide M.E. and Jones W.XK., Mol Pharmacol.
69(6):1773 (2006) (Comment on: Mol Pharmacol. 69(6):1953 (2006)); Luo et al., Mol
Pharmacol. 69(6):1953 (2006) (Comment in: Mol Pharmacol. 69(6):1773 (2006)) or
improve angiogenesis in myocardial infarction (Shyu et al., Cardiovasc Res. 54(3):576
(2002); Vincent et al., Circulation. 102(18):2255 (2000)).

[0282] In certain embodiments, cardioprotective factors for the treatment, amelioration,
or prevention of cardiovascular diseases are provided, either alone, or in combination
with angiogenic factors andfor cardioregenerative factors. Cardioprotective molecules
provide anti-fibrotic, anti-apoptotic signal to resident cardiomyocytes, limiting infact
zone size and supplying survival signals to migrating stem cells. In certain embodiments,
the cardioprotective factor is erythropoietin alfa (EPO) (human amino acid accession no.
CAA26095.1), e.g., human erythropoietin alfa or EPOGEN®, manufactured by Amgen.
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Erythropoietin has been shown to have cardioprotective, angiogenic and neuroprotective
effects (Ben-Dor e al., Cardiovasc Drugs Ther. 21(5):339 (2007); Lin et al., Circ J.
71(1):132 (2007); Prunier ef al., Am J Physiol Heart Circ Physiol. 292(1Y:H522 (2007)).

[0283] Other cardioprotective honmones demonstrated to be protective against
experimental myocardial ischemia-reperfusion injury include, without lmitation,
adrenomedullin, bradykinin, relaxin, ANF, also known as atrial natriuretic peptide (ANP,
human nucleotide sequence accession No., NM_006172, human amino acid sequence
accession No.: NP_006163), BNP, also known as B-fype natriuretic peptide or GC-B
(hueman amino acid sequence accession No.NP_002512.1; human nucleotide sequence
accession No.: M25296), C-type natriuretic peptide (CNP), carperitide, tissue
plasminogen activator (tPA) and urocortins. Many have also been shown to reduce
fibrosis or mediate hemodynamics. Nesiritide (brand name Natrecor®, marketed by
Scios), a recombinant form of human B-type natriuretic peptide, ANF, and Carperitide
are used in the treatment, amelioration, or prevention of acute decompensated heart
failure, and may also be used in the present invention (Burnett J.C. Jr., J. Cardiol.
48(5).235 (2006)).

[0284] Relaxin (human amino acid accession no. NP_604390.1), known for its effects on
the female reproductive system, is also a potent vasodilator of the systemic and coronary
circulation by a mechanism of action involving nitric oxide, and influences cardiac
beating rate. Relaxin is also known as a cardiovascular drug that may prevent, treat, or
ameliorate ischemic heart disease (acute and chronic myocardial infarction), cardiac
fibrosis, and obliterative peripheral arterial disease and restore cardiac function in cell
transplantation. (Nistn et af., Pharmacol. Res. 57(1):43 (2008); Samuel et al., Adv. Exp.
Med. Biol. 612:88 (2007); Du X1, 1. Cell Mol Med. 11(5):1101 (2007); Formigli et al., J.
Cell Mol. Med, 11(5y.1087 (2007); Bathgate et al., Mol. Cell Endocrinol. 280(1-2):30
(2008); Nistri et al., Cardiovasc. Hematol. Agents Med. Chem. 5(2}:101 (2007); Moore et
al., Endocrinology. 148(4):1582 (2007), Lekgabe er al, Endocrinology. 147(12):5575
{2006), Samuel e al, Pharmacol. Ther. 112{2):529 (2006), Zhang et al., Peptides.
26(93:1632 (2005); Perna er al, Ann. N.Y. Acad. Sci. 1041:431 (2005); Pema et al.,
FASEB J. 19(11):1525 (2005); Samuel ef al., Endocrinology. 145(9):4125 (2004); Masini
et al., Br J Pharmacol. 137(3):337 (2002); Ndisang et al., Inflamm. Res. 50 Suppl.
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2:5122-3 (2001); Dschietzig er al., FASEB J. 15(12):2187 (2001); Bani ef al., Am J
Pathol. 152(5):1367 (1998); and Masini et al., Inflamm. Res. 45 Suppl 1:827 (1996))

{0285} In certain embodiments, therapeutic proteins of the invention useful for the
treatment, amelioration, or prevention of cardiovascular diseases have multiple
therapeutic benefits. For example, in the early phase after myocardial infarction, elevated
(SDF-1, human nucleotide sequence accession No.: U16752, human amino acid sequence
accession No.: NP_954637) levels have been reported in the infarct zone. This provides
the required stimulus for mobilization of stem cells from BM niches to the damaged site
as part of a natural repair process. SDF-] recruits bone martow haematopoietic stem cells
(primarily CD31%, C-kit" and CD34" cells) to the infarcted heart resulting in both
neoangiogenic and cardioprotective activities. Furthermores, SDF-1 activates the cell-
survival factor protein kinase B (PKB/Akt) via the G protein-coupled receptor CXCR4
regenerative factors. See also U.S. Patent Appl. Publ. No. 20060111290 Al; Elmadbouh
et al., J Mol Cell Cardiol. 42(4):792 (2007); Bonaros et al., Interact Cardiovasc Thorac
Surg. 7(2):249 (2008); Zhang et al., J Mol Cell Cardiol. 44(2):281 (2008); Ma et al.,
Basic Res Cardiol. 100(3):217 (2005); and Zhang et al., Tissue Eng. 13(8):2063 (2007).

[0286] In addition, tPA (human amino acid accession no. 28274638), e.g., human tissue
Plasminogen Activator or Retavase®, manufactured by PDL BioPharma, Inc. is known to
prevent, treat, or ameliorate post cardiac transplant complications by inhibiting graft
atherosclerosis (Scholl et al., J Heart Lung Transplant. 20(3):322 (2001); Dunn et al.,
Circulation. 93(7):1439 (1996) (Comment in: Circulation. 93(7):1319 (1996)); and Gong
et al., Gene Ther. 14(21):1537 (2007)). Furthermore, the growth hormone is also known
to prevent, freat, or ameliorate cardiovascular disease and may be used in the present
invention (Isgaard J. and Bergh CH., BioDrugs. 12(4):245 (1999); Fazio et al., J. Clin.
Endocrinol. Metab, 92(11):4218 (2007); Climent et al., Curr Med Chem. 14(13):13%9
(2007); Perez-Berbel et al., Int J Cardiol. 124(3):393 (2008) (Comment on: Int J
Cardiol. 11033313 (2006)); and Le Corvoisier et al., J Clin Endocrinol Metab.
92(1):180 (2007)) by promoting angiogenesis and attenuate apoptosis (Rong et al., Chin
Med J (Engl). 121{4):347 (2008)).

[0287] In other embodiments, the therapentic molecules that restore cardiac function are
included in the present invention. Cardiac repair molecules include, but are not limited
to, SERCAZa, ACG6, S100A1, parvalbumin, phosphatase inhibitor 2 and phosphatase
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inhibitor 1. For example, SERCAZ2a is known to improve cardiac contractility in vive and
in vitro and cardiac function in heart failure (Asahi ef al., Proc Natl Acad Sci U § A,
101(25):9199 (2004); Cavagna ef al., J Physiol. 528 Pt 1:53 (2000); Chaudhuri ef al., Mol
Cell Biochem. 251(1-2):103 (2003); Davia er al., J Mol Cell Cardiol. 33(5):1005 (2001);
del Monte et al, Circulation. 100(23):2308 (1999) (Comment in: Circulation.
100(23):2303 (1999); del Monte et al., Circulation. 104(12):1424 (2001); Hajjar ef al,,
Circ Res. 81(2):145 (1997) (Comment in: Circ Res. 88(4):373 (2001) and Circulation.
101(7):790 (2000)); Kawase ef al., J Am Coll Cardiol. 51(11):1112 (2008); Maier ef al,,
Cardiovasc Res. 67(4):636 (2005) (Comment in; Cardiovase Res. 67(4):581 (2005);
Meyer M. and Dillmann W .H., Cardiovasc Res. 37(2):360 (1998); Miyvamoto ¢f al., Proc
Natl Acad Sei U § A. 912793 (2000); Muller ef al., Cardiovasc Res. 59(2):380 (2003});
Sakata ef al., J Mol Cell Cardiol. 42(4).852 (2007); Sakata ef al., Am J Physiol Heart
Cire Physiol. 292(2):H1204 (2007); Schmidt et al., Circulation. 101(7):790 (2000)
(Comment in: Cireulation. 101(7):738 (2000), Circ Res. 81(2):145 (1997), Circ Res.
83(9):889 (1998), and Circulation. 95(2):423 (1997)) Suarez ef al., Am J Physiol Heart
Cire Physiol. 287(5)H2164 (2004); Terraccianc ef al., Cell Calcium. 31(6):299 (2002);
Trost et al., Diabetes. 51(4):1166 (2002); and Vetter et al., FASER J. 16(12):1657 (2002))

[0288] Furthermore, AC6 is known to restore affinity of SERCAZ2a to calcium and
maximum  velocity of cardiac calcum uptake by sarcoplasmic reticelum in
cardiomyopathy (Gao et al., Proc Natl Acad Sci U § A. 95(3):1038 (1998); Roth et al.,
Circulation. 99(24):3099 (1999); Lai ef al., Circulation. 102(19):2396 {2000); Roth et al,,
Circulation. 105(16):1989 (2002) (Comment in: Circulation. 105(16):1876 (2002)); Gao
et al, Cardiovasc Res. 56(2):197 (2002) (Comment in: Cardiovasc Res. 56(2):181
(2002)); Roth ef al., Basic Res Cardiol. 98(6):380 (2003); Roth et al., Am J Physiol Heart
Circ Physiol. 287(1YH172 (2004); Gao ef al., J Biol Chem. 279(37)38797 (2004); Tang
et al., Am J Physiol Heart Cire Physiol. 287(5):H1906 (2004); Lai et al., Circulation.
110(3):330 (2004) (Comment in: Circulation. 110(3):242 (2004); Roth et al., Hum Gene
Ther. 15(10):989 (2004); Timofeyev et al, J Mol Cell Cardiol. 41(1):170 (2006)
{Comment in: J Mol Cell Cardiol. 41(3):424 (2006); Takahashi ef al., Circulation.
114(5):388 (2000) (BErratum in: Circulation. 114(11):e497 (2006); Comment in:
Circulation. 114(5):365 (2006), Sastry et al., J Am Coll Cardiol. 48(3).559 (2006);
Rebolledo ef al., Hum Gene Ther. 17(10):1043 (2006); Hammond H.K., 4nn N ¥ Acad
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. Sci. 1080:426 (2006); Phan et al., Trends Cardiovasc Med. 17(7%:215 (2007); Tang et al.,
Circulation, 117(1):61 (2008); and Lai et al., J Am Coll Cardiol, 51{15):1490 (2008)).

[0289] In certain embodiments, the Ca2+-binding protein S100A1 may restore cardiac
function and therefore be used in the present invention. S100Al is known to increase
myocardial contraction in vive and reduce propensity toward heart failure afier
myocardial infarction. (Most et al., J Chin Invest. 114(11):1550 (2004); Most et al,,
Circulation, 114(12):1258 (2006); Pleger et ai., Mol Ther. 12(6):1120 (2005); Pleger er
al., Eur J Med Res. 11(10):418 (2006); Remppis et al., J Gene Med. 6(4):387 (2004);
Most et al., Am J Physiol Regul Integr Comp Physiol. 293(2):R568 (2007); Remppis et
al., Basic Res Cardiol. 97 Suppl 1:156 (2002); Pleger et al., Circulation. 115(19):2506
(2007); and Most et al., J Biol Chem. 278(36):3380% (2003)). Other non-limiting
examples of the therapeutic molecules that improve or restore cardiac function are:
paralbumnin (Hirsch ez al,, Am J Physiol Heart Circ Physiol. 286{6)H2314 (2004),
Michele et al, Mol Ther. 10(2):399 (2004); and Sakata et al., J Mol Cell Cardiol.
42(4):852 (2007)), phosphatase inhibitor 2 (Yamada et al., FASEB J. 20(8):1197 (2006);
Gupta et al., Mol Cell Biochem. 269(1-2):49 (2005); and Kirchhefer et al., Cardiovasc
Res. 68(1):98 (2005)) and phosphatase inhibitor 1 (Gupta er al., Mol Cell Biochem.
269(1-2):49 (2005) and Gupta et al., Am J Physiol Heart Circ Physiol. 285(6):H2373
(2003))

[0290] Additional therapeutic molecules that may be useful for the present invention to
prevent, treat, or ameliorate a disease or disorder include, but are not limited to,
monoclonal antibodies (e.g., HERCEPTIN®-HC, HerceptN®-LC, Ticiwivumar®-HC,
TiciLiMuMAB®-LC, ZenaPax®-HC, ZeNarax®LC, HuMma®HC, HumMma®.LC,
RITuxan®HC, Rituxan®-LC, IpiiMumap®-HC, IPimaumaB®LC, AvasTin®-HC,
AvASTIN®-LC, Erbitux®HC, and ERBITUX®-LC), recombinant enzymes (eg,
RETAVASE®, ACTRAPID®-A chain, ACTRAPID®-B chain, NEULASTA®, pre-pro insulin,
ErOGEN®, and NORDITROPIN®), fusion protein (e.g., ENBREL®), or any purified proteins
(e.g., ALPHANATE® and ARALAST®). In addition, identification of suitable therapeutic
molecules for preventing, treating, or ameliorating a particular disease or disorder is well

within the capabilities of a person of ordinary in the art.
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Vectors and Host Cells

[0291] To introduce the polynucleotides into the cells, a vector can be used. The vector
may be, for example, a plasmid vector or a single-or double-stranded RNA or DNA viral
vector. Such vectors may be infroduced into cells by well-known techniques for

introducing DNA and RNA into cells. Viral vectors may be replication competent or
replication defective. In the latter case, viral propagation generally will oceur only in
complementing viral competent cells.

[0292] Thus, at a minimum, the vectors must include the polynucleotides of the
invention. Other components of the vector may include, but are not limited to, selectable
markers, chromatin modification domains, additional promoters driving expression of
other polypeptides that may also be present on the vector (eg., a lethal polypeptide),
genomic integration sites, recombination sites, and molecular insertion pivots. The
vectors may comprise any number of these additional elements, either within or not
within the polynucleotides, such that the vector can be tailored to the specific goals of the
therapeutic methods desired.

[0293] In one embodiment of the present invention, the vectors that are introduced into
the cells further comprise a “selectable marker gene” which, when expressed, indicates
that the therapeutic gene switch construct of the present invention has been integrated into
the genome of the modified cell. In this manner, the selector gene can be a positive
marker for the genome integration. While pot critical to the methods of the present
invention, the presence of a selectable marker gene allows the practitioner to select fora
population of live cells where the vector construct has been integrated into the genome of
the cells. Thus, certain embodiments of the present invention comprise selecting cells
where the vector has successfully been integrated. As used herein, the term “select” or
variations thereof, when used in conjunction with cells, is intended to mean standard,
well-known methods for choosing cells with a specific genetic make-up or phenotype.
Typical methods include, but are not limited to, culturing cells in the presence of
antibictics, such as (G418, neomycin and ampicillin. Other examples of selectable marker
genes include, but are not limited to, genes that confer resistance to dihydrofolate
reductase, hygromyein, or mycophenolic acid. Other methods of selection include, but
are not limited to, a selectable marker gene that allows for the use of thymidine kinase,
hypoxanthine-guanine phosphoribosyltransferase or adenine phosphoribosyltransferase as
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selection agents. Cells comprising a vector construct comprising an antibiotic resistance
gene or genes would then be capable of tolerating the antibiotic in culture. Likewise,
cells not comprising a vector construct comprising an antibiotic resistance gene or genes
would not be capable of tolerating the antibiotic in culture.

[0294] As used herein, a “chromatin moedification domain” (CMD) refers to nucleotide
sequences that inferact with a wvariety of proteins associated with maintaining and/or
altering chromatin structure, such as, but not limited to, DNA insulators. See Ciavatta ef
al., Proc. Nat'l Acad, Sci. U.S.4., 103:9958 (2006), which is incorporated by reference
herein. Examples of CMDs include, but are not limited to, the chicken B-globulin
insulator and the chicken hypersensitive site 4 (cHS4). The use of different CMD
sequences between one or more gene programs (i.e., a promoter, coding sequence, and 3'
regulatory region), for example, can facilitate the use of the differential CMD DNA
sequences as “mini homology arms” in combination with various ynicroorganism or in
vitro recombineering technologies to “swap” gene programs between existing multigenic
and monogenic shuftle vectors. Other examples of chromatin modification domains are
known in the art or can be readily identified.

[0295] Particular vectors for use with the present invention are expression vectors that
code for polypeptides or polynucleotides. Generally, such vectors comprise cis-acting
control regions effective for expression in a modified cell, operatively linked to the
polynucleotide to be expressed. Appropriate trans-acting factors are supplied by the
modified cell, supplied by a complementing vector or supplied by the vector itself upon
mtroduction into the cell.

[0296] A great variety of expression vectors can be used to express polypeptides or
polynucleotides. Such vectors include chromosomal, episomal and virus-derived vectors,
e.g., vectors derived from bacterial plasmids, from bacteriophage, from yeast epizomes,
from yeast chromosomal elements, from viruses such as adeno-associated viruses,
lentiviruses, baculoviruses, papova viruses, such as 8V40, vaccinia viruses, adenoviruses,
fowl pox viruses, pseudorabies viruses and retroviruses, and vectors derived from
combinations thereof, such as those derived from plasmid and bacteriophage genetic
elements, such as cosmids and phagemids. All may be used for expression in accordance

with this aspect of the present invention. Generally, any vector suitable to maintain,
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propagate or express polynucleotides or polypeptides in a cell may be used for expression
in this regard.

[0297] The polynucleotide sequence in the expression vector is operatively linked to
appropriate expression control sequence(s) including, for instance, a promoter to direct
mRNA transcription. Representatives of additional promoters include, but are not limited
to, constitutive promoters and tissue specific or inducible promoters. Examples of
constitutive eukaryotic promoters include, but are not limited to, the promoter of the
mouse metallothionein I gene (Hamer et al, J. Mol Appl Gen. 1:273 (1982)); the TK
promoter of Herpes virus (McKnight, Cell 37:355 (1982)); the SV40 early promoter
(Benoist et al, Nature 290:304 (1981)); and the vaccinia virus promoter. All of the above
listed references are incorporated by reference herein. Additional examples of the
promoters that could be used to drive expression of a protein or polynuclectide include,
but are not limited to, tissue-specific promoters and other endogenous promoters for
specific proteins, such as the albumin promoter (hepatocytes), a proinsulin promoter
(pancreatic beta cells) and the like. In general, expression constructs will contain sites for
transcription, initiation and termination and, in the transcribed region, a nbosome binding
site for translation. The coding portion of the mature transcripts expressed by the
constructs may include a translation initiating AUG at the beginning and a termination
codon (UAA, UGA or UAG) appropriately positioned at the end of the polypeptide to be
translated.

[0298) In addition, fhe constructs may contain conirol regions that regulate, as well as
engender expression. Generally, such regions will operate by controlling transcription,
such as repressor binding sites and enhancers, among others.

[0299] Examples of eukaryotic vectors include, but are not limited to, pW-LNEQ,
pSV2CAT, pOG44, pXT1 and pSG available from Stratagene; pSVK3, pBPV, pMSG
and pSVL available from Amersham Pharmacia Biotech; and pCMVDsRed2-express,
pIRESZ-DsRed2, pDsRed2-Mito, and pCMV-EGFP available from Clontech. Many
other vectors are well-known and commercially available.

[0300] Particularly useful vectors, which comprise molecular insertion pivots for rapid
insertion and removal of elements of gene programs, are described in United States
Published Patent Application No. 2004/0185556, United States Patent Application No.
11/233,246 and International Published Application Nos. WO 2005/040336 and WO
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2005/116231, all of which are incorporated by reference. An example of such vectors is
the UltraVector™ Production System {(Intrexon Corp., Blacksburg, VA), as described in
WO 2007/038276, incorporated herein by reference. As used herein, a “gene program” is
a combination of genetic elements comprising a promoter (P), an expression sequence (E)
and a 3’ regulatory sequence (3), such that “PE3” is a gene program. The elements within
the gene program can be easily swapped between molecular pivots that flank each of the
elements of the gene program. A molecular pivot, as used herein, is defined as a
polynucleotide comprising at least two non-variable rare or uncommon restriction sites
arranged in a linear fashion. In one embodiment, the molecular pivot comprises at least
three non-variable rare or uncommon restriction sites amranged in a linear fashion.
Typically any one molecular pivot would not include a rare or uncommon restriction site
of any other molecular pivot within the same gene program. Cognate sequences of
greater than 6 nucleotides upon which a given restriction enzyme acts are referred to as
“rare” restriction sites. There are, however, restriction sites of 6 bp that occur more
infrequently than would be statistically predicted, and these sites and the endonucleases
that cleave them are referred to as “uncommon” restriction sites. Examples of either rare
Or uncommon restriction enzymes include, but are not limited to, AsiS I, Pac I, Sbi 1, Fse
I, Asc I, Mlu I, SnaB I, Not I, Sal [, Swa I, Rer I, BSiW 1, Sfo I, Sgr Al AflIIL, Pva I,
NgoMIV, Ase L Flp I, Pme ], Sda I, Sgf1, Sef ], and Sse8781 1.

[0301] The vector may also comprise restriction sites for a second class of restriction
enzymes called homing endonuclease (HE) enzymes. HE enzymes have large,
asymmetric restriction sites (12-40 base pairs), and their restriction sites are infrequent in
nature. For example, the HE known as I-Scel has an 18 bp restriction site
(5'TAGGGATAACAGGGTAATY (S8EQ 1D NO:4)), predicted to occur only once in
every 7x10'" base pairs of random sequence. This rate of occurrence is equivalent fo only
one site in a genome that is 20 times the size of a mammalian genome. The rare nature of
HE sites greatly increases the likelihood that a genetic engineer can cut a gene program
without disrupting the integrity of the gene program if HE sites were included in
appropriate locations in a cloning vector plasmid.

[0302] Selection of appropriate vectors and promoters for expression in a host cell is a

well-known procedure, and the requisite techniques for vector construction and
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introduction into the host cell, as well as its expression in the host cell are routine skills in
the art.

[0303] The introduction of the polynucleotides info the cells can be a fransient
transfection, stable transfection, or can be a locus-specific insertion of the vector.
Transient and stable transfection of the vectors into the host cell can be effected by
calcium phosphate transfection, DEAE-dextran mediated transfection, cationic lipid-
mediated transfection, electroporation, transduction, infection, or other methods. Such
methods are described in many standard laboratory manuals, such as Davis ef al., Basic
Methods in Molecular Biology (1986); Keown et al., 1990, Methods Enzymol. 185; 527-
37; Sambrook ef al., 2001, Molecular Cloning, A Laboratory Manual, Third Edition, Cold
Spring Harbor Laboratory Press, N.Y., which are hereby incorporated by reference.
These stable transfection methods result in random insertion of the vector into the
genome of the cell. Further, the copy number and orientation of the vectors are also,
generally speaking, random. -

[0304] In another embodiment, locus-specific insertion may be carried out by
recombinase-site specific gene insertion. Briefly, bacterial recombinase enzymes, such
as, but not limited to, PhiC31 integrase can act on “pseudo” recombination sites within
the human genome. These pseudo recombination sites can be targets for locus-specific
insertion using the recombinases. Recombinase-site specific gene insertion is deseribed
in Thyagarajan et al., Mol. Cell Biol. 21:3926 (2001), which is hereby incorporated by
reference. Other examples of recombinases and their respective sites that may be used for
recombinase-site specific gene insertion include, but are not limited to, serine
recombinases such as R4 and TP901-1 and recombinases described in WO 2006/083253,
incorporated herein by reference.

[0305] In order to stably integrate the one or more gene expression systems in the
genome of a modified cell, any known methods of integration may be used for the
purpose of this invention. In one embodiment, locus-specific insertion may be carried out
by recombinase-site specific gene insertion. Briefly, bacterial recombinase enzymes,
such as, but not limited to, PhiC31 integrase may act on “pseudo” recombination sites
within the human genome. See US publication No. 2004/0003420 Al; Groth et al., Proc.
Natl. Acad. Science, 97, 5995-6000 (2000). These pseudo recombination sites may be

targets for locus-specific insertion using the recombinases. Recombinase-site specific
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gene insertion is described in Thyagarajan, B. et al, Mol Cell Biol 21(12):3926-34
(2001).

In certain embodiments, the first inducible gene expression' system further
comprises an integrase, which will stably integrate the first gene switch system into
pseudo-sites within the genome of the targeted cells. A second gene switch system may
also comprise an integrase, which will integrate the second gene switch system into the
pseudo-sites within the genome of the targeted cells. The first gene switch system may
further comprise an integrase acceptor site, which may allow integration of the second
inducible gene switch system in the pre-positioned acceptor site within the genome of the
targeted cells.

The following polypeptide sequence was reported as a polypeptide sequence
encoding the Streptomyces phase PhiC3l integrase polypeptide sequence and has the
accession number NP_(047974 in Genbank.

[0308]

61
121
ia1
241
301
361
421
481
541
601

[0309]

Streptomyces phage phiC31 integrase (605 aa) (SEQ ID NO:6)

mdtvagaydyr
safgtasrpe
egvirganvm
tkeitrngrm
pasitglckr
gtpttkiegy
mdklycecga
fnkirhaegd
gaydgpvark
wwgrasvddk
edvaa

Other examples of recombinases and their respective sites that may be used for

gsrerenssa
ferilnecra
dlihlimzrld
vavvinklah
sdadavptrg
rigrdpitir
vmtakrgees
eetlallwea
hfrkqqgaalt
rvivglfvdk

aspatgrsan
grinmiivyd
ashkesslks
sttplegpfe
etigkktass
pveldegpii
ikdgyrerry
arrfgkitea
lrgqgaeerl
ivvtksttgr

edkaadlqgre
varfsrlkvm
akildtknlg
fepdvirwww
awdpatvmri
epaewyelga
kvvdpesapgg
peksgeranl
aeleaaeapk
gqutpiekra

verdggrfrf
daipivsell
relggyvggk
reikthkhlp
irdpriagfa
wldgrgroke
hegtenvsma
vaeradalna
lpldgwiped
sitwakpptd

vghfseapgt
algvtivstyg
apygfelvse
fkpgsgaaih
aeviykkkpd
lsrggailsa
aldkfvaeri
leelyedraa
adadptgpks
ddeddaqgdqgt

recombinase-site specific gene insertion include, but are not limited to, serine
recombinases such as R4 and TP901-1. Site-specific recombinases (88Rs), such as the
bacteriophage Pl-derived Cre recombinase recognize specific DNA  sequences

o

("recognition sites,” "recognition sequences,” or "integrase acceptor site”) and catalyze
recombination between two recognition sites. Cre recombinase, for example, recognizes
the 34 base pair (bp) loxP motif (Austin ef al., Cell 25,729-736 (1981)). If the two sites
are located on the same DNA molecule in the same orientation, the intervening DNA
sequence is excised by the recombinase from the parental. molecule as a closed circle,
leaving one recognition site on each of the reaction products. If the two sites are in

inverted orientation, the recognition-site flanked region is inverted through recombinase
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mediated recombination. Alternatively, if the two recognition sites are located on
different molecules, recombinase-mediated recombination will lead to integration of a
circular molecule or translocation between two linear molecules.

[0310] In addition to Cre, a few recombinases have been shown to exhibit some activity
in mammalian cells. The best characterized examples are the yeast derived FLP and Kw
recombinases, which exhibit optimal activity at 30°C and are unstable at 37°C (Buchholz
et al., Nature Biotech., 16,657-662 (1998); Ringrose et al., Fur. J. Biochem., 248,903~
912). Other recombinases that show some activity in mammalian cells include a mutant
integrase of phage lambda, the integrases of phage HKO022, mutant gamma delta-
resolvase and beta- recombinase (Lorbach et al, J Mol Biol., 296, 1175-81 (2000);
Kolot er ai., Moi. Biol. Rep. 26,207-213 (1999); Schwikardi et al.,, FEBS Lett. , 471,147
150 (2000); Diaz et al, J. Biol. Chem., 274, 6634-6640 (1999)). Moreover, an improved
version of the phiC3! integrase has been developed. This modified C31-Int (C31-Int
{CNLS) ) carries a C-terminal nuclear localization signal (NLS) and displays a
recombination efficiency in mammalian cells that is significantly enhanced over the wild
type form and is comparable to that of Cre recombinase (EP 1205490; US Publication
No. 2004/0003420 Al). This makes the C31-Int a valuable tool for mammalian genome
modification.

[0311] In one embodiment of the invention, the vector is inserted into a bio-neutral site in
the genome. A bio-neutral site is a site in the genome where insertion of the
polynuclectides interferes very little, if any, with the normal function of the cell, Bio-
neutral sites may be analyzed using available bioinformatics, Many bio-neutral sites are
known in the art, eg., the ROSA-cquivalent locus. Other bio-neutral sites may be
identified using routine techniques well known in the art. Characterization of the
genomic insertion site(s) is performed using methods known in the art. To control the
location, copy number and/or orientation of the polynucleotides when introducing the
vector into the cells, methods of locus-specific insertion may be used. Methods of locus-
specific insertion are well-known in the art and include, but are not limited to,
homologous recombination and recombinase-mediated genome insertion. Of course, if
locus-specific insertion methods are to be used in the methods of the present invention,
the vectors may comprise elements that aid in this locus-specific insertion, such as, but

not limited to, homologous recombination. For example, the vectors may comprise one,
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two, three, four ot more genomic integration sites (GISs), As used herein, a “genomic
integration site” is defined as a portion of the vector sequence which nucleotide sequence
is identical or nearly identical to portions of the genome within the cells that allows for
insertion of the vector in the genome. In particular, the vector may comprise two
genomic insertion sites that flank at least the polynucleotides. Of course, the GISs may
flank additional elements, or ¢ven all elements present on the vector.

[0312] In a further embodiment, the vector may comprise a chemo-resistance gene, eg.,
the multidrug resistance gene mdrl, dihiydrofolate reductase, or O°-alkylgnanine-DNA
altkyltransferase. The chemo-resistance gene may be under the control of a constitutive
(e.g., CMV) or inducible (e.g., RheoSwitch®) promoter. In this embodiment, if it is
desired to treat a disease in a subject while maintaining the modified cells within the
subject, a clinician may apply a chemotherapeutic agent to destroy diseased cells while
the modified cells would be protected from the agent due to expression of a suitable
chemo-resistance gene and may continue to be used for treatment, amelioration, or
prevention of a disease, disorder, or condition. By placing the chemo-resistance gene
under an inducible promoter, the unnecessary expression of the chemo-resistance gene
can be avoided, yet it will still be available in case continued treatment is needed. If the
modified cells themselves become diseased, they could still be destroyed by inducing
expression of a lethal polypeptide as described below,

[0313] The methods of the invention are carried out by introducing the polynucleotides
encoding the gene switch and the therapeutic polypeptide or therapeutic polynucleotide
into cells of a subject. Any method known for introducing a polynucleotide into a cell
known in the art, such as those described above, can be used.

[0314] ‘When the polynucleotides are to be introduced into cells ex vivo, the cells may be
obtained from a subject by any technique known in the arf, including, but not limited to,
biopsies, scrapings, and surgical tissue removal. The isolated cells may be cultured for a
sufficient amount of time to allow the polynucleotides to be introduced into the cells, e.g.,
2,4,6,8, 10,12, 18, 24, 36, 48, hours or more. Methods for culturing primary cells for
short periods of time are well known in the art. For example, cells may be cultured in
plates (e.g., in microwell plates) either attached or in suspension.

[0315] For ex vive therapeutic methods, cells are isolated from a subject and cultured

under conditions suitable for introducing the polynucleotides into the cells. Once the
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polynucleotides have been introduced into the cells, the cells are incubated for a sufficient
period of time to allow the ligand-dependent transcription factor complex to be expressed,
eg,05,1,2,3,4,5,6,7,8,9, 10, 12, 18, or 24 hours or more. At some point after the
introduction of the polynucleotides into the cells (either before or after sigmficant levels
of the ligand-dependent transcription factor complex is expressed), the cells are
introduced back into the subject. Reintroduction may be cartied out by any method
known in the art, e.g., intravenous infusion or direct injection into a tissue or cavity. In
one embodiment, the presence of the polynucieotides in the cells is determined prior to
introducing the cells back into the subject. In another embodiment, cells containing the
polynucleotides are selected {e.g., based on the presence of a selectable marker in the
polynucleotides) and only those cells containing the polynucleotides are reintroduced into
the subject. After the cells are reintroduced to the subject, ligand is administered to the
subject to induce expression of the therapeutic polypeptide or therapeutic polynucleotide.
In an alternative embodiment, the ligand may be added to the cells even before the cells
are reintroduced to the subject such that the therapeutic polypeptide or therapeutic
polynucleotide is expressed prior to reintroduction of the cells. The ligand may be
administered by any suitable method, either systemically (¢.g., orally, intravenously) or
locally {e.g., intraperitoneally, intrathecally, intraventricularly, direct injection into the
fissue or organ where the cells were reintroduced). The optimal timing of ligand
administration can be determined for each type of cell and disease, disorder, or condition
using only routine techniques.

[0316]) In a different embodiment, the ex vive therapeutic methods may be carried out
using non-autologous cells, e.g., cells that are allogeneic or xenogeneic to the subject,
instead of autologous cells from the subject. The poiyﬁucieotides may be introduced into
the non-autologous cells ex vivo to produce modified cells and the modified cells may
then be introduced into the subject. The non-autologous cells may be any cells that are
viable after transplantation into a subject, including, without Hmitation, stem cells (such
as embryonic stem cells or hematopoietic stem cells) and fibroblasts.

[6317] The in vivo therapeutic methods of the invention involve direct in vivo
introduction of the polynucleotides into the cells of the subject. The polymucleotides may
be introduced into the subject systemically or locally (e.g., at the site of the disease,
disorder, or condition). Once the polynucleotides have been introduced to the subject, the
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ligand may be administered io induce expression of the therapeutic polypeptide or
therapeutic polynucleotide. The ligand may be administered by any suitable method,
either systemically (e.g., orally, intravenously) or locally (eg., intraperitoneally,
intrathecally, intraventricularly, direct injection into the tissue or organ where the disease,
disorder, or condition is occwring). The optimal timing of ligand administration can be
determined for each type of cell and disease, disorder, or condition using only routine
technigues.

[0318] In one embodiment, the ligand may be administered to the subject continuously or
intermittently, and the pattemn of ligand administration may be altered as necessary
depending on the status of the disease, disorder, or condition. The level of expression of
the therapeutic polypeptide or therapeutic polynucleotide can be modulated both by the
schedule of ligand administration and the amount of ligand that is administered,
permitting carefu] control of the therapeutic treatment.

[0319] The therapeutic methods of the invention may also be coupled with diagnostic
technologies in order to improve treatment outcomes in various approaches tht are known
in the art as pharmacodiagnostics or theranostics. For example, administration of the
ligand may be coordinated with monitoring of the status or progression of the disease,
disorder, or condition. In one embodiment, the polynucleotides of the invention are
introduced into a cell together with one or more polynucleotides designed to diagnose or
monifor a disease, disorder, or condition. In another embodiment, the diagnostic
polynucleotides are present on the same vector comprising the polynucleotides of the
invention, In this embodiment, the therapeutic treatment and the diagnostic test for
monitoring effectiveness of the treatment are administered together in one unit, ensuring
that all cells that receive the treatment also receive the diagnostic test. In one
embodiment, the diagnostic polynucleotides comprise a diagnostic switch promoter (i.e.,
a promoter whose activity is modulated during a discase, disorder, or condition) operably
linked to a reporter gene, and monitoring of the status of the disease, disorder, or
condition involves detecting the level of expression of the reporter gene.

[0320] In another theranostic embodiment of the invention, the level of expression of a
therapeutic polypeptide or therapeutic polynucleotide is monitored through detecting the
level of expression of a reporter gene, wherein the level of expression of the reporter

directly corrclates with the level of expression of the therapeutic polypeptide or
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[0321]

[0322]

[0323]

-112-

therapeutic polynucleotide. For example, the level of expression of a therapeutic protein

such as interleukin-12 may be monitored non-invasively in various tissues through a

bioneutral reporter such 2s the human type 2 somatostatin receptor, which may be imaged

with a radiolabeled somatostatin analog (see, eg., Zinn ef al., J. Nucl Med 4]:887-895

(2000)). The reporter may be linked to the same promoter as the therapeutic polypeptide

or polynucleotide, or may be placed under a different promoter that is modulated by the

therapeutic polypeptide or polynucleotide.

An additional embodiment of the invention relates to methods for expressing a
therapeutic polypeptide or therapeutic polynucleotide in a subject, comprising:

(a) introducing into cells of said subject (1) a polynucleotide encoding a gene

switch, said gene switch comprising at least one transcription factor sequence,

wherein said at least one transcription factor sequence encodes a ligand-dependent
~ transcription factor complex, operably linked to a therapeutic switch promoter,
wherein the promoter is activated during said disease, disorder, or condition, and

(2) a polynucleotide encoding a therapeutic polypeptide or therapeutic

polynucleotide linked to a promoter which is activated by said ligand-dependent

iranscription factor complex, to produce modified cells; and

(b)  administering ligand to said subject to induce expression of said

therapeutic polypeptide or therapeutic polynucleotide.

In one embodiment, the methods for expressing a therapeutic polypeptide or
therapentic polynucleotide in a subject may be carried out using laboratory animals (e.g.,
mice, rats, cats, dogs, monkeys) or farm ammals {e.g., pigs, sheep, cows). For example,
methods of expressing therapeutic products in animals may be carried out for research
purposes or for the large scale production of therapeutic polypeptides or therapeutic
polynucleotides.

A further embodiment of the invention relates fo methods for expressing a
therapeutic polypeptide or therapeutic polynucleotide in a cell, comprising:

{a)  introducing into said cell (1) a polynucleotide encoding a gene switch, said gene
switch comprising at least one transcription factor sequence, wherein said at least
one transcription factor sequence encodes a ligand-dependent transcription factor
complex, operably linked to a therapeutic switch promoter, wherein the promoter

is activated during said disease, disorder, or condition, and (2) a polynucleotide
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[0324]

- 13-

encoding a therapeutic polypeptide or therapeutic polynucleotide linked to a
promoter which is activated by said ligand-dependent transcription factor
complex, to produce a modified cell; and

administering ligand to said modified cell to induce expression of said therapeutic
polypeptide or therapeutic polynucleotide.

Another embodiment of the invention is a method for expressing a therapeutic

polypeptide or therapeutic polynucleotide in one or more modified cells, compriéing:

[0325]

(a} introducing into a cell (1) a first polynucleotide encoding a gene switch,
said gene switch comprising at least one transcription factor sequence, wherein
said at least one transcription factor sequence encodes a ligand-dependent
transcription factor complex through operable association with a therapeutic
switch promoter, wherein said therapeutic switch promoter is activated under
conditions associated with a disease, disorder, or condition, and {2) a second
polynucleotide encoding a therapeutic polypeptide or therapeutic polynucleotide
operably associated with a factor-regulated promoter which is activated by said
ligand-dependent franscription factor complex, thereby producing a modified cell;
and

(b)  administering ligand to said modified cell to induce expression of said
therapeutic polypeptide or therapeutic polynucleotide.

In one embodiment, the methods for expressing a therapeutic polypeptide or

therapeutic polynucleotide in a cell may be carried out in vitro, e.g., in cells in culture,

For example, in vitro methods of therapeutic product expression may be carried out for

research use or for the large scale production of therapeutic polypeptides or therapeutic

polynucleotides.

[0326]

In any embodiments described herein, the polynucleotides or vector comprising

the polynucleotides may comprise a sequence encoding a lethal polypeptide that can be

turned on to express a product that will kill a cell containing the polynucleotides or

vector. Lethal polypeptide expression can be used to eliminate the modified cells from a

subject, either because treatment is no longer needed or because of a problem with the

modified cells {e.g., hyperproliferation or toxicity). A lethal polypeptide, as used herein,

is a polypeptide that, when expressed, is lethal to the cell that expresses the polypeptide,

either because the polypeptide itself is lethal or the polypeptide produces a compound that
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is lethal. As used herein, a lethal polypeptide includes polypeptides that induce cell death
in any fashion, including but not limited to, necrosis, apoptosis and cytotoxicity.
Examples of lethal polypeptides include, but are not limited to, apoptosis inducing tumor
suppressor genes such as, but not limited to, p53, Rb and BRCA-I, toxins such as
diphtheria toxin (DTA), shigella neurotoxin, botulism toxin, tetanus toxin, cholera toxin,
CSE-V2 and other variants of scorpion protein toxins to name a few, suicide genes such
as cytosine deaminase and thymidine kinase, and cytotoxic genes, e.g., tumor necrosis
factor, interferon-alpha. The present invention is not limited by the identity of the lethal
polypeptide, provided that the polypeptide is capable of being lethal to the cell in which it
is expressed. If the modified cells are short-lived cells (e.g., cells with a limited lifespan
(e.g., about 10 days or less, such as dendritic cells), it may not be necessary to include a
lethal polypeptide in the polynucleotides or vector as the cells will be naturally removed
over a short period of time.

[0327) For each of the methods described above, in one embodiment, the polynucleotide
encoding the gene switch and the polynucleotide encoding the therapeutic polypeptide or
therapeutic polynucleotide linked to a promoter are part of one larger polynucleotide, e.g.,
a vector. In another embodiment, the polynucleotide encoding the gene switch and the
polynucleotide encoding the therapeutic polypeptide or therapeutic polynucleotide linked
to a promoter are separate polynucleotides, which may be combined to form a "nucleic
acid composition."

[0328] In one aspect, the invention relates to polynucleotides that may be used in the
methods of the invention. In one embodiment, the polynucleotide encodes a gene switch,
the gene switch comprising at least one transcription factor sequence, wherein said at
least one transcription factor sequence encodes a ligand-dependent transcription factor
complex, operably linked to a therapeutic switch promoter, wherein the activity of the
promoter is modulated during said disease, disorder, or condition. In another
embodiment, the polynucleotide further encodes a therapeutic polypeptide or therapeutic
polynucleotide linked to a factor-regulated promoter which is activated by said ligand-
dependent transcription factor complex. In one embodiment, the gene switch is an EcR-
based gene switch. In another embodiment, the gene switch comprises a first
transcription factor sequence under the control of a first therapeutic switch promoter and

a second transcription factor sequence under the control of a second therapeutic switch
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promoter, wherein the proteins encoded by said first transcription factor sequence and
said second transcription factor sequence interact to form a protein complex which
functions as a Hgand-dependent transcription factor complex. In one embodiment, the
first therapeutic switch promoter and the second therapeutic switch promoter are
different. In another embodiment, the first therapeutic switch promoter and the second
therapeutic switch promoter are the same. In another embodiment, the first transcription
factor sequence encodes a protein comprising a heterodimer pariner and a transactivation
domain and the second transcription factor sequence encodes a protein comprising a DNA
binding domain and a ligand-binding domain. In a further embodiment, the
polynucleotide also encodes a lethal polypeptide operably linked to an inducible
promoter.

[0329] Another aspect of the invention relates to vectors comprising any of the
polynucleotides described above. In one embodiment, the vector is a plasmid vector or a
yiral vector. '

[0330] In another aspect, the invention provides kits that may be used in conjunction with
methods of the invention. Kits according to this aspect of the invention may comprise
one or more c¢ontainers, which may contain one or more components selected from the
group consisting of one or more nucleic acid molecules, restriction enzymes and one or
more cells comprising such nucleic acid molecules. Kits of the invention may further
comprise one or more containers containing supporting cells suitable for supporting the
cells of the invention in culture, one or more containers containing cell culture media
suitable for culturing cells of the invention, one or more containers containing antibjotics
suitable for use in culturing cells of the invention, one or more containers containing
buffers, one or more containers containing fransfection reagents, one or more containers
containing substrates for enzymatic reactions, and/or one or more ligands for gene switch
activation.

[0331] Kits of the invention may contain a wide variety of nucleic acid molecules that
can be used with the invention. Examples of nucleic acid molecules that can be supplied
in kits of the invention include those that contain promoters, sequences encoding gene
swiiches, enhancers, repressors, selection markers, transcription signals, translation
signals, primer hybridization sites (e.g., for sequencing or PCR), recombination sites,

restriction sites and polylinkers, sites that suppress the termination of translation in the
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presence of a suppressor tRNA, suppressor tRNA coding sequences, sequences that
encode domains and/or regions, origins of replication, telomeres, centromeres, and the
like. In one embodiment, kits may comprise a polynucleotide comprising a gene switch
without any therapeutic switch promoters, the polynucleotide being suitable for insertion
of any therapeutic swiich promoters of interest. Nucleic acid molecules of the invention
may comprise any one or more of these features in addition to polynucleotides as
described above.

[0332] Kits of the invention may comprise confainers containing one oOr more
recombination proteins. Suitable recombination proteins include, but are not limited to,
Cre, Int, IHF, Xis, Flp, Fis, Hin, Gin, Cin, Tn3 resolvase, ®C31, TndX, XerC, and XerD,
Other suitable recombination sites and proteins are those associated with the GATEWAY™
Cloning Technology available from Invitrogen Corp., Carlsbad, CA, and described in the
product hterature of the GaTEWAY™ Cloning Technology (version E, September 22,
2003), the entire disclosures of which are incorporated herein by reference.

[0333}) Kits of the invention can also be supplied with primers. These primers will
genenally be designed to anneal to molecules having specific nucleotide sequences. For
example, these primers can be designed for use in PCR to amplify a particular nucleic
acid molecule. Sequencing primers may also be supplied with the kit.

[0334] One or more buffers (e.g., one, two, three, four, five, eight, ten, fifteen) may be
supplied in kits of the invention. These buffers may be supplied at working
concentrations or may be supplied in concentrated form and then diluted to the working
concentrations. These buffers will often contain salt, metal ions, co-factors, metal ion
chelating agents, etc. for the enhancement of activities or the stabilization of either the
buffer itself or molecules in the buffer. Further, these buffers may be supplied in dried or
aqueous forms. When buffers are supplied in a dried form, they will generally be
dissolved in water prior to use.

[0335] Kits of the invention may contain virtually any combination of the components set
out above or described elsewhere herein. As one skilled in the art would recognize, the
components supplied with kits of the invention will vary with the intended use for the
kits. Thus, kits may be designed to perform various functions set cut in this application
and the components of such kits will vary accordingly.
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EXAMPLES

[0336] The examples which follow further illustrate the invention, but should not be
construed fo limit the scope of the invention in any way. The practice of the present
invention, including the following examples will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular bioclogy, transgenic
biology, microbiclogy, and recombinant DNA, which are within the skill of the art. Such
techniques are explained fully in the literature. See, for example, Molecular Cloning: A
Laboratory Manual (3-Volume Sef), J. Sambrook, D. W. Russell, Cold Spring Harbor
Laboratory Press (2001); Genes VIII, B. Lewin, Prentice Hall (2003); PCR Primer, C.W.
Dieffenbach and G.S. Dveksler, CSHL Press (2003); DNA Cloning, D. N. Glover ed,,
Volumes I and II (1985); Oligonucleotide Synthesis: Methods and Applications (Methods
in Molecular Biology), P. Herdewijn (Ed.), Humana Press (2004); Culture of Animal
Cells: A Manual of Basic Technique, 4th edition, R. 1. Freshney, Wiley-Liss (2000);
Oligonucleotide Synthesis, M. J. Gait (Ed.), (1984); Mullis et.al U.8. Pat. No: 4,683,195;
Nucleic Acid Hybridization, B. D). Hames & S. J. Higgins eds. (1984); Nucleic Acid
Hybridization, M. L. M. Anderson, Springer (1999); Animal Cell Culture and
Technology, 2nd edition, M. Butler, BIOS Scientific Publishers (2004); Immobilized
Cells and Enzymes: A Practical Approach (Practical Approach Series), J. Woodward, IRL
Préss {1992); Transcription And Translation, B. D). Hames & S. J. Higgins (Eds.) (1984);
Culture Of Animal Cells, R. I Freshney, Alan R. Liss, Inc., (1987); A Practical Guide To
Molecular Cloning, 3rd edition, B. Perbal, John Wiley & Sons Inc. (1988); Gene Transfer
Vectors For Mammaltan Cells, J. H. Miller and M. P. Calos eds., Cold Spring Harbor
Laboratory (1987); Methods In Enzymology, Vols. 154 and 155, Wu etal (Eds.);
Immunochemical Methods In Cell And Molecular Biology, Mayer and Walker, (Eds.),
Academic Press, London (1987); and in Ausubel et.a/, Current Protocols in Molecular
Biology, John Wiley and Sons, Baltimore, Maryland (1989).

Example 1
[0337] This example deseribes a gene therapy vector useful for the treatment of ischemic
heart disease through the promotion of angiogenesis. Insulin like growth factor 1 is a
hormone that may be useful in the treatment of ischemic heart disease. (IGF-1, GenBank
Accession No.: NP_001104753.1, SEQ ID NQ:20). Use of IGF-1 in preclinical models is
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associated with improved cardiac function, anti-apoptosis, neo-vascularization and
cardiac muscle regeneration (reviewed in Santini, M.P., ef al. Novartis Found Symp.
274:228-38 (2006); discussion 239-43, 272-6; and Saetrum Opgaard, O., and Wang,
P.H. Growth Horm IGF Res. 15:89-94 (2005)). For this purpose, an example of inducible
IGF-1 expression, in response to ischemia and/or inflammation is given. An inducible
expression system for the expression if IGF-1 upon administration of ligand, under

hypoxic conditions which occur in ischemic tissue is shown in Fig. 5.

SEQ ID NO:20:

MGKISSLPTQLFKCCFCDFLKVKMHTMSSSHLFYLALCLLTFTSSATAGPETLCGAELVD

ALQFVCGDRGFYFNKPTGYGSSSRRAPQTGIVDECCFRSCDLRRLEMY CAPLKPAKSAR

SVRAQRHTDMPKTQKYQPPSTNKNTKSQRRKGSTFEERK

[0338] The complete nucleotide sequence of the construct shown in Fig. 5 is presented as
SEQ ID NO:7. The nucleotide coordinates for salient elements of the construct are

shown in Table 4.

TABLE 4
Label Direction ||Length |Start |End
3'Reg(HSVTKpA) reverse 259 197 455
Neo Teverse 795 462 1256
SV40 early promoter reverse 278 1446 1723
3'Reg(SV40pA) reverse 221 1830 |[2050
LTF[Gal4(DBD):EcR(LBD)] reverse  |[1467  |[2057 |[3523
TL (cMyc ires) reverse 408 3536 ||3943
CAP[VP16(AD):RXR(HP)] reverse 975 3950 4924
TSP-1 (Cardiac hypoxia-inducible) reverse 578 4958 |5535
FRP[6xGalRE:Minimal Promoter] forward ([189 5946 ||6134
Insulin like growth factor (IGF-1) Coding
Region forward |[477 6348 ||6824
3'Reg(hGH PolyA) forward ||627 6897 ||7523
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[0339]

[0340]

[0341]

[0342]

[0343]

- 119-
Replication Origin reverse  ([589 7957 | 8545
AmpR - reverse 858 8920 é‘??‘?
bla Promoter reverse |39 9811 ] 9849

The vector shown in Fig. 5 is modeled according to the gene switch system shown
in Fig. 1. Under this system, both the CAP subunit, and the LTF subunit of the ligand- -
dependent transcription factor complex (LDTFC) are expressed through operable
association with a single therapeutic switch promoter (TSP-1) via use of an internal
ribosome entry site (IRES). The promoter ufilized in this system is a UV-conformed
synthetic hypoxia-inducible promoter.

The coding region for the therapeutic product, IGF-1, is operably associated with
a factor-regulated promoter (FRP) which is activated upon contact with the LDTFC in the
presence of ligand.

The construct shown in Fig. 5 is inserted into a suitable vector system, for
example, a viral vector, for delivery to a subject in need of treatment for ischemic heart
disease.

The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of gene therapy vectors are well known
in the art. Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
transcription factor may be expressed under the appropriate physiological conditions.
The LTF encoded by the vector will be expressed under hypoxic conditions associated
with, e.g., cardiac ischemia. Ligand will be administered to the subject to be treated
which will combine with the expressed LDTFC to drive expression of IGF-1 under
control of the factor-regulated promoter. IGF-1 expression m tum promotes targeted

angiogenesis in the ischemic tissue.

Example 2
This example describes a bioreactor/cell therapy vector useful for the treatment of
ischemic cardiovascular disease through the promotion of angiogenesis and

cardioprotection. The vector, shown in Fig. 6, will confer expression of human basic
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fibroblast growth factor (bFGF, GenBank Accession No.: NP_001997, 8EQ ID NG:21)
upon administration of ligand, under hypoxic conditions which occur in ischemic tissue.

SEQ ID NO:21:

MVGVGGGDVEDVTPRPGGCQISGRGARGUNGIPGAAAWEAAT PRRRPRRHPSVINFRSR
AAGSPRTRGRRTEERPSGSRLGDRGRGRALPGGRLGGRGRGRAPERVGGRGRGRGTAA
PRAAPAARGSRPGPAGTMAAGSITTLPALPEDGGSGAFPPGHFKDPKRLYCKNGGFFLRI
HPDGRVDGVREKSDPHIKLQLQAEERGVVSIKGVCANRYLAMKEDGRLLASKCVTDEC
FFFERLESNNYNTYRSRKYTSWYVALKRTGQYKLGSKTGPGQKAILFLPMSAKS

[0344) The complete nucleotide sequence of the construct shown in Figure 6 is presented
as SEQ ID NO:8. The nucleotide coordinates for salient elements of the construct are

shown in Table 5.

Table 5

Label Direction [Length [ Start |End
3Rep(HSVTKpA) reverse | 259 318 576
Neo . gz‘eveme 795 583 1377
SV40 early promoter reverse  |[278 1567 1844
gW reverse |49 |11963 2011
CAP[VPI6(AD) RxR(HP)] [reverse  |[975 2018 112992
TSP-1 (constitutive) - reverse (571 3026 =’3596
IReg(SVA0pA) — reverse |21 3715|3939
LTF[Gal4(DBD):EcR(LBD}] reverse (1467 3946W 5412
ESszﬁiypaxia-inducible} lraversc 870 5446 6315
Ek?[éx GalRE:Minimal Promoter] | forward ||189 6648 6836

SPq(bFGF) o Ilferwazé 867 7050 [7916
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3'Reg(hGH PolyA) forward ||627 7989  |iB615
Replication Origin reverse  ||589 9049 9637
AmpR reverse {858 9882 ||10739
bla Promoter reverse |39 o773 10811
{0345] The vector shown in Fig. 6 is modeled according to the gene switch system shown

in Fig. 2. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive therapeutic switch promoter, TSP-1, and the
LTF subunit of the LDTFC is expressed through operable association with a second,
inducible therapeutic switch promoter (TSP-2). The promoter used in this construct is the
hypoxia-inducible control promoter-1.

[0346] The coding region for the therapeutic product, bFGF, is operably associated with a
FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0347] The construct shown in Fig. 6 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for ischemic heart disease. ‘

[0348] The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of cell-based therapies are well known
in the art, Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
LTF encoded by the vector will be expressed under hypoxic conditions associated with,
e.g., cardiac ischemia, Ligand will be administered to the subject to be treated which will

combine with the expressed LDTFC to drive expression of bFGF under control of the
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FRP . bFGF expression in tun promotes targeted angiogenesis and/or cardioprotection in

the 1schemic tissue.

Example 3
[0349] This example describes a bioreactor/cell therapy vector useful for the freatment of
1schemic cardiovascular disease through the promotion of cardioprotection. The vector,
shown in Fig. 7, will confer expression of human ervthropoietin (EPO, GenBank
Accession No.. CAA26095.1, SEQ ID NO:22) upon administration of ligand, under
hypoxic conditions which occur in ischemic tissue. Erythropoietin has been shown to
function in cardioprotection and anti-remodeling, in response to ischemia.
SEQ ID NO:22:
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLQRYLLEAKEAENITTGCAEHC
SLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEAVLRGQALLVNSSQFWEP
LOQLHVDKAVSGLRSLTTLLRALGAQKEAISPPDAASAAPLRTITADTFRKLFRVYSNFLR
GKLKLYTGEACRTGDR
[0350] The complete nucleotide sequence of the construct shown in Fig. 7 is presented as

SEQ ID NO:9. The nucleotide coordinates for salient elements of the construct are

shown in Table 6.
Table 6

Label Direction [Length |Start End
3Reg(HSVTKpA) reverse  |[259 318 576

Neo B reverse  ||795 o 583 1377
$V40 early promoter  lreverse 278 1567 |[1844
3'Reg(Synthetic PolyA) freverse {49 1963 2011 |
CAP[VP16(AD):RxR(HP)] reverse  ||975 018 (2992 |
TSP-1{constitutive) reverse  [1571 3026 3596m
3'Reg(SV40pA) reverse |[221 3719 1|3939
LTF[Gal4(DBD):EcR(LBD)] reverse  |[1467 3946 |[5412 |
TSP2(Hypoxia-inducible) reverse 8?5m 5446 ||6313
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FRP{6x GalRE:minimal promoter) forward ||189 %6648 6836
TSPQ(Epo) forward |582 1700|7631
3Reg(hGH PolyA) forward |[627 7704  ||8330
Replication Origin reverse  ||589 8764  ||9352
AmpR : reverse  ||858 9597 10454
lbla Promoter reverse |39 10488 |110526 |
[0351} The vector shown in Fig. 7 is modeled according to the gene switch system shown

in Fig. 2. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive therapeutic switch promoter (TSP-1), and
the LTF subunit of the LDTFC is expressed through operable association with a second,
inducible therapeutic switch promoter (TSP-2). The inducible therapeutic switch
promoter used in this vector is the h&paxiwinducibie control promoter-1.

[0352} The coding region for the therapeutic product, EPQ, is operably associated with a
FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0353] The construct shown in Fig. 7 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, eg., transfection, transduction,
hipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce 2 barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for ischemic heart disease.

[0354} The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of cell-based therapies are well known
in the art. Upon delivery the vector will be taken up by cells, eg., cardiac cells, and LTF
encoded by the vector will be expressed under hypoxic conditions assoclated with, eg.,

cardiac ischemia. Ligand will be administered to the subject to be treated which will
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combine with the expressed LDTFC to drive expression of EPQ under control of the FRP.

EPQ expression in turn promotes targeted cardioprotection in the ischemic tissue,

Example 4

[0355] This example describes a bioreactor/cell therapy vector useful for the treatment of
ischemic cardiovascular disease through the promotion of anfiogenesis and
hemodynamics. The vector, shown in Fig. 8, will confer expression of human brain
natrivretic factor (BNP, GenBank Accession No.. NP_002512, SEQ ID NO:23) upon
administration of ligand, under hypoxic conditions which occur in ischemic tissue. BNP,
as well as other natriuretic peptides, such as relaxin, ANF, CNP and adrenomodulin, has
been shown to function in cardioprotection, vasodilation and anti-remodeling, in the
heart. For this purpose, an example of inducible expression of BNP, in response to
ischernia is given.

SEQ ID NO:23:

MDPQTAPSRALLLLLFLHLAFLGGRSHPLGSPGSASDLETSGLQEQRNHLQGKLSELQVE

QTSLEPLQESPRPTGVWKSREVATEGIRGHRKMVLY TLRAPRSPKMVQGSGCFGRKMD

RISSSSGLGCKVLRRH

[0356] The complete nucleotide sequence of the construct shown in Fig, 8 is presented as
SEQ ID NO:10. The nucleotide coordinates for salient elements of the construct are

shown in Table 7.

Table 7
Label " |[Direction Length || Start | End
3Reg(HSVTKpA) o [;W 259 318 [576
Neo reverse  ||795 583 1377
8$V40 early promoter | reverse ] 278 1567 1[1844
3'Reg{Synthetic PolyA) reverse |49 1963 2011
@Wié(@)zmm{?}] reverse  ||975 2018 |[2992
ITSP-1(constitutive) T |reverse ||571 3026|3596
[3Reg(SVA0pA) —1 reverse Izzz 3719 3939
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LTF[GALA(DBD):EcR(LED)] reverse  [|1467  |13946  ||5412
TSP-2(Hypoxia-inducible) coverse 870|546 l6a1s |
[FRP(6x GalRE:Minimal Promoter) forward ||189 6648  |[6836
TSPO(BNP) forward 405 7050 17454
3Reg(hGH PolyA) | forward |[627 7527 8153
Replication Origin reverse ||589 8587 9175
AmpR — — revm&w 858 9420 110277
bla Promoter JW?@W 10311 (10349
{0357) The vector shown in Fig. 8 is modeled according to the gene switch system shown

in Fig. 2. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive therapeutic switch promoter (TSP-1), and
the LTF subunit of the LDTFC is expressed through operable association with a second,
inducible therapeutic switch promoter (TSP-2). The inducible TSP-2 used in this vector
is the hypoxia-inducible control promoter-1.

{0358] The coding region for the therapeutic product, BNP, is operably asscciated with a
FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0359]) The construct shown in Fig. 8 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a batrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for ischemic heart disease.

[0360} The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of cell-based therapics are well known

in the art. Upon delivery the vector will be taken up by cells, e.g., cardiac ¢ells, and the
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LTF encoded by the vector will be expressed under hypoxic conditions associated with,
¢.g., cardiac ischemia, Ligand will be administered to the subject to be treated which will
combine with the expressed LDTFC to drive expression of BNP under control of the
FRP. BNP expression in turn promotes targeied cardioprotection, vasodilation and anti-

remodeling in the ischemic tissue.

Example 5
[0361] This example describes a bioreactor/cell therapy vector useful for the treatment of
ischemic cardiovascular disease through the breakdown of fibrin deposition in the heart.
The vector, shown in Fig, 9, will confer expression of human tissue plasminogen activator
(tPA, GenBank Accession No.: AAQ34406, SEQ ID NO:24) upon administration of
ligand, under inflammatory conditions which occur in ischemic tissue. Tissue
plasminogen activator is a serine protease that catalyzes the conversion of plasminogen to
the activated enzyme plasmin, that degrades fibrin. The use of recombinant tPA has been
proven effective as a thrombolytic, for the breakdown of fibrin clots, in diseases such as
pulmonary embolism, myocardial infarction and stroke. In addition to clot formation,
excess fibrin deposition in the heart and vasculature is associated with insulin resistant
diabetes, atherosclerosis and myocardial infarction in response to inflammation. For this
purpose, an example of inducible expression of tPA, in response to ischemia is given.
SEQ ID NO:24:
MDAMKRGLCCVLLLCGAVFVSPSQEIHARFRRGARSYQVICRDEKTQMIYQQHQSWLR
PVLRSNRVEYCWCNSGRAQCHSVPVKSCSEPRCFNGGTCQQALYFSDFVCQCPEGFAG
KCCEIDTRATCYEDQGISYRGTWSTAESGAECTNWNSSALAQKPY SGRRPDAIRI.GLGN
HNYCRNPDRDSKPWCYVFKAGKYSSEFCSTPACSEGNSDCYFGNGSAYRGTHSLTESGA
SCLPWNSMILIGNVYTAQNPSAQALGLGKHNYCRNPDGDAKPWCHVLKNRRLTWEYC
DVPSCSTCGLRQY SQPQFRIKGGLFADIASHPWQAAIFAKHRRSPGERFLCGGILISSCWIL
SAAHCFQERFPPHHLTVILGRTYRVVPGEEEQKFEVER YIVHKEFDDDTYDNDIALLQLK
SDSSRCAQESSVVRTVCLPPADLQLPDWTECELSGYGKHEALSPFYSERLKEAHVRLYPS
SRCTSQHLLNRTVTIDNMLCAGDTRSGGPQANLHDACQGDSGGPLVCLNDGRMTLVGII
SWGLGCGQKDVPGVYTKVINYLDWIRDNMRE
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[0362] The complete nucleotide sequence of the construct shown in Fig. 9 is presented as
SEQ ID NO:11. The nucleotide coordinates for salient elements of the construct are

shown in Table 8.

Table &
Label ili)irectien Length |[Start |[End
3'Reg(HSVTKpA) reverse  |[259 T 318 [576
Neo reverse 795|583 ||1377 |
IM)( promoter T leverse 278 [[1567 1844
FReg(Synthetic PolyA) reverse |49 1963|2011
M@};ma{?)] reverse  |[975 2018|2992 |
TSP-1 {constitutive) reverse  ||571 3026 ||35%6
TReg(SV4A0pA) —][{&;};']lzzz :“3719 3939
LTF[GAL4(DBD):EcR(LBD)} reverse  |[1467 3946|5412
TSP-2 (hypoxia inducible) reverse  (|770 5446 (16215
FRP[6xGalRE:Minimal Promoter] forward ||189 6548 |6736
TPSQ (Reteplase, tPA) forward |1689 6950 8638 ]
3Reg(hGH PolyA) forward |[627 8711 |[9337
Roplication Origin — roveme [589 [977r [[103%9
AmpR reverse  |858  ||10604 11461
bla Promoter  lreverse |39 11495 |[{11533
[0363] The vector shown in Fig. 9 1s modeled according to the gene switch system shown

in Fig. 2. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive therapeutic switch promoter (TSP-1), and

the LTF subunit of the LDTFC is expressed through operable association with a second,
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inducible therapeutic switch promoter (TSP-2). The inducible therapeutic switch
promoter used in this vector is the human Plexin D1 promoter.

[0364] The coding region for the therapeutic product, tPA, is operably associated with a
FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0365] The construct shown in Fig. 9 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, eg., transfection, trapsduction,
lipofection, or electroporation, to produce modified cells. Following infroduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for adminisfration to a subject in need of
treatment for ischemic heart disease.

[0366] The vector may be delivered to a subject systemically, for example, via
infravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of cell-based therapies are well known
in the art Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
LTF encoded by the vector will be expressed in the event of an inflammatory response
associated with, e.g., cardiac ischemia. Ligand will be administered to the subject to be
treated which will combine with the expressed LDTFC to drive expression of {PA under
control of the FRP, tPA expression in turn promotes targeted break-up of fibrin

deposition in the ischemic tissue.

Example 6
[0367] This example describes a bioreactor/cell therapy vector useful for the treatment of
1schemic cardiovascular disease through the premotion of cardioprotection, antiogenesis
and hemodynamics. The vector, shown in Fig. 10, will confer expression of two
therapeutic polypeptides, human relaxin (GenBank Accession No.: NP_604390.1, SEQ
ID NO:25) and human hepatocyte growth factor (HGF, GenBank Accession No.:
NP_000592.3, SEQ ID NO:26) upon administration of ligand, under inflammatory

conditions and/or hypoxia, respectively, both of which occur in ischemic tissue. Relaxin
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is a potent vasodilator of the systemic and coronary circulation by a mechanism of action
involving nitric oxide, and influences cardiac beating rate. HGF provides a pro-
angiogenic effect, a cardioprotective anti-apoptotic effect, an anti-fibrotic effect, and is a
type I collagen regenerative factor in ischemic myocardium. For this purpose, an
example of separately controlled inducible expression of relaxin and HGF in response to
ischemia is given.
SEQ ID NO:25:
MPRLFFFHLLGVCLLLNQFSRAVADSWMEEVIKLCGRELVRAQIAICGMSTWSKRSLSQ
EDAPQTPRPVAEIVPSFINKDTETINMMSEFVANLPQELKL.TLSEMQPALPQLQQHVPVL
KDSSLLFEEFKKLIRNRQSEAADSSPSELKYLGLDTHSRKKRQLYSALANKCCHVGCTKR
SLARFC

SEQ ID NO:26:
MWVTKLLPALLLQHVLLHLLLLPIAIPY AEGQRKRRNTIHEFKKSAKTTLIKIDPALKIKT
KKVNTADQCANRCTRNKGLPFICKAFVEFDKARKQCLWFPENSMSSGVEKEFGHEFDLY
ENKDYIRNCIIGKGRSYKGTVSITKSGIKCQPWSSMIPHEHSFLPSSYRGEDLQENYCRNP
RGEEGGPWCFTSNPEVRYEVCDIPQCSEVECMTCNGESYRGLMDHTESGKICQRWDHQ
TPHRHKFLPERYPDKGFDDNYCRNPDGQPRPWCYTLDPHTRWEY CAIKTCADNTMNDT
DVPLETTECIQGQGEGYRGTVNTIWNGIPCQRWDSQYPHEHDMTPENFKCKDLRENYC
RNPDGSESPWCFTTDPNIRVGYCSQIPNCDMSHGQDCYRGNGEKNYMGNLSQTRSGLTCS
MWDKNMEDLHRHIFWEPDASKLNENYCRNPDDDAHGPWCYTGNPLIPWDYCPISRCE
GDTTPTIVNLDHPVISCAKTKQLR VVNGIPTRTNIGWMVSLRYRNKHICGGSLIKESWVL
TARQCFPSRDLKDYEAWLGIHDVHGRGDEK. CKQVLNVYSQLVYGPEGSDLVLMKLARP
AVLDDFVSTIDLPNYGCTIPEKTSCSVYGWGY TGLINYDGLLRYV AHLYIMGNEKCSQHH
RGEVTLNESEICAGAEKIGSGPCEGDY GGPLYCEQHKMRMVLGVIVPGRGCAIPNRPGIF
VRVAYYAKWIHKIILTYKVPQS
[0368] The complete nucleotide sequence of the construct shown in Fig, 10 is presented
as SEQ ID NO:13. The nucleotide coordinates for salient elements of the construct are

shown in Table 9.
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Table 9
Label Direction n%ength Start |End |
TRee(HSVTKpA) reverse  |259 197 ||455
NECG reverse  ||1804 462 12653
S\o’égg Promoter reverse || 280 1385 1664
3'Reg(Synthetic PolyA) reverse (|49 1782 ||1830
CAP[VP16(AD):RxR(HP)] reverse 975 1837 2811
TSP-1{ubiquitous) reverse  ||571 2845 |[3415
3'Reg(SV40pA) reverse  |1221 3538 ||3758
LTF-1[EcR{LBD):Gal4{DBD)] reverse {1467 3765 15231
TSP-2(inflammatory inducible) reverse ||770  |[5265 |[6034
FRP-1[6x GalRE:Minimal Promoter] forward ||189 6405 116593
TPSQ-1(Relaxin) forward |[558 6807 i[7364
3'Reg(hGH PolyA) forward  [j627 7437 8063
FRP-2{8X LexA RE:Minimal Promoter] forward |216 8437 (8652
TPSQ-2(HGF) "ferward 2187 8866 (11052
3Reg(8V40 early pA) l forward i 135 11112 (11246
TSP-3(Hypoxia-inducible) forward | 870 11478 12347
LTF-2[LexA(DBD) CfEcR-DEF(LBD)] llfc}rwaré 1629 12381 14009
EcR-LBD (DEF) llfcrward 1014 12996 ||14009
3Reg(Human $100 CABP) Ilferwaré 765 ||14{)16 14780
Replication Origin ||rever&c 589 | 15114 ||15702
AmpR [reverse 858 16038 1 16895
bla Promoter Ilreverse 39 T 16929 16967
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[0369] The vector shown in Fig. 10 is modeled according to the gene switch system
shown in Fig. 3. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive therapeutic switch promoter (TSP-1), a first
LTF (LTF-1) subunit is expressed through operable association with a second, inducible
therapeutic switch promoter (TSP-2), and a second LTF (LTF-2) subunit is expressed
through operable association with a third, inducible therapeutic switch promoter {TSP-3).
TSP-2 in this vector is the human Plexin D} promoter and TSP-3 in this vector is the
hypoxia-inducible control promoter 1.

[0370] The coding region for the first therapeutic product, relaxin, is operably associated
with a first FRP (FRP-1) having response elements which recognize the first DNA
binding domain DBD-A of LTF-1, and the coding region for the second therapeutic
product, HGF, is operably associated with a second FRP {FRP-2) having response
clements which recognize the second DNA binding domain (DBD-B) of LTF-2. Both
FRPs are activated upon contact with the respective LDTFC in the presence of ligand.

[0371) The construct shown in Fig. 10 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or Xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or ¢lectroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for ischemic heart disease.

[0372] The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of cell-based therapies are well known
in the art. Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
LTF-1 and/or LTF-2 will be expressed in the event of an inflammatory response and/or
hypoxia associated with, e.g., cardiac ischemia. One or more ligands will be administered
to the subject to be treated which will combine with the expressed LDTFC(s) to drive
expression of relaxin and/or HGF under control of FRPs.
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Example 7

[0373] This example describes a bioreactor/cell therapy vector useful for the treatment of
ischemic cardiovascular disease through the promotion of cardiac repair and
cardioprotection. The vector, shown in Fig. 11, will confer expression of human EPO
{sec Example 3) upon administration of ligand, under hypoxic conditions which occur in
ischemic tissue. EPO has been shown to function in cardioprotection and anti-
remodeling, in response to ischemia. In this example, EPQ expression is specifically
limited to cardiac tissue.

[0374] The vector shown in Fig. 11 is modeled according to the gene switch system
shown in Fig. 2. Under this system, the CAP subunit is expressed through operable
association with a promoter which is specific for cardiac tissue (Nxcl cardiomyocyte-
specific promoter), and the LTF subunit is expressed through operable association with
the hypoxia-inducible control promoter-1.

[0375] The coding fegion for the therapeutic product, EPO, is operably associated with a
FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0376] The complete nucleotide sequence of the coustruct shown in Figure 1] 1s
presented as SEQ ID NO:12. The nucleotide coordinates for salient elements of the

constroct are shown in Table 10,

Table 10
Label Direction|[Length |Start |End
IReg(HSVTKpA) @ 250 |p18 '1575
Neo Mi 795 583 jim?
SV40 early promoter —lreverse ”2’?8 1567 ”1844
gw“’éeg(Syntheﬁc PolyA}) reverse ||f39 1963 HZOI I
CAP[VP16(AD):RxR(HP)] reverse  ||975 2018 2992
TSP-1{Cardiac Speciﬁcw reverse  ||240 3026 3263
TReg(SV40pA) reverse  ||221 3388  [3608
LTE[Gal4(DBD):EcR({1.BD)] reverse  |1467 13615 |l508i
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TSP-2(ischemic,inducible) reverse  [870 5115 (5984

FRP[6x GalRE:Minimal Promoter] forward {189 6317 {6505 |

TPSQ (Epo) forward ||582 6719 7300

3Reg(hGH PolyA) T lforward  ||627 7373|7999

Replication Origin reverse ||589 (18433 [9021

AmpR "~ lreverse  |858 9266 ||10123

bla Promoter T reverse |39 10157 |[10195

[0377} The construct shown in Fig. 11 is inserted into a suitable vector systemn, for
example, a viral vector, for delivery to a subject in need of treatment for ischemic heart
disease.

[0378] The vector may be delivered to a subject systemically, for example, via

intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of gene therapy vectors are well known
in the art. Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
LDTFC may be expressed under the appropriate physiological conditions. The LDTFC
encoded by the vector will be expressed specifically in cardiomyocytes under hypoxic
conditions associated with, e.g., cardiac ischemia. Ligand will be administered to the
subject to be treated which will combine with the expressed LDTFC to drive expression
of EPO under control of the FRP. EPO expression in tusn promotes targeted

cardioprotection in the ischemic tissue.

Example 8
[0379] This example describes a gene therapy vector useful for the treatment of ischemic
heart disease through the promotion of cardiac repair and angiogenesis. The vector,
shown in Fig. 12, will confer expression of human IGF-1 {see Example 1) upon
administration of ligand, under either hypoxic conditions in an inflammatory response,
both of which may occur in ischemic tissue, For this purpose, an example of inducible
IGF-1 expression, in response to hypoxia and/or an inflammatory response is given. In

this example, inducible expression if IGF-1 is specifically limited to cardiomyocytes.
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[0380] The vector shown in Fig. 12 is modeled according to the gene switch system
shown in Fig. 4. Under this system, the CAP subunit is expressed through operable
association with a promoter which is specific for cardiac tissue (Nxcl cardiomyocyte-
specific promoter), and LTF subunits (LTE-1 and LTF-2) of the LDTEC are expressed
through either of two inducible TSPs, the first through operable association with the
hypoxia-inducible control promoter-1, and the second through operable association with
the human plexin D1 promoter.

[0381] The coding region for the therapeutic product, IGF-1, is operably associated with

-
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a FRP which is activated upon contact with the LDTFC in the presence of ligand.

[0382] The complete nucleotide sequence of the construct shown in Figure 12 is
presented as SEQ ID NO:14. The nucleotide coordinates for salient elements of the

construct are shown in Table 11.

Table 11

Label Direction [Length  Start ([End
3IReg{HSVTKpA) reverse  [|259 318 576
Neo reverse (|795 583 1377
SV40 early promoter reverse  ||278 ——| 1567 |[1844

3 Reg(Synthetic PolyA) reverse 1|49 1963 2011
CAP[VP16(AD):RxR(HP)] reverse  |975  |2018  |12992
Transactivation Domain reverse (261 2732 [[2992
TSP-1(cardiac-specific) reverse  |240  |3026  |[3265
3Reg(SV4A0pA) reverse  ||221 3388|3608
LTF-1[Gal4(DBD)-EcR(LBD)] [reverse |47 |Be1s st
TSP-2(Hypoxia-inducible) reverse  ||870 25 115 5984 ]
FRP[6xGalRE:Minimal promoter] forward |/189 "63}? 6505 |
Minirnal promoter forward Iéi} |{é446 l6505
TPSQ (IGF-1) [forward |1477 “6?}9 7195
Reg(hGH PolyA) forward ”62’? 7268 |7894
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TSP-3(Inflammatory inducible) forward |770 8040 ;8809

LTF-2[Gald42(DBD):EcR(LBD)] forward | 1467 8843 110309 |

CfEcR-LBD(2) forward 1014 9296 |10309

3'Reg(Human S100 Caleium Binding Protein
PA)

Replication Origin reverse | 589 11414 112002

forward 765 10316 111080

AmpR reverse  ||858 12247 (113104

bla Promoter reverse |39 13138 {13176

[0383] The construct shown in Fig. 12 is inserted into a suitable vector system, for
example, a viral vector, for delivery to a subject in need of treatment for ischemic heart
disease.

[0384] The vector may be delivered to a subject systemically, for example, via
intravenous infusion, or may be delivered directly to cardiac tissue, e.g., via angioplasty.
Methods for systemic and/or local administration of gene therapy vectors are well known
in the art. Upon delivery the vector will be taken up by cells, e.g., cardiac cells, and the
LDTFC may be expressed under the appropriate physiological conditions. The LDTFC
encoded by the vector will be expressed specifically in cardiomyocytes under hypoxic
conditions, and/or in the event of an inflammatory response, associated with, e.g., cardiac
ischemia. Ligand will be administered to the subject to be treated which will combine
with the expressed transcription factor to drive expression of IGF-1 under control of the

FRP. IGF-1 expression in turn promotes targeted angiogenesis in the ischemic tissue.

Example 9
[0385] This example describes a bioreactor/cell therapy vector usefil for the treatment of
rheumatoid arthritis, active ankylosing spondylitis or plaque psoriasis or for inhibition of
structural damage by the active arthritis (“RA or related diseases™). Conventional
treatment of RA and related diseases includes traditional Disease Modifying Anti-
Rheumatic Drugs (DMARDs) as well as biologic DMARDs such as etanercept,
infliximab, and adalimumab. For example, etanercept (Enbrel®), manufactured by
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Amgen, is a fusion protein that contains two extracellular domains of human TNF-alpha
receptor 2 fused to a Fc portion by a hinge peptide. See U.S. Patent No. 7,276,477
(incorporated herein by reference in its entirety). Etanercept should be administered s.c.
once or twice a weeﬁ. Use of the etanercept gene switch system utilizing inflammation or
cytokine response promoters may therefore increase convenience and safety by limiting
any production of etanercept in the absence of TNF activation.

[0386] The complete nucleotide sequence of the construct shown in Fig. 13 is presented
as SEQ ID NQ: 16. The nucleotide coordinates for salient elements of the construct are
shown in Table 12.

Table 12
Label Direction ||Length |Start ||End
IReg(HSVTKpA) roverse  |[259 197|455
Neo : reverse  {|795 462 1256
SV40 early promoter reverse  ||278 1446 1723
3'Reg(SVA0pA) reverse 1221 1830 ||2050
LTF[GAL4(DBD):EcR(LBD)] Foverse 1467 2057 |[3523
TL{cMyc ires) " freverse 408 3536 3943
CAP[VP16(AD):RxR(HP)] reverse “9?5 3050 |4924
TSP-1 (ere@i}nsi&aﬁmam:y
tnducible) reverse 1800 4958 | 5757
MPmmcter} forward | 189 16168 | -6-3-;6-”-“
TPSQ(entavercept) E?de m 6570 |[7976
3Reg(hGH PolyA) forward (1627 8049 ||8675
Replication Origin reverse | 589 9109 9697
W lreverse: ] 858 10072 ||10929
bla Promoter lreversa ”39 — 10563 {11001
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[0387] The vector shown in Fig. 13 is modeled according to the gene switch system
shown in Fig. 1. Under this system, both the CAP subunit and the LTF subunit of the
LDTFC are expressed through operable association with a single TSP-1 via use of an
internal ribosome entry site (IRES). The promoter utilized in this system is a vascular
cell adhesion molecule (VCAM1) promoter, which is activated by TNF-alpha. Another
example of the TNF-alpha regulated promoters that may be used for the invention is
human pentraxin 3(PTX3) promoter, which is responsive to TNF-alpha or Interleukin
(IL)-1 beta. See Basile et al., J. Biol. Chem. 272(13): 8172 (1997).

[0388] The coding region for the therapeutic product, etanercept, is operably associated
with a FRP which is activated upon contact with the LDTFC in the presence of ligand.

{0389] The construct shown in Fig 13 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The ceils may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vegtor is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or electroporation, to produce modified cells, Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for RA.

[0390] The cells may be delivered to a subject systemically, for example, via intravenous
infusion, or may be delivered directly to joints. Systemic and/or local administration of
gene therapy cells are well known in the art. Upon delivery of the cells, the LDTFC may
be expressed under the appropriate physiological conditions. The LDTFC encoded by the
vector will be expressed in the presence of TNF-alpha associated with, e.g., RA. Ligand
will be administered to the subject to be treated which will combine with the expressed
LDTFC to drive expression of etanercept under control of the TNF-alpha regulated
promoter, Etanercept expression in tutn captures TNF-alpha and reduces the TNF-alpha

concentration in the tissues.
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Example 10

This example describes a bioreactor/cell therapy vector useful for the treatment of
RA and related disease through reducing the TNF-alpha level. The vector shown in Fig,
14 will confer expression of etanercept upon administration of ligand, under either the
presence of TINF-alpha and/or severe inflammation, both of which may occur in RA or
related diseases. For this purpose, an example of inducible etanercept expression, in
response to the presence of TNF-alpha and/or an inflammatory response is given.

The vector shown in Fig. 14 is modeled according to the gene switch system
shown in Fig. 4. Under this system, the CAP subumit is expressed through operable
association with a constitutive promoter (TSP-1), and a LTF subunit of a LDTFC is
expressed by either of two inducible transcription cassetftes, the first (LTF-1) through
operable association with human plasminogen activator inhibitor type-2 (PAI2) promoter
(TSP-2), and the second (LTF-2) through operable association with the human serum
amyloid Al (SAA1l) promoter (TSP-3). The human PAI2 promoter is activated in the
presence of TNF- alpha. See Mahony et al. Eur. J. Biochem. 263(3) {1999) and Matsuo
et al., Biochem. J. 405: 605 (2007). The SAA] promoter is upregulated not directly by
proinflamimatory cytokines such as TNF-alpha, but by other acute inflammatory signals
such as glucocorticoid. See Kumon et al., Scandinavian J. Immunol. 56: 504 (2002).

The coding region for the therapeutic product, etanercept, is operably associated
with a FRP which is activated upon contact with the LDTFC in the presence of ligand.

The complete nucleotide sequence of the construct shown in Fig, 14 15 presented
as SEQ ID NO: 15. The nucleotide coordinates for salient elements of the construct are
shown in Table 13.

Table 13
[Label "Birecﬁan ":Leagth ”Start %Ead
3'Reg(HSVTKpA) reverse 259 318 |L5?6—_
Neo reverse  |[795 583 (1377
SV40 early promoter reverse 278 1567 1844
3'Reg(Synthetic PolyA) reverse |49 ?““63 2011
CAP[VP16(AD):RxR(IP)) reverse  ([975 2018 (12992
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Transactivation Domain reverse 261 @2* 2992
TSP- 1{constitutive) reverse  ||571 3026 3596
3'Reg(SV4A0pA) reverse | 221 3719|3939
L'TF-1{Gal4(DBD).EcR(LBD)] reverse ||1467  |3946  ||5412
:zzzg:lms? onsive Inflammatory reverse  |[252 5446|5697
FRP[6x GalRE:Minimal Promoter]  ||forward || 189 6030 |/6218
TPSQ(etanercept) forward ||1407 6432 ||7838
3Reg(hGH PolyA) forward (627 7911 |[8537
TSP-3(Inflammatory inducible) forward 253 |[8683 8935
LTF-2(Gald(DBD):CfEcR(LBD)) forward ||1467  ||8969 ||10433
EcRLBD(2) forward [[1014 9422 |[10435
3'Reg(Human S100 CABP) forward ||765 10442 |[11206
Replication Origin |reverse 589 | l%m 12128
AmpR ~ lreverse  [858 12373 13230
bla Promoter reverse |39 13264 |13302

[0395] The construct shown in Fig. 14 may be prepared in a vector suitable for

introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionaily be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for RA.

[0396] The cells may be delivered to a subject systemically, for example, via intravenous

infusion, or may be delivered directly to joints. Methods for systemic and/or local
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administration of gene therapy cells are well known in the art. Upon delivery of the cells,
the LDTFC may be expressed under the appropriate physiological conditions. The
LDTFC encoded by the vector will be expressed specifically in the administered cells
under the presence of TNF-alpha and/or severe inflammation. Ligand will be
administered to the subject to be treated which will combine with the expressed LDTFC
to drive expression of etanercept under control of the FRP. Etanercept expression in turn

captures TNF-alpha and reduces the TNF-alpha concentration in the tissues.

Example 11

[0397] This example describes a bioreactor/cell therapy vector useful for the treatment of
RA. The vector will confer expression of two therapeutic polypeptides, etanercept and
human erythropoietin (EPQO) upon administration of ligand, under the presence of TNF-
alpha and/or inflammatory conditions, respectively, both of which occur in RA patients.
EPQ induces erythrogenesis in anemic RA patients. See Mercuriali et al. Transfusion
34(6): 501 (2003), For this purpose, an example of separately controlled inducible
expression of etanercept and EPO in response to RA and anemia, respectively, is given.

[0398] The complete nucleotide sequence of the construct shown in Fig. 15 is presented
as SEQ ID NO: 17. The nucleotide coordinates for salient elements of the construct are

shown in Table 14,

Table 14
Label Direction|Length ([Start |End
3'Reg(HSVTKpA) reverse (259 197 455
NEO reverse ||804 462 1265
SV40e Promoter reverse  [[280 1385 1664
"I[3'Reg(Synthetic PolyA) reverse (|49 1782  ||1830
CAP[VP16(AD):RxR(HP)] reverse |(975 1837 |2811
[TSP-1 (constitutive) reverse |[571 2845 (|3415
3'Reg(SV40pA) reverse  |[221 - ||3538 - 3758
LTF-1[Gal4(DBD):EcR(LBD)] reverse ({1467 3765 |[5231
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%—2{&ﬂarmna§cry~indncible) reverse  |[253 ‘ 5265 ||5517

FRP-1[6x GalRE:Minimal promoter] _||forward ||189 5888 W

TPSQ-1(ctanercept) T forward |1407 6290 |[7696

IReg(hGH PolyA) forward |[627 | 7769 | |8395

FRP-2[8X LexA:Minimal Promoter} forward |[1216 8769 8934

TPSQ-2(Epo) forward |582 9198 ||9779

3'Reg(SV40 early pA) " |[forward |135 9839 9973

TSP-3(Hypoxia-inducible) T forward |[870 10205 ([11074 |

LTF2[LexA(DBD).C{EcR-DEF(LBD)] __ |forward |[1629 11108 |[12736

3Reg(Human S100 Calcium Binding Protein . msm NN .

pA)

Replication Origin -  lreverse |[589  [13841 |[14429

AmpR reverse . |[858 14765 15622 |

bla Pgmatm reverse |39 ||15656 ESE;;M

[0399] The vector shown in Fig. 15 is modeled according to the gene switch system
shown in Fig. 3. Under this system, the CAP subunit of the LDTFC is expressed through
operable association with a first, constitutive TSP-1, a first LTF subunit of a LDTFC
(LTF-1) is expressed through operable association with a second, inducible TSP-2, and a
second LTF subunit of a LDTFC (LTF-2) is expressed through operable association with
a third, inducible TSP-3. The second inducible TSP-2 used in this vector is the human
serum amyloid A1 (SAA1) promoter and the third inducible TSP-3 used in this vector is
the hypoxia-inducible control promoter 1.

[0400] The coding region for the first therapeutic product, etanercept, is operably

associated with a first FPR~1 having response elements which recognize the first DNA
binding domain (DBD-A) associated with LTF-1 , and the coding region for the second
therapeutic product, EPQ, is operably associated with a second FPR-2 having response

elements which recognize the second DNA binding domain (DBD-B) associated with
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LTF-2. Both factor- regulated promoters are activated upon contact with the respective
LDTFC in the presence of ligand.

10401] The construct shown in Fig. 15 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells zﬁay
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, cither primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, eg., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for RA.

{0402} The cells may be delivered to a subject systemically, for example, via infravenous
infusion, or may be delivered directly to joints. Methods for systemic and/or local
administration of gene therapy cells are well known in the art, Upon delivery of the cells,
the LI)T'FC(S) may be expressed under the appropriate condition. One or more ligands
will be administered to the subject to be treated which will combine with the expressed
LDTFC(s) to drive expression of etanercept and/or EPO under control of FRP-1 or FRP-
2. FEtanercept expression in turn captures TNF-alpha and reduces the TNF-alpha
concentration in the tissues, and EPO expression induces erythrogenesis and improves

anemia.

Example 12
[0403] This example describes a bioreactor/cell therapy vector useful for the treatment of
hemophilia. Hemophilia is caused by lack of either Factor VIII or Factor IX, Deficiency
of Factor VIII is called hemophilia A, and deficiency of Factor IX is called hemophilia B,
Hemophilia A or B may be treated by administering recombinantly produced Factor VIII
or IX, respectively. See Garcia-Martin ¢ al, J Gene Med. 4(2). 215 (2002). For
example, recombinantly produced Factor VIII that may be used in the present invention
includes, without limitation, full length Factor VIH such as RECOMBINATE® (markted by
Baxter), BIOCLATE® (marketed by Aventis), KOGENATE® (marksted by Bayer),
HeLixATE® (marketed by Aventis), or ADVATE® (marketed by Baxter), B-domain deleted
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Factor VI such a5 REFACTO® and XvNTHAY (both marked by Genetics Institute and
Wyeth), or Factor VIII and von Willebrand Factor complex such as ALPHANATE®
(marketed by Grifols Biologicals, Inc.). For this' purpose, an example of inducible
ALPHANATE® expression for a bioreactor/cell therapy in response to administration of
ligand is shown in Fig. 16. Use of bioreactor/cell therapy improves problems of stability
and continuous infusion. See Pipe 8. W, 1. Thromb. Haemost. 3(8): 1692 (2005).

[0404] The complete nucleotide sequence of the construct shown in Fig. 16 is presented
as SEQ ID NO: 18. The nucleotide coordinates for salient elements of the construct are
shown in Table 15.

Table 15

" Label - P—)m Length ??;rt End |
3Reg(HSVTKpA) ' treverse ES? 318 576
Neo - revsrs;mm 795 583 1377
3'Reg(8V40 early promoter) “revérse 278 1567 |[1844 |
3'Reg(Synthetic PolyA) ”rcverse 49 1963  |2011
CAP[VP16(AD):RxR(HP)] reverse  ||975 2018 (2992
TSP-1(constitutive) reverse 571 3026 113596
3Reg(SV40pA) B o __Ilreverse_ﬁaww 3719 3939
LTF{Gald(DBD):EcR(LBD)] ——"reverse 1467 3946 |5412
TSP-2(constitutive) roverse ||1417  |[5446  ||6862 |
FRP[6xGalRE:Minimal promoter] forward ||189 7195  |[7383
TSPQ(Hu Facior VII) ~ forward |00z |[7597 [14598
TReg(hGH PolyA) T |lforward ||627 JW 15297
Replication Origin reverse 589 |[15731 ||16319 |
[AmpR — |reverse 858 16564 17421 |
éWoter reverse |39 |117455 |[17493
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[0405] The vector shown in Fig. 16 is modeled according to the gene swiich system
shown in Fig. 2. Under this system, the CAP subunit is expressed through operable
agsociation with a first, constitutive promoter (TSP-1), and the LTF subunit of the
LDTFC is expressed through operable association with a second, constitutive promoter
(TSP-2). The promoter utilized for the first constitutive promoter is UbC (short)
promoter, and the promoter utilized for the second constitutive promoter is UbB (short)
promoter.

[0406] The coding region for the therapentic product, ALPHANATE®, is operably
associated with a FRP which is activated upon contact with the LDTFC in the presence of
ligand.

[0407] The construct shown in Fig. 16 may be prepared in a vector suitable for
introduction into cells prior to introduction into the subject to be treated. The cells may
be autologous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture. The vector is
introduced into the cells via any standard method, e.g., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for administration to a subject in need of
treatment for hemophilia.

[0408] The cells may be delivered to a subject systemically, for example, via intravenous
infusion. Systemic and/or local administration of gene therapy cells are well known in
the art. Upon delivery the cells, the LITFC may be expressed constitutively. Ligand
will be administered to the subject to be treated which will combine with the expressed
LDTFC to drive expression of ALPHANATE® under control of the factor regulated
promoter. ALPHANATE® expression in turn treats the symptoms of hemophilia.

Example 13
[0409] This example describes a bioreactor/cell therapy vector usefu] for the treatment of
hemophilia. The vector shown in Fig. 17 is modeled according to the gene switch system
shown in Fig. 1. Under this system, both CAP subunit, and the LTF subunit of the

LDTFC are expressed through operable association with a single constitutive promoter
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{TSP-1) via use of an internal ribosome entry site (IRES). The constitutive promoter is
UbC (short) promoter.

[0410] The coding region for the therapeutic product, ALPHANATE®, is operably
associated with a FRP which is activated upon contact with the LDTFC in the presence of
ligand.

[0411] The complete nucleotide sequence of the construct shown in Fig, 17 is presented
as SEQ ID NO: 19. The nucleotide coordinates for salient elements of the construct are

shownr in Table 16.

Table 16 (MOD 8361)
Label Direction|| Length | Start | End

3‘Reg{H$\f"§§;&) - reverse (259 19’?m 455
Neo W 795 462 |[1256
SV40 early promoter reverse  |278 1446 | 1723
3Reg(SVAOpA) - "reverse 221 1830 [[2050
LTF[Gal4(DBD):EcR(LBD)] reverse | 1467 —'l[z_aT 3523
TL{cMyc ires) reverse  ||408 3536 {3943
CAP[VP16(AD)-RxR(HP)] ~ lfeverse 975 3950 14924
TSP-1(constitutive) ‘“rf:ve;:sﬁ 571 |[4958 ||5528
FRP[6x GalRE:Minimal Promoter] jiﬁ'srwaxd 189 5939 16127
TSPQ(Human Factor VII) " lforward |[7002 m16341 E’iﬁ
FReg(hGH PolyA) - W 627 13415 [14041
Replication Origin "~ Jlreverse |589 14475 | 15063
AmpR llrevexse: 858 15438 (16295
%bia Promoter reverge ? !|1632gm 16367

[0412] The construct shown in Fig. 17 may be prepared in a vector suitable for

introduction into cells prior to introduction into the subject to be treated. The cells may
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[0413]

[0414)
[0415]

[0416]

[0417]

- 146 -

be autclogous cells removed from the subject to be treated or non-autologous allogeneic
or xenogeneic cells, either primary cells or cell-lines maintained in culture, The vector is
introduced into the cells via any standard method, eg., transfection, transduction,
lipofection, or electroporation, to produce modified cells. Following introduction of the
vector, the modified cells may optionally be treated to produce a barrier system, e.g., the
cells may be coated or encapsulated so as to provide immunoisolation. The modified
cells will then be formulated as a bioreactor for admimstration to a subject in need of
treatment for hemophilia.

The cells may be delivered to a subject systemically, for example, via infravenous
infusion. Systemic and/or local administration of gene therapy cells are well known in
the art. Upon delivery the cells, the LDTFC may be expressed constifutively, Ligand
will be administered to the subject to be treated which will combine with the expressed
LDTFC to drive expression of ALPHANATE® under control of the factor regulated
promoter. ALPHANATE® expression in tumn treats the symptoms of hemophilia.

Additional embodiments of the invention include the following:

El. A method for treating, ameliorating, or preventing a disease or disorder in
a subject, comprising:

(a) introducing into celis of said subject (1) a polynucleotide encoding a gene

switch, said gene switch comprising at Ieast one franscription factor sequence,

wherein said at least one transcription factor sequence encodes 2 ligand-dependent
transcription factor, operably linked to a therapeutic switch promoter, wherein the
promoter is activated during said disease or disorder, and (2) a polynucleotide

encoding a therapeutic polypeptide or therapeutic polynucleotide linked to a

promoter which is activated by said ligand-dependent transcrmption factor, to

produce modified cells; and

(b)  administering ligand to said subject to induce expression of said

therapeutic polypeptide or therapeutic polynucleotide;

wherein said therapeutic polypeptide or therapeutic polynucleotide is expressed at
a level sufficient to treat, ameliorate, or prevent said disease or disorder.

E2. A method for expressing a therapeutic polypeptide or therapeutic

polynucleotide in a subject, comprising:
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a) introducing into cells of said subject (1) a polynucleotide encoding a gene
switch, said gene switch comprising at least one transcription factor sequence,
wherein said at least one transcription factor sequence encodes a ligand-dependent
transcription factor, operably linked to a therapeutic switch promoter, wherein the
promoter is activated during said disease or disorder, and (2) a polynucleotide
encoding a therapeutic polypeptide or therapeutic polynucleotide linked to a
promoter which is activated by said ligand-dependent transcription factor, to
produce modified cells; and
(b)  administering ligand to said subject to induce expression of said
therapentic polypeptide or therapeutic polynucleotide.
[0418] E3.  The method of E1 or E2, wherein said polynucleotides are introduced into
cells that have been isolated from said subject to produce modified cells, and the modified

cells are re-introduced into said subject.

[0419] E4.  Themethod of E1 or E2, wherein said method is carried out in vivo,

[0420] E5.  The method of E1 or E2, wherein said gene switch is an ecdysone receptor
(EcR)-based gene switch.

[0421}) E6.  The method of ES, wherein said ligand binds to the EcR ligand binding
dormain.

{0422} E7. The method of E6, wherein said ligand is a diacylhydrazine.

j0423) E8.  The method of E7, wherein said ligand is selected from the group
consisting of RG-115819, RG-115932, and R(G-115830.

[0424) E9.  The method of E6, wherein said ligand is an amidoketone or oxadiazoline.

[0425) E10. The method of E1 or E2, wherein said gene switch comprises a first

transcription factor sequence under the control of a first therapeutic switch promoter and
a second transcription factor sequence under the control of a second therapeutic switch
promoter, wherein the proteins encoded by said first transcription factor sequence and
said second transcription factor sequence interact to form a protein complex which
functions as a ligand-dependent transcription factor.

[0426] Eil. The method of E10, wherein said first therapeutic switch promoter and
said second therapeutic switch promoter are different.

[0427] E12. The method of E10, wherein said first therapeutic switch promoter and

said second therapeutic switch promoter are the same.
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[0428] El13. The method of E10, wherein said first transcription factor sequence
encodes a protein comprising a heterodimer partner and a transactivation domain.
[0429] El4. The method of El10, wherein said second transcription factor sequence
encodes a protein comprising a DNA binding domain and a ligand-binding domain.
[0430] E15. The method of El or E2, wherein one of said polynucleotides further
encodes a lethal polypeptide operably linked to an inducible promoter.
[0431} E16. A method for expressing a therapeutic polypeptide or therapeutic
polynucleotide in a cell, comprising:
{a) introducing into said cell {1) a polynucleotide encoding a gene switch, said
gene switch compriging at least one transcription factor sequence, wherein said at
least one transcription factor sequence encodes a ligand-dependent transcription
factor, operably linked to a therapeutic switch promoter, wherein the promoter is
activated during said disease or disorder, and (2) a polynucleotide encoding a
therapeutic polypeptide or therapeutic polynucleotide linked to a promoter which
is activated by said Jigand-dependent transcription factor, to produce a modified
cell; and
(b)  administering ligand to said modified cell to induce expression of said
therapeutic polypeptide or therapeutic polynucleotide.
[0432] E17. The method of E16, wherein said method is carried out in vitro.
[0433] E18. The method of E16, wherein said method 1s carried out ex vive in a cell

that has been isolated from a subject.

[0434] E19. The method of E16, wherein said method is carried out in vive.

[0435] E20. The method of E16, wherein said gene switch is an EcR-based gene
switch.

[0436] E21. The method of E20, wherein said ligand binds to the EcR ligand binding
domain,

[0437] E22. The method of E21, wherein said ligand is a diacylhydrazine.

[0438] E23. The method of E22, wherein said ligand is selected from the group
consisting of RG-115819, RG-115932, and RG-115830.

[0439] E24. The method of E21, wherein said ligand is an amidoketone or

oxadiazoline.



WO 2009/045370 _149.- PCT/US2008/011270

[0440) E25. The method of E16, wherein said gene switch comprises a first
transcription factor sequence under the control of a first therapeutic switch promoter and
a second transcription factor sequence under the control of a second therapeutic switch
promoter, wherein the proteins encoded by said first transcription factor sequence and
said second transcription factor sequence interact to form a protein complex which
functions as a ligand-dependent transcription factor.

[0441] E26. The method of E25, wherein said first therapeutic switch promoter and
said second therapentic switch promoter are different.

[0442] E27. The method of E25, wherein said first therapeutic switch promoter and
said second therapeutic switch promoter are the same.

[0443] E28 The method of E25, wherein said first transcription factor sequence
encodes a protein comprising a heterodimer partner and a transactivation domain,

[0444) E29. The method of E25, wherein said second transcription factor sequence
encodes a protein comprising a DNA binding domain and a ligand-binding domain.

[0445]) E30. The method of E16, wherein one of said polynucleotides further encodes a
lethal polypeptide operably linked to an inducible promoter.

[0446] E31. A polynucleotide encoding a gene switch, said gene switch comprising at
least one transcription factor sequence, wherein said at least one transcription factor
sequence encodes a ligand-dependent transcription factor, operably linked to a therapeutic

switch promoter, wherein the activity of the promoter is modulated during said disease or

disorder,

[0447] E32. The polynucleofide of E31, further encoding a reporter gene linked to a
pmme'ter which is activated by said ligand-dependent transcription factor.

[0448] E33. The polynucleotide of E31, wherein said gene switch is an EcR-based gene
switch,

[0449] E34. The polynucleotide of E31, wherein said gene switch comprises a first

transcription factor sequence under the control of a first therapeutic switch promoter and
a second transcription factor sequence under the control of a second therapeutic switch
promoter, wherein the proteins encoded by said first transcription factor sequence and
said second transcription factor sequence interact to form a protein complex which

functions as a ligand-dependent transcription factor.
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[0450) E35. The polynucleotide of E34, wherein said first therapeutic switch promoter
and said second therapeutic switch promoter are different.

|0451] E36. The polynucleotide of E34, wherein said first therapeutic switch promoter
and said second therapeutic switch promoter are the same.

[0452) E37. The polynucleotide of E34, wherein said first transcription factor sequence
encodes a profein comprising a heterodimer partner and a transactivation domain.

[0453) E38. The poiynucieotide of E34, wherein said second transcription factor
sequence encodes a protein comprising a DNA binding domain and a ligand-binding
domain,

[0454] E39. The polynucleotide of E31, wherein said polynucleotide further encodes a
lethal polypeptide operably linked to an inducible promoter,

[0455] E40. A vector comprising the polynucleotide of E31.

[0456] E41. The vector of E40, which is 2 plasmid vector.

[0457) E42. The vector of E40, which is a viral vector.

[0458] E43. A kit comprising the polynucleotide of E31.

[0459] E44. A kit comprising the vector of E42.

[0460] The present invention further relates to instructions for performing one or more

methods of the invention. Such instructions can instruct a user of conditions suitable for
performing methods of the invention. Instructions of the invention can be in a tangible
form, for example, written instructions (e.g., typed on paper), or can be in an intangible
form, for example, accessible via a computer disk or over the internet.

[0461) It will be recognized that a full text of instructions for performing a method of the
invention or, where the instructions are included with a kit, for using the kit, need not be
provided. One example of a situation in which a kit of the invention, for example, would
not contain such full length instructions is where the provided directions inform a user of
the kits where to obtain instructions for practicing methods for which the Kit can be used.
Thus, instructions for performing methods of the invention can be obtained from internet
web pages, separately sold or distributed manuals or other product literature, efc. The
invention thus includes kits that direct a kit user to one or more locations where
instructions not directly packaged and/or distributed with the kits can be found. Such

instructions can be in any form including, but not limited to, electronic or printed forms.



WO 2009/045310 151 PCT/US2008/011270
[0462] Having now fully described the invention, it will be understood by those of
ordinary skill in the art that the same can be performed within a wide and equivalent
range of conditions, formulations and other parameters without affecting the scope of the
invention or any embodiment thereof. All patents, patent applications and publications

cited herein are fully incorporated by reference herein in their entirety.
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WHAT 1S CLAIMED 18:

1. Useof

{1} a first polynucleotide encoding a gene switch, said gene switch comprising at least
one transcription factor sequence, wherein said at least one transcription factor sequence encodes
components of a ligand-dependent transcription factor complex (LDTFC) through operable
association with a therapeutic switch promoter that is activated under conditions associated with
a disease, disorder, or condition,

with the proviso that said promoter is not a stress-inducible promoter, and

(2) a second polynucleotide encoding a therapeutic polypeptide useful in treating said
disease, disorder or condition operably associated with a factor-regulated promoter which is
activated by said ligand-dependent transcription factor complex,

wherein said first and second polynucleotides are introduced so as to permit expression of
said ligand-dependent transcription factor complex,

in a method for treating, ameliorating, or preventing a disease, disorder, or condition in a
subject;

wherein said ligand is administered to said subject to induce expression of said
therapeutic polypeptide or therapeutic polynucleotide.

2. Useof

(1) a first polynucleotide encoding a gene switch, said gene switch comprising at least
one transcription factor sequence, wherein said at least one franscription factor sequence encodes
components of a ligand-dependent transcription factor complex through operable association
with a therapeutic switch promoter that is activated under conditions associated with a disease,
disorder, or condition,

with the proviso that said promoter is not a stress-inducible promoter, and

(2) a second polynucleotide encoding said therapeutic polypeptide useful in treating said
disease, disorder or condition operably associated with a factor-regulated promoter which is
activated by said ligand-dependent transcription factor complex,

wherein said first and second polynucleotides are introduced so as to permit expression of

said ligand-dependent transcription factor complex,
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in a method for expressing a therapeutic polypeptide or therapeutic polynucleotide in a
subject,
wherein said ligand is administered to said subject to induce expression of said

therapeutic polypeptide or therapeutic polynucleotide.

3. The use of ¢laim 1 or claim 2, wherein said therapeutic switch promoter is
constitutive.
4. The use of claim 1 or claim 2, wherein said therapeutic polypeptide or

therapeutic polynucleotide is expressed and disseminated at a level sufficient to treat, ameliorate,

or prevent said disease, disorder, or condition.

5. The use of claim 1 or claim 2, wherein said gene switch is an ecdysone receptor
(EcR)-based gene switch,

6. The use of claim 5, wherein said ligand binds to the EcR ligand binding domain,

7. The use of claim 6, wherein said ligand is a diacylhydrazine.

g The use of claim 7, wherein said ligand is selected from the group consisting of
RG-115819, RG-115932, and RG-115830.

9. The use of ¢laim 6, wherein said ligand is an ainidoketone or oxadiazoline.

10.  The use of claim 1 or claim 2, wherein said gene switch comprises a first
transcription factor sequence under the control of a first therapeutic switch promoter and a
second transcription factor sequence under the control of a second therapeutic switch promoter,
wherein the proteins encoded by said first transeription factor seguence and said second
transcription factor sequence inferact to form a protein complex which functions as a ligand-
dependent transcription factor complex.

11.  The use of claim 10, wherein said first therapeutic switch promoter and said
second therapeutic switch promoter are different.

12, The use of claim 10, wherein said first therapeutic switch promoter and said
second therapeutic switch promoter are the same.

13, The use of claim 10, wherein said first transcription factor sequence encodes a
protein comprising a heterodimer partner and a transactivation domain.

14.  The use of claim 10, wherein said second transcription factor sequence encodes a

protein comprising a DNA binding domain and a ligand-binding domain.
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15.  The use of claim 1 or claim 2, wherein said first and second polynucleotides are
introduced into said subject in one or more modified cells.

16.  The use of claim 15, wherein said modified cells are prepared by introducing said
first and second polynucleotides into cells that have been isolated from said subject to produce
modified autologons cells, which are then re-introduced into said subject.

17.  The use of claim 15, wherein said modified cells are modified non-autologous
{(MNA) cells into which said first and second polynucleotides have been incorporated.

18.  The use of claim 17, wherein said MNA cells are allogeneic to said subject.

19.  Theuse of claim 17, wherein said MNA cells are xenogeneic to said subject.

20. The use of claim 17, wherein said MNA cells are generated from a cell type
selected from the group consisting of immortalized cells and primary cells capable of terminal
differentiation.

21.  The use of claim 20, wherein said MNA cells are generated from a cell type
selected from the group consisting of C2C12 mouse myoblast cells, HEK293 huinan embryonic
kidney cells, ARPE-19 cells, hMSC cells, pancreatic islet cells, MDCK cell, a CHO cell, an
astrocyte derived cell, an oligodendrocyte derived cell, and a myoblast derived cell.

22.  Thewuse of claim 21, wherein said pancreatic islet cells are porcine islet cells.

23.  The use of claim 21, wherein said pancreatic islet cells are human islet cells
derived from cadavers.

24, The use of claim 15, wherein said modified cells have been treated such that said
cells, upon introduction into said subject, are protected from the subject's imuune system.

25.  The use of claim 24, wherein said modified cells are contained within a barier
system which allows dissemination of said therapeutic protein or therapeutic polynucleotide, but
which prevents direct contact of said modified cells with cells of the subject's immune system.

26.  The use of claim 25, wherein said barrier system comprises modified cells with a
conformal coating.

27.  The use of claim 26, wherein said confonmal coating comprises a polymer.

28.  The use of claim 27, wherein said polymer is selected from the group consisting
of polyethylene glycol, and hydroxyethyl methacrylate-methyl methacrylate (HEMA-MMA).

29.  The use of claim 25, wherein said barrier system comprises encapsulated

modified cells.
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30. The use of claim 29, wherein said modified cells are contained in a
macroencapsulation device,

31.  The use of claim 30, wherein said macroencapsulation device comprises one or
more synthetic membranes.

32, The use of claim 31, wherein said macroencapsulation device comprises two or
more synthetic membranes, said synthetic membranes comprising different pore sizes so as to
regulate mass transit through said macreencapsulation device.

33, The use of claim 30, wherein said macroencapsulation device comprises a serni-
permeable polymer outer membrane and an internal scaffold which supports cells,

34, The use of claim 33, wherein said macroencapsulation device is about 6 mm long
and about | mum in diameter,

35.  The use of claim 33, wherein said outer membrane comprises pores of about 15

36.  The use of claim 33, wherein said internal scaffold comprises poly (ethylene
tevephthalate) yarn,

37.  The use of claiin 30, wherein the interior space of said macroencapsulation device
comprises at least one < about 10° modified cells.

38.  The use of claim 30, wherein said macroencapsulation device comprises a
polymeric membrane bilayer, said bilayer comprising an outer layer of S5um PTFE membrane
laminated onto an inner tighter pore 0.45 gM PFTE immunobarrier layer.

39, The use of claim 38, wherein said macroencapsulation device further comprises a
non-woven poly mesh layer exterior to said polymeric membrane bilayer.

40,  The use of claim 30, wherein said macroencapsulation device comprises a PES
hollow fiber device.

41, The use of claim 30, wherein said macroencapsulation device further comprises a
suture clip.

42.  The use of claim 30, wherein said macroencapsulation device is implantable and
retrievable.

43.  The use of claim 29, wherein said modified cells are microencapsulated.,

44.  The use of claim 43, wherein said modified cells are suspended in a biologically

compatible encapsulation material which is then shaped into bead-like structures.
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45.  Theuse of claim 44, wherein said encapsulation material comprises a hydrogel.

46,  The use of claim 44, wherein said encapsulation material comprises a polymer
selected from the group consisting of cellulose, and alginate.

47.  The use of claim 46, wherein said polymer comprises polyanionic alginate and a
poly-cationic polymer to interact and form a physical permselective membrane barrier.

48.  The use of claim 44, wherein said bead-like structures each comprise at least one
to about 10° modified cells.

49.  The use of claim 44, wherein said bead-like structures comprise poly (L-lactide)
acid {PLLA) alginate microspheres.

50.  The use of claim 46, wherein said bead-like structures further comprise a poly-L-
ornithine (PLO) alginate coating.

51.  The use of claim 46, wherein said encapsulation material comprises an alginate
based ultra high viscosity (UHV)-biopolymer.

52.  The use of claim 51, wherein said alginate based UHV-polymer is biodegradable.

53.  The use of claim 44, wherein said bead-like structures are approximately spherical
and are about 500am in diameter.

54, The use of claim 25, wherein said barrier system further comprises protective
cells capable of providing protection to said modified cells, wherein said protective cells are
selected from the group consisting of sertoli cells and erythrocytes.

55.  The use of claim 25, wherein said barrier system further comprises an outer
coating capable of creating a protective micro-environment,

56. The use of claim 55, wherein said protective micro-environment is anti-
inflamnmatory.

7.  The use of claim 55, wherein said protective micro-environment is pro-
angiogenic.

58.  The use of claim 15, wherein said modified cells further comprise a regulated
suicide gene which, upon activation, will induce destruction of said modified cells

59.  The use of claim 58, wherein said suicide gene is activated in the event of escape
from a barrier system or oncogenic conversion.

60. A method for expressing a therapeutic polypeptide or therapeutic polynucleotide

in one or more modified cells, comprising:
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(a) introducing into a cell (1) a first polynuclectide encoding a gene swiich, said gene
switch comprising at least one transciiption factor sequence, wherein said at least one
transcription factor sequence encodes components of a ligand-dependent transcription factor
complex through operable association with a therapeutic switch promoter that is activated under
conditions associated with a disease, disorder or condition, with the proviso that said promoter is
not a stress-inducible promoter, and (2) a second polynucleotide encoding a therapeutic
polypeptide useful in trealing said disease, disorder or condition operably associated with a
factor-regulated promoter which is activated by said ligand-dependent transcription factor
camplex, thereby producing a modified cell; and

(b)  administering ligand to said modified cell to induce expression of said therapeutic
polypeptide or therapeutic polynucleotide.

61,  The method of claim 60, wherein said therapeutic switch promoter is constitutive.

62.  The method of claim 60, wherein said method is carried out in vitro,

63.  The method of ¢laim 60, wherein said method is canied out ex vive in a cell that
has been isolated from a subject.

64. A nucleic acid composition comprising a first polymucleotide encoding a gene
switch, said gene switch comprising at least one transcription factor sequence, wherein said at
least one transcription factor sequence encodes components of a ligand-dependent transcription
factor complex through operable association to a therapeutic swilch promoter that is activated
under conditions associated with a disease, disorder or condition, with the proviso that said
promoter is not a stress-inducible promoter.

65.  The nucleic acid composition of claim 64, wherein said therapeutic switch
promoter is constitutive.

66,  The nucleic acid composition of claim 64, further comprising a second
polynucleotide encoding a polypeptide useful in treating said disease, disorder, or condition
through operable association with a promoter which is activated by said ligand-dependent
transcription factor complex.

67. The nucleic acid composition of claim 66, wherein said pol&pepﬁde or
polynucleotide associated with a disease, disorder, or condition comprises a therapeutic
polypeptide or a therapeutic poiynucleotide capable of trealing, amelioraling or preventing a

disease, disorder, or condition.
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68.  The nucleic acid composition of any one of claims 64-67, wherein said gene
switch is an EcR-based gene switch.

69.  The nucleic actd composition of claim 68, wherein said ligand binds to the EcR
ligand binding domain.

70.  The nucleic acid composition of claim 69, wherein said ligand is a
diacylhydrazine.

71, The nucleic acid composition of claim 70, wherein said ligand is selected from the
group consisting of RG-115819, R(G-115932, and RG-115830.

72.  The nucleic acid composition of claim 69, wherein said ligand is an amidoketone
or oxadiazoline.

73, The nucleic acid composition of claim any one of claims §4-67, wherein said gene
switch comprises a first transeription factor sequence under the control of a first therapeutic
switch promoter and a second transcription factor sequence under the control of a second
therapeutic switch promoter, wherein the proteins encoded by sald first transcription factor
sequence and said second transcription factor sequence interact to form a protein complex which
functions as a ligand-dependent transcription factor complex.

74.  The nucleic acid composition of claim 73 wherein sajd first therapeutic switch
promoter and said second therapeutic switch promoter are different.

75.  The nucleic acid composition of claim 73, wherein said first therapeutic switch
promoter and said second therapentic switch promoter are the same.

76.  The nucleic acid composition of claim 73, wherein said first transcription factor
sequence encodes a protein comprising a hetercdimer partner and a transactivation domain.

77.  The nucleic acid composition of claim 73, wlerein said second transcription
factor sequence encodes a protein comprising a DNA binding domain and 2 ligand-binding
domain.

78.  The nucleic acid composition of claim 66, further comprising a thid
polynucleotide encoding a lethal polypeptide operably linked to an inducible promoter.

79. A vector comprising the nucleic acid composition of claim 66.

80.  The vector of claim 79, which is a plasmid vector.

81.  The vector of claim 79, which is a viral vector.

82. A kit comprising the nucleic acid composition of any one of claim 66.
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83. A kit comprising the vector of claim 79.

84. A method of producing a modified cell, comprising introducing into a cell the
nucleic acid composition of any one of claims 66-78.

85, A method of producing a modified cell, comprising introducing into a cell the
vector of claim 79,

86. A modified cell comprising the nucleic acid composition of any one of claims 66-
78.

87. A modified cell comprising the vector of claim 79.

88.  The medified cell of claim 86 which is a modified antologous cell derived from
cells isolated from a subject in need of said polypeptide or polynucleotide, whergin said modified
cell is suitable for re-introduction into said subject.

89, The meodified cell of claim 86 which is derived from a cell type selected from the
group consisting of immortalized cells and primary cells capable of terminal differentiation.

90.  The modified cell of claim 8% which is derived from a cell type selected from the
group consisting of C2C12 mouse myoblast cells, HEK293 human embryonic kidney cells,
ARPE-19 cells, hMSC cells, pancreatic islet cells, MDCK cell, a CHO cell, an astrocyte derived
cell, an oligodendrocyte derived cell, and a myoblast derived cell.

91.  The modified cell of claim 90, wherein said pancreatic islet cell is a porcine islet
cell.

92.  The modified cell of claim 90, wherein said pancreatic islet cell is a huinanislet
cell derived {rom cadavers.

93.  The modified cell of claim 86, further comprising a regulated suicide gene which,
upon activation, will induce destruction of said modified cell

94,  The modified cell of claim 93, wherein said suicide gene is activated in the event
of escape from a barrier system or oncogenic conversion.

95. A bioreactor device comprising one or more modified cells as recited in any one
of claims 86-94.

96.  The bioreactor device of claim 95, wherein said modified cells have been treated
such that said cells, upon introduction into a subject, are protected from the subject's immune

system.
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97.  The bioreactor device of claim 95, wherein said modified cells are contained
within a barrier system which allows dissemination of said polypeptide or polynucleotide, but
which prevents direct contact of said modified cells with cells of the subject's irunune system.

98.  The bioreactor device of claim 97, wherein said barrier system comprises
modified cells with a conformal coating.

99.  The bioreactor device of claim 98, wherein said conformal coating comprises a
polymer.

100. The bioreactor device of claim 99, wherein said polymer is selected from the
group consisting of polyethylene glycol, and hydroxyethyl methacrylate-methyl methacrylate
(HEMA-MMA).

101. The bioreactor device of claim 97, wherein said barrier system comprises
encapsulated modified cells.

102. The bioreactor device of claim 101, wherein said modified cells are contained in a
macroencapsulation device,

103.  The bioreactor device of claim 102, wherein said macroencapsulation device
comprises one or more synthetic membranes.

104. The bioreactor device of claim 103, wherein said macroencapsulation device
comprises two or more synthetic membranes, said synthetic membranes comprising different
pore sizes so as to regulate mass trangit through said macroencapsulation device.

105. The bioreactor device of claim 102, wherein said macroencapsulation device
comprises a semi-permeable polymer outer membrane and an internal scaffold which supports
cells.

106. The bioreactor device of claim 105, wherein said macroencapsulation device is
about 6 mm long and about 1 mm in diameter.

107. The bioreactor device of claim 105, wherein said outer membrane comprises
pores of about 15 nm.

108. The bioreactor device of claim 105, wherein said internal scaffold comprises poly
(ethylene terephthalate) varn.

109.  The bioreactor device of claim 102, wherein the interior space of said

macroencapsulation device comprises at least one to about 10° modified cells.
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110. The bioreactor device of claim 102, wherein said macroencapsulation device
comprises a polymeric membrane bilayer, said bilayer comprising an outer layer of 5um PTFE
membrane laminated onto an inner tighter pore 0.45 M PFTE immunobarrier layer.

111.  The bioreactor device of claim 110, wherein said macroencapsulation device
further comprises a non-woven poly mesh layer exterior to said polymeric membrape bilayer.

112. The bioreactor device of claim 102, wherein ssid macroencapsulation device
comprises a PES hollow fiber device.

113. The bioreactor device of claim 102, wherein said macroencapsulation device
further comprises a suture clip.

114, The bioreactor device of claim 102, wherein said macroencapsulation device is
implantzble and retrievable. .

115, The bioreactor device of claim 101, wherein said modified cells are
microencapsulated,

116. The bioreactor device of claim 115, wherein said modified cells are suspended in
a biologically compatible encapsulation material which is then shaped into bead-like structures,

117.  The bioreactor device of claim 116, wherein said encapsulation material
comprises a hydrogel,

118. The bioreactor device of claim 116, wherein said encapsulation material
comprises a polymer selected from the group consisting of cellulose, and alginate.

119.  The bioreactor device of claim 118, wherein said polymer comprises polyanionic
alginate and a poly-cationic polymer to interact and form a physical permselective membrane
barrier,

120. The bioreactor device of claim 116, wherein said bead-like snuctures each
comprise at least one to about 10° modified cells.

121. The bioreactor device of claim 116, wherein said bead-like structures comprise
poly (L-lactide) acid (PLLA) alginate microspheres.

122. The bioreactor device of claim 116, wherein said bead-like structures further
comprise a poly-L-omithine {PLO) alginate coating.

123. The bioreactor device of claim 118, wherein said encapsulation material

comprises an alginate based ultra high viscosity (UHV)-biopolymer.
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124.  The bioreactor device of claim 123, wherein said alginate based UHV.polymer is
biodegradable.

125, The bioreactor device of claim 116, wherein said bead-like structures are
approximately spherical and are about S00um in diameter.

126,  The bioreactor device of claim 97, wherein said barrier system further comprises
protective cells within said capsule capable of providing protection to said modified cells,
wherein said protective cells are selected from the group consisting of sertoli cells and
erythrocytes.

127.  The bioreactor device of claim 97, wherein said barrier system further comprises
an outer coating capable of creating a protective micro-environment,

128.  The bioreactor device of claim 127, wherein said protective micro-environment is
anti-inflammatory,

129.  The bioreactor device of claim 127, wherein said protective micro-environment is
pro-angiogenic.

130. Any one of claims 64-78 for use in the treatment of a discase, disorder, or
condition.

131. Any one of claims 79-8] for use in the treatment of a disease, disorder, or
condition.

132. Any one of claims 86-94 for use in the freatment of a disease, disorder, or
condition.

133, Any one of claims 95-129 for use in the treatment of a disease, disorder, or
condition.

134, Any one of claims 64-78 for use in the preparation of a medicament for the
treatment of a disease, disorder, or condition selected from the group consisting of a
hyperproliferative disease, disorder, or condition, a cardiovascular disease, disorder, or
condition, a neural disease, disorder, or condition, an autoimmuane disease, disorder, or condition,
a bone disease, disorder, or condition, a gastrointestinal disease, disorder, or condition, 2 blood
disease, disorder, or condition, a metabolic disease, disorder, or condition, an inflammatory
disease, disorder, or condition, and an infectious disease, disorder, or condition.

135.  Any one of claims 79-81 for use in the preparation of a medicament for the

treatment of a disease, disorder, or condition selected from the group consisting of a
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hyperproliferative disease, disorder, or condition, a cardiovascular disease, disorder, or
condition, a neural disease, disorder, or condition, an autoimmune disease, disorder, or condition,
a bone disease, disorder, or condition, 2 gastrointestinal disease, disorder, or condition, a blood
disease, disorder, or condition, a metabolic disease, disorder, or condition, an inflammatory
disease, disorder, or condition, and an infectious disease, disorder, or condition.

136.  Any one of claims 86-94 for use in the prepamation of a medicament for the
treatment of a disease, disorder, or condition selected from the group consisting of a
hyperproliferative disease, disorder, or condition, a cardiovascular disease, disorder, or
condition, a neural disease, disorder, or condifion, an autoimmune disease, disorder, or condition,
a bone disease, disorder, or condition, a gastrointestinal disease, disorder, or condition, a blood
disease, disorder, or condition, 2 metabolic disease, disorder, or condition, an inflammatory
disease, disorder, or condition, and an infectious disease, disorder, or condition.

137.  Any one of claims 95-129 for use in the preparation of a medicament for the
treatment of a disease, disorder, or condition selected from the group consisting of a
hyperproliferative disease, disorder, or condition, a cardiovascular disease, disorder, or
condition, a neural disease, disorder, or condition, an autoimmune disease, disorder, or condition,
a bone disease, disorder, or condition, a gastrointestinal disease, disorder, or condition, a blood
disease, disorder, or condition, a metabolic disease, disorder, or condition, an inflainmatory

disease, disorder, or condition, and an infectious disease, disorder, or condition.
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Ala Glu Arg Ile Phe Asn Lys Ile Arg His Ala Glu Gly Asp Glu Glu
420 425 430

Tht Leu Ala Leu Leu Trp Glu Ala Ala Arg Arg Phe Gly Lys Leu Thr
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Glu Asp Ala Asp Ala Asp Pro Thr Gly Pro Lys Ser Trp Trp Gly Arg
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585 570 575

Glu Lys Arg Ala Ser Ile Thr Trp Ala Lys Pro Pro Thr Asp Asp Asp
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taaacaaata ggggttcoge geacatbbttcc c¢cgaaaagbg ccacctgacg tactgaggac 60



gccagggtet
gggcgegtca
cgcacaggca
ggccecttcace
cccaataggg
tatgaacaas
gggttecttc
agacggtaas
cgatcagccce
tgatagcgat
tccaccataa
ggcatacgtg
tccaggtcat
tgtttagcte
gcatcagcca
cctggaaccet
gctgcgeatg
tcgttcagtyg
agacggaaca
agacgttcca
gcaatktgggt
gtcgaacagg
tcectecacct
tatacggaat
tcageccatgg
taggggcggy
tggggagecct
acttctgect
acgccagggt

gggaggttte

tcccagtcac
gegggtgteg
tctagagget
cgaacttggg
Lcreggtgag
cgacccaaca
cggtattgtce
aagcaatgeg
attcaccgcce
cagecacgcec
tgtttggcag
ctttcaggeg
cctgatcaac
ggtgatcgaa
tgatggaaac
cgcecageag
gaacgceggt
cgeceggacag
cagctgegte
cccaagceaqac
gtctgagcga
aggagcagag
tgtegtatta
agctctgagg
ggcggagaat
actatggttg
ggggacttec
gctggggage
tttccecagte

ataaatccga

gacgttgtaa
gcgggtgtey
atggcaggge
gggtggagtg
gtatcgacag
cecgtgegtee
tcecttoegtg
ttgagaatcc
cagttcttca
caggeogacceyg
acaagcatcg
tgegaacagt
caggccaget
tgggcaagta
ctttrctgec
cagccagtog
agtagccagc
atcggtetta
ggagcaaccg
cggagaacca
tgtggctcgg
agcgaagcogg
tactatgccg
ccgaggcagc
gggcggaact
ctgactaatt
cacacctggt
ctgagqgactt
acgacgttgt

ctgtctagat

aacgacggec
gggatttagg
ctgecegeccec
gggaaaagga
agtgccagcec
tattccgret
tttcaatcga
ggtgcagcaa
gcaatgtcac
cagtcgataa
ccgtgggtea
tctgecggtyg
tccatgegag
getgggteca
gatgccagat
cggccagect
caggacagac
acaaacagca
atagtctget
gegrgeagac
ctggcgacgce
gaggctgcgy
atatactatg
ttcggecket
gggcggagtt
gagatgotty
tgctgactaa
tccacaccct
aaaacgacgqg

accacatttg

agtagcagac
tgacactata
gacgttggct
agaaacgcgg
ctgggaccga
ttttattgee
ttcaaaagaa
tgcecatacag
ggattgecag
agccggagaa
caaccaggtc
ccagaccctyg
tgcgtgcgceg
gggtatgcag
gagaggacag
cggtcacaac
gagctgcttc
£Cggacqgce
gagcecagte
cgtettgtte
aaaagaagat
gctcaatttg
ccgatgatta
gcataaataa
aggggcggga
¢crrtgcatac
ttgagatgckt
aacctcgagg
ccagtgctct

tagaggtttt

aagcccgtca
ggctgagcygc
gcgagecectg
gcgtattggce
aceccegegtt
gtcatagcgc
ctegtcoccagce
caccagaaag
tgcgatgtcce
acggcegttt
ctcgeccatct
atgttecctcg
ctcgatacgg
acggcgecata
cagatcetgg
atccagcaca
atcttgeagt
ttgagcggac
atagccaaac
aatcatggtg
geggetgact
catgctttag
attgtcaacg
aaaaaattag
tgggcggagt
ttctgcctac
tgctttgecat
ccatcgtgge
tctecececege

acttgcttta

120

180

240

300

360

420

480

540

800

660

720

780

8B40

900

260

1020

1080

1140

1200

1280

1320

13280

1440

1500

1560

1620

1680

1740

1800

1850



daaaacctcc
acttgtttat
attaagcatt
atcatgtcta
ggctcatgte
gcttcaggcet
tgctecaggat
tgtagatcct
ccaggccggg
ccagggeceat
tgccageett
cgctggcage
tcagcagggt
actccacgat
cgctetecte
cgtcgetggg
ggttggeggt
ggaacctggg
tgatgggggg
tetgggectt
gectgateee
cectegekget
ccacactggce
cggtcagcag
ccectggggaa
tcaggtgggce
tgttcttcag
tgcagatgtc
cgggaggctg
gagcctttca

agccteeceyg

cacatctccc
tgcagcttat
crLrtecactg
atcgattcac
ggccacgtcc
gatacacata
cttgcecgtag
cagggtgttc
cctgtegetg
gctgtacata
cctgtagttg
gtcgtaccte
gatctagtcyg
cagctgcacd
gtretegteg
ctgctegtag
cagcetggggg
cacgaccteg
catgtggtca
cttctccttco
gggaaactcg
gectggtggcg
cagcctgteg
ggccttgatg
gatcagcagg
cctggteagg
gcacttggeg
gcaagccetge
ctggttttce
gagaagcggg

cgtcgggaga

cctgaacctg
aatggttaca
cattctagtt
aggttggotgg
caaatctcct
ttgctgttct
atcacgctge
aggtagtacc
aagatcacca
catctgcaga
tccctggtgt
ctggccacce
ggctggctga
gtcaggatgg
tcagectget
ccgrecrgat
atgttcttce
tgaatcctgg
tcgacggtag
cttttcatgg
gggctcacgg
ctgatcctgt
gtcacggcgt
tcttgcaggc
aacagctgct
gggctcectct
cacttggget
tcgatgecge
actacccgaa
tcctggcage

gtcgegtect

aaacataaaa
aattaagcaa
gtggtrigtc
ggctctccag
ccaggaaggyg
gcattcccag
tcectggeget
tctggatcte
cggcggreag
agtgcaggag
aagccetggtt
ccagcatcat
tettggegaa
tcatcteggt
gccaggtctg
accagatcag
gcctgttggt
cggcetcggg
tggtgctcac
cgcactgggt
tcagctgecet
gctgcctcag
ccrrgtoeac
tgtccatctt
ccagcctcte
tggtertgag
tcecettget
tcagcagerc
aadaatccag
g9cggggaag

tgctcgggty

10

tgaatgcaaa
tagcatcaca
caaactcatc
gatgggggsy
gggcagectte
ggtccteagce
geecgetcage
ctececaccage
cagggcegtag
gtccktcgate
gttggcgaac
caccrcgetg
tccgggeagg
gatctgcectg
ggtgatcctt
cctggegate
caccagcage
999999999¢
gggcagettyg
ctegggeace
ctggeecettyg
ggtcaggggce
gttgtcctge
caggatcatg
cagcctgcetc
gctgtatctg
gcacttcagce
catggrggca
cgtctaagca
tgrcecccaaa

ttgtaagtte

tgttttatta
aatcccacaa
aatgtatctt
ggctgggtgt
ctgttcttca
tcgctcagga
tggttcagga
tggggctget
tggatgttge
acctcggcca
aggatgctgt
ctgcaagcect
ccecttggega
aagggggtgt
ttecaggtect
aggaactgct
ttgtcgetca
tegeactgea
tecttctect
acgecactegg
ctgctgetct
atgteggtct
acgaacaggc
tccaggtcct
tccacctcgg
cactcccagt
trcttcagcec
gatctggccg
gctgcaagga

tgggcagaat

cagtgcaaag

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

2480

3540

3600

3660

1720



tgcecegeceg
tgggggatca
ttcccaggac
cgctegetec
tggggctcte
agaagaacag
gcagcttgge
cggogracac
cggggttgaa
cecteatctt
tgtgggeget
cgatgctcet
tcacctggte
gggtgaacag
tgccgcoctgce
cgagttcggc
tgcccaggge
agggggcget
ccaggtcgaa
qragctogte
ccatggtgge
ttcaaggagce
aaaaataacc
cccaccccat
gacacgtgag
ggaacgatgc
gtagggcgac
acgtagggcy
gcacgtaggg

cagcacgtag

ctgctatgag
gcegggagggc
gccecgeageg
ctetgeerct
cagcatctece
gtgctccagg
gaatctgeceg
cttcteceocke
caggatgatyg
gctcaccage
gttectatgg
gtggctgaag
gtccaggggac
ctgcttgtcg
gccggttcceg
ctccagaatc
gtcggtgaac
9tcgtggagyg
gtegtcecagyg
grocaggcetce
caattgccce
ctgctggtcg
ccatgaccac
gccgttcttce
acccaaaaat
tctgtgctcet
aggcgctgtg
acaggcgctg
cgacaggcgce

ggcgacagqgc

caaagtttcg
tgggcceagag
cagctctgct
cgctggaatt
atcaggaagg
cacttcaggc
ggetegregg
agcagctcca
gccctcagge
tcggtceagca
acgtgcaggc
ctggcgatca
aggctgctga
gcggectgge
ccggggecct
ctgtccacgg
atctgctcega
gtgaagcecgag
gcgtcggege
Aacgtcggrgg
ccceccececea
gcccectgetg
tertggcagt
tgaagtaaga
gccttcaagg
gggtcctgcee
tgagacagca
tgtgagacag
tgtgtgagac

gcetgtgtgag

tggatgcggce
gcgaagcecec
cgccgggetc
acracagcga
tgtcgatggg
cgatgctcct
ggtgggtggt
cctectgage
agcccagcte
cecctgtegaa
cggtggccag
gcagctcgtt
agtggggaat
agatgttagt
ccacgccctg
gcatctccat
actcgaagtc
ggccgggget
gggccatggce
ggggggcaan
cgcatgcgdc
tggaacaata
tgtaggtgag
gccgttcaaa
ttaaagagac
attgccgaca
cgtagggcga
cacgtagggc
agcacgtagg

acagcacgta
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tagggttgcg
ctattcgctc
ctccacccta
gttgccggcet
cacgtcgceg
caggctgggce
cctggtgtac
gettttcagy
ggtcttgtec
gatggcgccc
caggatgccy
ccatccggec
cctettggec
cacggggtceg
gtcgetttic
atggccgeeyg
ggccatgtec
gtcgecegteg
cacgtccteg
cttoortnte
tggetgetace
aatacctcett
gcagaggcca
gtccgacacc
agtggctggyg
ggcgcecgrgr
caggcgctgt
gacaggcgct
gcgacaggcg

gg9g9cgacagg

caccgcrggce
cggatctccc
gcccgecgec
cagectgtege
atcagcctga
agcetcagea
tccrtecaggy
ceectcacct
atcctcatgt
actccggcege
tcecctcacgt
ctcagcagga
cactccacca
ttggggctgce
tgctccacgg
tactegtega
agggcegeagt
cccagcatgt
ccgtccaggeo
rrertgagge
ctctgaagaa
ccectggagte
ccraageecc
cgcctgggty
gcctggecetg
gagacagcac
gtgagacagc
gtgtgagaca
cegtgtgaga

cgctgtgtga

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4520

4680

4740

4800

4860

4320

4980

5040

5100

5160

s22¢

5280

5340

5400

5460

552¢



gacagcacgt
atttaggtga
tacgagacct
gatgtatttat
ttcattacat
tcaaaacaaa
tgecagaaca
aattgcggag
agcggagtac
ggagagtcce
tcttectgtea
tgectctekkr
aacaaatgtet
ttgrectceta
gcagcctgec
acaccatgtc
ctgccacagc
tgtgtggaga
gagcccceca
tggagatgta
gcecacaccga
agtctcagag
rttcgegata
gggrggcatc
gtgcccacca
ttctataata
acctgtaggg
ctcactgcaa
ttgggattcc
ggtttcacca

tggecktecca

agggcctcga
cactataggg
gcatcgtggt
ctaagcgatc
ctgtgtgttg
acgaaacaaa
ccececrtetate
tactgtecte
tgtcectocga
cggggaccta
cgccoctgcea
foll ol o o o8 o4 o o o
tgttcctgac
ctttggaaaa
cacccaatta
ctocctegeat
tggaccggag
caggggctte
gacaggcatc
ttgcgecacce
catgcccaag
aaggaaagga
ggcgagacca
cctgtgaccce
gcecrigheet
ttatggggtyg
cetgeggggt
tcteecgecto
aggcatgcat
tattggccag

aattgctagg

gtaggcgaga
caccgctege
gtaactataa
gcttaattaa
gttttitgtg
acaaactagc
cataatgcag
cgageggagt
gcggagtact
gagggtatat
ggggcegegee
gctaatceet
aggaaaaacc
aaggaattga
tttaagtgct
ctgttctacc
accctetgeg
tacttcaaca
gtggatgagt
ctcaagcctg
acccagaagt
agtacatttg
atgggtgegt
ctcececagty
aataaaatta
gagggg9ggty
ctatctgggaa
ctgggttcaa
gaccaggcte
gctggtctec

attacaggcg

ccaatgggtg
acctygegeac
cggtoctaag
ggceggeege
tgaatccata
aaaataggct
gggtaccggg
actgtcctee
gtcctcecgag
aatgggtgcec
acgcgtcgaa
cttgtgtget
ttgctggata
gagecgetag
gcttttgtga
tggcgctgty
gggccgaget
agcccacagg
gctgettcag
ccaagtcage
atcagccece
aagaacgcaa
acgtagcgge
cctetectgg
agttgcatca
gtatggagca
ccaagctgga
gcgsttctcc
agctaattte
aactcctaat

tgaaccactyg
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cgccatggge
aggcataagc
gtagcgaccyg
cgcaataaaa
gtactaacat
gtccccagtg
tgatgacggt
gagcggagta
cggagtacty
ttagectggtyg
gaaggtgagt
gatgttagga
ccttegtbge
cgccaccatg
tttcttgaag
cctgctgacc
ggtggatgcce
gratggctce
aagctgtgat
tcgetetgte
atctaccaac
gtagatcgat
cgcgtcgacg
ccctggaagt
ttttgtctga
aggggcaagt
gtgcagtgge
cgoctcageo
tgtttEttty
ctecaggtgat

ctcecttecee

tcttccaraa
caaatggaac
cggagactag
tatctttatt
acgctectcca
caagtccagg
gaaaaccltce
ctglcctceg
teerccgage
tgtgacctca
aatcttaaca
tgacatttac
cggacacttc
ggaaaaatca
gtgaagatqgco
ttcaccagcet
crgecaatteg
agcagtcgga
ctaaggaggce
cgtgcccage
aagaacacga
tgcgeaaage
atagcttgat
tgccactcca
ctaggtgtcce
tgggaagaca
acaatcttgg
tccecgagtrg
gtagagacgg
ctacccacct

tgtccttcotyg

5580

5640

5700

5760

5820

5880

5940

£000

5080

6120

6180

6240

6300

6360

6420

6480

6540

6600

8660

6720

6780

6840

6300

6960

7020

7080

7140

7200

7260

7320

7380



attttaaaat
gcccaaccegg
actcagtaga
gaacgaatcc
ttaattcacg
ctgtttecty
actegteteg
cececgetttec
tgtgaaattg
ggccaggaac
cgagcatcac
ataccaggcg
raccggatac
ctgraggtat
ccececgtrcag
aagacacgac
tgtaggeggt
agcatttggt
ttgatccage
tacgcgcaga
tcagtggaac
tgaaatggat
ataatgcttt
ggcaaatcaa
gagattatca
aatctaaagt
acctatetca
gataactacg

cccacgceteeca

cagaagtggt

aactatacca
tgggacattt
tgectgttga
atggattacc
cagtgggtac
tgtgaaattg
tgaatatccg
agtcgggaaa
ttatccgcta
cgtaaaaagg
aaaaatcgac
tttcececcetg
ctgtececgect
ctcagttcgg
ccecgaceger
ttatcgccac
gctacagagt
atctgegecto
aaacaaacca
aaaazaggat
gaaaactcac
aaaaaaatac
taaaacttaa
tgtcctcage
aaaaggatct
atatatgagt
gcgatctgtc
atacgggagg
ccggctccag

cctgcaactt

gcaggaggac
gagttgcttg
attctgattt
ctgttatcce
ggaactaaag
ttatecgcta
gaactccctt
cctgtegtge
ccggaaacgo
ccgcgttgcet
gctcaagtca
gaagctcecct
ttctccctlc
tgraggtcgt
gcgecttarce
tggcagcagc
tcttgaagtg
tgctgaagceco
ccgetggtag
ctcaagaaga
gttaagggat
agegtttete
aaataatcta
gaaatggcat
tcacctagat
aaacttggtc
tatctcgeke
gcttaccatc
atttatcage

catcggectece

gtccagacac
cttggcactg
aaatcggtcc
tactcaagga
gcagcacaca
cgtctcteee
tagtgagggt
cagcttaatce
trtececttecatg
ggecgttteee
gaggtggcga
cgtgecgetct
gg9gaagcgtyg
tcgetccaag
cggtaactac
cactggtaac
gtggcctaac
agttacctec
cggtggteet
tcctttgate
tttggtcatg
atgtacaact
tgtcgggtge
acgagtaaac
ccttttaaat
tgacagttac
atccatagtt
tggccecagt
aataaaccag

catccagtet

agcataggcet
tcctctcatg
gcgtacggeg
catcatccct
tcgtgraate
ccgcagtaag
taattgecgtt
atggtcatag
tgagcaaaag
cataggcrec
aacccgacag
cctgttcega
gcgctttete
ctgggctgtyg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagaq
tetgtttgca
tetEctacyy
cctaggacga
atactagttg
ggagaaagag
tragtctgac
taaaaatgaa
caatgcttaa
gcctgactcc
gctgcaacga
ccagccggaa

attaacrgte

acctggccat
cgttgggtcc
tggtaggtcc
ttagtgaggg
atggtcatag
ggctagatta
gcgetcactyg
ctgtttcectg
gccagcaaaa
gececcecctga
gactataaag
ccectgeceget
atagctcacg
Egcacgaacc
ccaacceggt
gagcgaggta
ctagaagaac
ctggtagetco
agecageagat
gygtetgacge
aaggaggtecg
tagtgcctaa
gtaatgaaat
accgcrtgcat
gttttaaatc
tcagtgaggce
ccgtcgtgta
taccgcgaga
gcgccgageg

gccgggaage

7440

7500

7580

7620

7680

7740

7800

7860

7220

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

B700

B760

8820

8geo

8940

S000

5080

2120

9180



tagagtaagt
cgtggtgtca
gcgagtraca
ggttgtcaga
ttcecttact
gtcattctga
taataccgeyg
gcgaaaactc
agacaactga
aaggcaaaat
cttecteter
atttgaatagt
<210> 8

<211>

<212>
<213>

DNA

<220>
<223>

agttcgccag
cgctegtegt
tgatccecca
agtaagttgg
gtcatgccat
gaatagtgta
ccacatagca
tcaaggatct
tcttcagcecat
gccgcaaaaa
caatagtatt

atttagaaaa

10823

ttaatagttt
ttggtatggc
tgrtgtgcaa
ccgcagtget
ccgtaagatg
tgcaggcgacc
gaactttaaa
taccgctgto
cttttacttt
agggaataag
gaagcattta

a

Artificial Seguence

construct expressing bFGP

<400> 8
taaacaaata

gccagggtet
gggcgegtcea
acagegtttt
aaaaataatc
ccgcacaggce
gggecttcac
ccccaatggg
ttatgaacaa
cgggttcectt
cagacggtaa
gcgatcagec

ctgatagcga

ggggrLccge

teccagtcac
gegggrgrkg
tcatgtacaa
aatgtcctca
atctagaggce
ccgaacttgg
gtcteggtgg
acgacccaac
ceggtattgt
aaagcaatgc
cattcaccgce

tcagccacgc

gcacatttecc
gacgttgtaa
gooo taggac
ctatactagr
gcggggtgre
tatggcagseg
ggggtagact
ggtatcgaca
accgtgegte
ctccttecge
gttgagaatc
ccagttctte

ccaggegace

gcggagcgtt
ctcattcagc
aaaagcggtt
atcactcatg
ctcttctgtg
gagttgctct
agtgctcate
gagatecagt
caccagocgtt
ggcgacacgg

tcagggttat

ccgaaaagtg
aacgacggce
gaaaggaggt
tgtagtgecct
ggggatttag
cctgecgeec
ggggaaaagg
gagtgccagce
ctattctgre
gtttcaatcg
cggtgcagca
agcaatgtca

gcagtcgata

i4

gttgccattg
tccggctccec
agctcecttog
gtctatggcag
actggtgagt
tgcceggegt
attgggaagce
tcgatgtaac
tctgggtgag
aaatgttgaa

tgcecteggga

ccacctgacg
agtagcagac
cgtgaaatgy
aaataatgot
gtgacactat
cgacgttgge
aagaaacgcg
cctgggacceg
tLerreacecge
attcaaaaga
atgccataca
cgggttgcca

aagccggaga

ctacaggcat
aacgatcaag
gtcctecgatc
cactgcataa
attcaaccaa
caatacggga
gttcttcggg
ccacacgagc
caaaaacagg
tactcatacg

gcgaatacat

cactgaggac
aageecgtca
ataaaaaaat
tttaaaactt
aggctgagceg
tgcgagccct
ggcgtattgg
aaccccgegt
cgtcatagceg
actcgtccag
gcaccagaaa
gtgcgatgtce

aacggccgtt

9240

2300

9360

9420

9480

8540

9600

2660

a720

9780

2840

9861

Synthetic ubiguitous and hypoxia inducible promoter gene switch

50

1290

180

240

300

g0

420

480

540

600

860

720

780



tteccaccata
tggcatacgt
gtccaggtca
gtgtttager
agcatcagcce
gcctggaace
agctgegeat
ttegtoeage
cagacggaac
cagacgttee
ggcaattggg
tgtcgaacag
gttcctcacc
gtatacggaa
gtcagccatg
ttaggggcgg
ctggggagcce
tacttctgece
cacgcecaggg
cgggaggttt
acagatgtaa
gcatctccat
gctocaggcea
atctgcecggg
tctceckecag
ggatgargge
tcaccagcete
tcctatggac
ggctgaagcet
ccaggggcag

gcttgtcgge

atgtttggeca
gctttcagge
Lcctgatcaa
tggtgatcga
atgatggaaa
tcgeccagea
ggaacgceag
gcgecggaca
acagotgeogt
acccaagcag
tgtctgagcg
gaggagcaga
ttgtcgtatt
tagctctgag
gggcggagaa
gactatgget
tggggackttt
tgctggggag
ttttcecagt
tataaatccg
tgaaaataaa
caggaaggtyg
cttcaggeea
ctecgtcegggg
cagctccacc
cctcaggcag
ggtcagcace
gtgcaggeeg
ggcgatcage
getgetgaag

ggcctggeag

gacaagcatc
gtgcgaacag
ccaggccagco
atgggcaagt
certreeoge
gcagccagtc
tagtagccag
gatcggtcectt
cggagcaacc
ccggagaace
atgtggctecg
gagcgaagcg
atactatgcec
gccgaggeag
tgggcggaac
gctgactaat
ccacacctgg
cetggggact
cacgacgttg
actgtctaga
gatatttrtatc
tcgatgggcea
atgctcctca
tgggtggtec
tcctgggege
cccagctcgg
ctgtcgaaga
grggccagea
agctcgttcc
tggggaatce

atgttggtca

gcegtgggece
ttctgeeggt
ttccatgcga
agcrgggtcce
cggtgccaga
gcggccagcec
ccaggacaga
aacaaacagc
gatagtctgt
agegtgcaga
gctggegacyg
ggaggctgcg
gatatactat
cttecggecte
tgggcggagt
tgagatgctt
ttgctgacta
ttccacaccc
taaaacgacg
tcgrtgttaa
tatcgattca
cgregecgat
ggcrgggcag
tggtgtacte
tctccaggcec
tcttgtecat
tagcgcccac
ggatgccgtc
atccggeccect
tcttggecccea

cggggtegte
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acaaccadggt
gccagaccct
gtgcgtgcac
agggtataca
tgagaggaca
tcggtcacaa
cgagctgete
accggacgac
tgagececcagt
ccgtettgte
caaaagaaga
ggctcaattt
gccgatgatt
tgcataaata
taggggeggy
gctrcgecata
attgagatgc
taacctcgag
gccagtgete
artcacacaaa
getgtogetyg
cagocctgaag
cctcagecage
ctccagggeg
cctcaccrceg
cctcatgtce
tccggcgetg
cctcacgteg
cagcaggatc
ctccaccagg

ggggeergetg

cctcgccatc
gatgttectce
gctcgatacg
gacggcgcat
gcagatcctg
catccagcac
catectrgeag
cttgagcgga
catagccaaa
caatcatggt
tgcggctgac
gcatgcttta
aattgtcaac
aaaaaaatta
atgggcggag
cttctgectg
trgcreegea
gcecategtgg
ttctcceceg
aaaccaacac
gggctctaca
aagaacaggt
agcttggcga
gcgtacacct
gggttgaaca
ctcatcttge
tgggcgetgt
atgcteetgt
acctggtegt
gtgaacagct

ccgctgeege

840

900

9€0

1020

1080

1140

1200

1260

1320

1380

1440

1500

15860

1820

1680

1730

1800

1880

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



cggrtccgece
ccagaatcct
cggtgaacat
cgtgggggat
cgtccagggce
ccaggcrcac
attgccecee
gcggacaartt
aaadggtgccet
cagcagcceeg
aaatcceggce
gcgttcaccg
geetgtteeg
aatgtccrte
cctgagegtc
gctegeegtg
agtaggcgag
graccgetey
ccacatttgt
aacataaaat
attaagcaat
tggtttgtece
gctcteccagg
c€aggaagggsg
cattcccagg
cctggegerg
ctggatctcce
ggcggtcage
grgcaggagyg

agcctggttg

ggdgccctee

gtccacgggce
ctgctcgaac
gaagccggygy
gtcggegtygg
gtcggtgggg
ccoeeacaeyg
tactagtcta
aaaaaacttc
ctactcacca
tgcgacggaa
ccecacggag
ctctetggaa
tgctgatact
cgggcggaag
aggagygygayg
accaatgggt
cacctgecgca
agaggtttta
aqaatgcaaat
agcatcacaa
aaactcatca
atggggaggssg
ggcagcttce
gtcctecaget
cecgcetcagcet
tccaccagcet
agggegtage
tcetegatea

ctggcgaaca

acgcecctggt
atctccatat
tcgaagtcgg
ccggggcetge
geccatggeca
ggggccacct
catgccgtct
acactgaaaa
acaaaacaca
agtgacgatc
ctagctatge
atccecrcege
agaaaaccag
ggggtictaa
gatcaggacg
cgceocgeggy
gogecatggg
caggcccgcg
ctrgertraa
gtrrtattaa
atttcacaaa
atgtatctta
gctgggtgtg
tgttcttcag
cgctoaggat
ggttcaggat
ggggetgetc
ggatgttgtc
ccteggecat

ggatgctgte

cgettttetyg
ggccogeocgta
ccatgtccag
cgccogteogec
cgtcctcgeo
tccerkkcte
aacaaaaaag
ttacatatcg
ckcgccaacc
acagcgatcce
cacacecgge
agaategeeg
tgceccoctagag
ggccgagtcet
ctcgekgegce
aggcgccaaa
ctcttccaaa
gctacaaact
aaaacctccc
ctrgrtrare
ttaagcatte
tcatgtctaa
gceLeatgteg
cttcaggctg
gctcaggate
gragarcere
caggcecgggce
caggaccatg

gccagecko

gctggeggceyg
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ctcecacggcg
ctcgtcgatg
ggcgeegtag
cagcatgtcce
gtccaggtgc
cttggggece
ccaaaaacqgg
acccaaatga
ccgagegcac
acaaacaaga
gegtccttat
agaagggact
tcacccaagt
tatgagcagc
ccttegbety
acccggcegcyg
aatttaggtyg
acgaacgate
acatctcecc
gcagctr_ata
tttrcactge
tcgattcaca
gccacgrcece
atacacatat
ttgcecgtaga
agggtgttca
ctgtcactga
ctgtacatac
ctgtagttgt

tcgtacctcec

agttcgacct
cccagggcegt
ggg9gcgetgt
aggtcgaagt
agctcgtege
atggtggcca
ccagaattta
ttacatttca
gtacccagcec
accgcgacce
ataatcatcg
actktttecctc
ccegtectaa
gggccgckgt
acgtggcagc
gaggcceteyg
acactatagg
attctagata
ctgaacctga
ntggr_tacaa
attctagttg
ggttggtggg
aaatctecte
tgctgttctg
tcacgetget
ggtagtacct
agatcaccac
atectgcagaa
ccectggtgta

tggccaccct

2700

27640

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

1660

3720

3780

1840

3900

3960

4020

4080

4140

4200

4260

4320

41380

4440



cagcatcatce
cttggecgaat
catcteggtyg
ccaggtctygg
ccagatcagc
cctgttggte
ggcctegggg
ggtgctcacyg
gecactggglc
cagetgecte
ctgcctcagg
ctrgttcacg
gtccatctte
cagcctctcc
ggtcttgggg
ctccttgetg
cagcagcttc
cacacaccag
cacgtggggg
ccacgtccgg
tgggggetec
grecggecet
ggcteegtea
ggcectgacy
ccgtcacgta
ctgacgtgeg
cacgtactcee
cgtgcggett
tactccgagt
cggcttecgtt

cegagtceeg

acctecgetgce
ccgggcaggce
atctgcctga
gtgatcecttt
ctggcgatca
accaacagct
gg9gggggget
ggcagetegt
tcgggcacca
tggecctegt
gtcaggggca
ttgeectgca
aggatcatgt
agcctgcetet
ctgtatctgce
cacttcagct
atggtggceca
ctaaggecacce
ctcegteacy
ceccrgacgtg
gtcacgtact
gacgtgagge
cgtactccga
tgcggcecttecg
ctccgagtec
gccocogtttg
gagtecccgca
cgtttgtcac
ceccgcacgca
tgtcacgtcyg

cacgcactca

tgcaagcctee
ccrtggcegaa
agggggrgte
tcaggtecte
ggaactgctg
tgtcgctcag
cgcactgcat
ccttctcctt
cgcactcggg
tgctgekeke
tgtcggtcte
cgaacaggcc
ccaggtccte
ccaccteggt
actcccagtt
Lcttcagect
aktgceocceco
cattatatac
tacteccgagt
cggcttcgtt
ccgagtcoccg
Lccgttigtc
gtcccgecacg
tttgtcacgr
cgcacgcacet
tcacgtcgeg
cgcactcagce
grcgeggacyg
ctcagecgteg
cggacgtgceg

gcgtcgctct

cagcagggtg
ctccacgatce
gctctecteg
gtcgetggge
gttggcggte
gaacctggge
gatggggggc
ctgggecctte
cctgatcoccg
ctegetgetg
cacgctggece
ggtcagcagg
cctggggaag
caggtgggcc
gttctrcagg
gcagatgtcg
ccccccceceg
cctotaggte
cecegeacgea
tgtcacgteg
cacgcactca
acgtcgecgga
cactcagcgt
cgcggacgtg
cagcgrcget
gacgtgcggg
gtcgctetgg
tgcgggaace
ctectggggec
ggaacceacy

ggggcecccac
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atccggtcag
agctgcacgg
cceeegrege
tgctcgtagce
agctggggga
acgaccregt
atgtggteat
ttctcettee
ggaaactcgg
ctggtggege
agcctgtegg
gccttgatgt
atcagcagga
ctggtcaggg
cacttggcge
caagcctgct
catgcacagg
ttegeggacg
ctcagecgteg
cggacgtgeg
gcgtbegetet
cgtgcgggaa
cgetetggygyg
cgggaaccca
ctggggecce
aacccacgtg
ggccccacgt
cacgtggggg
ccacgtecegg
tgagggctce

gtccggccecet

gctggctgat
tcaggatggt
cggectgeeg
cgtcctgata
tgttcttctg
gaatcctggce
cgacggtagt
tecrrecatgge
ggctcacggt
tgatcctgtg
tcacggecgtce
cttgcagget
acagctgctc
ggctcctcte
acttgagctt
cgatgctget
aagatgagct
tgcgggaacce
ctctgqggee
ggaacccacg
ggggccccac
ccecacgtggg
ccececacgtec
cgtgggggct
acgtccggcc
ggggctccgt
ccggeccctga
ctecegtcacg
ccctgacgtyg
gtcacgtact

gacgtgcggce

450¢C

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6080

6120

6180

6240

6300



ttcgtttgte
gtgtaaccat
tcgettaatct
tggtttettyg
aaacaaacta
tccataacge
tecgagegga
gageggagra
tagagggtat
caggggcgeyg
ttgctaatcc
acaggaaaaa
aaaaggaatt
atgtgacgcc
gcakcceegyg
catccgtgaa
aggaacggcec
ggaggcerggg
gccgggggac
cagggacaat
geggegcettt
gettoctteet
ctcacatcaa
gtgctaaccy
cggatgagtg
ggaaatacac
aaacaggacc
attgcgcaaa
cgatagcettg

gttgcoacte

acgtcctega
aacggtccta
aaggccggee
tgtgaatcca
gcaaaatagg
aggggtaccg
gractgtcct
ctgtectceg
ataatgggtg
ccacgegtoy
ctitttgtgtyg
ccttgctggg
gagagcegct
caggcccggc
cgcageegcee
ccccaggage
gagcggcage
gggcecggggce
ggcggctece
ggccgcceggyg
ccegeeegac
gcgcatccac
gctacaactt
ttacckbggcet
tttcecteet
cagttggtat
tgggcagaaa
gctttcocgega
atgggtggca

cagtgceccac

gtggtaatac
aggtagcgac
gccgeaataa
tagtactaac
ctgteecceag
ggtgatgacg
ccgageggag
agcggagtac
cctbagctgg
aagaaggtga
ctgatgttag
taccttcgtt
agogccacca
gggtgoecaga
tgggaagecyg
agagecgecg
agactggggg
cggggcegtyg
cgcgeoggcete
agcatcacca
cacttcaagg
cccgacggec
caagcagagg
atgaaggaag
gaacgattgg
gtggcactga
gctatacttt
taggcgagac
tcecectgtgac

cagcettgta

aatggceggt
cgcggagact
aatatcttta
atacgcetcte
tgcaagtcca
gtgaaaaccet
tactgtccte
tgtcotocga
tgtgtgacct
gtaatcttaa
gatgacattt
goccggacact
tggtgggtgt
ttagcggacg
ctctececeag
gatcgccgceg
acagaggcag
ccceggagey
cageggcteg
cgeckgecege
accccaageyg
gagttgacgg
agagaggagt
atggaagatt
aatctaataa
aacgaactgg
ttcttccaat
caatgggatgt
ccctcoccccag

ctaataaaatc
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tcccatggac
aggtgtatttc
ttktcattac
catcaaaaca
ggtgccagaa
ccaattgcgg
cgageggagt
geggagagte
catctteetg
catgctettt
acaacaaatg
tcttgtecece
ggggggtgga
cggtgccaga
geggegteec
caccagggge
aggcagageg
ggrcggaggc
gggctecaga
cLtgeecygag
gctgractge
ggtecgggag
tgtgtctate
actggcttct
ctacaatact
gcagtataaa
gcctgctaag
gtacgtageg
tgectetect

taagttacat

ctgcatcgtg
atctaagcga
atctgtgtgt
aaacgaaaca
cattoececta
agtactgtcc
actgtcerec
ccogggganre
tacgceoeoctg
L= o ot o ol i
tttgttectg
tactttyggaa
gatgtagaag
ggctgcaacg
agaaggcacc
agaagaacag
€tgeegggceyg
cggggecyggyg
cccggececy
gatggeggea
aaaaacgggg
aagtccgacc
aaaggagtgt
aaatgtgtta
tacagaagca
cttggcagca
agctgaatcg
gcegegtega
ggccctggaa

cattttgtet

6360

64240

£480

5540

6600

6660

6720

8780

5840

£900

£960

7020

708¢

714¢

7200

7260

7320

7380

7440

7500

75840

7620

TE80

7740

7800

7880

7920

7980

804Q

8100



gactaggtgt
gttgggaaga
gcacaatctt
ccteccecgagh
tggtagagac
atctacccac
cctgtecette
ctacctggee
tgcgttgggk
cgtggtaggt
ctttagtgag
tcatggtcat
agggctagat
ctgcgctecac
agctgctrce
aggccagcaa
ccgececeect
aggactataa
gaccctgecg
tcatagctca
tgtgcacgaa
gtccaacceg
cagagcgagyg
cactagaaga
agttggtage
caagcageag
ggggtctgac
cgggtgcgga
atgagattat
tcaatctaaa

gcacctatct

ccttctataa
caacctgtag
ggctcactge
tgttgggatt
gaggkttcac
cttggecctcc
tgattttaaa
atgcccaacc
ccactcagta
ccgaacgaat
ggttaattca
agecrgtreece
taactcgtct
tgccecgettt
tgtgtgaaat
aaggccagga
gacgagcate
agataccagg
cttaccggat
cgctgtaggt
cceceeegttce
gtaagacacg
tatgtaggcy
acagtatttg
tcttgatccg
attacgecgca
gctcagtgga
gaaagaggta
caaaaaggat
gtatatatga

cagcgatctyg

tattatgggg
ggcctgeggg
aatcteegee
ccaggcacge
catattggcc
caaattgctg
ataactatac
ggtgggacat
gatgcocctgtt
ccatggatta
cgcagtgggt
cgtgtgaaat
cgtgaatatc
ccagtcggga
tgttatccge
accgtaaaaa
acaaaaatcg
cgtttccece
acctgtcecge
atctcagttc
agcccgacceyg
acttatcgec
gtgctacaga
gtatctgege
gcaaacaaac
gaaaaaaagg
acgaaaactc
atgaaatggc
ctctcacctag
gtaaacttgg

tctatttoge

£99agggg99
gtctattggg
tcctgagtte
atgaccagge
aggctggtet
ggattacagg
cagcaggagg
ttgagttget
gaattctgat
ccctgttate
acggaactaa
tgttatcecge
cggaactecce
aacctatcge
taccggaaac
ggccgeogttg
acgctcaagt
tggaagctoc
ctttctecect
ggtgtaggtce
ctgegeetta
actggcagca
gttcttgaag
tctgctgaag
caccgctggt
atctcaagaa
acgttaaggg
atacgagtaa
atcctkbktraa
tctgacagtt

tcatccatag
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tggtatggag
aaccaagctg
aagcgattct
tcagctaatt
ccaactcocta
cgtgaaccac
acgtccagac
tgcttggcac
ttaaatcggt
cctactcaag
aggcagcaca
tacgtctete
tttagtgagg
gccagcttaa
gettecttca
ctggegtttt
cagaggtgge
ctegtacget
tcgggaageg
gkttcgctcca
tccggtaact
gccactggta
tggtggccta
CC&gt tacct
agegyg tgg £t
gatcctttga
atctrggeca
acttggtctg
attaaaaatg
accaatgctt

ttgcctgact

caaggggcaa
gagtgcagtg
cctgcctcayg
tttgttettt
atctcaggtg
tgctececctec
acagcatagg
tgtectctca
ccgcegtacgg
gacatcatce
catcgtgtaa
cceoegcagta
gttaattgcg
tcatggtcat
tgtgagcaaa
tccatagget
gaaacccgac
ctectgttee
tggcgettte
agctgggcetg
akbtcgtcttga
acaggattag
actacggeta
tcggaaaaag
ttttegtreg
tcttttctac
tgatctatgt
acaccgctge
aagttttaaa
aatcagtgag

cceegtegtg

8160

8220

B280

8340

B400

8520

8580

8640

8760

8820

B8BO

8940

9000

3060

9120

3180

2240

2300

9360

9420

2480

9540

95600

9660

9720

9780

9840

3900

$%60



tagatcaacta
gacccacgcet
cgcagaagtg
gctagagtaa
atcgtggrgt
aggcgagtta
atggttgtca
aattctetta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
cgctbecettt
atatctgaat
<21¢> 9

<211>

<212>
<213>

DNA

<220>
<2235

cgatacggga
caccggctce
gtcctgcaac
gtagtrcgec
cacgctegte
catgatcccc
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcage
atgccgcaaa
ttcaatagta

gcatttagaa

10538

expressing EPOD

<400> 9
taaacaaaca

gccagggttt
gggcgcgeca
acagcgttee
aaaaataatc
ccgcacaggce
gggccttcac
ccccaatgag
ttatgaacaa

cgggttcctt

ggggrrccge
tcccagtcac
gcgggtgrtg
tcatgtacaa
aatgtcctca
atctagaggc
ccgaacttgg
gtctcggrgg
acgacccaac

ceggtattgt

gggcttacca
agatttatca
tttatccgece
agttaatagt
gtcrggtatg
catgttgtgc
ggccgeagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
accttttace
aaagyggaata
ttgaagcatt

aaa

Artificial Sequence

gcacatttce
gacgttgtaa
gccctaggac
ctatactagt
gcggggtgcc
tatggcaggg
g9g99ggrggggr
ggtatcgaca
accgtgegte

ctcecttcegt

tctggcccca
gcaataaacc
tccatccagt
Ltgcggageg
gcttcatecca
aaaaaagcgg
ttatcactca
tgctttteorg
ccgagttgeu
aaagtgctca
ttgagatcca
trcaccagcg

agggcgacac

tatcagggtt

ccgaaaagtg
aacgacggcc
gaaaggaggt
tgtagtgcct
ggggattctag
ccrgeecgecec
ggggaaaagg
gagtgcecagce
ttattetgee

gtttcaatcg
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gtgctgcaat
agccagecgg
ctattaactg
ttgttgccat
gctocecggtec
ttagctectt
tggttatgge
tgactggtga
crtgecegge
tcattaggaa
gttcgatgta
ttretgggtyg
ggaaatgttg

attgtetegy

Synthetic ubiquitous and hypoxia inducible gene

ccacctgacy
agtagcagac
cgtgaaatgg
aaataatget
gtgacactat
cgacgttggc
aagaaacgcg
cctgggaccg
tttttattge

attcaaaaga

gataccgcga
aagcgccgag
ttgccgggaa
tgctacaggc
ccaacgatca
cggtccteceg
agcactgcat
gtattcaacc
gtcaatacygy
gcgttcttcg
acccacacga
agcaaaaaca
aatactcata

gagcgaatac

10020

10080

10149

10200

10260

10320

10380

10440

10500

105640

10620

10680

10740

10800

10823

awitch construct

tactgaggac
aagcecgtca
ataaaaaaat
tttaaaactt
aggctgageg
tacgagccct
ggcgtattagg
aaccccgegt
cgtcatagcg

actcgtccag

60

120

180

240

300

180

429

480

549

500



cagacggtaa
gcgatcagcce
ctgatagcga
ttccaccata
tggcatacgt
gtccaggtca
gtgtttaget
agcatcagcc
geetggaace
agctgegeat
ttecgttcagt
cagacggaac
cagacgttecc
ggcaattyggy
tgtcgaacag
gttecteace
gtatacggaa
gtcagccaty
ttaggggcgyg
ctggggagec
racttcetgec
cacgccagga
cgggaggtret
acagatgtaa
gcatctccat
gctccaggcea
atctgceggg
tctecckcag
ggatgatggc

tcaccagcte

aaagcaatgc
cattcaccge
tcagccacgce
atgtttggca
gctttcagge
tcctgatcaa
tggtgatcga
atgatggzaa
Lcgcccagcea
ggaacgccgg
gcgccggaca
acagctgcgt
acccaagcag
tgtctgagcg
gaggagcaga
ttgtcgtatt
tagctctgag
gggecggagaa
gactatggtt
tggggacttt
tgetggggag
ttttcccagt
tataaatccg
tgaaaataaa
caggaaggtg
cttcaggccg
ctcgtcggeg
cagctccacc
cctcaggcag

ggtcageace

gttgagaatc
ccagttcttc
ccaggcgacc
gacaagcatc
grgcgaacay
ccaggccagce
atgggcaagt
ccttttetge
gcagccagtc
tagtagccag
gatcggtctet
cggagcaacce
ccggagaacc
atgtggctcg
gagcgaagceg
atactatgcc
gccgaggcag
tgggcggaac
gctgactaat
ccacacctgg
cctggggact
cacgacgttg
actgtctaga
gatattttat
tcgatgggca
atgctecctca
tgggtggtcc
tcctgggcge
cccagctcgyg

ctgtcgaaga

cggtgcagea
agcaatgtca
gcagtcgata
gccgtgggte
ttcegeeggt
ttccatgcga
agctgggtce
cggtgecaga
gcggccagees
ccaggacaga
aacaaacagc
gatagtectgc
agcgtgcaga
gctggcgacg
ggaggctgcg
gatatactat
creLeggecece
tgggeggage
tgagatgctt
ttgctgacta
ttccacaccce
taaaacgacg
ttgttgttaa
tatcgattca
cgtcgeegat
ggctgggeag
tggrgtactc
ttttcaggec
tctbgteccat

tggcgeccac
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atgccataca
cgggtrgcca
aagccggaga
acaaccaggt
gccagaccce
gtgcgtygcgc
agggtatgca
tgagaggaca
teggrcacaa
cgagctgctt
accggacggce
tgagcccagt
ccgtettget
caasagaaga
ggctcaattt
gccgatgatt
tgcataaata
taggggegay
gctttgecata
attgagatge
taacctegag
gccagtgete
atcacacaaa
gctgtcegetg
cagcctgaag
cctcagcagce
ctccagggcg
ccteaccteg
cctcatgtcc

tccggegetyg

gcaccagaaa
gtgcgatgre
aacggcegtt
¢ctecgecatce
gatgttccte
gctcgatacg
gacggcgcat
gcagatcctg
catccageac
catcttgcag
cttgagcgga
catagccaaa
caatcatggt
tgcggcectgac
gcatgcttta
aattgtcaac
aaaaaaatta
atgggcggag
cttectgeetg
ttgctttgca
gecatcgtgg
ttctecceeeg
aaaccaacac
gggctctcca
aagaacsaggt
agcttggcga
gcgtacacct
gggttgaaca

ctcatctitge

tgggegerge

660

720

780

840

200

960
1020
1080
1140
1200
1280
1320
1380
1440
1500
1560
1820
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
23490

2400



tcctatggac
ggcrgaaget
ccaggggcag
gcttgtegac
cggttccocgec
ccagaatcct
cggtgaacat
cgtagggggt
cgtecaygge
ccaggetcac
attgcccece
gcggacaatt
aaaggtgecet
cagcagceccg
aaatcccgge
gcgticaccg
gcectgteoeceyg
aatgtcctte
ccrgagegte
getegecatyg
agtaggcgag
graccgcteg
ccacattrgt
aacataaaat
attaagcaat
tggttegtcc
gctctccagg
caggaagggg
cattcccagg
cctggegety

ctggatctee

gtgcagaccg
agcgatcage
gctgctgaag
ggcctggeag
ggggccctee
gtccacggge
ctgctcgaac
gaagccgggg
gtecggegrgg
gtcggtgggg
ccecceccecyg
tactagtcta
aaaaaacttc
ctactcacca
tgcgacggaa
ccecacggag
ctctectggaa
Lgctgatact
cgggcggaag
aggagggggg
accaatgggt
cacctgegea
agaggtttta
gaatgcaaat
agcatcacaa
aaactcatca
atggggaggyg
ggcagettee
gtcctcagcet
ccgetcaget

tccaccagct

gtggccagcea
agctcgttce
tggggaatcc
atgttggtca
acgeecctyggt
atctccatat
tcgaagtcgg
ceggggcetgt
gccatggeca
ggggcecacct
catgeegtet
acactgaa.aa
aCaaaacaca
agtgacgatc
ctagctgtge
atceccteege
agaaaaccag
ggggttctaa
gatcaggacg
cgeccgegdg
gegeearggg
caggcccgcg
cttgctttaa
gttttattaa
atttcacaaa
atgtatctta
gctggatgtyg
tgttcttcag
cgctcaggat
ggttcaggat

ggggctgeto

ggatgccgtce
atccggeccct
tcrtggcccea
cggggtcgtr
cgectteetg
ggccgcegta
ccatgtcecag
cgeecgtegec
cgtecectegea
tcctttrete
aacaaaaaaqg
ttacatattg
ctcgccaace
acagcgatcce
cacacccggce
agaatcgcceg
tgccctagag
ggccgagrcet
crtecgetgege
aggcgccaaa
ctcttceccaaa
gctacaaact
aaaacctccce
cttgtttate
ttaagcattt
tcatgtctaa
gctcatgtcg
cttcaggctg
gctcaggatc
gtagatcctce

caggeecgggce
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cctcacgtcg
cagcaggatc
ctccaccagg
ggggctgctyg
ctccacqggeg
ctcgtcgatg
ggcgecegtag
cagcatgtec
gtccaggtoc
crctggagece
ccaaaaaccy
acccaaatga
ccgagegeac
acaaacaaca
gegtecttat
agaagggact
tcacccaagt
tatgagcage
ccttegtety
acccggcgcey
aatttaggtyg
acgaacgatc
acatctcecce
gcagcttata
ttttcactac
tcgattcaca
gccacgtcce
atacacatat
ttgccgraga
agggtgttca

ctgtcgetga

atgctectgt
acctggtcgt
gtgaacagct
ccgetgcecac
agttcggect
cccagggegt
ggggcgcetgt
aggtcgaage
agectcgrege
atggtggcca
ccagaattta
ttacatttca
gtacccagece
accgcgaccc
ataatcatcg
acttrttccte
cccgtcctaa
gggcegetge
acgtggcagce
gaggcccteg
acactatagg
attctagata
ctgaaccrga
atggttacaa
artctagttyg
ggrtggtggg
aaatctcctce
tgctgttctyg
tcacgctgcet
ggtagtacct

agatcaccac

2480

2520

2580

2640

2700

2760

2820

2880

3060

31120

3180

3240

3200

3360

3420

3480

3540

3600

3660

3720

3780

3840

3500

3960

4020

4080

4140

4200

4260



gacggtcagc
gtgcaggagg
agcctggttg
cagcatcatc
cttggcgaat
catctegatg
ccaggtctgg
ccagatcagc
cectgttogte
ggcetegggg
ggtgctcacg
gcactgggtc
cagctgectce
ctgcctcagg
cctgttcacg
gtccatctte
cagcctctce
ggtcttgggy
ctecttgetg
cagcagcette
cacacaccag
cacgtggggag
ccacgtccgg
tgggggctec
gteccggcecect
ggctcegtca
ggccctgacg
ccgtcacgta
ctgacgtgeg

cacgtactee

agggcgtagt
tcctcgatea
ttggcgaaca
acctecgctge
ccgggcaggce
atctgcctga
gtgatccttt
ctggegatca
accagcagct
ggg9ag9g9ggct
ggcagcttgt
tcgggcacca
tggcccttgt
gtcaggggcea
ttgtcctgea
aggatcatgt
agectgetet
ctgtatctge
cacttcagcet
atggtggcca
ctaaggcacc
ctccgtcacyg
ccctgacgtg
gtcacgtact
gacgtgcgge
cgtactccga
tgcggectteg
ctcegagtec
gecttegtteg

gagtcccgcea

ggatgttgtc
cctcggccat
ggatgctgte
tgcaagectt
ccttggcgaa
agggggtgtc
tcaggtccte
ggaactgctg
tgtcgctcag
cgcactgcat
cectictectt
cgcactegag
tgctgetcte
tgteggretco
cgaacaggcc
ccaggtcctc
ccacectbcggt
acktcccagtt
tcttcagect
attqcecccee
cattatatac
tactccgagt
cggecttegtt
ccgagtceceg
ttecgrttgte
gtcececgoacg
tttgtcacgt
cgcacgcact
tcacgtcgcg

cgcactcagc

cagggecatg
gccagectte
gctgygcggceg
cagcagggcyg
ctccacgatce
gctetecteyg
gtcgetggge
gttggeggte
gaacctggge

gatgggggge

ctgggcocrtc
cctgatccceg
ctegetgetg
cacgctggec
ggtcagcagg
cctggggaag
caggtgggcee
grtetccagy
gcagatgtceg
ccooeeceeey
cctoctaggte
ccecgcacgca
tgrcacgtecg
cacgcactca
acgtcgcgga
cactcagcgt
cgcggacgtg
cagcgteget
gacgtgeggg

gtcgekctgg
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ctgtacatac
ctgtagrtgt
tcgtacctcce
atctggtcgg
agctgeacgg
ttctcgtegt
tgectegtage
agcrggggga
acgacctege
atgtggtcat
ttctecttce
ggaaactcgg
ctggtggege
agecctgtcgg
gcecttgatgt
atcagcagga
ctggtcaggqg
cacttggcge
caagcetget
catgcacagq
ttcgcagacg
ctcagegtceg
€ggacgtgcg
gcgtogetct
cgtgcgggaa
cgctetgggyg
cgggaaccca
ctgygggccec
aacccacgtg

ggceccacot

atctgcagaa
ccctggtgta
tggccaccct
gctggctgat
tcaggatggt
cggcctgctg
cgteetgata
tgttcttctyg
gaatcetgge
cgacggtggt
ttttcatgge
ggctcacggt
tgatcctgtg
tcacggcgtc
cttgcagget
acagctgcecte
qgctectctt
acttgggett
cgatgctgct
aagatgaget
tgcgggaacc
ctctgggygcc
ggaacccacg
ggggccceccac
cccacgtgag
ccccacgtcc
cgtgggggcet
acgtccggcec

ggggctccegt

ccggcectga

4320

4380

4440

4500

4580

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

S4&a0

5520

5580

5640

5700

5760

5820

5880

5540

6000

6060



cgtgcggett
tactcegagt
cggcttcgtt
ccgagteccyg
ttcgbetgte
gtgtaactat
Legettaatt
tggttttttg
aaacaaacta
tecataatge
tccgagegga
gagcggagta
tagagggtat
caggggcgceyg
ttgctaatcc
acaggaaaaa
aaaaggaatt
ggcttctecct
gcctcatctg
atatcacgac
ccaaagttaa
ggcagggcect
gcagccagcc
gcctcaceac
cggccagegce
tctactccaa
gggacagatg
tagcggecge
ctectggecc

tgcatcattt

tggagcaagg

cgtttgtcac
cccgeacgca
tgtcacgtcg
cacgcactca
acgtectega
aacgghkccta
aaggcoggec
tgtgaatcca
gcaaaatagg
aggggtaceg
gtactgtcct
ctgtcctceg
ataatgggtg
ccacgcgreg
cttttgtgtg
ccttgetggg
gagagccget
gtccctgetyg
tgacagecga
gggctgtgek
tttctatgee
ggcectgetyg
gtgggagecce
tctgettegg
cgctccacte
cccectecgg
aatcgattgc
gtcgacgata
tggaagttgce
tgtctgackta

ggcaagttgg

gtcgeggacg
ctcagcgtcg
cggacgtgcg
gcgtcgcetct
gtggtaatac
aggtagcgac
gccgcaataa
tagtactaac
ctgtccceocag
ggtgargacg
c€cgagcggag
agcggagtac
ccttagetygy
aagaaggkga
ctgatgtrtag
taccttegtt
agegccacca
tcgcteoecete
gtccktggaga
gaacactgct
tggaagcgga
tcggaagctg
ctgcaactgc
gctctgcgag
Cgaacaatca
ggaaagctga
gcaaagcttt
gcttgatggg
cactccagtyg
ggtgtcctktc

gaagacaacc

tgcgggaacc

ctctggggece
ggaacccacyg
ggggccccac
aatgageccggt
cgcggagact
aatatcttta
atacgertete
tgcaagtcca
gtgaaaacct
tactgtecte
tgtcctecga
tatgtgacct
gtaatcttas
gatgacattt
gccggacact
tgggggtgcea
tgggcctccee
gatacctgtt
ccktgaatga
tggaggtcgg
tectgegggyg
atgtggatasa
cccagaagga
ctgctgacac
agectgtacac
cgcgataggc
tggcatcccet
cccaccagcee
tataatatta

tgtagggeetr
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cacgrggggg

ccacgtcecgy
tgagggctee
gtecggcccet
teccatggac
agatgtattt
ttttcattac
catcaaaaca
ggtgccagaa
ccaattgcgag
cgagcggagt
gcggagagtc
catcttcctg
catgctbctte
acaacaaatg
tcttgteccte
tgaatgtect
agteectggge
ggaggccaag
gaatatcact
gcagcaggcec
ccaggecctg
agcocgtcagt
agccatctce
tttcocgecaaa
aggggagget
gagaccaatg
gtgacccctce
trgtcctaat
tggggtggag

acggggtcta

ctcegtcacy
ccotgacgtyg
gtcacgtact
gacgtgcggce
ctgcategtg
atctaagcga
atctgtgtgt
aaacgaaaca
catttctcta
agtactgtcc
actgtecctce
cccggggace
tacgcccoty
Lo g of o nd] o] ) =
tttgttecky
tactttggaa
gecetggetgt
gctecaccac
gaagccgaga
gtcccagaca
gtagaagtct
tkggtcaaca
ggcctteogca
cctocagaty
ctgttccocgag
tacaggacag
ggtgtgtacg
cccagtgeet
aaaattaagt
gggggtggta

ttgggaacca

5120

6180

6240

£300

6360

6420

6480

6540

6600

6660

6720

6780

6840

5900

2960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920



agctggagtg
attctecctge
taatttttgt
fcctaaccee
accacctgcte
cagacacagc
ggcactgece
tcggtcegeg
tcaaggacat
gcacacatcg
ctctececcg
tgagggtraa
cttaatcatg
cttcatgtga
gttttcecat
gtggcgaaac
gcgetctect
aagcgtgacg
ctecaagceckg
taactatcgt
tggtaacagg
gcctaactac
taccttegga
tggtttttte
tttgatcttt
ggtcatgatc
gtctgacacc
aaatgaagtt
tgcttaatca

tgactccceyg

cagtggcaca
ctcagecrece
ttttttggta
aggtgatcta
cctteccectge
ataggctacc
tctcatgegt
tacggegtgyg
cateccettta
tgtaatcatg
cagtaagagc
ttgecgttgeg
gtcatagctg
gcaaaaggcc
aggctccgee
ccgacaggac
gttccgacce
crttctcecata
ggctgtgtge
cttgagtcea
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
tatgtcgggt
gctgcatgag
ttaaatcaat
gtgaggcacc

tegtgtagat

atcttggctc
cgagttgttg
gagacggggt
cccaccttgg
ccretetgatct
tggccatgcc
tgggtccact
taggtccgaa
gtgagggtta
gtcatagctg
tagattaact
ctcactgccc
tttcctgtat
agcaaaaggc
cccectgacga
tataaagata
tgecgettac
gctcacgctg
acgaaccccce
acccggtaag
cgaggtatgt
gaagaacagt
gtagctcttg
agcagattac
ctgacgctcea
gcggagaaag
attatcaaaa
ctaaagtata
tatctcagcg

aactacgata

actgecaatct
ggattccagg
ttcaccatat
cctcccaaat
ttaaaataac
caaccgatgg
cagtagatgc
cgaatccatyg
attcacgcag
tttcctgtgt
cgtctecgtga
gctttecage
gaaattgtta
caggaaccgt
gcatcacaaa
ccaggcgtet
cggataccrtg
taggtacctc
cgttcagccc
acacqgactta
aggcgygtget
atttggtate
atccggcaaa
gcgcagaaaa
gtggaacgaa
aggtaatgaa
aggatcttca
tatgagtaaa

atctgtctat

€gggagggcet

ccgectecty
catgcatgac
tggccaggcet
tgctgggatt
tataccagca
gacatttgag
ctgttgaatt
gattaccctg
tgggtacgga
gaaattgtta
atatccggaa
cgggaaacct
tcecgetacceg
aaaaaggccg
aatcgacgct
cecccetggaa
tcegeetete
agtteggtgt
gaccgetgeg
tegecactgq
acagagttct
tgecgetetge
caaaccaccg
aaaggatcte
aactcacgtt
atggcatacg
cctagatccet
cttggtctga
ttcgtecatc

taccatctgg

ggttcaagcg
caggctcagce
ggtctccaac
acaggcgcga
ggaggacgtc
crgccracet
ctgattcaaa
ttatccctac
actaaaggca
tcegctacgt
ctcectttag
gtcataccag
gaaacgctte
cgttgctgge
caagtcagag
gctccctcgt
tcocettceggg
aggtcgttcg
cettakbccgg
cagcagccsac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatce
aagggatttt
agtaaacttg
tttaaattaa
cagttaccaa
catagttgcc

ccccagkget

7380

8040

8100

8160

8220

8289

8340

8400

8460

8520

8580

8840

8700

8760

8820

8880

8940

9000

5060

9120

2180

9240

2300

9360

9420

9480

9540

9600

5660

9720



gcaatgatac
gccggaageg
aactgttgce
gccattgcta
ggttcccaac
tccticggte
atggcageac
ggtgagtatt
cegygegteaa
gggaagegtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcgggagceg
<210>
<211>

<212>
<213>

10

DNA

<2205
€223>

cgcgagacce
cecgagegeag
gggaagctag
caggcatcgt
gatcaaggcg
ctccgatggt
tgcataatte
caaccaagtc
tacgggataa
crLcggggey
cacgagcacc
aaacaggaag
tcatacgett

aatacatatt

10361

expressing BNP

<400> 10
taaacaaata

gecagggttt
aggcgegtca
acagcgtrtt
aaaaataatc
ccgeacaggce
gggcecttcac
ccccaatggg
ctatgaacaa
cgggttcctt

cagacggtaa

ggggrteege
Lcccagtcac
gcgggtgttg
tcatgtacaa
aatgtcctca
atctagaggc
ccgaactegg
gtcteggtgg
acgacccaac
ccggtategt

aaagcaatge

acgctcaccg
aagrggtcct
agtaagtagt
ggtgtcacgc
agttacatga
tgtcagaagt
tcetactgto
attctgagaa
taccgcgccoa
aaaactctca
caactgatcet
gcaaaatgcc
cctitttcaa

tgaatgtatt

Artificial Sequence

gecacatttoo
gacgttgtaa
gccctaggac
ctatactagc
gcggggtgte
ratggcaggg
ggggtggagr
ggtatcgaca
accgtgcgtt
ctecttbocgt

gtigagaatc

gctccagatt
gcaactcrat
tcgccagrta
tcgtegtttg
tcccecatgt
aagttggccg
atgceatceg
tagtgtatgc
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tagtatcgaa

tagaaaaa

cegaaaagry
aacgacggcoc
gaaaggaggt
tgtagtgecct
ggggatttag
cctgecgece
ggggaaaagg
gagtgccagc
ttatrtctgte
gtttcaatcg

cggtgcagcea
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tatcagcaat
ccgeetecat
atagtctgcg
gtatggcettce
tgtgcaaaaa
cagtgttate
taagatgctt
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc

gcatttatca

Synthetic ubigquitous and hypoxia inducible gene

ceACQtgany
agtagcagac
cgtgaaatgg
aaataatgcet
gtgacactat
cgacgttggce
aagaaacgceyg
cctgggacceg
trtttattge
attcaaaaga

argccataca

aaaccagceca
ccagtctatt
gagcegttgtt
attcagcccco
agcggrtage
actcatggtt
trtctgtgact
ttgctecttge
gcteatecatt
atccagtteg
cagegtttet
gacacggaas

gggttatktgt

9780

9840

3900

3980

10020

104080

10120

10200

10260

10329

10380

10440

10500

10538

switch construct

ractgaggac
aagccogtca
ataaaaaaat
tttaaaactt
aggctgagcg
tgcgageccect
ggcgtattgg
aaccccgogt
¢gtcatagceg
actcgtocag

gcaccagaaa

&0

120

180

249

300

360

420

489

540

600

660



gcgatcagee
ctgatagecga
ttcecaccata
cggcatacgt
gtccaggtca
gtbgtttaget
agcatcagec
gectggaace
agetgoqgeoat
cttcgtbteagt
cagacggaac
cagacgttce
ggcaatibyggg
tgtcgaacag
gttectcace
gtatacggaa
gtcagccatg
ttaggggcygs
ctggggagce
tacttctger
cacgccecaggg
cgggaggeet
acagatgtaa
gcatctecat
gctccaggcea
atctgccggg
tetecckcag
ggatgatygce
tcaccagctc
ccctatggac

ggctgaagcet

cattcaccqe
tcagccacqc
atgtttggca
gctotcagge
rectgatcaa
tggtgatcga
atgatggaaa
tecgoceocagca
ggaacgccegg
gcgeeggaca
acagctgegt
acgcaageag
tgtctgagceg
gaggagcaga
ttgtegtatt
tagctctgag
gg99cggagaa
gactatggtt
tggggacttt
tgctggggag
ttttceccagt
tataaateccg
tgaaaataaa
caggaaggtg
cttcaggecyg
ctecgtegggg
cagctccacc
cctcaggcag
ggtcagcacc
gtgcaggccg

ggcgatcagce

cragttectte
ceaggegace
gacaagcatc
gtgcgaacag
ccaggecage
atgggcaagt
cortttetyc
gcageccagte
tagtagceag
gatcggtcett
cggagcaacc
ccggagaace
atgtggctcy
gagcgaageg
atactatgeeo
gccgaggcag
rgggeggaac
gctgactaat
ccacacctag
cectbyggggacet
cacgacgttg
actgtctaga
gatattttat
tcgatgggea
atgetectcea
tgggtggtec
tcctgggege
cccagectegg
ctgtcgaaga
grggccagea

ageregttee

agcaatgtca
gcagtcgata
gccgtgggte
ttetgecggt
ttccatgcga
agectgggtcele
cggtgcecaga
gcggccages
ccaggacaga
aacaaacagc
gatagtctgt
agcgtgecaga
getggcgacy
ggaggctygcy
gatatactat
cttcggecte
tgggeggagt
tgagatgctt
ttactgacta
Cteccacacco
taaaacdgacg
ttgttgttaa
tatcgattca
cgtcgecgat
ggctgggeag
tggtgtacte
ttttcaggce
tetegtoeat
tggcgcccac
ggatgcegec

atccggcect
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cgggttgcca
aagccggaga
acaaccaggt
gecagacect
gtgcgtgege
agggtatgca
tgagaggaca
teggtoacaa
cgagcetgete
accggacgge
tgagcccagt
cocgtettgtt
caaaagaaga
ggectcaattte
gecgatgatt
tgcataaata
taggggeggag
gctttgecata
attgagatgc
taacctogag
gccagtgctc
atcacacaaa
qetgtegetg
cagcctgaag
cctecageage
ctcecagggeyg
cctoaccteg
ccteatgtec
tccggegetg
cectecacgteg

cagcaggatc

gtgcgatgtc
aacggcogtt
cectegccatc
gatgttcocte
gecrocgatacg
gacggcgcat
gcagatectg
catccagcac
catcttgcag
cttgagegga
catagccaaa
caatcatggt
tgeggekgac
gcatgecttta
aattgtecaac
aaaaaaatta
atgggcggag
cttctgectg
ttgctttgca
gccateogtgg
ttecteoececoy
aaaccaacac
gggctctcca
aagaacaqgt
agcttggcga
gcgtacacct
gggttgaaca
ctecatcttge
tgggcgctgt
atgcrecetgt

acctggtegt

720

780

840

200

S60

1020

1080

1140

1200

1260

1320

13890

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

22290

2280

2340

2400

2460

2520



ccaggggceag
gctetgtegge
cggttecgec
ccagaatccet
cggtgaacat
cgtggggagt
cgtccaggge
ccaggctcac
attgcececece
acggacaatt
aaaggtgcct
cagcagceccg
aaatccecggce
gcgttcaccg
gccrgttecg
aatgtcctrce
cctgagcgtc
gctegeeogeg
agtaggcgag
gcaccgeteg
ccacatttgt
aacataaaatc
attaagcaat
tggtttgtec
gectctecagg
caggaagggayg
cattcccagg
cctggegetyg
ctggatctce

ggcggteage

gctgctgaag
ggcctggcayg
ggggccctec
gtccacggge
ctgctcgaac
gaagccgggg
gtcggegtgg
gtcggtgggg
ceccececececcyg
tactagtcta
aaaaaacttc
ctactcacca
tgcgacggaa
ccccacggag
ctctctggaa
tgctgatact
cgggcggaag
aggaggggags
accaatgagt
cacetgegea
agaggtttta
gaatgcaaat
agcatcacaa
aaactcatca
atggggggag
ggcagcttec
gtcctcagct
ccgctcagct
tccaccaget

agggcgtagt

tggggaatcc

atgttggtca
acgccctggt
atctccatat
tcgaagtcgg
ccggggcetge
gccatggcca
ggggccacct
catgccgtet
acactgaaaa
acaaaacaca
agtgacgatc
ctagectgtgc
atccecteege
agaaaaccag
ggggttctaa
gatcaggacg
cgcccgeggg
gcgecatggg
caggroogeg
cttgctLtaa
gttttattaa
atttcacaaa
atgtatctta
gctgggtgtyg
rgtrcrtrecag
cgctcaggat
ggttcaggat
ggggctgcte

ggatgttgtc

tcttggccca
cggggtcgtt
cgcttttctg
ggcecgeegta
ccatgtccag
cgcegtegee
cgtecteogee
Ceeottotert
aaceaaaaag
ttacatattg
ctcgccaace
acagcgatcce
cacacccgge
agaatcgcecg
tgccctagag
ggccgagtcet
ctegectgege
aggcgccaaa
ctcttccaaa
gctacaaact
aaaaccrecece
ctrgttcatt
ttaagcattt
tcatgtctaa
gctcatgtcg
crttaggetg
gcrcaggate
gtagatccte
caggcegggce

cagggccatg
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ctccaccagg
ggggctgctyg
ctccacggcg
ctcgtcgatg
ggcgeegtag
cagcatgtcc
gtcoccaggtgac
crrggagece
ccaaaaacygg
acccaaatga
ccgagcgcac
acaaacaaga
gcgtccttat
agaagggact
tcacccaagt
tatgagecagce
ccttcgtctg
accecggegeg
aatttaggtg
acgaacgatc
acatetcece
gcagcttata
ttLocactge
tcgattcaca
gccacgtecc
atacacatat
ttgccgtaga
agggtgttca
ctgtcgectga

ctgtacatac

gtgaacagcet
ccgectgeege
agttcggcct
cccagggegt
ggggcgetgt
aggtcgaagt
agctegtege
atggtggcca
ccagaattra
ttacatttca
gtacccagec
accgcgacce
ataatcatcg
acttttcctc
cecgtectaa
gggccgctgt
acgtggcagc
gaggccecteg
acactatagg
attetagata
ctgaacctga
atggttacaa
attctagttg
ggttggtggg
aaatctcctc
tgcrgrreey
tcacgctger
ggtagtacct
agatcaccac

atctgcagaa

2580

2640

2700

276G

2820

2880

2940

3000

20860

3120

3180

3240

3300

1380

3420

3480

31540

3600

3860

3720

3780

3gao

3800

3960

4020

4080

4140

4200

4260

4320



gtgcaggagg
agcectggttig
cagcatcate
cttggcgaat
catctcggrg
ccaggtctgg
¢ccagatcagc
cergrtggte
ggcctegggy
ggtgctecacyg
gractgggtc
cagctgecte
ctgcctcagg
cttgttcacg
gtccatcttc
cagcctetce
ggtertgggy
cteettgctg
cagcagctte
cacacaccag
cacgtggggayg
ccacgteegg
tgggggctcce
gtceggecect
ggcteccgtca
ggccctgacy
ccgtcacgta
ctgacgtgcg
cacgtactcc
cgtgegactt

tactccgagt

tcctcgatca
ttggcgaaca
acctcgetge
ccgggcagge
atctgcctga
gtgatccttt
ctggcgatca
accagcagct
99999999ct
ggcagctogt
tcgggcacca
tggcecctegt
gtcaggggca
tEgtcctgca
aggatcatgt
agcctgetcet
ctgtatctge
cacttcaget
atggtggcca
ctaaggcacc
ctecogteacg
ccctgacgtg
gtcacgtact
gacgtgcggc
cgtactccga
rgcggetteg
ctcecgagtce
gcttcgtttg
gagtcccgea
cgtrtgtcac

ccegeacgea

cctcggecat
ggatgcrgtc
tgcaagcctt
ccttggcgaa
agggggtgtc
tcaggktcctc
ggaactgetg
tgtcgctcag
cgractgcat
ccttctectt
cgcactcggg
tgctgcreece
tgteggrete
cgaacaggce
ccaggtectc
ccacctcggt
actcccagtt
tcttcagect
attgccceec
cattatatac
tactccgagt
cggettegtt
cecgagteccg
ttcgtttgec
greccgcacg
tttgtcacgt
cgcacgcact
tcacgtcgcg
cgcactcage
gtcgcggacg

ctcagcgtcg

gccagcctte
gctggcggey
cagcagggtyg
ctccacgatce
gctetecctcg
gtcgetggge
gttggcggrce
gaacctggac
gatggggggce
ctgggectte
cctgatcccg
ctecgctgctg
cacgctagce
ggtcagcagg
cctggggaag
caggtgggcce
attcttcagg
gcagatatcg
cccececceeyg
cctectaggre
cccocgecacgca
tgtcacgtcg
cacgcactca
acgtcgcgga
cactcagcgt
cgcggacgtg
cagcgrcgcet
gacgtgeggg
gtcgeretgy
tgcgggaace

ctctggggec

29

ctgtagtegt
tcgtacctee
atctggtcgg
agctgcacgg
ttctegtegt
tgctegtage
agctggggga
acgacctegt
atgtggtcact
ttetecttec
ggaaactcyg
ctggtggege
agecctgtegy
gccttgatgt
atcagcagga
ctggtcaggg
cactktggcgce
caagcctgct
catgcacagg
ttecgeggaca
creagecgteyg
cggacgtgcg
gcgteogeect
cgtgcgggaa
cgcretgggg
cgggaaccca
ctggggcccce
aacccacgtg
ggcceccacgt
cacgtggggqg

ccacgtecegyg

ccetgatgta
Cggccacecct
gctggctgat
tcaggatggt
cagcctgctg
cgtcctgata
tgttcttctg
gaaécctggc
cgacggtggt
trttcatggc
ggctcacygt
tgatcctgtg
tcacggcgte
cttgcaggct
acagctgete
ggctcctctt
acttgggctt
cgatgctgct
aagatgagct
tgcgggaacc
ctctggggce
ggaacccacg
ggggccccac
cccacgtgayg
cceceacgtec
cgtggggget
acgtceggcec
ggggctccegt
ccggccctga
ctccgtcacyg

ccctgacgtg

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180



cagctteget
ccgagtecceq
ttegtttgte
gtgtaactat
tcgecttaatt
tggttttttg
aaacaaacta
tccataatqgc
tcecgagegga
gagcggagta
tagagggtat
€aggggcgceg
ttgcraatcce
acaggaaaaa
aaaaggaatt
tectgetect
gcceccggtee
agggcaaact
cecegtbeccac
geaaaatgqt
gctgectttgg
tgagaaggca
acgtagcggc
cctectcetgg
agttgcatca
gtatggagca
ccaagctgga
gcgattctcee
agctaatett

aactcctaat

tgtcacgtcg
cacgcactca
acgtcctcga
aacggtccta
aaggccggcce
tgtgaatcca
gcaaaatagg
aggggtaccyg
gtactgtcet
ctgtcctcceg
ataatgggtg
ccacgegteg
ctrttgtgtg
ccttgectggg
gagagccgcet
getgttettg
agcertcggac
gtcggagceeyg
aggtgtctgg
cotctacace
gaggaagatyg
ctaaatcgat
cgcgtcgacg
ccctggaagt
ttttgtctga
aggggcaagt
gtgcagtggc
tgcctcagee
tgttteteeg

ctcaggtgat

cggacgtgcg
gcgtegeect
gtggtaatac
aggtagcgac
gccgeaataa
tagtactaac
ctgtccccag
ggtgatgacg
ccgageggag
agcggagtac
ccttagectgg
aagaaggtga
ctgatgttag
taccttcgtt
agcgccacca
catctggett
ttggaaacgt
caagtggagc
aagtccagag
ctgcgggcac
gaccggatca
tgcgcaaagc
atagcttgat
tgccactcca
ctaggtgtce
tgggaagaca
acaatcttgg
tcecgagttg
gtagagacgg

ctacccecacct

ggaacccacg
ggggccccac
aatggccggt
cgcggagact
datatcttea
atacgctctc
tgcaagtcca
gtgaaaacct
tactgtecte
tgtocteocga
tgtgtgacct
gtaatcttaa
gatgacattt
gcecggacact
tggaccccca
tcctgggagg
ccgggttaca
agacaccccc
aggtagcecac
cacgaageee
gctceccageag
tctcgcgata
gggtggcatce
gtgcccacca
ttctataata
acctgtaggg
ctcactgcaa
ttgggattce
ggtttcacca

tggcctecca

30

tgagggctec
gtceggecect
tcccatggac
aggtgratte
cttccactac
catcaaaaca
ggtgccagaa
ccaattgcag
cgagcggagt
gcggagagtce
catcttcctg
catgctettt
acaacaaatg
tcttgtecte
gacagcacct
tcgttceccac
ggagcagcge
ggagccccte
cgagggcate
caagatggtqg
€ggcctggyc
ggcgagacca
cctgtgacec
gccttgtect
trtacggggtyg
cctgeggggt
tctcegecte
aggcatgcat
tattggccag

aattgctyggg

gtcacgtact
gacgtgcggc
ctgcatcatg
atctaagcga
atctgtgtgt
aaacgaaaca
catttetcta
agtactgrcc
actgtccrec
ccecggggacc
tacgeccctyg
LCttetteett
tttgttectyg
tactttggaa
agcagagcec
ccgetgggca
aaccatttgce
cagagagagcc
cgtgggcacc
caagqggtetyg
tgcaaagtgce
atggargtgt
ctccccagtg
aataaaatta
9ag9g9g9gggtg
ctattaggaa
ctgggttcaa
gaccaggcte
gctggtctee

attacaggcg

52490

5300

&350

6420

§480

6540

6600

6660

6720

£780

6840

£900

§9860

7020

7080

7140

7200

71260

7320

7380

7440

7500

75580

7620

7680

7740

7800

7860

7820

7980



tgaaccactg
gtccagacac
cttggcactyg
aaatcggtcece
tactcaagga
gcagcacaca
cgtctetcer
tagtgaggge
cagcttaatce
ttcectteatyg
ggcgttttte
gaggtggcga
cgtgecgetcet
gggaagcgtg
tcgetccaag
cggtaacrat
cactggtaac
gtggectaac
agttaccttc
cggtggtttt
rcctttgate
tttggtcatg
ttggtctgac
taaaaatgaa
caatgcttaa
gcetgactece
gctgcaatga
ccagcecggaa
attaactgte
gttgccatty

teeggttooe

ctececttecc
agcataggct
tcectcteoatyg
gegracggeg
catcatcect
tcgtgtaatc
ceogragtaag
taattgcgtt
atggtcatag
tgagcaaaag
cataggctcc
aacccgacag
ccrgroeecga
gcgetttete
ctgggergty
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtLtgca
ttttctacag
atctatgtcg
accgeoctgeat
gttttaaatc
tcagtgaggc
ccgtegtgta
taccgcgaga
gcgccgagey
gccgggaagce
ctacaggcat

aacgatcaag

tgtccttctyg
acctggecat
cgttgggtec
tggtaggtcc
ttagtgaggg
atggtcatag
ggctagatta
gcgetcactg
ctgtttcectg
gccagcaaaa
gcccocockga
gactataaag
ccctgecget
atagctcacg
tgcacgaacc
ccaacceggt
gagegaggta
ctagaagaac
ttggtagctc
agcagcagat
ggtctgacge
ggtgcggaga
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgetea
cagaagtggr
tagagtaagt
cgtggtgtca

gcgagttaca

attrtaaaat
gcccaaccgg
actcagtaga
gaacgaatcc
ttaattcacg
ctgtttcctg
actcgtetcg
ccecgetttee
tgtgaaattg
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccccgttecag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccgge
tacgcgcaga
tcagtggaac
aagaggtaat
aaaaggatct
atatatgagt
gcgatctgtc
atacgggagsg
ceggcotecag
cctgcaactt
agttcgccag
cgctecgregt

tgatccccea

31

aactatacca
tgggacattt
tgcergttga
atggattacc
cagtgggtac
tgtgaaattyg
tgaatatccg
agtcgggaaa
ctatcocgcta
cgtaaaaaqgg
aaaaatcgac
tctcecceceg
ctgtccgect
ctcagttcgg
cccgaccgcet
ttatcgcecac
gcracagagt
atctgegetce
aaacaaacca
aaaaaaggat
gaaaactcac
gaaatggcat
tcacctagat
aaacttggtce
tatttcgttc
gcttaccatc
atttatcagce
tcaccegecte
tktaatagttt

tcggtatgge

tgttgtgcaa

gcaggaggac
gagttgcttg
attetgatet
ctgttatece
ggaactaaag
ttatccgeta
gaactcecectt
cckgbegtge
ccgygaaacge
ccgecgttget
gctcaagtca
gaagcteccet
tcctecckte
tgtaggtcgt
gecgecttate
tggcagcagc
tcttgaagtg
tgectgaagec
cogetggtag
ctcaagaaga
gttaagggat
acgagtaaac
ccttttaaat
tgacagttac
atccatagtt
tggcccceagt
aataaaccag
catccagtet
gcggagegtt
ttcattcage

aaaagcggtt

8040

8100

Bl60

8220

8280

8240

8400

8460

B520

8580

8640

8700

B760

BB20

8880

8940

$300

93860

9420

9480

9540

9600

9660

9720

9780

9B4 0



agctcectteg
gttatggcag
actggtgagt
tgceceggegt
attgggaagc
tcgatgraac
tctgogtgay
aaatcttyaa
tgtcteggga
<210>
<211>

<212>
<213>

11

DRA

<220>
<223>

gtcctocecgat
cactgcataa
attcaaccaa
caatacggga
gtteroceggg
ccacacgagc
caaaaacagg
tactcatacg

gcgaatacat

11545

expressing tPA

<400> 11
taaacaaata

gccagggottt
gggegegtea
acagcgtttt
aaaaataatc
cegeacagge
gggccrtecac
cceccaatyggyg
ttatgaacaa
cgggttecte
cagacggtaa
gcgatcagcec
ctgatagcga
ttccaccata
tggcatacgt

gteccaggtca

ggggttccge
tececagtcac
gcgggtgreg
tcatgtacaa
aatgtcctca
atctagagge
ccgaacttgg
gtctecggtgg
acgacccaac
ccggtattgte
aaagcaatge
cattcaccdc
tcageccacgce
atgtteggca
gettbcagge

tcetgatcaa

ggttgtcaga
ttctecttact
gtcattcrtga
caataccgeg
gcgaaaactc
acccaaccga
aaggcaaaaft
ckttecttent

atttgaatgt

Axtificial Segquence

gcacatttcc
gacgttgtaa
gecctaggac
ctatactagt
gcggggegec
Larggcaggy
gdgggtggagt
ggtatcgaca
accgtgegtt
ctcctiEccgr
gttgagaatc
ccagttctte
ccaggcgacc
gacaagcatc
gtgegaacag

ccaggecage

agtaagttgg
gtcatgccat
gaatagtgta
ccacatagca
tcaaggatct
tcttcageat
gccgcecaaaaa
caatagtatt

atttagaaaa

ccgaaaagrg
aacgacggcc
gaaaggagget
tgtagtgect
ggggatttag
cctgcagece
ggagaaaagy
gagtgccage
tbattctgte
gtttcaatcg
cggtgcagca
agcaatgtca
gcagtcgata
gcegtgggte
Etctgeeggt

ttccatgega

32

cecgecagtgtt
ccgtaagatg
tgcggcegacce
gaactttaaa
taccgctgrt
ctLttactctt
agggaataag
gaagcattta

a

ccacctgacg
agtagcagac
cgrgaaatgg
aaataatgcet
gtgacactat
cgacgttygge
aagaaacgeg
cctgggaccy
ttcttattge
attcaaaaga
atgccataca
cgggttgcca
aagccggaga
acaaccaggt

gccagacect

gtgcgrgege

atcactcatg
cttttctgtg
gagttgctet
ag CgCtC&tC
gagatccagr
caccagegtt

ggcgacacgg

tcagggttat

Synthetic ubiquitous and Plexin DI inducible gene switch

tactgaggac
aagcccgtcea
ataaaaaaat
tttaaaactt
aggctgageg
tgcgageecet
ggcgtattgg
aacceogegt
cgtcatageg
actcgtccag
gcaccagaaa
gtgcgatgtc
aacggccgtt
cctcgcecatc
gatgttccte

gctcgatacg

9300

59640

16020

10080

10140

10200

10260

10320

103sl

64

120

180

240

300

360

540

800

880



gtgtttagct
agcaccagcce
gcctggaacc
agctgcgceat
ttcgttcagt
cagacggaac
cagacgttee
ggcaattggg
tgtcgaacag
gttectcacce
gtatacggaa
gtcagccatg
ttaggggcag
ctggggagcece
tacttctgcc
cacgccaggg
cgggaggttr
acagatgtaa
gcatctccat
gctccaggea
atctgcecggg
tcteccteag
ggatgatggc
tcaccagcte
tcctatggac
ggctgaagct
ccaggggcag
gctrgtcgge
cggrrecgec

ccagaatcct

tggtgatcga
atgatggaaa
tcgceeccagcea
ggaacgccgg
gegecggaca
acagctgcgt
acccaagcag
tgtctgageg
gaggagcaga
ttgtegtatt
tagctectgag
gggcggagaa
gactatggtt
tggggacttt
tgcrggggad
ttttceccagt
tataaatcecg
tgaaaataaa
caggaaggtg
cttcaggccyg
ctecgregggy
cagctccace
cctcaggeag
ggtcagcacc
gtgcaggccg
ggcgatcagc
gctgctgaag
ggcctggcag
ggggecctee

gtccacgggce

atgggcaagt
ccttrtctge
gcagccagte
tagtagccag
gatcggtctt
cggagcaacc
ccggagaace
atgtggctcy
gagcgaagey
atactatgcecc
gccgaggeag
tgggcggaac
gctgactaat
ccacacctgg
cctggggace
cacgacgttg
actgtctaga
gatattrtat
tcgatgggea
atgckecteca
tgggtggtcco
tcctaggogco
cccagctcecgg
ctgtcgaaga
gtggccagca
agctcgttee
tggggaatcc
atgttggtca
acgccctggt

atctccactat

agctgggtcece
cggtgccaga
gcgaccagce
ccaggacaga
aacaaacagc
gatagtctgt
agegtgcaga
gctggegacg
ggaggctgceg
gatatactat
ctteggecete
tgggcggagt
tgagatgctt
trgctgacta
ttcecacacce
taaaacgacg
ttgttgttaa
tatcgattca
cgtcgcocgat
ggctgggcag
tggtatacte
ttttcaggce
tcttgtccat
tggcgcccac
ggatgcecgte
aktccggecect
tcttggccca
€ggggtcgttr

cgcttttetg

agccgcegea

a3

agggtatgca
tgagaggaca
tcggtcacaa
cgagctgcett
accggacgac
tgagcccagt
ccgtettgtt
caaaagaaga
ggctcaattt
gccgatgatt
tgcataaata
taggggcggg
gctttgcata
attgagatgc
taacctcgag
gccagtgetce
atcacacaaa
gctgtegetyg
cagcctgaag
cctcaqgeage
ctccagggcg
cctcacctcg
cctcatgtce
tccggegetyg
cctcacgtcg
cagcaggatc
ctccaccagqg
ggggctgcerg
crccacggcqg

ctegtegaty

gacggcgcat
gcagatcctg
catccagcac
catcttgecag
cttgagcgga
catagccaaa
caatcatggc
tgcggetgac
gcatgcttta
aattgrcaac
aaaaaaatta
atgggreggag
cttctgectg
ttgctttgca
gccatcgtgg
ttctcececeeg
aaaccaacac
gggctctcca
aagaacaggt
agcrtggega
gcgtacacct
gggttgaaca
ctcatcttge
tgggcgctgt
atgctcctat
acctggtcgt
gtgaacagct
ccgetgeege
agttcggect

cccagyggegt

1020

1080

1140

1200

1260

1320

1380

1440

1500

15860

1820

1680

1740

1800

1860

1920

1980

2040

2100

21460

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760



cggtgaacat
c€gtggggggt
cgtccagggce
ccaggctcac
attgcececee
gcggacaatt
aaaggtgcct
cagcagcccy
aaatcougyga
gegttcaccg
geotgttecg
aacgtcctece
cctgagegere
gctegeegtg
agtaggcgag
gcaccgeteg
ccacatttgt
aacataaaat
aktaagcaat
tggtttgtcc
gctctecagy
caggaagggg
cattcccagg
ccrggegetg
ctggatctce
ggcggtceage
gtgcaggagg
agcctggttg
cagcatcatc
cttggcgaat

catctecggtyg

ctgctcgaac
gaagcegggyg
gtcggegtygg
gtcggtgggyg
cceececcecg
tactagtcta
aaaaaacttc
ctactcacca
tgcgacggaa
ccccacggag
ctctctggaa
tgctgatace
€gggcggaag
aggaggggsy
accaatgggt
cacctgcgca
agaggtctta
gaatgcaaat
agcatcacaa
aaactcatca
atgggggggy
ggcagettee
gtcctecaget
ccgctecaget
tccaccaget
agggcgtagt
tcctegatca
ttggcgaaca
acctegetge

ccgggcaggc

atctgectga

tcgaagtcgg
ccggggcetge
gccatggcca
ggggecacct
catgccgtct
acactgaaaa
acaaaacaca
agtgacgatc
ctagctgtgc
atccceecge
agaaaaccag
ggggttctaa
gatcaggacg
cgceccgcggy
gcgccatgag
caggcccgcg
cttgctttaa
gttctattaa
atttcacaaa
atgtatctta
gctgggtgty
tgttcttcag
cgctcaggat
ggttcaggac
ggggcectgctc
ggatgttgtc
ccteoggcececac
ggatgetgre
tgcaagcctn
ccttggcgaa

agggggtgte

ccatgtccag
egeccecgtegee
cgtcctegece
tccttteoett
Aacaaaaaag
ttacatattg
ctecgecaacce
acagegatcc
cacacccggce
agaatcgceeg
tgccctagay
ggccgagtcet
ctecgetgege
aggcgccaaa
ctcttccaaa
gctacaaact
aaaacctccc
cttgtttatt
ttaagcattt
tcatgtctaa
gctcatgteg
cttcaggctg
gctcaggatce
gtagatcctce
caggeccgggce
cagggccatg
gceagecttce
gctggeggceg
cagcagggtg
ctccacgatce

gctctecteg

34

ggcgceegtag
cagcatgtcc
gtccaggtgc
cttggggccc
ccaaaaacgg
acccaaatga
ccgagegcac
acaaacaaga
gegtoettat
agaagggact
tcacccaagt
tatgagcagc
ccttegtetg
aceccggegcyg
aatttaggtg
acgaacgatc
acatctoccece
gcagcttata
ttttcactee
tcgattcaca
gecacgtece
atacacatat
ttgecegtaga
agggtgttca
ctgtcgctga
ctgtacatac
ctgtagttgt
tcgtacctcee
atctggtegg
agctgcacgg

ttctegtegt

ggggcgetgt
aggtcgaagt
agctegtege
atggtggcca
ccagaattta
ttacatttca
gtacccagcc
accgecgaccee
ataatcatcg
acttttccte
cccgteoctaa
gggccgetgt
acgtggcagc
gaggcccktcg
acactatagg
attctagata
ctgaacctga
atggttacaa
attcragttyg
ggttggtagg
aaarctecctc
tgetgtrety
tcacgctgcet
ggtagtacct
agatcaccac
atctgcagaa
ccctggrgra
tggccaccct
gctggectgat
tcaggatggt

cggectgetyg

2820

2880

2940

3oo00

3060

3120

3180

3240

3360

3420

3480

3540

3600

3660

3720

3780

ig4o0

3900

3550

4020

4080

41490

4200

4260

4320

4380

4440

4500

4560

4620



ccaggtctygg
Ccagakcage
cctbgeeggee
ggcctegggy
ggtgctcacyg
gcactgggte
cagctgecte
ctgecctceagy
cttgttcacg
gtcocatette
cagcctctee
ggtcttggag
cteccktgetg
cagcagcrtc
a4849cggg999
€ggcgteegg
gctgeggaca
ccectggcoge
acccgeeege
gcteerroek
[={ole] slof A elelele)
ctctgtecee
cectegLcece
ctaggectcect
tggetcegte
creoccecee
accacettee
tccecatggac
aggtgtattt

ctttcattac

gtgatcctet
ctggegatca
accagcagct
g99g99g99gg9g9ct
ggcagettgt
tcgggcacca
tggceccttgt
gtcaggggcea
ttgteccrgea
aggatcatgt
agcctgctcet
ctgtatctge
cacttcagct
atggtggcca
€gggtceggg
gececggatea
cgeccctecact
cctgggeccac
ggccccaggg
("!CCFICT_T.ggC
cacceegect
accccaaact
cegactecge
tctctctcet
tgccteecece
ccrcrgecte
tcaggcactq
crgcatcgtg
atctaagcga

atctgtgtgkt

tcaggtccte
ggaactgctg
tgtcgctcag
cgcactgcat
ccttctecoctt
cgcacteggg
tgctgctcte
tgreggtcete
cgaacaggcc
ccaggtecte
ccacctcggo
actcccagtt
tcttcagecect
attgcecceec
ccacgatgeg
gcoetcogeege
ccococgococcg
geoccogeeogh
tccoctcoceceg
cgetrbggock
od ol o od of of o of o o
cegegoegtgt
ttegetceec
gcteegttte
tcggacccte
ccecgaacecc
tccaggeectt
gtgtaacrat
tcgecttaatt

tggttttttg

gtegetggge
gttggeggtce
gaacctggge
gatgggggge
crtgggectte
cctgateeey
ctegetgetyg
cacgctggcec
ggtcageagg
cctggggaag

caggtgggee

gttcttcagg
gcagatgtcg
ceecececey
cttcectgece
gcagtccggg
gccoegececg
cecgegggtece
tagccgeege
gcctegeteg
ctgtgtctct
ggcgettctce
agtccectgge
ccegtecctyg
cgrecetere
grgtcrecee
cgctcctcga
aacggtccta

aaggcceggec

tgtgaatcca

35

tgcrocgtagce
agckggyggga
acgacctcgt
atgtggccat
ttecteckttce
ggaaactcag
ctggtggcge
agcckgtecgg
gceotrgatgt
atcagcagga
ctggtcaggg
cactktggcgc
caagcctgcet
caktgcceecgg
gecgecagccg
g99cggggcayg
cececggaac
cgcecgeeoeec
cgcegteget
cgectgtrtt
cggtctctoo
cgggttotge
agcecocgece
acgcrtecgctc
tcggreecte
tccacaccca
gtggraatac
aggtagcgac
gcegeaataa

tagtactaac

cgtecotgaca
tagttcttctyg
gaatcctgge
cgacggtggt
ttttcatage
ggctcacggt
tgatcctgtg
tcacggcgtc
cttgcaggcet
acagctgetce
ggctectete
acttgggett
cgatgctget
a4ggegygceyggg
cccoccogacee
gggeggetee
ceceogeetye
geectecagg
cgctectecte
ctettbteeg
gocteteege
ctctgeottct
ccggeccectte
cectetcteeg
tgagctccce
gececrececcecc
aatggccggt
cgcggagact
aatatcttta

atacgctcte

4680

4740

4800

4860

4920

4580

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6249

6300

6360

6420



catcaaaaca
ggtgccagaa
ccaattgeyg
cgagcggagt
dcggagagrce
catcttecctg
catgetcttt
acaacaaatg
tcttgtoote
gaageggggyg
ggaaatccecat
aaaaacgcag
ccgggtggag
aagttgcagc
agatttcegtyg
ggccacctgt
tggcgetgag
gaggccagat
agactcaaag
cacceetgee
tggcacgcac
gataggcaat
taattactgc
caggctgacg
cagccagccet
gcaggctgece
catactcatc
gcecccaccac
gcagaaattt
caatgacatt

cgtggtcaga

aaacdaaaca
catttctecta
agtactgtcc
actgtectcc
cccggggacce
tacgcceectyg
ttttteetet
tcegttoctg
tactttggaa
ctcrgetgtg
gcccgattca
atgatatacc
tattgctggt
gagccaaggt
tgccagtgeeo
tacgaggace
tgtaccaact
gccatcagac
ccetggtget
tgctctgagg
agcctcaccqg
gtttacacag
cggaatcctyg
tgggagtatt
cagtrtcgea
atctitgeca
agctectget
ctgacggtga
gaagtcgaaa
gcgetgetge

accgtgtgcee

aaacaaacta
gccaraatge
tccgagecgga
gagcggagta
tagagggtat
caggggcgcyg
ttgctaatec
acaggaaaaa
aaaaggaatt
tgctgetget
gaaggggcgc
agcaacatca
gcaacagtygg
gtttcaacgy
ccgaaggatt
agggcatcag
ggaacagcag
tcggeetagg
acgtctitaa
gaaacagtga
agtcggatgc
cacagaaccc
atggggatgce
gcgatgtacc
tcaaaggcgg
agcacaggag
ggattctcteo
tcttgageag
aatacattgt
aactgaaatc

tLeceecgge

gcaaaatagg
aggggraceg
gtactgtect
ctgtcctccyg
ataatgggtg
ccacgegteyg
cttttgtgtg
ccttgetgqg
gagagccgct
gtgtggagca
aagaagctac
gtcatggctg
cagggcacag
gggcacctgat
tgctgggaag
ctacaggggc
cgegttggcece
gaaccacaac
g9gcggggaag
ctgctacttt
ctecoctgecoe
cagtgeccag
caagccctgyg
cagctgctcc
cctgttecgee
gtcgecccgga
tgccgcccac
aacataccgyg
ccataaggag
ggattcgtcee

ggacctccag

36

ctgtccocag
ggtgatgacyg
ccgagcggag
agcggagtac
ccttagetgg
aagaaggtga
ctgatgttag
taccttecgtt
agcgecacca
gtgttegttt
caagtgatct
cgecectgtge
tgocacagceg
cagcaggccc
tgctgtgaaa
acctggagca
cagaagccct
tactgcecygga
tacagctcag
gggaargggt
cegtggaaca
gcactgagce
tgccacgtcece
acctgtggcc
gacatcgcct
gagcggticco
tgettecagg
gtggtccctyg
ttcgatgatg
cgctgtgccce

ctgccagact

tgcaagtcca
gtgaaaacct
tactgtcctc
tgrcctecga
tgtgtgacct
gtaatcttaa
gatgacattt
gccggacact
tggatgcaat
cgececageea
geecgggatga
tcagaagcaa
tccectgtcaa
cgtacttete
tagataccag
cagcggagag
acagegggcy
acccagateg
agttctgcte
cagcctaceg
gcatgatcct
tgggcaaaca
tgaagaaccg
tgagacagta
cccacccctg
tgtgcgygyy
agagatttcc
gcgaggagga
acacttacga
aggagagcag

ggacggagtg

6480

6540

6600

5660

6720

6780

6840

5900

5860

7020

7080

7140

F200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

1860

7220

7980

8040

8100

8160

822q

8280



tgagcrgtce
ggaggcccat
aacagtcacc
cttgcacgac
catgactttg
cgtgtacace
cgattgcgea
gacgatagct
aagttgeeac
ctgactaggt
aagttgggaa
tggcacaatc
agcctcccga
tttgatagag
tgatctaccc
tccctgtect
ggctacctgg
catgcgttgg
ggcgtggtag
cccoctttagtyg
aatcatggte
taagggctaqg
cgttgcgetce
atagctgttt
aaaggccagce
ccecgeeccee
acaggactat
ccgaccctge
tctcatagct

tgtgtgcacyg

ggctacggca
gtcagactgt
gacaacatgc
gcectgecagg
gtgggcatca
aaggttacca
aagctrtcgce
tgatgggtgy
tccagtgeec
gtccttctat
gacaacctgt
ttggctcact
gttgtrggga
acggggtcte
accttggcct
tctgatttta
ccatgcccaa
gtccactecag
gtcogaacga
agggttaatt
atagetgtet
attaactegt
actgcccget
cctgtgtgaa
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag

aaccceccegt

agcatgaggc
acccatccag
tgtgtgergg
gcgattcggg
tcagergagy
actacctaga
gataggcgag
catccctgtg
accagceccttg
aatattatgg
agggeetgey
gcaatckceg
ttccaggcat
accatattgg
cccaaattge
aaataactatc
ccggtgggac
tagatgcctg
atccatggat
cacgcagtgg
cctgtgtgaa
ctcgtgaata
ttccagtegg
attgttatcc
gaaccgtaaa
tcacaaaaat
ggcgtttecec
atacctgtce
gtatctcagt

tcagcccgac

cctgtceoeet
ccgctgcaca
agacactcgg
aggccccctg
cctggactat
ctggattcgt
accaatgggt
accceccteeee
tcctaataaa
gg9tggaggay
gggtctattg
cctectgggt
gcatgaccag
ccaggctggt
tgggattaca
accagcagga
atttgagttg
ttgaattotg
taccctgtta
gtacggaact
attgttatcc
tccggaactc
gaaacctgtce
gctaccggaa
aaggccgcgte
cgacgctcaa
cctggaaget
geertrctee
tcggtgtagg

cgctgegect

37

ttctattcgg
tcacaacatt
agcggeggcec
gtgtgtctga
agacagaagg
gacaacatge
gtgtacgtag
agtgcectcte
attaagttgc
ggtggtatgg
ggaaccaagce
tcaagcgatt
gctcagctaa
ctccaactcce
ggcgtgaacc
ggacgtccag
cttgcttgge
atttaaatcg
tccctactea
aaaggcagea
getacghete
cetttagega
gtgccagett
acgctrectt
tgctggeget
gtcagaggtg
ccctcgtgeg
cttcgggaag
tcgttcgcectce

tatceggtaa

agcgactgaa
tacttaacag
cccaggcaaa
acgatggccg
atgtgccecgg
gaccgtgaat
cggccgegtc
ctggcecctayg
atcattttgt
agcaaggggc
tggagtgcaq
ctectgecte
tcttegtttt
taatctcagg
actgctccet
acacagcata
actgtcctcet
gtcecgegtac
aggacatcat
cacatcgtgt
tecceogeay
gggttaattg
aatcatggtc
catgtgagca
tttccatagg
gcgaaacccg
ctctccegtt
cgtggcgeet
caagctgggc

ctatcgtett

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

3000

9060

8120

9180

9240

9300

2360

9420

3480

9540

8600

9660

9720

9780

9440

9900

9960

10020

10080



gagtccaacc
agcagagcga
tacactagaa
agagttgata
tgcaagceagce
acggggtctg
gtcgggrgeg
gcatgagatt

aatcaatcta

aggcacctat.

tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtagt
caaggegaget
cgatggttgt
ataattctct
ccaagtcatt
gggataatac
cggggegaaa
gagcacccaa
caggaaggca
tacgcttect
acatatttga
<210>
<211»

<212>
<213

12

DNA

<220>
«223>

cggtaagaca
ggtatgtagg
gaacagtatt
gctettgatce
agattacgcg
acgctcagtg
gagaaagagg
atcaaaaagyg
aagtatatat
ctecageogatce
tacgatacgg
ctcaccggct
tggtcctgeca
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgteatg
ctgagaatag
cgcgecacat
actcktcaagg
ctgatcttca
aaatgccgca
trttcaataqg

atgtatttag

10207

cgacttateg
cggtgctaca
tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
taatgaaatg
atcttcacct
gagtaaactt
tgtectattec
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgecag
ccatcecgtaa
tgratgcggc
agcagaactt
atcttaccgco
gcatctttta
aaaaagggaa
tattgaagca

daaaa

Artificial Sequence

switch expressing EPO

<400> 12

ccactggcag
gagttcttga
gctctgectga
accaccgctg
ggatctcaag
tcacgttaag
gcatacgagt
agatcctLct
ggtctgacag
gttcatccat
catctggccec
cagcaataaa
cctccatcea
gtttgeggag
tggcttcatt
gcaaaaaagc
tgttatcact
gatgectetee
gaccgagetg
taaaagtget
tgttgagatc
cttbcaccayg
taagggcgac

tttatcaggg

38

cagccactgg
agtggtggcee
agccagttac
gtagcggtag
aagatccttt
ggattctiggt
aaacttggtc
aaattaaaaa
ttaccaatge
agttgectga
cagtgctgca
ccageccagee
gtctattaac
cgttgttgec
cagctccgot
ggttagctce
catggttatg
tgtgactgat
ctettgeeey
catcattgag
cagttcgatg
cgtttctggg
acggaaatgt

tcattgtcte

taacaggatt
taactacggc
cttcggaaaa
teettttgtt
gatecttttct
catgatctat
tgacaccgcet
tgaagtttta
ttaatcagtg
cteoceegtey
atgataccgc
ggaagcgccg
tgrtgccgag
attgctacag
tcccaacgat
tteggtoecte
gcagcactgc
gagtattcaa
gcgtcaatac
aagcgttcett
taacccacac
tgagcaaaaa

tgaatacctea

gggagocgaat

Synthetic NxcI cardomyocyte promoter hypoxia inducible gene

10140

10200

10280

10320

10380

10440

10500

10560

10620

10680

16740

10800

10860

103920

103580

11040

11100

11160

11220

11280

11340

11400

11460

11520

11545



taaacaaata
gccagggtet
gggcgcegtea
acagegtrtt
aaaaataatc
ccgcacaggce
gggecetecac
ccecaatggg
ttatgaacaa
cgggttcctt
cagacggtaa
gecgatcagec
ctgatagcga
ttccaccata
tggcatacat
gtccaggtca
gtgtttaget
agcatcagec
gectggaacce
agctgcegeat
ttegtteagt
cagacggaac
cagacgttee
ggcaattggg
tgtcgaacag
gttcctcacc
gtatacggaa
gtcagccatg
ttaggggcgg

ctggggagcc

tacttectgce

ggggttcege
tcccagtcac
gcgggtgttg
ccatgtacaa
aatgtcctca
atctagaggc
ccgaacttgg
gtcteggtgg
dcgacccaac
cecggtatrge
aaagcaatgc
cattcaccgce
tcagccacgc
atgcctggcea
gctttcagge
tcctgatcaa
tggtgatcga
atgatggaaa
tcgecccagea
gdaacgcegg
gecgecggaca
acagctgeat
acccaagcag
tgtctgageg
gaggagcaga
ttgtcgtatt
Lagctctgag
gggcggagaa
gactatggtt
tggggacttt

tgctggggag

gcacatttecc
gacgttgtaa
gccctaggac
ctatactagt
gcgggatgtc
tatggcaggg
ggggtggsgt
ggtatcgaca
accgtgcogtt
ctcctecgr
attgagaatc
ccagttctte
ccaggcgacc
gacaagcatc
gtgcgaacag
ccaggccage
atgggcaagt
cettttetge
gcagccagtc
tagtagccag
gatcggtctto
cggagcaacec
ccggagaacc
atgtggctcyg
gagcgaagcg
atactatgcc
gccgaggcag
tgggcggaac
gctgactaat
ccacacctgg

cctggggact

ccgaaaagtg
aacgacggcc
gaaaggaggt
cgtagtgcct
ggggattrag
cctgecgecece
ggggaaaagg
gagtgecceage
ttattctgte
grttcaateg
cggrgeagea
agcaatgtca
gcagtcgata
gccgtgggtre
ttctgcecggt
ttccatgega
agctgggtcce
cggtgcecaga
gcggecagece
ccaggacaga
aacaaacagc
gatagcectgt
agcgtgcaga
gctggcgacg
ggaggctgeg
gatatactat
cttcggcecte
tgggcggagt
tgagatgctt
ttgctgacta

ttecacacce

39

ccacctgacg
agtagcagac
catgaaatgg
aaataatgct
gtgacactat
cgacgttage
aagaaacgcg
cctgggaceyg
tttttatbge
attcaaaaga
atgccataca
cgggttgcca
aagccggaga
acaaccaggt
gccagacccet
gtgcgtgegce
agggtatgca
tgagaggaca
tcggtcacaa
cgagctgert
aceggacgge
tgagececagt
cecgteottgtt
caaaagaaga
ggctcaattt
gccgatgate
tgcataaata
tagggacgggy
gctttgcata
attgagatge

taacctcgag

tactgaggac
aagcccgtca
ataaaaaaat
tttaaaactt
aggctgagceg
tgcgageccet
ggcgtattgg
aaccccgegt
cgtcatagcyg
actcgtccag
gcaccagaaa
gtgcgatgtc
aacggccgtt
cctcgccatc
gatgttcctc
gctcgatacg
gacggcgcat
gcagatcceg
catccagcac
catottgcag
cttgagcgga
catagccaaa
caatcatggt
tgcggctgac
gcatgcttta
aattgtcaac
aaaaaaatta
atgggeggag
cttectgectg
ttgctcegea

gcecategtgg

50

120

130

240

100

360

420

480

540

600

660

720

780

840

S00

960

1020

10890

1140

1200

12860

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860



cacgccagag
€gggaggttt
dcagatgtaa
gcatctccac
gctcecaggcea
atctgcceggg
tctcectecayg
ggatgatgge
tcaccagctc
tecctatggac
ggctgaaget
ccaggggcag
gcttgtegge
cggttcecgcee
ccagaactccet
cgatgaacat
cgrgggoggct
cgtecagggce
ccaggcteac
attgccccee
aaaggacctg
cagcttatct
ccaagctgte
aaaatacaca
tcccccaaaa
ctacaaacta
aaacctcceca
ttatrttatrg
taagcatttt

catgtctaat

ttttecccagt
tataaatccg
tgaaaataaa
caggaaggtg
cttcaggceg
ctegtegggg
cagebeccace
cctcaggcag
ggtcagcacc
gtgcaggceg
ggcgatcagce
gctgctgaag
ggcctggcag
ggggccctec
gtccacgggce
ctgctcegaac
gaagcegggg
gtcggegtgg
gteggtagag
cceccceeeg
ggatgcttgt
gtgcctttcg
gaaaagaagc
tatagcgatc
atttagatga
cgaacgatca
catctccecce
cagcttataa
tctcactgeca

cgattcacag

cacgacgttg
actgtctaga
gatattctat
tcgatgggea
atgctcctca
taggtggtce
tectgggecgce
cccagctegg
ctgtcgaaga
gtggccagca
agctcgttcce
tggggaatce
atgttggtca
acgccctggt
atccecatat
tcgaagtcgg
€cggggceige
gccatggeca
ggggccacct
catgccocag
cctttaagtyg
gcrttegete
tatctggcag
cttccectbocga
cactataggg
ttctagatac
tgaacctgaa
tggttacaaa

ttctagttgt

gttggtgggg

taaaacgacg
ctgttgttaa
tatcgattca
cgtecgccgat
ggcrgggeag
tggtgtactce
ttttcaggec
tcttgtccac
tggcgcccac
ggatgcegte
atccggccct
tcttggccca
€ggggtcgtt
cgcttttctg
ggccgecgta
ccatgtccag
cgcegtegee
cgtecregee
tcottttcte
tatgatgect
tctctaaaca
ccatacatgg
ctctetgett
gtaggcgaga
caccgctcgce
cacatttgta
acataaaatg
ttaagcaata
ggtttbgtcca

ctctccagga

gccagtgcetce
atcacacaaa
gctgtcactg
cagcctgaag
cctecagcage
ctccagggeg
ccteacctey
ceteatgteo
tceggegetg
cctcacgteg
cagcaggatc
ctccaccagg
ggggctgcetg
ctcecacggeg
ctcgtcgatg
ggcgccgtag
cagcatgtee
gtecaggtge
crtggggeec
tetctaaatt
tggtrrgcat
atctgttcce
catccaacac
ccaatgggtg
acctgegeac
gaggtttrac
aatgcaaatg
gcatcacaaa
aactcatcaa

£tg9g99999999

tccrceeceg
aaaccaacac
gggctctcca
aagaacaggt
agcttggcega
gegtacacct
gggttgaaca
ctcatctrge
tgggcgetgt
atgctcctgr
acctggtcgt
gtgaacagct
ccgctgecge
agttcggcect
ccecagggege
ggggcgetgt
aggtcgaagt
agctcgtecgc
atggtggcca
taccagaaag
agctggatct
aacaqtaact
atggatgata
cgccatgggce
aggccecgegyg
ttgctrtaaa
tEttattaac
tttcacaaat
tgtatctrat

ctgggtgtgg

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2240

3¢00

1D&0

3126

3180

3240

3300

3180

3420

3480

3540

3800

3560



ctcatgtegg
ttcaggctga
ctcaggatct
tagatcctca
aggecgggcec
agggccatgc
ccagecettee
ctggcggegt
agcagggtga
tccacgatca
ctectectegt
tcgetgggcet
Ltggcggtca
aacctgggca
atggggggcea
tgggcctect
ctgatcccgg
tcgctgctgce
acgctggceca
gtcagcaggy
ctggggaaga
aggtgggecec
ttcrtecagge
cagatgtcgce
ccceeeecge
ctctaggtcet
ccgcacgcac
gtcacgtcge
acgeactcag
cgrecgeggac

actcagcgtc

ccacgtccca
tacacatatet
tgecgtagac
gggtgttcag
tgtcactgaa
tgtacataca
tgtagttgtc
cgtacctect
totggteggyg
gctgcacggt
tctegtegte
gctcatagece
gctgggggac
cgacctcgtg
tgtggtcatce
tctcecttcct
gaaacrtcggg
tagtggcgct
gcectgteggt
ccttgatgte
Lcagcaggaa
tggtcagggg
acttggcgea
aagcctgcrce
atgcacagga
tcgeggacgt
tcagecgtcge
ggacgtgcegg
cgtcgctctg
gtgcgggaac

gctctggggc

aatctcctcecc
gctgttctge
cacgcetgcetc
gtagtacctc
gatcaccacg
tctgcagaag
cctggtgtaa
ggccacccto
ctggctgate
caggatggtc
ggcctgctge
gtcctgatac
gttcttectge
aatcctggcg
gacggtggtyg
tttcatggeg
gcteacggec
gatecctgtge
zacggcgtec
ttgcaggetg
cagctgctce
getectetty
cttgggcette
gatgctgctc
agatgagcte
gcgggaacce
tctggggece
gaacccacgt
gggccccacg

ccacgtgggy

cccacgtcoccg

aggaaggggy

attcccaggg
ctggcqgctac
tggatcrect
gcggtcagcea
tgcaggaggt
gcctggttgt
agcatcatca
ttggegaate
atctecggtga
caggtetgyg
cagatcagcc
ctgttggtca
gcctcggggg
gtgctcacgg
cactgggcct
agctgcctct
tgcctcagayg
ttgttcacgt
tcecatettea
agcctctcca
gtcttggggc
tecttgetac
agcagcttca
acacaccage
acgtgggggc
cacgtcegge
g9g99gctecg
tccggeecty
geteegteac

gccctgacgt

41

gcagccteer
ccercagete
cgeotcagety
ccaccagctyg
gggegtagtg
cctcgatcac
tggcgaacag
ccteogetget
cgggcaggcc
tctgectgaa
tgatcctttt
tggcgatcag
ccagcagctt
ggggggactc
gcagcttgee
cgggcaccac
ggcccteget
tcaggggcat
tgtcctgeac
ggatcatgte
gcctgetete
tgtatctgceca
acttcagett
tggtggccaa
taaggcaccc
tccgtcacgt
ccrgacgtge
tcacgtactc
acgtgegget
gtactccgag

gecggertegt

gttcttcage
gctcaggatg
attcaggaty
gggetgetee
gatgttgtce
ctcggccatg
gatgctgtcg
gcaagccttc
cttggcgaac
aggggtgtceyg
caggtcctecg
gaactgctgg
gtcgectcagg
gcactgcatg
cttctccttc
gcactcggge
gctgetetee
gtcggeeree
gaacaggccg
caggtcctec
caccteggte
ctceccagttyg
cttcagcctg
ttgecceocecce
attatatacc
actccgagtc
ggcttcgttt
cgagtcccge
tegettgtca
tceogeacge

ttgccacgtc

3720

3780

2840

3sco

39690

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

51¢C0

sls0

5220

5280

53490

5400

5460

5520



gcggacgtge
agcgtegete
acgtgcggga
tegetetgag
gcgggaacce
tetggggece
gaacccacgt
gggececacg
atggccggtit
geggagacta
atatctttat
tacgctctce
gcaagtccag
tgaaaacctc
actgtecctec
gtecctcegag
gtgtgacctc
taatcttaac
atgacattta
ccggacactt
gggggtgeat
gggeccrececa
atacctgtty
cttgaatgag
ggaggtcggg
cctgeggggac
tgtggataaa
ccagaaggaa
tgctgacact

gctgtacaca

gggaacccac
tggggcceccca
acccacgtgg
gccecacgte
acgtgggggc
cacgtcegge
gggggctccg
tcecggeccta
cccatggacce
ggtgtattta
tttcattaca
atcaaaacaa
gtgccagaac
caattgcgga
gagcggagta
cggagagtce
atcttcctgt
atgctctttt
caacaaatgt
cttgtectet
gaatgtcctg
gtcetgggeg
gaggccaagg
aatatcactg
cagcaggccg
caggccctgt
gcegtcagrg
gccatctece

ttcgcgeaaac

ggggaggcett

gtgggggetrc
cgteceggeeo
gggctccgtc
cggccctgac
tccgtecacgt
cctgacgtge
tcacgtacte
acgtgcggct
tgecatcgtag
tctaagecgat
tctgtgtbgtt
aacgaaacaa
acttccctac
gtactgtcct
ctgtecctecg
ccggggacct
acgceectge
o o od o od o o 4
ttgttcetga
actttggaaa
cctggetgty
ctccaccacg
aagccgagaa
tcccagacac
tagaagtctg
tggtcaacaqg
gccttegeag
ctccagatgc
tgtccoccgage

gcaggacagg

cgtcacgtac
tgacgtgcgg
acgtactccg
gtgeggette
actccgagere
ggettegtet
cgagtccege
tegtttgtea
tgtaactata
cgettaarta
ggttttttgt
aacaaactag
ccataatgca
ccgageggag
agcggagtac
agagggtata
aggggcgcegce
tgctaatccee
caggaaaaac
aaaqqgaattq
gcttcteety
cctecatectgt
tatcacgacg
caaagttaat
gcagggectyg
cagccagceeg
cctcaccact
ggccagcgee
ctactccaat

ggacagatga

42

tccgagtcce
cttegtttot
agtcccgeac
gtrtgtcacg
ccgecacgeac
gtcacgtecge
acgcactcag
cgtecctegag
acggtcoctaa
aggccggeeg
gtgaatccat
caaaatagac
ggggtaccgg
tactgtccte
tgtcctecga
taatgggtgc
cacgcgtega
ttttgtgtge
ctrtgctgggt
agagccgeta
tcecectgetgt
gacageccgag
ggcergtgetg
ttctatgect
geectgetgt
tgggagccce
ctgettegqgy
gctecactec
ttecteecggg

atcgattgeg

gcacgcactc
cacgtegegg
gcactcagcg
tcgeggacgt
Ecagcgtcge
ggacgtgcgg
cgtegercetg
tggtaataca
ggtagcgacc
ccgcaataaa
agtactaaca
tgtccecagt
gtgatgacgg
cgagcggagt
gcggagtact
cttagctggt
agaaggtgag
tgatgttagg
accttegttg
gecgecoaccak
cgctccetet
tcctggagag
aacactgcte
ggaagcggat
cggaagctgt
tgcaactgca
ctctgcgage
gaacaatcac
gaaagctgaa

caaagcttte

5580

5640

5700

5760

5820

5880

5940

5000

6060

6120

6180

6240

5300

6160

6420

64680

6540

6600

6660

£720

&780C

5840

€200

€960

7020

7080

7140

7200

7260

7320



gcgataaggceg
ggcatcccetyg
ccaccagcect
ataatattat
gtagggcectyg
ctgcaatctc
gatteccagge
tcaccatatt
ctcccaaatct
taaaataact
aaccggtggag
agtagatgcc
gaatccatgg
ttcacgcagt
ttcctgtgtg
gtctcgtgaa
ccttccagte
aaattgttat
aggaaccgta
catcacaaaa
caggegttte
ggatacctgt
aggtatctca
gttcagcceg
cacgacttat
ggcggtgcetra
tttggtatct
tccggeaaac
cgcagaaaaa
tggaacgaaa

ggraatgaaa

agaccaatgg
tgacccckcce
tgtecectaata
9999tggagyg
cggggtctat
cgcctcctgg
atgcatgacc
ggccaggcetg
gctgggatta
ataccagcag
acatttgagt
tgttgaattc
attaccctgt
gggtacggaa
aaattgctat
tatccggaac
gggaaacctg
cecgectaccgg
aaaaggccac
atcgacgctce
ccectggaag
cegectttet
gttcggtgta
accgctgege
cgccactggce
cagagttctt
gcgeterget
aaaccaccgce
aaggatcetca
actcacgtta

tggcatacga

gtgtgtacgc
ccagtgcceco
aaattaagcc
ggggtggeatc
tgggaaccaa
gttcaagcga
aggctcaget
gtcteccaact
caggcgtgaa
gaggacgtcc
tgcttgcttg
tgatctaaat
tacccctacet
ctaaaggcag
ccgctacgtce
tecetttagt
tcgtgccage
aaacgcttcc
gttgctggeg
aagtcagagg
ctcectegtg
cccttecggga
ggtcgttoge
cttatccggt
agcagccact
gaagrtggtgg
gaagccagtc
tggtagcggt
agaagatcct
agggattteg

gtaaacttgg

agcggccgeg
tcctggcecct
gcatcatctt
ggagcaaggg
gctggagege
ttetectgee
aatttttgtt
cctaatctca
ccactgctcce
agacacagca
gractgtcct
cggtecgogt
caaggacatec
cacacategt
tctececccege
gagggttaat
ttaatcatgg
ttcatgtgag
tttttccata
tggcgaaace
cgctctectg
agcgtggege
tccaagetgg
aactatcgtc
ggtaacagga
cctaactacg
accttcggaa
ggrtetitey
ttgatctttt
gtcatgatct

tcrtgacaccg
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tcgacgatag
ggaagttgec
gtctgactag
gcaagttggg
agtggcacaa
tcagectece
tttttggtag
ggtgatctac
cttccctgte
taggctacct
ctcatgecgtt
acggegtggt
atccctrtag
gtaatcatgg
agtaagagcet
tgcgttgege
tcatagctgt
caaaaggcca
ggectecgecec
cgacaggact
ttececgacect
tttctecatag
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
ttcgecaagca
ctacggggtce
atgtecgggtog

ctgcatgaga

cLtgatgggt
actccagtgc
gktgtccttct
aagacaacct
tctrggctca
gagttgttag
agacggggte
ccaccttgge
cttctgattt
ggccatgece
gggtccacte
aggtccgaac
tgagggttaa
tcatagctgt
agattaactc
tcactgeccg
ttectgegty
gcaaaaggce
ccctgacgag
ataaagatac
geegettace
ctcacgctgt
cgaaccccec
cccggtaaga
gaggtatgta
aagaacagta
tagctcttga
gcagattacg
tgacgctcag
cggagaaaga

LCatcaaaaa

73180

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

82380

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

§240

8000

9060

9129

9180



ggatctrcac
atgagtaaac
tctgtotatt
gggagggcett
ctccagattt
caactttake
cgccagttaa
cgtegtegy
cceoccatgtt
agttggccge
tgccatccgt
agtgtatgcg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
agtattgaag

agaaaaa

210> 13
z2211l>
<212

<213»

DNA

<220>
<223

ctagatcctt
ttggtctgac
tcgttcatcec
accatctgge
atcagcaata
cgcctccate
tagtttgcygg
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcrtt
gcgaccgagt
Cttaaaagtyg
gctgttgaga
tactttcacc
aataagggcg

cattrtatcag

16974

traaattaaa
agttaccaat
atagttgccet
cccagtgetg
aaccagccag
cagtctatta
agcgregttg
ttcageteeg
gcggttagcek
chcatggtta
tctgtgactg
tgctecttgee
ctcatcattg
tccagttega
agcgtttceg
acacggaaat

ggttattgte

Artificial Seguence

aatgaagttrt
gcttaatcag
gactcccegt
caatgatacc
ccggaagcgce
actgttgecg
cecattgctac
gttcecaacy
cectreggtec
tggcageact
gtgagtattce
cggcgtcaat
ggaagcgttc
tgraacccac
ggtgagcaaa
gttgaatact

tcgggagcega

construct expressing relaxin and HGF

<400> 13

taaacaaata ggggttccge gcacacttcc

gccagggett
gggcgegeca
cgcacaggca
ggccttcace

cccaatggayg

tatgaacaaa

tcccagtcac
gcgggrgrtg
tctagagget
cgaacttggg

ccteggtggg

cgacccaaca

gacgttgtaa
gcgggtgtcg
atggcagggc
899tggagtyg
gtatcgacag

ccgtbgegtte

ccgaaaagtyg
aacgacggce
gggatcttagg
ctgccgeccec
gggaaaagga
agtgccagcc

tattctgtet

44

taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcategty
atcaaggcga
tccgatggtt
gcataattct
aaccaagtca
acgggataat
ttceggggega
acgagcaccc
aacaggaagg
catacgcttc

atacatattt

ccacctgacyg
agtagcagac
tgacactata
gacgttgact
agaaacgcegg
ctgggacecga

ttttattgee

taaagtatat
atctcagcga
actacgatac
cgctcacegg
agtggtcctg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgceccac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat

gaatgtattt

tactgaggac
aagcccegtea
gagctgagcegce
gcgagccctyg
gcgrattggce
acccegegtt

gtcatagcgeo

9240

2300

9360

9420

9480

2540

5600

2660

$7240

9780

5840

5200

9550

10020

10080

10140

10200

10207

Synthetic ubiguitous+ hPlexin D1 + hypoxia inducible gene switch

60

120

180

240

300

360

420



gggtkcctte
aggcgataga
cggtcagcce
tgatagcggt
tccaccatga
ggcatecteg
tccagatcat
Lgtttegett
gecatcagcca
ccecggeactt
gctgcgecaag
tcattcaggg
agccggaaca
agectcteca
cccatggtgg
gcggctgact
catgcggaat
tcagccatgg
taggggcggy
tggggagect
acttcrgect
acgecagggt
gggaggtette
cagatgtaac
catctcecate
crcecaggeac
tctgecggygc
ctcectcage
gatgatggcc

caccagctcg

cggtattgee
aggcgatgceg
attcgeoegec
cggccacace
tattcggcaa
ccttgagect
cetgatcgac
ggtggtcgaa
tgatggatac
cgcccaatag
gaacgcccgt
caccggacag
cggcggeatce
cccaagcggce
ccaattgggt
gtcgaacagg
agctetgagg
ggeggagaat
actatggttg
ggagacttte
gctggggage
tttccecagte
ataaatccga
gaaaataaag
aggaaggtgt
tccaggeccega
tcgtcgggat
agctccacct
ctcaggeage

gtcagcaccec

tcecttecgrg
ctgcgaatcg
aagttcttca
cagccgtceca
gcaggcatcg
ggcgaacagt
aagaccggcet
tgggcatgta
tctcteggea
cagcocagtcoc
cgtagccagce
gtcggrerig
agagcagccg
cggagaacca
gt.ctgagega
aggagcagag
ccgaggcage
gggcggaact
ctgactaat:
cacacctggt
ctggggactt
acgacgttgt
ctgtctagat
atattttattc
cgatgggcac
tgctcctcag
gggtggtect
cctgggeget
ccagcreggt

tgtcgaagat

ttrcaatcga
ggggcggcga
gcaatatcac
cagtcgatga
cecgtgggtca
tcggetggeg
tccatcecgag
gcoggatcaa
ggagcaaggt
cttceogett
cacgatagcc
acaaaaagaa
attgtctgtt
gcgtgcaatc
tgtggctcgg
agcgaagcag
ttecggecctcot
gggcggagtt
gagatgcttg
tgctgactaa
tccacaccet
aaaacgacgg
tattgttaaa
atcgattcag
gtecgecegatce
gctcgggcagc
ggtgtactcc
tttcaggece
cttgrecate

ggcgcccact
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tttagaagaa
taccgtaaag
gggtagccaa
atccagaaaa
cgacgagatc
cgagccectg
tacgrgctey
gcgtatgeag
gagatgacag
cagtgacaac
gecgcotgcooee
ccgggcgcecc
gtgcccagtc
catcttgttc
ctggcgacgce
gaggctgegg
gcataaataa
aggggcggga
ctttgcatac
ttgagatgct
aacctcgagg
ccagtgctect
tcacacaaaa
ctgtcgectgg
agcctgaaga
ctcagcagca
tccagggcgg
ctcacctcgg
ctcatgtcce

ccggegetgt

ctcgtcaaga
gacgaggaag
cgctatgtce
geggecatte
ctcgcegtcg
atgcteccteg
ctcgatgcga
ccgecgeatt
gagatcctgc
gtcgagcacyg
gtectggagt
ctgcgctgac
atagccgaat
aatggccegat
aaaagaagat
gctcaatttg
aaaaaattag
tgggcggagt
Lttctgeectge
tgctttgecat
ccatcgtggce
tctoccecge
aaccaacaca
ggcretccag
agaacaggtg
gctoggcgaa
cgtacacctt
ggttgaacag
tcatcttget

gggcgctgtet

480

540

800

660

720

780

8490

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1560

1560

1620

1680

1740

1800

1860

1520

198C

2040

2100

2180

2220



cctatggacg
gctgaagcetg
caggggcagg
ctitgteggeg
ggttcegeeg
cagaatcctg
ggtgaacatc
gtgggggatyg
gtcecagggag
caggctcacg
tLgececcce
cggacaattt
aaggtgccta
agcagcccge
aatcccaqcet
cgrtcacege
cectgttcege
atgtccttet
ctgagcgtee
cregecgtga
gtaggcgaga
caccgctege
cacatttgta
acataaaatg
traagcaata
ggtttgtcca
ctctccagga
aggaaggggg
attcccaggg
ctggegetge

tggatctcct

tgcaggeogg
gcgatcagca
ctgctgaagt
gcctggcaga
gggeccteca
tccacgggea
tgcrtecgaact
aagccggggc
tcggcgtggy
tcggtggggy
ccceceecge
actagtctaa
aaaaacttca
tactcaccaa
gcgacggaac
cccacggaga
tctectggaaa
gebgatactyg
g9gcggaagg
g99ag9g99ggc
ccaatgggtyg
acctgecgeac
gaggttttac
aatgcaaatg
gcatcacaaa
aactcatcaa
tgg9999999g
gcagettect
tcctcagete
cgcteagetg

ccaccagctg

tggccageag
gctegtreca
ggggaatcct
tgttggtcac
cgecectggte
tctecatatg
cgaagtcggce
cggggcergte
cgatggcecac
gggccacctt
atgccgtcta
cactgaaaat
caaaacacac
gtgacgatca
tagctgtgcce
tccctecogea
gaaaaccagt
gggttctaag
atcaggacgc
gccecgeggga
cgccatgggce
aggceccgeygg
ttgctttaaa
ttttattaac
tttcacaaat
tgtatcttat
€tgggegtgg
gttcrrtcagce
gctcaggatg
gttcaggatg

gggctgctec

gatgccgtcce
tccggcccre
cttggcccac
ggggtcgttg
gcttttctge
gcegecgtac
catgtccagg
gccgtcgece
gtocotegecyg
ccttttctte
acaaaaaagc
tacacatktga
tcgccaacee
cagcgatcca
acaccceggcg
gaatcgccga
gccctagagt
gcecgagtcett
tcgetgegece
ggcgccaaaa
tcttocaaaa
ctacaaacta
aaacctccca
ttgcttattg
taagcatttt
catgtctaat
ctcatgtcgg
ttcaggetga
ctcaggatct
tagaccctca

aggccgggec

46

ctcacgtcecga
agcaggatca
tccaccaggg
ggactgetge
tccacggcga
tcgtegatge
gcgcecgtagg
agcatgtcca
tccaggtgcoa
ttggggeeca
caaaaacggc
cccaaatgat
cgagcgcacy
caaacaagaa
cgtccttata
gaagggaceta
cacccaagtce
atgagcageg
cttcgrctyga
coccggegcyay
atttaggtga
cgaacgatca
catctccceccce
cagcttataa
tttcactgca
cgattcacag
ccacgtccca
tacacatatt
tgccgtagat
gggtgttcag

tgtcgctgaa

tgetectgtg
cctggtcgte
tgaacagctg
cgergccgcee
gttcggcctc
ccagggcgte
gggcgergte
ggtcgaagtc
gebegtegeco
tggtggccaa
cagaatttag
tacatttcaa
tacccagecc
ccgegaceca
taatcatcgg
cttttcctcg
ccgtcectaaa
ggccgetgte
cgrggeageg
aggccctcga
cactataggg
ttctagatac
tgaacctgaa
tggttacaaa
ttctagttge
gttggtgggq
aatctecctcce
gctgttetge
cacgctgete
gtagtaccte

gatcaccacg

2280

2340

2400

2450

2520

2580

2640

2700

2760

2820

2880

2940

Q00

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3860

1720

3780

3840

3500

3960

4020

4080



gcggtcagca
tgcaggaggt
gectggetgt
agcatcatca
ttggcgaatc
atctceggtga
caggtctggg
cagatcagec
ctgttggtca
geetegggag
gtgctcacgg
cactgggtct
agcetgectet
tgcctcaggg
ttgttcacgt
tccaccttca
agcctcteca
gtcttgggge
tecttgetge
agcagctteca
9gcgggggac
ggecgtecggy
ctgcggacac
cctyggecgee
ccecgeecgeyg
ckctttecte
cectecrececcee
tctgteeceea
cttctcececte

tagtctcctt

gggegtagtg
cctcgatcac
tggcgaacag
cctegetget
€gggcaggcc
tectgeetgaa
tgatcctttt
tggcgatcag
ccagecagett
99g9g99ggctc
gcagcttgte
cgggcaccac
ggcecectrgtt
tcaggggcat
tgtcetgeac
ggatcatgteo
gectgeecte
tgtatctgca
acttcagectt
tgatggccaa
gggtccgggc
ccecggatcag
gccctcacte
ctgggccacg
gccccaggge
ccacttggcc
accccgecte
ccccaaacte
cgactecget

ctctctecty

gatgttgccc
ctecggecatg
gatgctgtcg
gcaagccttce
crrggcgaac
999g9tgteg
caggtccreg
gaactgctgg
gtegeteagy
gcactgcatg
ctbctccttc
gcactcgggce
gectgectctec
gtcggtctec
gaacaggccg
caggtcectcee
caccteggee
ctcccagtey
cttcagectg
ttgecccecce
cacgatgegc
cctcgccgeg
ccegeecegg
cccecgeegte
cccteeccgt
gcttggectyg
tcecctctcte
cgegegtatg
tcgectcteca

ctcegtttte

agggccatgc
ccagecttec
ctggcagcgt
agcagggctga
tccacgacca
ctectectegt
tegetggget
ttgacggtca
aacctgggca
atggggggca
tgggccttet
ctgatcecgg
tcgetgetge
acgctggceca
gtcagcaggg
ctggggaaga
aggegggcece
ctcttcaggce
cagatgtecgce
coececoange
ttcetgeeeg
cagtccgggg
cccecgeecge
cgegggtcece
agccgccgee
ccregeteyge
tgtgtctcte
gegettetec
gtceetggea

cegteectga

47

tgtacataca
tgtagttgte
cgtacctect
tctggtegag
gctgcacggt
tctecgtegte
gctegtagec
getgggggat
cgacctecgtyg
tgtggtcatc
tcteccttect
gaaactcggg
tggtggcact
gcectgteggt
ccttgatgte
tcagcaggaa
tggtcagggyg
acttggcgea
aagcctgete
atgoeargga
cgeccageege
gcg999cgag
cececeggaace
gccgeecegeg
gecgregete
gcctgtrtre
ggtctctgeg
gagttctgec
gceccegeeec

cgctcgctec

tctgcagaag
cctggtgtaa
ggccacecte
ctggcetgatce
caggatggtc
ggectgetge
gtcectgatac
gttettetge
aatcctggceg
gacgatggtyg
Lttcatggcg
gctcacggte
gatcctgtgce
cacggcgtec
ttgcaggetyg
cagetgetee
gctcetettg
cttgggctte
gatgectgetce
g99c¢9g9cggga
cccecgaccee
g9cggcrceg
cececgectgec
ccectecagga
gcteteeteg
tecreecge
cctctececgcee
tctgettcte
cggcccttte

ctctctcegt

4140

4200

4260

4320

4380

44350

4500

4580

4620

4680

4740

4800

4860

4920

4980

5040

5100

5180

S280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880



ggctccctct
ttecektetec
ccacctttct
cccatggace
agaaatggca
cttaattaag
tctettgtgt
caaactagca
ataatgcagg
gagcggagta
cggagtactg
agggtatata
9ggcgcegeca
ctaatccctt
ggaaaaaccet
aggaattgag
tctgtttact
tcaagttatyg
ggagcaaaaqg
ttgtgccate
ctaatttgcece
tacaacagca
ttattcgcaa
gcttggatac
gccatgttgg
tttcgcgata
gggtggcatc
gtgcccacca
trctataata
acctgtaggg

ctcactgcaa

gecctececccet
ctctgccttc
caggcactgt
tgcatcgtgg
ccacctaagg
gcecggeegee
gaatccatag
aaataggctg
ggtaccgggt
ctgteocteeg
tcctecgage
atagggtgcct
cgcgtcgaag
ttgtgtgctg
tgctgagtac
agecgctage
actgaaccaa
cggcagagaa
gtctctgagc
cttcatcaac
acaggagctg
cgrecctagtyg
tagacaaagt
tcattctega
ttgtaccaaa
ggcgagacca
cctgtgacce
gccttatect
ttatggggtg
cctgeggagt

tctcegectc

cggacccteo
ccgaaccetg
ccaggccttc
tgatctatgt
tagcgaccge
gcaataaaat
tactaacata
tcceccagtge
gatgacggtg
agcggagtac
ggagtactgt
tagctggtgt
aaggtgagta
atgttaggat
cttegttgee
gccaccatgc
ttttccagag
ttagttcgeg
caggaagatg
aaagatacag
aagctgaccc
ctgaaggatt
gaagccgcag
aaaaagagac
agaagcctrg
atgggrgtgt
ctccoccagtg
aataaaatta
gaggggggtyg
ctattgggaa

ctgagttcaa

gtccctcbch
tgtctcecce
gctcctcecgag
€gggtgcgga
ggagactagg
atctttattt
cgctetecat
aagtccaggt
aaaacctcca
tgtcctecga
ccreecgageyg
gtgaccertcat
atcttaacat
gacatttaca
ggacacttct
ctcgecctgtt
cagtcgcgga
cgcagattge
ctcctecagac
aaaccataaa
tgtctgagat
¢cagecctget
acagcagtcc
aactctacag
ctagatttrg
acgtagcggc
cctetectgg
agttgcarcca
gtatggagca
ccaagctgga

gcgattetce

48

cggtcccrct
ccacacteag
tggtaataca
gaaagaggta
tgtatttatc
tcattacatc
caaaacaaaa
gccagaacat
attgcggagt
gcggagktact
gagagtcecc
cttectgrac
gcterttttt
acaaatgtte
tgtcctctac
cteccetccac
ctcatggatg
catttgcgge
acctagacca
tatgatgtca
gcagccagea
gtttgaagaa
ttcagagctyg
tgcattggct
ctgaaccgat
cgcgtcecgacg
ccectggaagt
tctegtctga
aggggcaagc
grgcagtggce

tgecteagece

gagctccect
cctececteeca
atggccggtt
atgaaatggc
taagcgatcg
tgtgtgttgg
cgaaacaaaa
ccectctatee
actgtcctcce
gtcetecgag
ggggacctag
gcccctgecag
tttetttttg
gttcctgaca
tttggaaaaa
ctgtrtgggag
gaggaagtta
atgagcacct
gtggcagaaa
gaatttgttg
ctaccacagc
tttaagaaac
sagtacctgg
aacaagtgtt
tgcgcaaage
atagettgat
tgccacteea
ctagétgccc
tgggaagaca
acaatcttgg

tcccgaateg

5940

6000

&6{60

5120

6180

6240

6300

6360

5420

6480

6540

6600

6660

6720

£780

6840

6300

6560

7020

7080

7140

7200

7260

7320

7380

7440

7500

7580

7620

7680

7740



ttgggattce
ggtttcacca
tggcctccca
attttaaaat
gcccaacegy
actcagtaga
gaacgaatcc
acggtcctaa
aggecggecyg
gtgaatcecat
caaaataggc
ggggtaccgg
tatgtacagt
atataaaacc
cagtaccccg
frcecegtacg
ctotbttett
caaatgtttg
gtectetack
ctcetgorag
atccecetatg
gcaaagacta
accgccgace
gettttgott
agtggagtga
agaaactgca
ggcatcaaat
agctatcggg
ggaccctggt

tgttcagaag

aggcatgceat
tattggccag
aattgectggg
aactatacca
tgggacattt
tgcctgttga
atggattacc
ggtagcgacc
ccgcaataaa
agtactaaca
tgtccccagt
gtgatgacgg
actgctgtat
agtggttata
gggacctaga
ccectgcagg
ttttetttge
ttcctgacag
Ltggaaaaaa
coeobgeotget
cagagggaca
ccctaatcaa
aatgtactaa
ttgataaagc
aaaaagaatt
tcattggtaa
gtcagcectyg
gtaaagacct
gtttcacaag

ttgagtgcat

gaccaggctc
gectggtctec
attacaggeg
gcaggaggac
gagttgcttg
attctgatct
ctgttatgtg
gcggagacta
atatctttat
tacgctctec
gcaagtccag
tgaaaacctc
ataaaaccag
tgtacagtac
gggtatataa
ggcgcgecac
taatcccttt
gaaaaacctt
ggaattgaga
ccagcacgtc
aaggaaaaga
aatagatcca
tagatgtact
aagaaaacaa
tggccatgaa
aggacgcagce
gagttecatg
acaggaaaac
caatccagag

gacctgtaat

agctaatttt
aactcctaat
tgaaccactg
gtccagacac
cttggcactg
aaatcggtcc
gtccteccagy
ggtgtattta
tttcattaca
accaaaacaa
gtgeccagaac
caattgtgct
tggttatatg
tgctgtatat
tgggtgcert
gcgtcgaaga
tgtgtgctga
gectgggtace
gcecgcetagceg
ctcctgecatce
agaaatacaa
gcactgaaga
aggaacaaag
tgcctciggh
ttbtgacctct
tacaagggaa
ataccacacg
tactgtcgaa
gtacgctacyg

ggggagagtt
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tgtrtttttg
ctcaggtgat
ctcccttece
agcatagget
tcectckcatyg
gcgtacggeg
gttgccgttc
tctaagegat
tetgtgtgtt
aacgaaacaa
atctctctat
gtatataaaa
tacagracgt
aaaaccagtg
agctggtgtg
aggtgagtaa
tgttaggatyg
ttegttgeeg
ccaccatgtg
tcetectget
ttcatgagte
taaaaaccaa
gacttccatt
tccocttcaa
atgaaaacaa
cagtatctat
aacacagctt
arcccagagg
aagtctgtga

atcgaggtct

gtagagacag
ctacccacct
tgteccttchyg
acctggccat
cgttaggtcce
tggtaggtcc
cttaactata
cgcttaatta
ggttrtttgt
aacaaactag
ccataatgca
ccagtggtta
cgactgctgt
gttatatgta
tgacctcatc
tcttaacatg
acatttacaa
gacacttcet
ggrgaccaaa
cocccategoec
cadaaaatca
aaaagtgaat
cacttgcaag
ragcatgtca
agactacact
cactaagagt
tttgeeckteyg
cgaagaaggg
cattecctcag

catggatcat

7800

7860

7920

7980

8040

8100

8180

8220

3280

8340

8400

8460

8520

8580

8640

8700

8760

8920

8880

S000

8080

9120

9180

9240

9300

9360



aCagaatcag
ttgectgaaa
cageegaggce
aagacatgcg
atccaaggtce
tgtcagegtt
bgcaaggacc
tttaccactg
tcacatggac
acaagaagcyg
atcttctggy
gatgecteoatg
atttotogto
tcttgtgeca
ggatggatgg
gagagrtggg
gcttggctig
aatgtttcec
agacccgctyg
attcctgaaa
gatggectat
catcgaggga
tcaggaccat
atggttcttg
tttgtcegag
cceoceagteat
gtagceggeeg
catcacaaat
actcatcaat
ttaccctgLt

tctgtatgag

gcaagatttg
gataccccega
ccLggtgeta
ctgacaatac
aaggagaagg
gggattcrca
tacgagaaaa
atccaaacat
aagattgtta
gactaacctg
aaccagakgc
gaccctggtg
gtgaaggtga
aaacgaaaca
ttagtttgag
ttcttactgc
gcatccacga
agctggtata
tcctggatga
agaccagttg
tacgagtgac
aggtgactct
gtgaggyggga
gtgtcattgt
tagecctacta
agatcgattg
ctcgagaact
ttcacaaata
gtatcttatc
atccctacte

tactaacgaa

tcagecgobgg
caagggcttt
tactcttgac
tatgaatgac
ctacaggggc
gtatcectcac
ttackgccga
ccgagtrtggc
tcgtgggaat
ttcaatgtgg
aagtaagetg
ctacacggga
taccacacct
gctgecgagtt
atacagaaac
acgacagtgt
tgtccacggce
tggccctgaa
ttttgttagt
cagtgttctat
acatctctat
gaatgagtct
tratggtgygc
tcctggtcgt
cgccaaatgg
cgcaaagectt
tgtttattge
aagcatttet
atgtcteogta
atcttegtey

cgtgacgegg

gatcatcaga
gatgataatt
cctcacacee
actgatgttc
actgtcaata
gagcatgaca
aatccagatg
tactgctcecc
ggcazaaatt
gacaagaaca
aartgagaatt
aatccacktea
acaatagtca
gtaaatggga
aagcatatct
ttcecctagea
agaggcgatg
ggaagcgacc
acgattgatt
ggctgggygct
ataatgggaa
gaaatatgtg
ccactrgttt
ggatgtgcca
atacacaaaa
tegegatagg
agcttataat
ttcactgcat
cggcgtggta
gacgcgoogt

tgttacrggt
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caccacaccg
actgccgcas
gctgggagta
ctrrggaaac
ccatkbLggaa
tgactcctga
ggtecbgaatc
aaatbtccaaa
atatgggcaa
tggaggactt
actgcecgaaa
ttecttggga
atttagacca
ttccaacacg
gcggaggatce
gagacttgaa
agaaatgcaa
tggtgctgat
tacctaatta
acactggact
atgagaaatg
ctggggctga
gtgagcaaca
ttccaaatcy
ttattttaac
cgagaccaat
gottacaaat
tetagtrgry
ggtccgaacyg
taatattbga

aactartgact

gcacaaattc
tccegatgge
ttgegeaate
aactgagtgc
tggcatccec
aaatttcaag
accectggtgt
ctgtgatatyg
cttatcccaa
acatcgtcat
tccagatgat
ttattgccct
teccegtaata
aacaaacata
attgataaag
agattatgag
acaggttctc
gaagctggee
tggatgcaca
gattaactat
cagccageat
aaagattgga
taaaatgaga
tcctggtatt
atataaggrg
gggtgtgtac
aaagcaatag
gtrtgtccaa
aatccatgga
tcagccattc

ctcttaaggt

9600

9660

9720

2780

9840

5900

9960

10020

10080

10140

10200

10250

10320

10280

10440

10500

10580

ipe20

10680

10740

10800

108690

10920

10980

11040

11100

11160

11220

11280

11340

11400



agccaaatac
atacctatca
ccagagcgac
ccegeacgte
agcgacgcetg
cacgteegeg
acgctgagtg
tccgegacgt
tgagtgcgrg
cgacgtgaca
tgegtgeggy
gtgacaaacg
tgcgggacte
caaacgaagc
ggactcggag
gggtatataa
g9gg9g9gggca
tcatcaggga
ggctgggatt
gagtgattga
aaggactcoce
Lttgagggaca
gggtgtccgg
ataagacaca
cagtgaaaag
ttaagcctat
gagtgattag
ccgaaaccca
tgectgtgte

ccccteccga

atcatccctt
gctcgaggac
gctgagtgcg
cgcgacgtga
agtgcgtgceg
acgktgacaaa
cgtgcygggac
gacaaacgaa
cgggactegg
aacgaagccg
actcggagta
aagccgcacg
ggagtacgtyg
cgcacgtcag
tacgtgacgg
tgggtgcecrt
attggccace
ccatatckcce
caggagccect
gattgtgtcc
cecregtagga
ctatcaggtc
catgagcatg
ggatgtgagg
actcaagaaa
cgtegtggat
aaatggcgat
atgcgctatg
caccacaace

agccgetaga

tagtgagggt
gtgacaaacg
tgcgggactce
caaacgaagc
ggactcggag
cgaagcegea
tcggagtacg
gccgcacgtc
agtacgtgac
cacgtcaggg
cgtgacggag
tcagggccegy
acggagcccce
ggccggacgt
agecececcacg
agctggtgtg
atgaaagccc
cagacaggaa
aacgctaccg
ggcgetteca
agggtcegecg
gatcctagec
aaggatattg
aacggacagg
cagggaaaca
ctgaggcagce
tggctcegaat
aaaagaaaag
gtcgatgate

atccacgaag

taattcacgc
aagccgcacg
ggagtacgtg
cgcacgtcag
tacgtgacgg
cgtcagggcce
tgacagagcc
agggecggac
ggagceecea
ccggacgtyg
cceccacgtyg
acgtaggggcec
cacgtggatt
ggggccccag
tgggttcccyg
tgagctcatc
tcaccgctag
tgcececetac
aagaacatct
ggggcattaq
ctggcgaacc
tctrtaaacc
gaatcatgga
tcgtggtege
aagtggaact
aatccktttac
ttccecgggat
agaaaaaggc
acatgcccec

tcgtccccag
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agtgccgegyg
tcagggecgg
acggagccec
ggccggacgt
agcccccacyg
ggacgtygad
coccacgtgag
gtggggecce
cqgtgggttec
ggcecccagag
ggtteeccgca
ccagagcgac
cccgcacgtc
agcgacgctg
cacgtccgeg
ttcctgtgea
acaacaggaa
cagggccgaa
gaaageccrce
acrectrgeaa
ccteectgget
caatgccgat
cggagacctc
caggatcgac
gctccccgaa
cattgaggga
tagaccrgag
tcagaaagag
tatcatgcag

gttectetee

cgtgtagaaa
acgtggggcec
cacgtgggtet
ggggccccag
tgggtrLccecg
ccccagagcg
ttececgecacg
agagcgacgc
cgcacatecg
cgacgctgag
cgtccgcgac
gctgagtgcg
cacgacgtga
agtgcgtgcg
aagacctaga
tgcgg9g999s
gtgtttgacc
atcgetcaga
gccaggaagg
gaggaggaag
caacaacaca
ttectectga
ctggctgtge
gacgaagtga
aactccgagt
ctggctgtgg
tgtgtggtcc
aaagacaaac
tgtgagcctc

gataagctee

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

1248¢

12540

12600

12660

1272¢

12780

12840

12500

12960

13020

13080

13140

13200



tggaaaccaa
ccaggctgat
tcacacagac
agattaccga
ccggattegce
aggtcatgat
ccaataacca
aggatgtgcet
ccctectgac
tggaagaaat
ccggeagege
gaacactggg
tgcctecectt
ccattctgga
cagggcagag
tgaaacacaa
tgggaaaget
ggaatgttat
gcccaataaa
tcacgeetgr
gttcgagace
gectgggergy
cccaggagga
aggagcaaaa
taggggcaga
ctoecrLeoeee
ggettactaa
tgtaatcatg
cagtaagggc
ttgcgttgeg

gtcatagctg

tagacaaaag
ttggtatcag
atggcaacag
aatgacaatc
taagattagc
gctgagagtyg
agcctatacc
ccactcottge
agcecegtegty
tcagaggtac
tagatccage
aatgcaaaac
tctggaagaa
aagccctacc
ctgatcaggyg
atgtttetta
ctctcttgac
tcatctttga
tggttgaatyg
aatcctagea
agcrtggeca
cgectgtaat
ggagtttgca
ctccatctca
gatgtgggge
cttggagtet
gtaccaggta
gtcatageeg
tagattaact
ctcactgccc

EEtcctgtgt

aatatcccece
gatggctatg
gctgacgatg
ctcaccgtcc
caacccgatc
gcragaaggat
agggacaatt
agatgtatgt
atttbcteeg
tatctgaata
gtcatctatg
tccaatatgt
atttgggatg
aatctgtaaa
ccgagcagaa
cttacaccce
ctgaggatgg
attccgcage
aatatatgaa
ctttgggagg
acatggctaa
cccagctact
gtgagcegag
aaaacaaaaa
aggagaggtqg
gtccgttgaa
tctagacgag
tttecrgtat
cgtctecgtga
gctttceccagt

gaaattgtta

aactcaccgc
agcaaccctc
agaatgagga
agcktcatcgt
agattaccct
acgatgccgce
acaggaaggc
actccatggce
acaggcccgg
cccteagaat
gcaaaatcct
gcattagccet
tggctgacat
tcgatagcceg
ccgcactctt
atcctgattt
atctgaaaat
atctagcacce
aagtagagge
ctgaggtygy
acctecatcecre
caggaggetyg
atcgcaccat
acaaaacaaa
actcgggctc
tgacaatgat
gacgeteggg
gaaattgtta
atatccggaa
cgggaaacct

tccgectaccyg

52

taaccaacag
cgacgaagac
aagcgatacc
cgagtttgee
cctgaaagece
ttccgatage
tggcatggcce
tctegataac
actggaacay
ttacattctg
ctccattetg
caagctcaag
gagccatacce
cctggctgag
cccaaataaa
cttttcttga
tatgagcccec
aggtcttgta
agagggctag
tggatcactt
tattaaaaat
aggcaggaga
tgcactccag
acaaaaagaa
agctgcatgg
agtggtgaac
cttggaccca
tccgctacgt
ctecctttag
gtcgtgccag

gaaacgctte

ttteckgattg
ctcaagagga
cctttcagge
aaaggactcc
tgtagctccg
gtcchgittyg
targtgattg
attcactatg
cetcaactey
aatcagcrct
tccgagctga
aatagaaaac
caacccectce
atggggtggag
gcttcetect
gaccagagag
ttgaggacag
cagagcagqt
gcacagtggce
gaggtcagga
acaaaaatta
atcacttgaa
cctgggegat
aaaagaaaag
tcetgetetg
aggtatggag
tggcacatcg
ctctececceg
tgagggttaa
cttaatcatg

crtcatgtga

13280

13320

13389

11440

13500

13560

13620

13680

13740

13800

13860

13920

13980C

14044

14100

141690

14220

14280

14340

14400

14480

14520

14580

14840

14700

14780

14820

14880

14540

15000

15060



gcaaaaggcc
aggctcegee
ccgacaggac
gttccgacce
ctttcecata
ggctgrgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaage
tctacggggt
aggacgaaaq
ctagttgtag
aatggcatac
acctagatcc
acttggtetg
tttcgtteat
ttaccatety
ttatcagcaa
tccgectcca
aatagtttgc
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgctgttga

tttacttctca

agcaaaaggc
ccecertgacga
tataaagata
tgcegettac
gctcacactg
acgaaccccce
acccggtaag
cgaggtatgt
gaagaacagt
gtagctcttg
agcagattac
ctgacgctca
gaggrcgiga
tgcctaaata
gagtaaactt
ttttaaatta
acagttacca
ccatagttge
gccecagtgce
taaaccagee
tccagtcetat
ggagcgttgt
cattcagctc
aagcggttag
cactcatggt
tttctgtgac
gttgctcttg
tgctcatcat
gatccagttc

ccagcgttte

caggaaccgt
gcatcacaaa
ccaggcgttte
cggatacctg
taggtatcte
cattcagccc
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
aatggataaa
atgcttttaa
ggtctgacac
aaaatgaagt
atgctraatc
ctgactccce
tgcaatgat=a
agcecggaage
taactgttge
tgccattgcet
cggttcccaa
ctcectteggt
tatggcageca
tggtgagtat
cccggegeea
tgggaagcgt
gatgtaaccc

taggtgageca

aaaaaggccg
aatcgacgct
ccecerggaa
tccgectete
agtteggtgt
gaccgctgeg
tcgccactgg
acagagttet
tgcgctcetge
caaaccaccg
aaaggatctc
aactcacgtt
aaaatacaagc
aacttaaaaa
cgctgeatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgegagace
goeogagegea
cgggaagcta
acaggcatcg
cgarcaaggc
cctccgatgg
ctgcataatt
tcaaccaagt
atacgggata
tcttegggge
acacgagcac

ddaacaggaa
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cgttgctggc
caagtcagag
gctcectegt
ccccetcyggg
aggtcgttcg
ccttatecgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagegy
aagaagatcc
aagggatttt
gtttttcatg
tacgtrtaaa
gattatcaaa
tctaaagtat
ctatctcage
taactacgat
cacgetcace
gaagtggtece
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgcgcece
gaaaactctce
ccaactgatc

ggcaaaatgc

gtttttccat
gtggcgaaac
gcgctctcct
aagcgtggceg
ctccaagcetg
taactatcgt
tggtaacagg
gcectaactac
taccttegga
tggttteeet
tttgatettt
ggtcatgect
tacaactata
ccctcagega
aaggatctte
atatgagtaa
gatctgtcta
acgggagggc
ggctecagat
tgcaacttta
ttcgccagke
ctcgtcgtet
atcccccatg
taagttggce
catgccatec
atagtgtatg
acatagcaga
aaggatctta
Ctcagcatct

cgcaaaaaag

151290

15180

15240

153¢0

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

162610

163290

16380

16440

i85¢C0

16580

16620

16680

16740

16800

16860



dgaataaggg <gacacggaa atgttgaata ctcatacgcht tecttttitca atagtattga

agcatttate agggttattg tctcgggagc gaatacatat ttgaatgtat ttagaaaaa

<210>
<211>
<212>
<213>

14

<220>
<223>

13188
DNA
Artificial Sequence

gene switch constant encoding IGF-1

<400> 14
taaacaaata

gccagggtrr
gggcgegtcea
acagegtttt
aaaaataatc
ccgcacagge
gggccttcac
ccccaatggg
ttatgaacaa
cgggttecctt
cagacggtaa
gcgatcagec
ctgatagcga
ttccaccaka
tggcatacgt
gtccaggtea
gtgttraget
agcatcagee
gcctggaace
agetgegeat
ctegttocagt
cagacggaac

cagacgttce

ggggttcege
tcccagtcac
gcgggtgeeg
tcatgtacaa
aatgtcctca
atctagaggc
ccgaacttgg
gtcteggtgyg
acgacccaac
ccggtattgt
aaagcaatgc
cattcaccgce
tecageccacge
atgtttggca
gctttcagge
tcctgatcaa
tggtgatcga
atgatggaaa
tcgeecagea
ggaacgecegg
gcgecggaca
acagctgcgt

acccaagcag

gcacatttcc
gacgttgtaa
gcectaggac
ctatactagt
gcgggatgte
tatggcaggg

ggggtggagt

ggtategaca
accgtgegtt
cteccocttcegt
gttgagaatc
ccagttctte
ccaggcgacc
gacaagcatc
gtgcgaacag
ccaggccagc
atgggcaagt
ccttttctge
gcagccagtc
tagtagccag
gatcggtett
cggagcaacc

ccggagaace

ccgaaaagtg
aacgacggcc
gaaaggaggt
tgtagtgcct
ggggatttag
cergecgece
ggggaaaagg
gagtgccagce
ttattctgtc
gtttcaatcg
cgatgcagca
agcaatgtca
gcagtcgara
gccgtgggtce
ttbctgccggt
ttccatgega
agetgggtee
cggtgccaga
gcggecagcec
ccaggacaga
aacaaacagc
gatagtctgt

agegtgeaga

54

ccacctgacg
agtagcagac
cgtgaaatygyg
aaataatgct
gtgacactat
cgacgttgge
aagaaacgcg
cctgggaccg
tttttattge
attcaaaaga
atgccataca
cgggttgcea
aagceggaga
acaaccaggt
gccagacect
gtgcgtgege
agggtatgca
tgagaggaca
tcggrcacaa
cgagctgckt
accggacggc
tgagcccagt

ccgtettgtt

tactgaggac
aagcccgtca
ataaaaaaat
tttaaaactt
aggctgageg
tgcgagccck
ggcgtattag
aacccegegt
cgtcatageg
actcgtccag
gcaccagaaa
gtgegatgtc
aacggccgr_r_
ccrocgecate
gatgrtcetc
gctegatacg
gacggcgcat
gcagatcctg
catccageac
catcttygcag
cttgagcgga
catagccaaa

caatcatggt

16220

16979

Synthetic cardiomycyte + hypoxia inducible 4 hPlexin DI inducible
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ggcaatrtggag
tgtcgaacag
gttccrecace
gtatacggaa
gtcagccatg
ttaggggcgyg
ctggggagcc
tacttctgee
cacgoccagyy
cgggaggeet
acagatgtaa
gcatccccat
gctccaggeca
atctgceggg
tctccctcag
ggatgatggce
tcaccagctce
tcctatggac
ggctgaaget
ccaggggeag
gcttategge
cggttcegee
ccagaatect
cggtgaacat
c€gtggggagte
cgtccaggagc
ccaggctcac
attgcccccece
aaaggacctg
cagcttatet

ccaagctgte

tgtctgagcg
gaggagcaga
ttgtcgtatt
tagctctgag
gggcggagaa
gactatggtt
tggggacttt
tgctggggag
ttttcccagt
tataaatccg
tgaaaataaa
caggaaggtg
ctccaggecg
ctcgtcgggg
cagctccacc
cctecaggcag
ggtcagcace
gtgcaggceg
ggcgatcagce
gctgctgaag
ggcctggceag

ggggcccteco

gtccacgggco
ctgctcgaac
gaagccgggag
gtcggegrgg
gtcggrgggg
ceceoeeeceeyg
ggatgcrtgt
gtgcctttcg

gaaaagaagc

atgtggctcg
gagcgaagceg
atactatgcc
gccgaggcag
tgggcggaac
gctgactaat
ccacacctgyg
cctggggact
cacgacgttg
actgtctaga
gatatttrat
tcgatgggca
atgctcctcea
tgggtggtcecc
tcctgggege
cccagctecgyg
ctgtcgaaga
gtggccagca
agctcgttce
tggggaatcce
atgttggtca
acgccetggt
atctccecatat
tcgaagtcgyg
ccggggetge
gccatggeca
ggggccacct
catgccecag
cctttaagtyg
gettoegete

tatctggeag

gctggegacyg
ggaggetgceg
gatatactat
cttcggocte
tgggecggagt
tgagatgctt
ttgctgacta
ttccacacce
taaaacgacy
ttgttgttaa
tatcgattca
cgtcgcegat
ggcrgggcag
tggtgtactc
tttrcaggece
tctrgtccat
tggecgcccac
ggatgccatc
atccggccct
tcteggceca
cggggtegtl
cgettttety
ggccgeegta
ccatgtccag
cgecegtegee
cgtcctegeco
cccttrctt
tatgatgece
tctctaaaca
ccatacatgg

ctctetgett
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caaaagaaga
ggctcaattt
gccgatgatt
tgcataaata
taggggcggg
gctttgcata
attgagatge
taacctecgag
gecagtgcte
atcacacaaa
getgtegcekg
cagcctgaag
cctcagcagce
ctccagggcyg
cctcaccteg
cctcatgtcee
tcecggegetg
cctcacgteg
cagcaggatce
ctccaccagyg
gagggetgety
ctccacggeg
ctcgtcgakg
ggcgccgtag
cagcatgtcce
gtccaggtgce
cttggggccece
CCCCtaaatt
tggtttgcat
atctgtteccc

catccaacac

tgcggctgac
gcatgcttta
aattgtcaac
aaaaaaatta
atgggcggag
cttctgectg
ttgckttgeca
geccategtagyg
ttectocoeecy
aaaccaacac
gggctcteca
aagaacaggt
agcttggcga
gcgtacacct
gggttgaaca
ctcatcttgc
tgggcgctgt
atgctecetgt
acctggtegt
gtgaacagct
cegetgecge
agttcggect
cccagggcgt
ggggcgetgr
aggtcgaagt
agctcgtcge
atggtggceca
taccagaaag
agctggatct
aacagtaact

atggatgata
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1500
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1680

1740

1800

1860
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3050
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dAaaatacaca
tcttecaaaa
ctacaaacta
aaaccrecea
ttgtttakttg
taagcacttt
catgtctaat
ctcatgtcygy
ttcaggctyga
ctcaggatct
tagatcctca
aggccgggec
agggccatge
ccagccttec
ctggeggegt
agcagggtga
tccacgatca
ctctectegt
tcgctgggcer
ttagecgqgtca
aacctgggea
atggggggcea
tgggecttet
ctgateccegg
tcgetgetge
acgctggeca
gtcagcaggg
ctggggaaga
aggtgggecee

ttcticaggce

tatagcgatt
atttaggtga
cgaacgatca
catctcccce
cagcttataa
tttcactgca
cgattcacag
ccacgtccca
tacacatatt
tgcegtagat
gggtgtrcag
tgtcgctgaa
tgtacataca
tgtagttgtce
cgtacctcct
tctggtceggyg
gctgcacggat
tctegtegec
getegtagec
getgggggat
cgacctegtyg
tgtggtcatc
tctccttect
gaaactcggg
tggtggcget
gccrgteggt
ccttgatgtc
tcagcaggaa
tggtcagggyg

acttggegea

cttccctcga
cactataggg
ttctagatac
tgaacctgaa
tggttacaaa
ttctagtogt
gtrggtgggg
aatctectce
gctgtretge
cacgctgete
gtagtaccte
gatcaccacg
tctgcagaayg
cctggtgtaa
ggccacccte
ctggctgatc
caggatggtec
ggcctgetgc
gtectgatac
gttettetge
aatcctggeg
gacggtggtg
tttcatggeg
gctecacggte
gatcctgtge
cacggcgrec
ttgcaggcetg
cagectgcetcece
gctectettg

cttgggcttc

gtaggcgaga
caccgctege
cacatttgta
acataaaatg
ttaagcaata
ggtttgtcca
cbctgcagga
aggaagqggag
attcccagqqg
ctggcgetge
tggatctect
gcgatcagea
tgcaggaggt
gectggttgt
agcatcatca
ttggcgaatc
atctcggtga
caggtctggg
cagatcagce
crgrrggrea
gcectocyggggy
gtgctcacgg
cactgggtct
agctgcctct
tgcctcagay
trgrreacge
tccatcttca
agcctcteea
gtcttgggge

tecettgetge
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ccaatgggtyg
acctgcgcac
gagattttac
aatgcaaatg
gcatcacaaa
sactcatcaa
£999999999
gcagcttect
tectecagere
cgctcagctg
ccaccagctg
gggcgtagtg
cctcgatcac
tggcgaacag
cctegetget
cgggcaggcec
tctgcctgaa
tgatcctett
tggcgatcag
coageagett
g9a99g49gctc
acagettygte
cgggcaccac
ggcccttgtt
tcaggggcat
tgtectgeac
ggatcatgtc
gcctgctcte
tgtatctgca

acttcagett

cgccatggge
aggecccgegg
ttgctttaaa
ttttattaac
tttcacaaat
tgtatcttat
crgggtgtgg
gttcttcage
gctcaggatg
gttcaggatg
gggcetgetee
gatgttgtcc
ctcggecatg
gatgctgteg
gcaagcctte
cttggcgaac
9g999gtgtcg
caggtccteg
gaactgctygy
gtegeteagy
geactgeatg
cttctccttce
gcactcgggce
gctgctctee
gtcggtctec
gaacaggecg
caggtcctcc
cacctcggatc
ctcccagttyg

cttcagectg
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3360

3420
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3720

1780
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4020
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4880

4920
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cagatgtcge
ccecceccege
ctbctaggtct
cegcacgeac
gtcacgtegac
acgcactcayg
cgtcgaggac
actbcagecgte
gcggacgtgc
agcgtegete
acgtgcggga
tcgectctggyg
gcgggaacce
tckggggecocc
gaacccacgt
gggccccaca
atggccggtt
gcggagacta
atatctttat
tacgcoctce
gcaagtccag
tgaaaaccte
actgtcetee
gtectecgag
gtgtagaccte
taatcttaac
atgacattta
ccggacactt
gggaaaaatc
ggtgaagatg

cttecaccagce

aagcctgcte
atgcacagga
tegcggacgt
tcagecgtcge
ggacgtgcgg
cgtcgectctg
gtgcgggaac
gcrctgggge
gggaacccac
tggggcceca
acccacgtyg
gceccacgte
acgtggggge
cacgteccgge
gggggctccg
tececggecetyg
cccatggacc
ggtgtattta
tttcattaca
atcaaaacaa
gtgccagaac
caattgcgga
gagcggagta
cggagagtce
atctteetgt
atgctctttt
caacaaatgt
cttgtcctct
agcagcctge
cacaccatgt

tctgccacgg

gatgctgctce
agatgagctc
gcgggaaccc
tctggggecc
gaacccacgt
gggccccacg
ccacgtgggg
cccacgtecyg

gtgggggcLc
cgtceggece
gggctcegea
cggecctgac
tcegtcacgt
cectgacghge
tcacgtacte
acgtgegget
tgcatcgtgg
tctaagcgat
tctgbgtgtc
aacgaaacaa
atkttctectat
gtactgtecct
ctgtcctccg
coggggacct
acgcccctge
ctcooccect
ttgttcctga
actttggaaa
ccacccaatt
ccececregea

ctggaccgga

agcagcttca
acacaccagc
acgtggggge
cacgtccgge
gggggctecy
tccggeeetyg
gctocgtbeac
gccctgacgt
cgtcacgtac
tgacgtgcgg
acgtactcecy
gtgcggettce
actccgagte
ggcttcgttt
cgagtceccge
tegtttgtea
tgtaactata
cgcttaatta
ggtrtttetgt
aacaaactag
ccataatgca
ccgagoggag
agcggagtac
agagggtata
aggggcgcgce
tgcraatcce
caggaaaaac
aaaggaattyg
atttaagtgce
tctgtbctac

gaccetcotge

37

tggtggccaa
taaggcaccc
tccgtcacgt
cctaacgtge
tcacgtacte
acgtgcgget
gtactccgag
gcggettogt
tccgagtccco
cttcgbttgt
agrcccgeac
gtttgtcacg
ccgcacgcac
gtcacgtecge
acgcactcag
cgtcctcgag
acggtectaa
aggceggecy
gtgaatccat
caaaataggc
ggggtaccgg
tactgtccte
tgtoctoecga
taatgggtgc
cacgcgtcga
CCLtgtatgc
cttgctgggt
agageccgcta
tgettttgtg
ctggegetgt

ggggccgagce

ttgcceoceece
attatatacc
actccgagtc
ggcttegttt
c¢gagtcccge
tcgtttgtca
tcecgecacge
ttgtcacgtc
gcacgcactc
cacgtcgcgg
gcactcagcy
tcgcggacgt
tcagecgtege
ggacgtgcegg
cgtegectety
tggtaataca
ggtagcgacc
ccgeaataaa
agtactaaca
tgtccccagt
gtgatgacgg
cgageggagt
gcggagtact
cttagctggt
agaaggatgag
tgatgttagg
accttcgttyg
gcgccaccat
atttcttgaa
geetgetgac

tggtggatgce

5100

5160

5220

52890

5340

5400

5460
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6120
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cctgcaattc
cagcagtcgg
tccaaggagg
ccgrgecccag
caagaacacg
ttgcgcaaag
gatagcrtga
ttgccactee
actaggtgte
ttgggaagac
cacaatcttyg
ctccegagtt
ggtagagacg
tctacccacc
ctgtccttct
tacctggcca
gcattgggte
gtggraggte
tttagtgagg
agcgaaggcece
acacagggtt
gacggagggt
cggaaaaacg
gactggagag
cgccacacgce
acagagagag
aggcaggcca
gctacgggga
gcggacggceg

gg9gccggggce

gtgtgtggag
agagccecccece
ctggagatgt
cgccacacceg
aagtctcaga
ctttcgegat
tgggtggcat
agtgeecace
cttctataat
aacctgtagg
gctcactgca
gttgggattc
gggtttcacc
ttggectece
gattttaaaa
tgcccaaccg
cactcagtag
cgaacgaatc
gttaattecac
tggacagtgc
cgggaaggca
ccgaggggga
gagcaggaga
cgaagcggag
gcggagttetg
gg9agaggcgg
agcggccaag
gggacccrgg
gggcgtggcec

ggggagtgag

acaggggcret
agacaggcat
attgcgcacc
acatgcccaa
gaaggaaagg
aggcgagacc
ccetgtgacc
agecttgtee
attatggagt
gcctgeggag
atctccgect
caggcatgca
atattggcca
aaattgctgg
taactatacc
gtgggacatt
atgcecbgrtg
catggattac
gcagtgcego
ctgagaaagg
gagggagaag
ggcagaggga
gagaaggaga
tcggagggay
gggtggggac
9gtgggggag
tgggaggaaa
ggcegegggc
cagggceggcec

ggcgtgtceg

ctacttcaac
cgtggatgag
cctcaagcect
gacccagaag
aagtacattt
aatgggrgtg
ccteccecagt
taataaaatt
992999993t
tctattggga
cctgggttca
tgaccaggct
ggctggtcetc
gattacaggc
agcaggagga
tgagttgctt
aattctgatt
cctgtratece
ggegtgtaga
tggtggagag
gaaaggggag
gccacggadaa
ctagaaaggg
aaggagaagc
agaggcggag
agggcggaaa
gagcgaggag
gggtccbgga
aggggcagge

cagcggagece
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aagcccacag
tgctacttca
gccaagtcag
tatcagccce
gaagaacgca
tacgtagcgy
gcectetecetg
aagttgcatc
ggratggagc
accaagotgg
agcgatctcte
cagctaatte
caactcctaa
gtgaaccact
cgtccagaca
gcttggcact
taaatcggtc
ctactcaagy
aaatacctat
aggctgagtg
ctcagaggga
gagggagcga
ccgggggeoy
agaggcagaa
aggcgceagag
agagaaaaca
agcgagcgac
g9gcegecggge
gggggttccg

gecececegecec

ggtatggcte
gaagctgtga
crcgecetgt
catctaccaa
agtagatcga
cecgcgtcegac
gcecctggaag
attttgtetg
aaggggeaag
agtgcagtgg
ctgcctcage
ttgrretete
tctcaggtga
gcteccttee
cagcataggc
gteccteckcat
cgcgtacggce
acatcatccc
cagctcgagg
tggaggggag
ccgagagagg
gcgtecaggga
ggcrgecagy
ccoggagaag
accgagagac
ggcgcgagceg
ggcggeggceg
ggcgggaccc
§999¢993cg

cgcccccgga
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7140
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ctgecgeggeg
gaagcgcatce
9999999399
ttgcaggcetg
aaacaactgg
tctgacagag
tagagaagac
caccggactg
ggtyggaaacce
cgaggaaagce
tagacctgag
tcagaaagag
tatcatgcag
gktccctetcee
taaccaacag
cgacgaagac
aagcgatacc
cgagtttgcc
cctgaaagec
ttcecgatage
tggcatggcec
tctcgataac
actggaacag
ttacattcty
ctccattetg
caagctcaag
gagccatacc
cctggctgag
cccaaataaa
ccettettga

tatgagceccee

aggctgatec
gtggcccgga
caattggcca
aaaaagctca
gaatgcagat
gtcgagtcca
ctcgacatga
tLtgtgcaag
gatatgcctc
tccaacaaag
tatgtggtce
aaagacaaac
tgtgagcctc
gataagctcc
tttctgattg
ctcaagagga
cctttcaggc
aaaggactcce
tgtagctocg
gteoctgtuty
tatgtgattg
attcactatg
cctcaactcg
aatcagctct
tccgagctga
aatagaaaac
caaccccctce
atggggrggg
gcttcctect
gaccagagag

ttgaggacag

gggcccggac
ccecgeccece
ccatgaagct
agtgtagcaa
actcccccaa
gactcgaaag
tcctcaagat
acaatgtgaa
tgacactgag
gccaaagaca
ccgaaaccca
tgcetgtgtce
cceceteceega
tggaaaccaa
ccaggctgat
tcacacagac
agattaccga
ccggattcgc
aggtcatgatc
Ccaataacca
aggatgtgct
ccctcctgac
tggaagaaat
ccggcageac
gaacactggg
tgcctcectt
ccattcrgga
cagggcagag
tgaaacacaa
tgagaaager

ggaatgttat

gecggagteg
gccteccogece
ccrgtecage
agagaaaccc
aaccaaaaga
gcrtggaacag
ggactccetg
taaggatgce
gcagcataga
actgacagtyg
atgcgctatg
caccacaace
agccgctaga
tagacaaaag
ttggtatcag
atggcaacag
aatgacaatc
taagattagc
gctgagagtg
agcctatacce
ccacttrege
agccgtogtg
tcagaggtac
tagatccagc
aatgcaaaac
tctggaagaa
aagccctacc
ctgatcaggg
atgtttctta
ctctecttgac

tcatcttrga
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ggggcggcetyg
gccteeggagg
attgagcaag
aaatgcgcta
tccecectcea
ctctttectee
caagacatta
gtcaccgata
attagcgcta
tcececogagt
aaaagaaaag
gtcgatgate
atccacgaag
aatatcectce
gatggctatg
gctgacgatg
ctecaccgtcec
caacccecgatce
gctagaaggt
agggacaatt
agatgtatgt
actrcctecy
tatctgaata
gtcatctatg
tccaatatct
atttgggatg
aatctgtaaa
ccgagcagaa
crLrtacacccce
ctgaggatgg

attccgcage

gcgcgggcag
c€atgcgaggs
cctgtgacat
agtgtctgasa
ccagggccca
tgattttccc
aggcrctget
gactcgectce
cotccagcete
tcececcgggat
agaaaaaggc
acatgccccce
Lcgtccccag
aactcaccgce
agcaacccte
agaatgagga
agctcatcgt
agattaccct
acgatgeege
acaggaaggc
actccatgge
acaggcccgg
ccctcagaat
gcaaaatcct
gcattagcct
tggctgacat
tcgatagcecg
ccgcactetrt
atcctgattt
atctgaaaat

atctagcace

8760
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aggtcttgta
agagggctgg
tggatcacce
Cactaaaaat
aggcaggaga
tgcactccag
acaaaaagaa
agctgcatygg
agtggtgaac
cttggaccca
tccgectacgt
ctcecctttag
gtcgtgccag
gaaacgcttc
cgttactgge
caagtcagag
gctccctegt
tceecttogyy
aggtcgttcg
ccttatcecgg
cagcagecac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggattert
agtaaackttg
tttaaakttaa
cagttaccaa

catagttgcc

cagagcaggt
gcacagtggc
gaggtcagga
acaaaaatta
atcacttgaa
cctgggegat
aaaagaaaag
tcectgetekg
aggtatggag
tggcacatcg
ctctccececg
tgagggttaa
cttaatcatg
cttcatgtga
gtttttccat
gtggcgaaac
gegetctect
aagegrggey
ctccaagetg
taactatcgt
tggtaacagg
gcctaactac
taccttegga
tggtttetet
tttgatcttt
ggtcatgatc
gtctgacace
aaatgaagtt
tgcttaatca

tgactcceccg

gcccaataaa
tcacgcerge
gttcgagacce
gctgggcerag
cccaggagga
aggagcaaaa
taggggcaga
cttcttttet
ggcttactaa
tgtaatcatg
cagtasgggce
ttgegttgeg
gtcatagctg
gcaaaaggcc
aggctccgece
ccgacaggac
gttccgacce
ctttctcata
ggctgtgtgc
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaage
tctacggggt
tatgtcgggt
gctgcatgag
ttaaatcaat
gtgaggcacc

tcgtgragat

tggttgaakg
aatecctagea
agcttggcca
tgectgtaat
ggagtttgca
ctccatcktca
gatgtgggge
cttggagtet
gtaccaggtg
gtcatagcetg
tagactaact
ctcactgeee
ttteetgtgt
agcaaaaggc
ccectgacga
tataaagata
tgccacttac
gctcacgctg
acgaaccece
acccggtaag
cgaggtatgt
gaagaacagt
gtagctcttg
agcagattac
ctgacgctca
gcggagaaag
attatcaaaa
ctaaagtata
tatctcageg

aactacgata
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aatatatgaa
ctcrgggagg
acatggctaa
cccagctact
gtgagccgag
aaaacaaaaa
aggagaggtg
gteegttgga
cctagacgag
tctectgrgt
cgtctcgtga
gctttccagt
gaaattgtta
caggaaccgt
gcatcacaaa
ccaggcgtet
cggatacctg
taggtatctc
cgttecagecce
acacgactta
aggcggtgcet
atctggtatc
atcecggcaaa
gcgcagaaaa
gtggaacgaa
aggtaatgaa
aggatcttca
tatgagtaaa
atctgtctat

cgggagggct

aagtagaggc
ctgaggtggg
acctcatctce
caggaggctg
atcgcaccat
acaaaacaaa
actegggecre
tgacaatgat
gacgctcggg
gaaattgtta
atatccggaa
cgggaaacct
tcecgetacceg
aaaaaggccg
aatcgacgct
cccectggaa
tcegeettte
agttcggtgat
gaccgcktgcg
tcgecactgyg
acagagttct
tgcgctctge
caaaccaccg
aaaggatctc
aactcacgtt
atggcatacg
cctagatect
crrggcerga
ttcgttcatc

taccatctygg

10620

10680

10740

190800

10860

10920

10980

11040

iilo00

11160

11220

11280

11340

11400

11460

11520

115840

11640

11700

11760

11820

11880

11840

12000

12060

12120

12180

12240

12300

12360



ccccagrget
daaccagcca
ccagtctatt
gagcgttgtt
attcagetee
agcggttage
actcatggtt
ttetgtgace
trgctettge
gctcatcatt
atccagttcg
cagcgtrtet
gacacggaaa

gggttattgt

<210>
«211>
<212>
<213>

185

DNA

<220>
<223>

gcaatgatac
gccggaageg
aactgttgcc
gccattgeta
ggttceccaac
tccticggtco
atggcagcac
ggtgagtatt
cecggegteaa
gggaagegtt
atgtaaccca
gggtgagcaa
tgttgaatac

ctcgggageg

13314

cgecgagaccce
ccgagcgcag
gggaagctag
caggcatcgt
gatcaaggeg
ctccgatggt
tgcataatto
caaccaagte
tacgggataa
cttcggggeg
cacgagcacc
aaacaggaag
ccatacgctt

aatacatatt

Rrtificial Seguence

encoding etanercept

<400> 15
taaacaaata

gccagggttt
gggcgegtcea
acagcgeetee
aaaaataatce
ccgeacaggce
gggecttcac
ccccaatggg
ttatgaacaa
cgggttcctt

cagacggtaa

ggggtrcecge
tcccagtcac
gcgggtgteyg
tcatgtacaa
aatgtcctca
atctagaggc
ccgaacttgg
gtctcggrag
acgacccaac
ccggtattgt

aaagcaatgce

gcacatttcge
gacgttgtaa
gcectaggac
ctatactagt
gcggggtgtce
tatggcaggg
ggggtggagt
ggtatcgaca
accgtgcgee
ctbccetcegt

gttgagaatc

acgctcaccg
aagtggtcce
agtaagtagt
ggtgtcacgc
agttacatga
tgtcagaaqgt
tettactgte
attctgagaa
taccgegeca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa

tgaatgtatt

ccgaaaagry
aacgacggcc
gaaaggaggt
tgtagtgcct
ggggatttag
cctgccgcce
gg9ggaaaagg
gagtgccage
ttattetate

gtttcaatcg

cggtgcagca

61

gcteccagatt
gcaaccttat
tcgccagtta
tegtegtttg
tcccecatgt
aagttggeeg
atgccatkceg
tagtgtatgc
catagcagaa
aggatcttac
tcagcatcrt
gcaaaaaagg
tagtattgaa

tagaaaaa

¢cacctgacg
agtagcagac
cgtgaaatgg
aaataatgct
gtgacactat
cgacgttggce
aagaaacgcg
cctgggaceg
tttttattge
attcaaaaga

atgccataca

tatcagcaat
ccgecctecat
atagtttgcg
gtatggcttc
tgtgcaaaaa
cagtgttatc
taagatgctt
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc

gcatttatca

tactgaggac
aagcccgtea
ataaaaaaat
tttaaaactt
aggctgagceg
tgcgagccet
ggcgrattgg
aacccegegt
cgtcatageg
actcgtccag

gcaccagaaa

12420

12480

12540

12600

12660

12720

12780

12840

12900

12360

13020

13080

13140

13188

Synthetic censtitutive + TNF + inducible promoter gene switch

60

120

180

240

300

360

420

480

540

600

660



gcgatcagcece
ctgatagcga
ttccaccata
CLggcatacgt
gtccaggrca
gtgtttagct
agcatcagcce
gccrtggaace
agcetgegeat
ttegttcagt
cagacggaac
cagacgktcc
ggcaattggg
tgtcgaacag
gttcctcacc
gtatacggaa
gtcagccatg
ttaggggcegsg
ctggggagcce
tacttctgece
cacgecaggg
caggaggtet
acagatgtaa
gcatctccat
gcrccaggca
atctgccagg
tecrtecectcag
ggatgatggc
tcaccagctce
tcctatggac

ggctgaaget

cattcaccgce
tcagccacgce
atgttcggca
gctttcaggce
tcctgatcaa
tggtgatcga
atgatggaaa
tcgcccagea
ggaacgcegg
gcgccggaca
acagctgegt
acccaagcag
tgtctgagcg
gaggagcaga
ttgtcgtatt
tagctctgag
gggcggagaa
gactatyggtt
tggggacttt
tgctggggag
tctteccecagt
tataaatccg
tgaaaataaa
caggaaggtg
cttcaggccg
ctcgtcggeg
cagctccacc
cctcaggcag
ggtcageacc
gtgcaggcecyg

ggcgatcage

ccagttcttc
ccaggcgacc
gacaagcatc
gtgcgaacag
ccaggcecagce
atgggcaagt
ceLcitetae
acagccagtce
tagtagccag
gatcggtcett
cggagcaacce
ccggagaacc
atgtggcteg
gagcgaagcg
atactatgcc
gccgaggcag
tgggcggaac
gctgactaat
ccacacctgg
cctggggact
cacgacgrtg
actgtctaga
gatattttat
tcgatgggca
atgctccrca
tgggtggtcc
tcctgggege
cccageregg
ctgtcgaaga
gtggccagca

agctcgtrcc

agcaatcgtca
gcagtcgata
gccgtgggte
ttectgecegat
ttccatgcga
agctgggtcc
cagtgccaga
gcagccagcec
ccaggacaga
aacaaacagc
gatagtctgt
agcgtgcaga
gctggcegacyg
ggaggctgceg
gatatactat
cttcggcctce
tgggcggagt
tgagatgctt
ttgctgacta
ttacacacce
taaaacgacg
ttgttgttaa
tatcgatteca
cgtcgeccgat
ggctgggcag
tggtgtacte
ctttcaggcece
tcttgtccat
tggcgcccac
ggatgccgtce

atccggococr

62

cgggttgcca
aagccggaga
acaaccaggt
gccagacccet
gtgcgtgegce
agggtatgca
tgagaggaca
tcggtcacaa
cgagetgett
accggacgge
tgagcccagt
ccgtcttgtt
caaaagaaga
ggctcaattt
gcecgatgact
tgcataaata
taggggcgeg
gcrttgecata
attgagatgce
taacctcgag
gecagrgete
atcacacaaa
gctgteogetg
cagcctgaag
cctcagcage
creccagggceg
cctcaccteg
cctcatgtec
tceggegetyg
cctecacgtey

cagcaggatc

gtgcgatgtc
aacggccgte
cctegecatce
gatgttcctc
gckcgatacg
gacggcgcat
gcagatectg
catccagcac
catcttgcag
cttgagcgga
catagccaaa
Caatcatggt
tgcggetgac
gcatgcttta
aattgtcaac
aaaaaaatcta
atgggcggag
cttctgectyg
ttgctttgeca
gccatcgtag
ttcteccceceyg
aaaccaacac
gggctctcca
aagaacaggt
agcttggcga
gcgtacacct
gggttgaaca
ctcatcttge
tgggecgetrgt
atgctectgt

acctggtcgt

720

780

B840

200

980

1020

1080

1140

1200

1260

1320

1380

1440

1500

1550

1620

1680

1740

1800

1860

1920

1980

2040

2100

2180

2220

2280

2340

2400

2460

2520



ccaggggcag
gcttgtegyc
cggtrteegece
ccagaatcet
cggtgaacat
cgtgggggge
cgtecaggge
ccaggctcac
atcgecccece
gcggacaatt
aaaggtagcct
cagcagcocg
aaatcccggce
gcgttcaccg
gcctgttecg
aatgtcctte
cctgagegte
gotcgeegtg
agtaggcgayg
gcaccgcteg
ccacatttgt
aacataaaat
atraagcaat
tggtttgtce
gctctecagy
caggaaggqgy
cattcccagg
cctggegeta
ctggatctec

ggcggtcage

goctgergaag
ggcctggeag
ggggcccLeo
gtccacggoge
ctgctcgaac
gaagccgggg
gtecggegtgyg
gtcggtgggg
ceeececeeceyg
tactagtcta
aaaaaacttce
ctactcacca
tgcgacggaa
ccccacggag
ctectectggaa
tgctgatact
cgggcggaag
aggaggygyyg
accaatgggt
cacctgcgca
agaggtttca
gaatgcaaat
agcatcacaa
aaactcatca
atgggggggd
ggcagcttce
gtcctcagcot
ccgctcagct
tccaccaget

agggcgtagt

tggggaatcc
atgttggtca
acgccecctggt
atctccatat
tcgaagtcocgg
ccggggetgt
gecatggeeca
ggggrcacck
catgecegtet
acactgaaaa
acaaaacaca
agtgacgatc
ctagctgtgc
atcecctecege
agaaaaccag
gaggttctaa
gatcaggacg
cgccecgeggy
gcgcecatggg
cagacccgog
cttgctttaa
gtttrattaa
atttcacaaa
atgtatctta
gctgggtgtg
tgttcttcag
cgctcaggat
ggttcaggat
ggggetgctc

ggatgttgtc

tcrtggecca

€ggggregtet
cgettrtetg
ggccgecegta
ccatgtecag
cgecgtegece
cgtecctcgeo
tecktttett
aacaaaaaag
cracatatcg
ctecgecaace
acagcgatcc
cacacccggce
agaatcgcceg
tgccctagag
ggccgagtcet
ctcgectgege
aggcgcecaaa
ctcttecaaa
gctacaaact
aaaacctece
cttgtttatt
ttaagcattt
tcatgtctaa
gctcatgtcyg
cttcaggctg
gctcaggatc
gtagatecete
€aggccggge

cagggccatg

63

ctccaccagg
ggggctgetyg
ctccacggcy
ctcgtbcgatg
ggcgccgtag
cagcatgtcce
gtccaggtgc
cttggggecee
ccaaaaacqg
acccaaatga
ccgagegeac
acaaacaaga
gcgrtecttat
agaagggact
tcacccaagt
tatgagcagc
ccttocgtotyg
acccggecgog
aatttaggtg
acgaacgatc
acatcceccce
gcagcttata
trrtcactge
tcgatteaca
gccacgtecc
atacacatat
ttgccgtaga
agggtgtica
ctgtcgcrga

ctgtacatac

gtgaacagct
cegetgecge
agtteggect
cccagggegt
ggggcgctge
aggtcgaagt
agctegtege
atggtggcca
ccagaattta
ttacatttca
gtacccagcce
accgegaccece
ataatcatcg
actrttecte
ccegtectaa
gggeegetgt
acgtggcagce
gaggceceteg
acactatagg
attctagata
ctgaacctga
atggttacaa
acttetagttg
ggttggtyag
aaatctccte
tgctgkttetg
tcacgctgct
ggtagtacct
agatcaccac

atctgcagaa

2580

2640

2700

2760

2B20

2880

2940

3000

3060

3120

3180

324

3300

3360

3420

3480

3540

3600

1680

3720

3780

1840

3300

3560

4020

4080

4140

4200

4260

4320



gtgcaggagg
agcctggttg
cagcatcatc
cttggegaat
catctecggtg
ccaggtcegg
ccagatcagc
ccrgriggee
ggccetcgggy
ggtgctcacg
gcactgagte
cagctgecte
ctgcctcagg
cttgttcacg
gtccacctte
cagccteree
ggtctrgggg
ctccttgety
cagcagccte
tgctectetg
ccecteccaca
tcaacatttt
ttaagaaartt
gagtggtaat
taaggtagcg
ccgceccgceaat
catagtacta
ggctgteccecec
cgggtgatga
ctccgagegg

cgagcggaget

tecctcgatca
ttggcgaaca
acctcgctge
€cgggcaggce
atctgcctga
gtgatccttt
ctggcgatca
accagcaget
g9g999g9ggct
ggcagcettgt
tcgggecacca
tggccctegt
gtcaggggcea
ttgtcectgea
aggatcatgt
agcctgetet
ctgtatctac
cacttcaget
atggtggeca
agagttgtta
tggcatttte
actcaggaag
ttgggggagy
acaatggccg
accgcggaga
aaaatatcecc
acatacgcte
agtgcaagtce
cggtgaaaac
agtacktgtcce

actgteetec

cctocggccat
ggatgctgtc
tgcaagcctt
ccttggcgaa
agggggtgtce
tcaggtcecte
ggaactgetg
tgtcgoteag
cgcactgcat
ccttctcott
cgcactcggg
tgctgeeLcte
Lgtcggtctc
cgaacaggcc
ccaggtcctc
ccacctecggt
actcccagtt
tLcttcagecet
attgccccce
cagttcagac
tcttctecet
acatcattag
atgaggtcac
gttcccatgg
ctaggtgtact
tactttcatt
Cccaltcaaaa
caggtgccag
ctccaattgce
tccgagegga

gagcggagag

gccagcctte
gctggeggey
cagcagggtg
ctccacgatc
gctctecteg
gtcgetygge
gttggeggre
gaacctgggce
gatgggggyc
ctgggectece
cctgatcccyg
ctcgetgety
cacgctggcec
ggtcagcagg
cctggggaag
caggtgggce
gttcttcagg
gcagatgtcg
ccecececeeyg
atggtaatga
ctgteottttg
aatagaaata
tctgaaactt
acctgcatcg
ttatctaage
acatctgtgt
caaaacgaaa
aacatttctc
ggagtactgt
gtactgtcet

tcccegggga

64

ctgtagttgt
tegtacctec
atcrggtegg
agctgcacgg
ttectegtegt
tgctecgtage
agctggggga
acgacctegt
atgtggtcat
tteccecttec
ggaaactcgg
ctggtggegce
agectgtegg
gccttgatgt
atcagcagga
ctggtcaggg
cacttggcgce
caagcctget
catgecctgte
ctggttttac
atccgtgtcc
cttgtttgta
aagaatttgt
tggtgtaact
gatcgettaa
grttggtttte
caaaacaaac
tatccataat
ccteegageg
ccgagcggag

cctagagggt

ccctggtgta
tggccaccect
gectggetgat
tcaggatggt
cggectgetg
cgtcctgata
tgttcttctg
gaatectgge
cgacggtggt
ttttecatgge
ggctcacggt
tgatcctgtg
tcacggcgtce
cttgcagact
acagctgctc
ggctectett
acttgggcett
cgatgctgct
tgacgggcaa
acagctttge
cctgagtgat
aaggcatggt
caatatccte
ataacggtcc
ttaaggccgg
tgtgtgaatc
tagcaaaata
gcaggggtac
gagtactgtc
tactgtccke

atataatggg

4380

4440

4500

4560

4620

48680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5889

5540

60C0

6060

6120

6180



tgccttaget
cgaagaaggt
tgctgatgtt
ggtaccttcg
ctagcgecac
gcacctgtag
gcceeggeca
gcgaggacag
gcagatgtag
gcacctgtag
cceceecctgag
acgttgtgtg
tctgccgece
ccgtgtagtac
agccegtgag
gcaccagett
agcccaagag
gcggccccag
cccccgaggt
actggtacgt
acaacagcac
gcaaggagta
tcagcaaggc
aggagatgac
acatcgccgt
ccgtgctgga
gatggcagca
acacccagaa
gataggcgag

catccctgtg

ggtgtgtgac
gagtaatctt
aggatgacat
ttgcecggaca
catgctgccco
actgagagag
gcacgccaag
cacctacacc
cagcgaccag
accecggctgg
aaagtgcaga
caagccctgt
ccaccagatt
cagcaccagc
caccagaagc
cctgctgceet
ctgcgacaag
cgLgtteoctyg
gacatgcgtg
ggacggcgtg
ctacagagtg
caagtgcaag
caagggccag
caagaaccag
ggagtgggag
cagcgacggc
gggcaacgtg
gtccctgage
accaatgggt

acccctcececce

ctcatcttcc
aacatgetcet
ttacaacaaa
cttettgtee
gcccaggtcg
tattacgacc
gtgttctgeca
cagctgtgga
gtggagaccc
tactgcgecc
ceccggeLteg
gccececggea
tgcaacgtgg
cccaccegea
cagcacaccc
atgggaccca
acccacacct
ttccecoccca
gtggtggacg
caagtgcata
gtgagcgtge
gtgtccaaca
cccagagage
gtgtececctga
agcaacggcc
agcttcttcc
ttcagctget
ctgagccececeg
gtgtacgtag

agtgcctctc

tgtacgccecce
cccoooooee
tgtttgttcc
tctactttgg
ccttcaccee
agaccgccca
ccaagaccag
actggagtgee
aggcttgeac
tgagcaagca
gcgtggccag
ccttcaqgcaa
tggccatcce
gcatggccce
agcccacccee
gcceccccge
gtcececectg
agcccaagga
tgagccacga
acgccaagac
tgaccghget
aggcecctgceco
cccaggtgkta
cctgtetggt
agcccgagaa
tgtacagcaa
ccgtgatgca
gcaagtbtgaat
cagcecgegtc

ctggceectgg

65

tgcagggageg
ttcecgetaat
tgacaggaaa
aaaaaaggaa
ctacgcccee
gatgtgctge
cgacacegte
cgagtgeoctg
tagagagcag
ggagggctegce
acccggeacc
caccaccage
cggcaacgcece
cggcgetgtc
cgagcecage
cgagggceagc
ccecegeccac
caccctgatg
ggacceccag
caagcccaga
gcaccagaac
cgeccceate
caccctkgecece
gaagggctte
caactacaag
gctgaccgtg
cgaggccctg
cgattgcgca
gacgatagct

aagttgccac

cgccacgogt
cecetrttgrg
aacettgcetg
ttgagagccg
gagccoggcea
tccaagtgca
tgcgacagcet
agctgecggcea
aacagaatct
cgecetgtgeg
gagaccagcg
agcaccgaca
agcatggacgqg
cacctecccec
accgcccceca
accggcgacg
gagctgetag
atctacagaa
gtgaagttca
gagcagcagt
tggctggacg
gagaaaacca
cccagcagag
taccccagceg
accacccccec
gacaagagca
cacaaccact
aagctttcge
tgatgggtgg

tccagtgeec

6240

6300

€360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

708¢C

7140

7200

7260

7320

7380

7440

7500

7560

7620

7630

7740

7800

7860

7920

7980



accagccettg
aatattatgg
agggectgeg
gcaatctecyg
ttccaggeat
accatattgg
cccaaattge
aaataactat
ccggrgggac
tagatgcctg
atccatgaat
cacgcagtgc
aactccgcag
ctgccaggca
aaaccactgg
acttitcceca
€g9g9g8994999
tgacatttgc
tctgaaaaac
ggcecatety
tttccctaga
tctgetcace
cgectecegtyg
cagctccgag
cgggattaga
aaaggctcag
gececctate
ccecaggtte
caccgctaac
accctccgac

tgaggaaagc

tcctaataaa
99tg3ag999
gggtctattg
cctectgggt
gcatgaccag
ccaggetggt
tgggattaca
accagcagga
atttgagttg
ttgaattctg
taccctgtta
cgeggegtgt
cctcageocec
catcttgttc
catccaggaa
gggaccacat
ggggggcaat
aggctgaaaa
aactgggaat
acagaggtcg
gaagacctcg
ggactgtttg
gaaaccgata
gaaagctcca
cctgagtgtg
aaagagaaag
atgcagtgtyg
ctctcecgata
caacagtttc
gaagacctca

gatacccctt

attaagttge
ggtggratgg
ggaaccaagc
Lcaagcgatt
gctcagctaa
ctccaactec
ggcegtgaacc
ggacgtccag
ctrgcttggc
atttaaatcg
tccctackea
agaaaatacc
ctcaatgectg
cctecagottyg
cttgtcttag
ccagcechttec
tggccaccat
agcrtcaagtg
gcagatactc
agtccagact
acatgatcct
tgcaagacaa
tgcctctgac
acaaaggcca
tggtcecega
acaaactgcc
agccteecce
agctcctgga
tgattgccag
agaggatcac

tcaggqcagat

atcattttgt
agcaaggggce
tggagtgcag
ctectgecte
tttttgteee
taatctcagg
actgctccocet
acacagcata
actgtcctet
gtcogegtac
aggacatcat
tatcagctceg
aggagcagag
cacaactggyg
accgttttgt
ttcgctcoceca
gaagctochg
tagcaaagag
ccccaaaacc
cgaaaggcty
caagatggac
tgtgaataag
actgaggcag
aagacaactg
aacccaatgce
rgtgteccacc
tccegaagee
aacCcaataga
gctgatttgg
acagacatqgg

taccgaaatg

66

ctgactaggt
aagttgggaa
tggcacaatc
agcctecoega
tttggtagag
tgatctacce
teccectgtect
ggctacctgg
catgecgttgg
ggcgtggtag
cecttragtyg
agcacggggc
ctagtcteoct
ataaatgacc
aggggaaatg
agaaaccagc
tccagcattyg
aaacccaaat
aaaagatccc
gaacagctct
tcecatgcaag
gatgeccgtcea
catagaatta
acagtgtccc
gctatgaaaa
acaaccgtcg
gctagaatce
caaaagaata
tatcaggatg
caacaggctg

acaatcctca

gtccttctat
gacaaccege
ttggctcact
gttgttggga
acggggretc
accttaggcct
tctgatttta
ccatgcccaa
gtccactcag
gtccgaacga
agggttaatt
tccecactctce
gccectgacag
cgggatgaag
acctgcagqg
agggagcatg
agcaagcctyg
gcgcetaagtyg
ccetecaccag
ttctoctgat
acattaaggc
ccgatagact
gcgetaccte
ccgagttecce
gaaaagagaa
atgatcacat
acgaagtcgt
tccectcaact
gctatgagca
acgatgagaa

cegrecager

8040

81060

8160

B220

B280

8340

8400

8460

8520

8580

8640

8700

8760

8880

8940

2000

9060

9120

2180

5240

9300

9360

9420

9480

9540

9600

3660

97290

2780

9840



catcgtcgag
taccctccta
tgecgettee
gaaggctggce
catggctcte
gccecggactg
cagaatttac
aatcctctee
tagcoctcaag
tgacatgagc
tagcecgectg
actcttceca
tgatttctte
gaaaattatg
agcaccaggt
agaggcagag
ggtgggtgga
catctctatt
aggctgagge
caccattgea
aacaaaacaa
gggetcaget
aatgatagtg
ctegggettg
ctgttatccg
ccggaactce
aaacctgtcg
ctaccggaaa
aggcecgegkt

gacgctcaag

tttgccaaag
aaagcctgta
gatagcgtee
atggcctatg
gataacatte
gaacagcctc
attectgaatce
attctgtecg
ctcaagaata
catacccaac
gctgagatgg
aataaagcctt
tcttgagace
agccccttga
cttgtacaga
ggetgggeac
tcacttgagg
aaaaatacaa
aggagaatca
ctccagectg
aaagaaaaaa
gcatggtcct
gtgaacaggt
gacccatagc
ctacgtctct
crtttagtgag
tgccagctta
cgctrccLe
gctggeghtt

tcagaggtgg

gactcceeygg
gctccgaggt
tgtttgccaa
tgattgagga
actatgccct
aactcgtgga
agctctecgg
agctgagaac
gaaaactgcc
ccecteccat
ggtgggcragg
cctocttgaa
agagagtagg
ggacagggaa
gcaggtgccc
agtggctcac
tcaggagttc
aaattagctrg
cttgaaccca
gacgatagga
gaaaagtagg
gctctgetto
atggagggct
acatcgtgta
ccccegeagt
ggttaattgc
atcatggtca
atgtgagcaa
tcccataggc

cgaaacccga

attcgctaag
catgatgctg
taaccaagcc
tgtgcecceac
cctgacagcece
agaaattcag
cagcgcetaga
actgggaatg
tcecettetg
tctggaaagc
gcagagctga
acacaaatgt
aaagctctet
tgttattcat
aataaaltggt
gcctgtaatce
gagaccagct
ggctggtgec
ggaggaggag
gcaaaactce
ggcagagatqg
ttttttctty
tactaagtac
atcatggtca
aagggctaga
gttgcgctca
tagcecgttte
aaggccagca
tccgeccceccee

caggactata

67

attagccaac
agagtggcta
tataccagag
ttttgcagat
gtcgtgacee
aggtactatce
tccagcgtca
caaaactcca
gaagaaattt
cctaccasatc
tcaggaccea
ttcttactta
cttgacctga
ctttgaattc
tgaatgaata
ctagcacttt
tggccaacat
cgtaatccca
tttgcagtga
atctcaaasaa
tggggcagga
gagttrgtcc
caggtgtcta
tagctgttte
ttaactcgtce
ctgeccegetrt
ctgrtgtgaaa
aaaggccagg
tgacgagcat

aagataccag

ccgatcagat
gaaggtacga
acaattacag
gtatgtactc
tctcecgacag
tgaataccct
tetatggcaa
atatgtgcat
gggatgtgge
tgtaaatcga
gcagaaccgc
caccccatcc
ggatggatct
cgcagcatct
tatgaaaagt
gggaggcetga
ggctaaacct
gctactcagg
gccgagatcg
caaaaaacaa
gaggtgacctce
gttggatgac
gacgaggacyg
ctgtgtgaaa
tcgtgaatat
tccagtcggg
ttgttatccg
aaccgtaaaa
cdcaaaaatc

gcgtttcececo

9500

99860

10020

10080

10140

10200

102¢&0

10320

10380

10440

10500

10580

10820

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

115290

11580

11640



ctggaagctc
ccttecteccec
cggtgtagat
gctgcgectt
cactggcagce
agttcttgaa
ctectgetgaa
ccaccgoLgy
gatctcaaga
cacgttaagg
catacgagta
gatccLttta
gtctgacagt
ttcatccata
atctggcccce
agcaataaac
ctccatccag
cttgcggagce
ggctrecatte
caaaaaagcg
gttatcactc
atgctretet
accgagetge
aaaagtgcctc
gttgagatce
ttrtcaccagce
aagggcgaca

ttatcagggt

<210> 16
<211>
<212>

213>

DNA

cctegtgege
ttcgggaage
cgttcgctec
atccggtaac
agccactggt
gtggtggect
gccagttacc
tageggrggt
agatccttty
gattttggtc
aacttggtct
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa
cagccagccg
tctattaact
gttgttgeca
agecteeggtt
gttagetceet
atggttatgg
gtgactggtg
tcttgcoceccogg
atcattggga
agttcgatgt
grtttetggge
cggaaatgtt

tattgtctcg

11013

tctcctgrtc
gtggcgcettt
aagctgggct
tatcgtctrg
aacaggatta
aactacggcet
ttcggaaaaa
tcttoegtet
atctttrcta
atgatctatg
gacaccgctg
gaagrtitaa
taatcagtga
tcccecgtogt
tgataccgcg
gaagcgccga
gttgecggga
ttgctacagyg
cccaacgatce
tcggtecctee
cagcactgca
agtattcaac
cgtcaatacg
agcgttcttc
aacccacacg
gagcaaaaac
gaatactcac

ggagcgaata

Artificial Sequence

cgaccctgcc
ctcatagcte
acgtgcacga
agtccaacce
gcagagcgag
acactagaag
gagttagtag
gcaagcagca
cggggtctga
tcgggtgcgg
catgagatta
atcaatctaa
ggcacctatc
gtagataact
agacccacgc
gcgcagaagt
agctagagta
catcgtagtg
aaggcgagtt
gatggttgte
taattectctt
caagtcatte
ggataatacc
ggggcgaaaa
agcacccaac
aggaaggcaa
acgcttectte

catatttgaa
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gcttaccgga
acgctgtagg
accccecegtt
ggtaagacac
gtatgtaggc
aacagtattt
ctcttgatcce
gattacgcgc
cgctcagrgg
agaaagaggt
tcaaaaagga
agtatatatg
tcagcgatct
acgatacgcg
tcaccggctc
ggtcctgcaa
agtagttege
tcacgctcgt
acatgatcce
agaagtaagt
actgtcatge
tgagaatagt
gcgeccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatagt

tgtatttaga

tacctgtceg
tatctcagtt
cagcccgace
gacttatcgc
ggtgctacag
ggtatctgceg
ggcaaacaaa
agaaaaaaag
aacgaaaact
aatgaaatga
tcttcaccta
agtaaacttg
gtctatttcyg
agggcttacc
cagatttatc
ctcratcege
cagttaatag
cgtttggtat
ccatgttgtyg
tggecgeagt
catccgtaag
gtatgcggcg
gcagaacttt
tcttaccget
catcttttac
aaaagggaat
attgaagcat

dadaa

11700

11780

11820

11880

11940

1za00

12060

12120

12180

12240

12300

12360

124290

12480

12540

12600

12660

12720

12780

12840

12900

12380

13020

13080

13140

13200

13260

13214



<220>
<223>

etanercept

<400> 186
taaacaaata

gccacggttt
gggcgcgtcea
cgcacaggca
ggcctbecace
cccaatggga
tatgaacaaa
gggttcctte
agacggtaaa
cgatcaaccc
tgatagcgat
tccaccataa
ggcatacgtyg
tccaggtcat
tgtttagett
gecatcageca
cctggaacct
gctygegratg
tecgttcagty
agacggaaca
agacgqttcca
gcaattgggt
gtcgaacagg
ttcctcaccet
tatacggaat
tcagccatgg
tagyggcgag

tggggagect

ggggttccge
tccecagtcac
gcgggtgtty
tctagagget
cgaactbggg
Lcteggigag
cgacccaaca
cggtattgtc
aagcaatgcg
attcaccgce
cagccacgcce
tgtttggcag
ctttcaggcyg
cctgatcaac
ggtgatcgaa
tgatggaaac
cgeccageay
gaacgeeggt
cgccggacag
cagectgegte
cccaageage
gtctgagega
aggagcagag
tgtcgtatta
agctctgagg
ggcggagaac
actatggttg

ggyggacttte

gcacatttece
gacgttgtaa
gcgggtgteg
atggcaggge
gggtgaggty
grtatcgacag
ccgtgegttt
tccttocegtg
ttgagaatcc
cagttctteca
caggcgaccy
acaagcatcg
tgcgaacagt
caggccaget
tgggcaagta
cttttctgeoe
cagccagteg
agtagecage
atcggtetta
ggagcaaccg
cggagaacca
tgtggctegg
agcgaagcgg
tactatgccg
ccgaggcage
gggcggaact
ctgactaatt

cagacctggt

ccgaaaagtg
aacgacggcec
gggatttagg
ctgecegoccee
gggaaaagga
agtgccagec
tatcctgtet
tttcaatcga
ggtgcageaa
gcaatgtcac
cagtcgataa
ccgtgagtca
tctgeccggtg
tccatgcgag
gctgggtcca
ggktgccagat
cggccagcct
caggacagac
acaaacagca
atagtctgtt
gcgtgcagac
ctggcgacgc
gaggctgegg
atatactatg
ttcggectet
gggcggagtt
gagatgcttg

tgctgactaa

09

ccacctgacg
agtagcagac
tgacactata
gacgttgget
agaaacgcyyg
ctgggaccga
ttttatkcgoe
ttcaaaagaa
tgccatacag
gggttgceag
agccggagaa
caaccaggtc
ccagacectyg
tgcgtgegeg
gggtatgcag
gagaggacag
cggteacaac
gagctgette
ccyggacggcea
gagcccagte
cgtcttgtte
aaaagaagat
gctcaatttyg
ccgatgatta
gcataaataa
aggggcggga
ctttgcatac

ttgagatgct

tactgaggac
aagcccgtcea
ggctgagcgc
gcgagecectg
gecgtattggce
aceccgogtt
gtccatagcge
ctecgtecage
caccagaaag
tgcgatgtcc
acggcegttt
ctcgccakct
atgtktcctcg
ctcgatacgg
acggcgcata
cagatcctgg
atccagcaca
atcttgecaat
ttgagcggac
atagccaaac
aatcatggtg
gcggctgact
catgctttaag
attgtcaacg
aaaaaattag
tgggcggagt
ttoctgectge

tgecttgecat

Synthetic TNF inducible promoter gene switch construct expressing

&0

120

1890

240

300

36l

420

480

540

600

660

720

780

840

900

260

1020

1080

1140

1200

1260

1320

13280

1440

1500

1560

1520

1680



acttctgcct
acgccagggac
gggaggcerc
aaaaacctcc
acttgtttat
attaagcatet
atcatgccta
ggctcatgte
gcttcagget
tgetcaggat
tgtagatcct
ccaggeoceagy
ccagggccat
tgccagectt
cgctggcgge
tcagcagggt
actccacgat
cgcterecte
cgtecgebggg
ggttggeggt
ggaacctggyg
tgatgggggy
tctgggectt
gcctgatccee
ccrtegetget
ccacgctggce
cggtcagcag
ccectggggaa

tcaggtggge

tgttcttcag

gctggggage
tttccecagtce
ataaatccga
cacatctcce
tgcagcttat
tttttcactg
atcgattcac
ggccacgtece
gatacacata
cLrgcegtag
cagggtgttc
cctgtogetyg
gctgtacata
cctgtagttg
gtcgtacctce
gatctggtceg
cagctgeacg
gttctegteg
ctgctcgtag
cagctggggg
cacgacctcg
catgtggtca
cttcecectte
gggaaactcyg
gctggtggcg
cagcecergreg
ggccttgatg
gatcagcagg
cctggtcagy

gcacttggcy

ctggggactt
acgacgttgt
ctgtctagat
cctgaacctg
aatggttaca
cattctagtt
aggttggtgg
caaatctcct
ttgctgttct
atcacgctgce
aggtagtacc
aagatcacca
catctgcaga
tccectggtge
ctggccacce
ggctggctga
gtcaggatgg
tcggcetger
ccgtectgat
atgttcttct
tgaatcctgg
tcgacggtyy
cttttcatgg
gggctcacag
ctgatcctgt
gtcacggcgt
tcttgcaggce
aacagctgcet
gggcktcctek

cacttgagcr

tccacaccct
aaaacgacgg
accacatttg
aaacataaaa
aattaagcaa
gtggtttgte
ggctctccag
ccaggaaggg
gcattcecag
tcctggeget
tctggatcte
cggcggrcag
agtgcaggag
aagcctggtt
tcagcatcat
tcttggcgaa
tcatctcggt
gccaggtctyg
accagatcag
goctgttyggt
cggectegyq
tggtgctcac
cgcactgggt
tcagctgcct
gctgcctcag
ccttgkbtcac
tgtccatectt
ccagectete

tggtettgyg

tctcettget
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aacctcgagg
ccagtgctct
tagaggtttt
tgaatgcaaa
tagcatcaca
caaactcatc
gatggsg9gg
gggcagcttc
ggtcctcagce
gcecgetcage
ctccaccagce
cagggegtag
gtcctecgatc
gttggcgaac
caccregetg
tcegggeagg
gatctgecetyg
ggtgatcctt
cctggcecgatce
caccagcacc
g99999999¢
gggcagcettg
ctcgggcacc
ctggcecettg
ggtcagggac
gttgtcctac
caggatcatg
cagcctgete
gctgtatetg

gcacttcagce

ccaktcgtggce
tctceccecege
acttgcttta
tgttttatta
aatttcacaa
aatgtactctet
ggctgggtge
ctgttcttca
tcgctcagga
tggttcagga
tggggctact
tggatgttgt
acctcggceca
aggatgctgt
ctgcaagcct
cecttggega
aagggggtgt
ttcaggtcect
aggaactgct
ttgtcgoctea
tcgcactgeca
tcecttcteet
acgcactcgg
ttgctgctct
atgtcggtct
acgaacaggc
tccaggtect
tccacctcgg
cactcecagt

tEtctkcagcce

1740

1800

18890

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2240

3000

31060

3120

3180



tgcagatgtc
€gggaggcetg
gagcctttca
agcctcocceceyg
tgeccegeeeg
tgggggatca
ttceccaggac
cgcktecgetee
Lgaggctete
agaagaacag
gcagcrtgge
cgacgtacac
cggggttgaa
cccrcatcctt
tgtgggegcet
cgatgctcct
tcacctggte
gggtgaacag
tgcegectgee
cgagttegac
tgccecaggge
agggggeget
ccaggtcgaa
gcagctcgere
ccatggtggc
aatgcagata
ggcggaggga
gacacccagce
ctctgteetg
cgactccaaa

ctttctgaat

gcaagcctac
ctggttttee
gagaagcggg
cgtcgggaga
ctgctatggg
gcgggagage
gcccgcageg
ctectgectet
cagcatctcc
gtgctccagg
gaatctgecg
cttcteccte
caggatgatg
gctcaccage
gttcctaktgg
gtggctgaag
gtccaggggce
ctgettgteg
geceggthecyg
ctccagaatc
gtcggtgaac
gtcgtaggag
gtcgtccagg
gccecaggete
caattgcccce
ccgcggageg
aatcccctea
caagttccac
gcaaaagaag
aggctatcte

ccaatgtggy

tcgatgectge
actacccgaa
tcctggcage
gtegegteet
caaagtttcg
tgggccagag
cagcktctgck
cgctggaatt
arcagg&aagg
cacttcaggc
ggctcgtcag
agcagctcca
gccctcagge
tcggtcagca
acgtgcaggc
ctggcgatca
aggctgctga
gcggectggce
ccggggceect
ctgtecacgg
atctgctcga
gtgaagccgg
gcgtcggegt
acgtcggtgg
ccecceccece
aaatagaaag
aggggaaacc
tattaaccece
acacttccaa
tactggaaag

Ltaagggggt

tcagcagett
aaaaatccag
ggcggggaag
tgctcgagtyg
tggatgcggce
gcgaageccee
cgcegggcto
actacagcga
tgtcgatgyg
cgatgctect
ggtgggtggt
cctectggge
agcccagctce
ccectgtecgaa
cggtggccag
gcagctcgtt
agrggggaat
agatgttggt
ccacgcectg
gcatctccat
actcgaagtce
ggccgggget
gggccatggce
ggggggccac
cgcatgcagce
tctgtgetrt
cagggcagag
ttcagtogect
gactataaaa

ataaaggaca

ggggagagaa
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catggtggca
cgtctaagca
tgtccecaaa
ttgtaagttc
tagggttgcg
ctattcgete
ctccaccera
gttgccggcet
cacgtegeeg
caggetggge
cectggtgtac
gcttttecagg
ggtcttgtee
gatggcgecece
caggatgccg
ccatcecggec
cctcttggec
cacggggteg
gtcgetttte
atggecgceg
ggccatgtce
gtcgecgteg
cacgtccteg
cttcettttc
tcctgaagec
ataaagggtc
ccagggaaaa
ctcactgctg
tacaggettt
atgctgacttg

aaaatggaga

gatctggtcg
gctgcaagga
tgggcagaat
cagtgcaaag
caccgctggc
cggatctccc
gececgecegen
cagctgtcgc
atcagcctga
agcctcagca
tccteccagag
ccectcacce
atcctcatgt
actecggcege
tccctcacgt
ctcagcagga
cactccacca
ttggggcetygce
cgctecacgg
tactcgtcga
agggcgeegt
cccageatgt
cecgtecaggt
ttcttggggc
agtgaggcecce
ttgttgcaga
aagtttaaca
aagctcetct
Ecctocatcetr
cagaatgaaq

cagagtagta

3540

3600

3660

3720

1780

1840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

43980

5040

5100

5160

5220

5280

5340



aattctacte
ccatcaagga
aggaaaaagc
gttttacatt
tcttcttgag
tttteteeeg
tttttgcata
gagtaggcga
ggcaccactc
gtgtaactat
ccgettaatt
tggttrtteg
aaacaaacta
tccataatgc
tccgaqcgga
gagcgaagta
tagagggtat
c€aggggcgcyg
tcgctaatce
acaggaaaaa
aaaaggaatc
acgcccecga
tgtgctgctce
acaccgtctyg
agtgcctgag
gagagcagaa
agggctgceceg
ccggcaccga
ccaccagcag

gcaacgccag

tggtttttga
aatatgtttg
tattcctcee
tattcataaa
tagaaagtaa
ttttagaaaa
cttaaatgca
gaccaatggg
gcacctgcge
aacggrccta
aaggccggcec
tgtgaatcca
gcaaaatagg
aggggtaccg
gtactgtcct
ctgtectceg
ataatgggtg
ccacqgegteg
ccLtegbtgtg
ccttgctgag
gagagceget
gceceggeage
caagrgcagc
cgacagctgc
ctgcggcagce
cagaatctgc
cctgtgegec
gaccagcgac
caccgacatc

catggacgece

actggataaa
caattctaaa
gatgagtcat
aatagttctt
aggactgtaa
gttaccaata
agtgtatgga
tgcgceccatgg
acaggcataa
aggtagcgac
gccgcaataa
tagtactaac
ctgtccccag
ggtgatgacg
ccgagcggag
agcggagtac
ccttagetgg
aagaaggtga
ctgatgttag
taccrtegtt
agcgccacca
acctgtagac
cccggecage
gaggacagca
agatgtagca
acctgtagac
cccctgagaa
gttgrgtgca
tgecgeocecce

gtgtgtacca

taacgactat
agagattaat
ttttraaaaa
ttagcaacaa
ctgaaattgc
atttggtcaa
atccatctga
gctcttcecaa
gccaaatgga
cgeggagact
aatatcttta
atacgctctce
tgcaagtcca
gtgaaaacct
tactgtecctc
tgtcctecega
tgtgtgacct
gtaatcttaa
gatgacattt
geccggacact
tgectgeeccge
tgagagagta
acgccaagagr
cctacaccea
gcgaccaggt
ccggctggta
agtgcagacc
agcecctgtge
accagatttg

acaccagcce
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gccatgtgaa
ttoeeeetct
agggacacca
acatcaactt
tgccaaaaca
attgctggat
agtggcaaat
aaatttaggt
actacgagac
aggtgtattt
ttttcattac
catcaaaaca
ggtgccagaa
ccaattgcgg
cgagcggagt
gcggagagtc
catcttcctg
catgctcttt
acaacaaatg
tettgtcocte
ccaggtcgee
ttacgaccag
gttctgcacc
gcrgtggaac
ggagacccag
ctgcgccectg
cggcrtcgge
ccceggcacce
caacgtggtg

cacccgragce

ttgattttct
tacaagagaa
caacttbctta
tttgaaacta
agggaaacaa
aattggaatt
ctctbkgacte
gacactatag
ctgcatcgtg
atctaagcga
atctgtgtgt
aaacgaaaca
catttctcta
agtactgtcc
actgtecctec
ccecggggace
tacgeccectg
teetttttte
tttgttcctg
tactttggaa
ttcacccect
accgceccaga
aagaccagcg
tgggtgcccg
gcttgcacca
agcaagcagg
gtggccagac
ttcagcaaca
gccatecccg

atggccceccg

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

5240

5300

5360

6420

€480

€540

6600

6660

5720

6780

65840

6900

6960

7020

7080

7140



gcgctgtcca
agcceccagcac
agggcagcac
ccgccccega
ccctgatgat
acccacagge
agcccagaga
accagaactaq
ccceccatega
cecectgecece
agggcttcta
actacaagac
tgaccgtgga
aggccctaca
attgcgcaaa
cgatagcttg
gtrtgccactc
gactaggtgt
gttgggaaga
gcacaatctt
cctececgagt
tggtagagac
atctacccac
cctgtectte
ctacctggce
tgcgttgggt
cgtggtaggt
ctttagtgag
Ccatggtcat
agggcragat

ttgegetcac

cctcccecag
cgcceccage
cggcgacgag
gctgetggge
ctccagaace
gaagttcaac
gcagcagtac
gctggacggce
gaaaaccatc
cagcagagag
ccccagegac
cacccececee
caagagcaga
caaccactac
gctttecgcega
atgggtggcea
cagtgcccac
ccttctataa
caacctgtag
ggctcactgce
tgrtgggatt

ggggtttcac

cttggectec
tgattttaaa
atgcccaacc
ccactcagta
ccgaacgaat
ggttaattca
agctgttecec
taactcgtct

tgecegertt

ccegtgagea
accagcttcc
cccaagaget
ggccccageg
cccgaggtga
tggracgtag
aacagcacct
aaggagtaca
agcaaggcca
gagatgacca
atcgeegtgg
gtgctggaca
tggcagcagg
acccagaagt
taggcgagac
tceccegtgac
cagccttgtco
tattatggag
ggcctgceggd
aatctecegee
ccaggceatgco
catattggcc
caaattgctg
ataactatac
ggtgggacat
gatgcectgtt
ccatggatta
cgcagtgggt
tgtgtgaaat
cgtgaatatc

ccagtcgaga

ccagaagcca
tgctgcctat
gcgacaagac
tgttectgtt
catgcgtgat
acggcegtgcea
acagagtggt
agtgcaaggt
agggccagec
agaaccaggt
agtgggagag
gcgacggceag
gcaacgtgtt
ccectgagect
caatgggtgt
ccctcececcag
Ctaataaaat
tggagggggag
gtctattggg
tcectgggtece
atgaccaggce
aggctggtct
ggattacagg
cagcaggagg
ttgagttgct
gaattctgat
ccectgttate
acggaactaa
tgctatccge
cggaactccee

aacctgtogt
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gcacacccag
gggacccage
ccacacctgt
cccccocccaag
ggtggacgtg
agtgcataac
gagcgtgetg

gtccaacaag

cagagagccc

gtccctgacce
caacggccag
cttecttectyg
cagctgetee
gagccccecgec
gtacgtagcg
tgcctctect
taagttgcat
tggtatggag
aaccaagctg
aagcgattct
tcagctaatt
ccaactccta
cgtgaaccac
acgtccagac
tgcttggcac
ttaaatcggt
cctactcaag
aggcagcaca
tacgtectcte
tttagtgagg

gccagcettaa

cccacceccg
ceceececgecyg
ccccectgece
cccaaggaca
agccacgagg
gccaagacca
accgtgectge
gccctgcceg
caggtgtaca
tgtctggtga
ceccgagaaca
tacagcaagc
gtgatgcacg
aagtgaatcg
gccgegtega
ggccecctggaa
cattttgtet
caaggggcaa
gagtgcagtg
cctgeetcag
tttgtttett
atctcaggtg
tgctecccttc
acagcatagg
tgtcctcectcea
ccgegtacag
gacatcatcc
catcgtgtaa
cccegecagta
gttaattgcg

tcatggtcat

7200

7260

7320

7380

7440

7500

7580

7620

7680

7740

7800

7860

7920

7980

B8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

g88¢

8940

5000



agctgtttce
aggccagcaa
ccgcecoect
aggactataa
gacccugeeg
tcatagctca
tgtgcacgaa
gtccaacccg
cagagcgagg
cactagaaga
agttggtagc
caagcageag
ggggtctgac
gaaaggaggt
tgragtgecct
aggtaatgaa
acaccgetge
aagttttaaa
aatcagtgag
cceocgtegty
gataccgcga
aagegecgag
ttgccgggasa
tgctacaggce
ccaacgatca
cggtectecyg
agcactgcat
gtattcaacc
gtcaatacgg

gegttetecg

tgtgtgaaat
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgcrtgtaggt
cgeececgeec
gtaagacacg
tatgtaggcg
acagtatttyg
tcttgatccg
attacacgca
gctcagtgga
cgtgaaatgg
aaataatgct
atggcaaatc
atgagatcat
tcaaktctaaa
gcacctarct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggrgt
aggcgagtta
atggttgtca
aattctctta
aagtcattct
gataataccyg

gggcgaaaac

tgttakcege
accgtaaaaa
acaaaaatcg
egtttcecee
acctgtcecge
atckcagtte
agcccgaccg
acttatcgeco
gtgctacaga
gtatctgecgce
gcaaacaaac
gaaaaaaagg
acgaaaactc
ataaaaaaat
tttaaaactt
aatgtcctca
caaaaaggat
gtatatatga
cagcgatetyg
cgatacggga
caccggctcc
gtcctgcaac
gtagttcgcc
cacgctegec
catgatcccc
gaagtaagtt
ctgtcatgee
gagaatagtyg
cgccacatag

tctcaaggat

taccggaaac
ggcegegrtyg
acgctcaagt
tggaagctec
ctttecteceet
ggtgtaggtc
ctgcgectta
actggcagca
gttcttgaag
tctgetgaag
caccgctggr
atctcaagaa
acgttaaggy
acagegtttt
aaaaataatc
gcgaaatggce
cttcacctag
gtaaacttgg
toctatkttcogt
gggcttacca
agatttatca
tttatecegee
agttaatagrt
gttrggtatg
catgttgtge
ggccgceagtyg
atccgtaaga
tatgcggega
cagaacttta

cttaccgctg
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gcttcctteca
ctggcogtett
cagaggtggce
ctegtgecgcet
tcgggaageg
gttecgeteca
tccggtaact
gccactggta
tggtggcceta
ccagttaccet
agcggtggtt
gatcctttga
atttbggtca
tcatgtacaa
tatgtcgggt
atacgagtaa
atccttttaa
tctgacagtt
tcatccatag
tctggececa
gcaataaacc
tccatccagt
ttgcggageg
gcttcattca
aaaaaagcgg
ttatcactca
tgetticcty
ccgagtrtgcet
aaagtgctca

ttgagatcca

tgtgagcaaa
tccatagget
gaaacccgac
ctcctgttee
tggegetthe
agctgggctg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
trttegtetyg
tctotectac
tgcctaggac
ctatactagt
gcggagaaag
acttggtctg
attaaaaatg
accaatgctt
ttgcectgact
gtgctgcaat
agccagccgg
ctattaactyg
tcgttgccat
gacteceggetc
ttagctecctt
tggttatggce
tgactggtga
cttgcecegac
tcattgggaa

gttcgatgta

5060

9120

2180

9240

9300

9360

9420

9480

9540

9600

3660

5720

$73c0

5840

9200

99690

10020

10080

10140

10200

10260

10320

16380

10440

10500

10560

10620

10680

10740

10800



acccacacga gcacccaact gatcttcage
agcaaaaaca ggaaggcaaa atgccgcaaa
aatactcata cgcttccttt ttcaatagta

gagcgaatac atatttgaat gtatttagaa aaa

<210>
<211>
<212>
<213>

17

15708

DNA

Axtificial Seguence

<220
«223>»
switch construct encoding etanercept

<400> 17

taaacaaata ggggttccge gcacatttcc ccgaaaagtg

gccagggttt tcccagtcac gacgttgtaa aacgacggcec

gg99cgcegtca gegggtgitg gegggtgteg gggatttagg

cgcacaggca tctagaggct ctgcecgeccec

atgqgcagggce

ggccttcacc cgaacttggg gggtggggtyg gggaasaagga

cccaatgggg tcetcggtggg gtatcgacag agtgccagec

tatgaacaaa cgacccaaca ccgtgeogttt tattctgect

gggttcctte cggtattgte tccttecgtg tttcaatcga

aggcgataga aggcegatgeg ctgegaatcg ggggeggega

cggtcagcece attegocgec aagttcttca geaatatcac

tgatagecggt cggecacacc cagccgtcca cagteogatga

tccaccatga tattcagcaa gcaggcakcg ccgtgggtcea

ggcatccteg ccttgagect ggcgaacagt tcggctggeg

tccagatcat cctgatcgac aagaccggct tccatccgag

tgtttcgett ggtggtcgaa tgggcatgta gccggatcaa

gcatcagcca tgatggatac tttctcggca ggagcaaggt

cccggcactt cgcccaatag cagccagtcc cttcccgett

gctgecgcaag gaacgcccgt cgtggccage cacgatagec

tcattcaggg caccggacag

gtcggtcttg acaaaaagaa

agccggaaca cggcggcatc agagcagecog attgtctgtt

agceteteca cccaagegge cggagaacca gegtgcaate
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and BFO

ccacctgacg
agtagcagac
tgacactata
gacgttgget
agaaacgcgg
ctgggaccga
ttttattgec
tttagaagaa
taccgtaaag
gggtagccaa
atccagaaaa
cgacgagatc
cgagcccctg
tacgtgcteg
gecgtatgeag
gagatgacag
cagtgacaac
gcgctgecte
ccgggegcece
gtgcccagetc

catcttgtte

atcttttact ttcaccagcg ttkctgggtg
aaagggaata agggcgacac ggaaatgttg

ttgaagcatt tatcagggtt attgtctcgg

tactgaggac
aagcccgtcea
ggctgagege
gcgagcectg
gecgtattgge
acccegegtt
gtcatagcegce
ctegtcaaga
gacgaggaag
cgctatgtce
geggeccattt
ctecgeegteg
atgctccteg
ctcgatgcga
cecgeegeatt
gagatcctgce
gtcgagcacg
gtcctggagt
ctgecgetgac
atagccgaat

aatggccgat

10860

10920

10380

11013

Synthetic dual promoter inflammation + hypoxia inducible gene

60

120

180

240

300

3860

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



ceccatggtgg
gcggctgact
catgcggaat
tcagccatgg
taggggcggy
tggggagect
acttctgeet
acgccagggt
gggaggtret
cagatgtaat
catctccatc
ctccaggcac
tctgceggge
ctcecteage
gatgatggcce
caccagctcg
ccratggacg
gctgaagetg
caggggcagg
cttgteggeg
ggttccgeeg
cagaatcctg
ggtgaacatc
gtggggggtyg
gtccagggcyg
caggctcacg
ttgeccceccec
cggacaattt
aaggtgccta
agcagcecege

aatceccggct

ccaattgggt
gtcgaacagg
agctctgagg
ggcggagaat
actatggtrg
ggggactttc
gctggggage
tttccecagte
ataaatccga
gaaaataaag
aggaaggtgt
ttcaggccga
tcgtcggggt
agctccacct
ctcaggcagce
gtcagcaccce
tgcaggeegg
acgatcagceca
ctgetgaagt
gectagcaga
gggececteca
tcecacgggcea
tgctcgaact
aagccggggc
Lcggegtggg
tcggtggggg
cccoccoccoccecge
actagtctaa
aaaaactrca

tactcaccaa

gcgacggaac

gtctgagcga
aggagcagag
ccgaggcagc
gggcggaact
ctgactaatt
cacacctagt
ctggggactt
acgacgttgt
ccguctagat
atattttatt
cgatgggcac
tgctectecag
gggtggtcct
cctgggeget
ccagctcggt
tgtcgaagat
tggccagecag
gctegttceeca
ggggaatcct
tgttggtcac
cgcectggtc
tcteccatatyg
cgaagtcggc
¢ggggcergre
ccatggccac
gggccacctt
atgccgteta
cactgaaaat
caaaacacac
gtgacgatca

tagctgtgee

tgtggctcgg
agcgaagcgg
ttcggecectct
gggcggager
gagatgcttg
tgcrgactaa
tccacaccct
aaaacgacgy
tgtitgtraas
atcgatteag
gregeegatc
gctgggceagce
ggtgtactcc
tttcaggcce
cttgtccatce
ggcgoccact
gatgccgtcce
tccggeecte
cttggceccac
ggggtcegttg
gcttttctge
gccgecgtac
catgteccagg
gcecgtbecgecece
gtcctegecyg
ccttttectte
dacaaaaaagc
tacatatcga
tcgccaaceo
cagcgatcca

acacccggceg
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ctggcgacgc
gaggctgcegg
gcataaataa
aggggcggga
ctttgcatac
ttgagatget
aacctecgagyg
ccagtgetet
tcacacaaaa
ctgtcgectgy
agcctgaaga
ctcagcagcea
tccagggceeg
ctcacctecg
ctcatgtccc
ccgacgetgt
ctcacgtcga
agcaggatca
teccaccaggqg
gggctgetge
teeacggega
tcgtegatge
gcgecgtadg
agcatgtcca
tccaggtgca
ttggggccca
caaaaacggc
cccaaatgat
cgagegcacg
caaacaagaa

cgtccttata

aaaagaagat
gctcaatttg
aaaaaattag
tgggcggagt
ccckgectge
tgctttgcat
ccatcgtggc
tcteecceege
aaccaacaca
ggctctccag
agaacaggtg
gcttggegaa
cgtacacctt
agttgaacag
tcatcttgct
gggcgctgtt
tgctcctgtg
cctagtegtc
tgaacagctg
cgetgecgee
gttecggeete
ccagggcgte
gggcgctgtce
ggtcgaagtc
gctecgtcgcece
tggtggccaa
cagaatttag
tacatttcaa
tacccagcce
ccgcgaceca

taatcatcgg

1320

1380

1440

1500

1560

1620

1580

1740

1800

1860

1320

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2549

3000

3060

3120



cgttcaccge
cctgeeeege
atgtectect
ctgagcgtcec
ctcgecgtga
gtaggcgaga
caccgctege
cacatttgta
acataaaatg
ttaagcaata
ggtrtgteca
ctctccagga
aggaaggggay
attcccaggg
ctggcgetge
tggatctect
gcggtcagea
tgcaggagge
gcectggtrgt
agecatcatca
ttggegaatce
atctcggtga
caggtctggg
cagatcagce
ctgttggtca
gcctcggggg
gtgctcacgg
cactgggtcet
agctgcecectet

tgcctcaggg

cccacggaga
tcrctggaaa
gctgatactyg
gggcggaagg
g9agggg9ggc
ccaatgggtg
acctgecgcac
gaggttttac
aatgcaaatg
gcatcacaaa
aactcatcaa
999999999
gcagcttcet
tectcagete
cgctcagctg
ccaccagctg
gggcgtagtg
cctegatcac
tggcgaacag
cctegotget
cgggcaggcc
tctgcetgaa
tgatcctttt
tggcgatcag
ccagcagctt
gg9gggggcec
gcagcttgrc
cgggcaccac
ggcccttgtr

tcaggggcat

tcectecgea
gaaaaccagt
gggttctaag
atcaggacgc
gcccgeggga
cgeccatggge
aggccecgegg
ttgctttaaa
ttttactaac
tttcacaaat
tgtatcttat
ctgggtgtgg
gttcttcagce
gctcaggatg
gttcaggatg
gggctgctecc
gatgttgtcc
cteggecatg
gatgctgteg
gcaagccttc
cttggecgaac
gggggtgteg
caggtccteg
gaactgctgg

gtcgctcagg

gcactgcatg
cttctcctte
gcactcgggc
gctgctctcec

gtcggtctcec

gaatcgccga
gcectagage
gccgagtctt
tcgectgcegece
ggcgccaaaa
tckttecaaaa
ctacaaacta
aaacctecea
ttgtttatty
taagcattct
catgtctaat
ctcatgtcgg
ttcaggetga
ctcaggatct
tagatcctca
aggccgggece
agggccatgc
ccagecttee
ctggeggegt
agcagggtga
tccacgatca
ctctectegt
tcgetggget
ttggcggtcea
aacctgggca
atggggggcea
tgggccttct
ctgateccyg
tegctgetge

acgctggccea
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gaagggacta
cacccaagtce
atgagcagceg
cttcgtctga
ceeggegegy
attcaggtga
cgaacgatca
catcteecee
cagccttataa
tttcactgeca
cgattcacag
ccacgtccca
tacacatatt
tgccgtagat
gggtgttcag
tgrtcgetgaa
tgtacataca
tgtagttgte
cgtacctect
tetggtegag
getgeacggt
tctogtegre
gcregtagee
gctgggggat
cgacctcgtg
tgtggtcatc
tctcoccttect
gaaactcggg
tggtggcgact

gcctgregat

cttttcetcy
cegtecraaa
ggcegetgece
cgtggcageg
aggccctcga
cactataggg
ttctagatac
tgaacctgaa
tggttacaaa
ttctagtrge
gttggtgggg
aatctcctcee
gctgttctge
cacgctgcte
gtagtacctc
gatcaccacg
tctgecagaag
cctggtgtaa
ggcecacccte
ctyggetgato
caggatggtc
ggcctgetge
gtcctgatac
gttcttctge
aatcctggcg
gacggtggtg
tttcatggcg
gctcacggtc
gatcctgtge

cacggcgtcce

3180

3240

3300

3360

3420

34890

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4280

4320

4380

4440

4500

4560

4620

45680

4740

4800

4860

4920



ttgttcacgt
tccatctrea
agccteteca
gtcttgggge
tcettgetge
agcagcrecca
9ggagcgaag
caaaacggte
ccagttgtge
tctgotecte
gagtggtaat
9ggagaaagag
aggtgtattt
ctcctcattac
catcaaaaca
ggtgccagaa
ccaattgcgg
cgagcggagt
gcggagagruc
catcttecry
catgctctet
acaacaaatg
tcttgtccte
ccaggtcgcec
ttacgaccag
gttctgcacc
gctgrggaac
agagacccag
crgegeecty
cggettegqe

ceccecggeace

tgtecctgcac
ggatcatgtc
gcctgectctc
tgtatctgea
acttcagctt
tggtggccaa
aaaagctgga
taagacaagt
aacctgagygg
agcattgagg
acaatagccg
gtaatgaaat
atctaagcga
atctgtgtgt
aaacgaaaca
cattrctcta
agtactgtcc
actgtectcee
cccggggace
tacgecccctyg
tetcttoeet
trtgtbcctg
tactttggaa
ttcacccect
accgecccaga
aagaccagcg
tgggtgcccg
gcttgcacca
agcaagcagg
gtggccagac

ttcagcaaca

gaacaggccg
caggtcctcce
cacctcggtc
ctcecagttg
cttcagcectg
ttgeccceec
tgtggtececet
tcctggatgc
aacaagatgt
gggcetgagge
attceccatag
ggcagaaataq
tcgcttaatc
tggttrtteg
aaacaaacta
tcecataatge
tccgagegga
gagcggagta
tagagggtat
caggggcgcg
ttgcktaateco
acaggazaaa
aaaaggaatt
acgcceccga
tgtgctgetce
acaccgtctg
agtgcctgag
gagagcagaa
agggctgccy
ccggcaccga

ccaccagcag

gtcagcaggg
ctggggaaga

aggtgggccc

ttcttcagge
cagatgtcge
ccccececeege
ggggaaagec
cagtggttte
gcetggcage
tgcggagrtg
acctgcatcg
gcaccaccta
aaggccggcece
tgtgaatcca
gcaaaatagg
aggggtaccg
gtactgtcct
ctgtecteeg
ataatgggtyg
ccacgcgtcg
ctrttgtgtg
cettgetggy
gagagccgcet
gceccggcage
caagtgcagce
cgacagerge
ctgcggcagce
cagaatctgc
cctgtgcgcece
gaccagcgac

caccgacate
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ccttgatgtc
tcagcaggaa
tggtcaggag
acttggcgca
aagcctgctc
atgcrcectyg
cctgcaggtce
ttcatccogg
tgrcagggca
agagtgggag
tggtgatcta
aggtagcgac
gccgcaataa
tagtactaac
ctgtccccag
ggtgatgacg
ccgagceggag
agcggagtac
cettagetgg
aagaaggtga
ctgatgttag
taccttcegtt
agcgccacca
accrtgtagac
cccggceccage
gaggacagca
agatgtagca
acctgtagac
cccergagaa
gttgtgtgca

tgecgeecece

ttgcaggctg
cagctgctcce
gctcctettg
cttgggctic
gatgctgctc
ctggttteet
atttccccta
gtcatttatce
ggagaccagc
cceecgtgete
tgtegggtge
cgcggagact
aatatcttta
atacgctctc
tgcaagtcca
gtgaaaacct
tactgtcctc
tgtcectcega
tgtgtgacct
gtaatcttaa
gatgacattc
gccggacacet
tgcrgeecege
tgagagagta
acgccaaggt
cctacacccea
gcgaccaggt
ccggetggta
agtgcagacc
agccetgtge

accagatttg

4980

5040

5100

5160

5220

5280

5340

5400

54860

5580

5640

8700

5760

5820

5880

5940

6000

6060

6120

€180

6240

6300

6360

6420

6480

6540

6600

6660

5720

8780



caacgtggtg
caccecgeage
gcacacccag
gggacccagc
ccacacctgt
cccecccaag
ggtggacgtg
agtgcataac
gagcgtgeeg
gtccaacaag
cagagagccc
gtcectgace
caacggccag
cttettectg
cagctgctcec
gagecceggce
gracgtagceg
tgoctetect
taagttgcat
tggtatggag
aaccaagctg
aagecgattcet
tcagctaatt
ccaactccta
cgtgaaccac
acgtccagac
tgcttggeac
ttaaatcgger
tggtcctoca

taggtgtatt

gccatccceg
atggcccceg
¢cccaccceceg
cceceecegecg
cceceeckgee
cccaaggaca
agceacgagg
gccaagacca
accgtgetge
gcocotgeocg
caggtgtaca
tgtctggrga
cccgagaaca
tacagcaagc
gtgatgcacg
aagtgaatcg
gecgegtoga
ggcectggaa
catcctgtct
caaggggcaa
gagtgcagtyg
cctgectcag
tttgtteett
atctcaggtyg
ftgcteooceteo
acagcatagg
tgteetceeca
cegegtacgg
gggttgcegt

tatctaagcg

gcaacgccag
gcgctgtcea
agecccagcac
agggcagcac
ccgcocecega
cccoctgatgat
acccccaggt
agcccagaga
accagaactg
cccccatcga
ccectgeccecceccece
agggcettcta
actacaagac
tgaccgtgga
aggcecectgea
attgcgcaaa
cgatagettg
gttgccactc
gactaggtgt
gttgggaaga
gcacaatctt
ccteecgagt
tggtagagac
atctacccac
cectgtectte
ctacctgacc
tgegttgagr
cgrggtaggt
Cccttaacta

atcgcttaat

catggacgcc
cotcececag
cgeegecage
cggegacgag
getgetgggce
ctccagaacc
gaagttcaac
gcagcagtac
gctggacgge
gaaaaccace
cagcagagag
ccecagegac
caccccecer
caagagcaga
caaccactac
gctttcgega
atgggtggcea
cagtgcccac
ccttctataa
caacctgtag
ggctcactge
tgtrtgggatt
ggggtrteac
cttggeectece
tgattttaaa
atgcccaacce
ccactcagta
cecgaacgaat
taacggtect

taaggccgge
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gtgtgtacca
cecegtgagea
accagcttcc
cccaagaget
ggceccageg
cccgaggtoga
tggtacgrgy
aacagcacct
aaggagtaca
agcaaggeca
gagatgacca
atcgcegtog
gtgctggaca
tggcageagg
acccagaagt
taggcgagac
tocctgtgac
cagccttgte
tattatgggg
ggcctgcygg
aatctccgee
ccaggcatge
catattggcece
caaattgctyg
ataactatac
ggtgggacat
gatgcctgtt
ccatggatta
aaggtagcga

cgccgeaata

gcaccagccc
ccagaagccea
tgctgcocctat
gcgacaagac
tgttecctgtt
catgcgrgge
acggcgtgea
acagagtggt
agtgcaaggt
agggccagcc
agaaccaggt
agtgggagag
gcgacggcag
gcaacgtgtt
ccoctgageet
caatgggtgt
ccctceeccag

ctaataaaat

tggagggggg
gtcectactggg
tcctgggtte
atgaccaggce
aggctggtct
ggattacagg
cagcaggagg
ttgagttgcet
gaattctgat
ccergetatg
¢cgecggagac

aaatatcttt

6840

6900

6960

7020

7080

7140

7200

7280

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460C

8520

8580



attttcatta
ccatcaaaac
aggtgccaga
tccaattgtg
agtggttata
actgctgtac
aatgggtgcece
acgcgtcgaa
tcegegtget
tcgetgggta
gagccgetag
cecectgectgtce
atagcagggt
gatgcgcecga
tttacgcttg
ctctgctgtc
aggagcctct
tcctgagageo
ctececcteay
tretgagggg
tcgattgege
gagaacttgt
acaaataaag
tcttatcatg
cctactcatc
taacgaacgt
atccctttag
cgaggacgty
gagtgegtge
gacgtgacaa

gcgtgeggga

catctgtgtg
aaaacgaaac
acatttctct
ctgtatataa
tgtacagtac
acaaaaccag
ctagctgaty
gaaggtgagt
gatgttagga
cettegttge
cgeccaccatg
tcteccecte
gctagagaga
gcactgctcce
gaaaagaatg
cgaagccgte
gcaactgcat
cctgggceget
aacaatcaca
caaactgaaa
aaagctttcg
ctattgcagc
catttttttc
tctcgtacgg
ctecgtecggac
gacgcggtgt
tgagggttaa
acaaacgaag
gggactcgga
acgaagccgce

ctecggagtac

ttggttretk
aaaacaaact
atccataatg
aaccagtggt
gtcgactgcet
tggttatatg
tgtgacctca
aatcttaaca
tgacatctac
cggacacttc
ggcgtccacyg
ggecktccecg
tacctgttgg
ctgaatgaga
gaggtcggcec
ctgaggggcec
gtggataagg
cagaaagagg
gccgatacct
ctgtataccg
cgataggcga
ttataatggt
actgcattet
cgrggtaggt
gcgcegttaa
tactggtaac
ttcacgcagt
ccgcacgtca
gtacgtgacg
acgtcagggc

gtgacggagc

gtgtgaatcc
agcaaaatag
caggggtacc
tatatgtaca
gtatataaaa
tacagtaccc
tcttecrgta
tgctettttt
aacaaatgtet
ttgtcctecta
aatgccctgc
tcctgggage
aagccaagga
atatcacagt
aacaggetgt
aagccctect
ctgtgrccgg
ctatctcece
ttagaaaact
gagaggcettyg
gaccaatggg
racaaataaa
agttgtggtt
ccgaacgaat
tatttgatca
tatgactctc
gccgecagegt
gggceceggacyg
gagcceccac
c€ggacgtagqg

cececcacgtag
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atagtactaa
gctgtceccea
gggtgatgac
gtactgctgt
ccagtggtta
cggggaccta
cgceectgea
ccecteceoeere
tgttectgac
ctttggaaaa
ctggctgtag
cccteccaga
agccgagaat
gcctgacaca
ggaagtgtgg
ggtcaactcc
cctcagatcco
ccctgacget
gtttagaqtc
caggaccaga
tgtgtacata
gcaatagcat
tgtccaaack
ccatggatta
gecattetet
traaggtagc
gtagaaaata
tggggecceeca
gtgggttccec
gcceccagage

gttccegeac

catacgctct
gtgcaagtcc
ggtgaaaacc
atataaaacc
tatgtacagt
gagggtatat
ggggcgegec
gctaatcect
aggaaaaacc
aaggaattga
ctgcteetgt
ctgatttgcg
atcacaaccg
aaggtcaact
cagggactgg
agccaaccect
ctgacaaccce
gectecgeeg
tactccaact
gacaggtaaa
geggecgcte
cacaaattec
catcaatgta
ccctgttatce
gtatgagtac
caaatacatc
cctatcagckt
gagcgacgct
gcacgtcege
gacgctgagt

gtccgecgacg

8640

8700

2760

8820

8880

8940

9400

5060

9120

2180

3240

9300

9360

2420

94890

9540

9600

9660

2720

$780

9840

9500

9960

10020

10080

10140

10200

10260

14320

10389

10440



tgacaaacga
gcgggactcg
aaacgaagec
gactcggagt
gaagcegceac
cggagtacgt
ccgcacgtca
gtacgtgacg
acgtcagggc
gtgacggagc
gtgccttage
ggccaccatg
tatctcccag
gagccctaac
tgtgtccgge
cgtgggaagg
tcaggtcgat
gagcatgaag
tgtgaggaac
caagaaacag
cgtggatctg
tggcgattgg
cgctatgaaa
cacaaccgtc
cgctagaace
acaaaagaat
gtaccaggat
gcaacagget
gacaatcctce

gattagccaa

agccgcacgt
gagtacgtga
geacgtecagyg
acgtgacgga
gtcagggcceg
gacggagece
gggccggacg
gagcccecac
cggacgtygy
ccccacgtgg
tggktgtgtga
aaagccctcea
acaggaatgc
gctgceccgaag
gcttecaggg
gtegeoegetyg
cctagcctcet
gatattggaa
ggacaggtceg
ggaaacaaag
aggcagcaat
ctcgaattte
agaaaagaga
gatgatcaca
cacgaagtcg
atccctcaac
ggctatgagce
gacgatgaga
accgtccage

cccgatcaga

cagggccgga
cggagccecc
gccggacgtyg
gccccecacgt
gacgtggggce
ccacgtgggt
tggggccccea
gtgggtteccc
gceccagagce
gttcccgcac
gctcatcttc
cegetagaca
ccectaccad
aacatctgaa
gcattagact
gcgaacceet
ttaaacccaa
tcatggacgg
tggtcgccag
tggaactgckt
cctttaccat
ccgggattag
aaaaggctca
tgcceectat
tccccaggte
tcaccgctaa
aaccctcega
atgaggaaag
tcatcgtega

ctaccctect

€gtggggccece
acgtgggttc
gggecccaga
gggttccege
cccagagcga
tececegeacgt
gagegacger
gcacgtcege
gacgctgage
greccgegaag
ctgtgcatge
acaggaagtg
ggcegaaate
agccoctegec
cctgcaagag
cctggctceaa
tgccgatttce
agacctectg
gatcgacgac
cococcgaaaac
tgagggactg
acctgagtgt
gaaagagaaa
catgcagtgt
ccbctecgat
ccaacagttt
cgaagacctc
cgatacccct
gtttgccaaa

gaaagcctgt
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cagagcgacg
ccgcacgtecg
gcgacgectga
acgtcoegega
cgctgagtgc
ccgcgacgtg
gagtgcgtce
gacgtgacaa
gcgtgeggga
acctagaggyg
99999999993
tttgacctca
gctcagagge
aggaagggag
gaggaagaag
caacacattg
ctcctgagag
gctgtgecata
gaagtgacay
tcegagtita
gctgtgggag
gtggteceeyg
gacaaactge
gagectegee
aagctecctygg
ctgattgcca
aagaggatca
ttcaggcaga
ggactccceg

agctoccgagyg

ctgagtggcgt
gcgacgtgac
gtgcgtacgg
cgtgacaaac
gtgcgggact
acaaacgaag
gggactcgga
acgaagccge
cteggagtac
tatataatgg

gggggcaatt

tcagggacca
tgggattcag
tgattgagat
gactececcect
agggacacta
tgteeggcat
agacacagga
tgaaaagact
agccratcgt
tgattagaaa
aaacccaatg
ctgtgtccac
cteccocgaage
aaaccaatag
ggctgatttg
cacagacatg
ttaccgaaat
gattcgctaa

tcatgatget

10500

10560

ics20

1Cceg0

10740

10800

10860

10920

10980

11040

11100

11160

11220

ii2a0

11340

114¢0

11460

11520

11580

116190

11700

11760

11820

i18s8¢0

1154a¢

12000

12060

12120

12180

12240



gagagtggct
ctataccagg
cttttgcaga
cgtcgtgact
gaggtactat
atccageaqtce
gcaaaactcc
ggaagaaatt
ccctaccaat
atcagggcceg
ttcctracke
tcttgacctg
tctttgaatt
ttgaatgaat
cctagecactt
ttggccaaca
ctgtaatcce
gtttgcagty
catctcaaaa
gtggggcragy
ggagtttgte
ccaggtgtct
atagccgtet
attaactcgt
actgccecgcet
cctgtgtgaa
aaaaggccag
ctgacgagca
aaagatacca
cgcrtacegg

cacgctgtag

agaaggtacg
gacaattaca
tgtatgtact
ttctecgaca
ctgaataccc
atctatggcea
aatatgtgca
tgggatgrgg
ctgtaaatcg
agcagaaccg
acaccccatce
aggatggatc
ccgcagcatc
atatgaaaag
tgggaggctg
tggctaaacc
agctactcag
agccgagatce
acaaaaaaca
agaggtgact
cgttggatga
agacgaggac
cctgtgtgaa
ctcgtgaata
ttccagtcag
attgttatcc
gaaccgtaaa
tcacaaaaat
agegtttcce
atacctgtcc

gtatctcagt

atgccgcette
ggaaggctgg
ccatggctct
ggcccggact
tcagaattta
aaatcctcectco
ttagcctcaa
ctgacatgag
atagccgcct
cactctkiccec
ctgatttctt
tgaaaattat
tagcaccagg
tagaggcaga
aggtggatgg
tcatctctat
gaggctgagg
gcaccattge
aaacaaaaca
cgggctcage
caatgatagt
gctcgggett
attgttatcc
tccggaactc
gaaacctgtc
gctaccggaa
aaggcegegt
cgacgctcaa
cctggaagct
gcctttctcecc

tcggrgtagy

cgatagcgtc
catggcctat
cgataacatt
ggaacagcct
cattctgaat
cattctgtce
gctcaagaat
ccatacccaa
ggctgagatg
aaataaagct
ttcttgagac
gagcecccttg
tctrgtacag
gggctgggcea
atcacttgag
taaaaataca
caggagaatc
actccagcect
aaaagaaaaa
tgcatggtec
ggtgaacagg
ggacccatgy
gctacgtcte
cctttagtga
gtgccagctt
acgcttcctt
tgectggegtt
gtcagaggtg
ccctegtgcyg
cttcgggaag

tcgttegete
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ctgtttgeeca
gtgattgagg
cactatgccc
caactcgtgg
cagctetcceg
gagctgagaa
agaaaactgc
cceecreecca
gggtgggcay
tcctecttga
cagagagtgyg
aggacaggga
agcaggtgcce
cagtggctca
gtcaggagte
aaaattagct
acttgaaccce
ggacgatagg
agaaaagtag
tgctctgcett
tatggagggc
cacatcgtgt
tccceccgeag
gggttaattg
aatcatggte
catgtgagca
tttecatagg
gcgaaacccg
ctctcetgtt
cgtggcgett

caagetggge

ataaccaagc
atgtgcteca
tcctgacagc
aagaaattca
gcagcgctag
cactgggaat
ctcecetttet
ttctggaaag
ggcagagctg
aacacaaatg
gaaagctcte
atgttattca
caataaatgg
cgcctgtaat
cgagaccagc
gggctggtge
aggaggagga
agcaaaactce
gggcagagat
ctttttoett
ttactaagta
aatcatggtc
taagggctag
cgttgcgctc
atagctgttt
aaaggccagc
ctcecgeecece
acaggactat
ccgaccetge
tctcataget

tgtgtgcacg

12300

12360

12420

12480

12540

12600

12660

12720

1278¢C

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

12920

12980

14040

14100



aacccccegt
cggtaagaca
ggtatgtagg
gaacagtact
gctcttgate
agattacgcg
acgctcagtg
gtcogtgaaat
ctaaataatg
taaacttggt
taaattaaaa
gttaccaatg
tagttgeetg
ccagtgctge
accageeage
agcctattaa
gcgtbgtege
tcageteoygy
cggttagcte
tcatggttat
ctgtgactgg
gctctigece
tcatcattgg
ccagrttcgat
gecgkttcigy
cacggaaatg
gtrcattgtcet
<210>
<211>

<212>
<213>

18

DNA

tcagecccgac
cgacttatcg
cggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
ggataaaaaa
cttttaaaac
ctgacaccgce
atgaagtttt
cttaatcagt
actccecegte
aatgataccqg
cggaagcgcc
ctgttgeeag
cattgctaca
ttcccaacga
ctreggtecet
ggcagcactg
tgagtattca
ggegtcaata
gaagcqgttct
gtaacccaca
atgagcaaaa
ttgaatactc

cgggagcrgaa

17505

cgctgegect
ccactggcag
gagttcttga
gctetgctga
accaccgctg
ggatctcaag
tcacgttaag
atacagcgtt
ttaaaaatac
tgcatgagat
aaatcaatct
gaggcagccta
gtgtagataa
cgagacecac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcegag
ccgatggttg
cataactcte
accaagtecat
cgggataata
tcggggegaa
cgagcaccca
acaggaaggc
atacgcttec

tacatatttyg

Artificial Seguence

tatccggtaa
cagccactgg
agtggtggece
agccagttac
gtagcggtgg
aagatcecttt
gygattttggt
tttcatgtac
gtttaaaccc
tatcaaaaag
aaagtatata
tctcagcgat
ctacgatacy
gctcaccggce
gtggtcetgce
taagtagttc
tgtcacgcte
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgcgccaca
aactctcaag
actgatctte
aaaatgccygce
ttcttcaata

aatgtattta
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ctatcgtctt
taacaggatt
taactacggc
cttcggaaaa
ttrottegtt
gatcttttect
catgecctagg
aactatacta
tcagcgaaat
gatcttcaco
tgagtaaact
ctgtetatet
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtegtttggt
cccecatgttg
gttggccgca
gccatecgta
gtgtatgcgg
tagcagaact
gatcttaceg
agecatctttt
aaaaaaggga
gtattgaagc

gaaaaa

gagtccaace
agcagagcga
tacactagaa
agagttggta
tgcaagcage
acggggtctg
acgaaaggag
gttgtagtgc
ggcatacgag
tagatcettt
tggtctgaca
cgttcatcca
ccatctggee
tcagcaataa
geccteeatee
agtrigcgga
atggcttcat
tgcaaaaaag
gtgttatcac
agatgecttetrt
cgaccgagtt
ttaaaagtge
ctgttgagat
actttcacca
ataagggcga

atttatcagg

14160

14220

14280

14340

14400

144560

14520

14580

14640

14700

14760

14820

14880

14940

15000

15080

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15706



<220>
c223>

Synthetic dual

Factor VIII:C

<400> 18
taaacaaata

gccagggttet
ggdcgegtca
acagegtttt
aaaaataate
ccgcacagge
gggectoceac
cecceaatggy
ttatgaacaa
cgggrtcectt
cagacggtaa
gcgatcagec
ctgatagcga
ttccaccata
tggcatacgt
gtccaggtca
gtgtttagceck
agcatcagco
gcctggaacc
agctgcgcat
ttcgtteagt
cagacggaac
cagacgttcce
ggcaattggg
tgtcgaacag
gttccicacc
gtatacggaa

gtcagccatg

ggggttceege
tcccagtoac
gcgggtgtty
ctcatgtacaa
aztgtectca
atctagaggc
ccgaacttgg
gtcteggtgg
acgacccaac
ccggtattgt
aaagcaatgce
cattcaccgc
tcagccacgc
atgtttggea
gctttcagge
tcctgatcaa
tggtgatcga
atgatggaaa
tcgcecageca
ggaacgeccegg
gcgccggaca
acagetgcegt
acccaagceag
tgtetgageg
gaggagcaga
ttgtegtatt
tagctctgag

gggcggagaa

promoter gene switch construct encoding human

gracattrtcc
gacgttgtaa
gcectaggac
ctatactagt
gcggggtgte
tatggcageg
g99g9tggggr
ggtaktcgaca
accgtgegtt
ctcctteoegh
gttgagaatc
ccagttettce
cecaggegace
gacaageatc
gtgcgaacag
ccaggccage
atgggcaagt
ccttttctge
gcagccagktco
tagtagccag
gatcggtcett
cggagcaacc
ccggagaacc
atgtggcLeg
gagcgaagcg
atactatgcc
gccgaggcag

cgggcggaac

ccgaaaagtg
aacgacggcc
gaaaggaggt
tgtagtgcect
ggggatttag
ceLgecgeoe
ggggaaaagy
gagtgceage
ttatectgte
gtttecaateyg
cggtgceagca
agcaatgtca
dgcagtcgata
gccgtgggtco
ttctgeeggt
ttccatgega
agctgggtece
cggtgccaga
gcaggccagcece
ccaggacaga
aacaaacagc
gatagtctgt
agcgtgcaga
getggcgacg
ggaggcrgeg
gatatactat

cttcggecte

tgggeggagt

ccacctgacyg
agtagcagac
cgtgaaatgyg
aaataatgct
gtgacactat
cgacgttggc
aagaaacgcg
cctygggaccyg
tttttattoe
attcaaaaga
atgccataca
cgagttgcca
aagccggaga
acaaccaggt
gccagaccct
gtgcegtgcge
agggtatgca
tgagaggaca
tecggtcaceaa
cgagctgett
accggacggc
tgagcccagt
ccgecotegtt
caaaagaaga
ggctcaattt
gccgatgatt
tgcataaata

tagaggcggg

tactgaggac
aagccegrea
ataaaaaaat
titaaaactt
aggctgageg
tgcgagccct
ggcgtattgg
aaccccgcgt
cgtcatagcg
actcgteccag
gcaccagaaa
gtgcgatgtc
aacggcecgrt
ccbegecate
gatgttccto
gctecgatacg
gacggcgeat
gcagatcetg
catccagcac
catcttgcag
cttgagcgga
catagccaaa
caatcatggt
tgcggctaac
gcatgcttea
aattgtcaac
aaaaaaatta

atgggeggag

60

120

180

240

300

380

420

480

540

600

660

720

780

840

800

9590

1020

1080

1140

1200

1280

1320

1380

1440

1500

1560

1620

1680



ttaggggcgyg
ctggggagee
tacttetgece
cacgccaggg
cgggaggetet
acagatgtaa
gcatcteccat
gectecaggea
atctycecggy
tcteccctcag
ggatgatggc
tcaccagctc
tcctatggac
ggctgaagce
ccaggggcag
gcttgtcggce
cggttccgece
ccagaatcct
cggtgaacat
cgtggggggt
cgtccaggge
ccaggctcac
attgcccccc
gcggacaatt
aaaggtgcct
cagcagcecg
aaatccecgge
gcgttcacey
gcctgttccg
aatgtcctte

ccrgagegte

gactatggrt
tggggacttt
tgetggggag
ttttccecagt
tataaatccg
tgaaaataaa
caggaaggtg
ctrcaggccg
ctcgtegggg
cagctccacc
cctcaggcag
ggtcagcacc
gtgcaggccg
ggcgatcagc
gctgctgaag
ggcctggcag
ggggccctce
gktccacgggce
ctgctcgaac
gaagccggdayg
greggegtgy
gtecggtagag
ccccecccecyg
tactagtcta
aaaaaacttc
ctactcacca
tgcgacggaa
ccccacggag
ctctctggaa

tgctgatact

€gggcggaag

gcrtgactaat
ccacacctgg
cctggggact
cacgacgttg
actgtctaga
gatatttctat
tcgatgggca
atgctcctea
tgggtggtcc
tcectgggegc
cccagctcygg
ctgltegaaga
gtggccagea
agctcgttcc
tggggaatcc
atgttggtca
acgeccetggt
atctccatat
tcgaagtcgg
€cggggetgt
gccatageca
ggggccaccet
catgccagtct
acactgaaaa
acaaaacaca
agtgacgatc
ctagctgrge
atcecctcege
agaaaaccag

ggggttctaa

gatcaggacg

tgagatgctt
ttgctgacta
tteccacaccee
taaaacgacg
ttgttgttaa
tatcgattca
cgtegeegat
ggetgggeag
tggtgtacte
ttttcaggee
tctbtgteccat
tggegcecccac
ggatgccgtc
atccggeccet
tcttggceca
c€ggggtcgtt
cgcttttcetg
ggcecgecgta
ccatgtccag
cgccgtecgeco
cgtectegee
tcetteectte
aacaaaaaag
ttacatattg
crecgecaace
acagcgatce
cacacccggce
agaatcgceg
tgccctagag
agcecgagtct

ctcgctgcge
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gctttgeata
attgagatgc
taacctcgag
gccagtgete
atcacacaaa
gergtegeeg
cagcctgaag
cctcagcadc
ctccagggeg
cctcaccreg
cecrecatgtcc
tccggegetg
cctcacgteg
cagcaggatc
ctccaccagg
gg9ggctgcetg
ctccacggceqg
ctegtegatg
ggcgccgtag
cagcatgtcc
gtccaggtyge
cttggggcecc
ccaaaaacgg
acccaaatga
ccgagegeac
acaaacaaga
gcgteccttat
agaagggact
tcacccaagt
tatgagcagc

ccttegtetg

cttctgectyg
ttgctttgea
gccatcgtygg
ttctcceeeg
aaaccaacac
gggctctcca
aagaacaggt
agcttggecga
gcgtacacct
gggttgaaca
ctcatcttge
tgggcgctgt
atgctecctgt
acctggtcgt
gtgaacagcet
ccgetgeege
agttcggect
ccecagggegt
ggggegetgt
aggtcgaagk
agctegtege
atggtggceca
ccagaattta
ttacatttca
gtacccagce
accgcgacce
ataatcatcg
acttttecte
ccegtectaa
gggeegetgt

acgtggcagce

1740

1800

1860

192¢

1880

2040

2100

2160

2220

2280

2340

2400

24860

2520

2580

2640

2700

2760

2820

2880

2949

3000

3060

1120

3180

3240

3300

33860

3420

3480

31540



gctegeegtg
agtaggcegag
gcaccgetceg
ccacatttgt
aacataaaat
attaagcaat
tggtttgtcc
gctctcoagyg
caggaagggg
cattcccagg
cctggegeeg
ctggatctee
ggcggtcage
gtgcaggagg
agcctggttyg
cagcatcatc
cttggcgaat
catctcggtyg
ccaggtetyg
ccagatcage
cctgttggte
ggccteggyy
ggtgcorcacyg
gcactgggtce
cagctgectce
ctgcetcagg
cttgttcacg
gtccatctte
cagcctctee

ggtctigggg

a9g9ag99999
accaatgggt
cacctgcgea
agaggtttta
gaatgcaaat
agcatcacaa
aaactcatca
atgggggggg
ggcagcttcc
gtcctcaget
cecgceteagcet
tecaccagcet
agggcgtagt
tcctcgatca
ttggcgaaca
acctcgetge
ccgggcagge
acctgectga
gtgatccttt
cktggcgatca
accagcagct
999g9ggggct
ggcagcttgt
tcgggcacca
tggcccttgt
gtcaggggcea
ttgtccetgea
aggatcatgt
agcctgetcet

ctgtatctge

cgccegeggg
gcgceatggg
caggccegceg
cttgctttaa
gttttattaa
atttcacaaa
atgtatctta
gctgggatgtg
tgttcttcag
cgctcaggat
ggttcaggat
ggggctgete
ggatgttgte
ccteggecat
ggatgctgtc
tgcaagcctt
ccttggcgaa
ag9gggtgec
tcaggtcctc
ggaactgcty
tgtcgetcag
cgcactgcat
ccttbcteoctl
cgcacteggg
tgctgectetc
tgtcggtcte
cgaacaggcc
ccagateccte
ccacctcggt

actcccagto

aggcgccaaa
ctcttccaaa
gcrtacaaact
aaaacctccce
cttgtttatt
ttaagcattt
tcatgtctaa
gctcatgtcg
cttcaggctg
gctcaggatc
gtagatccte
caggccgggce
cagggccatg
gccagcctte
gctggeggeg
cagcagggtg
ctccacgatc
gcktctectcg
gtcgetgage
gttggeggta
gaacctgggc
gatggggggc
ctgggecttc
cctgatcceccy
cregetgetg
cacgctggece
ggtcagcagg
cctggggaag
caggtgggcec

gttcttcagg
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acceggegeg
aatttaggtg
acgaacgatc
acatctecccee
gcagcttata
ttttcactgc
tcgattcaca
gccacgtcce
atacacatat
ttgcecgtaga
agggtgttca
ctgtcgctga
ctgtacatac
ctgtagttgt
tcgraccrcec
atctggregg
agctgeaceg
ttctegteat
tgctogtaac
agerggggea
acgacctegt
atgtggtcat
ttctecttce
ggaaactcgg
ctggtggcec
agcctgtcgg
gccttgatgt
atcagcagga
ctggtcaggg

cacttggcgae

gaggcccteg
acactatagg
attctagata
ctgaaccrga
atggttacaa
attctagttg
ggttggtggy
aaatctccte
tgergttetg
tcacgctget
ggtagtacct
agatcaccac
atctgcagaa
ccctggtgta
tggccacect
gctggcetgat
tcaggatggt
cggeatygctg
cgtcctgata
tgttcttetg
gaatcctgge
cgacggtggt
ttttecatgge
ggctcacggt
tgatcctgtg
tcacggegtc
cttgcaggct
acagctgctc
ggctectert

acttgggett

3600

3650

3720

31780

3840

3900

3980

4020

4080

4140

4200

42690

4320

4380

4440

4500

4560

4620

4680

4740

4800

4880

4920

4980

5040

5100

5160

5220

5280

5340



ctcecttgetg
cagcagcttc
Lttgacctag
ttttacacct
aatattcegce
attcaaggtt
gctttcceca
aaacctaagc
tazanatccc
ggcttccaga
gaatcgecga
cgeeceeecta
ccctccectee
tgaccteace
cctgttfageg
acaagctcac
atgcaacgag
gaaagtagtt
aaattcckbca
cttctetteet
aaaccttecet
gegaaggcga
cacctggygt
(ol o ol ol wlod ol o o
gcgatctegg
tcccaagtag
catcgroggey
taagcgatcg
tgtgtgreyg
cgaaacaaaa

Ltctetatcee

cacttcagcect
atggtggeca
tttaaaagta
aatattcttce
aagcctecce
tcaacgtcaa
ctaactgtte
acggtgttag
attgaaacac
aaccacacaa
tcggttaggeo
aggtcaacaa
cceocacgeco
cattecceece
gataccagga
ccaacaaagce
tgttgogtca
cgccgogece
tagccogtaaq
tctttaggaa
cgaaagctct
ggreggeget
ggctbagege
ttetoctbgag
ctcatcgceaa
ctgggattac
taactataac
cttaattaag
ttttbtgege
caaactagea

ataatgcagg

tcttcagect
attgcecceee
agacataagc
aaaattagca
tcaattttac
cagcggaaaa
cggatattca
grazactgaa
aagaaggggc
actacctett
gtcocgttagk
ggcecactgl
tcececctcage
totcacacec
fcctgcocaat
caaccygceca
cttatcaccc
aacctcccga
aaaggchect
aatataagaa
ggaaackLtco
gattggtagyg
cgaggttgct
acggatttcg
cecreecgeete
agercgagtyg
ggtcctaagg
gcoggecgceo
gaatccatag

aaataggqctg

gataccgggt

gcagatgteg
cceoeceeeeg
gtgtcacctc
actattcctt
aaggctaagt
teccagagege
aactcocceg
aacaaaacca
accttbctca
ttceogecttc
ttccgbcaac
ceocggaazagy
ggecccaccca
ccccaaggtc
caccaaccac
taaatgctce
ctcacgtaga
gaggcagttt
aaaaaattat
aattatcagg
ttgcagcgec
ggacgcggtg
aagtaactga
ctettgttte
ccgggbtcaa
gtaatacaat
tagcgaccge
gcaataaaat
tactaacata

tccccagtge

gatgacggtg
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caagcctgct
cabtgccacta
aggatcatty
caaaatgoeot
cacttaatac
tctcottacca
accgaacktece
aacccacaag
cacbgggatt
ccocgogaagt
ccgcgegege
ccrcagcgeeg
accocaagaa
gttacggctg
gtccacccac
gggctggegg
cgoegeetee
aggctLttca
ttocettete
cggatgaatt
ggcactgatt
gctetgtrgt
gcgecgogtey
ccaggctygga
gcgattoctece
ggccggetec
ggagactagyg
atcrttatete
cgcrcrecat
aagtccaggt

ddaacctcca

cgatgetget
agatctgcat
tatttcttge
taaatacgtt
gaaattcgtc
agcgtccaca
aatctgcetc
actcgcgaaa
ccaaagtaaa
aaactcgaca
caaccgcect
cgtecaccetcg
gcctcecacct
cgdggccagta
agggacacaa
aggcaaattt
gtgcgcegct
actgagccce
ctctatgege
tgagttgaag
ggttaggecckt
tgcrgggetc
cggcacaggt
gtgcaatgge
tacctcagcco
catggacctyg
tgtatctate
tcattacatc
caaaacaaaa
gccagaacat

attgcggagt

5400

5450

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

5240

6300

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

70840

7140

7200



actgtcerce
gtcctecgag
ggggacctag
gceocectgeag
ttrttttttg
gttecctgaca
tttggaaaaa
ggcgetgrgg
gccaggttec
aagacactgt
tggatgggece
ctgaaaaaca
gcctccgagg
gtgtrtcceg
gcctecgace
ctgaatagcg
aagacacaga
tggcatagey
tggcctaaga
tgccatagaa
agcattttcc
atctccccca
ctgttttgcc
agctgtcccg
gacgatctga
ttcattcaga
gccgaggaag
aagtcccagt
ttcatggcect

atcctcagece

gagcggagra
cggagtactyg
agggtatata
gggcgegeca
ctaatccctt
ggaaaaacct
aggaattgag
aactgtcctg
ctccoccagagt
ttgtggaatt
tcctgggace
tggcctecca
gagccgaata
gaggctcececa
ctcbtgtgtct
gactgattgg
cactgcataa
aaaccaaaaa
tgcacaccgt
aaagcgtcta
ttgaaggaca
ttacctttcet
atatctccay
aggagcceccca
cagactecga
ttagatccgt
aagattggaga
atctgaataa
ataccgarga

ctctgctecta

ctgtceteey
teoctecgage
atgggtgect
cgegtegaay
ttgtgtgctg
tgctgggtac
agccgctage
ggattacatg
gcctaagteeo
tacagaccat
cacaatccaa
cceegttage
cgatgaccaa
cacatacate
gacatactcc
cgcotetgete
grtratcctc
ctcocctgatg
caatggctat
ctggcacgtc
cacatrcctc
gacagccacaa
ccatcagcat
gctcagaatg
gatagatgtc
ggctaagaaa
ctatgeceocecek
cggacceccag

gacattcaaa

cggagaggtc

agcggagtac
ggagtactgt
tagetggtgt
aaggtgagta
atgttaggat
cttegttagco
gccaccatgg
cagtccgacc
ttcececketea
ccgtttaaca
gccgaagtgn
ctgcacgctyg
acctecceaga
tggcaagtgc
tacctgagec
gtgtgtagag
ctgtttgccg
caggatagag
gtgaatagat
atcggaatgg
gtgaggaacc
accctcectga
gacggaatgg
aagaataacg
gtgaggtteg
caccctaaga
ctggtcectgg
agaatcggca
accagggagg

ggcgatacce
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tgtcctccga
cctecgageg
gtgacctcat
arcttaacat
gacatttaca
ggacacttct
ctaccaggag
tcggcgaact
ataccteegt
ttgccaaacc
atgacacagt
tcagegtcag
gggagaaaga
tcaaggaaaa
atgtggatct
aaggctccect
ctteckgatga
atgcegegcag
cectgocteg
gaaccacacc
atagacaagc
tggacctegg
aagcetatge
aagaagceda
atgacgataa
catgggtcca
ctcccgatga
ggaagtataa
ctatccaaca

tcotgattat

geggagtact
gagagtecco
ctteetgtac
gctecttrtcoce
acaaatgttt
tgtcctctac
atattacctce
gcectgtggat
ggtctacaaa
caggcccect
ggtcatcaca
ctattggaaa
ggatgacaaa
cggacctatg
ggtcaaggat
ggctaaggaa
gggaaagtce
tgctagaget
cctcatcgga
cgaagtgcat
ctcceotggaa
ccaatteocee
gaaagtggat
ggactacgat
ctceeectee
ctatatcget
taggagctat
gaaagtgagg
cgaaagcgga

ctttaagaat

7260

7320

7380

7440

7500

7580

7620

7680

7740

7800

7860

7920

7980

8040

5100

8180

8220

8280

B340

8400

8460

8520

Bsgo

8640

8700

8760

8820

8880

6540

9000



caggccagta
agcaggagac
atctrtaagt
tgcctcacca
atcggacece
agcgataaga
accgaaaaca
tttcaagcceco
tcecgtetgec
ttcctgagey
ctgacactgt
tggattctgg
gtgtccaget
gectatetge
caccctagca
aagacagacc
agcgatctgc
ctgcaagagyg
aacaatagcce
gtgtttaccc
gccacagagc
accattcecce
tccatgcocccg
ccecetcaccyg
ctggagagceg
gagtcecggea
aacgctcrgt
gccacaaaca
gtgtggcaga
gacaggatgc

accacaagca

ggccctataa
tceccaaagy
ataagtggac
ggtactatag
tcctgatttg
ggaacgtcat
ttcagaggtt
ccaacattat
rccacgaggt
tcttttttag
ttccetttag
gatgccataa
gtgacaaaaa
tgtcaaaaaa
caagacaaaa
croggrttge
tcatgetect
ctaagtatga
tgagcgaaat
ctgagtcegy
tgaagaaact
ccgacaatcet
tccactatga
aaagcggagy
gactgatgaa
gactgktttaa
ttaaggtcag
gaaagaccca
atatcctcga
tcatggataa

gcaagaacat

catttaccct
cgtcaagcat
cgtcaccgte
ctecetregte
ctataaggaa
cktgttctee
cctcceccaat
gcacagcate
cgcttactag
cggatacaca
cggagagaca
ctcegactet
cacaggcgat
caatgccatt
gcaattcaat
ccatagaaca
gaggcagtec
gacakttctcc
gacacacttt
cctccagetco
ggatctcaaa
ggctgecgga
ctcececagete
cectetgtec
ctcccaggaa
ggg=zaagaga
cattagcetc
cattgacgga
atccgacaca

gaatgccaca

ggagatggtc

cacggaatca
ctgaaagact
gaggatggece
aacatggaga
agegtegate
gtgtttgacg
ceccgetggceyg
aacggatacg
tacattctgt
ttcaaacaca
gtgtttatga
agaaatagag
tactatgagg
gagccotagat
gccacaacca
ccecatgecca
cccacacccc
gacgateceet
agaccccage
agactcaacyg
gtgtccagca
accgataaca
gacacaaccc
ctgtccgagg
agctcctggg
gcccacggec
ctgaaaacca
ccekeectge
gagtrtaaga
gceckcagac

cagcaaaaga
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cagatgtgaq
ttcececattcet
ctaccaaaag
gggacctcgc
aaagaggaaa
aaaacaggag
tccagcttgoa
tttrocgatag
ccateggage
aaatggtcta
gcatggagaa
gaatgacagc
atagctatga
cctitcteeca
ttcccgaaaa
aaatccaaaa
acggcctgag
ceeccggage
tgcaccatag
aaaagctoegy
caagcaataa
caagctccct
cttttggaaa
azaacaatga
gaaagaatgt
ctgeecteck
ataagacaag
tcatcgaaaa
aagtgacacc
tcaaccacat

aagagggacc

acctetgrat
gectggegaa
cgatcccagyg
ctccggcecte
ccaaatcatyg
ctggtacttg
ggaccctgag
cctececagetg
Qcaaaccgat
cgaggataca
cecetggecte
ccrcctgaaa
ggacatttcc
gaatagcagg
cgacatcgaa
cgtcagctee
cctgtecgat
cattgactce
cggagacatg
cacaaccgct
cctcatectcee
gggaccccct
gaaaagctcce
cagcaagctg
gtccagcaca
gacaaaggat
caataactcc
ctccecectec
ccbtcatccat
gagcaacaaa

cakttccecect

9060

2120

5180

8240

9300

2360

9420

9480

9540

95600

9660

9720

9780

2840

9900

9960

10020

10080

10140

10200

10280

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860



gacgctcaga
tggattcaga
cagctcgtgt
aacaaagtgy
ttbectaget
cacaatcagg
aacgtcgtac
ttcctecetgt
ctgcaagact
ttctccaaga
gtggaaaagt
acccaaagat
gagaaaagaa
acccctagcea
agccctetgt
ctgcctatcy
ctgtttcagg
atgcaagagt
ctgacactgg
aactccgtga
acctccggca
accgaaacct
ggcacagagy
agagtcgcca
gacaatcact
gagaaaaccyg
cacgctatcyg
aagcagggca
agagaaatca

atctcecgtgg

atccecgatat
ggacccacag
ccctgggacce
tcgtgggaza
ccagaaatct
aaaagaaaat
tcceecaaat
ccaccaggcoa
ttagatcect
aaggcgagga
atgcctgtac
ccaagagagce
ttatcgtgga
cactgacaca
ccgactygrcet
ctaaggtcag
ataactccag
ccagccattt
amsatgacagg
catacaaaaa
aagtggaact
ccaacggaag
gagccattaa
cagagtecag
atggcacaca
ctttcaaaaa
ctgccattaa
ggaccgaaag
caagaacaac

aaatgaaaaa

gtcettettt
caaaaactcc
cgaaaagtcc
gggagagtte
grttoetgaca
ccaagaggaa
cecataccgte
gaatgtggaa
gaatgactcc
ggaaaacctg
cacaagaatt
cctgaagcaa
tgataccteco
gattgactat
gacaagacce
ctecottcect
ccatectgeect
cctecaggga
cgatcagagg
ggtcgagaat
gcteocccaaa
cceceggecac
gtggaacgaa
cgctaagaca
gattcccaaa
gaaagacaca
cgaaggccaa
actctgectee
cctecagtee

ggaggacttt

aagatgctgt
ctgaatagcg
gtggaaggee
accaaggacg
aaccrcecgaca
atcgaaaaga
accggaacca
ggctecctacy
accaatagaa
gaaggactgg
agcectaaca
ttecaggetac
acccaatggt
aacgaaaagg
cactccatcc
agcattagac
gccgectett
gccaaaaaga
gaggtcgget
accgtcctge
gtgcatatct
ctggatctgg
gccaatagac
cccagcaagce
gaggaatgga
atcctgagee
aacaaacccg
cagaatccco
gaccaagagg

gacatttacg
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ttctgcocctga
gacagggace
aaaactttct
ttggectgaa
atctgeatga
aagagacact
aaaactctat
atggcgcetta
caaagaaaca
gaaaccaaac
caagccaaca
crccectggaaga
ccaagaatat
aaaagggagce
crcaggetaa
ctatctatet
atagaaaasa
ataacctygag
ccetgggaac
ctaagcctga
atcagaaaga
tcgagggaag
ctggcaaagt
tgctggacec
aaagccaaga
tcaacgettg
aaatcgaagt
ctgtgctcaa
aaatcgacta

atgaggatga

gtecegecagy
cteceoceccaaa
gtccgagaaa
ggaaatggtyg
gaataacaca
gattcaggaa
gaaaaacctt
cgcrocccgee
cacagcccat
caaacagatt
gaatttegte
aacagagctg
gaaacacctc
cattacccaa
caggagccect
gacaagagtc
ggatagcgga
cctegeecatt
ctccgcecaca
cctceocaaa
cctctrrcet
cctecctgcaa
gcetttecte
cctecgectgg
gaaaagccct
cgaaagcaat
gacatgggcc
gaggcaccaa
cgatgacaca

gaatcagtce

10920

10980

11040

11100

11160

11220

11280

11340

11400

11480

11520

11580

11840

11700

11i7&0

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660



cccaggagcet
gactatggca
ceccaattca
tacaggggcg
gaggataaca
agcctcatct
aagecctaacg
gacgaatttg
cattceggec
ggcagacaqg
agectggtact
gaggaccccea
accctceccg
ggctecaacg
aaggaggagt
atgctcceccect
gcecggaatgt
gccteoggece
cccaaactgg
ttctectgga
ggcgctagac
gacggaaaga
ggcaatgtgg
tacattagac
ggctgtgacc
gcccaaatca
gccaggcetge
gagtggctge
gtgaaaagce
ggccatcagt

gactcettca

ttcagaaaaa
tgagcagcag
aaaaggtegt
aactgaatga
ttatggtcac
cctacgagga
aadaccaaaac
attgcaaagc
tecateggacc
tgacecgtceca
ttaccgaaaa
cattcaaaga
gactggtcat
aaaacattca
ataagatgge
ccaaggctgg
ccaccctgtt
atatcaggga
ctagactcca
ttaaggtgga
aaaagtttag
aatggcaaac
atagctccgg
tccacectac
tcaactcctg
cagcctccag
atctgcaagg
aagtggattt
tcetgacaag
ggaccctgtt

caccegtegt

gacaagacat
ccctcacgtc
gtttcaggaq
gcatctggga
ctttagaaat
agatcagagg
ctatcecrag
ctbgggcecctat
ccteetggre
ggagtttgct
catggagagg
gaattacagg
ggctcaggat
ctccatccat
cctctacaat
catttggagg
tctcgbgtat
ctttcagatt
ctatagcgga
cctecctgget
ctecctgtat
ctatagagga
cattaagcat
ccattactcc
ctccatgcecc
ctatttcaca
caggagcaat
ccaaaagaca
catgtacgtc
ctttcagaat

gaatagectc

taccttatcg
ctgaggaaca
ttcacagacg
ctgcteggcee
caggccagca
cagggagcecg
aaggtccagc
ttcrecgacg
tgccatacca
ctgtttttca
aactgtagag
ttccatgecca
cagaggatca
ttectecggee
ctgtatcccg
gtggaatgce
agcaataagt
accgccageg
agcattaacy
cccatgatta
atctcecage
aactccaccyg
aacattttca
atcaggagca
ctcggecatag
aatatgtteg
gcctggagac
atgaaagtga
aaggagttce
ggcaaagtga

gaccctcece
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ctgecegtega
gagcccagag
gcagcttcac
cttacattag
agccctatag
aacccaggaa
atcacatggc
Ltgacctgga
ataccctcaa
caatctttga
cceccetgtaa
ttaacggata
ggtggtatct
atgtgtttac
gagtgtttga
tcatcggaga
gtcagacacc
gacagtatgg
cttggtccac
toccacggaatc
ttatcaccat
gaaccctcat
atcceccectat
cactgaggat
aaagcaaagc
ctacctggag
ctcaggtcaa
caggcgtcac
tcatctccag
aagtgtttca

t.cctgacaag

gaggcetgtayg
cggaagcgtc
ccaaccccte
agccgagatyg
cttttactcc
gaatttegte
¢ccctaccaaa
gaaagacgrg
cecectgoccoac
cgaaaccaaa
cattcagatg
cattatggat
gctgtctatg
cgtcagaaaa
gacagtggaa
gcatctgecac
ccteggeatyg
ccaatgggct
caaagadcct
caaaacccaa
gtatagecte
ggtgttcttc
cattgccagg
ggaactgatg
cattagcgat
ccctagcaaa
caatcccaaa
cacacaggga
ctcccaggat
gggaaaccaa

atacctgaga

1272¢

12780

12840

12300

12560

13020

13080

13140

13300

13280

1332¢

13380

13440

13500

11560

13620

13680

13740

13800

13860

131520

13980

14040

14100

13160

142290

14280

14349

14400

144860

14520



atccacccce
gcccaagace
gtgtacgtag
agtgcctete
attaagttgce
ggtggtatgg
ggaaccaagce
tcaagcgatt
gctcagetaa
ctccaactce
ggcgtgaacc
ggacgtccag
cttgettgge
atttaaatcg
tccctactea
aaaggcagca
gctacgtctce
cectttagtga
gtgecagett
acgerLtectt
tgectggegtt
gtcagaggtyg
cecteogrgog
cttecgggaag
ctcgtbcgctce
tatccggtaa
cagccactgg
agtggtggcc
agccagtrac

gtagcggigg

aaagctgggrt
tctactaaat
cggcecgegte
ctggcecctyy
atcatcttge
agcaaggggac
tggagtgcag
ctcekgectee
tttrtgttet
taatctcagg
actgctccct
acacagcata
actgtcctet
gtccgegtac
aggacatcat
cacatcgtgt
tccccegeay
gggttaattyg
datcatggtc
catgtgagca
tttccatagg
gcgaaacccyg
ctctectgte
cgtggcgett
caagctgggc
ctategtett
taacaggatt
taactacggc
cttcggaaaa

ttrtottght

gcatcagatt
cgatbtgcgea
gacgatagct
aagttygccac
ctgactaggt
aagttgggaa
tagcacaate
agcetecega
tttggtagag
tgatctacce
tccocctgteck
ggctacctgg
catgegrtgyg
ggegtggtag
ccctttagty
aatcatggtc
taagggctag
cgttgegete
atagctgtte
aaaggccagc
ctccgcececece
acaggactat
ccgacectge
tctcatagct
tgtgtgcacyg
gagtccaacc
agcagagega
tacactagaa
agagttggta

tgcaagcagc

gccctecagaa
aagcttLege
tgatgggtag
tccagtgccec
gtccttectat
gacaacctgt
ttggctcact
gttgttggga
acggggttte
accttggcect
tctgatttta
ccatgcecaa
gtccactecag
gtccgaacga
agggttaatt
atagctgttt
attaactecgt
actgcceget
cctgtgtgaa
aaaaggccag
ctgacgagcea
aaagatacca
cgcttacegy
cacgctgtag
aacccocoygr
cggtaagaca
ggtatgtags
gaacagtatt
gctcttgate

agattacgcg
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tggaggtcct
gataggcgag
catccetgtg
accagccettg
aatattatgg
agggcetgeg
gcaatctceg
tcecaggeat
accatattgg
cccaaattac
aaaktaactat
ccggtgggac
tagatgcctg
atccatggat
cacgcagtgg
cctgtgtgaa
ctegtgaata
ttccagtcqgg
attgttatce
gaaccgtaaa
tcacaaaaat
ggegtttecce
atacctgtoc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa

cagaaaaaaa

gggatgcgaa
accaatgggt
agececeteecee
tcctaataaa
9g9tggagggy
gggbctattyg
cctectgggt
gcatgaccag
ccaggctggt
tgggattaca
accagcagga
atttgagttg
ttgaattctg
taccctgtta
gtacggaact
actgttatcc
toeggaacte
gaaacctgte
gctaccggaa
aaggccgegt
cgacgctcaa
cctggaagct
gcetttetec
teggtgtagg
cgctgcgect
ccactggcag
gagttcttga
qctetgetya
accaccygctyg

ggatctcaag

14584

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

162860

16320



aagatccttt
ggatctctggt
aaacttggtc
aaattaaaaa
ttaccaatge
agttgcctga
cagtgctqgca
ccagccagce
gtctattaac
cgttgrtgece
cagctcecggt
ggttagetce
catggttatg
tgtgactggt
ctcttgececg
catcattggg
cagttcgatg
cgtttctagg
acggaaatgt

trattgtete

<210> 19
<211>
<212>

<213>

DNA

<220>
<2213>

gatcrtrect
catgatctat
tgacaccgct
tgaagttcta
ttaatcagtg
ctccccgtog
atgataccge
ggaagcgccg
Lgttgcocygg
attgctacag
teccaacgat
ttcggteccte
gcagcactgce
gagtattcaa
gcgtcaatac
aagcgttctt
taacccacac
tgagcazaaa
tgaatactca

gggagcgaat

16379

factor V1Il:C

<400> 1%

acggggtctg
gtcgggtgceg
gcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagecagagl
gcatcgtggt
caaggcgagt
cgatgatcgt
ataattctct
Ccaagtcacteo
gggataatac
cggggcgaaa
gagcacccaa
caggaaggca
tacgcttccet

acatatttga

Artificial Seguence

Synthetic single promoter

taaacaaata ggggttccgc gcacatttec

gccagggitt
gggcgegtca
cgcacaggca

ggccttceace

tcccagtcac
gcgggtgttyg
tctagagget

cgaacttggy

gacgttgtaa
gcgggegteg
atggcagggc

gggtggagty

acgctcagtg
gagaaagagg
atcaaaaagg
aagtatatat
ctcagcgate
tacgatacgyg
ctcaccggct
tggtcctgca
aagtagtrcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgecacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatag

atgtatttag

gaacgaaaac
taatgaaatg
atcttcacct
gagtaaactt
tgtctatttc
gagggcttac
ccagatttac
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgcag
ccatcecgtaa
tgratgcggce
agcagaactt
atcttaccgce
gcatctttta
aaaaagggaa
tattgaagca

daaaa

gene switch construct

ccgaaaagtg
aacgacggcec

gggatttagg

ctgcegeccece

gggaaaagdga
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ccacctgacg
agtagcagac
tgacactata
gacgttgget

agaaacgcgg

tcacgttaag
gcatacgagt
agatcctttt
ggtctgacag
gttcatccat
catctggccc
cagcaataaa
cctccatcca
gttigcggay
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagktg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac

tttatcagag

16380

16440

16500

18560

16620

16680

16740

16800

16860

16820

16980

17040

17100

17160

17220

17280

17340

17400

17480

17505

encoding human

tactgaggac
aagcccgtcea
ggctgagcege
gcgagccetg

gcgtattggc

80

120

180

2490

3co



cccaatgggg
tatgaacaaa
gggttoctte
agacggtaaa
cgatcagecc
tgatagcgat
tccaccataa
ggcatacgtg
tccaggtcat
tgtttagett
gcatcagcca
cctggaacct
gcrgegeatg
tcattcagtg
agacggaaca
agacgttcca
gcaattgggt
gtcgaacagg
ttecctcacct
tatacggaat
tcagccatgg
taggggcggg
tggggagcct
acttctgcect
acgccagggt
gggaggreee
aaaaacctcc
acttgtttat
attaagcatt
atcatgtcta

ggctecatgtc

tctcggtggg
cgacccaaca
cggtattétc
aagcaatgcg
attcaccgcc
cagccacgcce
tgtttggcag
crtrtteaggeg
cctgatcaac
ggtgatcgaa
tgatggaaac
cgeccagecag
gaacgccggt
cgccggacag
cagctgcgtc
cccaagcagce
gtctgagcaa
aggagcagag
tgtcgtatta
agctctgaay
ggcygagaat
actatggttg
ggggactttc
gctggggage
ttcktcccagte
ataaatccga
cacatctece
tgcagcttat
tttttcactyg
atcgattcac

ggcecacgtee

gtatcgacag
ccgtgegttt
tccttcegtg
ttgagaatcc
cagttcttca
caggcgaccg
acaagcatcg
tgcgaacagt
caggecaget
tgggcaagta
cttttctace
cagccagtcg
agtagccage
atcggtctta
ggagcaaccyg
cggagaacca
tgtggctegy
agcgaagegg
tactatgcceg
ccgaggcage
gyggcggaact
ctgactaatt
cacacctggt
ctggggactt
acgacgttgt
ctgtctagat
cctgaacctg
aatggttaca
cattctagtt
aggcttggtgg

caaatctcct

agtgccagece
tatkctgtet
tttcaatcga
ggtgcagcaa
gcaatgtcac
cagtcgataa
ccgtgggtca
tctgecygqgtg
tccacgaegag
gctgggtcca
ggltgccagat
cggccagcect
caggacagac
acaaacagca
atagtetgtt
gcgtgcagac
ctggcgacgc
gaggctgcag
atatactatg
ttcggcectcet
gggcggagte
gagatgcrtg
tgctgactaa
tccacaccct
aaaacgacgg
accacatttg
aaacataaaa
aattaagcaa
gtggtttgtc
ggctctccag

ccaggaaggg
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ctgggaccga
ttrtattgcc
ttcaaaagaa
tgccatacag
gggttgccag
agccggagaa
caaccaggtc
ccagaccctg
tgcgtgcycy
gggtatgcag
gagaggacag
cggtcacaac
gagctgcttc
ccggacggcc
gagcccagtc
cgtcttgtte
aaaagaagat
gctcaatttg
ccgatgatta
gcataaataa
aggggcggga
ctttgcatac
ttgagatgct
aacctcgagyg
ccagtgctct
tagaggtttt
tgaatgcaaa
Cagcatcaca
caaactcatce

gatggggggy

gggcagcttc

accccgegte
gtcatagcge
ctcgtccage
caccagaaag
tgcgatgtcc
acggccgttt
ctecgccatect
atgtteccteg
ctcgatacgg
acggegcata
cagatcetgy
atccagcaca
atcttgcagt
ttgagcggac
atagccaaac
aatcatggtg
gcggctgact
catgctttag
atcgtcaacg
daaadattag
tgggcggagt
ttctgeectge
tgctttgeat
ccatecgtggce
tctececceccge
acttgcctta
tgttttatta
aatttcacaa
aatgtatctt
ggctgggrge

ctgttettca

360

420

480

540

§00

660

Fz0

780

340

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

168C

1740

1800

1860

1920

1980

2040

2100

2160



gcttcagget
tgecbcaggat
tgtagaktcct
ccaggcecggg
ccagggccat
tgccagectt
cgctggogge
tcagcagggt
actcceacgat
cgctcrecte
cgtcgetggg
ggttggeggt
ggaacctggg
tgatgggggy
tctgggectte
gcctgatcec
ccteogetget
ccacgcetgge
cggtcagcag
ccetggggaa
tcaggtgggc
tgttcttcag
tgcagatgtc
cgggaggctyg
gagcctEtca
agcctcococeey
tgcocogoocy
tgggggatca
ttcececaggac

cgetegeree

gatacacata
crrgecegtag
caggatgttc
cctgtcgcectg
gctgtacata
cctgtagttg
gtcgtacctc
gatctggtcg
cagctgeacg
gttctegteg
ctgctcgtag
cagctggggy
cacgacctecg
catgtggtca

ctectectre

gggaaactcg
gctggtggcey
cagcetgteyg
ggecctrgatyg
gatcagcagg
cctggtcagg
geacttggcg
gcaagcctge
ctggttttee
gagaagcgygdg
cgtegggaga
ctgctatggg
gcgggagggc
gccecgcagocg

ctctgcctet

ttgctgttcet
atcacgctgce
aggtagracc
aagatcacca
catctgcaga
tcectggtat
ctggccacce
ggctggctga
gtcaggatgg
tcggeotget
ccgtectgat
atgttcttel
tgaatcctgg
tcgacagtygg
cttttcatgyg
gggctcacgg
ctgatcctgt
gtcacggegt
tettgeagge
aacagctgct
gggctectet
cacttgggct
tcgatgetge
actacccgaa
tcctggcage
gtcgcgtcct
caaagtttcg
tgggccagag
cagctctget

cgctggaatt

gcattcccag
tcetggeget
tctggatcke
cggcggtcag
agtgcaggag
aagcctggtt
tcagcatcat
tcttggcgaa
tcateteggt
gccaggtetg
accagatcag
gcetgttggt
cggcctoggg
tggtgctcac
cgcactgagt
tcagctgect
gctgcctcag
ccttgttcac
tgtccatctt
ccagecctete
tggtcttggg
gcLeceLtgetn
tcagcagctt
aaaaatccag
9gcggggaag
tgcteggglyg
tggatgcgyc
gcgaagcece
cgccgggcte

actacagcga
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ggtcctcagce
gecgetoage
ctecaccagce
cagggcgtag
gtcctegatce
gttggcaaac
cacctegety
tecgggeagg
gatctgeetg
ggtgatcctt
cctggcgatc
caccagcagc
999999999¢
gggcagcettg
ctegyggcace
ctggcccttyg
ggtcaggggc
gttgtectge
caggatcatyg
cagcectgetc
gctgtatctg
gcacttcage
catggtggea
cgtctaagea
tgtccccaaa
ttgtaagtte
tagggttgeg
ctattcgete
ctccacccta

gttgceocgget

togectcagga
tggrtcagga
tggggcrget
tggatgttgt
accteggeca
aggatgctgt
ctgcaagcct
ceccttggega
aagggggtgt
trcaggtect
aggaactgct
ttgregetea
tcgeactgca
tccttoteet
acgcactcgg
ttgectgctet
atgtcggtet
acgaacagge
tccaggteccet
teccacctegy
cacteccagt
ttcttcagece
gatctggteg
gctgcaagga
tgggacagaat
cagtgcaaag
caccgctggce
cggatctcee
gcoegecgec

cagctgtege

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2930

3000

3060

3180

3240

3300

1360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960



tggggcetcetc
agaagaacag
gcagcttggce
cggcgtacac
€ggggtrgaa
ccctecateee
tgtgggcget
cgatgctect
tcacceggre
gggtgaacag
tgccgetgee
cgagttegge
tgcccaggge
aggggecget
ccaggtcgaa
gcagctcgte
ccatggtgge
ggccagaatt
gattacattt
acgtacccag
gaacecgcgac
atataatcat
ctactttrec
gtccecgtect
gcgggeegcet
tgacgtggca
cggaggccct
tgacactata
cctgeategt
tatctaagcy

catctgtgty

cagratctcc
gtgctccagg
gaatctgccg
cttcteecee
caggatgatg
gctcaccagc
gttccoctatgg
gtggctgaag
gtceaggggce
ctgcttgtcg
gccggttoccyg
ctccagaatc
gtcggtgaac
gtcgtggggg

gtcgtccagg

gcccaggcetce
caattgcccoce
tageggacaa
caaaaggtgce
cccagcagac
ccaaatccecg
cggegttecac
tecgectgtte
aaaatgteoct
gtcctgagcg
gcgeregecg
cgagtaggcg
gggcaccgct
ggtgtaacta
atcgcttaat

tcggttette

atcaggaagg
cacttcaggc
ggctegtegg
agcagctcca
gceeteagge
tcggtcagcea
acgtgcaggc
ctggcgatca
aggectgectga
gcggecetgge
ccggggeccth
ctgtccacgg
atctgctcega
gtgaagccag
gcgtcagegt
acgtcggtgg
ccecceeeco
tttactagtc
ctaaaaaact
cgctacteac
gctgcgacgg
cgccccacgg
cgctetctgg
tctgctgata
tccgggegga
tgaggaggsg
agaccaatgg
cgcacctgeg
taacggtect
taaggcecgge

gtgtgaatce

tgtcgatrggyg
cgatgctect
ggtgggtggt
cctectggge
agcccagcte
ccetghegaa
cggktggecag
gcagchogtt
agtggggaat
agatgttggt
ccacgecctg
gcatctecat
actcgaagtc
93¢cggggcet
gggccatggce
ggggggcecac
cgcatgcegt
taacactgaa
tcacaaaaca
caagtgacga
aactagctgt
agatccctee
aaagaaaacc
ctggagttct
aggatcagga
ggcgceecgeg
atgcqgccatg
cacaggcata
aaggtagcga
cgcecgcaata

atagtactaa
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cacgtcgeeyg
caggctgggce
cctggtgtac
gcttttcagg
ggtettgtce
gatggcgccc
caggatgecyg
ccatccggcc
ccteckggee
cacggggreg
gtegetttte
atggccgecyg
ggccatgtec
gtcgeogreg
cacgtccteg
fel o {olo) o of o wloy
ctaacaaaaa
aattacatat
cactegeocaa
tcacagcgat
gccacacecy
gcagaatcgc
agtgccctag
aaggccgagt
cgectegetge
ggaggcgcca
ggctcttcca
agccaaatgg
ccgcggagac
aaatatcttt

catacgctet

atcagcctga
agcctcagea
tcctccaggg
ccecctcacct
atccteatgt
actcecggege
teceectecacgt
ctcagcagga
cactecacca
ttggggetgce
tgctccacgg
tactcgtcga
agggcgccegt
cccagcatgt
ccgtccaggt
ttcttggggac
agccaaaaac
tgacccaaat
cecoccgagege
ccacaaacaa
gcgegtectt
cgagaaggga
agtcacccaa
cttargagca
gceocttegte
aaacccggcyg
aaaalttagg
aactacgaga
taggtgtatt
attttcatta

ccatcaaaac

4020

4080

2140

42¢0

4260

4320

4380

4440

4500

3560

4620

4680

4740

4800

4880

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820



aaaacgaaac
acatttctct
gagtactgrc
tactgtcctce
ceceecggggac
gtacgcceet
gteLeeketee
gtttgttect
ctactttgga
cctecggegcet
ggatgccagg
caaaaagaca
ccettggatg
cacactgaaa
gaaagccree
caaagtgttt
tatggecctee
ggatctgaat
ggaaaagaca
greccoctggeat
agecttggcct
cggatgccat
acatagcatt
ggaaatctcc
cctcoctgett
ggatagctgt
cgatgacgat
ctcctteatct
cgctgecgag

ctataagtce

aaaacaaact
atccataatg
ctccgagcegg
cgagcggagt
ctagagggta
gcaggggcege
tttgcoctaatc
gacaggaaaa
aaaaaggaat
gtggaactgt
ttccctecca
ctgtttotgg
ggcctectgg
aacatggcct
gagggagccg
cceggagygct
gaccctctgt
agecggactga
cagacactgc
agcgaaacca
aagatgcaca
agaaaaagcg
ttccttgaag
cccattacct
tgccatacct
ceccgaggage
ctgacagact
cagattagat
gaagaagactt

cagtatctga

agcaaaatag
caggggtacc
agtactgtcce
actgtcctceco
tatzatgggt
gccacgegtco
ccttttgotge
accttgctgg
tgagagccge
cctgggatta
gggtgcctaa
aatttacaga
gacccacaat
cccacceegt
aatacgatga
cccacacata
gtcktgacata
ttggecgectcect
ataagtttat
aaaactccct
ccgtcaatgg
tctactggcea
gacacacatt
ttctgacage
ccagccatca
cccagctcag
ccgagatgga
ccgtggctaa
gggactatgc

ataacggacc

gctgtceccca
gggtgatgac
tecgagegga
gagcggagta
gccttagetg
gaagaaggtg
gctgatgtta
gtaccttegt
tagcgccacc
catgcagtee
gtccttccct
ccatctgttt
ccaagccgaa
tagcctgcac
ccaaaccktce
cgtctggcaa
ctcctacctg
gctcgtbgtgt
cctecetgrtt
gatgcaggat
ctatgtgaat
cgtcatcgga
cctegtgagg
ccaaacccte
gcatgacgga
aatgaagaat
tgtcgtgagg
gaaacaccct
ccctetggte

ccagagaatc
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gtgcraagtcc
ggtgaaaacc
gtactgtect
ctgteccrtccg
gtgtgtgacc
agtaatctta
ggatgacatt
tgeecggacac
atggctacca
gacecrcggcg
ttcaacacct
aacattgcca
gtgtatgaca
gctgtcggeyg
cagagggaga
gtgeccaagqg
agccatgtgyg
agagaaggct
gcegtttttg
agagatygecy
agatecctge
atgggaacca
aaccatagac
ctgatggacc
atggaagcct
aacgaagaag
ttecgatgacyg
aagacatggqg
ctggeteecceg

ggcaggaagt

aggtgccaga
tccaattgeg
c€cgageggag
agcggagagt
tcatcttcect
acatgctctt
tacaacaaat
ttecttgtecct
ggagatatta
aactgcctgt
cecgtggtceta
aacccaggcc
cagrggtcat
tcagctattg
aagaggatga
aaaacggacc
atctggtcaa
ccctggctaa
atgagggaaa
ccagtgcrag
ctggcctcat
cacccgaagt
aagcctccct
tcggccaatt
atgtgaaagt
ccgaggacta
ataactccece
tccactatat
atgacaggag

ataagaaagt

5880

5940

5000

8060

6120

6180

6240

6300

6360

6420

6480

6540

6600

56860

5720

5780

6840

89C0

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620



gaggttcaty
cggaatkcctc
gaatcagqcc
gtatagcagg
cgaaatcttt
caggtgcctc
cctcategga
catgagcgat
cCLtgaccgaa
tgagtittcaa
gctgteoceogec
cgatttectg
tacactgaca
cctctggatt
gaaagtgtcc
ttccgectat
caggcaccct
cgaaaagaca
cteccagegat
cgatctgcaa
ctccaacaat
catggtgttr
cgctgccaca
ctccaccatt
ccecttceatg
ctecceccecte
gctgetggayg
cacagagtcc
ggataacgct
ctccgecaca

cteccghatbgg

gcctataccg
ggccctetge
agtaggccct
agactcccea
aagtataagt
accaggtact
ccecteckga
aagaggaacy
aacattcaga
gectccaaca
tgcctccacg
agcgtcottet
ctgtttcecet
ctgggatgcee
agctgtgaca
ctgctgteaa
agcacaagac
gacccettggt
ctgeteatge
gaggctaagt
agccectgagea
accccectgagt
gagctgaaga
cccteccgaca
ccecgtccact
accgaaageg
ageggactga
ggcagdctat
ctgtttaagg
aacagaaaga

cagaatatcc

atgagacatt
tctacggaga
ataacattcta
aaggcgtcaa
ggaccgtcac
atagcrectt
ttbtgctataa
tcatettgtt
ggttectece
ttatgcacag
aggtcgetta
ttagcggata
ttagcggaga
ataactccga
aaaacacagg
aaaacaatgc
aaaagcaatt
ttgcccatag
tcctgaggea
atgagacatt
aaatgacaca
ccggecteca
aactggattt
atectggetge
atgactceca
gaggcccrct
tgaactccca
ttaagggaaa
tcagcattag
cccacattga

tcgaatccga

caaaaccagg
ggtcggcegat
ccctecacgga
gcatctgaaa
cgtcgaggat
cgtcaacatg
ggaaagcgtc
ctccgtgttt
caatcceget
cattaacgga
ctggtacatt
cacattcaaa
gacagtgtte
ctttagaaat
cgattactat
cattgagcect
caatgccaca
aacacccatg
gtcccccaca
cteccgacgatb
ctttagacce
gctcagacte
caaagtgtcc
cggaaccgat
gctegacaca
gtcecetgrec
ggaaagcktec
gagagcccac
cctcctgaaa
cggaccchce

cacagagttt

98

gaggcratce
accctectga
atcacagatg
gactttccca
ggccctacca
gagagggacc
gatcaaagag
gacgaaaaca
ggcgteccage
tacgtttteg
ctgtccateg
cacaaaatgg
atgagcatag
agaggaatda
gaggatagct
agatcctect
accattceccy
cccaaaatce
ceeeacgygec
cectoocoag
cagctgcace
aacgaaaagc
agcacaagca
aacacaagct
acccttkteg
gaggaaaaca
tagggaaaga
ggeectgecce
accaataaga
ctgctcateg

aagaaagtga

aacacgaaag
ttatctttaa
tgagacctct
ttctgcectgg
aaagcgatcce
tcgectecegyg
gaaaccaaat
ggagetgga
Ltgaggacce
atagccteca
gagcccaaac
tctacgagga
agaaccctqg
cagcccteoct
atgaggacat
cccagaatag
aaaacgacat
aaaacgtcag
tgagcetgte
gagccattga
atagcggaga
tcggcacaac
ataacctcat
ccetgggace
gaaagaaaag
atgacagcaa
atgtgtccag
tcctgacaaa
Ccaagcaataa
aaaactccce

cacccctcat

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

2000

95060

9120

9180

9240

9300

9360

9428

3480



ccatgacagg
caaaaccaca
ccctgacgcet
caggtggactt
caaacagctce
gaaaaacaaa
ggtgtttecct
cacacacaat
ggaaaacgtc
cctttbecte
cgtectgcaa
ccattrctec
gattgtggaa
cgtcacccaa
gctggagaaa
cckcaccect
ccaaagccct
ceetetgect
agtcetgtte
cggagtgcaa
cattctgaca
cacaaactcce
caaaacctcce
tccrtaccgaa
gcaaggcaca
c¢tcagagtce
ctgggacaat
ceckgagaaa
caatcacgcet

ggccaagcag

atgctcatgg
agcagcaaga
cagaatcccg
cagaggaccc
gtgtccctgg
gtggtcgtgg
agctccagaa
caggaaaaga
gtgctccaoec
ctgtccacca
gactttagat
aagaaaggcg
aagtatgcct
agatccaaga
agaattatcg
agcacactga
ctgtccgact
atcgetaagg
caggataact
gagtoccagcec
ctggaaatga
gtgacataca
ggcaaagtgg
acctccaacg
gagggagcca
gccacagagt
cactatggca
accgctttca
atcgctgecca

ggcaggaccg

ataagaatgc
acatggagat
atatgtcctt
acggcaaaaa
gacccgaaaa
gaaagggaga
atoctgtttet
aaatccaaga

aaatccatac

ggcagaatgt

ccctgaatga
aggaggaaaa
gtaccacaag
gagcccrtgaa
tggatgatac
cacagattga
gtctgacaag
tcagctceett
ccageccatct
atttcctoca
cagacaatca
aaaaggtcga
aactgcrcco
gaagccccgg
ttaagtggaa
ccagcgctaa
cacagattcc
aaaagaaaga
ttaacgaagg

aaagactctg

cacagccctc
ggtccagcaa
ctttaagatg
ctccctgaat
gtecgtggaa
gtttaccaag
gacaaacctce
ggaaatcygaa
cgtcaccgga
ggaaggctcc
ctccaccaat
cctggaagga
aattagcecct
gcaattcagg
ctccacccaa
ctataacgaa
atcceactcec
ccctageatt
gcctgecgec
gagagccaaa
gagggaggtc
gaataccgtce
caaagrgcat
ccacctggat
cgaagccaat
gacacccagce
caaagaggaa
cacaatcctg
ccaaaacaaa

ctcococagaat

99

agactcaacc
aagaaagagyg
ctgtttecege
agcggacagyg
ggccaaaact
gacgttggcc
gacaatctgc
aagaaagaga
accaaaaact
tacgatggcyg
agaacaaaga
ctgggaaacc
aacacaagcc
ctgcctcteg
tggtccaaga
aaggaaaacyqg
atcccrtcacg
agacctatct
tctratagaa
aagaataace
ggctecetgg
ctyccraagc
acccactcaega
ctggtcgagg
agacctggca
aagctgetag
tggaaaagce
agcctcaacg
cccgaaateg

ccceetgtge

acatgagcaa
gacccatteco
ctgagtccgce
gaccctccece
ttctgtcega
tgaaggaaat
atgagaataa
cactgattcca
ttatgaaaaa
cttacgeteo
aacacacagc
aaaccaaaca
aacagaattc
aagaaacaga
atatgaaaca
gagccattac
ctaacaggag
atctgacaag
aaaaggatag
tgagectege
gaaccrecge
ctgacctecc
aagacctctet
gaagcctect
aagtgccttt
acccecectege
aagagaaaag
cttgcgaaag
aagtgacatg

tcaagaggca

9540

9500

9660

9720

9780

9B40

9900

9960

10020

10080

10140

10200

10280

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10320

10980

11040

111580

11160

11220

11280



ccaaagagaa
cacaatctcce
gtcecccagg
gtgggactat
cgtcececcaa
cctctacagg
ggrggaggat
ctccagecte
cgtcaagcct
caaagacgaa
cgtgcattce
ccacggcaga
caaaagctgg
gatggaggac
ggatacccte
tatgggctcc
aaaaaaggag
ggaaatgcte
gcacgeeaga
catggccteco
ggctcccaaa
gecctitctee
ccaaggceget
ccrcgacgga
ctttggcaat
caggtacatet
gatgggetgt
cgatgceccaa
caaagccagg
caaagagtgg

gggagtgaaa

atcacaagaa
gtggaaatga
agctttcaga
ggcatgagca
ttcaaaaagg
ggcgaactga
aacattatgg
atctcctacyg
aacgaaacca

ttgattgca
gaccbcatcg
caggtgaccg
tactttaccg
cccacattca
cceggactgg
aacgaaaaca
gagtataaga
cectecaagy
actgtccacece
ggccatatca
ctggctagac
tggattaagg
agacaaaagt
aagaaatqgc
gtggatagct
agactccace
gacctcaact
accacagcecet
crgcatcrge
ctgcaagtgg

agccecegctga

caacccteca
aaaaggagga
azaagacaag
gcagccctca
tcgtgtttca
atgagcatct
tcacctttag
aggaagatca
aaacctattt
aagcctgggc
gacccctect
tccaggagtt
aaaacatgga
aagagaatta
tcatggctea
ttcactccat
rggcectcta
ctggcatttg
tgtttctegt
gggacttrca
tccactatag
tggacctcct
ttagetececckt
aaacctatag
ccggeattaa
ctacccatta
cctgectecat
ccagctattt
aaggcaggag
atttccaaaa

caagcatgta

gtccgaccaa
ctttgacatt
acattacttt
cgtcctgagg
ggagttcaca
gggactgcte
aaatcaggcc
gaggcaggga
ctggaaggtc
ctatttectee
ggtctgceat
tgcteotgttt
gaggaactgr
caggtteccat
ggatcagagg
ccatttctce
caatctgtat
gagggtggaa
gtatagcaat
gattaccgceco
cggaagcatt
ggctceccatg
gtatatctce
aggaaactcc
gcataacatt
ctccatcagg
gcecctegge
cacaaatatg
caatgecectgg
gacaatgaaa

cgtcaaggag

100

gaggaaatcg
tacgatgagg
atcgctgeeg
aacagagoec
gacggcagcet
ggcccttaca
agcaggccect
gccgaaccea
cagcatcaca
gacgttgacc
accaatacce
ttcacaatct
agagcccect
gccattaacg
atcaggtggt
ggccatgtgt
cccggagtge
tgcctcateg
aagtgtcaga
agcggacagt
aacgcttggt
attatccacg
cagtttatca
accggaacce
ttcaatccecec
agcacactga
atggaaagca
ctcagctacct
agaccrtcagg
gtgacaggceg

tt¢ectecatck

actacgatga
atgagaatca
tcgagagact
agagcggaag
tcacccaacc
ttagagccga
atagetttta
ggaagaattt
tggcccctac
tggagaaaga
tcaaccetge
ttgacgaaac
gtaacattca
gatacattat
atctgetgte
ttaccgteag
ttgagacagt
gagagcatct
cacceeceegg
atggccaatg
ccaccaaaga
gaatcaaaac
ttatgtatag
tcatggtgtt
ctatcattge
ggatggaact
aagccattag
ggagccctag
tcaacaatcc
tcaccacaca

ccagcteeca

11340

11400

11480

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

1254¢

12800

12660

12720

12780

12840

12800

129860

13020

13080

13140



ggatggcecat
ccaagactcec
gagaatccac
cgaagcccaa
gggtgtgtac
ccccagtgec
taaaattaag
999g9g9gtggt
attgggaacc
gggttcaagce
ccaggctcag
tggtctccaa
tacaggcgtyg
aggaggacgt
gtrgcrrgce
tetgatttaa
gttatccecta
aactaaaggc
atcecgctacg
actcacttta
tgtegtgeca
ggaaacgctt
gecgttgetgg
tcaagtcaga
agctccecteg
ctcececttegg
taggtcgtte
gecttatceceg
gcagcageca

ttgaagtggt

cagtggaccc
ttcacacccg
ccccaaaget
gacctctact
gtagcggcceg
tctectggec
ttgcatcatt
atggagcaag
aagctggagt
gattctectg
ctaattttcg
ctcctaatct
aaccactgct
ccagacacag
tggcactatc
atcggtecege
ctcaaggaca
agcacacatc
tetetececc
grgagggtta
gcttaatcat
ccttcatgtg
cgtttttcca
ggtggcgaaa
tgcgetectce
gaagegtgge
gctccaagcet
gtaactatcg
ctggtaacag

ggcctaacta

tgttctttca
tcgtgaatag
gggtgecatca
aaatcgattg
cgtegacgat
ctggaagttg
ttgtctgact
gggcaagttg
gcagtggcac
cctcagcecte
tttttttggt
caggtgatct
cccttccctg
cataggctac
ctctcatgceg
gtacggegeg
tcatcccttt
gtgtaatcat
gcagtaaggg
atrgegeerge
ggtcatagcet
agcaaaaggc
taggetecgce
cccgacagga
tgttccgacc
gctbtctcat
gggctgtgtg
tectegagtce
gattagcaga

cggctacace

gaatgqgcaaa
cctecgaccect
gattgeecte
cgcaaagctt
agcttgatgg
ccactccagt
aggtgtccere
ggaagacaac
aatcttgget
ccgagttgtt
agagacgggg
acccaccttg
tecettetgat
ctggecatge
ttgggtccac
gtaggtccga
agtgagggtt
ggtcatagct
ctagattaac
gctcactgee
gttteetgtyg
cagcaaaagq
ccecctgacy
ctataaagat
ctgccgetta
agctcacgct
cacgaacccce
aacccggtaa
gcgaggtaty

agaagaacag
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gtgaaagtgt
ccecteetga
agaatggagg
tecgecgatagg
gtggcatccce
gcccaceagce
ctataatactt
ctgtaggycc
cactgcaate
gggattccag
tttcaccata
gcctcccaaa
tttaaaataa
ccaaccggtyg
tcagtagatg
acgaatccat
aattcacgca
gttteetgty
tegtcotegtg
cgetttocag
tgaaattgtt
ccaggaaccg
agcatcacaa
accaggcegte
ccggatacct
gtaggtatct
ccgttcagec
gacacgactt
taggcggtge

tatttggerac

ttcagggazaa
caagatacct
tcctgggatg
cgagaccaat
tgtgaccect
cttgtectaa
atggggrgga
tgcggggtet
tcegectect
gcatgcatga
ttggccaggc
ttgctgggat
ctataccagc
ggacatttga
cctgttgaat
ggattaccct
gtgggtacgg
tgaaattgtt
aatatccgga
tcgggaaacc
atccgctacc
taaaaaggcc
aaatcgacgc
tcccectgga
gtccgecttt
cagtteggtg
cgaccgetge
atcgccactg
tacagagttc

ctgcgctcectg

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

131980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940



ctgaagccag
gcrggtageg
caagaagatc
taagggattt
cgtttttecat
ataatctatg
aatggcatac
acctagatce
acttagtctg
tttcgttcat
ttaccatetg
ttaktcagcaa
tcegecteca
aatagtttgc
ggtatggctt
ttgrgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga
tttactttca

ggaataaggy
agcatttatc
20

158
PRT

<210>
211>
«212>
<213>

<220>
<223>

<400> 20

ttaccttcgy
gtggtrttre
ctttgatctt
tggtcatgcce
gtacaactat
tcgggrgcgg
gagtaaactt
Cctrtaaatca
acagttacca
ccatagttgce
gccccagtge
taaaccagcc
tccagtctat
ggagcgttgt
cattcagctc
aagcggttag
cactcatggt
cceectgtgac
gttgctettyg
tgctcatcat
gatccagttc
ceagegttte
cgacacggaa

agggttattg

Homo sapiens

aaaaagagtt
tgtrtgcaag
ttctacggga
taggacgaaa
actagttgta
agaaagaggt
ggtctgacac
aaaatgaagt
atgcttaatc
ctgactcecceo
tgcaatgata
agccggaage
taactgttgc
tgccateget
cggttcccaa
ctcectteggt
tatggcagca
tggtgagtat
ccecggegtca
tgggaagcgrt
gatgtaaccc
tgggtgagca
atgtrtgaata

tctcgggage

Human Insulin like growth

ggtagctctt
cagcagatta
tctgacgcetce
ggaggtcgrg
gtgcctaaat
aatgaaatgg
cgctgeatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgocgagace
gccgagegea
cgggaagcta
acaggcatcg
cgatcaaggce
cctcegatgg
ctgcataatt
tcaaccaagt
atacgggata
tcttegggge
acacgagcac
aaaacaggaa
ctcatacgct

gaatacatat

gatccggcaa
cgcgcagaaa
agtggaacga
aaatggataa
aatgccttta
caaatcaatg
gattatcaaa
tetaaagtat
cratctcage
taactacgat
cacgctcacc
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttacecgt
cattctgaga
ataccgcgcec
gaaaactetce
ccaactgatc
ggcaaaatgce
tcctttttca

ttgaatgtat

factor (IGF-1)

acaaaccacc
aaaaggatct
aaactcacgt
aaaaatacag
aaacttaaaa
tcctcagcga
aaggatcttc
atatgagtaa
gatctgtcta
acgggaggge
ggctccagat
tgcaacttta
ttcgccagtt
ctcgtecgtre
atcccccatg
taagttggec
catgccatcc
atagtgtatg
acatagcaga
aaggatctta
ttcagecatct
cgcaaaaaag
atagtattga

ttagaaaaa

Met Gly Lye Ile Ser Ser Leu Pro Thr CGln Leu Phe Lys Cys Cys Phe

1

5

10

102

15

i50c0

15080

15120

15180

15240

13200

15360

15420

15480

15540

15600

15660

15720

15780

15840

13500

15260

16020

16080

16140

16200

162860

16320

18379



Cys

Phe

Gly

val

65

Ser

Phe

Lys

Met

Lys
145

Asp

Tyr L

Pro

50

Cys

Ser

Arg

Pro

Pro

130

Ser

<210>
<211>
<212
<213>

<220>
<2235

«400>»

Phe

Glu

Gly

Ser

Ser

Ala

115

Lys

Gln

21
288
PRT
Homo

Leu

20

Ala

Thr

Asp

Arg

Cys

100

Lys

Thr

Arg

Lys

Leu

Leu

Arg

Arg

85

Asp

Ser

Gln

Arg

sapiens

Val

Cys

Cys

Gly

70

Ala

Leu

Ala

Lys

Lys
150

Lys

Leu

Gly

55

Phe

Pro

Arg

Arg

TYY

135

Gly

Met

Leu

40

Ala

Tyx

Arg

Ser

120

Gln

Ser

Kis

25

Thr

Glu

Phe

Thr

Leu

105

Val

Pro

Thr

Thry

Phe

Leu

Asn

Gly

90

Glu

Arg

Pro

Phe

Met

Thr

Val

Lys

75

Ile

Met

ala

Ser

Glu
155

Human basic fibreoblast growth factor

21

Met Val Gly val Gly Gly Gly Asp

1

5

Gly Gly Cys Gln Ile Ser Gly Arg

20

Pre Gly Ala &la Ala Trp Glu Ala

35

40

Arg His Pro Ser Val Asn Pro Arg

Val Glu Asp

19

Gly Ala Arg

25

Ala Leu Pro

Ser Arg Ala

103

Ser

Ser

Asp

60

Pro

val

Tyx

Gln

Thr

140

Glu

Ser

Ser

a5

Ala

Thr

Asp

Cys

Arg

125

Asn

Arg

(bFGF)

Val

Thr

Gly Cys

Arg

Ala

Arg

Gly

Ser

30

Ala

Leu

Gly

Glu

Ala

110

His

Lys

Lys

Bro

Asn

30

Arg

Ser

Thr

Gln

Tyr

Cys

95

Pro

Thr

hsn

Arg
is

Leu

Ala

Fhe

Gly

80

Cys

Leu

Asp

Thr

Pro

Gly Ile

Pro Arg

Pro

Arg



50

Thr Arg
65

Asp Arg

Gly Arg

Gly Thr

Gly Pro

130

Leu Pro
145

Asp Pro

His Pro

Ile Lys

Gly val

210

Leu Ala

225

Glu Ser

Tyr val

Gly Pro

<210>
<211»

Gly

Gly

Gly

Ala

1315

bla

Glu

Lys

Asp

Leu

185

Sex

Asn

Ala

Gly

275

22
193

Arg

Arg

Arg

100

Ala

Gly

Asp

Arg

Gly

180

Gln

Ala

Lys

Asn

Leu

260

Gln

Arg

Gly

Ala

Pro

Thr

Gly

Leu

i85

Arg

Leu

Asn

Cys

Tyr

245

Lys

Lysa

Thr

70

Pro

Arg

Met

Gly

150

Tyr

Val

Gln

Arg

val

230

Asn

Arg

Ala

55

Glu

Ala

Glu

Ala

Ala

135

Ser

Cys

Asp

Ala

Tyr

215%

Thr

Thr

Thr

Ile

Glu

Leu

Arg

Ala

Gly

Lys

Gly

Glu

200

Leu

Asp

Tyr

Gly

Leu
280

Axrg

Pro

Val

105

Pro

Gly

Ala

Asn

Val

i85

Glu

Glu

Arg

Gin

265

Phe

Pro

Gly

g0

Gly

Ala

Sar

Phe

Gly

170

Arg

Met

Cys

Ser

250

Tyr

Leu

104

Ser

75

Gly

Gly

&la

Ile

Pro

155

Cly

Glu

Gly

Lys

Phe

235

Arg

Lys

Pro

&0

Gly

Arg

Arg

Arg

Thr

140

Pro

Phe

Lys

Val

Glu

220

Phe

Lys

Leu

Met

Ser

Leu

Gly

Gly

125

Thx

Gly

Phe

Ser

Val

205

Asp

Phe

Tyr

Gly

Ser
285

Arg

Gly

Arg

11¢

Ser

Leu

His

Leu

Asp

180

Gly

Glu

Thr

Ser

270

Ala

Leu

Gly

as

Gly

Arg

Pro

Phe

Arg

17%

Pro

ile

Arg

Arg

Ser

258

Lys

Lys

Gly

80

Arg

Pro

Ala

Lys

160

ile

His

Lys

Leu

Leu
240

Trp

Thr

Serx



<212
«213>

<220
<2Z23>

<400

PRT

Homo sapiens

Human erythropeietin

22

Met Gly Val

i

Leu

Ile

Ala

Asn

65

Met

Leu

Gln

Leu

ala

145

Thyx

Axg

Arg

Ser

Cys

Glu

50

Ile

Glu

Ser

Pro

Arg

130

Iile

Ala

Gly

<210>

Leu

Asp

3s

Asn

Thr

Val

Glu

Trp

115

Ser

Ser

Asp

Lys

23

Hisg

Pro

20

Ser

Ile

val

Gly

ala

100

Glu

Leu

Pro

Thr

Leu
180

Glu

Leu

hrg

Thr

Pro

Gln

as

Val

Pro

Thr

Pro

Phe

165

Lys

Cys

Gly

val

Thr

aAsp

70

Gln

Len

Leu

Thr

Asp

150

Leu

Pro

Leu

Ley

Gly

Thr

Ala

Arg

Gln

Leu

135

Ala

Lys

Tyt

Ala

Bro

Gln
4Q

Cys

Lys

Val

Gly

Leu

120

Lau

Ala

Leu

Thr

Trp

val

25

Arg

Ala

al

Glu

Gln

165

His

Arg

Ser

Bhe

Gly
185

Leu
10

Leu

Tyx

Glu

Asn

Val

20

Ala

val

Rla

Ala

Arg

170

Glu

105

Trp

Gly

Leu

His

Phe
15

Trp

Leu

asp

Leu

Ala

155

Val

Ala

Leu

Ala

Leu

Cys

a0

Gln

Leu

Lys

Gly

140

Pro
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