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CONDITIONAL-STOP DIMERIZABLE CASPASE
TRANSGENIC ANIMALS

CLAIM OF PRIORITY
This application claims the benefit of U.S. Patent Application Serial No.
61/020,666, filed on January 11, 2008, the entire contents of which are hereby

incorporated by reference.

TECHNICAL FIELD
This invention relates to transgenic animals, e.g., transgenic mice, with a time-
and tissue-controllable death gene, constructs and cells useful in the creation of said

animals, and cells derived from said animals.

BACKGROUND
A number of degenerative human diseases are characterized by the loss of
specific cells in adult tissues. The availability and creation of animal models for these
diseases has been hampered by the lack of a system to create models in which

apoptosis can be induced in a time- and tissue-specific manner.

SUMMARY

Described herein is a transgenic mouse with an inducible caspase gene for
targeted cell ablation. The transgene construct contains a bioengineered dimerizable
caspase-3 gene under a stop-flox sequence, in some embodiments, the gene results in
mosaic patterned, binary expression of product after recombination. Tissue
specificity is determined by the choice of a Cre mouse: intersection of transgene
driven by a promoter and Cre-recombinase under a promoter of choice drives
engineered caspase monomer expression. The timing of cell death is controlled by
administration of a dimerizer which specifically binds to a dimerizing sequence, ¢.g.,
the Fv sequence (e.g., from Ariad Inc), located upstream of caspase-3. Because
caspase-3 is rapidly activated after it is dimerized, targeted cells are rapidly ablated
through apoptosis after exposure to the dimerizer.

A major advantage of this mouse is the ability to achieve tissue specificity by
crossing with any Cre-expressing mouse, and the inducing cell killing in the adult by

administration of the chemical inducer of dimerization. The timing of Cre expression
1
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is therefore not critical and whenever the Cre transgene is expressed the cell type
marked by that gene will begin expressing caspase. Therefore, cell death can be
controlled by the timing of administration of the dimerizer. This approach differs
from previous approaches in which a single promoter was placed upstream of the
caspase sequence because a mouse that contains the floxed STOP sequence can be
used to create models for numerous cell types by crossing this new mouse with Cre
mice that cover the expression of many genes. The approach also differs from the
Cre-Lox approach in which a death gene is expressed as soon as a STOP sequence is
removed, because in the present mice the caspase gene is inducible and is only
activated after administration of the chemical inducer of dimerization to the animals
that have activated the gene in the floxed cells. This allows access to a far larger pool
of tissues that can be specifically ablated, including tissues that display specific Cre
expression only for example during embryogenesis. This is significant when
considering a tissue for targeting since many tissue specific markers are only
expressed during development.

The transgenic animals described herein, e.g., mice, can be used for the
targeted ablation of any cell type. These animals can be used, e.g., for the
construction of models for diseases, ¢.g., diseases in which cells in a particular organ
or tissue, or multiple organs or tissues, die. The animals can also be used as cancer
models, in which a tumor formed in the animal’s tissue can subsequently be destroyed
by induction of caspase in that tissue. The animals can also be used to make models
of cell loss and tissue degeneration, e.g., for the purpose of testing strategies for
replacing the lost cells. In addition, these mice can be used experimentally to
understand physiological processes and pathways, e.g., to understand the role of a
specific cell type in a neural pathway, such as a sound or visual input processing
pathway.

As described herein, in some embodiments not all cells of the animal express
the transgene, e.g., the animals are mosaics, and are thus useful models for the onset
of degenerative diseases, e.g., when the process of cell loss is ongoing, or when cell
loss is only partial. In some embodiments, the double transgenic animals are mosaics
as a result of incomplete recombination and mosaic expression of the transgene.

Thus, in one aspect, the invention provides transgenic non-human mammals,

e.g., mice, that have a recombinant nucleic acid molecule stably integrated into their
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genome. This nucleic acid molecule includes a sequence encoding a fusion protein;
the fusion protein includes a cell-killing gene, ¢.g., a caspase, ¢.g., caspase 3, 8, or 9,
linked in frame with a FK Binding Protein (FKBP) or variant thereof, wherein the
caspase is downstream of a conditional-STOP cassette as described herein. In some
embodiments, the nucleic acid molecule includes

(i) a promoter;

(i1) downstream of said promoter, a conditional-STOP cassette including a
coding region of a protein, e.g., a non-toxic protein, e.g., a reporter protein, and a
stop-transcription sequence, €.g., a polyadenylation signal, flanked on either side by a
recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein including a cell killing gene, e.g., a caspase, ¢.g., caspase 3, 8, or 9,
linked in frame with a FK Binding Protein (FKBP) or variant thereof, wherein said
fusion protein is not expressed when said conditional-STOP cassette is present in the
construct.

In some embodiments, expression of a recombinase in a cell of said mammal
results in expression of said fusion protein, and exposure of said mammal to an FKBP
dimerizing agent results in death of said cells expressing recombinase.

In some embodiments, said recombinant nucleic acid molecule is operably
linked to one or more regulatory sequences, ¢.g., a promoter.

In another aspect, the invention provides cells isolated from the non-human
animals, ¢.g., stem cells or germ cells.

Also provided herein are methods for the production of transgenic non-human
mammals, e.g., rodents, e.g., mice. The methods include introducing a recombinant
nucleic acid molecule into a germ cell, an embryonic cell, or an egg cell. In some
embodiments, the recombinant nucleic acid molecule includes:

(i) a promoter;

(i1) downstream of said promoter, a conditional-STOP cassette including a
coding region of a protein, e.g., a non-toxic protein, e.g., a reporter protein, and
polyadenylation signal, flanked on either side by a recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein comprising a cell-killing gene, ¢.g., a caspase, ¢.g., caspase 3, 8, or 9,

linked in frame with a FK Binding Protein (FKBP) or variant thereof, wherein said
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fusion protein is not expressed when said conditional-STOP cassette is present in the
construct.

In some embodiments, the methods further include crossing said transgenic
non-human mammal with a second non-human mammal, wherein at least some of the
cells of said second mammal express a recombinase that binds to and excises said stop
sequence.

In another aspect, the invention provides a vector including:

(i) a promoter;

(i1) downstream of said promoter, a conditional-STOP cassette including a
coding region of a non-toxic protein, e.g., a reporter protein, and polyadenylation
signal, flanked on either side by a recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein including a cell-killing gene, ¢.g., a caspase, ¢.g., caspase 3, 8, or 9,
linked in frame with a FK Binding Protein (FKBP) or variant thereof, wherein said
fusion protein is not expressed when said conditional-STOP cassette is present in the
construct.

In some embodiments, the vector also includes one or more selection markers,
e.g., negative selection markers or antibiotic resistance genes, €.g., a neomycin
resistance gene, ¢.g., PGK-Neo. In some embodiments, the vector is a viral vector,
¢.g., adenoviral, retroviral, or lentiviral vector.

In some embodiments, the recombinase recognition sequence is a lox
sequence, ¢.g., selected from the group consisting of LoxP, Lox 66, Lox 71, Lox 511,
Lox 512, and Lox 514, and variants thercof. In some embodiments, the recombinase
recognition sequence is a FLT sequence.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Methods and materials are described herein for use in
the present invention; other, suitable methods and materials known in the art can also
be used. The materials, methods, and examples are illustrative only and not intended
to be limiting. All publications, patent applications, patents, sequences, database
entries, and other references mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present specification, including definitions, will

control.
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Among the advantages of the present mice over other caspase models is the
fact that other models were targeted at specific cell types, i.e., they were not general
models that could be crossed to any Cre mouse to create new models of degeneration.
In addition, an advantage over other models that use other toxic genes, including
diphtheria toxin (Ivanova et al., Genesis 43:129-135 (2005)), is that these often also
target single genes; in addition, unlike the present animals that use an inducible
system, those models that use a Cre-Lox strategy to allow crossing to various Cre
drivers generally do not allow for temporal control of the cell death.

Other features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic illustration of a plasmid containing a conditional stop
caspase-3 and a CMV promoter.

FIG. 2 is the sequence of a vector containing a floxed stop caspase-3 driven by
a CMV promoter as shown in FIG. 1 (SEQ ID NO:1).

FIG. 3 is the sequence of a portion of the pC4M-Fv2E vector, which is useful
in creating the fusion proteins described herein, including two FKBP sequences, one
of which is the 36V FKBP (Amara et al., Proc. Natl. Acad. Sci. U.S.A. 94:10618-23
(1997)), and the other of which has several silent mutations (SEQ ID NO:2), which
significantly reduce the match between the FV domains at the nucleotide level,
reducing potential for recombination.

FIG. 4 is sequence alignment of FKBP1 from Bos Taurus, Rattus norvegicus,
Mus musculus, Macaca mulata, Pan troglodytes and Homo sapiens. The sequence
identifiers are shown in the right hand column of the figure. An asterisk in the
consensus sequence (SEQ ID NO:16) indicates the presence of alternative residues,
shown below the consensus sequence as alternatives 1, 2, and 3.

FIG. 5 is a schematic illustration of the one embodiment of the present
invention, illustrating a plasmid and strategy for use thereof.

FIG. 6A is a bar graph showing viability by MTT assay of cells transfected
with the dimerizable caspase, in the absence and presence of the dimerizing agent
AP20187.

FIGs. 6B-6C are bar graphs showing cell viability (6B) and dead cells (6C) in

the presence and absence of AP20187 and Cre.
5
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FIG. 7 is a table showing the results of analysis of seven F1 animals.

FIGs. 8A-C are schematic illustrations showing the expression of lac Z (8A)
or the transgene (8B-C) in cells where transgene is driven by CMV promoter in the
absence (8A) or presence (8B-C) of Cre recombinase. FIG. 8B is the cell in the
absence of the dimerizer; 8C shows the cell in the presence of the dimerizer.

FIGs. 9A-9F are bar graphs showing changes in auditory brain response
(ABR) after dimerizer administration in Brn3c double Tg animals.

FIG. 10A is a line graph showing changes in DP-OAE after dimerizer
administration in Brn3c double Tg animals.

FIG. 10B is a pair of bar graphs showing a significant increase in ISO-DP in
treated Brn3c double Tg animals.

FIG. 11A is a bar graph showing effect of dimerizing agent on IGTT results in
Ins-Cre double Tg animals.

FIGs. 11B-11C are bar graphs showing the effect of dimerizing agent on IGTT
results in the same population of Ins-Cre double Tg animals shown in Fig. 11A,
divided by sex (female, 11B; male, 11C).

FIG. 12A is a line graph showing the effect of dimerizing agent on blood sugar
in Ins-Cre double Tg animals.

FIG. 12B is a bar graph showing the effect of dimerizing agent on blood sugar
in Ins-Cre double Tg animals.

FIG. 13A is a gel showing the presence of Cre in the Cre mouse; lacZ in the
line F transgenic mouse; both cre and lac Z, and an unrecombined 500 bp product, in
the double transgenic mice, in the absence of tamoxifen (Tmx), while in the presence
of tamoxifen the recombined product at 200 bp is present.

FIG. 13B is a schematic illustration of the genetic processes occurring in the

double transgenic mice.

DETAILED DESCRIPTION
Described herein are transgenic animal models for timed ablation of specific
cell types. The timing of ablation is controlled by dimerization of Caspase-3 using a
synthetic protein, and tissue/cell specific targeting is achieved using a recombinase
under the control of a cell/tissue specific promoter. For example, described are
transgenic mice that have an inducible apoptosis-inducing sequence, €.g., a sequence

encoding a dimerizable caspase-3 downstream of a conditional-STOP cassette, which
6
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is a coding sequence (e.g., for a reporter such as lacZ, GFP, RFP, luciferase, or V5; a
number of suitable reporters are known in the art) with a polyadenylation signal,
flanked by a recombinase recognition sequence (e.g., a lox or Irt sequence),
downstream of a promoter, ¢.g., a strong promoter such as CMV, B-actin, ROSA26, or
any other ubiquitous or tissue-specific promoter. The conditional-STOP cassette
prevents expression of the downstream dimerizable caspase until a cell containing the
conditional-STOP caspase sequence is exposed to Cre recombinase. The caspase is
regulated by a sequence encoding a dimerizable protein, e.g., an FK506 binding
protein (FKBP) or variant thereof, that is cloned in frame with the sequence encoding
the caspase to form a fusion protein thereof, i.e., a dimerizable caspase. The caspase
is thus made as a fusion protein in which the caspase is attached to an FKBP or
variant that can be dimerized by addition of a dimerizing agent, ¢.g., FK506 or an
analog thereof, that acts as an inducer of dimerization. The whole construct,
including the conditional-STOP cassette plus the dimerizable caspase sequence and
the promoter, is referred to herein as a “conditional-STOP dimerizable caspase” or
simply “conditional-STOP caspase.”

The conditional-STOP dimerizable caspase animals described herein can be
crossed with animals (of the same species) expressing a recombinase, €.g., cyclization
recombination (Cre) recombinase or flippase (Flp) recombinase, ¢.g., expressing the
recombinase in a tissue- or cell-specific manner, or alternatively engineered to express
the recombinase. Thus the recombinase can be ubiquitously expressed, or expressed
in a tissue- or developmental stage-restricted manner, using methods known in the art.

When the conditional-STOP dimerizable caspase animals described herein are
crossed with recombinase-expressing animals, the inducible caspase gene will be
expressed only in those cells in which the recombinase is expressed. The activation of
cell death takes place when the caspase was activated, and the caspase is activated
only when a dimerizing agent (e.g., FK506 or an analog thereof) is administered to
the animal. To direct the expression of the recombinase to a specific tissue, the
recombinase can be expressed under the control of a promoter that is specific to a
given tissue. A number of suitable recombinase-expressing animals are known in the
art, and new ones can be created using methods known in the art.

In some embodiments, an inducible recombinase can be used. For example, a

Cre recombinase can be expressed as a fusion protein with a mutant form of the
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mouse estrogen receptor ligand binding domain; administration of an estrogen analog
(e.g., Tamoxifen) translocates the fusion protein to the nuclear compartment where it
is active (see, e.g., Hayashi and McMahon, Dev Biol 244(2):305-18 (2002)). Such
mice are commercially available, e.g., from Jackson Laboratory, Bar Harbor, Maine
(e.g., the IAXT GEMM® Strain).

As one example, the conditional-STOP caspase mouse can be crossed with an
Ins-Cre mouse (see, ¢.g., Ray et al., Int. J. Pancreatol. 25(3):157-63 (1999)), which
expresses Cre under the control of the insulin promoter. In the offspring, the
conditional-STOP caspase sequence will be expressed in the beta cells of the
pancreas, where the insulin promoter drives the expression of Cre. Administration of
the dimerizing agent (e.g., FK506 or an analog thereof) activates the dimerizable
caspase in the beta cells of the pancreas. The dimerized caspase kills the cells, and
the mouse then develops diabetes. In this way the timing of the inducible death can
be determined, and both the time and location of cell death can be controlled.

Cre mice, ¢.g., mice that express Cre at a discrete time period during
development (such as GATA3-Cre), can be crossed with the conditional-STOP
caspase mice described herein, since the STOP sequence would be removed and the
caspase gene would be expressed. Such a mouse could be treated with an FK
analogue at any time in its life and the caspase would be activated in any tissues that
had expressed the gene in question at an earlier time point; once recombination has
occurred, the caspase monomer would be expected to be expressed in the cell for the
rest of the cell’s lifetime. In a model that used Cre recombinase to induce apoptosis
immediately, cell types that express Cre in the embryo would be killed and the mice
would likely not be viable models. Since many tissue specific genes are known from
embryonic development, and numerous Cre mice that express these genes are
available, this is a significant avenue for development of disease models and models
for the study of pathways by cell ablation.

In general, the transgenic animals described herein can be made by
constructing a vector in which a conditional-STOP cassette is placed in the sequence
upstream of a dimerizable caspase; the order in which the construct is made is
unimportant, so that, for example, the dimerizing sequence can equally be added to a
caspase-encoding sequence that already contains a conditional-STOP cassette. The

conditional-STOP cassette and dimerizable caspase are placed under the control of a
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promoter, ¢.g., a strong ubiquitous or tissue-specific promoter. The resulting vectors
are injected into the pronucleus of a fertilized oocyte and used for generation of a
transgenic animal with the conditional-STOP dimerizable caspase expressed in all
cells in which the promoter is active. This animal can be crossed with a transgenic
recombinase-expressing animal to create a new animal in which the caspase is
expressed only where and when the recombinase is expressed. For example, crossing
with an animal that expresses a recombinase under the control of a promoter from a
cell-type specific gene will allow the targeted deletion of a cell type that is
characterized by expression of the gene that is normally driven by the promoter that
was used for Cre expression.

In at least some of the animals generated using the methods described herein,
transgene expression may not be uniform throughout the animals. As described in
Example 3, below, variable transgene expression was seen in three lines of animals.
This variability of transgene expression among different lines can be used as a
“second gate-keeper” for tissue/cell-type specific expression. Therefore, the methods
can include selecting a mouse line expressing the dimerizable caspase in the desired
cells or tissues. Final expression pattern of FKBP-Caspase monomer is defined by the
intersection of Cre recombinase and the CMV promoter-derived dimerizable caspase

transgene.

Transgenic Animals and Methods of Use

In one aspect, the invention provides non-human transgenic animals having
conditional-STOP dimerizable caspase transgene constructs integrated into their
genome. In some embodiments, the transgenes make use of the Cre-lox system or the
Flp-FRT system.

A “transgenic animal” is a non-human animal, such as a mammal, generally a
rodent such as a rat or mouse, in which one or more of the cells of the animal includes
a transgene as described herein. Other examples of transgenic animals include non-
human primates, sheep, dogs, cows, goats, chickens, amphibians, and the like. A
“transgene” is exogenous DNA that is integrated into the genome of a cell from which
a transgenic animal develops and thus remains in the genome of the mature animal,
thereby directing the expression of an encoded gene product in one or more cell types
or tissues of the transgenic animal. Knock-in animals, which include a gene insertion,

are included in the definition of transgenic animals.

9
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A “conditional-STOP cassette” as used herein refers to a construct that
features recombinase recognition sequences flanking a coding and polyadenylation
signal, ¢.g., a coding sequence for a protein, preferably a non-toxic protein, e.g., a
reporter protein, inserted downstream of a promoter and upstream of the coding
sequence of a dimerizable caspase fusion protein, so as to prevent expression of the
dimerizable caspase in the absence of a recombinase. The promoter instead drives
expression of the reporter protein, and transcription is stopped by the polyadenylation
signal. Excision of the conditional-STOP cassette removes the polyadenylation and
coding region, and allows the caspase to be expressed from the upstream promoter.
The transgene is generally integrated into or occurs in the genome of the cells of a
transgenic animal. A “recombinase recognition sequence” as used herein refers to a
sequence that directs the recombinase-mediated excision or rearrangement of DNA.
Such sequences include lox and FRT sequences, as known in the art and described
herein (the term “floxed,” as used herein, refers to a pair of lox sequences that flank a
region to be excised, in this case, a stop sequence. Although “flox” generally refers to
a flanking pair of LoxP sequences, in the present application the term “flox” or
“floxed” is used to refer to any flanking pair of recombinase recognition sequences
including any lox or FRT sequences.

The conditional-STOP cassette can be used to express the dimerizable caspase
fusion protein in one or more cell types or tissues of the transgenic animal in the
presence of the Cre or Flp recombinase; expression of the recombinase in a cell
harboring the conditional stop transgene results in excision of the sequence encoding
the non-toxic protein, e.g., the reporter protein, and its polyadenylation signal, and
expression of the dimerizable caspase fusion protein. Thus, a transgenic animal as
described herein is one in which at least one copy of a conditional-STOP dimerizable
caspase fusion protein has been introduced into a cell of the animal, e.g., an
embryonic cell of the animal, prior to development of the animal. A line of transgenic
animals (e.g., mice, rats, guinea pigs, hamsters, rabbits, or other mammals) can be
produced bearing a transgene encoding a conditional-STOP dimerizable caspase
fusion protein in some or all of their cells. Methods known in the art for generating
such transgenic animals would be used, e.g., as described below.

The use of the Cre-lox system to direct site-specific recombination in cells and

transgenic animals is described in Orban et al., Proc. Natl. Acad. Sci. USA

10
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89(15):6861-5 (1992); Akagi et al., Nuc. Acids Res. 25(9):1766-1772 (1997); Lakso
et al., Proc. Natl. Acad. Sci. USA 89:6232-6236 (1992); Rossant and McMahon,
Genes Dev. 13(2)142-145 (1999); Wang et al., Proc. Natl. Acad. Sci. USA 93:3932-
3936 (1996). The use of the Flp-FRT system to direct site-specific recombination in
transgenic animals is described in U.S.S.N. 08/866,279, Publication No. U.S.
2002/0170076; Vooijs et al., Oncogene. 17(1):1-12 (1998); Ludwig et al., Transgenic
Res. 5(6):385-95 (1996); and Dymecki et al., Dev. Biol. 201(1):57-65 (1998).
Methods known in the art for producing transgenic animals can be used to generate an
animal, ¢.g., a mouse, that bears one conditional dimerizable caspase fusion protein
“allele.” Two such heterozygous animals can be crossed to produce offspring that are
homozygous for the conditional dimerizable caspase fusion protein allele, i.e., have
the sequence encoding the dimerizable caspase fusion protein integrated into both
copies of a chromosome.

For example, in one embodiment, a suitable vector including a sequence
encoding the conditional-STOP dimerizable caspase is introduced into a cell, e.g., a
fertilized oocyte or an embryonic stem cell. Such cells can then be used to create
non-human transgenic animals in which said sequences have been introduced into
their genome. These animals can then in turn be bred with other transgenic animals
that express a recombinase, ¢.g., under the control of a cell-, tissue-, or timing-specific
promoter, ¢.g., a promoter that will turn on expression of the caspase in a specific cell
or tissue, or at a specific time in development. Expression of a recombinase in the
cell or tissue will result in excision of the stop sequence and allow the conditional
dimerizable caspase fusion protein to be expressed. Administration of a dimerizing
agent, e.g., FK506 or an analog thereof, to the animal will then cause dimerization of
the caspase fusion protein, activating it and initiating apoptosis in the cells. Such
animals are useful for studying the effects of cell death in specific tissues, in both
young and adult mammals.

Methods for generating transgenic animals, particularly animals such as mice,
via embryo manipulation and electroporation or microinjection of pluripotent stem
cells or oocytes, are known in the art and are described, for example, in U.S. Patent
Nos. 4,736,866 and 4,870,009, U.S. Patent No. 4,873,191, U.S.S.N. 10/006,611,
“Transgenic Mouse Methods and Protocols (Methods in Molecular Biology),” Hofker

and van Deursen, Editors (Humana Press, Totowa, N.J., 2002); and in “Manipulating

11
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the Mouse Embryo,” Nagy et al., Editors (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 2002), which are incorporated herein by reference in their
entirety. Methods similar to those used to create transgenic mice can be used for
production of other transgenic animals.

In general, in the present methods, a transgenic mouse as described herein is
made by injecting a vector made as described herein into the pronucleus of a fertilized
mouse oocyte and used for generation of a transgenic mouse with the inducible
caspase expressed in all cells, using standard transgenic techniques, e.g., as described
in “Transgenic Mouse Methods and Protocols (Methods in Molecular Biology),”
Hofker and van Deursen, Editors (Humana Press, Totowa, N.J., 2002); U.S. Patent
Nos. 4,736,866 and 4,870,009, U.S. Patent Nos. 4,873,191 and 6,791,006, and in
Hogan, “Manipulating the Mouse Embryo,” Nagy et al., Editors (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y ., 2002).

A transgenic founder animal can be identified based upon the presence of the
conditional dimerizable caspase fusion protein transgene in its genome, for example
by detecting the presence of the recombinase recognition sequences (e.g., lox or FRT),
or by detecting the presence of the FKBP. Founder animals can also be identified by
detecting the presence or expression of the conditional-STOP dimerizable caspase
fusion protein mRNA in tissues or cells of the animals in the presence and/or absence
of recombinase, ¢.g., Cre or Flp. For example, fibroblasts can be used, such as
embryonic fibroblasts or fibroblasts derived from the post-natal animal, ¢.g., the ear of
the post-natal animal. A transgenic founder animal can then be used to breed
additional animals carrying the transgene. Moreover, transgenic animals carrying a
conditional-STOP dimerizable caspase fusion protein transgene can further be bred to
other transgenic animals carrying other transgenes. For example, as noted above,
such conditional-STOP dimerizable caspase transgenic animals can be bred to animals
expressing a suitable recombinase, ¢.g., a recombinase under the control of a selected
promoter, ¢.g., a cell-, tissue-, or timing-specific promoter, to induce the apoptosis of
specific cells or tissues, e.g., at a specific time.

Once a mouse is obtained that contains the dimerizable conditional-STOP
caspase fusion protein transgene in some or all of its somatic and germ cells, this
mouse can be crossed with a mouse expressing a suitable recombinase to create a new

mouse in which the caspase is expressed, ¢.g., in a cell type of choice. This will then
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allow the targeted and conditional deletion of a cell type that is characterized by
expression of the gene that would be driven by the promoter that was used for Cre

expression, in the presence of a dimerizing agent, e.g., FK506 or an analog thereof.

Vectors

In another aspect, the invention includes, vectors, preferably expression
vectors, containing a nucleic acid encoding a dimerizable conditional-STOP caspase
fusion protein as described herein. As used herein, the term “vector” refers to a
nucleic acid molecule capable of transporting another nucleic acid to which it has
been linked and can include a plasmid, cosmid or viral vector. The vector can be
capable of autonomous replication or it can integrate into a host DNA. Viral vectors
include, e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses.

A vector can include a nucleic acid encoding a dimerizable conditional-STOP
caspase fusion protein in a form suitable for expression of the nucleic acid in a host
cell. Preferably the recombinant expression vector includes one or more regulatory
sequences operatively linked to the nucleic acid sequence to be expressed. The term
“regulatory sequence” includes promoters, enhancers and other expression control
elements (e.g., polyadenylation signals). Regulatory sequences include those which
direct constitutive expression of a nucleotide sequence, as well as tissue-specific
regulatory and/or inducible sequences. The design of the expression vector can
depend on such factors as the choice of the host cell to be transformed, the level of
expression of protein desired, and the like. The expression vectors of the invention
can be introduced into host cells to thereby produce the dimerizable conditional-STOP
caspase fusion protein, encoded by nucleic acids as described herein.

The recombinant expression vectors described herein can be designed for
expression of dimerizable conditional-STOP caspase fusion proteins in prokaryotic or
cukaryotic cells. For example, polypeptides of the invention can be expressed in E.
coli, insect cells (e.g., using baculovirus expression vectors), yeast cells or
mammalian cells. Suitable host cells are discussed further in Goeddel, “Gene
Expression Technology: Methods in Enzymology 185,” Academic Press, San Diego,
CA (1990). Alternatively, the recombinant expression vector can be transcribed and
translated in vitro, for example using T7 promoter regulatory sequences and T7

polymerase. When used in mammalian cells, the expression vector’s control
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functions are often provided by viral regulatory elements. For example, commonly
used promoters are derived from polyoma, Adenovirus 2, cytomegalovirus and Simian
Virus 40.

In some embodiments, the invention includes recombinant mammalian
expression vectors that are capable of directing expression of the nucleic acid
encoding a dimerizable conditional-STOP caspase fusion protein preferentially in a
particular cell type (e.g., tissue-specific regulatory elements are used to express the
nucleic acid). Non-limiting examples of suitable tissue-specific promoters include the
albumin promoter (liver-specific; Pinkert et al. (1987) Genes Dev. 1:268-277),
lymphoid-specific promoters (Calame and Eaton (1988) Adv. Immunol. 43:235-275),
in particular promoters of T cell receptors (Winoto and Baltimore (1989) EMBO 1J.
8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 33:729-740; Queen and
Baltimore (1983) Cell 33:741-748), neuron-specific promoters (e.g., the
neurofilament promoter; Byrne and Ruddle (1989) Proc. Natl. Acad. Sci. USA
86:5473-5477), pancreas-specific promoters (Edlund et al. (1985) Science 230:912-
916), and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent
No. 4,873,316 and European Application Publication No. 264,166).
Developmentally-regulated promoters are also encompassed, for example, the murine
hox promoters (Kessel and Gruss (1990) Science 249:374-379) and the a-fetoprotein
promoter (Campes and Tilghman (1989) Genes Dev. 3:537-546).

Cells

In another aspect, the invention provides isolated cells that include a nucleic
acid molecule as described herein, e.g., a nucleic acid molecule encoding a
dimerizable conditional-STOP caspase fusion protein within a recombinant expression
vector, or a nucleic acid molecule containing sequences that allow it to homologously
recombine into a specific site of the host cell's genome. The terms “host cell” and
“recombinant host cell” are used interchangeably herein. Such terms refer not only to
the particular subject cell that was contacted with a nucleic acid molecule (e.g., a
vector as described herein), but to the progeny or potential progeny of such a cell that
also contain the nucleic acid molecule. Because certain modifications may occur in
succeeding generations due to either mutation or environmental influences, such

progeny may not, in fact, be identical to the parent cell, but are still included within

14



10

15

20

25

30

WO 2009/089549 PCT/US2009/030780

the scope of the term as used herein so long as they also contain the nucleic acid
molecule.

A host cell can be any prokaryotic or eukaryotic cell. For example, the cell
can be a bacterial cell such as E. coli, insect cells, yeast or mammalian cells (such as
Chinese hamster ovary cells (CHO), HEK, or COS cells). Other suitable host cells
are known to those skilled in the art. Where the vector is a viral vector that can be
produced from recombinant cells, e.g., retroviral vectors, the cells can be those that
produce the viral vector.

Vector DNA can be introduced into host cells via conventional transformation
or transfection techniques. As used herein, the terms “transformation” and
“transfection” are intended to refer to a variety of art-recognized techniques for
introducing foreign nucleic acid (e.g., DNA) into a host cell, including calcium
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection,
lipofection, or electroporation. In some embodiments, naked DNA is simply applied
to a cell. Where the vector is a viral vector, known infection protocols can be used.

For example, retroviral vectors can be used, e.g., as described in Robertson et
al., Nature 323:445-448 (1986). Retroviruses generally integrate into the host genome
with no rearrangements of flanking sequences, which is not always the case when
DNA is introduced by microinjection or other methods.

Cells of the present invention also include those cells obtained from the
transgenic animals described herein, e.g., cells from the tissues of those animals, that

contain the nucleic acid molecule.

Identity of Sequences

To determine the percent identity of two amino acid sequences, or of two
nucleic acid sequences, the sequences are aligned for optimal comparison purposes
(e.g., gaps can be introduced in one or both of a first and a second amino acid or
nucleic acid sequence for optimal alignment and non-homologous sequences can be
disregarded for comparison purposes). The length of a reference sequence (e.g., an
FKBP sequence shown in Figure 4) aligned for comparison purposes is at least 80%
of the length of the reference sequence, and in some embodiments is at least 90%,
95% or 100%. The amino acid residues or nucleotides at corresponding amino acid
positions or nucleotide positions are then compared. When a position in the first

sequence is occupied by the same amino acid residue or nucleotide as the
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corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences is a function of the number
of identical positions shared by the sequences, taking into account the number of
gaps, and the length of each gap, which need to be introduced for optimal alignment
of the two sequences.

The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm. For the present
methods, the percent identity between two amino acid sequences is determined using
the Needleman and Wunsch ((1970) J. Mol. Biol. 48:444-453 ) algorithm, which has
been incorporated into the GAP program in the GCG software package (available on
the world wide web at gcg.com), using the default parameters, i.¢., a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift

gap penalty of 5.

Caspases

The cysteine-aspartic acid proteases (caspase) are a family of related proteins,
sequential activation of which plays a central role in the execution phase of apoptosis.
Caspases exist as inactive proenzymes which undergo proteolytic processing at
conserved aspartic residues to produce two subunits, large and small, that dimerize to
form the active enzyme. Caspase 3 cleaves and activates caspases 6, 7 and 9, and the
protein itself is processed by caspases 8, 9 and 10.

Caspase 3

Alternative splicing of the Caspase 3 gene results in two transcript variants
that encode the same protein. The sequence of the longer human caspase 3
preproprotein variant can be found at GenBank Acc. Nos. NM_004346.3 (nucleic
acid) and NP_004337.2 (amino acid); the sequence of the shorter variant (beta), which
differs in the 5' UTR, is at NM_032991.2 (nucleic acid) and NP_116786.1 (amino
acid).

Caspase 8

Caspase 8 is involved in the programmed cell death induced by Fas and
various apoptotic stimuli. A number of isoforms exist as a result of alternative

splicing, including:

Nucleic acid Amino acid Name Description

NM 001228.4 NP 001219.2 caspase 8 Variant (A), also known as Alpha-
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isoform A
precursor

4, has multiple differences in the
5' UTR and coding region,
compared to variant G. It encodes
isoform A which is shorter than
isoform G.

NM_033355.3

NP 203519.1

caspase 8
isoform B
precursor

Variant (B) includes different
segments in its 5' UTR and lacks
a 5' coding region segment,
compared to variant G. This
results in translation at a
downstream start codon, and the
encoded protein (isoform B) has a
shorter N-terminus when it is
compared to isoform G.

NM_033356.3

NP 2035201

caspase 8
isoform C
precursor

Variant (C) includes a different
segment in the 5' UTR and lacks
an alternate in-frame segment in
the coding region, compared to
variant G. Variants C and F both
encode isoform C, which is
shorter than isoform G. Isoform
C has also been labelled as Alpha-
2 or MCH5-beta.

NM_033358.3

NP 203522.1

caspase 8
isoform E

Variant (E), also known as Beta-1,
has multiple differences, one of
which causes a frameshift,
compared to variant G. It encodes
isoform E, which is shorter than
isoform G.

NM 001080124.1

NP 001073593.1

caspase 8
isoform C
precursor

Variant (F) includes different
segments in the 5' UTR and lacks
an alternate in-frame segment in
the coding region, compared to
variant G, but variants C and F
both encode isoform C, which is
shorter than isoform G.

NM 001080125.1

NP _001073594.1

caspase 8
isoform G
precursor

Variant (G), also known as
procaspase-8L or 8L, encodes the
longest protein (isoform G).

Caspase 9

Caspase 9 also has multiple isoforms resulting from alternative splicing. The

alpha transcript variant (NM_001229.2, caspase 9 isoform alpha preproprotein)

represents the longer transcript and encodes the longer isoform (alpha, NP_001220.2).

The beta variant (NM_032996.1 caspase 9 isoform beta preproprotein) lacks several

exons in the coding region but maintains the reading frame, compared to variant
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alpha. It encodes isoform beta (NP_127463.1) which is shorter than isoform alpha.
Isoform beta lacks protease activity and acts as an apoptosis inhibitor, and is therefore

not suitable for use in methods intended to produce an apoptotic response.

Thymidine Kinase
TK can also be used, e.g., thymidine kinase 1, soluble, the sequence for which

is NM_003258.3 (nucleic acid), which encodes NP_003249.2 (amino acid)

FK Binding Proteins and Variants

FK506 binding proteins (FKBPs) are abundant and relatively ubiquitous
cytosolic proteins, members of the peptidyl-prolyl cis-trans isomerases (PPlases),
which catalyze cis-trans conversions about Xaa-Pro bonds. FKBPs are a receptor for
immunosuppressant macrolides rapamycin, FK506, and FK1706. FKBPs range in
size from 12 kDa to 135 kDa. For the purposes of the present methods, the 12kDa
FKBPs, referred to as FKBP1 and/or FKBP12, are preferred; in particular, the variant
of FKBP12 engineered to bind AP20187 is preferred (see, e.g., Clackson et al., Proc.
Natl. Acad. Sci. USA 95: 10437-10442 (1998); vectors and sequences commercially
available from Ariad Pharmaceuticals, Inc., Cambridge, MA). FKBP1 has also been
referred to as protein kinase C inhibitor-2 (PKCI2).

In mammalian systems, there are two isoforms of FKBP1. The sequences are
available in GenBank under Acc. Nos. NM_054014.1 (nucleic acid) and
NP _463460.1 (amino acid) for a shorter mRNA form; and NM_000801.2 (nucleic
acid) and NP_000792.1 (amino acid) for a longer mRNA form. A sequence alignment
of FKBP1 from Bos Taurus, Rattus norvegicus, Mus musculus, Macaca mulata, Pan
troglodytes and Homo sapiens appears in Figure 4.

Other FKBPs are known in the art, e.g., FKBP12.6, and FKBP51. See, ¢.g.,
Weiwad et al., Biochemistry, 45(51):15776-15784 (2006).

The transgene constructs described herein comprise a sequence encoding an
FKBP or a variant thereof. In some embodiments, the FKBP is a wild-type FKBP,
¢.g., a mammalian sequence as shown in Figure 4. In some embodiments, the
constructs described herein are made using a sequence that is at least 80% identical to
a sequence that appears in Figure 4, e.g., at least 90%, 92%. 94%, 95%, 97%, 98%, or
99% identical. In some embodiments the sequence used differs by at least one but by

less than 30, 25, 20, 15, 10 or 5 amino acid residues. In some embodiments, it differs
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from the corresponding sequence in Figure 4 by at least one residue, but less than
20%, 15%, 10% or 5% of the residues in it differ from the corresponding sequence in
Figure 4.

In general, any and all substitutions will be conservative substitutions. A
“conservative amino acid substitution” is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino
acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., lysine, arginine, and histidine), acidic
side chains (e.g., aspartic acid, and glutamic acid), uncharged polar side chains (e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine, and cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, and tryptophan), beta-branched side chains (e.g., threonine, valine, and
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, and
histidine).

All variants useful in the methods described herein will retain the ability to
bind a dimerizing agent as described herein, e.g., FK506, and the ability to dimerize
in response to binding of such an agent.

A consensus sequence appears at the bottom of Figure 4. Those amino acids
which are important in function of FKBP are known in the art, see, ¢.g., Somarelli and
Herrera, Biol. Cell. 99(6):311-21 (2007). Figure 4 also provides the sequences of
additional FKBP1s from various other species.

Methods for constructing transgenes useful in the present methods are known
in the art; see, ¢.g., Sambrook and Russell, “Molecular Cloning: A Laboratory
Manual,” Cold Spring Harbor Laboratory Press; 3rd Labman edition (January 15,
2001); and Ausubel et al., Eds., “Short Protocols in Molecular Biology,” Current
Protocols; 5 edition (November 5, 2002). In some embodiments, commercially-
available vectors can be used in constructing the nucleic acid molecules described
herein, e.g., pC4M-Fv2E (available from Ariad Pharmaceuticals, Cambridge, MA).
In some embodiments, more than one FKBP will be fused in frame with the caspase.
For example, two, three, or more FKBP can be used. The vector pC4AM-Fv2E
(available from Ariad Pharmaceuticals, Cambridge, MA), a partial sequence of which
is shown in Figure 3, can be used to produce a fusion protein with two FKBPs fused

in frame with the caspase.
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FKBP Dimerizing Agents

The methods described herein include the use of FKBP dimerizing agents to
induce dimerization, and thus activation, of the dimerizable conditional-STOP caspase
fusion proteins described herein.

A number of suitable FKBP dimerizing agents are known in the art. These
agents include FK506, rapamycin, and analogs of rapamycin or FK506.

Analogs of FK506 include, ¢.g., substituted 5,5-dimethyl-2-(4-
thiazolidine)carboxylates, polycyclic aza-amide analogs, aza-proline and aza-
pipecolic acid analogs. Specific analogs include L-685818, (R)- and (S)-[ 18-
OHJascomycin, 3-(3-pyridyl)-1-propyl (2S)-5,5-dimethyl-1-(3,3-dimethyl-1,2-
dioxobutyl)-2-(4-thiazolidine)carboxylate), FK1706, FK1012, GPI-1046 and non-
cyclic derivatives of GPI-1046, A-119435, and AP1510. See, ¢.g., Petros et al., FEBS
Lett. 308(3):309-314 (1992); Hudak et al., J Med Chem. 49(3):1202-6 (2006); Zhao ct
al., J Med Chem. 49(14):4059-71 (2006); Zhao et al., Bioorg Med Chem Lett.
16(16):4385-90 (2006); Fujitani et al., J Chem Phys. 123(8):084108 (2005); Mollison
et al., J. Pharm. Exp. Ther. 283(3):1509-1519 (1997); and Wilkinson et al., Bioorg.
Med. Chem. 11:4815-4825 (2003). For FK506 and analogous fermentation products,
see also, e.g., U.S. Pat. No. 4,894,366 and the more recent WO 04/78167.

Analogs of rapamycin include C-43-modified rapamycin analogs, ¢.g.,
AP23573 (see WO 03/064383), temsirolimus (CC1779, see WO 2004/026280),
everolimus (U.S. Pat. No. 6,384,046 and references cited therein), and ABT-578 (a
rapamycin derivative bearing a tetrazole moiety in place of the OH at position 43, see
US PGPub No. 20060194829); see also US PGPub Nos. 20060194829, 20060078980,
and 20050272132. Additional rapamycin analogs are known in the art, see, e.g., WO
01/144387, WO 97/10502; WO 94/18207;, WO 93/04680; U.S. Pat. No. 5527907,
U.S. Pat. No. 5225403; WO 96/41807; WO 94/10843; WO 92/14737; U.S. Pat. No.
5484799; U.S. Pat. No. 5221625; WO 96/35423; WO 94/09010; WO 92/05179; U.S.
Pat. No. 5457194; U.S. Pat. No. 5210030 WO 96/03430 WO 94/04540; U.S. Pat. No.
5604234; U.S. Pat. No. 5457182; U.S. Pat. No. 5208241; WO 96/00282; WO
94/02485; U.S. Pat. No. 5597715; U.S. Pat. No. 5362735; U.S. Pat. No. 5200411; WO
95/16691; WO 94/02137; U.S. Pat. No. 5583139; U.S. Pat. No. 5324644; U.S. Pat.
No. 5198421; WO 95/15328; WO 94/02136; U.S. Pat. No. 5563172; U.S. Pat. No.
5318895; U.S. Pat. No. 5147877, WO 95/07468; WO 93/25533; U.S. Pat. No.
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5561228; U.S. Pat. No. 5310903; U.S. Pat. No. 5140018; WO 95/04738; WO
93/18043; U.S. Pat. No. 5561137; U.S. Pat. No. 5310901, U.S. Pat. No. 5116756, WO
95/04060; WO 93/13663; U.S. Pat. No. 5541193; U.S. Pat. No. 5258389; U.S. Pat.
No. 5109112; WO 94/25022; WO 93/11130; U.S. Pat. No. 5541189; U.S. Pat. No.
5252732; U.S. Pat. No. 5093338; WO 94/21644; WO 93/10122; U.S. Pat. No.
5534632; U.S. Pat. No. 5247076; and U.S. Pat. No. 5091389.

In addition, a new generation of FKBP dimerizing agents has been developed
that do not bind to the native FKBPs, but bind with high affinity to FKBPs with a
single amino acid substitution: Phe36Val; see SEQ ID NO:15. These new agents
include AP1889, AP1903 and AP20187. Additional information regarding these
reagents can be found in the art, including in the following references: Spencer et al.,
Science 262:1019-24 (1993); Amara et al., Proc Natl Acad Sci U S A 94:10618-23
(1997); Clackson et al., Proc Natl Acad Sci U S A 95:10437-42 (1998); and Pollock
and Rivera, Methods Enzymol 306: 263-81 (1999).

Finally, numerous additional agents are listed in U.S. Pat. Pub. No.
2006/0194829, 2006/0078980, and 20050272132.

In a preferred embodiment, the dimerizing agent is AP20187, available from
Ariad. In mice, a 0.5-10 mg/kg dose of AP20187 delivered i.p. will generally give a
good response, but a range of concentrations (e.g., from 0.005 to 10 mg/kg) is also

recommended to find the lowest effective dose.

Conditional-STOP Cassettes

In the conditional-STOP dimerizable caspase constructs described herein, a
conditional-stop cassette is included that prevents expression of the downstream
caspase. The cassette includes a first recombinase recognition site, a cDNA encoding
a protein, at least one polyadenylation signal to stop transcription, and a second
recombinase recognition site. In some embodiments, the protein is a non-toxic
protein, e.g., a reporter protein, ¢.g., lacZ (which encodes beta-galactosidase);
luciferase; a fluorescent protein, such as green fluorescent protein (GFP), red FP
(RFP), yellow FP (YFP), or a variant thereof; or V5. A “non-toxic” protein is a
protein that, when expressed in a cell, is not generally associated with significant cell
death. Preferably the protein will not have a significant effect on cell function or
physiology. Expression of the protein is driven by the promoter included in the

construct, and the presence of the polyadenylation signal prevents transcription of the
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downstream caspase until a recombinase excises the cassette including the protein and
polyadenylation signal, after which the caspase is expressed. See, ¢.g., Mocller et al.,
Am. J. Physiol. Renal. Physiol. 289(2):F481-8 (2005). The protein and the

dimerizable caspase are not the same protein.

Recombinase-Expressing Transgenic Mice

Once a mouse is obtained that contains the transgene in all of its somatic and
germ cells, this mouse can be crossed with any mouse with cell or tissue-specific
expression of a recombinase, ¢.g., Cre or Flp, to create a new mouse in which the
caspase is expressed in a cell type of choice. This will then allow the targeted and
conditional deletion of a cell type that is characterized by expression of the gene that
would be driven by the promoter that was used for Cre expression, in the presence of
the dimerizing agent, e.g., FK506.

Hundreds of recombinase-expressing mice have been described and are
commercially available; for example, Jackson Laboratory of Bar Harbor, Maine, lists
over 200 such mice on their website. A few examples include the strain B6.Cg-
Tg(Camk2a-cre)T29-1Stl/J. These transgenic mice express the Cre recombinase
under the control of the mouse calcium/calmodulin-dependent protein kinase 11 alpha
promoter. Cre recombinase is expressed only in the forebrain, specifically in the CA1
pyramidal cell layer in the hippocampus. When crossed with a strain containing loxP
site flanked sequence of interest, Cre-mediated recombination occurs in the pyramidal
cell layer. Another strain, FVB-Tg(Ckmm-cre)5SKhn/J, have a cre recombinase gene
driven by the muscle creatine kinase (MCK or Ckm) promoter. Cre activity is
observed in skeletal and cardiac muscle. Inner hair cell Cre-expressing transgenic
mice are described in Li et al., Genesis 39(3):173-7 (2004) and Tian et al., Dev Dyn.
231(1):199-203 (2004); Pirvola et al., Neuron 35(4):671-80 (2002), and Chow et al.,
Dev Dyn. 235(11):2991-8 (2006).

Other inner ear-specific genes include Ngnl (neurogenin 1), isletl, Gata3
(neurons), Math1 (hair cells), and Prox1, Sox2, and musashi (supporting cells).

In some embodiments, the methods described herein can be used with mice
that express a recombinase in one or more selected cell types or organs, e.g.,
selectively in one or more cell types of the brain, ear, skin, connective tissue, muscle,

bone, and/or internal organ(s), ¢.g., heart, lungs, liver, kidneys, or pancreas.
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Double transgenic mice obtained by breeding F; transgenic mice generated as
described herein Example 3 can be crossed using standard breeding methods with
selected Cre-expressing mice, €.g.,

-Insulin-Cre: Diabetes model (targeting islet cells)
-keratin15-Cre: Baldness model (targeting hair follicle stem cells)
-poudf3-Cre (also know as Brn3c): Hearing loss model (targeting
cochlear sensory cell)
-ngn1-CreER (neurogenin): Hearing loss model (targeting ganglion
neurons) (Jackson Labs)
-TTR-Cre (transthyretin): (targeting hepatocytes)(see, ¢.g., Mallet et
al., Nat. Biotech. 20:1234-1239 (2002)
-Rosa26-CreER: ubiquitous, for in vitro experiments
For example, crossing the STOP-flox-caspase3 mice to a Kr15-Cre mouse will make
the hair cell follicles susceptible to FK506 analogue induced cell death. A number of
Cre-expressing mice are available commercially, e.g., from Jackson Labs, Bar Harbor,
Maine.

Most degenerative diseases begin with gradual and incomplete loss of specific
cell types, yet the models for “onset” of these diseases have not fully been established.
Moderate but low-variation cell ablation is technically difficult when the model is
created either by drug treatment or gene manipulation. The present mouse model
successfully recapitulates the partial loss of cells typically seen in degenerative
diseases: mosaic-patterned stochastic cell ablations within specific cell types.

In some embodiments, the methods described herein can be used to create
mice that are models of genetic diseases with single or multiple gene defects that lead
to loss of one or several cell types, e.g., Huntington’s disease or Parkinson’s disease
(e.g., using one or more Cre recombinases that target dopaminergic cells, e.g., in the
substantia nigra, ¢.g., as described in Lemberger et al., BMC Neuroscience, 8:4
(2007), or under the control of a tyrosine hydroxylase gene 3’ UTR, e.g., as described
in Lindepberg et al., Genesis, 40(2):67 — 73 (2004)), and muscular dystrophy (e.g.,
using a dystrophin-promoter driven Cre). In some embodiments, the discase is a later-
onset disease, ¢.g., adult-onset. Additional exemplary mouse models and diseases
include: Insulin-Cre: Diabetes model (targeting islet cells); keratin15-Cre: Baldness

model (targeting hair follicle stem cell); poudf3-Cre: Hearing loss model (targeting
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cochlear sensory cells); ngn1-CreER: Hearing loss model (targeting ganglion

neurons); and Rosa26-CreER: useful for in vitro experiment.

EXAMPLES
The invention is further described in the following examples, which do not

limit the scope of the invention described in the claims.

Example 1: Construction of a Conditional-Stop Caspase Vector

This Example describes methods for constructing a vector in which a
conditional-STOP cassette is placed upstream of an inducible caspase. The cDNA for
the floxed STOP caspase3 was generated by engineering the caspase gene with a
FK506 analogue binding site and a myristoylation sequence into a plasmid containing
a STOP-flox sequence in conjunction with a LacZ gene (Moeller et al., Am. J.
Physiol. Renal Physiol. 289(2):F481-8 (2005)).

A transgene that irreversibly expressed AP20187 (an FK506-analogue)-
responsive human myristoylated procaspase-3 under the control of a CMV-promoter
after co-expression of Cre-recombinase was constructed as follows.

The 1583 bp coding sequence of M-Fv2-Casp3-E was subcloned from
pSH1/M-Fv2-Casp3-E (Mallet et al., Nat. Biotech. 20:1234-1239 (2002)) into the
pDrive-9 transit plasmid using the QIAGEN PCR cloning kit (QIAGEN). The
sequence was confirmed, and a clone in which the amplified gene was inserted in the
forward direction was selected (MFv2Casp3E/pDrive-9). The 1.7 Kb Kpnl-Xbal
fragment of this transit plasmid was cloned into pCMV/flox (Moeller et al., supra) at
the respective sites (pCMVfloxMFv2Casp3E; shown in Fig. 1).

The following oligonucleotide primers were used for the PCR: MFv2Casp3E-
f: 5’>-CCACCATGGGGAGTAGCAAGAG-3’, MFv2Casp3E-r: 5’-
GGAATTCTTAGTCGAGTGCGTAGT-3".

FIG. 2 is the sequence of a vector containing a floxed stop caspase-3 driven by

a CMV promoter.

Example 2: In vitro confirmation of Dimerizable Conditional-Stop Caspase
Construct

A fusion Caspase-3 derivative gene was subcloned from pSHMFv2Caspase3E
by PCR and inserted into the multiple cloning site of pCMVflox as described herein.
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The resulting plasmid was named pCMV{loxMFv2Csp3E, and the sequence was
confirmed.

To confirm that the system works, the effect of the dimerizer, AP20187, was
examined in vitro on cells that were transfected with either pCAN-Cre or pCMVflox,
or cotransfected with both. 24 hours after transfection, cells were treated with the
dimerizer AP20187, and 48 hours later cell-viability/dying cells were examined using
a standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay. By MTT assay, cell viability was significantly reduced only in the group
where both Cre-recombinase and transgene were transfected (Figure 6A).

To determine the extent of cell ablation, the co-transfected cells were
compared with the original pPSHMFv2Caspase3E in the presence of AP20187 using
LIVE/DEAD analysis (Invitrogen). The number of dying cells and the decrease in
cell viability was almost same in the co-transfected group as compared to the original
plasmid transfection group (Figures 6B-6C). These results demonstrate that this

plasmid works for in vivo spatiotemporal cell ablation.

Example 3: Generation of a Dimerizable Conditional-Stop Caspase Mouse

After microinjection of linearized plasmid into about 30-40 mouse oocytes
using standard methods, twenty nine pups were born. The pups were genotyped by
PCR, and Select seven male transgenic mice were identified as candidate founders
(Fo) and bred.

An appropriate line was chosen, using the following criteria (F, analyses):

1 - genotyping PCR
2 - protein expression

a) Whole body scale distribution (this was determined by X-gal
staining of whole embryos)

b) Detailed expression pattern in adults (this is determined, e.g.,
by beta-gal activity in each organ, using a luminometer, and anti-LacZ
staining of each organ of interest)

3 - Functional screening
E.g., in vitro cell-death analyses
A summary of the F1 analysis is shown in Figure 7. The results indicated that lines B,
D, and E are the best candidates. Actual expression of the transgene in each of these

lines was confirmed by LacZ staining of F1 offspring; the results, shown in Table 1,
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show that each of these lines was highly positive, though expression was not uniform
throughout the animal.
Table 1 —Transgene Expression in Selected Lines

Tissue Transgenic Line
B D F wt

forebrain 0.355 0.335 0.282 0.151
brainstem 0.356 0.598 0.427 0.195
cerebrum 0.356 0.176 0.921 0.124
spinal cord 0.553 0.288 0.287 0.211
olfactory bulb 0.128 0.805 0.558 0.133
eye 0.308 0.19 0.64 0.208
temporal bone 0.703 0.227 0.331 0.119
salivary grand 0.191 0.194 0.286 0.182
tongue 0.853 0.512 0.843 0.165
lung 0.399 0.232 0.255 0.368
heart (atrial) 0.165 0.193 0.243 0.334
heart (ventricle) 0.277 0.324 0.652 0.193
diaphragm 0.791 0.256 0.344 0.253
esophagus 0.234 0.144 0.755 0.511

stomach 0.14 0.355 0.547 0.113
ileum 0.204 0.182 0.302 0.122
caecum 0.166 0.154 0.156 0.18
colon 0.228 0.24 0.28 0.135
liver 0.351 0.196 0.419 0.671
spleen 0.948 0.844 0.937 1.014
pancreas 0.331 0.753 0.686 0.165
adrenal gland 0.374 0.513 0.686 0.834
kidney 0.24 0.353 0.96 0.314
ovary 0.185 0.212 0.384 -
testis - - - 0.176
bladder 0.175 0.153 0.189 0.491
muscle 0.809 0.259 0.826 0.303
skin 0.773 0.817 1.19 0.369
tail 0.58 0.935 0.867 0.167
Thymus 0.179 0.235 0.941
gallbladder 0.11 0.131
uterus 0.197
5 Example 4: Generation of Double Transgenic Mice

A transgenic mouse with an inducible caspase gene was constructed as
described above for targeted cell ablation. Double transgenic mice were obtained by
breeding F; transgenic mice generated as described in Example 3 crossed using
standard breeding methods with selected Cre-expressing mice, i.¢.,

10 -Insulin-Cre: Diabetes model (targeting islet cells)
-poudf3-Cre (also know as Brn3c): Hearing loss model (targeting
cochlear sensory cell) (
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-Rosa26-CreER: ubiquitous, for in vitro experiments
For example, crossing the STOP-flox-caspase3 mice to a Kr15-Cre mouse will make
the hair cell follicles susceptible to FK506 analogue induced cell death. A number of
Cre-expressing mice are available commercially, e.g., from Jackson Labs, Bar Harbor,
Maine.

Expression of the caspase in cell-specific, time-specific manner is achieved in
the mice by administering a dimerizing agent, e.g., AP20187. Figures 7A-C illustrate
the expression of lac Z (7A) or the transgene (7B-C) in cells where transgene is driven
by CMV promoter in the absence (7A) or presence (7B-C) of Cre recombinase. As
examples, a pre-diabetic model and a mild hearing loss model were generated; both
correlated in vivo to functional deficiency. A mouse with a ubiquitously expressed
Cre recombinase was also used (rosa26-CreER), to verify transgene expression and

function.

Cross with Cre recombinase: Rosa26-CreER

To provide a model for ready confirmation of the function of the conditional-
stop dimerizable caspase transgene, the transgenic mice described herein (line F) were
crossed with Rosa26-CreER mice. In vitro experiments on cells from the mice were
contacted with tamoxifen to induce expression of the Cre recombinase, and the
results, shown in Figure 13A, indicate successful recombination and expression of the
transgene. A band at the expected size in Lane 1 indicates that the Cre mouse
expresses Cre, and in Lane 2 demonstrates the presence of lacZ in the line F
transgenic mouse. In the double transgenic mice, in the absence of tamoxifen (Tmx),
both cre and lac Z are presence, as is the unrecombined 500 bp product (lane 3), while
in the presence of tamoxifen the recombined product at 200 bp is present. The
presence of some lacZ in the double transgenics in the presence of tmx indicates that
the recombination is incomplete, which may be due to partial recombination with
R26Cre/ER. These results confirm the confirm that in vivo recombination is taking
place in the double transgenics.

Figure 13B is a schematic illustration of the genetic processes occurring in the

double transgenic mice.
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Cross with Cre recombinase: Brn3c-Cre

Auditory hair cells are the mechanosensory channel that transduce sound
waves to action potentials. Since mammalian hair cells cannot spontancously
regenerate once lost, regenerative medicine for hearing loss would be of great
importance, and it has been difficult to establish a reproducible model for ablation of
hair cells. The transgenic mice described herein (line D) were mated with a hair cell-
specific, Brn3¢c-Cre mouse from Doug Vetter (Xiang et al., Proc. Natl. Acad. Sci. U.
S. A. 94(17):9445-50 (1997); Sage et al., Proc. Nat. Acad. Sci. 103(19):7345-7350
(20006)).

Detailed expression pattern in the auditory system including cochlea and brain
was also determined by anti-V5 tag immunostaining in each of the three transgenic
lines B, D, and F. One of the lines (line B) showed moderate expression in the
cochlea, but almost no expression in the brain, while another line (line F) had
ubiquitously high expression in the brain and cochlea. A brief summary of transgene
expression in auditory systems is shown in Table 2.

Table 2 —Transgene Expression in Auditory and Brain Tissues of Selected Lines

Line Tissue
IHC OHC splrgl brainstem/cortex
ganglion
B + + +++ -/-
D ++ + + +/-
F +++ + + ++/++

Inner hair cells (IHC); outer hair cells (OHC).

Thus, line B, D, or F can be chosen for a hair cell loss model (e.g., x Brn3c-
Cre), and line B would be the best for a spiral ganglion loss model (e.g., x Ngn1-Cre).

In an in vitro experiment using an organ of Corti explant culture, the double
transgenics showed 38.8% inner hair cell loss and 32.4% outer hair cell loss within 24
hours of incubation in the medium containing AP20187 suggesting rapid ablation
occurred.

In vivo experiments were also performed. Animals at 6-8 weeks of age were
administered AP20187 (10mg/kg ip) and analyzed six days later. A 60% decrease in
the amplitude of the auditory brainstem response (ABR) as compared with same-
animal measurements taken before treatment was also seen, indicative of hearing loss
with 37.8% of inner hair cells lost after drug treatment (see Figs. 9A-9F). Distortion

product otoacoustic emissions (DPOAE), responses generated when the cochlea is
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stimulated simultanecously by two pure tone frequencies whose ratio is between 1.1 to
1.3, were significantly decreased in the treated animals, see Fig. 10A. ISO-DP, a
measure of the threshold required to obtain a given level of response, was
significantly increased in treated animals (Fig. 10B). Immunohistochemical
experiments were consistent with this result. Mosaic loss of parvalbumin 3 (Pv3, a
hair cell marker)-positive hair cells was seen in transgenics after AP20187
administration. Approximately 35 ~40% of inner hair cells and 15 % of outer hair
cells were lost, as judged by Pv3 staining. Note that Musashi-1 staining depicts that
pharyngeal processes of supporting cells was preserved, demonstrating ablation
specifically occurred in hair cells. In addition, areas of dead cells (identified by a lack
of Pv3 in hair cell plane) were partially covered by Msil staining, suggesting the
presence of pharyngeal scarring in response to neighboring hair cell death. No

remarkable changes were seen in the spiral ganglion.

Cross with Cre recombinase: Ins-Cre

Diabetes is cause by loss of insulin producing beta cells in the pancreas.

These cells cannot be replaced by known techniques. A model for impaired glucose
tolerance was constructed by crossing the transgenic mouse (line B) described herein
with an Ins-Cre mouse (Jackson Labs). Partial loss of beta cells resulted in
hyperplasia of existing islets of Langerhans and impaired glucose tolerance. This
model has the characteristics of a pre-diabetic mouse.

The FK506 analogue AP20187 was administered by intraperitoneal (IP)
injection. P-cell death was monitored in the animals by intraperitoneal glucose
tolerance testing (IPGTT) using standard methodology. The results, shown in Figure
11A, demonstrate a partial loss of glucose control in the double transgenic animals
treated with the dimerizer, similar to what is seen in humans with glucose intolerance,
during the onset of Type 1 diabetes. This effect was more pronounced in female
animals than in males, as shown in Figures 11B-C.

The effect on blood glucose levels was also evaluated using a standard glucose
tolerance test (GTT). 30 minutes after a glucose challenge, a blood sample was
obtained from the tail vein and a measurement of blood glucose was obtained with a
glucose monitor. The results are shown in Figures 12A-B, and demonstrate that a

significant increased in blood glucose levels was seen.
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These results demonstrate that these mice recapitulate the partial loss of cells
in the time course of degenerative diseases, and are thus a useful model for the onset
of degenerative diseases, ¢.g., for evaluating the effect of interventions to treat such

disecases.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended
to illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A transgenic non-human mammal having a recombinant nucleic acid molecule
stably integrated into the genome of said mammal, said nucleic acid molecule
comprising:

(i) a promoter;

(i1) downstream of said promoter, a conditional-STOP cassette comprising a
coding region of a protein and polyadenylation signal, flanked on either side by a
recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein comprising a caspase linked in frame with a FK Binding Protein
(FKBP) or variant thereof, wherein said fusion protein is not expressed when said

conditional-STOP cassette is present in the construct.

2. The transgenic non-human mammal of claim 1, wherein expression of a
recombinase in a cell of said mammal results in expression of said fusion protein,
and exposure of said mammal to an FKBP dimerizing agent results in death of

said cells expressing said recombinase.

3. The non-human mammal of claim 1, wherein said recombinant nucleic acid

molecule is operably linked to one or more regulatory sequences.

4. The non-human mammal of claim 3, wherein said recombinant nucleic acid

molecule is operably linked to a promoter.
5. Acell isolated from the non-human mammal of claim 1.
6. The cell of claim 5, wherein said cell is a stem cell or a germ cell.
7. The transgenic non-human mammal of claim 1, wherein the mammal is a mouse.
8. The transgenic non-human mammal of claim 1, wherein the caspase is caspase 3.

9. A method for the production of a transgenic non-human mammal, comprising
introduction of a recombinant nucleic acid molecule into a germ cell, an
embryonic cell, or an egg cell, a recombinant nucleic acid molecule comprising:

(i) a promoter;
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10.

11.

12.

13.

14.

15.

16.

17.

(i1) downstream of said promoter, a conditional-STOP cassette including a
coding region of a protein and polyadenylation signal, flanked on either side by a
recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein comprising a caspase linked in frame with a FK Binding Protein
(FKBP) or variant thereof, wherein said fusion protein is not expressed when said

conditional-STOP cassette is present in the construct.
.The method of claim 9, wherein said non-human mammal is a rodent.
The method of claim 10, wherein said rodent is a mouse.

The method of claim 9, further comprising crossing said transgenic non-human
mammal with a second non-human mammal, wherein at least some of the cells of
said second mammal express a recombinase that binds to and excises said stop

sequence.

A vector, comprising:

(i) a promoter;

(i1) downstream of said promoter, a conditional-STOP cassette including a
coding region of a protein and polyadenylation signal, flanked on either side by a
recombinase recognition site; and

(ii1) downstream of said conditional-STOP cassette, a sequence encoding a
fusion protein comprising a caspase linked in frame with a FK Binding Protein
(FKBP) or variant thereof, wherein said fusion protein is not expressed when said

conditional-STOP cassette is present in the construct.
The vector of claim 13, further comprising one or more selection markers.

The vector of claim 14, wherein the selection marker is a negative selection

marker.

The vector of claim 14, wherein the selection marker is an antibiotic resistance

gene.

The vector of claim 16, wherein the antibiotic resistance gene is a neomycin

resistance gene.
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18. The vector of claim 17, wherein the neomycin resistance gene is PGK-Neo.

19. The vector of claim 13, wherein the vector is a viral vector.

20. The vector of claim 13, wherein the recombinase recognition sequence is a lox

sequence.

21. The vector of claim 13, wherein the recombinase recognition sequence is a FLT

sequence.
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Page 1 of 6

GTTAATTAAGGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTA
AGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACA
ACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGC
GATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGG
TCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGA
CCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACT
TTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCAT
ATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATG
ACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCC
CCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACT
AGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAG
AATTACCTCATATAGCATACATTATACGAAGTTATCGGAGGAATTCGCCCTTACCATGGTTGATCCCGT
CGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCC
TTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAA
TGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCT
TCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACAC
CAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTC
GCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTAA
CTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCCAGGACAGTCGTTTGCCGTCTGA
ATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACCGCCTCGCGGTGATGGTGCTGCGTTGGAGTGA
CGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCA
TAAACCGACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGT
ACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCA
GGGTGAAACGCAGGTCGCCAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTA
TGCCGATCGCGTCACACTACGTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCT
CTATCGTGCGGTGGTTGAACTGCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGG
TTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGAGGCGT
TAACCGTCACGAGCATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCT
GCTGATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACAC
GCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTGCCAAT
GAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTGCAGCG
CGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGA
CGCGCTGTATCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGCCGA
CACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCGGCTGT
GCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGCGAATA
CGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCG
TTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAARACGGCAACCC
GTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGT
CTTTGCCGACCGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCG
TTTATCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCA
CTGGATGGTGGCGCTGGATGGTAAGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCACAAGG
TAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACAGTACG
CGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGGCGTCT
GGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGCGAAAT
GGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCACAGAT
GTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTGGATAA
CGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGEG
CCATTACCAGGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTGATTAC
GACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAARACCTACCGGATTGATGG
TAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGGATTGG
CCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTA
TCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCCATTGTCAGACATGTATACCCCGTA
CGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACG
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CGCGAATTGAATTATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAA
CAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGAC
GGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAATTCCAGCTGAGC
GCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAAAAAAGGGCGAATTCGGTAAGCCTATCCCTAAC
CCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATCACCATCACCATTGACTCGAGAACATATGG
CCATGGGGATCCGCGGCCGCAATTGTTAACAGATCCGTCGACGAGCTCGCTATCAGCCTCGACTGTGCC
TTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCC
CACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGG
GGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATTCTAG
TATAACTTCGTATAGCATACATTATACGAAGTTATAAGCTGGCTAGCGTTTAAACTTAAGCTTGGTACC
ACGCATGCTGCAGACGCGTTACGTATCGGATCCAGAATTCGTGATCCACCATGGGGAGTAGCAAGAGCA
AGCCTAAGGACCCCAGCCAGCGCCTCGAGGGAGTGCAGGTGGAGACTATCTCCCCAGGAGACGGGCGCA
CCTTCCCCAAGCGCGGCCAGACCTGCGTGGTGCACTACACCGGGATGCTTGAAGATGGAAAGAAAGTTG
ATTCCTCCCGGGACAGAAACAAGCCCTTTAAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGG
AAGAAGGGGTTGCCCAGATGAGTGTGGGTCAGAGAGCCAAACTGACTATATCTCCAGATTATGCCTATG
GTGCCACTGGGCACCCAGGCATCATCCCACCACATGCCACTCTCGTCTTCGATGTGGAGCTTCTAAAAC
TGGAAGTCGAGGGAGTGCAGGTGGAGACTATCTCCCCAGGAGACGGGCGCACCTTCCCCAAGCGLGGLC
AGACCTGCGTGGTGCACTACACCGGGATGCTTGAAGATGGAAAGAAAGTTGATTCCTCCCGGGACAGAA
ACAAGCCCTTTAAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGGAAGAAGGGGTTGCCCAGA
TGAGTGTGGGTCAGAGAGCCAAACTGACTATATCTCCAGATTATGCCTATGGTGCCACTGGGCACCCAG
GCATCATCCCACCACATGCCACTCTCGTCTTCGATGTGGAGCTTCTAAAACTGGAAGTCGAGGAGAACA
CTGAAAACTCAGTGGATTCAAAATCCATTAAAAATTTGGAACCARAAGATCATACATGGAAGCGAATCAA
TGGACTCTGGAATATCCCTGGACAACAGTTATAAAATGGATTATCCTGAGATGGGTTTATGTATAATAA
TTAATAATAAGAATTTTCATAAAAGCACTGGAATGACATCTCGGTCTGGTACAGATGTCGATGCAGCAA
ACCTCAGGGAAACATTCAGAAACTTGAAATATGAAGTCAGGAATAAAAATGATCTTACACGTGAAGARAA
TTGTGGAATTGATGCGTGATGTTTCTAAAGAAGATCACAGCAAAAGGAGCAGTTTTGTTTGTGTGCTTC
TGAGCCATGGTGAAGAAGGAATAATTTTTGGAACAAATGGACCTGTTGACCTGAAAAAAATAACAAACT
TTTTCAGAGGGGATCGTTGTAGAAGTCTAACTGGAAAACCCAAACTTTTCATTATTCAGGCCTGCCGTG
GTACAGAACTGGACTGTGGCATTGAGACAGACAGTGGTGTTGATGATGACATGGCGTGTCATAAAATAC
CAGTGGAGGCCGACTTCTTGTATGCATACTCCACAGCACCTGGTTATTATTCTTGGCGAAATTCAAAGG
ATGGCTCCTGGTTCATCCAGTCGCTTTGTGCCATGCTGAAACAGTATGCCGACAAGCTTGAATTTATGC
ACATTCTTACCCGGGTTAACCGAAAGGTGGCAACAGAATTTGAGTCCTTTTCCTTTGACGCTACTTTTC
ATGCAAAGAAACAGATTCCATGTATTGTTTCCATGCTCACAAAAGAACTCTATTTTTATCACGTCGACT
ATCCGTACGACGTACCAGACTACGCACTCGACTAAGAATTCCATCTGAATTCGTCGACAAGCTTCTCGA
GCCTAGGCTAGCTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCC
TAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGG
CAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCT
TCTGAGGCGGAAAGAACTTAATTAACTAGCTAGAAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTG
AGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGG
GTTTTTTGCTGAAAGGAGGAACTATATCCGGATATCCCGGGAGCTTGTATATCCATTTTCGGATCTGAT
CAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCT
TGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTC
CGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTG
CAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTT
GTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCAC
CTTGCTCCTGCCGAGARAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCT
ACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTT
GTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAG
GCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTG
GAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATA
GCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTAC
GGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGA
CTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCG
CCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCG
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GGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTT
TATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTC
ACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTC
TAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCC
ACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATC
AGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGC
GTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAG
GTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCA
TAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC
CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGA
CTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAA
GCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTARAACTTG
GTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCAT
AGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGC
CGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAG
AGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACG
CTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCAT
GTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGT
GACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGC
GTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAA
CTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGC
AAAADAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAG
CATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGG
GGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCGTTAATTAAGGATCTCCCGATCCCCTATG
GTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCAT
GAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACA
TTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTT
CCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAA
TGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTA
CATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCA
AAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGT
ACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGA
AATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGAATTACCTCATATAGCATACATTATACGA
AGTTATCGGAGGAATTCGCCCTTACCATGGTTGATCCCGTCGTTTTACAACGTCGTGACTGGGAAAACC
CTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGG
CCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGG
CACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCT
CAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATC
CGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGT
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TACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGC
GTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCCAGGACAGTCGTTTGCCG
TCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAARAACCGCCTCGCGGTGATGGTGCTGCGTTGG
AGTGACGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTG
CTGCATAAACCGACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGC
GCTGTACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTA
TGGCAGGGTGAAACGCAGGTCGCCAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGT
GGTTATGCCGATCGCGTCACACTACGTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCG
AATCTCTATCGTGCGGTGGTTGAACTGCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGAT
GTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGA
GGCGTTAACCGTCACGAGCATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGAT
ATCCTGCTGATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGG
TACACGCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTG
CCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTG
CAGCGCGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAAT
CACGACGCGCTGTATCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGA
GCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCG
GCTGTGCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGC
GAATACGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTAT
CCCCGTTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACGGC
AACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGT
CTGGTCTTTGCCGACCGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAG
TTCCGTTTATCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTC
CTGCACTGGATGGTGGCGCTGGATGGTAAGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCA
CAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACA
GTACGCGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGG
CGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGC
GAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCA
CAGATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTG
GATAACGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCG
GCGGGCCATTACCAGGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTG
ATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATT
GATGGTAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGG
ATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAA
AACTATCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCCATTGTCAGACATGTATACC
CCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAATTATGGCCCACACCAG
TGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAACAGCAACTGATGGAAACCAGCCATCGC
CATCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGACGGTTTCCATATGGGGATTGGTGGCGAC
GACTCCTGGAGCCCGTCAGTATCGGCGGAATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTC
TGGTGTCAAAAAAAGGGCGAATTCGGTAAGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGT
ACCGGTCATCATCACCATCACCATTGACTCGAGAACATATGGCCATGGGGATCCGCGGCCGCAATTGTT
AACAGATCCGTCGACGAGCTCGCTATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTG
CCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGA
AATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGG
GGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATTCTAGTATAACTTCGTATAGCATACATTATAC
GAAGTTATAAGCTGGCTAGCGTTTAAACTTAAGCTTGGTACCACGCATGCTGCAGACGCGTTACGTATC
GGATCCAGAATTCGTGATCCACCATGGGGAGTAGCAAGAGCAAGCCTAAGGACCCCAGCCAGCGCCTCG
AGGGAGTGCAGGTGGAGACTATCTCCCCAGGAGACGGGCGCACCTTCCCCAAGCGCGGCCAGACCTGCG
TGGTGCACTACACCGGGATGCTTGAAGATGGAAAGAAAGTTGATTCCTCCCGGGACAGAAACAAGCCCT
TTAAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGGAAGAAGGGGTTGCCCAGATGAGTGTGG
GTCAGAGAGCCAAACTGACTATATCTCCAGATTATGCCTATGGTGCCACTGGGCACCCAGGCATCATCC
CACCACATGCCACTCTCGTCTTCGATGTGGAGCTTCTAAAACTGGAAGTCGAGGGAGTGCAGGTGGAGA
CTATCTCCCCAGGAGACGGGCGCACCTTCCCCAAGCGCGGCCAGACCTGCGTGGTGCACTACACCGGGA
TGCTTGAAGATGGAAAGAAAGTTGATTCCTCCCGG
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GACAGAAACAAGCCCTTTAAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGGAAGAAGGGGTT
GCCCAGATGAGTGTGGGTCAGAGAGCCAAACTGACTATATCTCCAGATTATGCCTATGGTGCCACTGGG
CACCCAGGCATCATCCCACCACATGCCACTCTCGTCTTCGATGTGGAGCTTCTAAAACTGGAAGTCGAG
GAGAACACTGAAAACTCAGTGGATTCAAAATCCATTAAAAATTTGGAACCAAAGATCATACATGGAAGC
GAATCAATGGACTCTGGAATATCCCTGGACAACAGTTATAAAATGGATTATCCTGAGATGGGTTTATGT
ATAATAATTAATAATAAGAATTTTCATAAAAGCACTGGAATGACATCTCGGTCTGGTACAGATGTCGAT
GCAGCAAACCTCAGGGAAACATTCAGAAACTTGAAATATGAAGTCAGGAATAAAAATGATCTTACACGT
GAAGAAATTGTGGAATTGATGCGTGATGTTTCTAAAGAAGATCACAGCAAAAGGAGCAGTTTTGTTTGT
GTGCTTCTGAGCCATGGTGAAGAAGGAATAATTTTTGGAACAAATGGACCTGTTGACCTGAAAAAAATA
ACAAACTTTTTCAGAGGGGATCGTTGTAGAAGTCTAACTGGAAAACCCAAACTTTTCATTATTCAGGCC
TGCCGTGGTACAGAACTGGACTGTGGCATTGAGACAGACAGTGGTGTTGATGATGACATGGCGTGTCAT
AAAATACCAGTGGAGGCCGACTTCTTGTATGCATACTCCACAGCACCTGGTTATTATTCTTGGCGAAAT
TCAAAGGATGGCTCCTGGTTCATCCAGTCGCTTTGTGCCATGCTGAAACAGTATGCCGACAAGCTTGAA
TTTATGCACATTCTTACCCGGGTTAACCGAAAGGTGGCAACAGAATTTGAGTCCTTTTCCTTTGACGCT
ACTTTTCATGCAAAGAAACAGATTCCATGTATTGTTTCCATGCTCACAAAAGAACTCTATTTTTATCAC
GTCGACTATCCGTACGACGTACCAGACTACGCACTCGACTAAGAATTCCATCTGAATTCGTCGACAAGC
TTCTCGAGCCTAGGCTAGCTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAG
TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGT
CCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGG
GGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTC
TATGGCTTCTGAGGCGGAAAGAACTTAATTAACTAGCTAGAAGATCCGGCTGCTAACAAAGCCCGAAAG
GAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTC
TTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGATATCCCGGGAGCTTGTATATCCATTTTCGG
ATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCC
GGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGC
CGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAA
TGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCT
CGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTC
ATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGA
TCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGC
CGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAG
GCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATAT
CATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCA
GGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGT
GCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTG
AGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCC
ACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAG
CGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAA
TAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCC
AAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATA
AAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTG
CGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGARAAGAACATG
TGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTC
CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA
TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGT
TCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGLCGLC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACT
GGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTAC
GGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTT
GGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
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TAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGAT
CTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGA
GTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCG
TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCC
CAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGC
CGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATG
ATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGC
CGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATG
CTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGARAA
ACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCG
TGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA
AAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATA
TTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATARA
ACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
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Figure 6A

in vitro cell viability assay (MTT assay)
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Figure 7
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Figure 8A
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Figure 8B
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Figure 8C
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Figure 10A
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Figure 11A
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Figure 12A
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Figure 13A
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Figure 13B
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