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SELECTIVE INHIBITION OF ROCKI1 IN CARDIAC THERAPY

[0001] The present invention claims priority to U.S. Provisional Patent Application
Serial No. 60/626,390, filed November 9, 2004, which is incorporated by reference herein in its

entirety.

[0002] The present invention used in part funds from NIH National Heart, Lung
and Blood Institute Grant Nos. HL 64356-03, PO1-HL49953, R01-HL72897, and P01-HL42550

The United States Government may have certain rights in the invention.
FIELD OF THE INVENTION

[0003] The present invention relates to the fields of cell biology, molecular
biology, and medicine. Specifically, the invention is directed to diagnosis and/or treatment of

cardiac disease.
BACKGROUND OF THE INVENTION

[0004] Heart failure is the leading cause of combined morbidity and mortality in
the United States and other developed industrial nations. It remains an incurable disease process
with an estimated two-year mortality of 30-50% for the patients with advanced disease.
Although great advances in the treatment for failing heart have been made, our understanding of
the molecular mechanism leading to heart failure is still limited. It is evident, however, that
severe heart failure is associated with striking decreases in the expression of cardiac specific

genes (Razeghi et al., 2002; Hwang et al., 2002; Barrans et al., 2002).

[0005] Heart failure is characterized by a relentless progression: a relatively long
interval (several years) exists between the initial events causing myocardial damage and the final
state termed dilated cardiomyopathy, in which heart chambers become markedly enlarged and
contractile function deteriorates. The molecular and cellular mechanisms that mediate the

pathogenesis of heart failure during this long interval are poorly understood.

[0006] A commonly accepted paradigm for the development of heart failure
divides the pathological process into two distinct stages; an initial compensatory hypertrophy in

response to excess hemodynamic loading, followed by a critical transition to decompensated
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failure under persistent stress (Dorn et al., 2003; Sawyer et al., 2002; Mann, 2003; Bueno et al.,
2000; Arai et al., 1994; Sadoshima and Izumo, 1997; Sussman et al., 2002; Adams et al., 1998;
Hoshijima and Chien, 2002; Chien, 1999; Wang, 2001; Sabri et al, 2003). The most
characteristic events occurring during pathological remodeling include, for example, a change in
gene expression profiles from adult to a “fetal-like” prc;grams, increase in myocyte size and
protein content, induction of sarcomeric disorganization, induction of interstitial fibrosis,
depressed myocyte contractility, loss of intercellular conduction, and myocyte cell loss. Recent
progress in molecular genetics and cellular/organ physiology has provided powerful tools to
dissect molecular components involved in each aspect of the remodeling processes and to
establish the cause/effect relationship between different signaling pathways and specific

pathological processes in the heart.

[0007] Roles of apoptosis in heart failure. In many transgenic animal models of

dilated cardiomyopathy, ventricular dysfunction has been attributed to depressed myocyte
contractility. However, recent studies indicate that apoptotic myocyte death is also a determinant
factor involved in the transition to failure (Kang and Izumo, 2000; Yussman et al., 2002; Nadal-
Ginard et al., 2003; Wencker et al., 2003; Yamamoto et al., 2003; Narula ez al., 2001; Olivetti et
al., 1997). Apoptosis has been demonstrated in human heart failure, with the reported prevalence
varying widely, but more recent work has supported a prevalence of less than 1%, consistent
with slow progression of heart failure (Narula ez al., 1999; Narula et al., 1996, Ba\lankenberg et
al., 1999; Elsasser et al., 2000).

[0008] FIG. 1 provides a schematic presentation of proteolytic activation of the
caspase cascade in heart failure. Apoptosis is a highly orchestrated form of programmed éell
death, and results from the activation of caspases, which are specialized aspartate-directed
proteases. Two major pathways lead to the activation of the caspase cascade. Both pathways lead
to the activation of caspase 3, a key executing caspase, which cleaves various subcellular

cytoplasmic proteins and fragments nuclear DNA.

[0009] An increasing number of apoptotic inducers (TNFa, Goq, plasma Fas
ligand, etc.), survival factors (IGF-1, Akt interleukin-6 and its receptor gpl30, efc.), and
regulatory factors (BcIXL, Bcl-2, Bax, etc.) have been reported to influence myocyte apoptosis
in heart failure through modulating the activity of the caspase cascade. However, our knowledge

2
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of the mechanism and regulation of apoptosis in myocyte is still limited. Thus,understanding
the basic processes involved in progression of apoptosis may offer new possibilities to treat heart
failure. Tt has been shown that in favorable conditions, such as with left ventricular assist devices
(LVAD) support, the apoptotic process in failing cardiomyocytes is markedly attenuated (Narula
et al., 2001; Blsasser et al., 2000), indicating the potential feasibility of reversal of heart failure.

[0010] Roles of Caspase 3 in heart failure. Caspase 3 is a key executing caspase for

carrying out apoptosis in eukaryotic cells (Thomberry and Lazebnik, 1998). Caspase 3
expression is increased in association with heart failure and apoptosis in experimental animals
(Sabbah, 2000). It is also found in its activated form in the myocardium of end-stage heart failure
patients (narula et al., 1996; Blankenberg ef al., 1999). Cardiac specific overexpression of
caspase 3 in transgenic mice induces transient depression of cardiac function and abnormal
nuclear and myofibrillar ultrastructural damage, but does not trigger a full apoptotic response in
the cardiomyocyte (Condorelli et al., 2001). However, overexpression of caspase 3 leads to a
significant increase in infarct size after ischemic-reperfusion (Condorelli et al., 2001). Although
these studies strongly suggest a role for caspase 3 in heart failure, the extent of its contribution to
the initiation and progression of heart failure as well as the mechanisms involved in myocardial

structure and function changes induced by caspase 3 still remain poorly understood.

[0011] Identification of endogenous substrates for caspase 3 has provided
important clues to its molecular role in apoptosis. The optimal recognition motif for caspase 3 is
DEVD (Thornberry et al., 2000; Thorberry et al., 1997), which is similar or identical to the
cleavage sites in several known in vitro or vivo substrates of caspase 3. Caspase 3 has been
shown to cleave several cardiac contractile proteins, including ventricular essential myosin light
chain (Moretti et al., 2002), cardiac a-actin, o-actinin, and cardiac troponin T (Communal ef al.,
2002), providing a potential mechanism through which activation of caspase 3 contributes to
contractile dysfunction before cell death. Moreover, several protein kinases including PKC8
(Kaul et al., 2003; Anantharam et al., 2002) and Mstl (Lee ez al., 2001) have been identified as
caspase 3 substrates in cardiomyocytes. Both kinases have been shown to be important mediators

of apoptosis in cardiomyocytes (Yamamoto et al., 2003; Schaffer et al., 2003).

[0012] Role of RhoA in cardiac hypertrophy and heart failure. Rho GTPase family

proteins, which include RhoA, Racl and Cdc42, control a wide variety of cellular processes such
3
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as cell morphology, motility, proliferation, differentiation and apoptosis (Hall, 1994; Van Aelst
and D’Souza-Schorey, 1997). Recent studies suggest that RhoA is also involved in cardiac
hypertrophy. In cultured cardiomyocytes, RhoA is required for hypertrophic signals induced by
al-adrenergic agonist phenylephrine (Hoshijima et al., 1998), angiotensin II (Aoki et al., 1998)
and mechanical stress (Aikawa ef al., 1999). RhoA expression is up-regulated in the failing heart
of Dahl salt-sensitive hypertensive rats (Kobayashi ef al., 2002). Cardiac-specific overexpression
of RhoA in mice leads to sinus and atrioventricular (AV) nodal dysfunction and heart failure
(Sah et al., 1999). Statins, inhibitors of 3-hydroxy-3-methylglutaryl-CoA reductase, have been
shown to prevent the development of cardiac hypertrophy in vivo and in vitro. This possibly
occurs in part through inhibition of membrane translocation of Rho proteins, as statins block Rho

isoprenylation (Takemoto et al., 2001; Patel ef al., 2001; Laufs et al., 2002).

[0013]  The signaling pathways activated by RhoA to promote cardiomyocyte
hypertrophy in vitro and in vivo are not well understood. It was determined that an organized
cytokeletal structure is required for activation of SRF-dependent gene expression by RhoA in
cultured neonatal cardiomyocytes (Wei et al., 2001). Other studies in cultured cardiomyocytes
have suggested that PKN mediates RhoA-dependent activation of SRF (Morissette et al., 2000)
and that RhoA promotes GATA-4-dependent gene regulation via a p38 mitogen-activated
protein kinases (MAPK)-dependent pathway (Yanazume ez al., 2002; Charron et al., 2001).
Another potential mediator of RhoA in promoting cardiomyocyte hypertrophy is Rho kinase as

described below.

[0014] WO 03/080610 relates to imidazopyridine derivatives as kinase inhibitors,
such as ROCK inhibitors, and methods for inhibiting the effects of ROCK1 and/or ROCK2.

BRIEF SUMMARY OF THE INVENTION

[0015] The present invention concerns the treatment of cardiac failure. It is known
that a pathological cardiac hypertrophy due to pressure overload is initially a compensatory
response, but eventually leads to decompensation, resulting in heart failure or sudden death. In a
specific embodiment of the invention, apoptosis plays a role in cardiac failure. In a specific

embodiment, ROCK1 plays an important role in the transition from compensated cardiac
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hypertrophy to heart failure, and ROCK1 is a critical regulatory factor of cardiomyocyte

apoptosis.

[0016] The present inventors demonstrate that patients with end-stage heart failure
demonstrated marked ROCK-1 cleavage that was reversed in hearts with left ventricular assist
device (LVAD). ROCK-1 cleavage was detected in cultured cardiomyocytes subjected to
apoptotic stimuli. ROCK-1 fragmentation was also observed in the bi-transgenic Gq-HGK mice,
which displayed the most severe cardiomyopathy. An activated ROCK-1 mutant strongly
promoted caspase 3 activation by inhibiting the cell survival factor AKT through increased
PTEN activity. Blocked ROCK-1 expression by siRNA attenuated caspase activation. Lines of
ROCK-1 null mice displayed a marked reduction in apoptosis associated with pressure overload.
ROCK-1 cleavage amplifies apoptotic signals and strongly promotes end stage heart failure, in

particular aspects related to the invention.

[0017] In specific embodiments of the invention, modified ROCK-1, such as
truncated ROCK-1, for example, which is a catalytically active enzyme, (Colemari et al., 2001,
Sebbagh et al., 2001), was sufficient to activate a caspase cascade and lead to a potential positive
feed-forward loop, promoting apoptosis. The present inventors further identified the activation
of PTEN (phosphatase and tensin homolog deleted on chromosome ten) and subsequent
inthibition of the AKT pathway as a critical pro-apoptotic mechanism. These studies provide
novel evidence that caspase 3-mediated ROCK-1 cleavage activates an important apoptotic

pathway in heart failure.

[0018] In particular, as shown herein, ROCK1 (but not ROCK?2) is a substrate of
caspase 3 in human failing hearts and in cultured apoptotic cardiomyocytes. Expression of a
ROCK1 mutant (ROCK1Al), which closely mimics the caspase 3 cleaved form, leads to
activation of caspase 3 in cultured cardiomyocytes. In addition, serum response factor (SRF),
which plays an important role in the regulation of cardiac gene expression in mammalian heart,
is also a substrate of caspase 3 in human failing hearts. Moreover, phosphorylation of SRF by
ROCKI1A1 facilitates SRF cleavage by caspase 3 in vitro. In specific embodiments of the
invention, these observations indicate that there is a novel mechanism contributing to the slow

progression of heart failure: activated caspase 3 cleaves ROCKI1 and generates an active form of
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this kinase, thereby leading to myocyte apoptosis and the phosphorylation and alteration in the

activity and/or expression of many cardiac proteins, including SRF, for example.

[0019] Consistent with the observations in human failing hearts and in cultured
cardiomyocytes, ROCK1 homozygous-deficient mice develop cardiac hypertrophy in response to
pressure overload, but exhibit significantly reduced hypertrophic marker induction, reduced
myocyte apoptosis, reduced interstitial fibrosis, and improved cardiac contractile functions,

compared to control mice.

[0020] In a particular embodiment of the invention, it is demonstrated how ROCK1
activation by caspase 3 cleavage leads to cardiomyocyte apoptosis in cultured cardiomyocytes.
In a specific embodiment, caspase 3 cleavage resistant mutant (ROCKlp;1134) or a kinase
defective mutant (ROCKlgp) protects cardiomyocytes from apoptosis. In another specific
embodiment ROCK1A1 induces cardiomyocyte apoptosis through activation of the caspase
cascade. In an additional specific embodiment, ROCK1AI facilitates cleavage of SRF by caspase
3. In an additional specific embodiment, ROCK1AL induces myocyte apoptosis through

repressing activity of critical survival signaling pathways.

[0021] In another particular embodiment, it is demonstrated how ROCKI
activation by caspase 3 cleavage leads to the progression of heart failure. This may be
demonstrated through an inducible bi-transgenic gain-of-function approach, for example. In a
specific embodiment, cardiac-specific inducible expression of ROCK1A1 induces cardiomyocyte

apoptosis and heart failure in intact animals.

[0022] In an additional particular embodiment, the role of ROCK1 is demonstrated
in mediating heart failure under cardiac conditions associated with caspase 3 activation using
ROCK 1-deficient mice, cardiac-specific ROCK1-deficient mice, and mice with a knockin
mutation in the ROCK1 gene resistant to caspase 3 cleavage. In a specific embodiment, ROCK1
deficiency inhibits cardiomyocyte apoptosis and heart failure under the pathological conditions
in which apoptosis plays .;1 significant role in the development of heart failure. In an additional
specific embodiment, the in vivo knockin mutation of the endogenous ROCKI, resistant to

caspase 3 cleavage, inhibits cardiomyocyte apoptosis and heart failure under these conditions.



WO 2006/053014 PCT/US2005/040529

[0023] In a particular embodiment, the present invention is directed to a system,
method, and/or compositions related to diagnosis of cardiac failure and/or cardiac disease
associated with, or comprising, elevated levels of cleaved Rho kinase, particularly by caspases
during apoptosis. In specific embodiments, the cleavage of Rho kinase is diagnosed, prevented,
delayed, ameliorated (although not necessarily completely), inhibited (although not necessarily
completely), or a combination thereof. In specific embodiments, the cleavage of Rho kinase is

inhibited, prevented, delayed, or ameliorated at least partially.

[0024] In an embodiment of the present invention, there is a method of preventing
or delaying apoptosis of a cell, comprising the step of delivering an agent to the cell, wherein the
agent selectively inhibits ROCK1. In specific embodiments, the method is further defined as the
agent selectively inhibiting ROCK1 over ROCK2. In particular embodiments, the agent
comprises a nucleic acid, a peptide, a polypeptide, or a mixture thereof. In a specific
embodiment, the agent comprises part or all of the pleckstrin homology (PH) domain of ROCK
1, which in specific embodiments may further be defined as residues 1118 to 1317 of SEQ ID
NO:1. In further specific embodiments, the nucleic acid comprises antisense RNA or siRNA. In
additional specific embodimets, the agent comprises a peptide from part or all of the PH domain
of ROCK1. The cell may be a heart cell, lung cell, liver cell, kidney cell, mesenchymal stem

cell, fibroblast cell, myofibroblast cell, or stem cell.

[0025] As used herein, the term “selectively inhibiting” refers to the preferential
inhibition of ROCK 1 instead of other molecules, such as other Rho kinase-related molecules,
including ROCK2. The selective inhibition may be complete, such as the agent being ineffective
against ROCK2, including having no detectable effect on ROCK2. In alternative embodiments,
the selective inhibition permits a minor amount of inhibition of ROCK2, although significantly
reduced compared to the inhibition of ROCK1. In specific embodiments, ROCK1 inhibition is
about 5-fold greater than ROCK 2, is about 10-fold greater than ROCK2, is about 50-fold greater
than ROCK?2, is about 100-fold greater than ROCK2, is about 500-fold greater than ROCK2, is
about 1000-fold greater than ROCK2, is about 10,000-fold greater than ROCK2, and so forth.

[0026] In one embodiment of the present invention, there is a method of preventing
or delaying apoptosis of a cell, comprising the step of delivering an agent to the cell, wherein

said agent inhibits ROCK1 but does not inhibit ROCK2. In a specific embodiment, inhibiting of
; ,
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ROCK]1 is further defined as inhibiting activity of ROCK1 in said cell; inhibiting expression of
ROCK] in said cell; inhibiting cleavage of ROCK1 in said cell; or a combination thereof. In a
specific embodiment, cleavage of ROCK1 is by a caspase, such as, for example, caspase 3. In
specific embodiments, the cell is from cardiac tissue. The cell may be a cardiomyocyte. The cell

may be in a mammal, such as, for example, a human.

[0027] In particular embodiments, methods of the invention are further defined as
inhibiting fibrosis in cardiac tissue of the human. The inhibitor(s) may be selected from the
group consisting of a small molecule, a nucleic acid, a polypeptide, or a mixture thereof. In
specific embodiments, the nucleic acid molecule is DNA, such as antisense ROCK1 DNA. In
other specific embodiments, the nucleic acid molecule is RNA, such as siRNA. The antisense
ROCK1 DNA molecule may be directed to any region so long as it decreases expression of

ROCK1 by greater than 1-fold.

[0028] In other embodiments, the methods and compositions of the present
invention are utilized for a human that has cardiac disease. In specific embodiments, the human
is susceptible to cardiac disease. In specific embodiments, the methods of the invention further
comprise the step of administering an additional cardiac disease therapy to the human, such as
drug therapy, device therapy, gene therapy, nutritional and exercise therapy, or a combination

thereof.

[0029] In particular embodiments, the ROCK1-inhibiting step permits maintaining
the adaptive response of cardiomyocyte enlargement. The inhibiting step may be further defined
as not adversely affecting the ability of the individual to develop enlarged cardiomyocytes in

response to pressure overload.

[0030] In an additional embodiment, there is a method of treating cardiac failure in
an individual, said heart failure the direct or indirect result of cleavage of Rho kinase in at least
one cardiac cell of the individual, comprising administering to the individual a therapeutically
effective amount of an inhibitor that inhibits ROCK1 without inhibiting ROCK2. The method
may further comprise the step of providing an additional therapy, such as drug therapy, device

therapy, gene therapy, nutritional and exercise therapy, or a combination thereof. In a specific
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embodiment, the device therapy comprises adminisiration of a left ventricular assist device to the

individual.

[0031] In an additional embodiment of the present invention, there is a kit for the
treatment of cardiac failure in an individual, comprising an agent that inhibits ROCK1 but not

ROCK2.

[0032] In another embodiment of the present invention, there is a transgenic
mouse, comprising at least one defective allele of ROCK1. The transgenic mouse may be further

defined as having two defective alleles of ROCK.

[0033] In an additional embodiment, there is a method of identifying a compound
for treatment and/or prevention of cardiac disease, comprising the steps of providing a cardiac
cell; and administering to the cell a test compound, wherein when the test compound inhibits
expression, activity, and/or cleavage of ROCK1 but not ROCK2 in said cell, said test compound
is said compound for treatment and/or prevention of cardiac disease. In a specific embodiment,
there is a therapeutically effective amount of said identified compound is administered to an
individual having cardiac disease or being susceptible to cardiac disease. In another specific

embodiment, the cell is in an animal.

[0034] In a particular embodiment, there is a compound for treatment and/or

prevention of cardiac disease, obtained by exemplary methods as described herein.

[0035] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will be
described hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth
in the appended claims. The novel features which are believed to be characteristic of the
invention, both as to its organization and method of operation, together with further objects and

advantages will be better understood from the following description when considered in
9
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comnection with the accompanying figures. It is to be expressly understood, however, that each
of the figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0036] For a more complete understanding of the present invention, reference is
now made to the following descriptions taken in conjunction with the accompanying drawing, in

which:

[0037] FIG. 1 illustrates an exemplary schematic presentation of proteolytic

activation of the caspase cascade in heart failure.

[0038] FIG. 2 provides an exemplary model for the present invention. Pressure
overload activates RhoA signaling pathway, which in turn transiently activates ROCK1 as well
as ROCK2.

[0039] FIG. 3 shows expression analysis of ROCK1 and ROCK2 in ROCK1
homozygous knockout adult hearts. Two wild-type littermates (ROCK1+/+) were used as
controls. Equal amounts of proteins from heart homogenates were analyzed by Western blotting
using anti-ROCK1 or anti-ROCK2 directed against the coiled-coil region of ROCK1 or ROCK2

respectively.

[0040] FIGS. 4A-4C show that cardiac hypertrophy develops in response to
pressure overload in ROCK 17 mice. FIG. 4A shows heart sections from ROCK1™" and control
mice after three-week aortic banding. Bar, 1 mm. FIG. 4B shows quantitation of heart/body
weight ratios from ROCK1™ and control mice after three-week aortic banding (n=5 for each
group). *P < 0.05 vs. sham. FIG. 4C shows cardiomyocyte diameters from ROCK17" and control
mice after three-week aortic banding. Myocyte diameter was measured using transnuclear width

at the mid-ventricular level (n=200 for each condition). *P < 0.05 vs. sham.

[0041] FIG. 5 shows real-time RT-PCR analysis of cardiac hypertrophic markers.
RNA samples were prepared from ROCK1” and control hearts after three-week aortic banding
(n=3-4 for each group). Quantitative RT-PCR analysis was performed using the ABI Prism 7700

10
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sequence detection system (Perkin Elmer). The levels of the transcripts were normalized to that

of GAPDH. *P < 0.05 vs. control.

[0042] FIG. 6 shows that pressure overload causes less cell death and interstitial
fibrosis in the myocardium of ROCK1™ mice. FIG. 6A shows TUNEL-positive myocytes in the
left ventricular myocardium of ROCK1™ (n=5) and control mice (n=4) three weeks after aortic
banding. The number of TUNEL-positive myocyte nuclei and the total number of myocyte
nuclei (DAPI-staining) were manually counted (n=10,000 for each condition). Only nuclei that
were clearly located in areas with a true cross section of myocytes (anti-aMHC staining) were
scored. ¥P < 0.05 vs. control. FIG. 6B shows picric acid Sirius red staining of heart sections

three weeks after aortic banding. Arrow indicates fibrosis. Bar, 20 um.

[0043] FIGS. 7A and 7B show that ROCKI is cleaved in human failing hearts.
FIG. 7A is a schematic diagram of ROCK1 cleavage. The consensus recognition sequence for
caspase 3 in human ROCK1 (DETD1113) is conserved in mouse and rat, and is not present in
ROCK2. FIG. 7B provides representative Western blots of hearts samples. Cleavage of ROCK1,
caspase 3, and poly(ADP-ribose) polymerase (PARP) (a well established caspase 3 substrate)
was observed in human failing hearts, but not in normal hearts or in failing hearts unloaded by
LVAD support. This suggests that caspase 3 activation relates to myocardial mechanical

overload.

[0044] FIGS. S8A-8E show that ROCK-1 was cleaved by caspase 3 in apoptotic
cardiomyocytes and in transgenic heart failure animal models. In FIG. 8A Western blot of whole
cell lysates from untreated and doxorubicin-treated (Dox) neonatal rat cardiomyocytes revealed
cleavages of ROCK-1 and PARP. Caspase 3 inhibitor, Z-VAD, blocked the cleavage. In FIG.
8B, there is a schematic diagram of conditional activation of caspase 3 with addition of CID;
Chemical inducer binding domain (CBD). In FIG. 8C, there is a Western blot of whole cell
lysates from neonatal rat cardiomyocytes infected with the adenovirus, Ad-iCaspase 3 encoding
a conditional caspase 3, that revealed the cleavage of ROCK-1 only in the presence of CID,
which activates the conditional caspase 3. In FIGS. 8D and 8E, myocardial tissues from three
transgenic mouse lines were evaluated by Western blot for caspase 3 activity and ROCK-1. A

significant increase in caspase 3 activity was observed in hearts from bi-transgenic mice

11
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paralleled with a 130 kDa fragment of ROCK-1. No obvious cleavage was found in HGK or Gq

mice, although there was a slight increase in caspase 3 activity revealed in Gq mice.

[0045] FIGS. 9A-9C show that ROCK-1 active mutant, ROCKA1, was sufficient to
induce caspase 3 activation and myocytes apoptosis in neonatal rat cardiomyocytes. In FIG. 9A,
there is a schematic diagram of caspase 3 sensor: a caspase 3 specific cleavage site is located
between EYFP and NES. When caspase 3 is inactive, the dominant NES targets EYFP to the
cytosol. Upon induction of apoptosis, the export signal is removed by active caspase 3, which
triggers the redistribution of EYFP from cytosol to the nucleus via NLS. In FIG. 9B, there is a
representative image showing myocytes subjected to ROCKDI developed apoptosis
characterized by accumulated EYFP in myocyte nuclei and disorganized myofilaments. (if
shown in color photos: green represents EYFP-fusion protein; red represents rhodamine-
conjugated phalloidin staining for F-actin; and blue represents DAPI nucleus staining. In FIG.
9C, the level of apoptosis was evaluated by the percentage of transfected cardiomyocytes
exhibiting caspase 3 activation (nuclear localization of EYFP-fusion protein). Results are the

average + standard error of four separate experiments. * P<0.001 vs. control group.

[0046] FIGS. 10A and 10B show that SRF cleavage by caspase 3 in failing human
hearts can be reversed by LVAD support. FIG. 10A illustrates a schematic diagram of SRF
cleavége. The consensus recognition sequences for caspase 3 in human SRF (EETD245 and
SESD254) are conserved in mouse and rat. FIG. 10B shows representative Western blots of
hearts samples. Full length SRF was markedly reduced in failing human hearts. These alterations
were attenuated with LVAD éupport. Site-directed mutagenesis revealed that the cleavage by
caspase 3 occurs at D245 and D254, generating two different 32-kDa fragments, and that the 55-
kDa fragment may be generated by other proteases.

[0047] FIG. 11 shows that phosphorylation of SRF by active ROCK1 facilitates
SRF cleavage by caspase 3 in vitro. Equal amounts of SRF were incubated with active caspase 3
in the presence or absence of ROCK1A1. The full-length level was markedly decreased in the
presence of active ROCK 1, while the level of the cleaved fragment recognized by the anti-SRF-
C antibody was not increased, most likely due to further degradation by caspase 3. In éddition,
phosphorylation of SRF by ROCK1 did not affect the cleavage sites.
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[0048] FIGS. 12A-12E shows cardiac-specific and ligand-inducible expression of
human growth hormone (hGH) in the bi-transgenic mouse hearts. In FIG. 12A, there is a
schematic diagram of the cardiac-specific bi-transgenic system. Transgenic mice with the Glp65
regulator placed under the transcriptional control of the aMHC promoter were generated. The
target transgenic line, 17x4-TATA-hGH, was previously generated (Wang et al., 1997). In FIG.
12B, in situ hybridization analysis of inducible expression of hGH is provided. Expression of the
transgene is induced in all 4 chambers of the bi-transgenic hearts by administration of RU486 for
4 days. Bar, 1 mm. FIG. 12C shows cardiac-specific inducible expression of hGH in bitransgenic
mouse hearts. The mRNA transcript of hGH was detected by RT-PCR only in the bi-transgenic
hearts after RU486 administration for 4 days. FIG. 12D shows switching on or off hGH
expression by administration (4 days) or withdrawal (7 days) (*) of RU486. The serum level of
hGH was measured by radioimmunoassay. FIG. 12E demonstrates dose-dependent induction of

hGH by RU486 for 4 days.

[0049]  FIG. 13 provides an exemplary diagram of the design of study of one

embodiment of the invention.

[0050] FIG. 14 shows one embodiment of potential signaling pathways mediating
ROCK 1-induced myocyte apoptosis.

[0051] FIGS. 15A-15C show that TAT-SRF is able to enter into cultured cells in a
concentration-dependent fashion and is preferentially localized in the nucleus of cardiomyocytes.
FIG. 15A shows that TAT-SRF was labeled with FITC and added into the culture medium of
neonatal cardiomyocytes. SRF-GFP was expressed through a mammalian expression vector
transfected into neonatal cadiomyocytes. TAT-SRF displayed same cellular localization as SRF-
GFP and endogenous SRF. FIG. 15B shows western blot analysis of cardiomyocytes incubated
with TAT-SRF at increasing concentrations. Anti-SRF recognizes both endogenous SRF and
TAT-SRF, which have similar molecular weight. In FIG. 15C, SRF245A/254A mutant was
resistant to caspase 3 cleavage. Purified TAT-SRF and TAT245A/254A were incubated with

recombinant caspase 3 in vitro and only TAT-SRF was cleaved by caspase 3.

[0052]  FIG 16 shows real-time RT-PCR analysis of p21. RNA samples were
prepared from ROCK1™" and control hearts after three-week aortic banding (n=3-4 for each
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group). Quantitative RT-PCR analysis was performed using the ABI Prism 7700 sequence
detection system (Perkin Elmer). The levels of the tramscripts were normalized to that of

GAPDH. * P < 0.05 vs. control.

[0053] FIG. 17 provides an exemplary diagram of the design of study of one

embodiment of the invention.

[0054]  FIG. 18 provides an exemplary diagram of the design of study of one

embodiment of the invention.

[0055] FIG. 19 shows real-time RT-PCR analysis of ROCK1 and ROCK2
expression in pressure overload-induced hypertrophic hearts. RNA samples were prepared from
control hearts after three-week aortic banding (n=3-4 for each group). Quantitative RT-PCR
analysis using specific oligonucleotide sets was performed. The levels of the transcripts were

normalized to that of GAPDH. * P < 0.05 vs. sham-operated mice.

[0056] FIG. 20 provides an exemplary strategy for generating conditional ROCK1
knockout mice. In the targeting vector, PGK-Neo is flanked by Frt sites (diamonds) and the gene
segment containing the exon 8 is flanked by loxP sites (arrows). The critical ATP-binding
catalytic lysine is located at residue 105. After homologous recombination, the Neo cassette is
removed through Flp excision. Deletion of exon 8 after Cre recombination results in a frame-

shift mutation from residue 137. H, HindIIl; B, BamHI; X, Xbal.

[0057] FIG. 21 provides an exemplary strategy for generation of D1113A knockin
mutation mice. Top: schematic representation of the ROCK1 protein structure. The box between
the coiled-coil and PH domains represents the exon containing the caspase 3 cleavage site.
Second: genomic DNA structure with the relevant restriction enzymes sites. Third: targeting
vector contains the D1113A mutation resistant to caspase 3 cleavage, a PGK-Neo cassette with
loxP sequence (arrows) at both sides (placed within the intron downstream of exon 30), and
thymidine kinase gene (TK). Fourth: targeted allele after homologous recombination. The PGK-
Neo cassette is excised upon crossing with the mice expressing germ line Cre recombinase (Ella-
cre). Bottom: the final targeted allele contains the mutated caspase 3 cleavage site and one loxP

site within the downstream intron.
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[0058] FIGS. 22A-22D show regulation of PTEN and AKT by ROCK-1. In FIG.
22A, cells were transfected with ROCKA1 and its kinase mutant KD. Cell lysates were analyzed
for phospho-AKT (pAKT) by Western blot. In FIG. 22B, PTEN activities were assessed by
Malachite green assay after cells were transfected with full length of ROCK-1 and its mutants.
In FIG. 22C, pAKT and PTEN were detected by Western blot after cells were treated by PTEN-
specific siRNA. Densitometry analysis for pAKT was shown in the lower panel after
normalization by actin expression. In FIG. 22D, in co-transfection with PTEN-specific siRNA
and ROCKAI, PTEN and pAKT levels were analyzed by Western blot. The expression levels
were normalized to actin and shown in the lower panel. All experiments were conducted in
human HEK cells. Al: active Rho kinase ROCK-1. KD: kinase deficient mutant ROCK-1. a.u.:
artificial unit. NS-siRNA: non-specific siRNA.

[0059] FIGS. 23A-23D show blocked ROCK-1 expression prevented
cardiomyocytes from apoptosis. In FIG. 23A, a specific siRNA significantly knocked down
ROCK-1 expression without interrupting ROCK-2 expression (top left panel). Application of this
siRNA inhibited the caspase 3 activation induced by ceramide (top right panel). In FIG. 23B,
fluorescent staining showed that pre-treatment with the siRNA protected cardiomyocytes from
ceramide-induced apoptosis. In FIG. 23C, a representative ROCK-1"" mouse myocardium image
showing a TUNEL-positive cardiac myocyte revealed by TUNEL green staining after one week
(1W) aortic banding. In FIG. 23D, there is comparison of TUNEL-positive myocytes in left
ventricle myocardium from wild type and ROCK-17" mice after W aortic banding or surgical
sham. Mouse number n=5 for each group. NS: non-specific; Red: phalloidin staining for F-actin;

Blue: DAPI nucleus staining.

[0060] FIG. 24 shows exemplary proposal mechanisms involved in the cleavage

activation of ROCK-1 and cardiac dysfunction.

[0061] FIGS. 25A-25D describe an exemplary luminescent kinase assay for
identifying inhibitors of ROCK1.
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DETAILED DESCRIPTION OF THE INVENTION

I. Definitions
[0062] The term "a" or "an" as used herein in the specification may mean one or
more. As used herein in the claim(s), when used in conjunction with the word "comprising", the
words "a" or "an" may mean one or more than one. As used herein “another” may mean at least
a second or more. Some embodiments of the invention may consist of or consist essentially of
one or more elements, method steps, and/or methods of the invention. It is contemplated that
any method or composition described herein can be implemented with respect to any other

method or composition described herein.

[0063] As used herein, the term “cardiac failure” refers to a clinical syndrome in
which heart disease comprises reduction in cardiac output, increase in venous pressures, and is
accompanied by molecular abnormalities that cause progressive deterioration of the failing heart

and premature myocardial cell death.

[0064] The terms “cardiovascular disease” or “cardiac disease” as used herein is
defined as a medical condition related to the cardiovascular (heart) or circulatory system (blood
vessels). Cardiovascular disease includes, but is not limited to, diseases and/or disorders of the
pericardium (i.e., pericardium), heart valves (i.e., incompetent valves, stenosed valves, rheumatic
heart disease, mitral valve prolapse, aortic regurgitation), myocardium (coronary artery disease,
myocardial infarction, heart failure, ischemic heart disease, angina) blood vessels (i.e.,
arteriosclerosis, aneurysm) or veins (i.e., varicose veins, hemorrhoids). Yet further, one skill in
the art recognizes that cardiovascular diseases can result from congenital defects, genetic defects,
environmental influences (i.e., dietary influences, lifestyle, stress, etc.), and other defects or
influences, and combinations thereof. In a specific embodiment, cardiac disease comprises

failure of the heart.

[0065] The term “cardiovascular tissue” as used herein is defined as heart tissue

and/or blood vessel tissue.

[0066] As used herein, the term “coronary artery disease” (CAD) refers to a type of
cardiovascular disease. CAD is caused by gradual blockage of the coronary atteries. One of skill
in the art realizes that in coronary artery disease, atherosclerosis (commonly referred to as
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“hardening of the arteriesg’) causes thick patches of fatty tissue to form on the inside of the walls
of the coronary arteries. These patches are called plaque. As the plaque thickens, the artery
narrows and blood flow decreases, which results in a decrease in oxygen to the myocardium.
This decrease in blood flow precipitates a series of consequences for the myocardium. For
example, interruption in blood flow to the myocardium results in an “infarct” (myocardial

infarction), which is commonly known as a heart attack.

[0067] As used herein, the term "damaged myocardium" refers to myocardial cells
that have been exposed to ischemic conditions. These ischemic conditions may be caused by a
myocardial infarction, or other cardiovascular disease or related complaint. The lack of oxygen

causes the death of the cells in the surrounding area, leaving an infarct, which eventually scars.

[0068] The term “fibrosis” as used herein refers to formation of fibrous tissue in

the lining and the muscle of the heart.

[0069] As used herein, the term “infarct” or “myocardial infarction (MI)” refers to
an interruption in blood flow to the myocardium. Thus, one of skill in the art refers to MI as

death of cardiac muscle cells resulting from inadequate blood supply.

[0070] As used herein, the term “ischemic heart disease” refers to a lack of oxygen
due to inadequate perfusion or blood supply. Ischemic heart disease is a condition having
diverse etiologies. One specific etiology of ischemic heart disease is the consequence of

atherosclerosis of the coronary arteries.
[0071] As used herein, the term “myocardium” refers to the muscle of the heart.

[0072] As used herein, the term "pharmaceutically acceptable carrier" includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for pharmaceutically
active substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the vectors or cells of the present invention, its use in therapeutic
compositions is contemplated. Supplementary active ingredients also can be incorporated into

the compositions.
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[0073]  As used herein, the term “selectively inhibiting” refers to the preferential
inhibition of ROCK 1 instead of other molecules, such as other Rho kinase-related molecules,
including ROCK2. The selective inhibition may be complete, such as the agent being ineffective
against ROCK?2, including having no detectable effect on ROCK2. In alternative embodiments,
the selective inhibition permits a minor amount of inhibition of ROCK?2, although significantly
reduced compared to the inhibition of ROCK1. In specific embodiments, ROCK1 inhibition is
about 5-fold greater than ROCK 2, is about 10-fold greater than ROCK2, is about 50-fold greater
than ROCK2, is about 100-fold greater than ROCK2, is about 500-fold greater than ROCK2, is
about 1000-fold greater than ROCK2, is about 10,000-fold greater than ROCK2, and so forth.

[0074] The term “therapeutically effective amount” as used herein refers to an
amount that results in an improvement or remediation of the disease, disorder, or symptoms of

the disease or condition.

[0075] The term "treating" and "treatment" as used herein refers to administering to
a subject a therapeutically effective amount of a the composition so that the subject has an
improvement in the disease. The improvement is any improvement or remediation of the
symptoms. The improvement is an observable or measurable improvement. Thus, one of skill in
the art realizes that a treatment may improve the disease condition, but may not be a complete

cure for the disease.

II. The Present Invention

[0076] The present invention generally concerns preventing apoptosis and/or
fibrosis in tissue, particularly cardiac tissue, by inhibiting Rho kinase. Specifically, it concerns
cardiac therapy and/or diagnosis generally related to Rho kinase. In specific embodiments, it
concerns selective inhibition of ROCK1 in the absence of inhibiting ROCK?2 for treatment and/or
prevention of cardiac failure. In particular embodiments, cross-kinase inhibition is undesirable
for a variety of reasons, and thus the invention concems specific inhibition of ROCK1 to the
exclusion of inhibition of ROCK2. In particular embodiments, the selective inhibition of
ROCK1 occurs in all tissues in which ROCK1 and ROCK2 are expressed, or it may selectively
inhibit ROCK1 in only certain tissues, such as only in cardiac tissue, liver tissue, kidney tissue,

lung tissue, or vasculature tissue, for example. In specific embodiments, there is specific
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inhibition of ROCK1 and not ROCK2 that inhibits apoptosis and/or fibrosis while maintaining
the adaptive response of cardiomyocyte enlargement. This is in direct contrast to other Rho

kinase inhibitors, such as Y27632 and fasudil, for example.

[0077] Heart failure develops at the end-stage of any heart disease with chronic
mechanical overload. A loss of cardiomyocytes by overload-induced apoptosis, in one
embodiment of the invention, results in the progressive character of the disease. Two aspects of
cardiac apoptosis are related to the present invention: 1) signaling pathways activated in response
to pressure overload trigger myocyte apoptosis; and 2) contributory roles to the transition from
compensated hypertrophy to heart failure. Although the concept for a pathological role of
caspase 3 activation in heart failing has been widely accepted, the extent of its contribution to the
development of heart failure, as well as the mechanisms mediating its effects on myocardial
structure and function changes, remain poorly understood. A number of molecules have recently
been identified as direct substrates of caspase 3 in failing cardiomyocytes, but their contributory

roles to the depressed contractility and cell loss are only speculative.

[0078] Among the signaling pathways activated in response to pressure overload,
those signaling pathways involved RhoA, ROCK1 and SRF are of particular interest. Besides
their numerous functions in cellular biology, their roles in mediating the mechanical signals and
in cardiomyocyte apoptosis are characterized herein. In a specific embodiment, ROCKI
activation in response to pressure overload potentiates the transition to heart failure. The present
inventors have also established a correlative relationship between caspase 3 activation and
changes in the expression and/or activity of ROCK1 and SRF in apoptotic cardiomyocytes and in
human failing hearts. Their contributory roles and mechanistic insights in the pathogenesis of
chronic heart failure using appropriate exemplary in vitro and in vivo experimental systems are

described herein.

[0079] In particular, pathological cardiac hypertrophy in response to pressure
overload is initially a compensatory response but eventually leads to decompensation resulting in
heart failure or sudden death. Identification of signaling pathways regulating hypertrophic
growth, myocyte contractility and survival provides useful information for therapy aimed at
preventing or retarding the development of heart failure. Through a loss-of-function approach,
the present inventors have demonstrated that ROCK1 is an important mediator of hypertrophic
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and apoptotic signals under pressure overload condition. They have also identified ROCK1 and
SRF as direct substrates of activated caspase 3 in human failing hearts and in apoptotic
cardiomyocytes. The present invention determines the contributory roles of ROCK1 and its
activation by caspase 3 cleavage in the initiation and progression of heart failure. As a part of
the invention, transgenic mouse models that mimic the pathological processes observed in failing

human hearts in order to understand the underlying mechanisms are provided.

[0080] FIG. 2 illustrates an exemplary schematic for the present invention.
Pressure overload activates RhoA signaling pathway, which in turn transiently activates ROCK1
as well as ROCK?2. Activation of apoptotic machinery by pressure overload leads to caspase 3
activation, which constitutively activates ROCK1 (but not ROCK2) through a RhoA-
independent mechanism. Activation of ROCK1 by RhoA or by caspase 3 in turn activates
caspase cascade and/or potentiate caspase 3-dependent cleavage of other caspase 3 substrates
including SRF. Activation of ROCK1 in response to pressure overload plays an important role in
the pathological changes of gene expression profiles, and in pathological remodeling including
increased myocyte death and interstitial fibrosis, resulting in depressed cardiac contractile
function. Activation of ROCK1 may also directly regulate myocyte contractility. The
contributory role of transient activation of ROCK1 by RhoA versus constitutive activation of
ROCK1 by caspase 3 to the development of heart failure will be evaluated in genetically

modified mouse models.

[0081] Role of Rho kinase in cardiac hypertrophy and heart failure. Rho kinase is a

downstream mediator of RhoA, and is believed to play a critical role in mediating the effects of
RhoA on stress fiber formation, smooth muscle contraction, cell adhesion, membrane ruffling
and cell motility (Amano et al., 2000; Riento and Ridley, 2003). The Rho kinase family contains
two members: ROCK1 (p160ROCK) and its close relative ROCK2 (ROKa) (Matsui et al., 1996;
Ishizaki et al., 1996; Nakagawa et al, 1996). The best characterized in vivo downstream
mediators of Rho kinase are myosin light chain phosphatase, myosin light chain (Amano ef al.,
1997; Kimura et al., 1996; Leung et al., 1996) and LIM kinase (Maekawa ez al., 1999; Arber et
al., 1998).

[0082] Rho kinase inhibition in cultured cardiomyocytes (by a specific
pharmacological Rho kinase inhibitor, Y27632 or by dominant-negative mutants of Rho kinase,
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for example) indicates that Rho kinase mediates part of the effect of RhoA on myofiber assembly
and hypertrophic gene expression induced by phenylephrine, endothelin-1 or activated RhoA
(Hoshijima et al., 1998; Kawahara et al., 1999). Rho kinase expression and activity are also up-
regulated in the failing heart of Dahl salt-sensitive hypertensive rats (Kobayashi et al., 2002;
Satoh et al., 2003), and in the hypertrophic heart of angiotensin Il-infused rats (Higashi ez al.,
2003). Administration of Y27632 to Dahl salt-sensitive hypertensive rats, leads to the regression
of cardiac hypertrophy and decreased pathological remodeling (Kobayashi ez al., 2002; Satoh ez
al., 2003). Administration of fasudil, another chemical inhibitor of Rho kinase, suppresses
angiotensin IT-induced coronary vascular hypertrophy, endothelial dysfunction and
cardiomyocyte hypertrophy (Higashi et al., 2003). However, in these studies, the chemical
inhibitors of Rho kinase inhibit the activity of both Rho kinase isoforms, which may have
differential functional activities in the pathogenesis of cardiac dysfunction and remodeling-under
pressure overload. The ROCKI-deficient mice described herein provide a unique model to

address specific roles of this Rho kinase isoform in cardiac hypertrophy and heart failure.

[0083] Role of Rho kinases in apoptosis of non-cardiac and cardiac cells. The

majority of studies investigating a potential role of Rho kinase in apoptosis have not been
performed in cardiac cells. Inhibition of the Rho kinase pathway has different effects on survival
and apoptosis depending on cell type and on apoptotic stimuli. The anti-apoptotic effect of Rho
kinase has been observed in cultured airway epithelial cells (Moore et al, 2003), vascular
smooth muscle (Matsumoto et al., 2003) and human umbilical vein endothelial cells (Li ez al.,
2002), hepatic stellate cells (Tkeda et al., 2003) and also rat neonatal cardiomyocytes (Ogata et
al., 2002). In specific embodiments, this survival effect of Rho kinase is mediated by its role in

maintaining the integrity of actin cytoskeletal structure.

[0084] In another embodiment, the apoptotic effect of Rho kinase has been
observed in an erythroblastic cell line (TF-1) treated with phorbol ester (Lai ez al., 2002; Lai et
al., 2003), bovine pulmonary endothelial cells treated with TNFa (petrache et al., 2003). This
apoptotic effect of Rho kinase is believed to be mediated via regulation of actin cytoskeletal
rearrangement, which in turn induces the activation of the caspase cascade (possibly via the
assembly of the death-inducing signaling complex) (Lai et al., 2003; Petrache et al., 2003).
Recently, ROCK1 was shown to be a direct substrate of caspase 3 in NIH3T3 fibroblasts
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(Coleman et al., 2001), HeLa cells (Ueda et al., 2001), haematopoietic cell lines and epithelial
cell lines (Sebbagh et al., 2001). Cleaved ROCK1 regulates actin cytoskeleton during apoptosis
and is responsible for bleb formation in apoptotic cells (Coleman et al., 2001; Ueda et al., 2001;
Sebbagh et al., 2001). These observations indicate that Rho kinase has multiple roles in

apoptosis.

[0085] The present inventors have observed that ROCK1 is cleaved by caspase 3 in
human failing hearts and in apoptotic cardiomyocytes. In addition, the cleaved ROCK1 fragment
is sufficient to induce activation of caspase 3 in cultured cardiomyocytes, suggesting that caspase
3-dependent cleavage and activation of ROCKI may play an important role in myocyte

apoptosis.

[0086] Role of SRF in cardiac hypertrophy and heart failure. SRF is a member of

an ancient family of DNA-binding proteins, which contain a highly conserved DNA
binding/dimerization domain of 90 amino acids, termed the MADS box (Norman et al., 1988). A
large number of cardiac and smooth muscle genes contain serum response elements in their
promoter regions (Lee and Schwartz, 1992; Li et al., 1997). Transgenic mice with cardiac
specific overexpression of wild-type or a dominant negative mutant SRF develop cardiac
hypertrophy or dilated heart failure, respectively (Zhang et al., 2001; Zhang et al., 2001). SRF
mutants derived from alternative splicing or truncation of the C-terminal transactivation domain
act as a dominant negative for endogenous SRF (Belaguli et al., 1999). Two recent studies in
non-cardiac cell culture systems have shown that caspase 3 activation in apoptotic cells leads to
SRF cleavage (Drewett et al., 2001; Betolotto et al., 2000), and that the expression of an SRF
mutant, which can not be cleaved by caspase 3, significantly suppresses apoptosis (Drewett et
al., 2001). The present inventors determined that SRF is also a direct target of caspase 3 in
failing heart and a 32 kDa SRF cleavage product acts as a dominant negative transcription factor,
indicating that caspase 3-dependent cleavage of SRF leads to the alteration of the expression of

many cardiac genes.

[0087] Role of Rho kinase in regulating SRF transcriptional activity. The inventors
determined that Rho kinase directly phosphorylates SRF on its MADS box, and this
phosphorylation selectively inhibits SRF myogenic gene targets in C2C12 myoblasts and
embryonic stem cells. Consistent with this finding, precocious expression of cardiac c-actin was
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observed (an early cardiac differentiation marker) in early chick embryos treated with Rho
kinase inhibitor, Y27632, indicating that Rho kinase inhibits cardiomyocyte differentiation and
SRF myogenic gene targets in precardiac cells (Wei et al., 2001). Recent in vitro data indicate a
novel role for SRF phosphorylation by Rho kinase: in specific embodiments, this
phosphorylation facilitates SRF cleavage by caspase 3, contributing to the down-regulation of
SRF expression in failing heart.

III. ROCK

[0088] ROCKI is a RhoA-binding protein with Ser/Thr protein kinase activity and
is 1358 amino acids in length. The polypeptide includes a catalytic kinase domain at the N-
terminus, which is about 300 amino acids in length and comprises the conserved motifs
characteristic of Ser/Thr kinases; the kinase domain is also involved in binding to RhoE, which is
a negative regulator of ROCK activity. In addition, the C-terminus of ROCKI has several
functional domains, including a Rho-binding domain within a flexible coiled-coil region, a
pleckstrin homology (PH) domain, and a cysteine-rich domain. In some embodiments, the PH
domain is likely necessary for regulation by interacting with lipid messengers, for example,

arachidonic acid.

[0089] Exemplary ROCK inhibitors include Y-27632 and fasudil, which bind to
the kinase domain to inhibit its enzymatic activity in an ATP-competitive mechanism. Negative
regulators of ROCK activation include small GTP-binding proteins such as Gem, RhoE, and
Rad, which can attenuate ROCK activity. Autoinhibitory activity of ROCK is demonstrated
upon interaction of the carboxyl terminus with the kinase daomain to reduce kinase activity. The
Rho-binding domain, which is about 80 amino acids in length and is required for interaction with
activated RhoA, comprises considerable sequence similarity to domains present in some Rho
binding proteins. Additional ROCK inhibitors include WO 01/56988; WO 02/100833; WO
03/059913; WO 02/076976; WO 04/029045; WO 03/064397; WO 04/039796; WO 05/003101;
WO 02/085909; WO 03/082808; WO 03/080610; WO 04/112719; WO 03/062225; and WO
03/062227, for example. In some of these cases, motifs in the inhibitors include an indazole
core; a 2-aminopyridine/pyrimidine core; a 9-deazaguanine deriviative; benzamide-comprising;

aminofurazan-comprising; and/or a combination thereof.
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[0090] The two isoforms of ROCK include ROCK1 (which may also be referred to
asROK-B or pl60ROCK) and ROCKII (which may also be referred to as ROK-o or Rho-
kinase). The two isoforms have 65% sequence similarity overall, and the kinase domains
comprise 92% sequence identity. Although both isoforms are ubiquitously expressed in tissues,
there are differing intensities in certain tissues. In specific embodiments of the invention,
ROCK1 is targeted instead of ROCK 2, and the agent for such is an inhibitor that binds to an

allosteric site, for example.

IV. Treatment of Cardiovascular/Cardiac Disease

[0091] Cardiovascular/cardiac diseases and/or disorders include, but are not limited
to, diseases and/or disorders of the pericardium (i.e., pericardium), heart valves (i.e., incompetent
valves, stenosed valves, Rheumatic heart disease, mitral valve prolapse, aortic regurgitation),
myocardium (coronary artery disease, myocardial infarction, heart failure, ischemic heart
disease, angina) blood vessels (i.e., arteriosclerosis, aneurysm) or veins (i.e., varicose veins,
hemorrhoids). In specific embodiments, the cardiovascular disease includes, but is not limited
to, coronary artery diseases (i.e., arteriosclerosis, atherosclerosis, and other diseases of the
arteries, arterioles and capillaries or related complaint), myocardial infarction and ischemic heart

disease.

V. Combined Cardiac Disease Treatments

[0092] In order to increase the effectiveness of the composistions and/or methods
described herein, it may be desirable to combine these compositions and methods of the
invention with a known agent effective in the treatment of cardiac disease or disorder. In some
embodiments, it is contemplated that a conventional therapy or agent, including but not limited
to, a pharmacological therapeutic agent, a surgical therapeutic agent (e.g., a surgical procedure),
a device, or a combination thereof, may be combined with the agent of the invention (such as a
nucleic acid, peptide, polyeptide, PH domain, caspase inhibitor(s) and/or uncleavable Rho
kinase). In a non-limiting example, a therapeutic benefit comprises repair of myocardium or
vascular tissue or reduced restenosis following vascular or cardiovascular intervention, such as

occurs during a medical or surgical procedure, for example.

[0093] This process may involve contacting the cell(s) with an agent(s) and the

caspase inhibitor(s) and/or uncleavable Rho kinase of the present invention at substantially the
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same time or within a period of time wherein separate administration of the caspase inhibitor(s)
and/or uncleavable Rho kinase and an agent to a cell, tissue or organism produces a desired
therapeutic benefit. The terms “contacted” and “exposed,” when applied to a cell, tissue or
organism, are used herein to describe the process by which the caspase inhibitor(s) and/or
uncleavable Rho kinase and/or therapeutic agent(s) are delivered to a target cell, tissue or
organism or are placed in direct juxtaposition with the target cell, tissue or organism. The cell,
tissue or organism may be contacted (e.g., by administration) with a single composition or
pharmacological formulation that comprises both a caspase inhibitor(s) and/or uncleavable Rho
kinase and one or more agents, or by contacting the cell with two or more distinct compositions
or formulations, wherein one composition includes a caspase inhibitor(s) and/or uncleavable Rho

kinase and the other includes one or more agents.

[0094] The treatment may precede, be concurrent with and/or follow the other
agent(s) by intervals ranging from minutes to weeks. In embodiments where the caspase
inhibitor(s) and/or uncleavable Rho kinase, and other agent(s) are applied separately to a cell,
tissue or organism, one would generally ensure that a significant period of time did not expire
between the time of each delivery, such that the caspase inhibitor(s) and/or uncleavable Rho
kinase and agent(s) would still be able to exert an advantageously combined effect on the cell,
tissue or organism. For example, in such instances, it is contemplated that one may contact the
cell, tissue or organism with two, three, four or more modalities substantially simultaneously (i.e.
within less than about a minute) as the caspase inhibitor(s) and/or uncleavable Rho kinase. In
other aspects, one or more agents may be administered within of from substantially
simultaneously, about minutes to hours to days to weeks and any range derivable therein, prior to

and/or after administering the smooth cells or a tissue derived therefrom.

[0095]  Administration of the caspase inhibitor(s) and/or uncleavable Rho kinase
composition to a cell, tissue or organism may follow general protocols for the administration of
vascular or cardiovascular therapeutics, taking into account the toxicity, if any. It is expected
that the treatment cycles would be repeated as necessary. In particular embodiments, it is
contemplated that various additional agents may be applied in any combination with the present

invention.
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A. Pharmacological Therapeutic Agents

[0096] Pharmacological therapeutic agents and methods of administration, dosages,
etc., are well-known to those of skill in the art (see for example, the “Physicians Desk
Reference”, Goodman & Gilman’s “The Pharmacological Basis of Therapeutics”, “Remington’s
Pharmaceutical Sciences”, and “The Merck Index, Eleventh Edition”, incorporated herein by
reference in relevant parts), and may be combined with the invention in light of the disclosures
herein. Some variation in dosage will necessarily occur depending on the condition of the
subject being treated. The person responsible for administration will, in any event, determine the
appropriate dose for the individual subject, and such individual determinations are within the

skill of those of ordinary skill in the art.

[0097] Non-limiting examples of a pharmacological therapeutic agent that may be
used in the present invention include an antihyperlipoproteinemic agent, an antiarteriosclerotic
agent, an antithrombotic/fibrinolytic agent, a blood coagulant, an antiarrhythmic agent, an
antihypertensive agent, a vasopressor, a treatment agent for congestive heart failure, or a

combination thereof.

B. Surgical Therapeutic Agents

[0098] In certain aspects, a therapeutic agent may comprise a surgery of some type,
which includes, for example, preventative, diagnostic or staging curative and/or palliative
surgery. Surgery, and in particular, a curative surgery, may be used in conjunction with other

therapies, such as the present invention and one or more other agents.

[0099]  Such surgical therapeutic agents for vascular and cardiovascular diseases
and disorders are well known to those of skill in the art, and may comprise, but are not limited to,
performing surgery on an organism, providing a cardiovascular mechanical prostheses,
angioplasty, coronary artery reperfusion, catheter ablation, providing an implantable cardioverter
defibrillator to the subject, mechanical circulatory support or a combination thereof. Non-
limiting examples of a mechanical circulatory support that may be used in the present invention
comprise an intra-aortic balloon counterpulsation, left ventricular assist device or combination

thereof.
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[0100] Further treatment of the area of surgery may be accomplished by perfusion,
direct injection, systemic injection or local application of the area with at least one additional
therapeutic agent (e.g., a caspase inhibitor(s) and/or uncleavable SRF, a pharmacological

therapeutic agent, and so forth), as would be known to one of skill in the art or described herein.

VI. Kits
[0101] Any of the compositions described herein may be comprised in a kit. In a
non-limiting example, a selective inhibitor of ROCK1 and/or additional agent may be comprised
in a kit. The kits may thus comprise, in suitable container means, the inhibitor and/or an
additional agent of the present invention. In specific embodiments, the kit comprises a ROCK1

inhibitor that does not also inhibit ROCK2.

[0102] The kits may comprise a suitably aliquoted inhibitor(s) and/or additional
agent compositions of the present invention, whether labeled or unlabeled, as may be used to
prepare a standard curve for a detection assay. The components of the kits may be packaged
either in aqueous media or in lyophilized form. The container means of the kits may generally
include at least one vial, test tube, flask, bottle, syringe or other container means, into which a
component may be placed, and preferably, suitably aliquoted. Where there is more than one
component in the kit, the kit also will generally contain a second, third or other additional
container into which the additional components may be separately placed. However, various
combinations of components may be comprised in a vial. The kits of the present invention also
will typically include a means for containing the inhibitor and/or the pharmacological
composition of the present invention, lipid, additional agent, and any other reagent containers in
close confinement for commercial sale. Such containers may include injection or blow-molded

plastic containers into which the desired vials are retained.

[0103] Therapeutic kits of the present invention are kits comprising one or more
ROCK 1-selective inhibitors. Such kits will generally contain, in suitable container means, a
pharmaceutically acceptable formulation of a selective inhibitor(s) of ROCK1. The kit may have

a single container means, and/or it may have distinct container means for each compound.

[0104] When the components of the kit are provided in one and/or more liquid

solutions, the liquid solution is an aqueous solution, with a sterile aqueous solution being
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particularly preferred. The stem cell compositions may also be formulated into a syringeable
composition. In which case, the container means may itself be a syringe, pipette, and/or other
such like apparatus, from which the formulation may be applied to an infected area of the body,
injected into an animal, and/or even applied to and/or mixed with the other components of the

kit.

[0105] However, the components of the kit may be provided as dried powder(s).
When reagents and/or components are provided as a dry powder, the powder can be reconstituted
by the addition of a suitable solvent. It is envisioned that the solvent may also be provided in

another container means.

[0106] The container means will generally include at least one vial, test tube, flask,
bottle, syringe and/or other container means, into which the stem cells are placed, preferably,
suitably allocated. The kits may also comprise a second container means for containing a sterile,

pharmaceutically acceptable buffer and/or other diluent.

[0107] The kits of the present invention will also typically include a means for
containing the vials in close confinement for commercial sale, such as, e.g., injection and/or

blow-molded plastic containers into which the desired vials are retained.

[0108] Irrespective of the number and/or type of containers, the kits of the
invention may also comprise, and/or be packaged with, an instrument for assisting with the
'injection/administration and/or placement of the ultimate the stem cell composition within the
body of an animal. Such an instrument may be a syringe, pipette, forceps, and/or any such

medically approved delivery vehicle.

VII. Definitions and Techniques Affecting Gene Products and Genes
A. Rho kinase Gene Products and Genes

[0109] In this patent, the terms " Rho kinase gene product" and " Rho kinase " refer
to proteins and polypeptides having amino acid sequences that are substantially identical to the
native Rho kinase amino acid sequences (or RNA, if applicable) or that are biologically active, in

that they are capable of performing functional activities similar to an endogenous Rho kinase
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and/or cross-reacting with anti-Rho kinase antibody raised against Rho kinase. In analogous

embodiments, “Rho kinase gene product,” and “Rho kinase” are referred to herein.

[0110] An example of a Rho kinase polypeptide sequence, followed by its National
Center for Biotechnology’s GenBank database Accession No. includes the exemplary ROCK1
polypeptide comprising SEQ ID NO:1 (NP_005397), or a functionally similar fragment thereof.
A skilled artisan can employ these exemplary sequences to identify peptides or nucleic acids

suitable for therapeutic applications.

[0111] The term " Rho kinase gene product " includes analogs of the respective
molecules that exhibit at least some biological activity in common with their native counterparts.
Such analogs include, but are not limited to, truncated polypeptides and polypeptides having
fewer amino acids than the native polypeptide. Furthermore, those skilled in the art of
mutagenesis will appreciate that homologs to the mouse Rho kinase polynucleotide, including
human homologs, which homologs are as yet undisclosed or undiscovered, may be used in the

methods and compositions disclosed herein.

[0112] The term " Rho kinase gene" “Rho kinase polynucleotide” or “Rho kinase
nucleic acid” refers to any DNA sequence that is substantially identical to a DNA sequence
encoding an Rho kinase gene product as defined above. The term also refers to RNA or
antisense sequences compatible with such DNA sequences. An " Rho kinase gene or Rho kinase
polynucleotide” may also comprise any combination of associated control sequences. In a
specific embodiment of the present invention, a Rho kinase polynucleotide including the
exemplary ROCK 1 polynucleotide of SEQ ID NO:2 (NM_005406), or a functionally similar
fragment thereof, is utilized. In specific embodiments, this exemplary ROCK1 polynucleotide or
a fragment thereof is employed as an inhibitor of ROCK1 expression. For example, the inhibitor
may comprise RNAi, siRNA, antisense ROCK1, and so forth.

[0113] Thus, nucleic acid compositions encoding ROCK1 are herein provided and
are also available to a skilled artisan at accessible databases, including the National Center for
Biotechnology Information’s GenBank database and/or commercially available databases, such

as from Celera Genomics, Inc. (Rockville, MD). Also included are splice variants that encode
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different forms of the protein, if applicable. The nucleic acid sequences may be naturally

occurring or synthetic.

[0114]  As used herein, the terms " ROCKI nucleic acid sequence,” “ROCK1
polynucleotide,” and “ROCK1 gene” refer to nucleic acids provided herein, homologs thereof,
and sequences having substantial similarity and function, respectively. A skilled artisan
recognizes that the sequences are within the scope of the present invention if they encode a
product which, facilitates diagnosis of cardiac failure and/or provides cardiac disease therapy,

and furthermore knows how to obtain such sequences, as is standard in the art.

[0115] The term "substantially identical", when used to define either a ROCKI
amino acid sequence or ROCK1 polynucleotide sequence, means that a particular subject
sequence, for example, a mutant sequence, varies from the sequence of natural ROCK1 by one or
more substitutions, deletions, or additions, the net effect of which is to retain at least some
biological activity of the ROCK1 protein, respectively. Alternatively, DNA analog sequences
are "substantially identical" to specific DNA sequences disclosed herein if: (a) the DNA analog
sequence is derived from coding regions of the natural ROCK1 gene; or (b) the DNA analog
sequence is capable of hybridization of DNA sequences of (a) under moderately stringent
conditions and which encode biologically active ROCK1; or (¢) DNA sequences which are
degenerative as a result of the genetic code to the DNA analog sequences defined in (a) or (b).
Substantially identical analog proteins will be greater than about 80% similar to the
corresponding sequence of the native protein. Sequences having lessef degrees of similarity but
comparable biological activity are considered to be equivalents. In determining polynucleotide
sequences, all subject polynucleotide sequences capable of encoding substantially similar amino
acid sequences are considered to be substantially similar to a reference polynucleotide sequence,

regardless of differences in codon sequence.

1. Percent Similarity
[0116] Percent similarity may be determined, for example, by comparing sequence
information using the GAP computer program, available from the University of Wisconsin
Geneticist Computer Group. The GAP program utilizes the alignment method of Needleman ez
al., 1970, as revised by Smith et al., 1981. Briefly, the GAP program defines similarity as the

number of aligned symbols (i.e. nucleotides or amino acids) which are similar, divided by the
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total number of symbols in the shorter of the two sequences. The preferred default parameters
for the GAP program include (1) a unitary comparison matrix (containing a value of 1 for
identities and O for non-identities) of nucleotides and the weighted comparison matrix of
Gribskov et al., 1986, (2) a penalty of 3.0 for each gap and an additional 0.01 penalty for each
symbol and each gap; and (3) no penalty for end gaps.

2. Polynucleotide Sequences

[0117] In certain embodiments, the invention concerns the use of Rho kinase genes
and gene products, such as the Rho kinase that includes a sequence which is essentially that of
the known Rho kinase gene, or the corresponding protein, respectively. The term "a sequence
essentially as Rho kinase " means that the sequence substantially corresponds to a portion of the
ROCK1 gene, respectively, and has relatively few bases or amino acids (whether DNA or
protein) that are not identical to those of ROCK1 (or a biologically functional equivalent thereof,
when referring to proteins), respectively. The term "biologically functional equivalent” is well
understood in the art and is further defined in detail herein. Accordingly, sequences that have
between about 70% and about 80%; or more preferably, between about 81% and about 90%; or
even more preferably, between about 91% and about 99%; of amino acids which are identical or
functionally equivalent to the amino acids of ROCK1 will be sequences which are "essentially

the same".

[0118] ROCKI genes that have functionally equivalent codons, respectively, are
also covered by the invention. The term "functionally equivalent codon" is used herein to refer
to codons that encode the same amino acid, such as the six codons for arginine or serine, and also

refers to codons that encode biologically equivalent amino acids (Table 1).
TABLE 1

FUNCTIONALLY EQUIVALENT CODONS.

Amino Acids Codons
Alanine Ala A GCA GCC GCG GCU
Cysteine Cys C UGC UGU
Aspartic Acid Asp D GAC GAU
Glutamic Acid Glu E GAA GAG
Phenylalanine Phe F uuc uuu
Glycine Gly G GGA GGC GGG GGU
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Histidine His H CAC CAU

Isoleucine Ile I AUA AUC AUU

Lysine Lys K AAA AAG

Leucine Leu L UUA UUG CUA CUC CUG cCuu
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCC cCu

Glutamine Gn Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG ucCu
Threonine Thr T ACA ACC ACG ACU

Valine Val Vv GUA GUC GUG GUU

Tryptophan Tp W UGG

Tyrosine Tyr Y UAC UAU

[0119] It will also be understood that amino acid and polynucleotide sequences
may include additional residues, such as additional N- or C-terminal amino acids or 5' or 3'
sequences, and yet still be essentially as set forth in one of the sequences disclosed herein, so
long as the sequence meets the criteria set forth above, including the maintenance of biological
protein activity where protein expression is concerned. The addition of terminal sequences
particularly applies to polynucleotide sequences that may, for example, include various non-
coding sequencés flanking either of the 5' or 3' portions of the coding region or may include

various internal sequences, i.e., introns, which are known to occur within genes.

[0120] In certain embodiments, the invention concerns the use of uncleavable Rho
kinase polynucleotide sequences, truncated Rho kinase polynucleotide sequences or
polynucleotide sequences that encode a Rho kinase polypeptide, respectively, with less amino
acids than native Rho kinase. The present invention also encompasses the use of DNA segments
that are complementary, or essentially complementary, to the sequences set forth in the
specification. Polynucleotide sequences that are "complementary" are those that are capable of
base-pairing according to the standard Watson-Crick complementarily rules. As used herein, the
term "complementary sequences” means polynucleotide sequences which are substantially
complementary, as may be assessed by the same nucleotide comparison set forth above, or as
defined as being capable of hybridizing to the polynucleotide segment in question under

relatively stringent conditions such as those described herein.
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3. Biologically Functional Equivalents

[0121] As mentioned above, modification and changes may be made in the
structure of Rho kinase and still obtain a molecule having like or otherwise desirable
characteristics, respectively. For example, certain amino acids may be substituted for other
amino acids in a protein structure without appreciable loss of activity for upregulating expression
of smooth muscle-specific polynucleotides. Since it is the interactive capacity and nature of a
protein that defines that protein's biological functional activity, certain amino acid sequence
substitutions and/or deletions can be made in a protein sequence (or, of course, its underlying
DNA coding sequence) and nevertheless obtain a protein with like or even countervailing
properties (e.g., antagonistic v. agonistic). It is thus contemplated by the inventors that various
changes may be made in the sequence of the Rho kinase proteins or peptides (or underlying
DNA) without appreciable loss of their biological utility or activity, respectively. Included in
such changes are truncated Rho kinase polypeptides and Rho kinase polypeptides having less

amino acid residues than native Rho kinase.

[0122] It is also well understood by the skilled artisan that, inherent in the
definition of a biologically functional equivalent protein or peptide, is the concept that there is a
limit to the number of changes that may be made within a defined portion of the molecule and
still result in a molecule with an acceptable level of equivalent biological activity. Biologically
functional equivalent peptides are thus defined herein as those peptides in which certain, not
most or all, of the amino acids may be substituted. Of course, a plurality of distinct
proteins/peptides with different substitutions may easily be made and used in accordance with

the invention.

[0123] It is also well understood that where certain residues are shown to be
particularly important to the biological or structural properties of a protein or peptide, e.g.,
residues in active sites, such residues may not generally be exchanged. This is the case in the
present invention, where any changes in Rho kinase that render the respective polypeptide
incapable of preventing or delaying entry into mitosis following DNA damage would result in a

loss of utility of the resulting peptide for the present invention.

[0124] Amino acid substitutions, such as those that might be employed in

modifying Rho kinase are generally based on the relative similarity of the amino acid side-chain
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substituents, for example, their hydrophobicity, hydrophilicity, charge, size, and the like. An
analysis of the size, shape and type of the amino acid side-chain substituents reveals that
arginine, lysine and histidine are all positively charged residues; that alanine, glycine and serine
are all a similar size; and that phenylalanine, tryptophan and tyrosine all have a generally similar
shape. Therefore, based upon these considerations, arginine, lysine and histidine; alanine,
glycine and serine; and phenylalanine, tryptophan and tyrosine; are defined herein as biologically

functional equivalents.

[0125] In making such changes, the hydropathic index of amino acids may be
considered. Each amino acid has been assigned a hydropathic index on the basis of their
hydrophobicity and charge characteristics, these are: isoleucine (+4.5); valine (+4.2); leucine
(+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine
(-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-
3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and
arginine (-4.5).

[0126] The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art (Kyte and Doolittle,
1982, incorporated herein by reference). It is known that certain amino acids may be substituted
for other amino acids having a similar hydropathic index or score and still retain a similar
biological activity. In making changes based upon the hydropathic index, the substitution of
amino acids whose hydroioathic indices are within +2 is preferred, those that are within +1 are

particularly preferred, and those within +0.5 are even more particularly preferred.

[0127] It is also understood in the art that the substitution of like amino acids can
be made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101, incorporated herein by
reference, states that the greatest local average hydrophilicity of a protein, as governed by the
hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and antigenicity,
i.e. with a biological property of the protein. It is understood that an amino acid can be
substituted for another having a similar hydrophilicity value and still obtain a biologically

equivalent protein.
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[0128]  As detailed in U.S. Patent 4,554,101, the following hydrophilicity values
have been assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1);
glutamate (+3.0 £ 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine
(00.4); proline (-0.5 £ 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3);
valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-
3.4).

[0129] In making changes based upon similar hydrophilicity values, the
substitution of amino acids whose hydrophilicity values are within £2 is preferred, those which
are within +1 are particularly preferred, and those within 0.5 are even more particularly

preferred.

[0130] While discussion has focused on functionally equivalent polypeptides
arising from amino acid changes, it will be appreciated that these changes may be effected by
alteration of the encoding DNA; taking into consideration also that the genetic code is degenerate

and that two or more codons may code for the same amino acid.

4. Sequence Modification Techniques

[0131] Modifications to the Rho kinase peptides may be carried out using
techniques such as site-directed mutagenesis. Such modifications may comprise those directed
to producing an uncleavable Rho kinase. In specific embodiments, an uncleavable SRF is
defined as one lacking cleavability. Site-specific mutagenesis is a technique useful in the
preparation of individual peptides, or biologically functional equivalent proteins or peptides,
through specific mutagenesis of the underlying DNA. The technique further provides a ready
ability to prepare and test sequence variants, for example, incorporating one or more of the
foregoing considerations, by introducing one or more nucleotide sequence changes into the
DNA. Site-specific mutagenesis allows the production of mutants through the use of specific
oligonucleotide sequences which encode the DNA sequence of the desired mutation, as well as a
sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient size and
sequence complexity to form a stable duplex on both sides of the deletion junction being
traversed. Typically, a primer of about 17 to 25 nucleotides in length is preferred, with about 5

to 10 residues on both sides of the junction of the sequence being altered.
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[0132] In general, the technique of site-specific mutagenesis is well known in the
art as exemplified by publications (Adelman et al., 1983). As will be appreciated, the technique
typically employs a phage vector that exists in both a single stranded and double stranded form.
Typical vectors useful in site-directed mutagenesis include vectors such as the M13 phage
(Messing et al., 1981). These phage are readily commercially available and their use is generally
well known to those skilled in the art. Double stranded plasmids are also routinely employed in
site directed mutagenesis which eliminates the step of transferring the gene of interest from a

plasmid to a phage.

[0133] In general, site-directed mutagenesis in accordance herewith is performed
by first obtaining a single-stranded vector or melting apart the two strands of a double stranded
vector which includes within its sequence a DNA sequence which encodes at least the Rho
kinase gene. An oligonucleotide primer bearing the desired mutated sequence is prepared,
generally synthetically, for example by the method of Crea et al. (1978). This primer is then
annealed with the single-stranded vector, and subjected to DNA polymerizing enzymes such as
E. coli polymerase I Klenow fragment, in order to complete the synthesis of the mutation-bearing
strand. Thus, a heteroduplex is formed wherein one strand encodes the original non-mutated
sequence and the second strand bears the desired mutation. This heteroduplex vector is then
used to transform appropriate cells, such as E. coli cells, and clones are selected that include

recombinant vectors bearing the mutated sequence arrangement.

[0134] The preparation of sequence variants of the selected gene using site-directed
mutagenesis is provided as a means of producing potentially useful Rho kinase and is not meant
to be limiting as there are other ways in which sequence variants of these peptides may be
obtained. For example, recombinant vectors encoding the desired genes may be treated with
mutagenic agents to obtain sequence variants (see, e.g., a method described by Eichenlaub, 1979)

for the mutagenesis of plasmid DNA using hydroxylamine.

5. Antisense Constructs
[0135] In some cases, a gene is essential to the life of the cell, wherein its removal,
such as by homologous replacement, results in the death of the cell. In other cases, a gene may
have aberrant functions that cannot be overcome by replacement gene therapy, even where the

“wild-type” molecule is expressed in amounts in excess of the mutant polypeptide. Antisense
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treatments are one way of addressing these situations. Antisense technology also may be used to
“knock-out” function of ROCK1 and/or SRF for a therapeutic purpose and/or in the development

of cell lines or transgenic mice for research, diagnostic and screening purposes, for example.

[0136] Antisense methodology takes advantage of the fact that nucleic acids tend to
pair with "complementary" sequences. By complementary, it is meant that polynucleotides are
those that are capable of base-pairing according to the standard Watson-Crick complementarily
rules. That is, the larger purines will base pair with the smaller pyrimidines to form
combinations of guanine paired with cytosine (G:C) and adenine paired with either thymine
(A:T) in the case of DNA, or adenine paired with uracil (A:U) in the case of RNA. Inclusion of
less common bases such as inosine, 5-methylcytosine, 6-methyladenine, hypoxanthine and others

in hybridizing sequences does not interfere with pairing.

[0137] Targeting double-stranded (ds) DNA with polynucleotides leads to triple-
helix formation; targeting RNA will lead to double-helix formation. Antisense polynucleotides,
when introduced into a target cell, specifically bind to their target polynucleotide and interfere
with transcription, RNA processing, transport, translation and/or stability. Antisense RNA
constructs, or DNA encoding such antisense RNA's, may be employed to inhibit gene
transcription or translation or both within a host cell, either in vitro or in vivo, such as within a

host animal, including a human subject.

[0138]  Antisense constructs may be designed to bind to the promoter and other
control regions, exons, introns or even exon-intron boundaries of a gene. It is contemplated that
the most effective antisense constructs will include regions complementary to intron/exon splice
junctions. Thus, it is proposed that a preferred embodiment includes an antisense construct with
complementarily to regions within 50-200 bases of an intron-exon splice junction. It has been
observed that some exon sequences can be included in the construct without seriously affecting
the target selectivity thereof. The amount of exonic material included will vary depending on the
particular exon and intron sequences used. One can readily test whether too much exon DNA is
included simply by testing the constructs in vitro to determine whether normal cellular function
is affected or whether the expression of related genes having complementary sequences is

affected.
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[0139]  As stated above, "complementary" or "antisense" means polynucleotide
sequences that are substantially complementary over their entire length and have very few base
mismatches. For example, sequences of fifteen bases in length may be termed complementary
when they have complementary nucleotides at thirteen or fourteen positions. Naturally,
sequences that are completely complementary will be sequences that are entirely complementary
throughout their entire length and have no base mismatches. Other sequences with lower
degrees of homology also are contemplated. For example, an antisense construct that has limited
regions of high homology, but also contains a non-homologous region (e.g., ribozyme) could be
designed. These molecules, though having less than 50% homology, would bind to target

sequences under appropriate conditions.

[0140] It may be advantageous to combine portions of genomic DNA with cDNA
or synthetic sequences to generate specific constructs. For example, where an intron is desired in
the ultimate construct, a genomic clone will need to be used. The cDNA or a synthesized
polynucleotide may provide more convenient restriction sites for the remaining portion of the

construct and, therefore, would be used for the rest of the sequence.

6. RNA Interference

[0141] RNA interference (RNAi) is the process of sequence-specific, post-
transcriptional gene silencing in animals and plants, initiated by double-stranded RNA (dsRNA)
that is homologous in sequence to the silenced gene. Elbashir et al. (2001a) demonstrated that
21- and 22-nt RNA fragments are the sequence-specific mediators of RNAi. In a specific
embodiment, the short interfering RNAs (siRNAs) are generated by an RNase III-like processing
reaction from long dsRNA. Chemically synthesized siRNA duplexes with overhanging 3' ends
mediate efficient target RNA cleavage in the lysate, and the cleavage site is located near the
center of the region spanned by the guiding siRNA. Furthermore, the direction of dsRNA
processing determines whether sense or antisense target RNA can be cleaved by the siRNA-
protein complex. Also, Elbashir et al. (2001b) showed that 21-nucleotide siRNA duplexes
specifically suppress expression of endogenous and heterologous genes in different mammalian

cell lines, including human embryonic kidney (293) and HeLa cells.
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[0142] Therefore, a skilled artisan recognizes that 21-nucleotide siRNA duplexes
provide an effective tool for studying gene function in mammalian cells and are useful as gene-

specific therapeutics.

7. Synthetic Polypeptides

[0143] The present invention also describes Rho kinase proteins and related
peptides for use in various embodiments of the present invention. The Rho kinase polypeptide
may have fewer amino acids than native Rho kinase. Relatively small peptides can be
synthesized in solution or on a solid support in accordance with conventional techniques.
Various automatic synthesizers are commercially available and can be used in accordance with
known protocols. See, for example, Stewart and Young, (1984); Tam et al., (1983); Merrifield,
(1986); and Barany and Merrifield (1979), each incorporated herein by reference. Short peptide
sequences, or libraries of overlapping peptides, usually from about 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acids, which correspond to the selected regions
described herein, can be readily synthesized and then screened in screening assays designed to
identify reactive peptides. Alternatively, recombinant DNA technology may be employed
wherein a nucleotide sequence which encodes a peptide of the invention is inserted into an
expression vector, transformed or transfected into an appropriate host cell and cultivated under

conditions suitable for expression.

8. Other Structural Equivalents
[0144] In addition to the Rho kinase peptidyl compounds described herein, the
inventors also contemplate that other sterically similar compounds may be formulated to mimic
the key portions of the peptide structure. Such compounds may be used in the same manner as
the peptides of the invention and hence are also functional equivalents. The generation of a
structural functional equivalent may be achieved by the techniques of modeling and chemical
design known to those of skill in the art. It will be understood that all such sterically similar

constructs fall within the scope of the present invention.
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B. Expression Vectors

[0145] In certain aspects of the present invention it may be necessary to express the
Rho kinase proteins and/or polypeptides. Throughout this application, the term "expression
construct” is meant to include any type of genetic construct containing a polynucleotide coding
for a gene product in which part or all of the polynucleotide encoding sequence is capable of
being transcribed. The transcript may be translated into a protein, but it need not be. Thus, in
certain embodiments, expression includes both transcription of a Rho kinase polynucleotide,
respectively, and translation of the respective Rho kinase mRNA into an Rho kinase protein or
polypeptide product, respectively. In other embodiments, expression only includes transcription
of the polynucleotide encoding an Rho kinase or its complement. In some embodiments, the
Rho kinase sequences are comprised on three or more separate vectors. In other embodiments,

the Rho kinase sequences are comprised on one or two vectors.

[0146] A skilled artisan recognizes that if more than one vector is utilized, it is
preferential to have nonidentical means, such as markers, to monitor uptake of the vector.
Usually the inclusion of a drug selection marker aids in the cloning and identification of
transformants, for example, genes that confer resistance to neomycin, puromycin, hygromycin,
DHFR, GPT, zeocin and histidinol are useful selectable markers. In addition to markers
conferring a phenotype that allows for the discrimination of transformants based on the
implementation of conditions, other types of markers including screenable markers such as GFP,
whose basis is colorimetric analysis, are also contemplated. Alternatively, screenable enzymes
such as herpes simplex virus thymidine kinase (tk) or chloramphenicol acetyltransferase (CAT)
may be utilized. One of skill in the art would also know how to employ immunologic markers,
possibly in conjunction with FACS analysis. The marker used is not believed to be important, so
long as it is capable of being expressed simultaneously with the nucleic acid encoding a gene
product. Further examples of selectable and screenable markers are well known to one of skill in
the art Examples of some markers include ampicillin, neomycin, kanamycin, tetracycline, and -

galactosidase.

[0147] In order for the construct to effect expression of at least a Rho kinase
transcript, the polynucleotide encoding the Rho kinase polynucleotide, respectively, will be

under the transcriptional control of a promoter. A "promoter" refers to a DNA sequence
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recognized by the synthetic machinery of the host cell, or introduced synthetic machinery, that is
required to initiate the specific transcription of a gene. The phrase "under transcriptional
control" means that the promoter is in the correct location in relation to the polynucleotide to
control RNA polymerase initiation and expression of the polynucleotide. In specific
embodiments, the promoter comprises a SRE or CArG box. In a specific embodiment, the

promoter is SM22a promoter or SMA promoter

[0148] In a preferred embodiment the promoter is a synthetic myogenic promoter
and hGH 3’ untranslated region is in the 3" untranslated region. In a specific embodiment of the
present invention there is utilized a synthetic promoter, termed SPc5-12 (Li et al., 1999) which
contains a proximal serum response element (SRE) from skeletal ai-actin, multiple MEF-2 sites,
MEF-1 sites, and TEF-1 binding sites, and greatly exceeds the transcriptional potencies of
natural myogenic promoters. Other elements, including trans-acting factor binding sites and
enhancers may be used in accordance with this embodiment of the invention. In an alternative
embodiment, a natural myogenic promoter is utilized, and a skilled artisan is aware how to
obtain such promoter sequences from databases including the National Center for Biotechnology

Information (NCBI) GenBank database.

[0149] The term promoter will be used herein to refer to a group of transcriptional
control modules that are clustered around the initiation site for RNA polymerase II. Much of the
thinking about how promoters are organized derives from analyses of several viral promoters,
including those for the HSV thymidine kinase (tk) and SV40 early transcription units. These
studies, augmented by more recent work, have shown that promoters are composed of discrete
functional modules, each consisting of approximately 7-20 bp of DNA, and containing one or

more recognition sites for transcriptional activator or repressor proteins.

[0150] At least one module in each promoter functions to position the start site for
RNA synthesis. The best-known example of this is the TATA box, but in some promoters
lacking a TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl
transferase gene and the promoter for the SV40 late genes, a discrete element overlying the start

site itself helps to fix the place of initiation.
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[0151] Additional promoter elements regulate the frequency of transcriptional
initiation. Typically, these are located in the region 30-110 bp upstream of the start site,
although a number of promoters have recently been shown to contain functional elements
downstream of the start site as well. The spacing between promoter elements frequently is
flexible, so that promoter function is preserved when elements are inverted or moved relative to
one another. In the tk promoter, the spacing between promoter elements can be increased to 50
bp apart before activity begins to decline. Depending on the promoter, it appears that individual

elements can function either co-operatively or independently to activate transcription.

[0152] The particular promoter that is employed to control the expression of a Rho
kinase polynucleotide, respectively, is not believed to be critical, so long as it is capable of
expressing the polynucleotide in the targeted cell at sufficient levels. Thus, where a human cell
is targeted, it is preferable to position the polynucleotide-coding region adjacent to and under the
control of a promoter that is capable of being expressed in a human cell. Generally speaking,
such a promoter might include either a human or viral promoter. However, in specific
embodiments, the promoter is operable in fibroblasts, stem cells, smooth muscle cells,

cardiomyocytes and/or a combination thereof.

[0153] In various embodiments, the human cytomegalovirus (CMV) immediate
early gene promoter, the SV40 early promoter and the Rous sarcoma virus long terminal repeat
can be used to obtain high-level expression of Rho kinase polynucleotide(s). The use of other
viral or mammalian cellular or bacterial phage promoters that are well-known in the art to
achieve expression of polynucleotides is contemplated as well, provided that the levels of

expression are sufficient to produce a growth inhibitory effect.

[0154] By employing a promoter with well-known properties, the level and pattern
of expression of a polynucleotide following transfection can be optimized. For example,
selection of a promoter that is active in muscle cells permits tissue-specific expression of Rho
kinase polynucleotides, respectively. Table 2 lists several elements/promoters that may be
employed, in the context of the present invention, to regulate the expression of Rho kinase
constructs. This list is not intended to be exhaustive of all the possible elements involved in the

promotion of Rho kinase expression but, merely, to be exemplary thereof.
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[0155] Enhancers were originally detected as genetic elements that increased
transcription from a promoter located at a distant position on the same molecule of DNA. This
ability to act over a large distance had little precedent in classic studies of prokaryotic
transcriptional regulation. Subsequent work showed that regions of DNA with enhancer activity
are organized much like promoters. That is, they are composed of many individual elements,

each of which binds to one or more transcriptional proteins.

[0156] The basic distinction between enhancers and promoters is operational. An
enhancer region as a whole must be able to stimulate transcription at a distance; this need not be
true of a promoter region or its component elements. On the other hand, a promoter must have
one or more elements that direct initiation of RNA synthesis at a particular site and in a
particular orientation, whereas enhancers lack these specificities. Promoters and enhancers are

often overlapping and contiguous, often seeming to have a very similar modular organization.

[0157] Additionally, any promoter/enhancer combination (as per the Eukaryotic
Promoter Data Base EPDB) could also be used to drive expression of a SRF construct. Use of a
T3, T7 or SP6 cytoplasmic expression system is another possible embodiment. Eukaryotic cells
can support cytoplasmic transcription from certain bacteriophage promoters if the appropriate
bacteriophage polymerase is provided, either as part of the delivery complex or as an additional

genetic expression vector.
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TABLE 2
ENHANCER

Immunoglobulin Heavy Chain

Immunoglobulin Light Chain

T-Cell Receptor

HLA DQaand DQ 8

B-Interferon

Interleukin-2

Interleukin-2 Receptor

MHC Class II 5

MHC Class 1 HLA-DRa

B-Actin

Muscle Creatine Kinase

Prealbumin (Transthyretin)

Elastase I

Metallothionein

Collagenase

Albumin Gene

o-Fetoprotein

1-Globin

B-Globin

c-fos

c-HA-ras

Insulin

Neural Cell Adhesion Molecule (NCAM)

al-Antitrypsin

H2B (TH2B) Histone

Mouse or Type I Collagen

Glucose-Regulated Proteins (GRP94 and GRP78)

Rat Growth Hormone

Human Serum Amyloid A (SAA)

Troponin I (TN I)

Platelet-Derived Growth Factor

Duchenne Muscular Dystrophy

SV40

Polyoma

Retroviruses

Papilloma Virus

Hepatitis B Virus

Human Immunodeficiency Virus

Cytomegalovirus

Gibbon Ape Leukemia Virus
[0158]  Further, selection of a promoter that is regulated in response to specific

physiologic signals can permit inducible expression of Rho kinase constructs, respectively. For
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example, with the polynucleotide under the control of the human PAI-1 promoter, expression is

inducible by tumor necrosis factor. Table 3 illustrates several promoter/inducer combinations:

TABLE 3
Element Inducer
MT II Phorbol Ester (TFA) Heavy metals
MMTYV (mouse mammary tumor virus) Glucocorticoids
B-Interferon Poly(r)XPoly(rc)
Adenovirus 5 E2 Elo
c-jun Phorbol Ester (TPA), H202
Collagenase Phorbol Ester (TPA)
Stromelysin Phorbol Ester (TPA), IL-1
SV40 Phorbol Ester (TPA)
Murine MX Gene Interferon, Newcastle Disease
GRP78 Gene A23187
o-2-Macroglobulin IL-6
Vimentin Serum
MHC Class I Gene H-2kB Interferon
HSP70Ela, SV40 Large T Antigen
Proliferin Phorbol Ester-TPA
Tumor Necrosis Factor FMA
Thyroid Stimulating Hormone a Gene Thyroid Hormone

[0159] In certain embodiments of the invention, the delivery of an expression
vector in a cell may be identified in vitro or in vivo by including a marker in the expression
vector. The marker would result in an identifiable change to the transfected cell permitting easy
identification of expression. Usually the inclusion of a drug selection marker aids in cloning and
in the selection of transformants. Alternatively, enzymes such as herpes simplex virus thymidine
kinase (tk) (eukaryotic) or chloramphenicol acetyltransferase (CAT) (prokaryotic) may be
employed. Immunologic markers also can be employed. The selectable marker employed is not
believed to be important, so long as it is capable of being expressed along with the
polynucleotide encoding Rho kinase. Further examples of selectable markers are well known to

one of skill in the art.

[0160] One typically will include a polyadenylation signal to effect proper
polyadenylation of the transcript. The nature of the polyadenylation signal is not believed to be
crucial to the successful practice of the invention, and any such sequence may be employed. The

inventor has employed the SV40 polyadenylation signal in that it was convenient and known to
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function well in the target cells employed. Also contemplated as an element of the expression
construct is a terminator. These elements can serve to enhance message levels and to minimize

read through from the construct into other sequences.

[0161] The expression construct may comprise a virus or engineered construct
derived from a viral genome. The ability of certain viruses to enter cells via receptor-mediated
endocytosis and, in some cases, integrate into the host cell chromosomes, have made them
attractive candidates for gene transfer in to mammalian cells. However, because it has been
demonstrated that direct uptake of naked DNA, as well as receptor-mediated uptake of DNA
complexes, expression vectors need not be viral but, instead, may be any plasmid, cosmid or
phage construct that is capable of supporting expression of encoded genes in mammalian cells,

such as pUC or Bluescript™ plasmid series.

C. Rational Drug Design

[0162] The goal of rational drug design is to produce structural analogs of
biologically active polypeptides or compounds with which they interact (agonists, antagonists,
inhibitors, binding partners, efc.). By creating such analogs, it is possible to fashion drugs which
are more active or stable than the natural molecules, which have different susceptibility to
alteration, or which may affect the function of various other molecules. In one approach, one
would generate a three-dimensional structure for Rho kinase (such as ROCK1 selectively), for an
uncleavable Rho kinase (such as ROCK1 selectively), for a caspase inhibitor (for ROCKI1
selectively), or a fragment thereof. This could be accomplished by x-ray crystallography,
computer modeling or by a combination of both approaches. An alternative approach, “alanine
scan,” involves the random replacement of residues throughout molecule with alanine, and the

resulting affect on function determined.

[0163] It also is possible to isolate, for example, a Rho kinase (such as ROCK1
selectively) specific antibody, selected by a functional assay, and then solve its crystal structure.
In principle, this approach yields a pharmacore upon which subsequent drug design can be based.
It is possible to bypass protein crystallography altogether by generating anti-idiotypic antibodies
to a funcﬁonal, pharmacologically active antibody. As a mirror image of a mirror image, the

binding site of anti-idiotype would be expected to be an analog of the original antigen. The anti-
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idiotype could then be used to identify and isolate peptides from banks of chemically- or
biologically-produced peptides. Selected peptides would then serve as the pharmacore. Anti-
idiotypes may be generated using the methods described herein for producing antibodies, using

an antibody as the antigen.

[0164] Thus, one may design drugs that have improved Rho kinase, such as
ROCK1-selective, activity or that act as stimulators, inhibitors, agonists, antagonists or Rho
kinase or molecules affected by Rho kinase (such as ROCK1-selective) function. By use of
cloned Rho kinase (such as ROCKI selective) sequences, sufficient amounts of Rho kinase
(such as ROCK1 selective) can be produced to perform crystallographic studies. In addition,
knowledge of the polypeptide sequences permits computer-employed predictions of structure-

function relationships.

[0165] The present invention also contemplates the use of Rho kinase and active
fragments, and nucleic acids coding therefor, in the screening of compounds for activity in either
stimulating Rho kinase activity, overcoming the lack of Rho kinase or blocking the effect of a

mutant Rho kinase molecule.

[0166] The present invention also encompasses the use of various animal models.
By developing or isolating mutant cells lines that fail to express normal Rho kinase, one can, in
some embodiments, generate cardiac disease models in mice that will be highly predictive of
same in humans and other mammals. Transgenic animals that lack a wild-type Rho kinase may

be utilized as models for cardiac disease development and treatment.

[0167] Treatment of animals with test compounds will involve the administration
of the compound, in an appropriate form, to the animal. Administration will be by any route the
could be utilized for clinical or non-clinical purposes, including but not limited to oral, nasal,
buccal, rectal, vaginal or topical. Alternatively, administration may be by intratracheal
instillation, bronchial instillation, intradermal, subcutaneous, intramuscular, intraperitoneal or
intravenous injection. Specifically contemplated are systemic intravenous injection, regional

administration via blood or lymph supply and intratumoral injection.

[0168] Determining the effectiveness of a compound iz vivo may involve a variety

of different criteria. Such criteria include, but are not limited to, survival, reduction of tumor
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burden or mass, arrest or slowing of tumor progression, elimination of tumors, inhibition or
prevention of metastasis, increased activity level, improvement in immune effector function and

improved food intake.

VIII. Pharmaceutical Compositions and Routes of Administration

[0169] Compositions of the present invention may have an effective amount of a
specific ROCK1 inhibitor for therapeutic administration for cardiac disease and, in some
embodiments, in combination with an effective amount of a compound (second agent) that is an
anti-cardiac disease agent. Such compositions will generally be dissolved or dispersed in a

pharmaceutically acceptable carrier or aqueous medium.

[0170] The phrases "pharmaceutically or pharmacologically acceptable" refer to
molecular entities and compositions that do not produce an adverse, allergic or other untoward
reaction when administered to an animal, or human, as appropriate. ~As used herein,
"pharmaceutically acceptable carrier" includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents and the like. The use
of such media and agents for pharmaceutical active substances is well known in the art. Except
insofar as any conventional media or agent is incompatible with the active ingredients, its use in
the therapeutic compositions is contemplated. Supplementary active ingredients, such as other

anti-cancer agents, can also be incorporated into the compositions.

[0171] In addition to the compounds formulated for parenteral administration, such
as intravenous or intramuscular injection, other pharmaceutically acceptable forms include, e.g.,
tablets or other solids for oral administration; time release capsules; and any other form currently

used, including cremes, lotions, mouthwashes, inhalants and the like.

[0172] The expression vectors and delivery vehicles of the present invention may
include classic pharmaceutical preparations. Administration of these compositions according to
the present invention will be via any common route so long as the target tissue is available via
that route. This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively,
administration may be by orthotopic, intradermal, subcutaneous, intramuscular, intraperitoneal or
intravenous injection. Such compositions would normally be administered as pharmaceutically

acceptable compositions, described supra.
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[0173] The vectors of the present invention are advantageously administered in the
form of injectable compositions either as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid prior to injection also may be prepared. These preparations
also may be emulsified. A typical composition for such purposes comprises a 50 mg or up to
about 100 mg of human serum albumin per milliliter of phosphate buffered saline. Other
pharmaceutically acceptable carriers include aqueous solutions, non-toxic excipients, including
salts, preservatives, buffers and the like. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oil and injectable organic esters, such as theyloleate.
Aqueous carriers include water, alcoholic/aqueous solutions, saline solutions, parenteral vehicles
such as sodium chloride, Ringer’s dextrose, etc. Intravenous vehicles include fluid and nutrient
replenishers. Preservatives include antimicrobial agents, anti-oxidants, chelating agents and inert
gases. The pH and exact concentration of the various components in the pharmaceutical are

adjusted according to well-known parameters.

[0174] Additional formulations are suitable for oral administration. Oral
formulations include such typical excipients as, for example, pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate and the
. like. The compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained
release formulations or powders. When the route is topical, the form may be a cream, ointment,

salve or spray.

[0175] An effective amount of the therapeutic agent is determined based on the
intended goal. The term “unit dose” refers to a physically discrete unit suitable for use in a
subject, each unit containing a predetermined quantity of the therapeutic composition calculated
to produce the desired response in association with its administration, i.e., the appropriate route
and treatment regimen. The quantity to be administered, both according to number of treatments
and unit dose, depends on the subject to be treated, the state of the subject and the protection
desired. Precise amounts of the therapeutic composition also depend on the judgment of the

practitioner and are peculiar to each individual.

[0176] All of the essential materials and reagents required for delivery of a specific

ROCK!1 inhibitor may be assembled together in a kit. When the components of the kit are
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provided in one or more liquid solutions, the liquid solution preferably is an aqueous solution,

with a sterile aqueous solution being particularly preferred.

[0177]  For in vivo use, an anti-cardiac disease agent may be formulated into a
single or separate pharmaceutically acceptable syringeable composition. In this case, the
container means may itself be an inhalant, syringe, pipette, eye dropper, or other such like
apparatus, from which the formulation may be applied to an infected area of the body, such as
the lungs, injected into an animal, or even applied to and mixed with the other components of the

kit.

[0178] The components of the kit may also be provided in dried or lyophilized
forms. When reagents or components are provided as a dried form, reconstitution generally is by
the addition of a suitable solvent. It is envisioned that the solvent also may be provided in
another container means. The kits of the invention may also include an instruction sheet defining

administration of the gene therapy and/or the anti-cardiac disease drug.

[0179] The kits of the present invention also will typically include a means for
containing the vials in close confinement for commercial sale such as, e.g., injection or blow-
molded plastic containers into which the desired vials are retained. Irrespective of the number or
type of containers, the kits of the invention also may comprise, or be packaged with, an
instrument for assisting with the injection/administration or placement of the ultimate complex
composition within the body of an animal. Such an instrument may be an inhalant, syringe,

pipette, forceps, measured spoon, eye-dropper or any such medically approved delivery vehicle.

[0180] The active compounds of the present invention will often be formulated for
parenteral administration, e.g., formulated for injection via the intravenous, intramuscular,
subcutaneous, or even intraperitoneal routes. The preparation of an aqueous composition that
contains a second agent(s) as active ingredients will be known to those of skill in the art in light
of the present disclosure. Typically, such compositions can be prepared as injectables, either as
liquid solutions or suspensions; solid forms suitable for using to prepare solutions or suspensions
upon the addition of a liquid prior to injection can also be prepared; and the preparations can also

be emulsified.
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[0181] Solutions of the active compounds as free base or pharmacologically
acceptable salts can be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these

preparations contain a preservative to prevent the growth of microorganisms.

[0182] The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions; formulations including sesame oil, peanut oil or aqueous propylene
glycol; and sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersions. In all cases the form must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture and storage and must

be preserved against the contaminating action of microorganisms, such as bacteria and fungi.

[0183] The active compounds may be formulated into a composition in a neutral or
salt form. Pharmaceutically acceptable salts, include the acid addition salts (formed with the free
amino groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such

organic bases as isopropylamine, trimethylamine, histidine, procaine and the like.

[0184]  The carrier can also be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. The prevention of
the action of microorganisms can be brought about by various antibacterial ad antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.
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[0185] Sterile injectable solutions are prepared by incorporating the active
compounds in the required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a sterile
vehicle that contains the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying techniques
which yield a powder of the active ingredient plus any additional desired ingredient from a

previously sterile-filtered solution thereof.

[0186] In certain cases, the therapeutic formulations of the invention could also be

prepared in forms suitable for topical administration, such as in cremes and lotions.

[0187] Upon formulation, solutions will be administered in a manner compatible
with the dosage formulation and in such amount as is therapeutically effective. The formulations
are easily administered in a variety of dosage forms, such as the type of injectable solutions

described above, with even drug release capsules and the like being employable.

[0188] For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection,
sterile aqueous media that can be employed will be known to those of skill in the art in light of
the present disclosure. For example, one dosage could be diséolved in 1 mL of isotonic NaCl
solution and either added to 1000 mL of hypodermoclysis fluid or injected at the proposed site of
infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035-
1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in any

event, determine the appropriate dose for the individual subject.

[0189] Targeting of cardiovascular tissues may be accomplished in any one of a
variety of ways. Plasmid vectors and retroviral vectors, adenovirus vectors, and other viral

vectors all present means by which to target cardiovascular tissue. The inventors anticipate
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particular success for the use of liposomes to target Rho kinase, caspase inhibitor and/or
uncleavable Rho kinase to cells, to cardiac tissue. For example, DNA encoding Rho kinase or
uncleavable Rho kinase may be complexed with liposomes in the manner described above, and
this DNA/liposome complex is injected into patients with cardiac disease, intravenous injection
can be used to direct the gene to all cell. Directly injecting the liposome complex into the
proximity of the diseased tissue can also provide for targeting of the complex with some forms of
cardiac disease. Of course, the potential for liposomes that are selectively taken up by a

population of cells exists, and such liposomes will also be useful for targeting the gene.

[0190] Those of skill in the art will recognize that the best treatment regimens for
using Rho kinase (ROCK1), an agent that inhibits ROCKI, an uncleavable Rho kinase, and/or a
caspase inhibitor to prevent and/or to treat diseased cardiac tissue can be straightforwardly
determined. This is not a question of experimentation, but rather one of optimization, which is
routinely conducted in the medical arts. In one exemplary embodiment, in vivo studies in nude
mice provide a starting point from which to begin to optimize the dosage and delivery regimes.
The frequency of injection will initially be once a week, as was done some mice studies.
However, this frequency might be optimally adjusted from one day to every two weeks to
monthly, depending upon the results obtained from the initial clinical trials and the needs of a
particular patient. Human dosage amounts can initially be determined by extrapolating from the
amount of Rho kinase used in mice. In certain embodiments it is envisioned that the dosage may
vary from between about 1mg Rho kinase DNA/Kg body weight to about 5000 mg Rho kinase
DNA/Kg body weight; or from about 5 mg/Kg body weight to about 4000 mg/Kg body weight or
from about 10mg/Kg body weight to about 3000 mg/Kg body weight; or from about 50mg/Kg
body weight to about 2000 mg/Kg body weight; or from about 100mg/Kg body weight to about
1000 mg/Kg body weight; or from about 150 mg/Kg body weight to about 500 mg/Kg body
weight. In other embodiments this dose may be about 1, 5, 10, 25, 50, 75, 100, 150, 200, 250,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150,
1200, 1250, 1300, 1350, 1400, 1450, 1500, 1600, 1700, 1800, 1900, 2000, 2500, 3000, 3500,
4000, 4500, 5000 mg/Kg body weight. In other embodiments, it is envisaged that higher does
may be used, such doses may be in the range of about 5 mg Rho kinase DNA/Kg body to about
20 mg Rho kinase DNA/ Kg body. In other embodiments the doses may be about 8, 10, 12, 14,
16 or 18 mg/Kg body weight. Of course, this dosage amount may be adjusted upward or
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downward, as is routinely done in such treatment protocols, depending on the results of the

initial clinical trials and the needs of a particular patient.

IX. Screening For Modulators Of the Protein Function
[0191] The present invention further comprises methods for identifying modulators
of the function of Rho kinase, such as the exemplary Rho kinase ROCK1. In a particular
embodiment of the invention, the inhibitor does not inhibit ROCK2. These assays may comprise
random screening of large libraries of candidate substances; alternatively, the assays may be used
to focus on particular classes of compounds selected with an eye towards structural attributes that

are believed to make them more likely to modulate the function of Rho kinase.

[0192] By function, it is meant that one may assay, for example, the ability to
specifically inhibit expression of ROCKI, specifically inhibit activity of ROCK1, specifically
inhibit cleavage of ROCK1, or a combination thereof. One may also assay for more global

effects, such as amelioration and/or prevention of at least one cardiac disease symptom.

[0193] To identify a Rho kinase modulator, one generally will characterize the
function, activity, expression, or cleavage status of Rho kinase in the presence and absence of the
candidate substance, a modulator defined as any substance that alters function. For example, a

method generally comprises:
[0194] providing a candidate modulator;

[0195] admixing the candidate modulator with an isolated compound or cell, or a

suitable experimental animal;

[0196] measuring one or more characteristics of the compound, cell or animal in

step (c); and

[0197] comparing the characteristic measured in step (c) with the characteristic of

the compound, cell or animal in the absence of said candidate modulator,

[0198] wherein a difference between the measured characteristics indicates that

said candidate modulator is, indeed, a modulator of the compound, cell or animal.
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[0199]  Assays may be conducted in cell free systems, in isolated cells, or in

organisms including transgenic animals.

[0200] It will, of course, be understood that all the screening methods of the
present invention are useful in themselves notwithstanding the fact that effective candidates may
not be found. The invention provides methods for screening for such candidates, not solely

methods of finding them.
[0201] 1. Modulators

[0202] As used herein the term "candidate substance" refers to any molecule that
may potentially inhibit Rho kinase expression, function, activity, or cleavage status. The
candidate substance may be a protein or fragment thereof, a small molecule, or even a nucleic
acid molecule. It may prove to be the case that the most useful pharmacological compounds will
be compounds that are structurally related to inhibitors of other Rho kinases or any kinase.
Using lead compounds to help develop improved compounds is know as “rational drug design”
and includes not only comparisons with know inhibitors and activators, but predictions relating

to the structure of target molecules.

[0203] The goal of rational drug design is to produce structural analogs of
biologically active polypeptides or target compounds. By creating such analogs, it is possible to
fashion drugs, which are more active or stable than the natural molecules, which have different
susceptibility to alteration or which may affect the function of various other molecules. In one
approach, one would generate a three-dimensional structure for a target molecule, or a fragment
thereof. This could be accomplished by x-ray crystallography, computer modeling or by a

combination of both approaches.

[0204] It also is possible to use antibodies to ascertain the structure of a target
compound activator or inhibitor. In principle, this approach yields a pharmacore upon which
subsequent drug design can be based. It is possible to bypass protein crystallography altogether
by generating anti-idiotypic antibodies to a functional, pharmacologically active antibody. Asa
mirror image of a mirror image, the binding site of anti-idiotype would be expected to be an
analog of the original antigen. The anti-idiotype could then be used to identify and isolate

peptides from banks of chemically- or biologically-produced peptides. Selected peptides would
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then serve as the pharmacore. Anti-idiotypes may be generated using the methods described

herein for producing antibodies, using an antibody as the antigen.

[0205] On the other hand, one may simply acquire, from various commercial
sources, small molecule libraries that are believed to meet the basic criteria for useful drugs in an
effort to “brute force” the identification of useful compounds. Screening of such libraries,
including combinatorially generated libraries (e.g., peptide libraries), is a rapid and efficient way
to screen large number of related (and unrelated) compounds for activity. Combinatorial
approaches also lend themselves to rapid evolution of potential drugs by the creation of second,

third and fourth generation compounds modeled of active, but otherwise undesirable compounds.

[0206] Candidate compounds may include fragments or parts of naturally-
occurring compounds, or may be found as active combinations of known compounds, which are
otherwise inactive. It is proposed that compounds isolated from natural sources, such as animals,
bacteria, fungi, plant sources, including leaves and bark, and marine samples may be assayed as
candidates for the presence of potentially useful pharmaceutical agents. It will be understood
that the pharmaceutical agents to be screened could also be derived or synthesized from chemical
compositions or man-made compounds. Thus, it is understood that the candidate substance
identified by the present invention may be peptide, polypeptide, polynucleotide, small molecule
inhibitors or any other compounds that may be designed through rational drug design starting

from known inhibitors or stimulators.

[0207] Other suitable modulators include antisense molecules, ribozymes, and
antibodies (including single chain antibodies), each of which would be specific for the target
molecule. Such compounds are described in greater detail elsewhere in this document. For
example, an antisense molecule that bound to a translational or transcriptional start site, or splice

junctions, would be ideal candidate inhibitors.

[0208] In addition to the modulating compounds initially identified, the inventors
also contemplate that other sterically similar compounds may be formulated to mimic the key
portions of the structure of the modulators.  Such compounds, which may include
peptidomimetics of peptide modulators, may be used in the same manner as the initial

modulators.
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[0209] An inhibitor according to the present invention may be one that exerts its
inhibitory or activating effect upstream, downstream or directly on Rho kinase. Regardless of
the type of inhibitor or activator identified by the present screening methods, the effect of the
inhibition or activator by such a compound results in inhibition of Rho kinase expression,
activity, function, cleavage status, or amelioration and/or prevention of at least one cardiac

disease symptom as compared to that observed in the absence of the added candidate substance.
[0210] 2. In vitro Assays

[0211] A quick, inexpensive and easy assay to run is an in vifro assay. Such assays
generally use isolated molecules, can be run quickly and in large numbers, thereby increasing the
amount of information obtainable in a short period of time. A variety of vessels may be used to

run the assays, including test tubes, plates, dishes and other surfaces such as dipsticks or beads.

[0212] One example of a cell free assay is a binding assay. While not directly
addressing function, the ability of a modulator to bind to a target molecule in a specific fashion is
strong evidence of a related biological effect. For example, binding of a molecule to a target
may, in and of itself, be inhibitory, due to steric, allosteric or charge-charge interactions. The
target may be either free in solution, fixed to a support, expressed in or on the surface of a cell.
Either the target or the compound may be labeled, thereby permitting determining of binding.
Usually, the target will be the labeled species, decreasing the chance that the labeling will
interfere with or enhance binding. Competitive binding formats can be performed in which one
of the agents is labeled, and one may measure the amount of free label versus bound label to

determine the effect on binding.

[0213] A technique for high throughput screening of compounds is described in
WO 84/03564. Large numbers of small peptide test compounds are synthesized on a solid
substrate, such as plastic pins or some other surface. Bound polypeptide is detected by various

methods.
[0214] 3. In cyto Assays

[0215] The present invention also contemplates the screening of compounds for

their ability to modulate Rho kinase in cells. Various cell lines can be utilized for such screening
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assays, including cells specifically engineered for this purpose. In a particular exemplary
embodiment, cardiac cells are utilized and, in further specific exemplary embodiments, Rho

kinase is cleaved in the cell. In specific embodiments, apoptosis of the cell is assayed.

[0216] Depending on the assay, culture may be required. The cell is examined
using any of a number of different physiologic assays. Alternatively, molecular analysis may be
performed, for example, looking at protein expression, mRNA expression (including differential

display of whole cell or polyA RNA) and others.
[0217] 4. In vivo Assays

[0218] In vivo assays involve the use of various animal models, including
transgenic animals that have been engineered to have specific defects, or carry markers that can
be used to measure the ability of a candidate substance to reach and effect different cells within
the organism. Due to their size, ease of handling, and information on their physiology and
genetic make-up, mice are a preferred embodiment, especially for transgenics. However, other
animals are suitable as well, including rats, rabbits, hamsters, guinea pigs, gerbils, woodchucks,
cats, dogs, sheep, goats, pigs, cows, horses and monkeys (including chimps, gibbons and
baboons). Assays for modulators may be conducted using an animal model derived from any of

these species.

[0219] In such assays, one or more candidate substances are administered to an
animal, and the ability of the candidate substance(s) to alter one or more characteristics, as
compared to a similar animal not treated with the candidate substance(s), identifies a modulator.
The characteristics may be any of those discussed above with regard to the function of a
particular compound (e.g., enzyme, receptor, hormone) or cell (e.g., growth, tumorigenicity,

survival), or instead a broader indication such as behavior, anemia, immune response, efc.

[0220] The present invention provides methods of screening for a candidate
substance that inhibits Rho kinase expression, activity, function, or cleavage or that ameliorates
and/or prevents at least one symptom of cardiac disease. In particular embodiments, the present
invention is directed to a method for determining the ability of a candidate substance to inhibit

Rho kinase cleavage, generally including the steps of: administering a candidate substance to the
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animal; and determining the ability of the candidate substance to reduce one or more

characteristics of cardiac disease.

[0221] Treatment of these animals with test compounds will involve the
administration of the compound, in an appropriate form, to the animal. Administration will be
by any route that could be utilized for clinical or non-clinical purposes, including but not limited
to oral, nasal, buccal, or even topical. Alternatively, administration may be by intratracheal
instillation, bronchial instillation, intradermal, subcutaneous, intramuscular, intraperitoneal or
intravenous injection. Specifically contemplated routes are systemic intravenous injection,

regional administration via blood or lymph supply, or directly to an affected site.

[0222] Determining the effectiveness of a compound in vivo may involve a variety
of different criteria. Also, measuring toxicity and dose response can be performed in animals in

a more meaningful fashion than in in vitro or in cyfo assays.

[0223] Transgenic non-human animals (e.g., mammals) of the invention can be of a
variety of species including murine (rodents (e.g., mice, rats), avian (chicken, turkey, fowl),
bovine (beef, cow, cattle), ovine (lamb, sheep, goats), porcine (pig, swine), and piscine (fish). In

a preferred embodiment, the transgenic animal is a rodent, such as a mouse or a rat.

X. Transgenic Animals

[0224] Detailed methods for generating non-human transgenic animal are
described herein and in the section entitled "Examples" below. Transgenic gene constructs can
be introduced into the germ line of an animal to make a transgenic mammal. For example, one or
several copies of the construct may be incorporated into the genome of a mammalian embryo by

standard transgenic techniques.

[0225] Any non-human animal can be used in the methods described herein.

Preferred mammals are rodents, e.g., rats or mice.

[0226] In an exemplary embodiment, the "transgenic non-human animals" of the
invention are produced by introducing transgenes into the germline of the non-human animal.
Embryonal target cells at various developmental stages can be used to introduce transgenes.

Different methods are used depending on the stage of development of the embryonal target cell.
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The specific line(s) of any animal used to practice this invention are selected for general good
health, good embryo yields, good pronuclear visibility in the embryo, and good reproductive

fitness. In addition, the haplotype is a significant factor.

[0227] Introduction of the transgene into the embryo can be accomplished by any
means known in the art such as, for example, microinjection, electroporation, or lipofection. For
example, the Fc receptor transgene can be introduced into a mammal by microinjection of the
construct into the pronuclei of the fertilized mammalian egg(s) to cause one or more copies of
the construct to be retained in the cells of the developing mammal(s). Following introduction of
the transgene construct into the fertilized egg, the egg may be incubated in vitro for varying
amounts of time, or reimplanted into the surrogate host, or both. In vitro incubation to maturity is
within the scope of this invention. One common method in to incubate the embryos in vitro for

about 1-7 days, depending on the species, and then reimplant them into the surrogate host.

[0228] The progeny of the transgenically manipulated embryos can be tested for
the presence of the construct by Southern blot analysis of the segment of tissue. If one or more
copies of the exogenous cloned construct remains stably integrated into the genome of such
transgenic embryos, it is possible to establish permanent transgenic mammal lines carrying the

transgenically added construct.

[0229] The litters of transgenically altered mammals can be assayed after birth for
the incorporation of the construct into the genome of the offspring. Preferably, this assay is
accomplished by hybridizing a probe corresponding to the DNA sequence coding for the desired
recombinant protein product or a segment thereof onto chromosomal material from the progeny.
Those mammalian progeny found to contain at least one copy of the construct in their genome

are grown to maturity.

[0230] For the purposes of this invention a zygote is essentially the formation of a
diploid cell which is capable of devéloping into a complete organism. Generally, the zygote will
be comprised of an egg containing a nucleus formed, either naturally or artificially, by the fusion
of two haploid nuclei from a gamete or gametes. Thus, the gamete nuclei must be ones which are
naturally compatible, i.e., ones which result in a viable zygote capable of undergoing

differentiation and developing into a functioning organism. Generally, a euploid zygote is
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preferred. If an aneuploid zygote is obtained, then the number of chromosomes should not vary
by more than one with respect to the euploid number of the organism from which either gamete

originated.

[0231] In addition to similar biological considerations, physical ones also govern
the amount (e.g., volume) of exogenous genetic material which can be added to the nucleus of
the zygote or to the genetic material which forms a part of the zygote nucleus. If no genetic
material is removed, then the amount of exogenous genetic material which can be added is
limited by the amount which will be absorbed without being physically disruptive. Generally, the
volume of exogenous genetic material inserted will not exceed about 10 picoliters. The physical
effects of addition must not be so great as to physically destroy the viability of the zygote. The
biological limit of the number and variety of DNA sequences will vary depending upon the
particular zygote and functions of the exogenous genetic material and will be readily apparent to
one skilled in the art, because the genetic material, including the exogenous genetic material, of
the resulting zygote must be biologically capable of initiating and maintaining the differentiation

and development of the zygote into a functional organism.

[0232] The number of copies of the transgene constructs which are added to the
zygote is dependent upon the total amount of exogenous genetic material added and will be the
amount which enables the genetic transformation to occur. Theoretically only one copy is
required; however, generally, numerous copies are utilized, for example, 1,000-20,000 copies of
the transgene construct, in order to insure that one copy is functional. As regards the present
invention, there will often be an advantage to having more than one functioning copy of each of
the inserted exogenous DNA sequences to enhance the phenotypic expression of the exogenous

DNA sequences.

[0233]  Any technique which allows for the addition of the exogenous genetic
material into nucleic genetic material can be utilized so long as it is not destructive to the cell,
nuclear membrane or other existing cellular or genetic structures. The exogenous genetic
material is preferentially inserted into the nucleic genetic material by microinjection.

Microinjection of cells and cellular structures is known and is used in the art.
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[0234] Reimplantation is accomplished using standard methods. Usually, the
surrogate host is anesthetized, and the embryos are inserted into the oviduct. The number of
embryos implanted into a particular host will vary by species, but will usually be comparable to

the number of off spring the species naturally produces.

[0235] Transgenic offspring of the surrogate host may be screened for the presence
and/or expression of the transgene by any suitable method. Screening is often accomplished by
Southern blot or Northern blot analysis, using a probe that is complementary to at least a portion
of the transgene. Western blot analysis using an antibody against the protein encoded by the
transgene may be employed as an alternative or additional method for screening for the presence
of the transgene product. Typically, DNA is prepared from tail tissue and analyzed by Southern
analysis or PCR for the transgene. Alternatively, the tissues or cells believed to express the
transgene at the highest levels are tested for the presence and expression of the transgene using

Southern analysis or PCR, although any tissues or cell types may be used for this analysis.

[0236] Alternative or additional methods for evaluating the presence of the
transgene include, without limitation, suitable biochemical assays such as enzyme and/or
immunological assays, histological stains for particular marker or enzyme activities, flow
cytometric analysis, and the like. Analysis of the blood may also be useful to detect the presence
of the transgene product in the blood, as well as to evaluate the effect of the transgene on the

levels of various types of blood cells and other blood constituents.

[0237] Progeny of the transgenic animals may be obtained by mating the transgenic
animal with a suitable partner, or by in vitro fertilization of eggs and/or sperm obtained from the
transgenic animal. Where mating with a partner is to be performed, the partner may or may not
be transgenic and/or a knockout; where it is transgenic, it may contain the same or a different
transgene, or both. Alternatively, the partner may be a parental line. Where in vitro fertilization
is used, the fertilized embryo may be implanted into a surrogate host or incubated in vitro, or
both. Using either method, the progeny may be evaluated for the presence of the transgene using

methods described above, or other appropriate methods.

[0238] The transgenic animals produced in accordance with the present invention

will include exogenous genetic material. As set out above, the exogenous genetic material will,
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in certain embodiments, be a DNA sequence which results in the production of an Fc receptor.
Further, in such embodiments the sequence will be attached to a transcriptional control element,
e.g., a promoter, which preferably allows the expression of the transgene product in a specific

type of cell.

[0239] Retroviral infection can also be used to introduce transgene into a non-
human animal. The developing non-human embryo can be cultured in vifro to the blastocyst
stage. During this time, the blastomeres can be targets for retroviral infection (Jaenich, R. (1976)
PNAS 73:1260-1264). Efficient infection of the blastomeres is obtained by enzymatic treatment
to remove the zona pellucida (Manipulating the Mouse Embryo, Hogan eds. (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, 1986). The viral vector system used to introduce the
transgene is typically a replication-defective retrovirus carrying the transgene (Jahner ez al.
(1985) PNAS 82:6927-6931; Van der Putten ez al. (1985) PNAS 82:6148-6152). Transfection is
easily and efﬁcniently obtained by culturing the blastomeres on a monolayer of virus-producing
cells (Van der Putten, supra; Stewart ez al. (1987) EMBO J. 6:383-388). Alternatively, infection
can be performed at a later stage. Virus or virus-producing cells can be injected into the
blastocoele (Jahner et al. (1982) Nature 298:623-628). Most of the founders will be mosaic for
the transgene since incorporation occurs only in a subset of the cells which formed the transgenic
non-human animal. Further, the founder may contain various retroviral insertions of the
transgene at different positions in the genome which generally will segregate in the offspring. In
addition, it is also possible to introduce transgenes into the germ line by intrauterine retroviral

infection of the midgestation embryo (Jahner et al. (1982) supra).

[0240] A third type of target cell for transgene introduction is the embryonal stem
cell (ES). ES cells are obtained from pre-implantation embryos cultured in vitro and fused with
embryos (Evans ef al. (1981) Nature 292:154-156; Bradley et al. (1984) Nature 309:255-258;
Gossler et al. (1986) PNAS 83: 9065-9069; and Robertson et al. (1986) Nature 322:445-448).
Transgenes can be efficiently introduced into the ES cells by DNA fransfection or by retrovirus-
mediated transduction. Such transformed ES cells can thereafter be combined with blastocysts
from a non-human animal. The ES cells thereafter colonize the embryo and contribute to the
germ line of the resulting chimeric animal. For review see Jaenisch, R. (1988) Science 240:1468-
1474.
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EXAMPLES

[0241] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples that follow represent techniques discovered by the inventor
to function well in the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without departing from the spirit and scope of

the invention.
EXAMPLE 1

ROLE OF RHO KINASE IN MEDIATING HYPERTROPHIC RESPONSES UNDER
PRESSURE OVERLOAD

[0242] Rho kinase inhibitor, Y27632, inhibits protein kinases A and C, but with
about 200 times lower affinity than that for Rho kinase (Uehata et al., 1997; Ishizaki et al.,
2000). Using this compound and fasudil, another chemical Rho kinase inhibitor, several studies
suggest that Rho kinase inhibitors may have therapeutic benefits for the treatment of
hypertension, vascular proliferative disorders and cancer (Kuwahara ez al., 1999; Uehata et al.,
1997; Ttoh et al., 1999; Sawada et al., 2000). To investigate the role of Rho kinase in mediating
hypertrophic responses under pressure overload, the present inventors employed a genetic
approach, which provides more direct and conclusive evidence than Y27632 treatment and

allows determination of potential differential effects of Rho kinase isoforms.

[0243] FIG. 3 demonstrates expression analysis of ROCK1 and ROCK2 in ROCK1
homozygous knockout adult hearts. Two wild-type littermates (ROCK1+/+) were used as
controls. Equal amounts of proteins from heart homogenates were analyzed by Western blotting
using anti-ROCK1 or anti-ROCK2 directed against the coiled-coil region of ROCK1 or ROCK2
respectively. ROCK1 expression was undetectable in homozygous knockout hearts (ROCK1-/-)

while the ROCK2 expression level was unchanged.
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EXAMPLE 2
GENERATION OF ROCK1 KNOCKOUT MICE

[0244] ROCKI1 was knocked out because of its enriched expression pattern in the
mouse developing heart (Wei et al., 2001). ROCK1 knockout mice were successfully generated.
The coding sequence of P-galactosidase was inserted in frame downstream of residue 180
followed by PGK-Neo. As the entire kinase domain is contained within residues 76-338, the
majority of the kinase domain and the following coiled-coil and the PH domains are knocked
out. Two independent ES clones have shown transmission through the germ line to establish
heterozygous ROCKI1+/- mouse strains. Homozygous knockout mice are viable and
morphologically indistinguishable from wild-type littermates. This lack of cardiac phenotype in
ROCK]1 homozygous knockout mice was not totally unexpected, due to the presence of ROCK2
(FIG. 3).

[0245] ROCKI1-deficient mice develop cardiac hypertrophy in response to pressure
overload (FIG. 4). The absence of a developmental cardiac phenotype in ROCK1 knockout mice
allows examination of the role of ROCK1 in the pathophysiological settings such as pressure
overload by aortic constriction. Both ROCK1-/- and control mice received a comparable load,
based on the right-to-left carotid artery flow velocity ratio (more than 4:1) after constricting the
transverse aorta. The body weight and the heart weight were not significantly different between
control and ROCK1”" mice before banding. Three weeks after banding, both ROCK1-/- and
control mice developed compensated concentric hypertrophy (FIG. 4). Cardiac myocyte diameter
was significantly increased in both ROCK1™ and control mice. These results indicate that
cardiac hypertrophy induced by pressure overload occurs in the absence of ROCK1 activation
and that ROCK1 is not involved in the regulation of myocyte size in response to pressure

overload.

[0246] FIG. 4 demonstrates that cardiac hypertrophy develops in response to
pressure overload in ROCK1” mice. FIG. 4A shows heart sections from ROCK1” and control
mice after three-week aortic banding. Bar, 1 mm. FIG. 4B shows quantitation of heart/body
weight ratios from ROCK1™ and control mice after three-week aortic banding (n=>5 for each

group). In FIG. 4C, there are cardiomyocyte diameters from ROCK1™" and control mice after
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three-week aortic banding. Myocyte diameter was measured using transnuclear width at the mid-

ventricular level (n=200 for each condition).
EXAMPLE 3

ROCKI1 DEFICIENT MICE EXHIBIT REDUCED HYPERTROPHIC MARKER
INDUCTION, REDUCED APOPTOSIS AND IMPROVED CARDIAC CONTRACTILE
FUNCTIONS COMPARED TO CONTROL MICE IN RESPONSE TO PRESSURE
OVERLOAD

[0247] Pathological cardiac hypertrophy is characterized by a prototypical change
in gene expression patterns such as ANF, BNP, BMHC and skeletal o-actin. Interestingly, the
increases in the expression of these hypertrophic markers in ROCK 1" mice were significantly
lower than in control mice in response to pressure overload (FIG. 5). These results indicate that
pressure overload induces cardiac hypertrophy in ROCK1” mice and produces reduced

pathological changes in the gene expression profile compared to control mice.

[0248] FIG. 5 demonstrates real-time RT-PCR analysis of cardiac hypertrophic
markers. RNA samples were prepared from ROCK1-/- and control hearts after three-week aortic
banding (n=3-4 for each group). Quantitative RT-PCR analysis was performed using the ABI
Prism 7700 sequence detection system (Perkin Elmer). The levels of the transcripts were
normalized to that of GAPDH.

[0249] To evaluate the frequency of cell death in the myocardium, TUNEL
staining was performed on ROCK1™ and control hearts under pressure overload (FIG. 6). No
significant difference in basal levels of TUNEL-positive cells between control and ROCK1™"
mice was observed. Three weeks after aortic banding, significantly less TUNEL-positive
myocytes were observed in the myocardium of ROCK 1™ mice than that from control mice (FIG.
6). The level of interstitial fibrosis was also significantly decreased in ROCK1™" hearts than in
control hearts (FIG. 6). These results suggest that activation of ROCKI1 by pressure overload

facilitates an apoptotic response and cardiac remodeling.

[0250] Cardiac function of ROCK1” mice by non-invasive Doppler
echocardiography was also assessed (Table 1). The contractile function of the left ventricle (peak
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aortic outflow velocity and mean acceleration) was not significantly different in ROCK1-/- vs.
control mice under sham condition. Interestingly, pressure overload caused a smaller decrease in
peak aortic flow velocity in ROCK1-/- mice (22.9%) than in control mice (31.4%). Heart rate
was significantly increased in ROCK1-/- mice under pressure overload, which may contribute in
part to the difference between ROCK1-/- and control mice in the load-induced fall of peak flow
velocity. These results suggest that ROCK1-/- mice tolerate better pressure overload than control

mice do.

Table 4. Pulsed doppler analysis of flow velocity in ROCK-/- mice

ROCK1 + / + ROCK1 -/ -

Sham Band % Change Sham Band % Change

(n=5) (n=7) (n=5) (n=7)
Heart rate 367+21 389+16 NS 40721 479+17 17.7*
(bpm)
E-peak velocity 87.4%+4.2 101.9%x4.6 NS 73.2x09 91.5+£9.9 NS
(cm/s)
E/A ratio 1.79+£0.19 2.91+0.56 NS 1.32+0.04 1.65+0.23 NS
Peak aortic flow 113+2.3  77.5£09 .31.4* 111x7.1 85.5+3.9  .22.9%
V (cm/s)
Mean 8748+866 7194+302 NS 9173+1550 8214+638 NS
acceleration
(cm/s?

Data are presented as mean =+ SE. E-peak: early-peak; E/A ratio: early/atrial ratio; V: velocity.
"P < 0.05 banded vs. sham.

[0251] Taken together, characterization of ROCK1”" mice under pressure overload
shows the following: activation of ROCK1 is not required for the increase in myocyte size
induced by mechanical stress, but activation of ROCK1 potentiates the transition from
compensatory to decompensatory stages by stimulating pathological changes in the gene
expression profile, myocyte apoptosis and interstitial fibrosis; in specific embodiments, it also
depresses myocyte confractile function in response of pressure overload. Additional biochemical,
cellular and physiological analyses are performed on ROCK1” mice to further characterize the
role of ROCK1 in mediating apoptotic responses. The following Examples reveal an exemplary
mechanism leading to the activation of ROCK1, which then plays a contributory role to

cardiomyocyte apoptosis under pathophysiological conditions.
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EXAMPLE 4

ROCK1 IS CLEAVED IN HUMAN FAILING HEARTS AND VENTRICULAR
UNLOADING ATTENUATES THE CLEAVAGE

[0252] FIG. 7 illustrates that ROCK1 is cleaved in human failing hearts and
ventricular unloading attenuates the cleavage. FIG. 7A provides a schematic diagram of ROCK1
cleavage. The consensus recognition sequence for caspase 3 in human ROCK1 (DETD1113) is

conserved in mouse and rat, and is not present in ROCKZ2.

[0253] As mentioned previously, three recent studies have shown that caspase 3
activation in apoptotic non-cardiac cells leads to ROCK1 cleavage and RhoA-independent
activation (Coleman et al., 2001; Ueda et al., 2001; Sebbagh et al., 2001). To investigate whether
this molecular event could also occur in human heart disease, the present inventors examined
yentricular myocardial samples from thirteen patients with end-stage heart failure at the time of
transplant, seven patients who died of non-cardiac causes (control group) and ten patients with
end-stage heart failure who had been maintained on left ventricular assist device (LVAD)
support until transplant. FIG. 7B shows representative Western blots of hearts samples.
Cleavage of ROCK1, caspase 3, and poly(ADP-ribose) polymerase (PARP) (a well established
caspase 3 substrate) was observed in human failing hearts, but not in normal hearts or in failing
hearts unloaded by LVAD support. This suggests that caspase 3 activation relates to myocardial
mechanical overload. More specifically, Western blot analysis using a polyclonal antibody
directed against the coiled-coil region of ROCK1 detected a fragment of 130 kDa in addition to
the 160 kDa native protein in all failing hearts without LVAD support. In contrast, normal hearts
or failing hearts with LVAD support contained only the 160 kDa native protein. These results
show correlation of ROCK1 cleavage with caspase 3 activation in human failing hearts and

indicates that ROCK1 is cleaved by caspase 3.
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EXAMPLE 5

ROCK1 IS CLEAVED IN CULTURED NEONATAL RAT CARDIOMYOCYTES
TREATED WITH DOXORUBICIN OR INFECTED WITH AN ADENOVIRUS
ENCODING A CONDITIONAL CASPASE 3

[0254] FIG. 8 shows that ROCKI1 is cleaved in cultured neonatal rat
cardiomyocytes treated with doxorubicin or infected with an adenovirus encoding a conditional
caspase 3. To determine if ROCKI is cleaved by caspase 3 in apoptotic cardiomyocytes, the
present inventors subjected cultured rat neonatal cardiomyocytes to doxorubicin treatment,
which is a potent apoptotic inducer. The 130 kDa cleavage fragment of ROCK1 was detected in
doxorubicin-treated myocytes as well as the cleaved PARP. In contrast, cleavage of ROCK2 was
not observed. In addition, cleavage of ROCK1 is caspase 3-dependent, as the 130 kDa species
was not detected in the presence of caspase 3 inhibitor, Z-VAD.

[0255] To analyze direct effect of caspase 3 activation on ROCK1 cleavage, the
present inventors introduced a conditional caspase 3 via an adenoviral-mediated expression
system in cultured rat neonatal cardiomyocytes. The adenoviral vector, Ad-G/iCasp3, has been
described previously (Shariat et al, 2001; Mallet ez al, 2002). This vector expresses a
conditional caspase 3 (iCasp3), in which the human caspase 3 was fused to a modified FK506-
binding domain, containing a binding site for a non-toxic chemical inducer of dimerization
(CID), AP20187. Addition of CID leads to the aggregation and activation this caspase, and a
rapid apoptosis in prostate cancer cells (Shariat et al., 2001; Mallet et al., 2002). This is depicted
in FIG. 8C. The 130 kDa cleavage fragment of ROCK1 was detected in cardiomyocytes infected
with Ad-G/iCasp3 and treated with CID, indicating that activation of caspase 3 is sufficient to

cleave ROCK1 in cultured cardiomyocytes.

[0256] To assess ROCK-1 cleavage in vivo, the present inventors took advantage
of three transgenic mouse lines with different degrees of heart failure as a correlate shared
between ROCK-1 cleavage and the severity of heart failure. Hearts from oaMHC-Gq, aMHC-
HGK, and bi-transgenic aMHC-Gq-HGK were analyzed using Western blot. As indicated in
FIGS. 8D and 8E, a significant increase in caspase 3 activity was observed in hearts from bi-

transgenic mice, which coincided with the appearance of the clipped 130 kDa ROCK-1
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fragment. Cleavage fragments were not detected in HGK or Gq mice, although there was a
slight increase in caspase 3 activity in Gq mice hearts. These data were consistent with a
previous report, which demonstrated that the combination of cardiac Gq with HGK
overexpression led to ventricular dilatation and early lethality with severe apoptosis (Xie et al,
2004). In contrast, apoptosis was observed at a low level in hearts with overexpression of Gq and
was virtually undetectable in cardiac transgenic HGK mice (Xie ef al., 2004). Therefore, ROCK-

1 cleavage in vivo coincided in mouse genetic models with increased levels of caspase 3 activity.
EXAMPLE 6

EXPRESSION OF A ROCK1 MUTANT (ROCK31), WHICH MIMICS CASPASE 3
CLEAVED FRAGMENT, LEADS TO CASPASE 3 ACTIVATION IN CULTURED
NEONATAL RAT CARDIOMYOCYTES

[0257] FIG. 9 shows that expression of a ROCKA1 mutant, which mimics caspase
3 cleaved fragment, leads to caspase 3 activation in cultured neonatal rat cardiomyocytes. To
determine whether ROCK1 activation by caspase 3 cleavage is able to activate the caspase
cascade, thereby constituting an amplification loop of apoptotic responses, the present inventors
transfected rat neonatal cardiomyocytes with a plasmid encoding a C-terminally truncated
mutant (1-1080) of ROCK1 (ROCK1AL1) that corresponds closely to the fragment generated by
caspase 3 cleavage (1-1113), and a second plasmid, pCaspase3-sensor encoding a fluorescent
(EYFP) fusion protein (FIG. 9A). ROCK1A1 as well as the ROCK1 mutant (1-1113) have been
demonstrated as a constitutively active form of ROCK1 (Coleman et al., 2001; Sebbagh et al.,
2001). Caspase 3 activity in the transfected myocytes was monitored by counting the number of
transfected cells with nuclear localization of fluorescent fusion protein. Overexpression of
ROCK1Al induced significant caspase 3 activation and dramatic cell shape changes in
transfected myocytes, whereas overexpression of full length ROCKI1 had no significant effect
compared with control plasmid transfected cardiomyocytes. These results indicate that
expression of the truncated active ROCK1 is sufficient to induce activation of the caspase

cascade.
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EXAMPLE 7
CASPASE 3 ACTIVATION IN FAILING HEARTS RESULTS IN SRF CLEAVAGE

[0258]  SRF is cleaved by caspase 3 in human heart failure thus generating a
dominant negative transcription factor (Chang et al., 2003). Two recent studies have shown that
SRF is cleaved by caspase 3 in apoptotic non-cardiac cells (Drewett et al., 2001; Bertolotto et al.,
2000). The present inventors examined SRF protein levels from the same cardiac samples as
described in above. Full length SRF (65 kDa) was markedly reduced and processed into 55 and
32 kDa fragments in all failing hearts (FIG. 10). In contrast, SRF fragmentation was markedly
reduced in failing hearts with LVAD support. Expression of SRF-N, the 32 kDa fragment, in
neonatal cardiomyocytes inhibited the transcriptional activity of the cardiac o-actin promoter by
50-60%. The results indicate that modest caspase 3 activation in failing hearts results in cleavage
of SRF, which generates a dominant negative transcription factor. Reduced full length SRF
levels and the generation of a dominant negative may contribute to the reduced expression of

cardiac specific genes.

[0259] FIG. 11 shows that phosphorylation of SRF by active ROCK1 facilitates
SRF cleavage by caspase 3 in vitro. Equal amounts of SRF were incubated with active caspase 3
in the presence or absence of ROCK1AL. The full-length level was markedly decreased in the
presence of active ROCK1, while the level of the cleaved fragment recognized by the anti-SRF-
C antibody was not increased, most likely due to further degradation by caspase 3. In addition,
phosphorylation of SRF by ROCK1 did not affect the cleavage sites.

EXAMPLE 8

PHOSPHORYLATION OF SRF BY RHO KINASE FACILITATES SRF CLEAVAGE
BY CASPASE 3 IN VITRO

[0260] Activated caspase 3 is able to cleave SRF in vitro, and phosphorylation of
SRF by activated Rho kinase (ROCKI1 Al) facilitates this reaction (FIG. 11). These in vitro
observations indicate an exemplary mechanism involving caspase 3, ROCKI, and SRF in heart
failure: activated caspase 3 induces activation of ROCK1, which further facilitates SRF cleavage

by caspase 3 through phosphorylation of SRF.
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EXAMPLE 9

CARDIAC-SPECIFIC AND LIGAND-INDUCIBLE GENE-SWITCH EXPRESSION
SYSTEM

[0261] The present inventors have developed a new transgenic strategy aimed to
control cardiac-specific expression of transgene in a temporally controlled manner. This ligand-
inducible system, named the “gene-switch”, was initially developed by Drs. S. Tsai, F. DeMayo,
and B. O’Malley (Wang et al., 1997; Burcin et al., 1999). The present inventors have
successfully adapted this system for cardiac-specific expression of human growth hormone (FIG.
12). The inducible level in the transgenic heart is estimated to be over 100 to 1000-fold higher
versus the basal level after 4 days of administration of the ligand inducer RU486 in a dose-

dependent manner.
EXAMPLE 10

STUDIES CONCERNING ROCK1 ACTIVATION BY CASPASE 3 CLEAVAGE
LEADING TO CARDIOMYOCYTE APOPTOSIS IN CULTURED
CARDIOMYOCYTES

[0262] The present inventors have demonstrated that RhoA, Rho kinase and SRF
are important regulators of hypertrophic responses to pressure overload. The ROCK1” deﬁciént
mice exhibit a phenotype that indicates that ROCK1 activation in response to pressure overload
potentiates the transition from cardiac hypertrophy to heart failure. In addition, the data in human
failing hearts and in apoptotic cultured cardiomyocytes indicates a potential mechanism
involving caspase 3-dependent constitutive activation of ROCK1, which in some embodiments
of the invention plays an important role in the development of heart failure, in part through
facilitating SRF cleavage by caspase 3. These important discoveries lead to the studies of the
next Examples concerning the contributory role of ROCK1 and the underlying mechanisms to

the development of human heart failure.

[0263] The present Example concerns the study of how ROCK1 activation by
caspase 3 cleavage leads to cardiomyocyte apoptosis in cultured cardiomyocytes. In a first

embodiment of the invention, a caspase 3 cleavage resistant mutant (ROCK1pj;134) or a kinase
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defective mutant (ROCK1kp) protects cardiomyocytes from apoptosis. In another embodiment
of the invention, ROCK1Al induces cardiomyocyte apoptosis through activation of the caspase
cascade. In an additional embodiment, ROCK1ALl facilitates cleavage of SRF by caspase 3. In a
further embodiment, ROCK 1Al induces myocyte apoptosis through repressing activity of critical

survival signaling pathways.

[0264] FIG. 13 provides an exemplary diagram of the design of the studies
pursuant to embodiments described in this Example. When cultured cardiomyocytes are treated
with doxorubicin, a potent apoptotic inducer, ROCK1 is cleaved and the cleavage is inhibited by
caspase 3 inhibitors. Moreover, ROCK1 is also cleaved in cultured cardiomyocytes infected with
an adenovirus encoding a conditional caspase 3 and in the presence of CID, which activated the
conditional caspase 3. These observations indicate that ROCK1 can be cleaved by caspase 3 in
apoptotic myocytes. A unique caspase 3 cleavage site on ROCK1, at Asp 1113, removes the C-
terminal auto-inhibitory domain resulting in RhoA-independent activation of ROCK1 (Coleman
et al., 2001; Ueda et al., 2001; Sebbagh et al., 2001). Expression of a C-terminally truncated
mutant (1-1080) of ROCK1 (ROCK1Al), which closely mimics caspase 3 cleaved fragment,

leads to activation of caspase 3 in cultured cardiomyocytes.

[0265] Embodiments described in this Example will characterize the exemplary
mechanisms through which activated ROCK1 induces myocyte apoptosis and determines
whether activation of ROCK1 by caspase 3 cleavage plays an obligatory role in mediating
apoptosis in cultured rat neonatal cardiomyocytes, which are terminally differentiated cardiac
cells, and represent a valid cell culture system. In specific embodiments, an adenoviral-mediated
expression system is utilized to increase the levels of activated ROCKI1 or to express ROCK1

mutants, which inhibit caspase 3-dependent activation of endogenous ROCK1.

[0266] In specific embodiments, cleavage and activation of ROCK1 by caspase 3
serves as an obligatory step for cardiomyocyte apoptosis in response to apoptotic stimuli in
cultured cardiomyocytes. Toward this embodiment, neonatal rat cardiomyocytes are infected
with adenovirus encoding the ROCK1 mutant, which is resistant to caspase 3 cleavage
(ROCKl1pj1134), or a kinase defective mutant of ROCK1 (ROCKlkp) (K105D mutation in the
kinase domain that ablates kinase activity) and then challenged by doxorubicin (1-5 pM, 20 h),

ceramide (10-50 pg/ml, 20 h) or hypoxia (airtight box saturated with 95% N»/5% CO, for 20 h).
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Previous studies have shown that the kinase deficient mutant of ROCK1 behaves as a dominant
negative to inhibit RhoA-induced stress fiber and focal adhesion formation (Itoh et al., 1999).
The mutant ROCK1p1113a is expected to compete with endogenous ROCK1 for cleavage by
caspase 3, and the mutant ROCK1xp should behave as a dominant negative for the activated
endogenous ROCK1 by caspase 3 cleavage. The present inventors have already constructed an
exemplary adenoviral vector for ROCKlkp, which contains a Myc-epitope. In specific
embodiments, an adenovirus for ROCK1pi113a (such as, for example, from using AdEasy system

from Stratagene) is generated.

[0267] After adenoviral transduction of ROCK1 mutants into cardiomyocytes, one
will then examine expression of ROCK1mutants by Western blotting using anit-Myc or anti-
ROCK]1 antibody (Santa Cruz). Rho kinase activity is assayed, for example by Western blot
analysis using the anti-Thr 445-phosphorylated o-adducin antibody (Santa Cruz) and anti-
phospho-MLC antibody (New England Biolabs). The same blots are reprobed with an anti-MLC
as an equal charge control. Cardiomyocyte apoptosis is assayed by TUNEL staining
(immunostaining with Apoptag system from Intergen), DNA fragmentation (DNA laddering
with agarose gel electrophoresis), and sub-G1 phase DNA (flow cytometry at the BCM Flow
Cytometry Core Facility). In specific embodiments, cardiomyocyte apoptosis induced by
treatment with by doxorubicin, ceramide or hypoxia is significantly suppressed in the presence of

Ad-ROCK1pi1134 or Ad-ROCK Igp, but not with control virus (Ad-B-Gal).

[0268] In other embodiments of the present invention, activated ROCK1 induces
cardiomyocyte apoptosis through activation of the caspase cascade. To further characterize the
mechanisms by which activated ROCK1 stimulates apoptosis, activated ROCKI is
overexpressed in cardiomyocytes using an adenovirus-mediated delivery system. Adenoviral
vectors for ROCK1A1 and ROCK1 Algp (with a N-terminal Myc-epitope) may be generated.
Adenoviral vector for full length ROCK1 has been conmstructed. In some embodiments,
transduction of Ad-ROCK1 Al, but not Ad-ROCK1 Algp, or Ad-ROCKI, leads to
cardiomyocyte apoptosis in a dose-dependent manner. Transduction of Ad-ROCK(1 at high doses
may lead to partial cleavage of ROCK1.

[0269] Cardiomyocytes transfected with expression vector encoding ROCK1 Al,

but not full length ROCK1, exhibited significant activation of caspase 3 compared to vector
74



WO 2006/053014 PCT/US2005/040529

control transfected myocytes (FIG. 9). In specific embodiments, the level of the activated
caspase 3 in cardiomyocytes is assayed infected with Ad-ROCK1 Al by Western blotting using
anti-caspase 3 antibody, recognizing both the caspase 3 precursor and active caspase 3 (Santa
Cruz). Caspase 3 activity will also be assayed by measuring the proteolytic cleavage of a specific
fluorogenic substrate of Ac-DEVD-AMC for caspase 3 (Promega). To examine whether
activation of the caspase cascade mediates ROCK Al-induced myocyte apoptosis,
cardiomyocytes are treated with caspase 3 inhibitor, Z-VAD-fmk (BD PharMingen), together
with adenoviral transduction of ROCK1 Al.

[0270] FIG. 14 shows one embodiment of exemplary signaling pathways mediating
ROCK 1-induced myocyte apoptosis. Activation of ROCK1 may induce the assembly of the
death-inducing signaling complex via regulation of actin cytoskeletal rearrangement (mediated
by myosin light chain phosphatase, myosin light chain and LIM kinase). Activation of ROCK1
in specific embodiments represses other survival signal pathways, which regulate the
mitochondrial pathway (mediated by phosphorylation of insulin receptor substrate 1 (IRS1),
repressed expression of p21 and enhanced cleavage of SRF). The role of SRF in regulating
mitochodrial pathway (broken line) is suggested by the reported study, which identified MCL1, a

Bcl2-related survival factor, as an SRF target gene (Townsend et al., 1999).

[0271] Effects of ROCK1A1 on the intrinsic mitochondrial pathway is evaluated by
measuring: 1) the levels of cytoplasmic fraction of cytochrome ¢ by Western blotting with
antibody from PharMingen in cardiomyocytes infected with Ad-ROCK1 Al; 2) the levels of
Bcl2 (anti-apoptotic) and Bax (proapoptotic), which modulate the release of mitochondrial
proteins, by Western blotting with anti-Bcl2 and anti-Bax (Santa Cruz); and/or 3) the activities of
JNK and p38 MAP, which are two terminal MAP kinases implicated in cardiomyocyte
apoptosis. JNK is also involved in regulating the release of mitochondrial proteins through
phosphorylation of anti-apoptotic Bcl2-related proteins, leading to their inactivation or
degradation (Tournier et al., 2000; Lei et al., 2002). In specific embodiments, the activity of
JNK and p38 is followed by Western blotting with antibodies against JNK, phospho-JNK, p38,
phospho-p38 (Cell Signaling).

[0272] In specific embodiments, effects of ROCK1 Al on the extrinsic membrane

death receptor pathway are evaluated by measuring the level of the activated caspase 8 by
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Western blotting using anti-caspase 8 antibody recognizing both the caspase 8 precursor and
active caspase 8 (PharMingen). Caspase 8 activity is also assayed by colorimetric assay using
cell extracts and chromophore p-nitoaniline (p-NA) labeled caspase 8 substrate Ac-IETD-pNA
(Clontech).

[0273] In addition, the present inventors have observed that ROCK1 Al exhibited
increased nuclear localization compared with the full length ROCK1 in transfected CV1 cells
(data not shown). By immunostaining and Western blot analysis of nuclear and cytosolic extracts
of cardiomyocytes infected with Ad-ROCK1 Al or Ad-ROCKI, it is determined whether
ROCKI1 Al exhibits increased nuclear translocation compared with full-length ROCK1.

[0274] In other embodiments, activated ROCK1 facilitated cleavage of SRF by
caspase 3. It was observed that SRF was cleaved by caspase 3 in failing human hearts (Chang et
al., 2002). In addition, the activated caspase 3 was able to cleave SRF in vitro, and
phosphorylation of SRF by ROCK1 Al facilitated this reaction (FIG. 11). However, in cultured
neonatal cardiomyocytes treated with doxorubicin or infected with an adenovirus encoding a
conditional caspase 3 (Ad-G/iCasp3) and in the presence of CID (condition for direct activation
of caspase 3), significant cleavage of SRF was not detectable (data not shown). In one specific
embodiment, the time window for cardiomyocyte apoptosis in the cultured system is either too
narrow (less than 20 h) and/or the level of SRF phosphorylation by activated endogenous protein
kinases is too low that not enough SRF cleavage could be detected before the final steps of

apoptotic reaction (nuclear chromatin condensation and DNA fragmentation) occur.

[0275] Adenoviral delivery of ROCK1 Al into cultured cardiomyocytes in specific
embodiments substantially increases the level of SRF phosphorylation and produces detectable
cleavage of SRF. Phosphorylation level of SRF is measured by immunoprecipitation of SRF
using rabbit polyclonal anti-SRF-C antibody followed by Western blotting using mouse
monoclonal anti-phosphoserine and anti-phosphothreonine antibodies (Sigma). The effect of
SRF phosphorylation on its cleavage by caspase 3 is evaluated with and without co-infection
with Ad-G/iCasp3 (plus CID induction).

[0276] In addition, SRF is preferentially localized in the nuclei in cardiomyocytes,

while ROCK1 Al has both cytosolic and nuclear localization, in specific embodiments. To
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increase nuclear localization of ROCK1 Al, in embodiments wherein it is needed, three SV40
nuclear translocalization signals (NLS) are added to ROCKI1 Al, for example. When nuclear
localization of NLS-ROCK1 Al is demonstrated after adenoviral transduction, phosphorylation
and cleavage of endogenous SRF by caspase 3 is assayed as described above. In embodiments
wherein no changes in SRF phosphorylation and cleavage can be detected after adenoviral
delivery of ROCK1 Al (or NLS-ROCKI1 Al) together with caspase 3, an alternative embodiment
would be that additional apoptotic events are required to induce efficient cleavage of SRF. In
this embodiment, cardiomyocyte apoptosis is induced by hypoxia, ceramide, or doxorubicin and

studies are performed under these conditions.

[0277] In particular aspects of the invention a TAT-mediated protein delivery
system (Green and Loewenstein, 1988; Frankel and Pabo, 1988) is utilized to express SRF
mutants in cell culture systems. TAT-SRF and TAT-SRF245A/254A (resistant to caspase 3
cleavage) are generated, for example. Under the conditions where significant cleavage of
endogenous SRF is detectable (possibly adenoviral delivery of ROCK1 Al with or without low
dose caspase 3), it is examined whether introduction of SRF mutant resistant to caspase 3

cleavage inhibits or delays myocyte apoptosis.

[0278] FIGS. 15A and 15B show that TAT-SRF is able to enter into cultured cells
in a concentration-dependent fashion and is preferentially localized in the nucleus of
cardiomyocytes. In FIG. 15A, TAT-SRF was labeled with FITC and added into the culture
medium of neonatal cardiomyocytes. SRF-GFP was expressed through a mammalian expression
vector transfected into neonatal cadiomyocytes. TAT-SRF displayed same cellular localization
as SRF-GFP and endogenous SRF. In FIG. 15B, Western blot analysis of cardiomyocytes
incubated with TAT-SRF at increasing concentrations is provided. Anti-SRF recognizes both
endogenous SRF and TAT-SRF, which have similar molecular weight. In FIG. 15C,
SRF245A/254A mutant was resistant to caspase 3 cleavage. Purified TAT-SRF and
TAT245A/254A were incubated with recombinant caspase 3 in vitro and only TAT-SRF was

cleaved by caspase 3.

[0279] In another embodiment of the invention, activated ROCK1 represses other
survival signal pathways. Many lines of evidence show that the PI3-kinase/Akt signaling

pathway plays a key role in regulating cardiomyocyte growth and survival (Matsui et al., 2003).
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Both insulin-like growth factor (IGF)-1 and IL6-like cytokines induce anti-apoptotic signals in
cardiomyocytes through activation of PI3-kinase/Akt pathway (Fujio et al., 2000; Mehrhof ez al.,
2001; Negoro et al., 2001). Recently, ROCK2 (the major isoform in vascular smooth muscle
cells) was shown to bind to the insulin receptor substrate (IRS)-1 resulting in IRS-1 serine
phosphorylation that led to inhibition of insulin-induced PI3-kinase activation (Begum et al.,
2002; Farah et al., 1998). These observations suggest that activation of ROCK1 by apoptotic
cascade inhibits PI3-kinase/Akt pathway through phosphorylation of IRS-1 in cardiomyocytes,

in some embodiments.

[0280] Phosphorylation of Akt is a hallmark of the activation of the survival
pathway directed by IGF-1. To study ROCK1 activation leading to changes in Akt expression
and phosphorylation, Akt phosphorylation and protein level is determined by Western blotting
with antibodies against Akt and phosphorylated Akt (phospho-Ser473 or phospho-Thr308, Cell
Signaling) in cardiomyocytes infected with Ad-ROCKI1 Al. A critical downstream target of Akt
is GSK-3B, which Akt inactivates by phosphorylation (Hardt and SAdoshima, 2002).
Phosphorylation of GSK-3p is examined by Western blotting with antibody against phospho-
Ser9 (Cell Signaling).

[0281] Wide-spread evidence indicates that p21 can play an anti-apoptotic role in
various types of cells (Gartel and Tyner, 2002). Exogenous p21 blocks hypoxia-induced
cardiomyocyte apoptosis and the anti-apoptotic effects of p21 appear to be independent of Cdk
inhibition by p21 (Hauck ez al., 2002). RhoA has been reported to repress the expression of p21
in NIH3T3 fibroblasts (Olson ef al., 1998). Up-regulation of p21 in the Rho GDIa embryonic
hearts of high-copy lines was observed, indicating that Rho family proteins repress p21
expression during early cardiac development (Wei et al., 2002). Rho kinase has been found to
repress induction of p21 through inhibiting nuclear translocation of phospho-ERK in phorbol
ester-induced apoptotic erythromyeloblast D2 cells (Lai er al., 2002). These observations
indicated that activation of ROCK1 by caspase 3 cleavage represses expression of p2l in
cardiomyocytes. Consistent with this exemplary embodiment, p21 transcript levels were higher

in ROCK1-deficient hearts compared with control mice under pressure overload (FIG. 16).

[0282] To determine if activated ROCKI represses p2l expression in

cardiomyocytes, the expression of p21 is followed at both mRNA (real-time RT-PCR) and
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protein (anti-p21 from Santa Cruz) levels in cardiomyocytes infected with Ad-ROCK1Al. In
some specific embodiments, transcription level of p21 is repressed by ROCKI1 Al, but not by
ROCK1 Algp. Cellular localization of phospho-ERK is also examined by immunostaining with
anti-phospho-p44/p42 ERX antibody (Cell Signaling Technology), for example. It is examined
whether exogenous p21 inhibits cardiomyocyte apoptosis induced by ROCK1 Al.

[0283] In particular embodiments of the present invention, caspase 3-dependent
activation of ROCK1 is required in mediating cardiomyocyte apoptosis induced by doxorubicin,
ceramide or hypoxia, and that activated ROCK1 is sufficient to induce cardiomyocyte apoptosis.
In specific embodiments of the invention, activated ROCK1 induces cardiomyocyte apoptosis
by, for example: 1) activation of caspase 8 via the assembly of the death-inducing signaling
complex induced by excessive phosphorylation of MLC; 2) release of cytochrome ¢ from
mitochrondria into the cytoplasm via inhibition of Akt activity or repression of p21 expression or
activation of JNK; and/or 3) increased cleavage of caspase 3 targets including SRF. As the
activity of each exemplary mechanism embodiment can be modulated using adenovirus
transduction, TAT-mediated protein delivery or specific chemical inhibitors, their cause/effect

relationship in mediating ROCK1 effects in cardiomyocyte apoptosis is easily tested.

[0284] The designed experiments take advantage of the available information on
signaling pathways modulating the activity of apoptotic cascades in cardiomyocytes and other
cell types. It is worth noting that other apoptotic or survival signaling pathways (not listed above)
may also play a role in mediating pro-apoptotic effects ROCK1 in cardiomyocytes, including, for
example calcineurin/NFAT (Pu et al., 2003; Liang et al., 2003), gp130 (Hirota et al., 1999;
Jacoby et al., 2003), PKC (Sabri and Steinberg, 2003; Chen et al., 2001; Bueno and Molkentin,
2002; Dorn, 2002), efc.
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EXAMPLE 11

STUDIES CONCERNING ROCKI1 ACTIVATION BY CASPASE 3 CLEAVAGE

LEADING TO THE PROGRESSION OF HEART FAILURE, WHICH WILL BE

TESTED THROUGH AN INDUCIBLE BI-TRANSGENIC GAIN-OF-FUNCTION
APPROACH

[0285] The present example concerns ROCK1 activation by caspase 3 cleavage
leading to heart failure progression, which in specific embodiments is tested through an inducible
bi-transgenic gain-of-function approach. In specific embodiments, cardiac-specific inducible

expression of ROCK1 Al induces cardiomyocyte apoptosis and heart failure in intact animals.

[0286] FIG. 17 provides an exemplary embodiment for the present Example. The
Examples above indicate that ROCK1 can be cleaved by caspase 3 in apoptotic myocytes and in
failing hearts. Expression of activated ROCK1 mutant (ROCK1 Al), which closely mimics the
caspase 3 cleaved form, leads to the activation of caspase 3 in cultured cardiomyocytes. Hence,
in specific embodiments, activation of ROCK1 plays an important role in the progression of
heart failure in the intact animal. ROCK1-deficient mice under pressure overload exhibits
increase cell size, but there is reduced induction of hypertrophic markers, reduced interstitial
fibrosis and reduced apoptosis in comparison with control mice, supporting this embodiment. To
determine to what extent the caspase 3-dependent activation of ROCKI1 contributes to heart
failure, it is helpful to temporally modulate the level of activated ROCK1 in adult heart to avoid
large-scale myocyte apoptosis. To achieve this goal, the inducible gene-switch system is used to

temporally control cardiac-specific expression of ROCK1 Al, by addition of a ligand, RU486.

[0287] Cardiac-Glp65/ROCK] Al bi-transgenic mice are generated. Two
exemplary different transgenic lines may be utilized for cardiac inducible expression of
ROCK Al: 1) The activator line (Cardiac-Glp65) in which the ligand (RU486)-inducible
transactivator (Glp65) is under the control of the cardiac-specific aMHC promoter. Glp65
contains a truncated progesterone receptor (PR-LBDA), yeast Gal4 DNA binding domain
(GAL4) and p65 NFB transactivation domain (p65); 2) The inducible line (TATA-ROCK1 Al)
in which the expression of ROCK1 Al is under the control of the promoter (containing four

copies of Gal4 binding sites) that can only be activated by Glp65 in the presence of RU486.
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[0288] Constructs for Inducible-ROCK1 Al have been made and TATA-
ROCKI1 Al founder mice are generated. The F1 heterozygotes derived from the Inducible-
ROCK1 Al founder mice are then crossed with the Cardiac-GIp65 line to generate bi-transgenic
mice: Cardiac-Glp65/TATA-ROCK1 Al. Cardiac expression of ROCK1 Al is examined by RT-
PCR and Western blot analysis (ROCK1 Al contains a Myc epitope) before and after RU486
administration (500 pg/kg body weight) for 4 days (established conditions for maximal level
mduction of the transgene expression in bi-transgenic hearts) to select transgenic lines with
inducible transgene expression. These doses are tolerated in mice, even with long term use. Two
bi-fransgenic lines showing the highest and lowest range of inducible expression of ROCK1 Al

are focused on initially.

[0289] As a control for potential non-specific effects of the overexpression of the
transgene, an additional bi-transgenic mouse line will also be generated that expresses
ROCK1 Alkp, a kinase defective transgene. Under basal condition where endogenous ROCK1
activity is not stimulated, inducible expression of ROCK1 Algp in the heart of bi-transgenic

mice should not have significant dominant negative effect.

[0290] In specific embodiments, inducible expression of ROCK1 Al leads to
cardiac hypertrophy and/or heart failure. The effects of the inducible expression of the transgene
from 4 weeks of age are determined, for example. Bi-transgenic hearts in specific embodiments
have no structural and functional abnormalities in the absence of RU486 adminisiration. For
RU486 administration, mice are implanted with RU486 pellets (Innovative Research of
America), which are designed for release of the drug at a constant daily dose of 100, 250 and 500
ng/kg body weight for 60 days. Mice will be examined after administration of RU486 for various
periods of times (1 to 60 days if compatible with life). Effects of the inducible expression of
activated ROCK1 Al on the myocardium are analyzed at molecular, cellular, morphological and

functional levels under basal physiological conditions.

[0291] Apoptosis: Assay of Rho kinase activity, evaluation of apoptosis by
measuring caspase 3 activity, DNA laddering, and sub-Gl phase DNA are performed as
described above. In addition, the effects of acute and chronic ROCK1 activation on the

regulation of other components of apoptosis machinery in the hearts of bi-transgenic mice are
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examined. These include the levels of cytoplasmic fraction of cytochrome ¢, the levels of anti-
apoptotic Bcl2 and pro-apoptotic Bax, activation of MAK kinases (ERK, JNK and p38), and
caspase 8 activity as described elsewhere herein. Effects of acute and chronic ROCK1 activation
on the cleavage of SRF, expression of p21, and activity of PI3-kinase/Akt pathway are also

examined as described above.

[0292] Both frozen and paraffin sections are made from hearts before and after
inducible expression of ROCK1 Al. Inducible expression of ROCK1 Al in myocardium leads to
significant cardiomyocyte damage, in specific embodiments. Evaluation of cardiomyocyte
apoptosis in tissue sections is performed by TUNEL staining using the ApopTag in situ apoptosis
detection kit (Intergen), for example, and counter-staining for o-sarcomeric actin.
Immunostaining images are captured by Zeiss LSM 510 confocal microscopy with triple laser
system, which is available in the Integrated Microscopy Core at BCM. Ultrastructural changes
are also evaluated, such as chromosomal nuclear condensation and myofibrillar disarray by

electron microscopy analysis.

[0293] Hypertrophy: Heart weight/body weight, lung weight/body weight and liver
weight/body weight are measured. Myocyte size is determined by measuring the transnuclear
width at the mid-ventricular level of hematoxylin-eosin stained heart sections. The longitudinal
length of ventricular myocytes is measured using isolated myocytes. Myocyte density in the left
ventricular myocardium is determined histologically from hematoxylin-eosin stained heart
sections. Changes in the expression profiles of hypertrophic markers including ANF, PMHC,
oMHC, skeletal a-actin, BNP, and SERCA2a are measured by real-time RT-PCR.

[0294]  Fibrosis: The extent of interstitial fibrosis is determined by Sirius Red

staining, which is a useful measure of fibrillar collagen, and is coupled with image analysis for
quantitation. Expression level of type I and type III collagens is examined by real-time RT-PCR

to further quantitate fibrosis, for example.

[0295]  Gene Expression: In addition to the candidate gene approach, systematic

gene profiling is also employed by microarray analysis using Affymetrix mouse gene chips (430
microarray series containing over 34,000 known genes and ESTs) available at the Informatics

Microarray Core at BCM. Other mouse chips are also available at Baylor Microarray Core
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Facility, including mouse 15K and 7.4K arrays based on the 15, 000 and 7,400 cDNA clone sets
from the National Institute of Aging. The Baylor Microarray Core Facility also offers Affymetrix
services including RNA quality control, Affymetrix labeling, hybridization, and basic or

extended data analysis.

[0296] Replicate samples for each condition are performed for microarray analysis.
For data analysis, the Core facility provides Affymetrix MicroArray Suite 5.0, GeneSpring, and
Spotfire. The present inventors also may utilize dChip (Harvard University), BIOConductor
(Harvard Medical School), and GenMAPP (UCSF). These software packages are used to cluster

patterns of gene expression with similar fold changes compared to a control group.

[0297] Among the groups of genes whose expression is significantly altered due to
induced expression of ROCK1Al, in specific embodiments the following may be found 1)
common markers of cardiac hypertrophy; 2) molecular markers for fibrosis including collagens,
matrix metalloproteinases and tissue inhibitors of metalloproteinases; 3) SREF gene targets;
and/or 4) regulators of mitochondrial apoptotic pathway, etc. The results of microarray analysis
are confirmed by quantitative RT-PCR. By comparing gene expression profiling of acute versus
chronic induction of ROCK1A1, this strategy is aimed at selecting primary ROCK1-regulated

genes from targets whose expression may be altered secondary to cardiac remodeling.

[0298] In particular embodiments, the data is interpreted in comparison to
published (Hwang et al., 2002; Barrans et al., 2002; Tan et al., 2002; Peng et al,. 2002; Aronow
et al., 2001; Schneider and Schwartz, 2000) or publicly deposited genome-wide expression
profiles, such as Cardio Genomics (www.cardiogenomics.med.harvard.edu) to see if acute or
chronic activation of ROCK1 triggers gene profile changes similar or different compared to other

cardiac hypertrophy and/or heart failure conditions.

[0299] Systolic and diastolic function: Cardiac performance of bi-transgenic mice

is evaluated before and after inducible expression of ROCK1Al by non-invasive measurements
of systolic and diastolic function with pulsed wave Doppler-echocardiograpy. The measurements
include left ventricular end-diastolic and end-systolic diameters, left ventricular end-diastolic

wall thickness and Doppler estimates of stroke volume and cardiac output.
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[0300] It is first determined if acute induction of high level or chronically low-level
expression of ROCK1Al induces compensatory cardiomyocyte hypertrophy or decompensated
dilated cardiomyopathy. Based on the results of the present inventors, in some embodiments
under either condition, increased mortality, dilated cardiomyopathy, increased frequency of
myocyte apoptosis, increased interstitial fibrosis, decreased myocyte density, pathological
changes of expression profiles of hypertrophic markers, activation of caspase 3, activation of
other components of apoptotic cascade, repression of p21, decreased activity of PI3-kinase/Akt

cascade, and/or cleavage of SRF is determined.

[0301] In specific embodiments, the severity of these effects correlates with the
level and duration of induced expression of ROCK1 Al. The comparison between acute (less
than 7 days) and chronic (up to 60 days) activation of ROCK1 allows one to distinguish between
the primary and secondary effects caused by this transgene, and to determine the contribution of
ROCK1 activation in the initiation and progression of heart failure. As the gene-switch system
allows the present inventors to turn on and off the transgene, the consequences of withdrawal of
ROCKI1 Al expression can be determined. In specific embodiments, this determines to what
extent injury caused by ROCK1 activation can be reversed. However, inducible gxpression of
ROCKI1 Al in specific embodiments irreversibly activates the caspase cascade so that

withdrawal of ROCK1 Al expression cannot stop the apoptotic process.
EXAMPLE 12

STUDIES CONCERNING THE ROLE OF ROCK1 IN MEDIATING HEART FAILURE
UNDER CARDIAC CONDITIONS ASSOCIATED WITH CASPASE 3 ACTIVATION,
USING ROCK1-DEFICIENT MICE, CARDIAC-SPECIFIC ROCKI1-DEFICIENT MICE,
AND MICE WITH A KNOCKIN MUTATION IN THE ROCK1 GENE RESISTANT TO
CASPASE 3 CLEAVAGE

[0302]  The present Example relates to the role of ROCKI1 in mediating heart
failure under cardiac conditions associated with caspase 3 activation, using ROCK1-deficient
mice, cardiac-specific ROCK1-deficient mice, and mice with a knockin mutation in the ROCK1
gene resistant to caspase 3 cleavage. In specific embodiments, ROCK1 deficiency inhibits

cardiomyocyte apoptosis and heart failure under the pathological conditions in which apoptosis
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plays a significant role in the development of heart failure. In another embodiment, the in vivo
knockin mutation of the endogenous ROCKI, resistant to caspase 3 cleavage, inhibits

cardiomyocyte apoptosis and heart failure under these conditions.

[0303] An exemplary study design is provided in FIG. 18. The Examples above
indicate that activation of ROCK plays an important role in the progression of heart failure in the
intact animal. The gain of function studies described in Example 11 will address activation of
ROCK1 as being sufficient to cause heart failure. However, further studies will address
activation of endogenous ROCK1 in mediating cardiomyocyte apoptotic signals in the intact
animal by loss-of-function approaches. In specific embodiments, endogenous ROCK1 can be
activated by two exemplary pathways: 1) RhoA-dependent; and 2) RhoA-independent and
caspase 3-dependent. ROCK1 deficiency abolishes the activation by both pathways and the
ROCKI1 mutation, resistant to caspase 3, only abolishes one pathway. It is tested if ROCK1
plays an obligatory role in heart failure progression by three parallel approaches: 1) ROCK1
knockout mice, in which deficiency of ROCK1 in both myocardium and vascular system
contributes to the phenotype; 2) ROCKI1 conditional knockout mice, in which only the role of
ROCK1 in cardiomyocytes is studies; and/or 3) mice with a knockin mutation causing resistance
to caspase 3 cleavage in the endogenous ROCK1 gene, in which only the role of caspase 3-
dependent activation of ROCK1 is studied. To induce cardiomyocyte apoptosis in the intact
animal, three conditions are employed: 1) biomechanical stress generated by transverse aortic
banding; 2) Goq-mediated peripartum cardiomyopathy; 3) direct activation of caspase 3 by
inducible expression and activation of caspase 3 in the heart. The first two model embodiments

are established pathological conditions under which significant apoptosis has been documented.

[0304] In some embodiments, ROCKI is activated by pressure overload, in Gaq
transgenic hearts or by inducible activation of caspase 3. RhoA and Rho kinase expression
and/or activity are up-regulated in rat hearts under pressure overload (Torsoni et al., 2003), in the
hypertrophic hearts of Dahl salt-sensitive hypertensive rats (Kobayashi et al., 2002; Satoh et al.,
2003) and in the hypertrophic hearts of angiotensin II-infused rats (Higashi et al, 2003).

However, relative ROCK1 and ROCK2 activation was not examined.

[0305] In embodiments to examine whether RhoA/Rho kinase signal pathway is

activated in vivo, ROCK1 and ROCK2 mRNA levels are measured by real-time RT-PCR; by the
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protein levels by Western blotting, which also detects the cleaved fragment of ROCK1; and
kinase activity by measuring the phosphorylation level of ROCK1 and ROCK2 endogenous

substrates as described above.

[0306] Pressure overload condition is addressed in FIG. 19. By real-time RT-PCR
analysis, it was observed that ROCK1 transcript levels were up-regulated in hypertrophic hearts
induced by constricting the transverse aorta for three weeks, while ROCK2 transcript levels
remained unchanged (FIG. 19). To determine the time course of up-regulation of ROCK1
expression by pressure overload, the expression of ROCK1 ROCK2 and Rho kinase activity at

24 h, 1 week, 2 weeks and 3 weeks of banding is identified.

[0307]  Peripartium Goq transgenic hearts. Gag-overexpressing mice develop a
compensated cardiac hypertrophy under basal conditions. Apoptotic decompensation is observed
in peripartium Goq transgenic hearts. The peak incidence of heart failure occurs within 1 week
after delivery (Adams et al., 1998). The expression of ROCK1, ROCK2 and Rho kinase activity
is determined in hypertrophic hearts (12 week-old of Goq mice) as well as in peripartium

cardiomyopathic hearts.

[0308] Inducible activation of caspase 3 mice is addressed. In both pressure
overload and peripartium Goq transgenic hearts, endogenous ROCK1 and ROCK2 can be
activated by a RhoA-dependent pathway and ROCK1 can be activated by a caspase 3-dependent
pathway. ROCK1 activation by caspase 3 cleavage may not be a major determinant of increased
Rho kinase activity under these conditions. In a mouse model that exhibits increased caspase 3
activity independent of other hypertrophic or apoptotic responses, caspase 3-dependent cleavage

of ROCK1 is a major contributor to increased Rho kinase activity, in some embodiments.

[0309] A bi-transgenic inducible model aimed at temporally modulating caspase 3
activity in the heart is generated, in some embodiments. In this model, expression of a
conditional caspase 3 (iCasp3) is under the control of RU486 through the gene-switch system
described elsewhere herein. This conditional caspase 3 remains in its inactive form unless forced
to dimerize by addition of a CID, AP20187. Using this sophisticated regulatory system, the
activity of transgenic caspase 3 is controlled at both transcriptional (by RU486) and post-
translational (by CID) levels by addition of two ligands in a dose-dependent manner.
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[0310] The constructs for TATA-iCasp3 have been made, and 7 positive TATA-
iCasp3 founders were generated. The F1 heterozygotes from these founders are being bred with
the Cardiac-Glp65 line to generate bigenic mice: Cardiac-Glp65/iCasp3, which is then tested for
inducible expression and activation of caspase 3 by RU486 and CID administration, and RT-
PCR and Western blot analysis. It is tested whether these mice exhibit significant cardiomyocyte
apoptosis and develop dilated cardiomyopathy within, for example, the next six months. As part
of the characterization of the inducible caspase 3 mice, expression of ROCK1, ROCK2, and Rho
kinase activity is examined before and after inducible activation of caspase 3 in the bi-transgenic

hearts.

[0311] In some embodiments, the essential functions of ROCK1 activation in
mediating apoptotic signals are as follows: ROCK1-deficient mice exhibit decreased myocyte
apoptosis, decreased interstitial fibrosis and increased induction of pathological hypertrophic
markers, and improved contractile function compared to control mice under pressure overload.
This embodiment is further characterized as to the importance of ROCK1 in mediating apoptotic
signals under pressure overload and other apoptotic decompensated conditions. The

characterization of the pathological phenotype is performed as described elsewhere herein.

[0312] Pressure overload condition Decreased cardiomyocyte apoptosis has been

observed using TUNEL staining and increased fibrosis by Sirius Red staining following aortic
banding. To complete this analysis of cardiomyocyte apoptosis, DNA fragmentation, sub-Gl
phase DNA, caspase 3 activity, activation of MAK kinases (ERK, JNK and p38), and caspase 8
activity are measured as described elsewhere herein. In specific embodiments, the present
inventors will measure expression level of type I and type III collagens by real-time RT-PCR to
further analyze fibrosis. The protein level of p21 (to confirm RT-PCR results) and the activity of
PI3-kinase/Akt pathway are also examined. To gain further mechanistic insight, the present
inventors will also perform microarray analysis to compare gene profile changes between

ROCK1 deficient mice and control mice before and after aortic banding.

[0313] Peripartium Gag transgenic hearts. The present inventors are in the process

of generating Gocq/ROCKl'/' mice: breeding of Gaq mice with ROCK1™" mice is performed to
obtain Gocq/ROCKl“ " mice (expected in 50% of offspring), which is then bred with ROCK1”-

mice to generate Gocq/ROCKl'/ " mice (expected in 25% of offspring). The question of whether
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ROCK1 deficiency affects Gouq expression is examined, as is the question of whether ROCK1
deficiency causes changes in the characteristic features of cardiac hypertrophy in Gaq transgenic
mice under normal conditions. It is then examined if ROCK1 deficiency delays or prevents the
early death seen in the peripartum period of Goq transgenic mice, and if ROCK1 deficiency
inhibits cardiomyocyte apoptosis, and whether ROCK 1 prevents dilated cardiomyopathy.

[0314] Inducible activation of caspase 3 mice. Inducible activation of caspase3 is

expected to cause increased mortality, dilated cardiomyopathy, increased frequency of myocyte
apoptosis, increased interstitial fibrosis, and depressed cardiac contractile function, in some
embodiments. To characterize the role of ROCK1 in mediating cardiomyocyte apoptosis
induced by direct caspase 3 activation, inducible caspase 3 transgenic mice are crossed into the
ROCK1 knockout background. Cardiac-Glp65 and TATA-iCasp3 mice are then bred with
ROCK1™ mice to generate Cardiac-Glp65/ROCK 1" and TATA-iCasp3/ROCK1”" mice, as
described above for the generation of Gag/ROCK1™ mice. These two lines of mice are then
intercrossed to produce Cardiac-Glp65/iCasp3/ROCK1”" mice (expected in 25% of offspring).
Caspase 3 activity is then induced by administration of RU486 and CID, and it is determined to
what extent ROCK1 deficiency delays or prevents cardiomyocyte apoptosis and heart failure

triggered by acute or chronic activation of caspase 3.

[0315] In specific embodiments of the present invention, the cardiomyocyte-
autonomous functions of ROCK1 activation in mediating apoptotic signals are determined
During mouse embryonic development, ROCK1 is enriched in the developing heart (Wei et al.,
2001), but it is also expressed in other tissues including the developing vascular system. In adult
mice, ROCK1 is also abundant in vascular smooth muscle and endothelial cells (Nakagawa et
al., 1996). Moreover, in mouse heart, ROCK1 is present in both cardiomyocytes and cardiac
fibroblasts. Previous studies using Rho kinase inhibitors support an important role of Rho kinase
in regulating contraction of smooth muscle cells, thereby regulating blood pressure (Uchata et
al., 1997), repressing eNOS expression in endothelial cells, which has cardioprotective effects
(Takemoto et al., 2002), and promoting smooth muscle proliferation (Sauzeau et al., 2001;
Sauzeau et al., 2000).

[0316] Although previous studies do not distinguish between the role of ROCK1

and ROCK2 in regulating these functions (chemical inhibitors inhibit the activity of both
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isoforms), these data indicate that ROCK1 deficiency in smooth muscle cells, endothelial cells
and cardiac fibroblasts contributes to the decreased apoptosis and interstitial fibrosis observed in
ROCK 1-deficient mice under pressure overload, in specific embodiments. To specifically study
the role of cardiomyocyte ROCK1 in mediating myocyte apoptosis in vivo, mutant mice that lack
endogenous ROCK1 in cardiomyocytes are generated, such as through a combined Cre/Flip

system. An exemplary strategy is provided in FIG. 20.

[0317] Generation of conditional ROCK1 knockout mice. The ROCK1-loxP mice

are generated by introducing loxP sites into ROCKI1 gene by homologous recombination, in
specific embodiments (FIG. 20). To construct the targeting vector, the same genomic ROCK1
DNA clone is used (isolated from an isogenic ES 129 mouse genomic library) that was
previously used to generate ROCK1" mice. The targeting vector is introduced into ES cells,
such as by electroporation, and then placed under G418 selection. Clones with the appropriate
recombination event are identified by Southern blot analysis of DNA probing with sequences
located outside the targeting vector. Correctly targeted ES cells are injected into C57BL/6
blastocysts. Chimera mice carrying the mutant allele are bred to C57BL/6 mice to generate
heterozygous mice, which are then bred to Gt(ROSA)26Sor-Flp mice (such as commercially
obtained from The Jackson Laboratory) to delete the Neo cassette from the germ line via the Flp-
Frt system (Farley et al., 2000). In Gt(ROSA)26Sor-Flp mice, Flp recombinase is targeted into
the constitutive ROSA26 locus. In particular embodiments, this targeting approach results in the
generation of ROCK1-loxP mice with loxP sites in the introns flanking the exon 8 encoding
residues 137-196. Deletion of this exon by Cre recombinase results in a frame-shift mutation in
ROCK1, thus removing all residues from the residue 137 to the end of the protein. In ROCK1
knockout mice, deletion of all residues from the residue 180 to the end of the protein results in a

null mutation of ROCK1.

[0318] Homozygous ROCK1-loxP (ROCK1™) mice are then crossed to the
Nkx2.5-Cre mice, generated as described previously (Moses et al., 2001), or to the aMHC-Cre

1" mice are bred with

mice generated as described previously (Agah et al., 1997). ROCK
Nkx2.5-Cre or aMHC-Cre mice to obtain ROCK */Cre mice (50% of offspring expected),
which are then bred with ROCK1" mice to generate ROCK1"/Cre mice (aMHC or Nkx2.5)

(expected in 25% of offspring). The approximate percentage of homologous ROCK1 knockouts
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is assayed by Southern blot analysis of cardiac tissue, PCR analysis, as well as by in situ
hybridization and immunohistochemistry. Complete cardiac recombination should be achieved

by embryonic day 11-12 (Gaussin et al., 2002).

[0319] In a particular embodiment of the present invention, cardiac-specific
ablation of ROCK1 decreases cardiomyocyte apoptosis under pathological conditions. In some
embodiments, ROCK1"/oMHC-Cre or ROCK1™/Nkx2.5-Cre are utilized in the following
studies. Similar experiments are performed as for ROCK1 deficient mice under the three
pathological conditions described above: pressure overload, peripartium Goq and cardiac-
specific inducible caspase 3. It is examined whether the characteristic features (at least some)

observed in ROCK 1-deficient mice are recapitulated in cardiac-specific ROCK1 knockout mice.

[0320] To characterize the effect of cardiac-specific ablation of ROCKI1 on
peripartium Goqg-mediated dilated cadiomyopathy, Gocq/ROCKlf/f/Cre mice are generated.
Gocq/ROCKlf/f mice are first generated through the strategy described above for the generation
of Gocqﬂ{OCKl'/' mice. ROCK1"/Cre mice are then crossed with Gag/ROCK1” mice to
produce Gag/ROCK1 %/Cre mice (expected in 25% of offspring).

[0321] To characterize the effect of cardiac-specific ablation of ROCK1 on caspase
3-induced cardiomyopathy, Cardiac-Glp65/1Casp3/ ROCK1"/Cre mice are generated. Cardiac-
Glp65/iCasp/ROCK1f/ f mice are first generated through the same strategy as described above for
the generation of Cardiac-G1p65/iCasp3/ROCK1'/' mice. These mice are theri crossed with
ROCK1"/Cre mice to generate Cardiac—Glp65/iCasp3/ROCKlf/f/Cre (expected in 12.5% of
offspring).

[0322] In other embodiments, caspase 3-dependent activation of ROCKI1 is
required for mediating apoptotic signals. The activation of ROCK1 by both RhoA-dependent
pathway and RhoA-independent and caspase 3-dependent pathway contributes to the phenotype
observed in ROCK1-deficient mice under pathological conditions, in specific embodiments of
the invention. To directly characterize the role of caspase 3-dependent cleavage and activation of
ROCK]1 in mediating myocyte apoptosis in vivo, mutant mice are generated that lack the caspase

3 cleavage site in the endogenous ROCK1 gene.
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[0323] Generation of mice with D1113A knockin mutation of the endogenous

ROCK1 gene. The mice are generated by introducing a point mutation at the caspase 3 cleavage
site using homologous recombination techniques (FIG. 21). ROCK1 BAC clones are first
isolated from a BAC library of the 129 strain. A BAC clone is screened for that contains ROCK1
coding sequences including exon 30 (which contains the caspase 3 clevage site) by PCR and
Southern blot analysis. A targeting vector encoding Ala substitution at Asp 1113, in exon 30 is
constructed with a loxP-flanked neomyocin resistant maker in the downstream intron (the
resistance to caspase 3 cleavage by this point mutation is first tested in cell culture as described
above). Correctly targeted ES cells containing Ala mutation and Neo cassette are injected into
C57BL/6 blastocysts. Chimera mice carrying the mutant allele are bred to C57BL/6 mice to
generate heterozygous mice. Heterozygous mice are then bred to Ella-Cre mice to delete the Neo
cassette from the germ line via the Cre-loxP system (Lakso et al., 1996). In Ella-Cre mice, the

Cre transgene is under the control of the adenovirus Ella promoter (Lakso ef al., 1996).

[0324] As an alternative embodiment of conventional targeting approach, one can
also introduce the D1113A mutation into the BAC ROCK1 and then introduce the modified
BAC clone into ES cells, which are then screened for the appropriate homologous recombination
as described above. The advantages of the BAC approach include the significant reduction in
time for the generation of the targeting vector. Only a 50nt homology region flanking the Neo-
loxP cassette is required for efficient homologous recombination with the genomic DNA of
ROCK]1 in the BAC clone in bacteria (Nefedov er al., 2000; Muyrers et al., 1999). FIG. 21
illustrates an exemplary strategy for generation of D1113A knockin mutation mice. The final
targeted allele contains the mutated caspase 3 cleavage site and one loxP site within the

downstream intron.

[0325] In other embodiments of the invention, the elimination of the caspase 3
cleavage site in ROCK1 leads to decreased cardiomyocyte apoptosis under pathological
conditions. Studies are performed in ROCK1D1113A mice under three pathological conditions
as describe above for ROCK1 deficient mice. It is examined if the characteristic features (at least

some) observed in ROCK1 deficient mice are recapitulated in ROCK1D1113A mice.

[0326] To test an effect of the absence of caspase 3 cleaved ROCK1 on peripartium
Gag-mediated dilated cadiomyopathy, Gog/ROCK1p;1134 mice are generated through the
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strategy described above for the generation of Gocq/ROCKl'/ " mice. To test an effect of the
absence of caspase 3 cleaved ROCK1 on caspase 3-induced cardiomyopathy, Cardiac-
Glp65/iCasp3/ROCK1p;1134 mice are generated through the strategy described above for the
generation of Cardiac-G1p65/iCasp3/ROCK1'/ " mice.

[0327] In an embodiment of the invention, ROCKI is activated by RhoA-
dependent pathway and by RhoA-independent and caspase 3-dependent pathway. As such, it is
beneficial to determine the contribution of each pathway in regulating cardiomyocyte apoptosis
in vivo. The observations in cultured cardiomyocytes clearly demonstrate increased toxicify of
ROCKI1Al versus full-length ROCK1 in inducing activation of caspase 3 (FIG. 9). By
comparing the characteristic features of ROCK1-deficient mice with those of ROCKlpii13a
mutant mice, in specific embodiments the role of caspase 3-dependent activation of ROCK1 in
regulating cardiomyocyte apoptosis in vivo is determined. In one embodiment, activation of
ROCK1 (as well as ROCK2) by RhoA pathway plays a beneficial role in the development of
compensated cardiac hypertrophy, while activation of ROCK1 by caspase 3-dependent cleavage
contributes to the transition from cardiac hypertrophy to heart failure.

[0328]  As mentioned above, ROCK1 is expressed in cardiomyocytes, cardiac
fibroblasts, smooth muscle cells and endothelial cells. By comparing the characteristic features
of ROCK 1-deficient mice with those of cardiac-specific ablation of ROCK1 mice, one is able to
distinguish between the effects of cardiomyocyte ROCK1 deficiency and the effects of ROCK1
deficiency in other cell types on regulating cardiomyocyte apoptosis, interstitial fibrosis
formation, and pathological changes of gene expression profiles under pathological conditions.
Generation of ROCK1-loxP mice also allows for investigation of specific roles of ROCKI in
these cell types by tissue specific ablation of ROCKI, through crossing with mouse lines

expressing other tissue specific Cre recombinases.

[0329]  The studies described herein focus on the role of ROCK1 in mediating
myocyte apoptosis during transition to heart failure. In specific embodiments, ROCK2 cannot
compensate for the role of ROCKI in regulating cardiomyocyte apoptosis. The absence of
caspase 3 cleavage site on ROCK2 also indicates that ROCK2 does not mediate the effects of
caspase 3. In specific embodiments, this is further characterized through ROCK2 knockout or
cardiac-specific ROCK2 knockout mice. A recent report has shown that the majority of ROCK2
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deficient homozygous mice died in utero due to defects in the placenta. A small number of
ROCK2 knockout mice that survived were born runts without significant cardiac structural
abnormalities (Thumkeo et al., 2003). In particular embodiments, both ROCK?2 knockout and
conditional ROCK2 knockout mice are generated and utilized for characterization of ROCK2 in
cardiac development, such as in combination with ROCK1 knockout, and is also used for

characterizing role of ROCK2 in postnatal cardiac hypertrophy and heart failure.

[0330] Thﬁs, as described herein, biological functions of ROCK1 in cardiomyocyte
apoptosis and the transition from compensated hypertrophy to heart failure is described by using
several exemplary unique in vivo and in vitro model systems: ROCK1-deficient mice, cardiac-
specific ROCK1-deficient mice, and ROCK1 mutant mice with caspase 3 resistant point
mutation D1113A in the endogenous ROCK1 gene for in vivo loss-of-function study; cardiac-
specific inducible ROCKIAl mice for in vivo gain-of-function study, and a number of
adenoviruses and TAT-fusion proteins for gain- and loss-of-function studies in cell culture. The
function and mechanisms by which ROCK1 regulates cardiomyocyte apoptosis and cardiac
remodeling during transition to heart failure are provided, as are novel and powerful reagents to

characterize additional roles of ROCK1 in other biological systems.
EXAMPLE 13

CASPASE 3 ACTIVATION BY ROCKA1 WAS ASSOCIATED WITH THE
ACTIVATION OF PTEN AND DEPHOSPHORYLATION OF AKT

[0331] To further characterize the mechanism involved in this caspase activation,
the present inventors transfected ROCKAIL in human HEK cells. As indicated in FIG. 22,
ROCKALI decreased the phospho-AKT (pAKT) level (FIG. 22A) and increased PTEN activity,
but this was not found in either full length ROCK-1 or kinase-deficient mutant, ROCK-1KD
(FIG. 22B). Since AKT is activated by PI3K, PTEN acts as the upstream PI3K inhibitor. In
specific embodiments of the invention, the repression of AKT activity caused by ROCKAI may
contribute to its pro-apoptotic effect through the increase in PTEN activity. Loss of PTEN
expression by siRNA treatment resulted in an increase in the basal phosphorylation state of AKT
(FIG. 22C), which is consistent with other studies (Li et al, 2005; Oudit et al, 2004).
Meanwhile, the decreased level of pAKT by ROCKAl was reverted by blocking PTEN

93



WO 2006/053014 PCT/US2005/040529

expression. Furthermore, the pAKT level was higher than the control level (FIG.. 22D), which
further supported this specific embodiment.

EXAMPLE 14

DEFICIENCY OF ROCK-1 PREVENTED APOPTOSIS INDUCED BY CERAMIDE IN
CULTURED CARDIOMYOCYTES OR IN MICE SUBJECTED TO SYSTOLIC
OVERLOAD

[0332] Since overexpression of ROCKAL is sufficient to initiate a caspase cascade,
in a specific embodiment of the invention blocking expression in ROCK-1 may prevent
cardiomyocytes from apoptosis induced by apoptotic stimuli. As indicated in FIG. 23A, a
specific siRNA significantly knocked down ROCK-1 expression without interrupting expression
of the other Rho kinase isoform, ROCK-2, in cardiomyocytes (top left panel). Application of this
siRNA also inhibited caspase 3 activation induced by ceramide (top right panel). Without siRNA
treatment, ceramide strongly induced caspase 3 activation, along with cellular apoptosis.
Fluorescent staining showed that pre-treatment with siRNA protected cardiomyocytes against
ceramide-induced apoptosis with almost intact myofilament structure compared to a disorganized

and damaged cellular structure in non-siRNA treated cells (FIG. 23B).

[0333] In order to further characterize the role of ROCK-1 in this proteolytic
cascade process in vivo, ROCK-1 null mice were generated. ROCK-17" mice were viable, which
allowed us to subject these mice to pathophysiological conditions, such as pressure overload.
Consistent with the siRNA results, it was found that ROCK-1"" mice exhibited significantly
reduced myocyte apoptosis as compared to WT mice when induced by pressure overload through
aortic banding (FIG. 22C and 22D). Therefore, blocked ROCK-1 expression attenuated caspase

3 activity and contributed to myocardial protection.
EXAMPLE 15
SIGNIFICANCE OF THE PRESENT INVENTION

[0334] The inventors conducted highly selective blockades of ROCK-1 expression
in cardiomyocyte culture by application of siRNA as well as loss-of-function studies in the

genetically modified mouse heart. The data support an in vivo role for caspase 3-mediated
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ROCK-1 cleavage and activation in facilitating myocyte apoptosis in heart failure. The pro-
apoptotic effect of Rho kinase has also been suggested by other studies (Lai et al., 2002; Lai et
al., 2003; Petrache et al., 2003). In an isolated perfusion rat heart study, pharmacologic
inhibition of Rho kinase significantly reduced the level of myocyte apoptosis induced by
ischemia/reperfusion (Bao ef al., 2004).

[0335] The inventors addressed the molecular mechanism for Rho kinase’s pro-
apoptotic effect and demonstrated that the constitutively active ROCK-1 mutant generated by
cleavage (Coleman et al., 2001; Sebbagh et al., 2001) directly activated caspase 3 and led to
myocyte apoptosis. This proteolytic activation was associated with the inhibition of AKT activity
via the increase in PTEN activation. PTEN has been demonstrated to act as a negative regulator
of AKT in opposition to the PIP3/AKT signaling pathway (Oudit ef al., 2004; Goberdhan ef al.,
1999; Crackower et al., 2002; Schwartzbauer and Robbins, 2001). AKT has been recognized as
an anti-apoptotic factor (Franke et al., 1997; Latronico et al., 2004). It has been reported that
PTEN can be activated by active RhoA and phosphorylated by ROCK-1 in vitro (Li et al., 2005;
Meili et al., 2005). nhibition of Rho kinase leads to activation of AKT and cardiovascular
protection (Wolfrum ez al., 2004). To further this observation, the inventors demonstrated that
active ROCK-1 directly increased PTEN activity and subsequently decreased phosphorylation of
AKT. Blocking expression of PTEN reverted AKT to control levels even with the active ROCK-
1 treatment, indicating that the pro-apoptotic effect of activated ROCK-1 was associated with the
activation of PTEN and the dephosphorylation of AKT. Cleaved ROCK-1 in failing hearts is one

of the mechanisms that may directly contribute to myocyte apoptosis.

Conclusion
[0336] In summary (FIG. 24), the inventors demonstrated that ROCK-1 is one of

the targets for activated caspase 3 in human failing hearts and transgenic mouse hearts with
severe cardiomyopathy in the absence of large-scale apoptosis. The cleavage resulted in an active
ROCK-1 kinase, which further induced caspase 3 activation and myocyte apoptosis and
generated a positive feed-forward loop for caspase cascade activation. This pro-apoptotic effect
is associated with the activation of PTEN and the dephosphorylation of AKT. Deficiency of
ROCK-1 significantly reduced cardiac apoptosis induced by ceramide or pressure overload.
Therapeutic inhibition of ROCK-1 may be a useful alternative for treatment of severe heart
failure.
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EXAMPLE 16

SEARCHING FOR PH DOMAIN INHIBITION
USING THE LUMINESCENT KINASE ASSAY

[0337] An exemplary screen is described for identifying agents that selectively
inhibit ROCK 1. p160 ROCK comprises three domains: a kinase domain, coiled-coil domain
and pleckstrin homology (PH) domain. PH domain can bind to the kinase domain and inhibit the
kinase activity. Cleavage of the PH domain region of ROCK leads to the constitutively activated
kinase during the apotosis. Therefore, the inventors focus on the interaction between PH domain
and kinase domain, and in a specific embodiment of the assay assume that free PH domain is

acting as the inhibitor to kinase domain.

[0338] The key region of the PH domain, which is most critical for the inhibition,
is searched. From that region, the inventors develop a peptide-based compound to inhibit the
activity of kinase domain. Study of a small compound library often leads to the identity of an
ATP-competitive inhibitor. In a specific embodiment, the approach of the inventors is different
from current investigations of kinase inhibitors and results in identification of the ATP-

noncompetitive inhibitor.

[0339] In a particular embodiment, the Kinase-Glo luminescent kinase assay from
Promega (Madison, WT) is employed, which comprises a method of measuring kinase activity by
quantifying the amount of ATP remaining in solution following a kinase reaction. The inventors
demonstrate that free PH domain has inhibition activity against myeline basic protein (MBP)
kinase (MBP-kinase), similar as what is seen with Y-27632. In additional embodiments, the K,
and/or kg for SRF-N against MBP-Kinase and the ICsy or K; for PH domain are measured, such
as by standard methods in the art.

[0340] FIG. 25B illustrates the role of ROCK in processing of its substrates in the
presence of ATP. FIG. 25A demonstrates performance of the Kinase-Glo luminescent kinase
assay using SRF-N (the 32 kDa fragment or SRF following cleavage) as substrate in the presence
or absence of MBP-kinase and ATP, and the luminescence is measured in relative light units

(RLU). FIGS. 25C and 25D demonstrate PH domain inhibition.
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EXAMPLE 17
EXEMPLARY MATERIALS AND METHODS
[0341] Exemplary materials and methods are provided herein.

[0342] Human failing heart tissues. Myocardial samples were obtained from
thirteen patients with end-stage heart failure at the time of transplant: seven patients had
ischemic cardiomyopathy (ICM), five had dilated cardiomyopathy (DCM), and one had
hypertrophic cardiomyopathy (HCM). An additional group of ten patients, including eight with
DCM and two with ICM, had been maintained on LVAD until transplant. Samples were obtained
from seven patients who died of non-cardiac causes for use as a control group. The left

ventricular ejection fraction was less than 20% in all heart failure patients.

[0343] Cell culture, plasmid constructs, and recombinant adenoviruses.
Neonatal rat cardiomyocytes were isolated and cultured in DMEM/F12 medium (1:1) with 10%
horse serum (DF10); cells were ready for transfection or virus infection 40 hours after plating.
For immunostaining, cells were cultured on pre-coated (with 0.2% gelatin) coverslips.
Transfections were performed using LipofectAMINE 2000 (Invitrogen) with. Opti-MEM I
Reduced Serum Medium (Invitrogen). After 6 hr or O/N, cells were cultured in DF10. With
human embryonic kidney (HEK) A293T cells, cells were cultured in DMEM with 10% fetal
bovine serum. The cDNA for full length human ROCK-1 cloned into the pCAG-myc vector
(pCAG-ROCK-1) was kindly provided by Dr. Narumiya. All ROCK-1 and mutant constructs
were tagged with a Myc epitope at the amino-terminus. The Asp718-Mscl cDNA fragment
encoding ROCKAl mutant (residues 1-1080) was also cloned into the pCAG-myc vector
(pCAG-ROCKAL) (Ishizaki et al., 1997). A signal lysine at residue 105 was replaced by alanine
to generate a kinase deficient mutant, pPCAG-ROCK-1KD. The adenoviral vector, Ad-G/iCasp 3,
expressing conditional caspase 3, was generously provided by Drs. David Spencer and Kevin
Slawin at Baylor College of Medicine. Addition of CID, AP20187 (50 nM, 24 hr), provoked the
aggregation and activation of caspase 3 as well as rapid apoptosis (Shariat et al., 2001; Mallet et

al., 2002).

[0344] Apoptosis assay and immunofluorescence analysis. Apoptosis was

evaluated using caspase 3 activity and poly(ADP-ribose) polymerase (PARP) cleavage with
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Western blot in human and mouse heart tissues. With regard to apoptotic cultured neonatal
cardiomyocytes, a caspase 3 sensor (BD Biosciences) was introduced to detect the onset of
caspase 3 activity (FIG. 9). The vector encodes EYFP (enhanced yellow fluorescent protein)
fused with NES (nuclear export signal) and NLS (nuclear localization signal). A caspase 3
specific cleavage site is located between EYFP and NES. When caspase 3 is inactive, the
dominant NES directs EYFP to the cytosol. Upon induction of apoptosis, the export signal is
removed by active caspase 3, which triggers the redistribution of EYFP from the cytosol to the
nucleus via NLS. The quantification was performed by counting the number of transfected cells
with the nuclear localization of fluorescent fusion protein over the total transfected cells. Alexa
Fluor 594 phalloidin staining (Molecular Probes) and DAPI staining were applied for F-actin and

cellular nuclei visualization, respectively.

[0345]  Animal models with different apoptotic levels. Three transgenic mouse
lines with different apoptotic levels were used. Epitope-tagged HGK (hepatocyte progenitor
kinase-like/germinal center kinase-like kinase) was overexpressed in mouse myocardium using
the aMHC promoter (Xie et al., 2004; Subramaniam et al., 1991). aMHC-Gq mice were kindly
provided by G. Dorn at University of Cincinnati (D’Angelo et al., 1997, Adams et al., 1998;
Sakata et al., 1998). Bi-transgenic mice overexpressing aMHC-Gq-HGK mice were generated
by breeding HGK with Gq mice (Xie et al., 2004). All experiments were performed in ten-week
old mice with an isogenic FVB/N background. No early lethality resulted from cardiac

overexpression of exogenous HGK and Gq alone.

[0346] siRNAs application for ROCK-1 and PTEN knockdown and ceramide-
induced apoptosis. To knockdown ROCK-1 expression in neonatal rat cardiomyocytes, 100 nM
siRNA (Ambion) was used with co-transfection of caspase 3 sensor vector as described above.
Same amount of siRNA specific for PTEN (Ambion) was applied to human HEK cells. Cells

were treated with ceramide 40 hr after the transfection at 50 pg/ml for 2 hr to induce apoptosis.

[0347] ROCK-1 knockout mice. Generation and characterization of ROCK-1—/—
mice have been described previously (Bo ef al., 2004).

[0348] Transverse aortic banding. Transverse aortic banding was conducted in

12-week old adult wild type (WT) and ROCK-1" mice (Hartley et al., 2002). Briefly, both
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ROCK-1-/- and WT mice received a comparable load, based on the right-to-left carotid artery
flow velocity ratio (from 5:1 to 10:1) after constricting the transverse aorta. As a control, a sham

operation without occlusion was performed on respective age-matched mice.

[0349] Western blot and Malachite green assay. Anti-ROCK-1, caspase 3,
PARP, His, a-actin antibodies (Santa Cruz), anti-phospho-AK Tser473 (Cell Signaling) and anti-
PTEN (Upstate) were purchased. Protein samples for Western blot were prepared and separated
as described earlier (Chang e al., 2000). Even loadings were confirmed by Ponceau staining and
antibody probed for actin. PTEN activity was evaluated by Malachite green assay (Upstate). 500

pg of cell lysate protein was used for immunoprecipitation.

[0350] Statistical analysis. Data were analyzed by one-way ANOVA followed by
Bonferroni t-test. (SigmaStat, SPSS Inc.). A P<0.05 was considered significant. Data are

presented as mean &= SEM.
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[0529] We claim:

1. A method of preventing or delaying apoptosis of a cell, comprising
the step of delivering an agent to the cell, wherein said agent
selectively inhibits ROCK1 and wherein said agent comprises a

nucleic acid, polypeptide, peptide, or mixture thereof.

2. The method of claim 1, wherein said cell is a heart cell, lung cell,
liver cell, kidney cell, mesenchymal stem cell, fibroblast cell,

myofibroblast cell, or stem cell.

3. The method of claim 1, wherein the agent is a caspase 3 cleavage-

resistant mutant of ROCK1.

4., The method of claim 3, wherein the mutani comprises

ROCK1pr1134.

5. The method of claim 1, wherein the agent is a kinase-defective
 mutant of ROCKI.

6. The method of claim 5, wherein the kinase-defective mutant is

ROCKIkp.

7. The method of claim 1, wherein said nucleic acid comprises

siRNA.

8. The method of claim 1, wherein said nucleic acid comprises

antisense RNA.
9. The method of claim 1, wherein said agent comprises a peptide.

10. The method of claim 1, wherein said peptide comprises at least

part of the pleckstrin homology domain of ROCKI.

11. The method of claim 1, wherein said agent is further defined as an
agent that inhibits ROCK1 but does not inhibit ROCK2.

121



WO 2006/053014 PCT/US2005/040529

12. The method of claim 1, wherein said inhibiting of ROCKI is
further defined as:

inhibiting activity of ROCK1 in said cell;
inhibiting expression of ROCK1 in. said cell;
inhibiting cleavage of ROCK1 in said cell;
or a combination thereof.

13. The method of claim 12, wherein said cleavage of ROCK1 is by a

caspase.
14. The method of claim 13, wherein said caspase is caspase 3.

15. The method of claim 1, wherein said cell is from cardiac tissue,

liver tissue, kidney tissue, lung tissue, or vasculature tissue.
16. The method of claim 1, wherein said cell is a cardiomyocyte.

17. The method of claim 1, wherein said cell is a heart cell, lung cell,
liver cell, kidney cell, mesenchymal stem cell, fibroblast cell,

myofibroblast cell, or stem cell.
18. The method of claim 1, wherein said cell is in a mammal.
19. The method of claim 18, wherein the mammal is a human.

20. The method of claim 11, further defined as inhibiting fibrosis in

cardiac tissue of the human.
21. The method of claim 20, wherein the human has cardiac disease.

22. The method of claim 20, wherein the human is susceptible to

cardiac disease.
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23. The method of claim 20, further comprising the step of

administering an additional cardiac disease therapy to the human.

24. The method of claim 19, wherein said inhibiting step permits
maintaining the adaptive response of cardiomyocyte enlargement

in the human.

25. The method of claim 19, wherein said inhibiting step is further
defined as not adversely affecting the ability of the human to

develop enlarged cardiomyocytes in response to pressure overload.

26. A method of treating cardiac failure in an individual, said cardiac
failure the direct or indirect result of cleavage of Rho kinase in at
least one cardiac cell of the individual, comprising administering to
the individual a therapeutically effective amount of an agent that
selectively inhibits ROCK1, wherein said agent comprises a

nucleic acid, polypeptide, peptide, or mixture thereof.

27. The method of claim 26, further defined as the agent selectively
inhibiting ROCK 1 over ROCK2.

28. The method of claim 26, wherein said method further comprises

administering an additional therapy to the individual.

29. The method of claim 28, wherein said additional therapy is drug
therapy, device therapy, gene therapy, nutritional therapy, exercise

therapy, or a combination thereof.

30. The method of claim 29, wherein said device therapy comprises

administration of a left ventricular assist device to the individual.
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SEQUENCE LISTING

SELECTIVE INHIBITION OF ROCK1 IN CARDIAC THERAPY
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Trp
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Glu
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Ala
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Val

Gln
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Lys

Asp
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Glu
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Glu
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Gly
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Glu
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Leu

825

Glu
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Leu Trp His Val Phe Lys Pro Pro
1250 1255

Cys His Val Lys Cys His Arg Asp
1265 1270

Leu Ile Cys Pro Cys Lys Val Ser
1280 1285

Asp Met Leu Leu Leu Ala Cys Ser
1295 1300

Val Thr His Leu Val Lys Lys Ile
1310 1315

Phe val Arg Ala Ser Pro Arg Thr
1325 1330

Asn Gln Ser Phe Arg Lys Val Val
1340 1345

Ser

<210> 2

<211> 4065

<212> DNA

<213> Human

<400> 2

atgtcgactg gggacagttt tgagactcga

cccaaatcgg aagtgaattce ggattgtttg

ttggattttec ctgecttaag aaaaaacaaa

gacacaataa ataaaatcag agatttacga

gtgattggta gaggtgcatt tggagaagtt

gtatatgcta tgaagcttct cagcaaattt

ttctgggaag aaagggacat catggctttt

tatgcattcc aagatgatcg ttatctctac

cttgtaaact taatgagcaa ctatgatgtg

Pro Ala

His Leu

Tyr Asp

Gln Asp

Pro Lys

Leu Ser

Lys Asn

tttgaaaaaa
ctggatggat
aatattgaca
atgaaagctg
caattggt;a
gaaatgataa
gccaacagte
atggtgatgg

cctgaaaaat
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Leu

Asp

Val

Glu

Asn

Thr

Thr

Glu
1260

Cys

Lys Lys

1275

Thr
1290

Ser

Gln
1305

Lys

Pro Pro

1320

Arg Ser

1335

Ser Gly

1350

tggacaacct
tggatgcttt
actttttaag
aagattatga
ggcataaatc
agagatctga
cttgggttgt
aatacatgcc

gggcacgatt
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Arg Arg

Glu Asp

Ala Arg

Lys Trp

Ser Gly

Thr Ala

Lys Thr

gctgcgggat
ggtatatgat
cagatataaa
agtagtgaag
caccaggaag
ttetgetttt
tcagcttttt
tggtggagat

ctatactgca

60

120

180

240

300

360

420

480

540
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gaagtagttc
cctgataaca
atgaagatga
atttecccctg
tggtggtcegg
gattctttgg
gatgataatg
‘gaagtgaggt
gaccagtggg
agtgacattg
ttecctatte
agcaatcgta
gataaaagct
aatgaaatgc
gacaagataa
gtgtctcaga
aaagctgaac
gatcagttgg
tecccagttac
gctgtaagat
ctgaacagag
aaagattatt
tctgagatga
_ctcaaacata
cactcagaaa
caacaacggt
aaacatcaat

aaagaagaaa

ttgecattgga
tgetgetgga
ataaggaagg
aagtattaaa
ttggggtatt
ttggaactta
acatatcaaa
tagggcgaaa
cttgggaaac
atactagtaa
ctaaagcttt
gatacttatc
tgcaggaaag
agttaaaaga
tgaaagaatt
ttgagaagga
aggaaaatga
aagacttaaa
aaaagcagct
tgaggaagag
agttgcaaga
accagctgeca
ttggagacct
atctcgaaaa
aggaaaagaa
tagaacaaga
ctattgaaga

gagaagcteg

tgcaatccat
taéatctgga
catggtacga
atcccaaggt
tttatacgaa
cagtaaaatt
agaagcaaaa
tggtgtagaa
gctccgagac
ttttgatgac
cgttggcaat
ttcagcaaat
tttgcaaaaa
tgaaatggag
ggatgaagag
gaaaatgttg
gaagagaaga
gaaagtcagt
agaagaagcc
tcacacagag
gagaaatcga
agctatatta
tcaagctega
agtggaagga
taatttagag
ggtaaatgaa

ggcaaagtct

agagaaggct

teccatgggtt
catttgaagt
tgtgatacag
ggtgatggtt
atgcttgtag
atgaaccata
aaccttéttt
gaaatcaaac
actgtagcac
ttggaagaag
caactacctt
cctaatgata
acaatctata
cagaagtgca
ggéaatcaaa
ctacagcata
aatgtagaaa
cagaattcac
aatgacttac
atgagcaagt
attttagaga
gaagctgaac
attacatett
gaaagaaaag
atagatttaa
cacaaagtaa
gtggcaatgt

gaaaatcggg

ttattcacag
tagcagattt
cggttggaac
attatggaag
gtgatacacc
aaaa;tcact
gtgccttect
gacatctcett
cagttgtacc
ataaaggaga
ttgtaggatt
acagaactag
agctggaaga
gaacctcaaa
gaagaaatct
gaattaatga
atgaagttte
agcttgctaa
ttaggacaga
caattagtca
attctaagtc
gaagagacag
tacaagagga
aggctcaaga
actacaaact
ccaaagctcg
gtgagatgga

ttgttcagat
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agatgtgaag 600
tggtacttgt 660
acctgattat 720
agaatgtgac 780
tttttatgca 840
tacctttecet 900
tactgacagg 960
cttcaaaaat 1020
cgatttaagt 1080
ggaagaaaca 1140
tacatattat 1200
ctccaatgea 1260
acagctgecat 1320
cataaaacta 1386
agaatctaca 1440
gtaccaaaga 1500
tacattaaag 1560
tgagaagctg 1620
atcggacaca 1680
gttagagtcce 1740
acaaacagac 1800
aggtcatgat 1860
ggtgaagcat 1920
catgcttaat 1980
taaatcatta 2040
tttaactgac 2100
aaaaaagctg 2160
tgagaaacag 2220
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tgttccatge
aataaagaaa
aataagcggce
aaaggtttag
ttagaatttg
gagctacaag
‘aaggaactta
ctacaaaaté
tctgagcagt
aagaaagctg
cttgaagaag
gagctaacag
atcagtaatc
caggctgtta
aaagctaata
ctcaaccaag
gacatgcaag
gccagcaaag
acaagtgttg
attgaaggtt
cagtatgttg
caatccaatc
caaggagatg
gcaaatgaag
actaatttcc
aattgtgatg
tgtcgaagat
tgtccatgta

tctcaggatg

tagacgttga
ggatggagga
tgttgttaca
aaaagcagat
agttagctca
atcagcttga
aagaagaaat
aaaaagaaac
tggcgegagg
cttcaagaaa
caaacagcat
agaaaatgaa
ttaaggctge
acaaattggc
cacaagattt
aaagagagaa
cgcaattggt
agagtgatat
ctagttttece
ggctttcagt
tggtaagcag
catctatggt
tgtatagagc
gtgaatgtag
aaaatcacaa
cctgtgecaa
gccatgttaa
aagtaagtta

aacaaaaaaa

tctgaagcaa
tgaagttaag
aaatgaattg
gaaacaggaa
gcttacgaaa
agctgagcaa
tgaagaaaaa
tcttgctact
ccttetggaa
tagacaagag
gctaaccaaa
gaaggcagag
ctttgaaaag
agaaataatg
gagaaagaaa
attcaaccag
agaagaatgt
tgagcaattg
tagtgctgat
accaaataga
caaaaaaatt
attggacata
tgaaactgaa
aaaagatgta
aggccatgag
acctctctgg
gtgccacaga
tgatgtaaca

atgggtaact

tctcagcaga
aat;taaccc
aagactcaag
ataaatactt
cagtatagag
tatttctcga
aacagagaaa
cagttggatc
gaacagtatt
attacagata
gatattgaaa
gaagaatata
aatatcaaca
aatcgaaaag
gaaaaggaaa
atggtagtga
gcacatagga
cgtgctaaac
gaaactgatg
ggaaatatca
ttgttctata
gataaactgt
gaaattccta
gagatggaac
tttattccta
catgttttta
gatcacttag
tcagcaagag

catttagtaa
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aactagaaca
tgcaactgga
catttgaggc
tattggaagce
gaaatgaagg
cactttataa
atttaaagaa
tagcagaaac
ttgaattgac
aagatcacac
tattaagaag
aactggagaa
ctgaacgaac
attttaaaat
atcgaaaget
aacatcagaa
atgagcttca
ttttggacct
gtaacctccce
aacgatatgg
atgacgaaca
ttcacgttag
aaatattcca
cagtacaaca
cactctacca
agccaccccce
ataagaaaga
atatgctgct

agaaaatccce
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tttgactgga 2280
gcagdgaatca 2340
agacaattta 2400
aaagagatta 2460
acagatgcgg 2520
aacccaggta 2580
aatacaggaa 2640
aaaagctgag 2700
gcaagaaagc 2760
tgttagtegg 2820
agagaatgaa 2880
ggaggaggag 2940
ccttaaaaca 3000
tgatagaaag 3060
gcaactggaa 3120
ggaactgaat 3180
gatgcagttg 3240
ctcggattcet 3300
agagtcaaga 3360
ctggaagaaa 3420
agataaggag 3480
acctgtaacc 3540
gatactatat 3600
agctgaaaaa 3660
ctttectgece 3720
tgecctagag 3780
ggacttaatt 3840
gttagcatgt 3900
taagaatcca 3960
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ccatctggtt ttgttegtge ttecccctcga acgetttcta caagatccac tgcaaatcag 4020

tctttcecgga aagtggtcaa aaatacatct ggaaaaacta gttaa 4065
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