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(MacLel l an et al. 1998, Barinaga 1997a, Baringaga 1997b) 12 Fepéseien?®3 recent
work has led to the identification of various pro- and anti-apoptotic gene
products that are involved in the regulation or execution of programed
cell death. Expression of anti-apoptiotic genes, such as Bcl2 or Bel -
inhibits apoptotic cell death induced by various stinuli. On the other
hand, expression of pro-apoptotic genes, such as Bax or Bad, |leads to
progranmmed cel | dJdeKFTNUA®RIE A11D8) PARESRPTIDES, AR USES THEREOPT ogr anmed  cel |
death is medi ated by caspase-1 rel ated proteinases, including caspase-|,
caspase-3, caspase-7, caspase-8 and caspase-9 etc (Thorneberry et al.

1998). Recently, two intracelHIBLRBOKTHDENVENTION hways i nvol ved in the

regul ati on of cell survival/death have been studied. Activation of
apoptotic stinulating kinasel (ASKI) |eads to apoptosis in various cell
types (I chi jDhegtresadlt mviﬁi&ﬂ)’elat\immIlﬁla&dpﬂélhwaglids m/@lcwrsrbgmmhmg o) 036 theid e
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by TNFaAgf?%ff & alpgptﬁcgﬁng ?‘%getdbﬁ &fpksﬁss% tmg ase rEIA%%grtant rol es during
TNFa or Fas |igation- |nduced apopt ot| c cell death The nol ecul ar nechani sm
by whi ch ASKI induces apo%@%‘%ﬁﬁﬁgﬁ%ﬁ M.Iﬁ?s been shown that -
ectopi c expression of AS vari ous stress-activated
si gnal i ng pat hways, such as the MKK4/JNK and MKK6/p38 pat hways, which may
medi at e ,ASKY abigiiged apoptosis (Ichijo et al. 1997). The PI3K/.Akt pathway

al so appears rnportant for regulating cell survival/cell death (Kulik et
al . 12 Sept efyeiosio (ozmBed ekle death)aplags) esgentiila trlids nimnemiZwdrice tlevalopmdae rand Ngs
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pr omot esRess-§ and gaspasgFiete (Fepspebersiedek 19985 i n whi ch cell's normal [y under go

apopt oti Cc Cefecerl9advd iddstdIuler 8fnalidie pa Ila:)t}gw% o vaQK tlﬁtregﬁiatzorn]-&g:z})l surti9@REath
observa,eﬂv%{;ls deméfstrate that the pat h vvaéqap ays inportant roles

for regti"abieRg et | LHgn %POH?“C&BH%H& I%Haser\%sw &7 REPBIos iarHoyseel!

pr ot ei NiykdsMRBiRSet alAKI9l7), aittlle AlphtBwiAM RIS hodpdeRdsi it edinbsSiBBK) and R&7 keads t T at

Akt sequence has a}LS% been identified (Konishi et al. 1995 Serine-473 in
the C t(érl‘t%fortmgorbflt as been demonstrated that the activity of ASK.1 is induced by tumdr necrosis factor-

- alpha (TNFa) treatment or Fas ligation (Ichijo et al. 1997, Chang et al. 1998). Overexpression of ASK1

dominant negative mutants inhibit apoptosis induced by TNFa or Fas ligation, indicating that ASK1
plays important roles during TNFa or Fas ligation-induced apoptotic cell death. The molecular
mechanism by which ASK1 induces apoptosis is not clear, It has been shown that ectopic expression of |
ASK1 leads to activation of various stress-activated signaling pathways, such as the MKK4/INK and
MKK6/p38 pathways, which may mediate ASK1-induced apoptosis (Ichijo et al. 1997).

The PI3K/Akt pathway also appears important for regulating cell survival/cell death (Kulik et al.



human Aktl has been shown to be critical for its regul at FonHESkE et al .
1997; Stephens et at. 1998). Upon growh factor stinmulation, P13K is
activated. The product of P13K, Ptdlns(3.4.5)-P binds Aktl, and causes
transl ocation of Aktl fromthe cytoplasmto the proximty of the inner
cytoplasm c nenbrane, where it becones phosphoryl ated at residues Thr 308
and Ser473 (Downward, 1998). Phosphorylation of these residues is critical
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i sol ated nucleic acid encoding a human proteln conpri sing
sequenc@owyde i resrensblséy drsphopheryiaign ?\f’élihf @&N@eyheﬂlslhasw)pwl‘;lspmworﬂ@m a
substanseraislhxsﬂpatb@eal&ﬁme@s%aqeo\émﬁ@wns&mnmal ﬁjgg) acid has a property
sel ected fromthe following: A it can be anplified by polynmerase chain
reaction (PCR) using an oligonucleotide prinmer pair derived fromSEQ ID
NG 5 andensh@ddd NO 6; B. it hybridizes under stringent conditions with a

nucl eic acid_conprising a nucl eotide seqguence
Gene therapy involves correcting a deficiency or abnormality (mutation, aberrant expression, and

the like) by introduction of genetic information into a patient, such as into an affected cell or organ of the
patient. This genetic information may be introduced either in vitro into a cell, the modified cell then

. being reintroduced into the body, or directly in vivo into an appropriate site. In this connection, different
techniques of transfection and of gene transfer have been described in the literature (see Roemer and
Friedman, Eur. J. Biochem. 208 (1992) 211), including transfection of “naked DNA” and various
techniques involving complexes of DNA and DEAE-dextran (Pagano et al., J.Virol. 1 (1967) 891), of |

- DNA and nuclear proteins (Kaneda et al., Science 243 (1989) 375), of DNA and lipids (Felgner et al.,
PNAS 84 (1987) 7413), the use of liposomes (Fraley et al., J.Biol.Chem. 255 (1980) 10431) and the like.

More recently, the use of viruses as vectors for the transfer of genes has emerged as a promising



as depicted in SEQID NO1; C it encodes a pol ypeptide l:%ﬁ??rtqng’ie‘i*?d)oén am no

aci d sequence selected fromthe group consisting of SEQ ID NO 2, splice

variants thereof, and allelic variants thereof; D. it encodes a pol ypeptide

whi ch specifically binds to an anti bpdy generated agai nst an epitope

wi thin a peptide having the sequence

Cys-A n-d n-Ser-Asp-Cys-A y-Met - Leu-3 y- Asn-Trp- Lys-Lys, or a
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human Akt 3 .pr ot e#en co @ ng an amino_acid se uence as depjcted in SEQID
% g

NO 2. MBTPBTY R BiEdofeye t1ePe BLIPECHpRTSEshTIRe Luitetirr-tefsitted i n
SEQ | D viNges, dndal'éiﬁwﬂlslésl el c acid may, opt| onal ly, conprise a sequence

encodi ng a thereb ding a, chinerjic tagged Akt3
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sequencBaeﬁnmdamgn&m'rtbmtayistaﬁtlapmmsr&»ﬁuence. In a preferred enbodi nent, the
nucl eic acid conprises a region permtting expression of the Akt3 prot ein
in manmal i an cells. The invention also relates to vectors containing a

nucl eic acid as described afIVPARY OF AFEINVENTION nucl ei ¢ aci d encoding a
human Akt 3 protein is operatively associated wth an expression control
sequence permtting expression of human Akt3 in an expressi on conpetent
host cell. Thﬁrsembjeelss'ﬂeﬂnvemmdmds tSaCfsidnaihutiely 260 AR6disEa WvEll KiPloi othi ch
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cell transfect \ { ct.i bed above. The host cell may be
a bacteri al ﬁ%vg\dﬁ%g I]%:le [§Jnd§ﬁ ugnaml ian cell. In still another
enbodi nent , E h# biyridezat under striabat emditionsavitiatondeic fad coppasiugs myleatidesamencAkt 3
protein conpri g Ht he host cell as described above in culture
medi um under con%?lft?onssﬁ@e@%‘l\]tﬁl ng expression of human Alct3, and
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relates 10 an_ ba@baeds U ROAGAALOLR! ence Oys-
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Preferably, the nucleic acid encodes a human Akt3 protein comprising an amino acid sequence as

depicted in SEQ D NO:2. More preferably, the nucleic acid comprises the sequence depicted in SEQ ID
No. 1. The nucleic acid may, optionally, comprise a sequence encoding a polypeptide tag, thereby
encoding a chimeric tagged Akt3 protein. In another aspect, the nucleic acid may, optionally, comprise a

. sequence encoding a myristylation sequence. In a preferred embodiment, the nucleic acid comprises a
region permitting expression of the Akt3 protein in mammalian cells.

The invention also relates to vectors containing a nucleic acid as described above. Preferably,
the nucleic acid encoding a human Akt3 protein is operatively associated with an expression control
sequence permitting expression of human Akt3 in an expression competent host cell. The expression
control sequence may comprise a promoter which is functional in mammalian cells. The vector may be a

plasmid DNA molecule or a viral vector. Preferred viral vectors include retrovirus, adenovirus, adeno-



C. it specifically binds to an antibody generated agai nsi2 aptesgiet 3198 wi t hin
a peptide having the sequence

Cys-Ad n-d n-Ser-Asp-Cys-A y- Met-Leu-Ad y- Asn- Trp- Lys-Lys, or a substantially
simlar sequence. Preferably, the puotein conprises an am no acid sequence
as depicted in SEQID NG 2. The protein may, optionally, conprise a tag
sequence. In still another enbodi nent, the protein may, optionally,

CONpri SBsclialty Mindt heat vias, ﬁeqmmaeumél' hﬂaeqafo&seuaﬁnvémi\aemrﬁhemelabsoar@h@aﬂne‘s to
antigen epti des nd anti bodi es . Mor. e rt|

vent TP iSR! e BRI R BT A %ﬁ%%%seéescﬂbed

Cys- A mabGden- Ser - Asp- Cys-Qd y- Met - Leu Ady- Asn- Trp Lys Lys or

substanti al | I ar uman, Akt 3
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bi nds tthe asst agik asb;teehyabgb&bevamedlmgmmmm mnere:pndltmne pmﬂ:ﬂmme)@repmm dfcembavi ng

t he ne y- Met - Leu- 3 y- Asn-Tr p-Lys-Lys, or a
substan‘gﬂ§ &S&Xtmﬁﬁmm%?’ rg%gle “éfr“gbr y, the antigenic peptide consists

essentially "lifbaf: itvigtion ém]emcbte@]@aﬂswa@ hnrﬁermdﬂsmetemyo@:@sing the sequence Cys-

Met - Leu= t f her

embodi reo SRE e iy A MREATGh Corcd MR MEREE scolehuc R0 T
speci fllwahgypﬂopmwelactwlﬁrmﬁhmi@wmgot ein as described above. In a preferred
enbod ment - AR sARaBARBE: bl & okt BRAGRL zes an epitope within a

pepti de havrng he sequence

d n-d n- Ser Bﬁ‘spcm@ayamﬂméequwe Aagiapiqtedin|SEQ-IDYNO:2, Bhlice yprianis detyeohay  be
pol ycl onal or alﬁﬁﬁ%%kxﬁpﬁéreof-rﬂﬁ present invention also relates to a method
of inhibiting apoptosis or necrosis of a cell by admnistering to the cell
a nucl ei ¢ ad¢-dit spseifiealiy binde i aatsoihedy mnekise agsingt aﬂteh’@PﬂL‘}eth’érad’eERﬁega‘F% Bper abl y

linked to ar e&HﬁeﬂE@ s-élﬁ@l@ﬁer-&@%y@éﬁz‘ lﬁétq,e@-@]ydA%li?s-e¥sphla§ Mbetatfanp Vi ral

vector. Preferred cel i ncl ude cardiac cel More preferably, the cell
is a cardiac rril@dgftsel“eqcﬁ a preferred enbodinent, the cell is in a patient

sufferi ﬂgfelfaf)lg MY RGA Dnfphisds Bh Aol aera s@c{ueﬁc% GhaPiced 8 rmf 1SNOD. 11 PrXein
Therefore resent ‘invention also relates to nethods, of treating

myocar digh oplifmalive crBRTisp e thes eaqutPe I &k prOtST SO YhaBroteRdRP PR g to a

pat i ent coaipfifearhngntel fitam a nucleic acid as described above operably
linked to'a regulatory region. Preferably, the nuclei¢c acid is

adni ni st er edthe opresantdjnxentionalseielstes dp aptigeatci BepfidesTHW artifiedicsi tersioi d MAE be in
the for g uRiASHE ifvenforfreMict &) an¥BilcQleptidet 8JnfkikiRg th¥iséqabncy €64-GMmSGlh 36l Age

retrovi (E)lrg(j?ly-'l\/let-Leu-G]y—-Asn-Trp-Lys—Lys or a substantially similar sequence, and which is a fragment of
humarn Akt3 protein, wherein the Akt3 protein has a property selected from the following:
A. itis encoded by the nucleic acid as described above;
B. it comprises an amino acid sequence as depicted in SEQ ID NO:2, splice variants thereof, or
allelic variants thereof: and
C. it specifically binds to an antibody generated against an epitope within a peptide having the
sequence Cys-Gln-Gin-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-Lys, or a substantially
similar sequence. .
Preferably, the antigenic peptide consists essentially of the sequence Cys-GIn-Gln-Ser-Asp-Cys-Gly-
Met-Leu-Gly-Asn-Trp-Lys-Lys or an antigenic fragment thereof. In another embodiment, the invention



adenovi ruses, adeno-associ ated viruses, vaccinia virus ahdSSPbsi2003. The

i nvention also relates to the use of these nucleic acids or vectors for the
preparation of pharnaceutical conpositions intended for the surgical

and/ or therapeutic treatnment of theshuman or aninmal body. It also relates
to any pharmaceutical conposition conprising a vector, in particular a
viral vector, and a nucleic acid as defined above. In still another
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acid sequences, Figure 2: Tissue distribution pattern of Akt3
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human t sk enddMifeichtiOhs defh@nrbseh) was hybridized with Akt3 speci fic.probe
(see the Exarrpl es for details Figure 3: Construction of activated Akt3

mut ant . Fi gUp&titkamotherambadiment, the presenlmyentinn relptesiommethodef sogenms formaleculshigt h
codi ng &aGHRANER offhidi KRD aMitd in a cell by contacting an Akt3 protein with a candidate molecule

and detecting Akt3 activity in the presence of the molecule. Candidate molecules may be either agonists

or antagonists of Akt3. In a preferred embodiment, the Akt3 is expressed from a nucleic acid in the cell
and the Akt3 activity measured is inhibition of apoptosis. Inhibition of apoptosis can be measured by the
presence of 2 marker gene.
The present invention also relates, generally, to methods of increasing Aki3 activity in a cell by
. increasing the level of an Akt3 protein in the cell. In a preferred embodiment, the cell has been
transfected with a vector encoding Akt3 under conditions permitting expression of the Akt3 protein.
Similarly, the invention relates to methods of inhibiting Akt3 activity in a cell by decreasing the level of
an Akt3 protein in the cell. The level of Akt3 protein may be decreased by introducing an Akt3 antisense
nucleic acid into the cell under conditions wherein the antisense nucleic acid hybridizes under
intracellular conditions to an Akt3 mRNA. The level of Akt3 protein can also be decreased by
introducing a single chain Fv antibody (scFv) that specifically binds Akt3 into the cell at a level



was fused in frame with the Myristylation signal from hulbPrrsimberRd (myr)
inthe NN termnal, and fused in frame with the HA-tag in the Cterm nus
(HA). (see the Exanples) Figure 3B: Ectopic expression.of activated Akt3 in
HEK293 cells. HEK293 cells were tragsfected w th either CWG6- Myr Akt 3HA or
expression plasmd (CwW6) alone. 24 hours after transfections, cell

| ysates were prepared and subjected to inrnunoblotting with a-HA

ant i bodgugciento e @ aaCinadGhte WaE3ed Akt 3 possesses Akt activity. HEK293 cells
were transfected with expression plasmd for activated Akt3 (MyrAkt3HA) or
expression vector alone (CW6). 24 hours after transfections, cell |ysates
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after transfections, cell lysates were prepared and subjected to immunoprecipitation with
anti-HA antibodies. Akt3 kinase activities of immmmopellets were measured by using
substrate peptide derived from GSK3. Bkgd: background level from non-transfected cells;
CMV6: CMV6 transfected cells; Akt3cak: cells transfected with expression plasmid for
constitutively activated Akt3 (CMV6-MyrAkt3HA). (see the Examples).
Figure 4: Active Akt3 inhibits ASK1 induced cell death in HEK293 cells.

HEK?293 cells were transfected with CMV-B-gal plasmid (0.1mg) with the combination of indicated

plasmids. The amount of DNA. for each transfection were kept constant by addition of CMV6 vector.

Akt3cak: CMV6-MyrAkt3HA (0.4mg); ASK1: pCDNA3HA-ASKI1-fl (0.4mg). Two days after

transfections, cells were fixed and stained for X-gal staining. The number of B-gal positive cells



no way intended to be linmting thereof. Definitions Thel%¥PlEREY0%ef i ned
ternms are used throughout the present specification, and should be hel pful
i n understanding the scope and practice of the present invention. In a
speci fic enbodi nent, the term "abouty" or "approxi mately” nmeans within 20%
pr ef er abl y within 10% and nore preferably wthin 5% of a given val ue or
range. A "nucleic acid" is a polyneric conpound conprised of covalently
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expr essj vector" is a replicon, such as plasm d, phage
or cosn’]%ld g@ﬁ%tgﬁp\gnot 'EHeH: segnent may be attached so as to bring

about the repI i cation of the attached segnment. C oning vectors nmaybe
capabl epgiulgp! i cation in one cell type, and expression in another
("shuttTe_’v“EEtor"). A "cassette" refers to a segnent of DNA that can be
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within 10%, and more preferably within 5% of a given value or range.

A “nucleic acid” is a polymeric compound comprised of covalently linked subunits called
nucleotides. Nucleic acid includes polyribonliéleic acid (RNA) and polydeoxyribonucleic acid (DNA),
both of which may be single-stranded or double-stranded. DNA includes cDNA, genomic DNA,

. synthetic DNA, and semi-synthetic DNA.

A "gene" refers to an assembly of nucleotides that encode a polypeptide, and includes cDNA and
genomic DNA nucleic acids. '

A "recombinant DNA molecule" is a DNA molecule that has undergone a molecular biological
manipulation.

A “vector” is any means for the fransfer of a mucleic acid into a host cell. A vector may be a

replicon to which another DNA segment may be attached so as to bring about the replication of the



A cell has been "transfected" by exogenous or heter ol ogollsSDRMbEHEA3 such
DNA has been introduced inside the cell. A cell has been "transfornmed" by
exogenous or heterol ogous DNA when the transfected DNA effects a
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|l i nked) into chr onosonmal DNA nmaki ng up the genonme of the cell. A "nucleic
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acids contain conpl ementary sequences, pendi ng on r'i ngency
of the (aéppprinedfuznasingriding ervatiditee SRk alsercsas é@xmbampbzssdeb Kdeoxyidipposine,
appr opr gk wrRUC the | ength
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nucl ei ¢ aci ds having those sequences. The relative
acid molecule, and in particular DNA or RNA molecule, refers only to the primary and secondary

.._)

- structure of the molecule, and does not limit it to any particular tertiary forms. Thus, this term includes
double-stranded DNA found, inter alia, in linear or circular DNA molecules (e.g., restriction fragments),
plasmids, and chmmqsomes. In discussing the structure of particular double-stranded DNA molecules,
sequences may be described herein according to the normal convention of giving only the sequence in
the 5° to 3* direction along the nontranscribed strand of DNA (i.e., the strand having a sequence
homologous to the mRNA). A "recombinant DNA molecule” is a DNA molecule that has undergone a

molecular biological manipulation.



stability (corresponding to higher Tm) of nucleic acid hibPPP5E 193 s
decreases in the follow ng order: RNA RNA, DNA: RNA, DNA: DNA. For hybrids
of greater than 100 nucl eotides in length, equations for calculating Tm
have been derived (see Sanbrook et al., supra, 9.50-0.51). For

hybridi zation with shorter nucleic acids, i.e., oligonucleotides, the
position of m smatches becones nore inportant, and the |length of the
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As used herein, the term "oligonucleotide" refers to a nucleic acid, generally of at least 18

. nucleotides, that is hybridizable to a genomic DNA molecule, a cDNA molecule, or an mRNA molecule
encoding Akt3. Oligonucleotides can be labeled, e.g., with 32P-nucleotides or nucleotides to which a
label, such as biotin, has been covalently conjugated. In one embodiment, a labeled oligonucleotide can
be used as a probe to detect the presence of a nucleic acid encoding Akt3. In another embodiment,
oligonucleotides (one or both of which may be labeled) can be used as PCR primers, either for cloning
full length or a fragment of Akt3, or to detect the presence of nucleic acids encoding Akt3. In a further

embodiment, an oligonucleotide of the invention can form a triple helix with an Akt3 DNA molecule.



host cell. In eukaryotic cells, polyadenylation signals bt gptser 03
sequences. A "pronoter sequence" is a DNA reqgul atory region capabl e of
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downstream (3' direction) coding sequence. For purposes of defining the
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As used herein, the term "homologous” in all its grammatical forms and spelling variations refers
to the relationship between proteins that possess a "common evolutionary origin,” including proteins
from superfamilies (e.g., the immunoglobulin superfamily) and homologous proteins from different
species (e.g., myosin light chain, etc.) (Reeck et al., 1987, Cell 50:667). Such proteins (and their
encoding genes) have sequence homology, as reflected by their high degree of sequence similarity.
Accordingly, the term "sequence similarity” in all its grammatical forms refers to the degree of

identity or correspondence between nucleic acid or amino acid sequences of proteins that may or may not



sequence. Antisense nucleic acids can be used to down rebfbRICEYE 2088 ock t he
expression of the polypeptide encoded by the sense strand. Transcri ptional
and transl ational control sequences are DNA regul atory sequences, such as
pronoters, enhancers, termnators, and the like, that provide for the
expression of a coding sequence in a host cell. In eukaryotic cells,
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“Regulatory region” means a nucleic acid sequence which regulates the expression of a second

nucleic acid sequence. A regulatory region may include sequences which are naturally responsible for

. expressing a particular nucleic acid (a homologous region) or may include sequences of a different origin
which are responsible for expressing different proteins or even synthetic proteins (a heterologous region).

In particular, the sequences can be sequences of eukaryotic or viral genes or derived sequences which

stimulate or repress transcription of a gene in a specific or non-specific manner and in an inducible or

non-inducible manner. Regulatory regions include origins of replication, RNA splice sites, promoters,

enharcers, transcriptional termination sequences, signal sequences which direct the polypeptide into the

secretory pathways of the target cell, and promoters.



conpl ement ary bi ndi ng and incorporation of the vector i ntZSPKEvE8Hosone.
Longer regions of honol ogy, and greater degrees of sequence simlarity,
may increase the efficiency of honol ogous reconbination. A "polypeptide"
is a polyneric compound conprised ofjzcoval ently |inked am no acid residues.
Am no acids have the follow ng general structure: HI R GCOOH NH2 Am no
acids are classified into seven groups on the basis of the side chain R
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skill in the art. A var|| ant of the invention preferably conprises at |east
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splicing forms and al t et i ve post - transl ational nodification forns result

Amino acids are classified into seven groups on the basis of the side chain R: (1) aliphatic side chains,
(2) side chains containing a hydroxylic (OH) group, (3) side chains containing sulfur atoms, (4) side
chains containing an acidic or amide group, (5) side chains containing a basic group, (6) side chains
containing an aromatic ring, and (7) proline, an imino acid in which the side chain is fused to the amino
group. A polypeptide of the invention preferably comprises at least about 14 amino acids.

A “protein” is a polypeptide which plays a structural or functional role in a living cell.

A “variant” of a polypeptide or protein is any analogue, fragment, derivative, or mutant which is
derived from a polypeptide or protein and which retains at least one biological property of the
polypeptide or protein. Different variants of the polypeptide or protein may exist in nature, These
variants may be allelic variations characterized by differences in the nucleotide sequences of the
structural gene coding for the protein, or may involve differential splicing or post-translational

modification. The skilled artisan can produce variants having single or multiple amino acid



in derivatives of the polypeptide which retain any of th&* Birkmbst 24P
properties of the polypeptide, they are intended to be included within the
scope of this invention. A "heterologous protein" refers to a protein not
naturally produced in the cell. Twoiam no aci d sequences are "substantially
honol ogous” or "substantially simlar"” when greater than about 40% of the
am no acids are identical, or greater than 60% are simlar (functionally
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Genes Encoding Akt3 Proteins

The present invention contemplates isolation of a gene encoding a human Akt3 protein or
polypeptide of the invention, including a full length, or naturally occurring form of Akt3, and any human
Akt3-specific antigenic fragments thereof. As used herein, “Akt3” refers to Akt3 polypeptide, and
“akt3” refers to a gene encoding Akt3 polypeptide. For the purpose of the present invention, the term
Aki3 denotes any protein or polypeptide capable of inhibiting apoptosis, and which comprises the
sequence Cys-GlIn-Gln-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-Lys, or a substantially similar



phar maceuti cal conposition conprising a vector, such as 2 3®®aPen883 or, and
a nucleic acid as defined above. In accordance with the present invention
there may be enpl oyed conventional nol ecular biol ogy, mcrobiology, and
recombi nant DNA techniques within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., Sanbrook, Fritsch & Maniatis,
Mol ecul ar d oning: A Laboratory Manual, Second Edition (1989) Cold Spring
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A gene encoding Akt3, whether genomic DNA or ¢cDNA, can be isolated from any source,

particularly from a human ¢cDNA. or genomic library. General methods for obtaining an ak3 gene are
. well known in the art, as described above (see, e.g., Sambrook et al., 1989, supra).

Accordingly, any animal cell potentially can serve as the nucleic acid source for the molecular
cloning of a akt3 gene. The DNA may be obtained by standard procedures known in the art from cloned
DNA (e.g., a DNA "library™), and preferably is obtained from a cDNA library prepared from tissues with
high level expression of the protein (e.g., heart, pancreas and skeletal muscle cDNA, since these are the
cells that evidence high levels of expression of Akt3), by chemical synthesis, by cDNA cloning, or by the
cloning of genomic DNA, or fragments thereof, purified from the desired celli (See, for example,
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part of the amino acid sequence of a Akt3 protein including altered
se quencggwfynas Akt3, and homologs thereof from other species. The production and use of derivatives and

. analogs related to Akt3 are within the scope of the present invention. Such variants, analogs, derivatives
and homologs should retain the sequence Cys-Gln-Gln-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-
Lys, or a substantially similar sequence. In a specific embodiment, the derivative or analog is
functionally active, i.e., capable of exhibiting one or more functional activities associated with a full-
length, wild-type Akt3 of the invention.

Akt3 derivatives can be made by altering encoding nucleic acid sequences by substitutions,

additions or deletions that provide for functionally equivalent molecules. Preferably, derivatives are
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residues within the sequence resulting in a conservative am no acid
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sequence can be substituted by anothgr amno acid of a simlar polarity,
whi ch acts as a functional equivalent, resulting in a silent alteration.
Substitutes for an amno acid wthin the sequence may be selected from
OL her rmﬁ’fa@fasm@é er%mﬁ%eﬁ&rgﬁeaﬁeﬂ fdiidhbl aﬁ:ﬁﬁty&ﬂit{%@éc&ﬁhfkﬂb@j ongls For exanpl e,

t he nonpol ar ydr obi ¢ no, aci ds include_ a ne, | eucjng,

i sol euci ne, Q}‘ﬁ(t & ?"B‘ia%éf ““rﬁﬂ‘?%‘r‘fk?lcaﬂ%i“’r‘ﬂéemst POt BbHR1SHES FEEhwsihe.
Anmi no a@bsﬂeﬁnm@n&algﬂﬁmgma@ @aatsé@errcb A aSdki3Ugehd) rﬁﬁud@fg&nﬁﬁhﬂﬁw had adyudhes that

tryptophan, and t r05|n The traI o acids incl ifie,
o o i Bing e i B fern: myhe G b Bt AL R e oo R B

posi ti vigh yrecharigael tolaslicCdenahsrolaoudgents Bl dtheipgditl R, nuicltstida Bequarites

hi stidi ne. The atlvel char ge aci no, aci ds ude rtic
Retd arTgTRGH T REIHS OLETEE Tt Sl e Rbfa® ok BEPEroRat B eot
appar endncéte ltieGuhaimne kgdicsiase \d&lﬁtﬁtﬁlﬂkdﬁ]ﬂﬁc@ﬁmppﬂoyﬁ&@)ﬁhﬁm dlenge | Likewise, the
electro gﬁe5|§b of |soetectrhﬁ 0|nt tPar cul,arl %;ggeferred subst.i tutions
are: - ‘@9 FEPAP & i FVEIHER MePe BUiT R AT 2? B8%i PrEEIEHS AFETRR, ATHR

mai nt ai :melcbpquenceﬁlucrfpaﬂ oAma amivd acidcequeske D8 a mrpréthﬁﬁnca:diﬂggaéred/&q@haﬁ @¢e may
be mai nt ai,n r Thr h that a e tai ned;: and -
& 1 o Vg B onity Sbivh S abho B ot a5 siby e et e PR Y FalSte —
subst i traduilting$n myseaiam abrgnoi anmirsdﬂnmmix For exarbsié, iohdidrenopeanding aml residues withith a

Bg{ telnflutﬁé?a d Xetnceo ra%fbgéu tﬁ‘rfa(ﬁ) é%grb £ armr'fc()) 501 %ia a@mﬁa{rﬁaian%whw ac; as ar}uncgguf:ed a

i ntrod umedalas, Iasumgtlm ¢ uilent hlyerdhomt alhb,stxmcﬁ fog lat eminp 2eid withinsthe a:queaacet ma\sbean acid
O DASEAB S ol Rl: THTTR: AR AChflnd D PUAGREF Blarl B KoleBhe | P ©
may be |n uce because o particu ar structure

i nduces(hfckonhubrﬁs ainigot #psiSpmeluJédq ‘ﬁbmmst ieu@th,lrleoleuﬁme, gEines pwtins dihegyladaig,

gg;i;§%§&§§%%ggfaﬂah% 0ds ﬁ&%ﬁﬁk@%%t Al%H%%ﬁ%fﬁgrﬁémp at?%n%%é% %ﬁl?esult

i n t hei rypipbauend toresisan Tiocpalpr natiral haing epids oxludpglytied, seringthiconifeg pymml e,

th I ; . f. |

St at eqySang Sk ARG End AAUARED PR AR W] G BON R MTSERR, yome |
can be af bisyding. Jhe pgapirvelychaged (acihiq) emingjagifs inghuske espettic orid endctbitars @a% &g |
foll OV\B}Q‘Z&IQMOI‘FS Wi 1%@ Be S&?ZCYJM Ef?ec{gﬂgdrédt ﬁl@febﬂaﬂ' vJeIghfja% %Etél‘ﬁﬁlned 'b? 9&1%%m1de%fj

ligated in vitro. he production of the gene encoding a derivative or
anal og @mmvﬂm@mS@aw@*§ﬁ@mmat be taken to ensure that the nodified gene

remai ns Wt H,giLhe sadkdsiRAsli@sLenal reading frame as the Akt3 gene,
uninterrupted by translational stop signals, in the gene region where the

desi r ed Lae fqrdvg Vldvgxe veseaHidhat a positive charge may be maintained;

- Glu for Asp and vice versa such that a negative charge may be maintained;

- Ser for Thr such that a free -OH can be maintained; and
. - Gln for Asn such that a free CONH2 can be maintained.

Amino acid substitutions may also be introduced to substitute an amino acid with a particularly
preferable property. For example, a Cys may be introduced a potential site for disuifide bridges with
another Cys. A His may be introduced as a particularly "catalytic” site (i.e., His can act as an acid or
base and is the most common amino acid in biochemical catalysis). Pro may be introduced because of its
particularly planar structure, which induces B-turns in the protein's structure.

The genes encoding Akt3 derivatives and analogs of the invention can be produced by various



Additional |y, the Akt3-encoding nucleic acid sequence cah* B@smpedd®d in
vitro or in vivo, to create and/or destroy translation, initiation, and/or
term nati on sequences, or to create variations in coding regions and/or
formnew restriction endonucl ease sifzes or destroy preexisting ones, to

" facilitate further in vitro nodification. Preferably, such nutations
enhance the functional activity of the mutated Akt3 gene product. Any
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appropriate expression ce such T1s or exarrp
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analog pmael rc;e;())FLAG etc. The insertion into a cloning vector can, for example, be accomplished by ligating

. the DNA fragment into a cloning vector which has complementary cohesive termini. However, if the
complementary restriction sites used to fragment the DNA are not present in the cloning vector, the ends
of the DNA molecules may be enzymatically modified. Alternatively, any site desired may be produced
by ligating nucleotide sequences (linkers) onto the DNA termini; these ligated linkers may comprise
specific chemically synthesized oligonucleotides encoding restriction endonuclease recognition
sequences. Recombinant molecules can be introduced into host cells via transformation, transfection,

infection, electroporation, etc., so that many copies of the gene sequence are generated. Preferably, the



a functionally active derivative, including a chineric p}%ﬁe@fqmbe&%%?eof
can be inserted into an appropriate expression vector, i.e., a vector
whi ch contains the necessary elenents for the transcrlption and

transl ation of the inserted protein-igodi ng sequence. Such el enents are
termed herein a "pronoter." Thus, the nucleic acid of the invention is
operationally associated with a pronoter in an expression vector of the
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by recombination. In this regard, any of a number of amplification systems may be used to achieve high
. levels of stable gene expression (See Sambrook et al., 1989, supra).

The cell into which the recombinant vector comprising the nucleic acid encoding Aki3 is
cultured in an appropriate cell culture medium under conditions that provide for expression of Akt3 by
the cell. Any of the methods previously described for the insertion of DNA fragments into a cloning
vector may be used to construct expression vectors containing a gene consisting of appropriate
franscriptional/translational control signals and the protein coding sequences. These methods may

include in vitro recombinant DNA and synthetic techniques and in vive recombination (genetic



Pronoters that may be used in the present invention incl\fdrisgbsr 2003
constitutive pronoters and regulated (inducible) pronoters. The pronoter
may be naturally responsible for the expression of the nucleic acid. It
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sequences of eukaryotic or viral genes. For exanple, it may be pronoter
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More specifically, expression of Akt3 protein may be controlled by any promoter/enhancer

element known in the art, but these regulatory elements must be functional in the host selected for
expression. Promoters which may be used to control gene expression include, but are not limited to, the
SV40 early promoter region (Benoist and Chambon, 1981, Nature 290:304-310}), the promoter contained
in the 3° long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 1980, Cell 22:787-797), the
herpes thymidine kinase promoter {Wagner et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the
regulatory sequences of the metallothionein gene (Brinster et al., 1982, Nature 296:39-42); prokaryotic
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In the second approach, the presence of a foreign gene inserted in an expression vector can be detected
by nucleic acid hybridization using probes comprising sequences that are homologous to an inserted
marker gene. In the third approach, the recombinant vector/host system can be identified and selected
based upon the presence or absence of certain "selection marker" gene functions (e.g., B-galactosidase

activity, thymidine kinase activity, resistance to antibiotics, transformation phenotype, occlusion bedy
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expr essiod Hmifatto VL4 BamH1 ClariRe eifep Swnmion pVeEPD (BardH, SmdbHiRLksvRbtNodxat e
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cloning site, Wit ct or expreSS| ng one 94%.3”6 and DHFR, see
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(1991) . yhlmEiSdl e With ﬁué)xb}kﬂe%&o%mmﬁ%&’é&%gﬁ%%ﬂi@tm arﬁ%&&a?({n{ﬂsfaﬁ
co-anplification vector, such Xbal , ,  Sbal EcoRl,
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different reading frames), pAc360 (BamH] cloning site 36 base palrs downstream of a polyhedrin

. initiation codon; Invitrogen(195)), and pBlueBacHisA, B, C (three different reading frames, with
BamH]1, Bgili, Pstl, Ncol, and HindlIlI cloning site, an N-terminal peptide for ProBond purification, and
blue/white recombinant screening of plaques; Invitrogen (220)) can be used.

Mammalian expression vectors contemplated for use in the invention include vectors with
inducible promoters, such as the dihydrofolate reductase (DHFR) promoter, e.g., any expression vector
with a DHFR expression vector, or a DHFR/methotrexate co-amplification vector, such as pED (Psi,
Safl, Sbal, Smal, and EcoRI cloning site, with the vector expressing both the cloned gene and DHFR; see
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suita Host system conditions are established,
r econbl ln@zﬁﬁsi teRysrid $8rad nlomez:ﬁltsr Bcmd Btgel qgk@tpag aMaP 1 4fedl, prdpdifletial. BsefdBEnt i ty.

As previ ol Yoq1 Rt 3LAE Kpptl %mﬁ@ﬂﬁa SR i OBk Odnd szgm %‘J’ecﬁé}ﬂ ha pregslrisnc! ude,
but are not I'imted to, tp | ow ngﬂvectors hei r dérivatives: human

or ani nidroRli Pstlstedl, 4agh Hings., %&@Pﬁﬁbaﬂﬂl n3sloping gitte Fo 07 FRRE selepfioBkt vi ruses such

as bacul oViYg exptEaRh s)RakQhs aIsJJﬁé?chEi Qi3RI VRCI Mnfio B &presd AADA&), and
pl asmi d and cosm d DNA vectors, Sept enber 2003 23 to nane _but a few In

addi t i ovfample.bs poncigsion BYRS, Y?C%WB% SeHodwh Nath GeXAofroRhBs&s fantbl Sedssi on

of the Km%ﬂ@%dﬂ@&&ﬂ?@eﬁmtﬁﬁmﬁ&dﬁﬂuﬁ&ﬁfEiHI@srAOBe@§ﬁ}%I iR, SN BRI MEUCt N
esl re

the specific fashian D fferent host
EcoRl1, BamH1, Sacl, Kpnl, and Hindlll cloning site, N-terminal peptide purified with ProBond resin and

. cleaved with enterokinase; Invitrogen), to mention just two, can be employed according to the invention.
Onice a particular recombinant DNA molecule is identified and isolated, several methods known
in the art may be used to propagate ift. Once a suitable host system and growth conditions are
established, recombinant expression vectors can be propagated and prepared in quantity. As previousty
explained, the expression vectors which can be used include, but are not limited to, the following vectors
or their derivatives: human or animal viruses such as vaccinia virus or adenovirus; insect viruses such as

baculovirus; yeast vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors,



cell's have characteristic and specific nechani sns for tht YPERErEPdnal and
post-transl ati onal processing and nodification of proteins. Appropriate
cell lines or host systens can be chosen to ensure the desired

nodi fication and processing of the horeign protein expressed. Expression in
yeast can produce a biologically active product. Expression in eukaryotic
cells can increase the |ikelihood of "native" folding- Mreover,
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antigen 12 Se receptor. An antigenic pol ypeptide contains at
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anti bo or T cell receptor recognition, or it can be a portion used to
generate an anti body to the nol ecul e by

Antibodies to Akt3

According to the invention, an Akt3 polypeptide produced recombinantly or by chemical

. synthesis, and fragments or other derivatives or analogs thereof, including fusion proteins, may be used

as an antigen or immunogen to generate antibodies. Preferably, the antibodies specifically bind human

Akt3, but do not bind other forms of Akt. More preferably, the antibodies recognize an epitope within a

peptide having the sequence Cys-Gln-Gin-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-Lys, or a-
substantially similar sequence.

A molecule is "antigenic" when it is capable of specifically interacting with an antigen

recognition molecule of the immune system, such as an immunoglobulin {antibody) or T cell antigen
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and Cancer Ther ap % Liss .
addi t i cisioasisedp PefdfemPWémPh@@ﬁtOPbmoi mﬂrmt?mﬁlialus thitperdddasyantesioh dre

pr oducestd (el mz;,&@mm&m émlg,héaa&érmtﬂa%al Patent Publication No. WD
89/ 12690, publlshed 28 . In fact, according to the

i nvention, FECHRARAGES oaﬁvmcbp%anwwwa Rigecise derrred fhe kst polyreptidamer feagment,

anti bo%ﬂ§g of MRfvhte Qe aﬂﬂ( techn;que %@Eﬁﬁﬁ&l for the Profudiord gdgé%ﬂﬁody Nﬁ)‘ﬂ:@ QE et
al., Nature 312:604- 608 84); da et _al., Nature : -454 (11985)]
by spl icentryoustsl! Jiasreia ‘%“F‘(‘fFﬂ‘%?Yrﬁﬁﬁ@i aﬁ?q%wd&?utsgﬁf@n%wedzgo@ pdrigamaccul e

speci f itgchhigie @pindlty devRRbPBPKIKIE 4@ IBIRE! [Noh4H zﬂm@agf mfn)? aﬁ%ﬁmsm i body
nol ecul e of _appraopriate biological activity can be used; such anti bodies

are wi tTHYTPR EfRique gﬁém@fn ?‘ﬁ?llshybﬁ%fﬁti’c@ﬁqu%e#m et al., Immunology Today 4:72 1983);
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produce human monoclonal antibodies [Cole et al., in Moroclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc., pp. 77-96 (1985)]. In an additional embodiment of the invention, monoclonal antibodies
can be produced in germ-free animals [International Patent Publication No. WQ 89/12690, published 28
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"chimeric antibodies” [Morrison et al., J. Bacteriol. 159:870 (1984); Neuberger et al., Nature 312:604-
608 (1984); Takeda et al., Nature 314:452-454 (1985)] by splicing the genes from a mouse antibody



human or humani zed chineric anti bodies are preferred for“ﬁ%@“FﬁmFW@?apy of
human di seases or disorders (described infra), since the human or

humani zed anti bodi es are nmuch less |ikely than xenogenic antibodies to

i nduce an inmmune response, in partiesalar an allergic response, thensel ves.
According to the invention, techniques described for the production of
single chain Fv (scFv) antibodies [U S. Patent Nos. 5,476,786 and
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anal ogsantilwies hsod@ucef anaxynmmtsspmdme,oinparmutaaarmllbrrge resglorot, ylpmsmest he anti body

nol ecul e ca erated.h nown te i S fragnments
i ncl ude but q\é:?t)é’dtﬁ E‘:tﬁte mv%ntlax){ tec 1{1?_'33 dﬁS(‘,I‘C%eH f%utg groductl?n 0 V\i‘l ehdham%[;(el:{r oduced
by pepsantibadieg 8$8i Ratcn@ﬂost 5]497687@6 amﬂd§ﬁ2m wdlusten; U. &d’atéatbt 94f6ﬁa§jrcmnbesadajsted: h can
be gener LSyl e es ,of 2 fr nt,
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scr eeni i knomn
Tt he arpleYs A5G OGN GONAIY o B A GRIEL RSl e EEBLONES,
assay) ,the desmdm%’hity tomﬁﬁhs@m@detmmmdmmﬂm assays, gel diffusion
preci pi tin reacddQSmentd TR 'ﬁﬂlainftué id%@yp@%ﬁﬂ‘fésannﬂoﬁy Soleturé U%E‘-\g&%ﬁe?ﬂé/d’sm( using

col | oi dal gold, énzynme or I oI sot ope | or exa west ern
bl ot s, kyeweiqshniques &ar ?reezetet Yk fraeg-'gtsumlmtbpbﬁe agtslay@d(tenge F(aped fragment

aggl utipaty o b@ﬁ%éﬁé@d by (AR EFLMb] Sahd ﬁﬁbcﬁ?%ﬁx‘!’éﬁls HOFR ﬁ%tsf\ﬂmtchpﬂ:
assays, | munofluorescence assays, protein A ass

ays
e itiieas B 89 8gamdatoat th Fb b MmOt M Feb RGPS AEb g | o

det ect egénéaee@tgrttegttn!gag aanbohﬁaelecmmﬁ A ddBh3auaRg 4 pady. | n anot her

enbodi nent primary antibody is detected by detectin bi ndi ng of a
secondary artt ﬂlﬁdd?ﬂuétt°nr@eﬁgwlefsc§°ﬂeﬁ’é“gpf°r Fhgrdpsiesftantiody can be accpmplishesk by

embodi rgihhiquds ows BCAOUAT g AlibRRNodssy] BIGA QBhzy MBI kA BAREnAEBerk AQWY, i N the
art for detectlng binding 1h an _i munoassay and are Wi thin the scope of

the pre§BAVCRnyEREWBH B mERENRlIENCHG Sepvect ehndiiBEiar egrsfRiteh TxEeBgni ze a
speci f iignRRédiftRRn adsayd v Mt %ﬁﬁb@éﬁ?@@t,ﬂ@mmm gaﬁye@?,ﬁ@& 38H St @b )by | domas

for a product which binds to an Akt3 p Ee tid ragment_contai ni ng such
epi t opeXample) western Llptsy pregipiation cHfknms, sﬂégiutﬂta SRS %l agglutination assays,

Cys-d ﬂmﬁhéﬁtﬁﬂiﬁoﬂ&?m@&m@pbémi{ﬁtﬁgm -a5days; 'ﬁﬁtﬂun-Bﬂ@or&skféﬁcé-}(s‘éays F;ﬁsteﬁet @shysON o;
an antibo ecific to an t om a. parflcul ar speC|es 0]
ani mal ,aHEH@X‘E’aﬁe%P‘E’EEPIS AN JASPse &P“ﬁ%ts‘i‘“tl bﬂgﬁalsrf%tCW‘E%’

pol ypepitelien & prig&s aakidoyly. Oln ansméraat@ddtﬁqe%n%ae plithay @ﬁnl:tohgats dsaaaea Bﬁdeﬁd‘cg@nk mal .
12 Sept.enper 2003 26 Th fore oi ng._ anti bodi es .c e i n, met hods known
1 tho R NG PR POLRTE, PORAY Stedy. T a firbier cboRment te

_ secondary antibody is labeled. Many means are known in the art for detecting binding in an

immunoassay and are within the scope of the present invention. For example, to select antibodies which
recognize a specific epitope of an Akt3 polypeptide, one may assay generated hybridomas for a product
which binds to an Akt3 polypeptide fragment containing such epitope. A preferred fragment comprises
the sequence Cys-Gln-GlIn-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-Lys. For selection of an
antibody specific to an Akt3 polypeptide from a particular species of animal, one can select on the basis

of positive binding with Akt3 polypeptide expressed by or isolated from cells of that species of animal.



activity of the Akt3 pol ypeptide, e.g., for Western bl ot {7 ¥Ge PR Ry Akt 3
pol ypeptide in situ, nmeasuring |evels thereof in appropriate physiol ogical
sanpl es, etc. using any of the detection techniques nentioned above or
known in the art. In a specific enmbadi nent, antibodi es that agonize or

ant agoni ze the activity of Akt3 polypeptide can be generated. Such

anti bodi es can be tested using the assays described infra for identifying

| i gands. | nTlpdertegainglsatihodistich bandeil bookitleds krawn reths arbrelating to ltmdlrlcelﬁzaﬁeonrnmes sed

intracellular Ther a ransgeni. c Vect o cardi ac
myocyt & 2 oflupg{%Alg?Bﬁ}f Udre J;%Jg rg‘ggsrggjsﬂs& ol laat ”l%upf l)geﬁldﬁf" S TBRATHE al
i nf ar ct leesis aﬂdoﬂmajptopfzﬂe bhysleloglbhl anplodkdtS usimanip iof the A&éhen fadnged rmantoned
hypoxia indu g%pt35|s and cell death. Therefore, the present invention
|ncludes gene apy by the admnistration to a patient of a nucleic acid
encodi ng a hhm{apecﬁﬂctc&bpchmere,r amxboldres thlartetgme)r aftagativd be myioitasfdiked palypepidet i on,
gene ther n e uce th it deat h
and t he"f néme a?"é(ih asl%bzo gles @ r g y ‘lsé“ u%iet " desc %egm O\E/Oéda'{3 ntqultn 4 ia%f'fnar ction
funct i ol paitivplan sebl argihadiésteyn @fsclv z&lequmelexpeeawdm&acwﬂulmal ity.. I n addition,
reduced infarct size is expected to reduce the nunber of patients
developrng heart farlure following infarction. In patients with existing
Gt ‘ - oress of myocytes by gene therapy with Akt-3 is

expected topggl oF garéllreprcgm? fth 6L Sl Blroll bR (SLONE B SERRS

progression, I nprove
hospi t ainifaretion @tni hc@ufarlwg Iémnﬁneﬂrﬁ/lebbmdﬁsdﬂl-mm@raed hypaxipfindugsd epcptosis gfd cell
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death. Therefore, it 1s expecte ne therapy wll be an
ef f ect | Pesleiq soubanaasing of yman BlBrprelpin, easfée S%Sapfg@ule rrswel:aquhrlgnfarchon gene therapy

i schem HsidCAGT fslé%egt@d {or}E&ﬁEé/the h&ﬁiltggf &4 demsndrlﬁ)é firlal ﬁ'ffa}&gzé %erebﬁ%@tﬁﬁ{gqhal
i schem a reperfusion injury, stro i ver damage, renal failure,

t r anspl ipRrered aest-infasetion Singlidny impsaved guality oA R ae@)reéwari yroglitar Ip as%fas sedrgqegf ting.

| n addi fepn slzélsfexp%ctg@ra@edlﬁ%@aynbhﬁofew% h@erohag nddR AR Sb ARG NBrolibe ah Ment
for other disease states involvi ng@cel death via ago ptosi s, including, but

not | i PAtietewithexistipg hrart filuresregncuig drsdoss pf yqcyterdhyesrs ARy it k-3 is expected

ost eoar fibdhildite prddd® of YghiRiufar aﬁh&lﬁ s16%; dlshiSe X8RIk, FRproVh §E Ry 3P QR dedlce
incorporated in vectors, and the pharmaceutical conpositions containing
them nfhgnesd ferdeepitplgatianhe tr eat nent of many pathol ogi es. They may be used

for the transfsp aaﬁlsl B8k BA ShgRQS the @RREs iof isvherPa-fePerfiliyn e r@fintst ihsewe,
especi allé_‘the he art The treatnent can, noreqver, he tar et ed in

accor daffed vt ekt s Aggiho ghperetorayd it Frpstieddhatikihache Fhe{aBV ¥l beaneffeqtive

tissue gadiment ﬂbrrzﬂrei aﬁealeagtateshevcﬂleﬁgel@aiexﬂﬁdeﬂammﬁnﬁhorr@mdlag At ¥R Qinfied t@nd
expressi on b choi ce ‘Hﬁartk gl ar pronoter) | The nucl er(;1 aci ds or
vect or s™gFC 1? ?f%lﬁthRS’FF‘Sa‘l"e‘ Y 5s £ *l%&e%?“”l‘oﬁ‘“ Thetra? EESRHRISE 2003
27 prodygpecially ¢afdiddy ARG rddbryaitérBlfhss graftingl hOaddiidn,| Aktr3aeed thethdrib ¥xpedddd to

rotein bl.e of actjng specifical n . s .
P © ge Efg:ctwe teatment ijor her 1esease states 1Jn¥01\9mg cell death via apoptosis, including, but not

_ limited to, Alzheimer’s disease, liver degeneration and osteoarthritis.

The nucleic acids of the invention, where appropriate incorporated in vectors, and the
pharmaceutical compositions containing them, may be used for the treatment of many pathologies. They
may be used for the transfer and expression of genes in vivo in any type of tissue, especially the heart.
The treatment can, moreover, be targeted in accordance with the pathology to be treated (transfer to a
particular tissue can, in particular, be determined by the choice of a vector, and expression by the choice

of a particular promoter). The nucleic acids or vectors of the invention are advantageously used for the



various cell functions such as protection from hypoxi a-i HoR P03 geat h,
apoptosis, nyocardial infarction, necrosis, cell proliferation, synthesis
of netabolites, protein synthesis, DNA replication and/or transcription,
and the |ike? The present invention2thus nakes it possible to treat
specifically, locally and effectively cell dysfunctions at the origin of
or resulting fromdifferent pathologies, and especially involving

apopt ogirgluctAs nd]hmmeﬁlmﬁbau @ivo and 'irtectimiarly, o&“pﬂ;tv;hs mﬁbis of zmt’mg dpecificaiynat er of
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vectors are Vira Cl\(}r('asc 6 &7 p§°e lo%lgmlme FEUFTISE ccHe D sapof’ P gayocardia
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transgenl cNestor to t(s)soemfl c cells, such as with a viral vector or a
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Expressi on Vedlisorssedabovtehe ™ iertvid anyrmepasnfobe tswester oﬁsmp@ucmcﬂchcmﬁingaﬁbohee, both
to tra | ) or_ hi ol al te dul at ors of
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of Akt 33 giﬁ Fr;'lé{'rt thnéofvlg Eucgcbn%tv SX&I‘V%S %Qﬁ%ﬁ eﬁ%ltl §ec§o§ Fly thpog 5’ire§to be

i nt roduce e tec ni ques scusse I ral vectors

used f drtrddpctign VEDM Expraghigrointiagetpdttisgs @nde tflbeueab)ytampmehhmggerac eectblxlﬂa bas ed
vect or S, a0l &AL LRN by By ¥ 6 Wckr oMp1QHS 1EQE GHYS ang: ral
vectorsrare Known %n t}h rtC&fgeee %ﬂé IE (ﬁﬁgrglgégaﬁg%ﬁan, %ﬁ% g[é IJn| ques
7:980- 998 (1992)]. Preferably, the vi raI vectors are replication
defective, tEﬁﬁ%ssfoﬁ vedtddEYF tRY BvelB@aE vl Bed, %91}61&@& Sut %@9 %Qtﬂ-?dj§4n¥feétraeﬁs% target
cell. In general, the genone of the replication defective viral vectors
whi ch a#fieninget biglesigehtesting %wé@at@rﬁ of WBpeddner fonddivery oA 2 dfiderneaer dast one

regi on JWetdd obi iNBGES SN0 fof enE hl%raisyegl | fAhdrO QlaedrlSe Mé febhd of Aktd RBviNT €Ct ed
cell. These Tregions can eit |mnated (in whole or in part), be

render eddv‘?‘i@ﬁﬂ’ﬁﬁ?ﬁkrﬁﬁs‘%?ﬁaﬁmbﬁhéﬁ%ﬁtcﬁbw?|bﬁ irdrodueprbigineths teehmaues discuskd balesl i n t he

art. These W@ehRbEHeSminbRY Hle f3:he viObddx Ve MR Yekhe mﬁﬁpégﬂytpwcedafes Glymed her
sequences, in particular by the inserted nucleic acid), partial deletion or

addi t | dAseBfemRandrret i vEr@esMebodsder consimring apd '(Sf"ér“rﬁlé’ﬁ?f?ré ae ket pdgi on

Such t%&WeQH 'S MARY aRER O T=h, 0B BB ndifhed T Dgw%qmdzj]ewet%{%l%t @6 vIPNAkctor@farel N
situ, usi ngﬁ He techni ques of genetic _ mani pul ation or treatment with
B

mut agerFREC tfective, iap fSetheyyrs unaple do F@lﬁaateeawwu&léf@eﬁ ia{zét fllrlngencet Sens t he

S equeane&anofuksepg@ﬂ@m:fmmaweemﬂa QERE SR fu¥edlwithin 1RGSR StHhabred st hngtionl I al
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particle
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known to a person skilled in the art. These techniques include the total removal, substitution (by other

. sequences, in particular by the inserted nucleic acid), partial deletion or addition of one or more bases to
an essential (for replication) region. Such techniques may be performed in vifro (on the isolated DNA)
or in situ, using the techniques of genetic manipulation or by treatment with mutagenic agents.
Preferably, the replication defective virus retains the sequences of its genome which are necessary for
encapsulating the viral particles.

DNA viral vectors inciude an attenuated or defective DNA virus, such as but aot limited to

herpes simplex virus (HSV), papillomavirus, Epstein Barr virus (EBV), adenovirus, adeno-associated



virus (AAV), vaccinia virus, and the like. Defective virlfstlemRriOfR
entirely or alnost entirely lack viral genes, are preferred. Defective
virus is not replication conpetent after introduction into a cell, and thus
does not lead to a productive viral 2enfection. Use of defective viral
vectors allows for admnistration to cells in a specific, |localized area,
w t hout concern that the vector can infect other cells. Thus, a specific

ti ssue dian (h&Vy pacinfaivcrrad bryd th&a]ulqemﬁtcnvExr&mpé edich kntpely bi dubsentivedy tack @ral

i ncl ude, but ar mted to a defective herp Vi.I us V vect or
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her pes udes ug land &t Dprodratitel vingl mfegioyc blsq:nsf(ﬁbfectm virglemgorf Bitweitr aPublsiretaniton RD
371005 A Vi us vector. n i onal .Pat ent
publ 1 caf s T igean o gn, Byl Rr et et Mot Bl i bt onal
Pat ent i capdieisprifidaly t@eOR/ B@ﬁi&s mb’twlédladct@xpnndlude. bui@!@lh]ot limitedatbf £nuat ed

adenovi t or h cr a r udet et
al. [J. 5635%“’6 \ﬁevéliuy%gﬁg% Oeecé%gﬁ%@%b%)ﬁ é}}é’z a ]ftuméél e e'%%%a(lrl?é,i?]Sci ence
259: 988d@®ﬁve(&9@8y1]1§s veatat Iakldeﬁ ely¢d-preteindeggos [&’s@m@hbltcgd)n\ﬂl) 14 005Alc eramther
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(1988) ] 29, PP¥L énteatyitipnal PeﬁpnnPnblwraw N W B@/ﬂff?ém roblishechAprid (% &4 cain eattenuated
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vector, . EﬁOVI rus vector, I NMuNo- ctivation of the viral
Voot or | GNdT45R mesfedse Le falisat s Sciftioe zmm%@lmmmfggwe adsnesseyaieiimes,

such as,d.pt ?sfahﬁfdﬂé'e'i‘ail% fddi- d13096.- 3id?t(?§sf7ﬁrs%u1§4q € eENJYI)zml Qf3. 38 4526 b0).:
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r esponsbebkewki ¢al \ﬂ’fqlﬂe”\%@lt%?%gﬁg%él%é)]g , W/lson, Nature Medicine (1995)].

I'n addition PrEfEraBl? B4 30b %ﬁﬁi@tﬁmoﬁ @n %p?i)(te %Mﬂoglpp%%;e%eaﬁmtls érr?ployed
engi neered to express a mni mal number of antigens. Naturally, th

i nvent i BreowBRFiehitaihe Frartive g BNIVEICHF 1o AWId Jgno-dsasieEan of the viral
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The phrase "therapeutical fective amount”™ is used herein to nean an
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effective ammuily, s ifhidnCofiBihplhtes EAYES oRA vebHY AMOMR Nkpredd adthrhpeificaRY | Y
significant condition in the host. Adenovirus vectors In a preferre

embodi nEFFELveAREuR; SEP o geng dhezapg Arpliratiges. Thashgee "%‘d@ﬁﬁ\?i’qyﬁ%%t“’aﬁlé"% K&ryotic
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thelnventlontogqe ri,et 2 eII nﬁ Vari ous seroty@n of . adenovi rus
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Adenovirus vectors

In a preferred embodiment, the vector is an adenovirus vector. Adenoviruses are eukaryotic
DNA viruses that can be modified to efficiently deliver a nucleic acid of the invention to a variety of cell
types. Various serotypes of adenovirus exist. Of these serotypes, preference is given, within the scope
of the present invention, to using type 2 or type 5 human adenoviruses (Ad 2 or Ad 5) or adenoviruses of

animal origin (see W094/26914). Those adenoviruses of animal origin which can be used within the



scope of the present invention include adenoviruses of cdmeREMPHFIPhe,

muri ne (exanple: Mavl, Beard et al., Virology 75 (1990) 81), ovine,

porci ne, avian, and siman (exanple: SAV) origin. Preferably, the
adenovirus of animal origin is a canpne adenovirus, nore preferably a CAV2
adenovirus (e.g. Manhattan or A26/61 strain (ATCC VR-800), for exanple).
Preferably, the replication defective adenoviral vectors of the invention
conpri seopdd tﬂeffﬁent @Rention hapad dﬂl&ioivﬁﬁeﬁﬂ' QaeRC Bovaid dnidrine (dihhﬁﬂ)leiMav&CEdﬂrdﬁt
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plasmid into an appropriate cell line. The cell line which is employed should preferably (i) be

. transformable by the said elements, and (ii) contain the sequences which are able to complement the part

of the genome of the replication defective adenovirus, preferably in integrated form in order to avoid the

risks of recombination. Examples of cell lines which may be used are the human embryonic kidney cell

line 293 (Graham et al., J. Gen. Virol. 36 (1977) 59} which contains the lefi-hand portion of the genome

of an Ad5 adenovirus (12%) integrated into its genome, and cell lines which are able to complement the

El and E4 functions, as described in applications W(094/26914 and W095/02697. Recombinant

adenoviruses are recovered and purified using standard molecular biological techniques, which are well



30 known to one of ordinary skill in the art. Adeno-assobi ¥pPEabeZ003
vectors The adeno-associ ated viruses (AAV) are DNA viruses of relatively
smal | size which can integrate, in a stable and site-specific manner, into
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human p@{oh,glt&gkeﬁordﬂhesﬁﬁ\hg@,gpne has been cl oned, sequenced and
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inverted termnal repeat (ITR) region of approxi mately 145 bases at each
end, WhitgeRo-2@bNRS Bas AR 1 gin of replication for the virus. The remai nder
of the genome is divided into two essential regions which carry the
encapsul at i offefagrorastoriated (viuses dppVh ardPPAr Tirsss efeletishomeell fEs BHick 6At ai ns

the repingene, hAkabramd é1ﬁ-spé6lﬂc@ﬁanﬁ@ﬁhﬂo@lﬂat defdinPdThe O8I WSS 8y ifect! MBeydre al
genes; and the right-hand part of the genone, which _contains the cap gene

encodi nipla e~ Ecéﬁé‘f“?f Sﬁ?cﬁ'ﬁ’e‘l‘%%d{ﬁfw"thﬂ‘é "\‘H“?‘ﬁgs any-wffgoty, @moed plan, goYthy ROrERIBY &F f r om

t he AAV&ftedtiatidraiafiedydo RGt a@RRALH bk hvivdd i® mans phifolid0 THASADREbmedaSEA bed
(see WD _91/.18088; WD 93/09239: US 4,797,368, US 5,139,941, EP 488 528).

These PeRsHsEREIGHDIghTRaawl JupPerpessRRprgEprl ¢ 7 Qb prdoa=h AT Erd t he

rep andieffind aEpeGaIIES rafiéh dﬁi}:@f{ﬁﬁna@l}dlﬁrﬁhﬁésa@%ﬁbhtﬁﬁd awzganeneé ad sﬁ exg@slbr and
the use of these, constructs f P{%Lamfe”h}q"?dgéte sai e of é}erest in

vitro (’ieﬁ'fcéﬁ%’JPrttB‘? B¢ "1T§‘}‘a16 e REERe “1“3/"‘”"#??5 ’é e%‘Pﬁa"Yh‘ Y The
repl i caiht esvaghehtdt ﬂn:@oﬁse&ﬁl’léﬂ -Hbad part é\m{s ge’ﬁﬁﬂ&fvﬂhdﬁ@:ﬁﬁtﬁni ﬁhferdpr‘ngwé@mexan be
pr epare cotran ecti ng m C I.N t he ucl el c CI sequence
P O TR h iR oy e ey AT B e e Rl b B e e eanBRE
a pl asmhdc@@éﬂeﬁhﬂ:@mgtﬁ&eaﬁﬂ\ér@ﬁﬁﬁﬂﬂmlv&ﬁs on genes (rep and cap genes) into a
cell line i,ch ted an
Genovi ros) es e SR e TRY sRBBRE coten it S SR i EPR IR Torly by
st andardbsmedwmeqm 917TRESS| M@ PBI0MABoAIUS O, TOF)36], d3S 511B94af BP ei88 t508)anThese
AAV-der L yed e %escnf)e”@mr-}éusm\/ﬂﬁ?r@@f Tt %tg?rbw %]htﬂ "gncfosfggp g‘a?%%%”c%%%% epcodi ng

a nucl eic acrd éncodi'ng an I'"nventi on
al so r efepleeed by @ gane pf msmst;l arglrtbeowsp aﬁ&esn goratrms(fuermsferammd sairygeae oflicterestdn aci d

encodi nvq ? ﬂnto cv?lglred ceﬁls g v%h{sl\i,\?c}'q int or ams 2 ¢ repe]é%{%n d@fe&;vg‘ft'}q‘!)rgl?}nanp be

used as tra erri nucl €rc a uence, w
pl asm dAAWsmchlapp)rt@nvean@l catyb¢ prepared bp cpensditcsuk 4 piasencacohiapmscﬂ'rmhclme adidr

L e
31 the AAV encapsulation genes (rep and cap genes) into a cell line which is infected with a human helper
virus (for example an adenovirus), The AAV recombinants which are produced are then purified by
standard techniques.
The invention also relates, therefore, to an AAV-derived recombinant virus whose genome
encompasses a sequence encoding a nucleic acid encoding an Akt3 flanked by the AAV ITRs. The
_ invention also relates to a plasmid encompassing a sequence encoding a nucleic acid encoding an Akt3
flanked by two ITRs from an AAV. Such a plasmid can be used as it is for transferring the nucleic acid
sequence, with the plasmid, where appropriate, being incorporated into a liposomal vector (pseudo-

virus).

Retrovirus vectors

In another embodiment the gene can be introduced in a retroviral vector, e.g., as described in



Anderson et al., U S. Patent No. 5,399, 346; Mann et al. ,121%?}111385@09333: 153;
Temn et al., U S Patent No. 4,650,764; Temin et al., U S Patent No.
4,980, 289; Markowitz et al., 1988, J..Virol. 62:1120; Temin et al., US.
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Cct ober ro%l?c?é‘ transfectGP I Eﬁa?&n&o&%, 8 virus is modified to retain all of its genes except for those

responsible for oncogenic transformation properties, and to express the heterologous gene. Non-
. infectious viral vectors are prepared to destroy the viral packaging signal, but retain the structural genes
required to package the co-introduced virus engineered to contain the heterologous gene and the
packaging signals. Thus, the viral particles that are produced are not capable of producing additional
virus.
Targeted gene delivery is described in International Patent Publication WO 95/28494, published
October 1995.
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and minicircle plasm ds | acking an origin of 12 Septenber. 2003
desired host cells by methods known in the art, 2.g., transfection, electroporation, microinjection,

. transduction, cell fusion, DEAE dextran, calcium phosphate precipitation, use of a gene gun, or use of a
DNA vector fransporter [see, e.g., Wu et al., J. Biol. Chem. 267:963-967 (1992); Wu and Wu, J. Biol.
Chem. 263:14621-14624 (1988); Hartmut et al., Canadian Patent Application No. 2,012,311, filed March
15, 1990; Williams et al., Proc. Natl. Acad. Sci. USA 88:2726-2730 (1991)]. Receptor-mediated DNA
delivery approaches can also be used [Curiel et al., Hum. Gene Ther. 3:147-154 (1992); Wu and Wu, J.
Biol. Chem. 262:4429-4432 (1987)]. Preferred naked DNA vectors include pCOR plasmids having a

conditional origin of replication (see W097/10343), and minicircle plasmids lacking an origin of
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Conpositions and Delivery The present invention also relates to a

phar maceutical conpositions. Such conpositions nmay conprise an Akt protein
or pol ypeptide or a nucleic acid engedi ng an Akt protein or polypeptide, as
defined above, and a pharnmaceutically acceptable carrier or vehicle. The
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Preferably, the pharmaceutical compositions contain pharmaceutically acceptable vehicles for an

o

ent n%ventlog FPI g%?(iesl'ltg a nu

injectable formulation. These can be, in particular, sterile, isotonic saline solutions (monosodium or
disodium phosphate, sodium, potassium, calcium or magnesium chioride, and the like, or mixtures of
such salts), or dry, in particular lyophilized, compositions which, on addition, as appropriate, of sterilized
water or of physiological saline, enable injectable solutions to be formed.

The compositions may be in particular isotonic, sterile, saling solutions (monosodivm or
disodium phosphate, sodium, potassium, calcium or magnesium chloride and the like or mixtures of such

salts), or dry, especially freeze-dried compositions which upon addition, depending on the case, of



34 sterilized water or physiological saline, allow the ctiPiembes R of

i njectable solutions. The preferred sterile injectable preparations can be
a solution or suspension in a nontoxic parenterally acceptable solvent or
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phosphat e, sodium potassium calciumor magnesi um chloride, or m xtures
of suchstéaizédSyaterlot ;mggmogicas edlidé, laDdv thel eonbt@ioR of WREEHIe sobdtiGhs | € wat er,

gl ycerol, ethanol onmbi nati ons thereof. 1,3-butanediaol and sterlle
fixed oils arg PEﬁJWgrﬁt"é‘iﬁ “;F"ta@ﬁﬁ“'@ffé@“és"a% bf pefqiution pr SIRPERTHY MBS, Any

bI and f pax@ekrdily lac@EblOS R amelt IBxGhpleN STPhdiyichit@bllyCacodRBR varfifrs or vehicles
.acid _also find use_in the

-glyceri atty . acjds su ) oIelc
pr epar at’f 63?‘:‘“%1*’“‘]; ‘f engpipeianic Sﬁﬁlée (66 BEna5 P Bf LR ADRBS SedHEn PARSHE: on,
ei ther aldRe oPmanBEah PRGSO infktudes\WE Ghdhl saltsSiGiflgef @rsolutabdnadihssbrmterpﬁerqan be

adj usted i n accordance th.di.fferen ers articul ar
accor dalee ENGerdy FREPHBYE “aﬂﬁfﬁ]ﬂ?‘i’feﬁ% r]aﬁ‘ﬁ‘ﬁ‘e‘ﬁlglé’ad e ‘“eﬁ’ffaPﬂ%%W"‘?‘?Fnﬂy
quest i oampléyae asgﬁﬂk&nﬂs or hepeadipg assied Aay blhefitta illcedbd &masyee MclupRp isAthetic :
General |y spe t he case of the, rec i napt viruses_acc rdlng to the
Cvent i B el Tl ik B Ut P e PPN PHRRT B Soges of

bet ween 104 Eidiodkd dfmpfeir, ackie@df ﬂfeeﬁ\eﬁt&hl $ttherlAMhetod inkOhbraed ih a 'vrekae)rtzsedﬁopf u
(plaque i, t r.r.es po a sol ution of
VP e Cariireeh o ok i SRARERe i el aeiiesty B DR PR AL e

measur evmlnthge n@émﬁ”raamhm;strafoh @seddBe pohoiagy in mfestioh,&hengtﬂé)ﬁl’be (aiprtsm‘deac t}vegdesﬁ:edl I
Eloﬁﬂ'tjﬁgn a-!'l-'xger%t peno{i‘ e eIl < of dgtllﬁ %h%}casaetolr eéercg Emant lélestalc:%]o';" 20l s ¥,

"t her aptese |amabrhyalaeﬁfamt¢dnmastaembm e fornsofideses! omt\mml(l“@ndﬁa(&ﬁ pénarsippefertbly
suffici 0.ke st . aho t. er.abl | east
50 percgdri:i%t hﬁo él g#ée: erﬁ%?é}a%lg% 0 Qng %ﬁgp&g‘get(rg%gn?qu Wer sz Sct’m}ogro gbl y
pr event yiru, aod isrditemtied bg inestién dantitatlefoelbiultude lanct Th@suaerhenty lgtrwallf uﬁtnctls ersand
[ e PONSr e Hurble s ol HEROCTAMENigud of AELARSUE LEAL L B LACHLY GuPuNt 1o
sufficient to cause an venent tnically s Icant con t|on
in the h@yﬂlﬁﬁhgmmdmp@shtmwn=of the invention may be |ntroduced
parent eral | yp mﬁgg F Al herddAS , o OF
transdernally Bkefera %Réald%?ﬁﬁggyg??bﬁl#%i%%renqg%xangﬁm%ﬁgﬁﬁ&EXto
i nt r aversdugs by iahleest phayh 15 pavebnt iprderdblycbyuetilengt SOomercents maggtpréferally by at loast 90
intra-
it apery Eanaaro A BEH G b0 SGRTIH o PUIRUL G Mo oo,
adm ni sefrtha hostn Adernetinely, & Baygpaitieally ﬁffwaye amppupto spERienblp caysp et imnoevertEntdna | y
i Nt o t hginghiiEsidn@ichR cbddfRh &ne A%, Parfticular, into the heart. The preferred
route of admnistration to the heart is by direct injection into the heart
(US Pat. 5,Td930mmesifion gk Featien panbetrirddned etenigsllypr rymutostliyee £ i ques
avai | abhgatiyNof REBY, tor L3MQOTARY. TRERSIHIC adrﬁx%ﬁ@ﬂﬁﬂqﬁpirémcgﬂnl OWia mtravenous
conmput er - assi st ed t onogr ap h%F and the therapeutic cong05| |on adm ni stered

]n

by st elisglioRctpd alshj E‘E:]P‘ih% of ok Jifpifed. tOAdﬁlﬁarﬁ“?t“?l%lt #myserlath dotdemel, can
al so 0CQJHEutJnEUuQHﬂﬂpérh&:eM,sxﬁtré%ntﬁcu]eﬁ,%ﬁ‘ RlbrBdrarkAURInRAL ration. Sfhd ad@Rikiktration of the

composition may introduced by injection directly into the site to be freated, in particular, into the heart.

The preferred route of administration to the heart is by direct injection into the heart (US Pat.
5,693,622). The heart can be imaged using any of the techniques available in the art, such as magnetic
resonance imaging or computer-assisted tomography, and the therapeutic composition administered by
stereotactic injection, for example. Administration to the heart can also occur through the use of a
catheter (US Pat. 5,851,521).



12 September 2003 35 In yet another enbodi nent, a conposld$BiFeemiP?si ng a
human Akt 3 pol ypeptide, or nucleic acid encoding the polypeptide, can be
delivered in a controlled rel ease system For exanple, the nucleic acid or
pol ypepti de may be adm ni stered using intravenous infusion, an inplantable
osnotic punp, a transdermal patch, |iposones, or other nodes of

adm nistration. In one enbodi nent, a punp may be used [see Langer, supra,;
Seft on, CRC I&¥tttanotiie Embddintiie d conlpagftionlebimpAsing G4y AkiByclhveplidt, @tnuélkic acidur gery
88:507 (1980); Saudek et al . N.. .Engl. J. d. 321:7374 (1989)]. ,l.n apot her
erbod rEFRIRSE SRR e Rl APt SR A e AGBTROEE e o
Control 6r€ﬁb1ﬂ€;bt£ﬂ&&ﬂay beandenistaRd Wik ntfaeehdus) infilsidy aiPimgmabBoestmotiatpanp, 41 ori da
(1974); d . Drug Bi ogy ai | abi | - Product sign_and

ber f of WETCUTP s APRT= BT T ey of i tfho b 05% AP TGRS ® PR gt boan
Peppas, usdd [shAangerDdupraSBéfton, (Y CrilVIRef Biokbd. FahaAn0P3o&); KubREad ¢t @e&r@rﬁo Levy

Pouar ' B0y SRiiof 8Bt 47 B3k 4 e, T8 B Moo Bibhsnorf SR 057

tcont r ;)I inaehaﬂsedaeﬁs ased\[& emdﬁalmpbecqnbra-agatomﬂolqaai @iyt thyngrk a:hd’rféﬁsta hje:\s@rﬁi}(l ic
ar get, r ion,0 Syst em c
dose [s}égsS Boca ﬁ sk(’)rind‘?l (llbﬁk/e i ca{l 4 591 o ?:lg%/l g%bsdr%f %nl?rf’ % c% eﬁﬂg’éé’ ‘gase,
3 upr a, E«;fomcﬁzpe ﬁmleﬂiﬁﬂa’ﬂ&ec(sm%agy} Ne? 'ﬁtﬁk (t9642)t4 Igmlgéradd Paipm$?4®yt§ytoel$$har e

i scuss ci_enc us
the-contisiPeran G FLby (e dBoft Lo e Sred Al 13 Pt el anh
i nt r aar Nesdlals; 351|(m$&9hri@watcbﬂ@l J NemrosuegnTd 303 &1989)br Ilsmmmmgdlmgmaes of
admi ni s a viel Sict.d Ly, f can
b adr FrEpis? dfefss SRERRHR! Maock UE gRRHRANC 0 Berve B BAEE 2k, Bl BpCLEL. 7
bi ol ogi wadirirgenbra fadctl@anf tfb_eyseqmsmd@d [say ejgr, Gooddom ip Medidabdrmfentiorsod ICoxtroded ect | ve
dose (I gBepe, i%p%’%& fgfaﬁi%hé’ﬁléﬂg MP&%&%&?&?&L& s9st&£kaaﬁl££§cués£‘%iﬂ aRYbi&st) at
the necessary’intervals, e.g., daily, every 12 hours ese
par amstbﬂsﬁnaﬂr[ﬁ’czed@ﬂé?@%ﬂﬁ}{é%)ﬁver| ty of the disease condition being
treated, othgl,agl 'cgﬁgosn&% Rr 3 %@ﬁmn&q' b ﬁawa@ byl RidhvetbR, ifRLRARNt ed,
t he vvelght age, ex of the subject, and other crlterla whi ch can be
r eadi | yma@t%@tpmahwatawes@dﬁrdﬁlrﬁgbcpf@n@vsam@awi agrobigravienti waﬁY%ﬁe@@nwﬂleose of

skill ;IB} eh? f@rﬁﬁlateﬁ\”caﬂrbg%&hﬁme!réa W0 3P BN bdhikidtion Af comstiic QY Gitthe
materia hin the scope of the rnvention is admnistered is greferably a

human, belpeierhmalseal e by Providing aiBerenspiicsdy sffeaiieldpsedphractoretiseiveye one of
or di nar ¥aiek idelabdifd chdABesdh b subleldS o tRE RS- ARE-RRAY {m&ﬁy%&ﬁhz FRIPAST Thens of

the present invention are particularly suited adm nistration to any
ani mal , Pysaeterscifldenepd ep thepaverity obthedisssed adiiep bepatrensd, Aber ReRRSuiaTditRd t o,

domest i god#MaidH, fhat a‘%élﬁﬁleﬁﬁntfe@kﬂe%léﬂf ageaﬁ}ldrb@x §Mfa)el s.%&;%& anf-l aﬂhéﬁcﬁfbhﬁr&&h%h catich as
but not  [i m ted to bovine, por ci ne subj ects,

wild anbefead Yéﬁmnﬁ‘éi‘c‘:ﬁ’rﬂmg Wétam*wgoaﬁ meﬁcaépraitzfebb&%éef S@bﬁnm research

ani mal s, suCth @fanf¥inGR whér@idninibtREB &%, bidlaaPmat&AERPhin it Gpe HABkSavei@inSs €t C.

avi an species,. such_as chickens, turkeys, songbirds, etc., i.e., for
veterin ﬁgﬁq is aqefet?g]é( a human, but can be any animal. Thus, as can be réadily appreciated by one of

. ordinary skill in the art, the methods and pharmaceutical compositions of the present invention are
particularly suited to adminisiration to any animal, particularly a mammal, and including, but by no
means limited to, domestic animals, such as feline or canine subjects, farm animals, such as but not
limited to bovine, equine, caprine, ovine, and porcine subjects, wild animals (whether in the wild or in a
zoological garden), research animals, such as mice, rats, rabbits, goats, sheep, pigs, dogs, cats, etc., avian

species, such as chickens, turkeys, songbirds, etc., i.e., for veterinary medical use.



12 Septenber 2003 36 Screening Assays ldentification and!Z 3BIeRPrAN0df a
gene encoding an Akt 3 protein of the invention provides for expression of
Akt3 in quantities greater than can be isolated fromnatural sources, or in
indicator cells that are speciallyasgngineered to indicate the activity of
Akt 3 expressed after transfection or transformation of the cells.
Accordingly, in addition to rational design of agonists and antagonists
based pérednlty ShdviCt ure of Akt3 pol ypeptide, the present invention

contenpl ates _.an_alternative method for. identifying ecific ligand

Akt 3 usi ng VI&W@E@IO%a?dzﬁﬁ?twanggs%&vsenﬁmm At plotca pf ‘gmvsfmﬁwf @F%?O&a I's

f rom apepteasdrsot A]idmme;ﬁ;amaes R0 tigh SanOEﬁe 63t frdbh ﬁhm@}rklamsaoﬂ ih Sndatkiot édlly tO
i nhi bit t05|s Wi || eexpeted rove ts acti %/:%durln t r eat ment
at

0
of pati Blﬁ‘f °sEReFEPt AEmeydd 3r‘6 53 | té‘F‘r é?*b of BK5| SPFFS FRPRSRFEP
injury. uﬁafohﬁmombﬂwcehantct,corﬂmgly,aasaﬁhcﬁe& iatlaur 3eksigbf dg6nidls arkl Akth@hists Bhsed UNOT

devel opne ef contrlbutetotu r formatlona r
o ogr o8 B P oF VG PRI B S0P ARER PR g a o BBt BN o
decr easﬂeﬁtﬂiﬁgsp&ﬁﬂid Ilgﬁmﬂ‘s‘ﬁfﬂlﬁﬁ us’irfgd/aﬁﬁﬁlsldréening aisbm‘ﬂtﬁowrhﬁgfe@ﬁSI on Any SCI‘ eening ’

t echni que kn ca to scree t oni st.
bt agont st s AEgioRel 4G om SRR, o PaEy FEORPRGT AR UL TSRO SHENER At 3
and ASKinhibs wq)hptm hunam eepebueayodnumpmkd dmayt;dﬂ&l@ﬁﬁg @ehtinsnt -ﬁfaﬁaub&s tstiffniag ect ed

with a nuc rker e, h as, 13- t osi dase.
Cel 1's ool rifoson 8f SR BrRet it o 0% oo oy MbiredR s W 5
ant agonfastby foanshot Idevmlopmem,l ané,cthérefbremagainmbhtaso dmme fmmhmom dhg?/or ﬂfhgeqslbﬁs ence
of nore t|ve S. re ative cont Xpos to the
Cest "somiioiay SRl o hrEaitig] B¢ ek KusG8N Lfler 651 P hng ARG REH D)
test softegesson. Conversely, the presence of |ess 43 gal p05|t|ve cells
OV L0 RNl E S B UG e LS8 R of Bty e
pr esent qurwemltr, arsugabiet @ttpingeagessiog beth duthyr Abtﬁrahdl AfBl.ewel & hungaraéryoric | | gand
anal 09S,;ang w8k Gis, B YO ns%&eé G G Mie {%racf&aén‘JS&Irg 5 h&ﬁé&ﬁ'ge thak: %L d to
and agoni ze or anta joni ze In vivo. o exa natural” produ
| i br ar i gedactosidaspeCells a@éhﬁelobxwpdﬂy zais s aglytionf conmesmmvemmstmrfamagqmt, @udjﬂels t hat
agoni zeg e of
A3,  anliec AARRA TR B e of NURSHAR: Bl HiERIIBELBRRIENES, O
can pr owpeed &nthe rigst Sfétlltwe liuen wdicatien off Hivi intsense of op AkiSt 2pguisti in tfhe toft splwion.
]Pr ot ei Ngodvaledl, ithd ?r@s%hé&rbf A0 B SLLRRNE @le%la@d%%@%&(h‘o? Ee°11s I3t E@Bsteﬁ'% the test .
acilitated by d rmning structural features of the prot e.g., using
X-ray ctsipnisioidapiop of herreserts ofif At entisomst imthe Feé‘véplu‘imgnet i ¢ resonance
spect r onet r Yyhe 3Re® tilvetion tc@rﬁé?ﬂ:llﬂéées%regrﬂ rforsgn[a“%diécgleqﬁﬁlﬁig 5 'ﬂgzl:nh Qlﬂalog-gt}ﬁée

techni ques provide for the rational desi gn or identification of agonists
and ant #§ofs &% well as screens for natural ligands that bind to and agoruze or antagonize Akt3 in vivo. For

example, natural products libraries can be screened using assays of the invention for molecules that
agonize or antagonize Aki3 activity. _
Knowledge of the primary sequence of Akt3, and the similarity of that sequence with proteins of
known function, can provide an initial clue as the inhibitors or antagonists of the protein. Identification
- and screening of antagonists is further facilitated by determining structural features of the protein, e.g.,
using X-ray crystallography, neutron diffraction, nuclear magnetic resonance spectrometry, and other
techniques for structure determination. These technigues provide for the rational design or identification
of agonists and antagonists.

Another approach uses recombinant bacteriophage to produce large libraries. Using the "phage



Anot her approach uses reconbinant bacteri ophage to pr odueSepsmbe 200br ari es.
Usi ng the "phage 12 Septenber 2003 37 nethod"” [Scott and Smth, 1990,

Sci ence 249:386-390 (1990); Cwirla, et al., Proc. Natl. Acad. Sci.,
87:6378-6382 (1990); Devlin et al., s%ci ence, 249: 404-406 (1990)], very

| arge libraries can be constructed (106-108 chem cal entities). A second
approach uses primarily chem cal nethods, of which the Geysen nethod

[ Geysenmehodl[ScottMall Saiitharoob,sREned PYV38&-3907(A9907;16wi1d,986)., PaeYeen 4edd. 8k, J

| mrunol ggj thod  102:. 259-274 th of Fodor et al.
[ Sci encgﬁég%a-?’%?%% D("%@P@iﬁl S‘é{?”ég ég%ﬁ%‘r’lé’g?”ﬁ‘b} REY aé%"q‘gfa“es[%ﬂg%c"“““ed
| nt er na@zb@mﬂ ch@ﬁiagreaﬁt&s)ofA Brand AesTbaSh 135 prfQdriEBmicANG S, tof Whch ha (Ieﬂ.s9188)

Fur ka, . otei n Res . 487-493 (1991) ] ton
Pat ent Nﬁt odj 6@?’ %t WB@%%ggégé% ;n%"g’?-?ﬁ}te{ J g’f’mﬁ‘ggg’f 6{6% 4 pat ent
No. 5, Ofg2; z$§574 ﬂlS&?l)I]eﬁld &}al’mdthOEBdelngélt]al (Rease zsemmﬂacqwsn)] @reRk ALK € Farka

anot hor AL mEGRet e B Bl e Bare dpvar: AP el i

USA 90: ARTQOPStein( B X3 NS 7-C¥Bl (151 Hedghtah [U.S Pagst Nd\la,tsisl, ZlAplesﬂed SekmbdrS#86]

021 002554 RYE! 8 03} PRV S0 T i BeREh oo PBIY SRr PO GreSobos,

each of midircdt pegidedtin kphicadsed admgbsistiorytagoafsar ence |n |ts entiret y], and the

| i ke can be wused, to screen, .f . | i d Cc t

i nvention. TREERF & éqgﬂc g%mﬂ)eér& 8‘?61515%? %ﬁo 2@%%““% ‘%f‘? 0? ﬁo:{)

expr ess(1995¢; GikinByer etralaPtoerMcaI ol ei. U&Sfémg)s'pmtd&% €391 bireetngl., Entgaationad oduced
r ecombi Dant bitsic A% ARSI BATh2SR Ri%s oA EXANRLE puk Do Ethon 0] Y Baaflt 3 can
be used 10 Screen brari’es, ccfe T or regoi ng efences. In
one enbadi ofewiich iAlktcGporatyd beeial by aﬁdrdmye inab@htedy] bt thﬂlﬂtervem bembd)m seeert for a

| abel ed sed to detect binding of an Akt3 to a
nol eculéﬁgﬁg%ﬂg%%rdlpgé%&ksm&v %glgul e attached to a solid phase support.
Bi ndi ng may The sctettnmgtceldbdogerﬂonneshmm reomiraedt gellsohat axpedss Seopiio pealisynativelyenzy me
| abel . Y. t I

phosphat g‘?c—? él %%’e a |er gedg%gg?}mg %aarﬁesg%e‘i dvehg% e&%%plglldréglh& Q&uble

col or aélst&yanbasweﬁgochenbhmﬁngé@wr@beémbhftfp@g%@wetﬁhcesvvo enzyme Iabel S on

different aggept é}ﬁbo éf?tCHiﬁ%b%e i deﬁ{ ﬁ?éied 'H?‘Xno 8r 43RHmeld Qﬁiﬁélédes@gbhha and

singly-reactive li1g led wth a two-col or assa her

| abel s ﬂe@ﬁenﬁjf@%'heﬁsesiﬁ@dqtqw@mrn&ﬂf afl AltB (lemelotuln ddntirest. &g, ls aepdpsule e
beads, Joh&' a@ééﬁ%%h B'xr@ﬁﬁ'n%y (a@da%ctedfa!« Hthz?ﬁ)?rﬁQﬁn b%ﬁn&%ﬁﬁ[@é‘@ﬁ e(qﬁrh{l;

phycoer thrin , 1exas red (TR)," rhodam ne, free or chiel atéed Iant hani de

seri es Hutpble enz@@ﬁﬁe‘@‘ﬂ'éﬂel Bt pg ot Limitsd rﬁfaﬂﬂﬁalalefpbwhai%frr@wh@?ré@gh peroxidase. Ina

chem | URNe 485 imelTD HOUoRS asshy? bl twhRRBEeni CfubdBRN &ith twd EPAARBEAs birRJI Ng
| abel s. Two col or assays may bé performed wth two or nore colored |atex

beads, GHerentaeseriptinelecyles plinterer mavde vugrds Cepsereectixa o singlytpestive liggrds ey bty be
det ect edentifisdil ¥wRlcolYasigChani cal / opti cal neans. Mechani cal /optical neans

i ncl ude fl uorescence
Other labels for use in the invention include colored latex beads, magnetic beads, fluorescent

. labels (e.g., fluorescene isothiocyanate (FITC), phycoerythrin (PE), Texas red (TR), thodamine, free or
chelated lanthanide series salts, especially Eu3t, to name a few fluorophores), chemiluminescent
molecules, radio-isotopes, or magnetic resonance imaging labels. Two color assays may be performed
with two or more colored latex beads, or fluorophores that emit at different wavelengths. Labeled may
be detected viswally or by mechanical/optical means. Mechanical/optical means include fluorescence

activated sorting, i.e., analogous to FACS, and micromanipulator removal means.



activated sorting, i.e., analogous to FACS, and mcr orran]izpifp'ﬁf“B?r%og%val
means. 12 Septenber 2003 38 As exenplified herein, the |level of the Akt3
protein can be eval uated by netabolic |abeling of the proteins. As the
nmet abolic | abeling occurs during in3gitro incubation of the tissue biopsy
in the presence of culture nmedi um supplenmented with [35S]-nethionine, the
| evel of each of the nmarkers detected nay be affected by the in vitro
condi ti ons. Asﬂexaldﬁlifteﬂ diéreihpthﬁetratmkﬁemktmrotbﬁl@aym dsvelu'ate@ b)l mbteﬂ;dhm@bdmigtolﬂ

35S t hi oni ne pn furt er _conte
300 - e miser dts b el okl o5t BtoeCR PR PrBheR of AR hoelirhidtol th b o
non- | abpﬂeg&n@oﬁl dultoe &)edmfﬁhﬂﬂ@plerﬂcnﬁaﬂ nopt}e[3é$] matﬂﬂmﬂrrey thef levet ofrpeh nd Shec mirkére

O ot b g5 AP R0 PR BARE b Bg  oSlns R
am do- S@hNV@?!’jS}Emethlﬁmim fittei mﬂmﬁnnf ﬁmhetr eorhm;ﬂm@slabeh@mp[léq atigd beidy, and G2H-, with
[ 32P] - ort hoph. orescent %uschem um scentf t ags;

sphat 251
and i nfARBIA 835 Ew %et |oS]rJle\5hL]gﬁ r%mflab gnstmqf)ls dy o §pec Fig b
part ner c@ipomdmkermrecmhenq@yzeém la‘beimg rf the lprcmqs threeifyetst, &y coindhectst smdmby

reference tag the in ch _ar.e ed as

exenpl aﬁ}“goﬁ%v 3 %’k{ (r%(\)/oénr? SR ES(RWIQ IS:@w r’léol’%l Mgl ?Z%%Ye@r.m ulesdlisgw%cﬁ \e%ceﬂ?ﬁ ques

The net hgdswitr ad?Rlioghahbsphats e 6ll2°R, rfbfﬂé]cuﬂ@u'esmnolQrgychenghlmhleasntprta}s;araadl ve

extractions in a caesium
ém& %mzﬁ) d&&%rgwﬂ%led%gtﬁ)to ﬁ gr#?eg}ﬂc%&ldgg 8@‘{11 o ogh

chlorid ent, agarose or acr oresis, purification
of DNA frag n’ﬁmrsesbry memrw bet baster wplemtoed hy esétree ttp dire Wiown@mgnbmitiog

Phenol / ¢l A1 vidlarcphdRhs QlmiiBOBE RPRAARLpPT €1 pi tation of DNATN a sal i ne

medi um nsformation i n la coli, and the like, are well known
to a person skilled in the- art and are anply described in the literature
[ Mani at@%ﬂ%—g al., "Ml ecular Coning, a Laboratory Manual", Cold Spring
Har bor ratory, Cold Spring Harbor, N Y., 1982; (2nd Ed. 1989); Ausubel
F.M et al. (eds), "Current Protocols in Ml ecular Biology", John Wley &

Sons, h@gﬁeé@&glecuiagglgﬂogzggﬂ%ﬁg&tl onal cloning vehicles include pBR322 and pUC
type pl an €s 0 e M3 series. These nmay be obtained
commrer ci al | yIhe B@the itireadl aipedin malserrasbigtagspch QSQFCPW‘@’&F?‘WUO@I@PIFW@ ment s

may be pRRALALEHAGE OF glaﬂﬁdt]@NA hela caddidl cméné@%@i%ﬁ Qéarcﬁg royla@ﬂ:lagﬁde gel
el ectrophoresis, extracted with phenol or wth phenol / chl or of ori nn

m xt ur ecleqiooresis: RiSerti ©of DY &wenfsalﬁdelﬁcﬁeﬂutlommstaweﬁtrmw hathgthenob e of

phage T e%hlbﬂomeeﬂ(aﬁu% eslaﬁcbpaa@mécq;nmnto@ DINACin SRl Bddit®n, tRERARRAGAL | ons.
The filling in of protruding ends may be gerformsd with the K enow

f r agnenEschgricia 0‘8’01“}‘1 trsngke. aovslitapu e alpere@i Filahwtherstasd are agrly decheddnipl i er' s
speci fi gRlatueTManidiner. des | MitdchignCleding a LioRiidiy MiafQl" SIS Spring Harbor Laboratory,

Cold Spring Harbor, N.Y., 1982; (2nd Ed. 1989); Ausubel F.M. et al. (eds), "Current Protocols in
Molecular Biology", John Wiley & Sons, New York, 1987].
Conventional cloning vehicles include pBR322 and pUC type plasmids and phages of the M13
. series. These may be obtained commercially (Bethesda Research Eaboratories).

For ligation, DNA fragments may be separated according to their size by agarose or acrylamide
gel electrophoresis, extracted with phenol or with a phenol/chloroform mixture, precipitated with ethanol
and then incubated in the presence of phage T4 DNA ligase (Biolabs) according to the supplier's
recommendations.

The filling in of 5' protruding ends may be performed with the Klenow fragment of E. coli DNA
polymerase‘l (Biolabs) according to the supplier's specifications. The destruction of 3' protruding ends is



12 Sept enber 2003 39 perforned in the presence of phage PSPREOFANer ase
(Bi ol abs) used according to the manufacturer's recommendations. The
destruction of 5 protruding ends is perforned by a controlled treatnent
with S 1 nuclease. Mitagenesis diregted in vitro by synthetic

ol i godeoxynucl eoti des may be perfornmed according to the nethod devel oped
by Taylor et al. [Nucleic Acids Res. 13 (1985) 8749-8764] using the kit

diCSR t { i ltwfaehed byth@ﬁﬁdl’eﬁd’&fbgblghﬂﬁ BgAWﬂeﬁs@(MHIdbfs)i wed d‘caﬁdlﬂg to%niéfu&gmm s by

P ol ynmer ase-.cat e ai_.n Reaction Ci ence

(1985) rfoggmics gns- s Gestarctienst Srorugine spdsds ?ﬁrfﬂmdmﬁonﬁéﬂiwamﬁsmﬂz %’987)
335- 35Q}uckRehni que may be perforned u5| ng a "DNA thermal cycler"” (Perkin

El mer Cet usg% accorﬂ to t he matpuf a rer' tpcﬁél fications. Verl fication
of nucl eot | Q& REERFTE ACEEd HaF B PRIPFS E%wtc}?e PRGY REVEIOpEEIBY Sanger
et al. thd Remeldedddpkd by Tagdr etQl MucldRMcidéRed 19 71935)3MIR76MQiéthg 118 ki Gistriberek t

di strl ted l% Amersham Plasm d DNAs nay be purified by the Q agen Plasmd
Purifi c é{istem according to the manufacture's instruction. Exanple 1:
d oni ng of Hmaaﬁyxﬂwcammﬁcsn@mmﬁeﬁsgeﬁme bPESR (Hodyntekaed tangyzed cmrnmbteinp acid

encodi t t ra scr r Ak A dat a
base serggp%Aﬁlge‘%ég E“?%%?a% ﬁ?fk&#‘hwsc*‘ﬁ) é“i%ﬂ %s’{]a%fhr PR &42 human
CDNA  g@2pIpAER30h aetchmqaxe hmﬂfuieo;gﬁmneﬂ Qisinp Wt "DINA ftefre teydlerd MPdidirmmeAktebusand

Akt 2. 19 Olr(§0 ate th & g.gu codi ng sequence of this previously
unknown fu an%%?t'g?rﬁslfel% &°"* naned human Akt3), a human heart cDNA
library was Vieu'ﬁmoremf nutl¢on dcdiNAnges olbe beagerivresh by the mgthbdddviieped by Bhigerasnal. codi ng

region [ h et nal cl one, Di# 479072) was
purchas[g‘?? El Ecay%glg}é%( ;@%&Mus‘m&t& 1t{{| cttu edb q’n\l\hl ch covers
part of the Pﬁismtd'IIPNz(mmtiy ‘b piriited dy nieglivgen l%iawlqoﬁtmﬁcaﬁontﬂwerﬁ aceolihgng thequence

of hu ut s RS lified by polynmerase chain reaction (PCR) using the
foIIovvlrI?lggi;ll prlnesrls CR%IQ 5'UTR-F3 (5" TCC AAA CCC TAA AGC TGA TAT CAC 3';

SEQIDNOB) and AKT3-C-Rl1 (5 CCT GGA TAG CTT CIG TCC ATT C 3'; SEQID
NC 4) . &P‘}A f.9RE oFES Lxﬁgﬁbe‘j with [a-p32]dCTP using a Random Prinmer DNA
| abel i ng (Eo ir?l%ionge?ﬂ nheim according to the manufacture's

instructions. The. probe was purified using a Bi o-Rad chronat ography spin

col um 'ﬁ]fsceggrg}ll@&sérfgesttﬁcecl&%lg%? Qhﬁ'ig?cegmd?egt%%mégskﬂ protein.

Example 1.1: ¢DNA library screening for Ak:3

A data base search revealed that one human ¢cDNA clone contains a stretch of human cDNA
sequence that is homologous to, but different from human Akt! and Akt2. To isolate the full length
coding sequence of this previously unknown human Akt isoform (herein named human Akt3), a human
heart cDNA library was screened with cDNA probe corresponding to the 5°-UTR and coding region for
the N-terminal human Akt3.

A human ¢cDNA clone (JD# 479072) was purchased (Genome System Inc.). One fragment of this
DNA, which covers part of the 5°-UTR (untranstated region) and part of the 5’-coding sequence of
human Akt3, was amplified by polymerase chain reaction (PCR) using the following primers: AKT3-
SUTR-F3 (5" TCC AAA CCC TAA AGC TGA TAT CAC 3°; SEQ ID NO:3) and AKT3-C-RI1 (5’ CCT
GGA TAG CTT CTG TCC ATT C 37; SEQ ID NO:4). A cDNA probe was labeled with [o-p32]dCTP
using a Random Primer DNA labeling kit (Boerhinger Mannheim) according to the manufacture’s

instructions. The probe was purified using a Bio-Rad chromatography spin column according to the



manuf acture's instruction., Over one nillion phage cl onet® ¥@FEF M%7 ally
used for cDNA phage library screening (C onetech, Cat# HL5027t). Host
cells XLI-B were inoculated at 37C overnight in LB nedia (supplenented with
20 mg/m tetracycline, 0.2% nmaltosagpand 10mM MgCl12). Phage infection and
menbrane |ifting were carried out as described in Maniatis, 1989.

Menbr anes were denatured, renatured and baked, then pre- hybridized with
hybri di satuif@fireOhittittoa. ,for 4 hours at 65C. A denatured formof the

p32-1 abel ed probe denat ured .for added to, the

oror anes. GG TSI ’dﬂ? g BPTear e Ty A Wﬁ*ﬁ‘%ﬁe PR BB Ses wer e
seriall gamamt)vudsfbemm erkGiobiBated XSBC/ RerdiMBLIS] B atedia (s@p;ﬁéﬁ&ﬁ@ﬂ @ith 9BDS at

65C. Menb r |ed 0 Ko era After this
o mar yROER QERPHIRS 954 rie® and Al BRGEE ahviiet Bk et R o ¢ ary
screeni eriedesas| dej;cngedp@Mahiama 1999h Rigabrawds verepdendtired; denatared amlagai B\ pre-
manut act e B EEge MRAAG A aCE ot FORERS g A EULoRt BRER ver e
chosen (heat doaptetfe Hegim@is) wgs adzidd ftestichmemioras ot evermait |Ivbndu@n@1 offter t hese
cl ones |. #9 rises of .t he d e i ng
sequencgycn glzq-f )meTg%?s wFrehueﬁ% Kf?tg]?g K‘%"se#()g%%glﬁg?g (&SEE[O[I%%?E Qr i ses
nmost of 05K&$Gﬂ®lfﬁ$09\k¢@°&édpmﬁxmes tea aitBriedoankhespaSed todtadiinlsdy Al sfterlﬂiiR A
full Ient cDNAse uenc fusi ] al
sequencBemy ep NI R %%%%%fop*mﬁra%%*eﬁﬁv%tﬁeéﬁ%hﬁwﬁfﬁﬁ’% %h b NG
1. The ﬁ@gﬁewgemdmﬁwg alahpha@e AN Ad covgirdniow plesnsh GMD pangSBY2E B2NMog, cells

Ali gnrreggcor? the. Q&qﬁ&uﬁlgt(ﬁ ﬁ?ﬁ]qggem&hg@ gsmgonat Akt 3 sequence i s shown
in Figure s NERt of ¢ human sequence with those of human Akt
| and Akt2 i Ewcsmmﬁe floneFiwgigrebostn Br compiee scapnbing apkfugher shasdstsriragion. Qg of Akt |
and Akt %eqﬁ%ﬁq':s (plgﬁee#9?] Conh ri‘iél gx@'of @nlfJTIt' Qﬂmhéjlg¥ermﬁﬁlv\%§iﬂg sé%l‘héngi:he @aﬁ"ij tda‘i(i'?

Akt 2 at e CGtermn parti cul ar, ast 14 am' no
aci ds i of huppen ki34 érswmhqlorpécﬂmeéh) qqfnpﬂwmnstpmle umepn ke qusnesiee Srtofee Chose
present B W aRNs A 2RM 1B coNDls g{at-l{ca GAD kdr¥ed ﬁefhé%anrbftme God Skt nus  of
Aktl is cr|t| cal for its re ul ation (Stokeo-et al 7, Stephens et al.
1998) . tygwEcYr M@mplﬁtaéqqmnc%qnwﬁmgaﬁthu@ﬁn Akt s shesyri ipiSEQ IB1NQ=>11 3Reecqrespaniipgt ed.
The proghes .94 séD hepke i IS SM N$ES b RO2PARIRAR: MMid nunfaff 23t éeﬁlﬂnéc%ﬂl the rat

translocation of Aktl fromthe cytoplasmto a |ocation proximl to the

i nner c$kB seaeneE ds frhem inaFigure Wherfdigppent 8T thp bapHoAlt? staeenca it oghorf eaR esi due

308 andag@LhdRtd&3novinOMawREE, 1998). Phosphoryl ation of these residues are
critical for the activation of Aktl. A recently identified protein kinase,

PDKI, is respopsamiy.clibis shinesiratil andi Ap- and there dom, SR SPTOlPREPRY s e 5)

whi ch phps pROAM| 8t A8 SHATBIAR oPBb m¥RbuRER RartitlR! thd b8 U4 (:ShOKS® iftheal .
1997, Stephens et al. 1998 Hunman Akt3 | acks Ser 473 i ndi catl n

di f f er el§fmipH RS $f B‘f“i‘aén“)ﬁe?t £y Sitterrr | frenm dhas drssent dp £ uEpR k] @ &ﬂl%&. on of
Akt 3 acsigMititaitly, 5era BeR MR Imig (3 Akt1 is critical for its regulation (Stokeo et al. 1997, Stephens

et al. 1998). Upon growth factor stimulation, the activity of PI3K is activated. The product of PI3K,

_ PtdIns(3,4,5)-P binds Aktl, resulting in translocation of Aktl from the cytoplasm to a location proximal
to the inner cytoplasmic membrane, where it is phosphorylated at threonine residue 308 and serine 473
(Downward, 1998). Phosphorylation of these residues are critical for the activation of Aktl. A recently
identified protein kinase, PDK1, is responsible for phosphorylation of Thr308. However, the kinase(s)
which phosphorylates Ser473 has not yet been identified (Stokeo et al. 1997, Stephens et al. 1998).
Human Akt3 lacks Ser473 indicating a2 different phosphorylation pattern and, therefore, different
regulation of Akt3 activity.



41 Exanpl e 1.2: Determination of Akt3 tissue distribution!d3PKEPEHEPH bl ot
analysis To test the expression pattern of Akt3, a nmultiple human tissue
MRNA bl ot was hybridized with a p32-1abel ed cDNA probe derived fromthe
specific 5 -UTR of human Akt3. The hyman multiple tissue. nRNA blot was
purchased from C ontech. A fragnent of human Akt-3 cDNA corresponding to
the 5 - UTR was PCR anplified by using the follow ng priners:

Akt 3-5' UTR-FI (5° - TIT CGG AGG CTC TAG TTT GGT' G - 3'; SEQ ID NO 15), and
Akt 3-5' UTR-RL (5 - CCC AAC TTG GAG AAA TGG TAC - 3 ; SEQ I D NO 16) .
Fifty n&iqegeds Qﬁfe”ﬁ‘mﬁﬁ”\ﬁﬁ"ég sspshsaiputien lwdvorthsra Ao Bt med DNA | abel i ng

kit (Boehri ngagst MaRANGL pACHQE AkN G hRdtiblD Burnidue GIRINAHISt dralé\!i&’cfridi%&d Rith
Hybridi zation was carried out according to the manufacture's instruction

usi ng a® ytiebelst PG ProPe feringd Fomy e srerifie S ARER pidiumariAktdy Sisdumen BalEPIE Gisue hour

(C ont %RNA bidt aE plidtaseld Glogatibfeth. A REgrdnObf H¥aSn WREDEBNA WeirehiofiBifg fotheSHL Ut i ON
1 (2XSS OS%SDS? at roomtenperature (20 m nutes for_each wash Then

the bl ofT %@f@s Wk reglifisd bydsing thedn Wl%aaprmr&sééﬂ VUIBEHS) - ATTEGE £GP GIF

m nut8 gérAgi_\fgwrG@mhlsngEQtrba@hg; anw/ﬁﬁaaemmgem (sob&@cia&c meaad Akmmger ni gﬂt !
at - e,r u enonstrate that i s .ubj qui t ousl expresse Wit
t he Teste’ %Ra i‘p Bk p FEEsragper s ey Rt IpRgle aé‘élf‘g ar Q’ﬂrpélmfé N& anpl e

2: Consmlﬁaumg ik r’(BOeﬁmﬁéﬁ' IS Sdc@Bing 1@ 318 flsnuTddRreAC inkitictioh. Bfybifikod saé Nduced
upon serum or or stipulation. Act ed P13K. conv bﬁ’)J]B into

ct
P13-P, SR8 r?“‘bﬂl% égt g 'Bt %’Ba“}iﬁf‘ﬁ—‘i SdB%th?n&Fm%Ri‘Yb“dﬁﬁ‘é bloh Fifk gY teﬁé“d
tr ansl ofratiel 20 98°Cf forAK héur (€lb@eah). et yftbﬂﬂizﬂﬁ)m th@blbheasaydsmlms fiin€s MRBlofidne

Sot i vat BaSTarEHef S TRt ek e Bogth o) AL D1 08 . At
fused tolutii2 (04 BSC, Pl 1aiSDShatSefUbNEEminhites/ Aﬁema(sﬁi@g, theebidd lwanﬁpbse@al Kadsit i on)

at the y-rt eﬁlm q’lérsn g‘f 3d§(r({3 'Ilggresulgnd%{nulfsggtg‘ltﬁatzg%? 18 ubué%ovs%k I\)%{ESS% mm%ant

Thi s ane const rvely i've

and i nhhlghettsevapﬁpxpm@sxm obndtuelagthb yieavtfFipoe8). st i nul i . Thi s exanpl e descri bes
the construction of an expression plasmd for activated Akt3. First two
partial cDNA clones (clone #1 and cl one #9, .descri bed above) were fused to
obt ai n Bxamplld 2: [Congtustigkaf A kit ogragosgemadce. A DNA corrpri sing the human Src

sequence.  ATTERCIES SR GHAEE Wl nh b bRRA BUE fnbl M BT TG
Akt 3 sempuenid3 nfodl3-Hevtedthirgln teahe ARFHabmrio 0y AkiTHed sdupgethe tarsloratibhefsAkthi meri ¢
M A S0 M B SRR el M BEATBE oI
Exanpl ept@sphoryl@nyend\aetivatedtither by PDKI1 (Stokoe et al. 1997 , Stephens et al 1998). Akt fused to ‘
the myristylation sequence of v-Src (for membrane localization) at the N-terminus leads to membrane
localization of the Myr-Akt mutant. This membrane located Akt is constifutively active (Kulik et al,
1997), and inhibits apoptosis induced by various stimuli.
This example describes the construction of an expression plasmid for activated Akt3. First two
- partial cDNA. clones (clone #1 and clone #9, described above) were fused to obtain a full length AKT3
coding sequence. A DNA comprising the human Src myristylation sequence was fused to the N-terminus
of the full length Akt3 sequence. An HA-tag sequence was fused to the C-terminus of the full length
Akt3 sequence (for detection of expression). The sequence for this chimeric MyrAkt3HA was placed
under the control of a CMV promoter. - The complete construct is called CMV6-MyrAkt3HA (Figure
24).



Thi s exanpl e descri bes the construction of plasm ds capal:ﬂ %P@fnb@ﬁﬂp%ssi ng
Akt3 and a constitutively active formof human Akt3. A full length Akt3
codi ng sequence was obtained by PCR anplification of clone #1 using the
followi ng primers: hAKT3cl 9- PCR5(F) :42(5' - ATG AGC GAT A'T ACC ATT GIG AAA
GAA GGT TGG GIT CAG AAG AGG GGA GAA TAT ATA AAA AAC TGG AGG CCA AG - 3';
SEQ ID NGO 5), which contains the codi ng sequence of the first 24 am no

aci ds oExampba 2 MWBACI | - PCR3 (R) (5 - TTA TTT TIT CCA GGT ACC CAG
CAT GCC - tltu act.iv form
Che codi ng. STLEREAFR 1o RUPRIARL 37 RSP REIeHaalspt PRRE 18y MG 1 e

foll ow a@sﬁlﬁﬁvﬁﬁrﬁtwel\fyﬂiﬂmﬁhﬂ RkE5'A full %@h EoRling TsdqliefiECAvaCChtathéd hy BT GCA

oA 2 e PR B R R B R TS

the nyr ASCY LT GTG Aaecmmmﬁ'rmmmm AAG AQINGEAIGAYCT)T AT Ak AACBGG 8

TTA oo B e rire et e i e PRh R gy e oo

3'; SEQAKD), MNDhEKT3 whiREIR3ICBRN (Hi-1SAt HEN TOUCOg GGR4UEND'E OATAHTCAHASt SER (D n

bol d) . ﬁ?’% PCR product was digested wth EcoR 1/Apa 1 and subcl oned into
the Eco 1/)'Apa | sites of pCDNA3.1 produci ng pCDNA3- Myr - Akt - HA. The codi ng
sequence of Td\AyxalﬁMhd-bhnwasIvaY s@ivPBR3 dorpl, itkicedingasrqueseeld fiwhlexpth Aktd wahBRCEpn 1/

G QAN o i B TR ot R (RS

p 2 @ It C GRcEHEC R0 A TTC
by GE? %ﬁfnﬁ Eg%amﬁﬁf%gﬁrsggﬁﬁ?ﬁd? Ot Oyl pleSH R | o0
t he exptheswrigmatdn shaneens fARTRmam srei(ederdingd), knd, theefirsHEXRIOR acids| df SumandAITAS- 7
Ce' |'s Wﬁé@r SRINNAKTOE R (57 D'\@c@%‘@cae RRCSARNGGE A 6TéQ‘TV é%ﬁ&& GRe\GTE Serum

(FBS). were grown in 5902 i ncubat or. asm d

WG | MR TMATTERT €64 QT A CATGGt S IQIONQBK 305 certdins thoreding
cOnt 1 0l sequd KA OCh B YRGC The ?‘ﬂ@f:r%@&c?gasv&%ege& Dt EMHA/A8010 sbBaday P or

to eit her transfection, s were density 2x106/

Tr ansf efeiksaB pnacl éléﬂﬁrqfdﬂ:%[ﬁ?’ luBIiﬂﬁgmgl RSSES M- - }(Pe"ﬁ@(f@%)‘-‘ﬁq“%éd’f di ng

~to the pRRMERE LM glsépcm&lﬁmﬁa Iaﬂmsubasﬂeeﬁﬁtyme%m&m %586l of Me Dé\ét%r R
(W thout "serumor antibiotics). L of ect Ami ne was added of ect Am ne

=1ny : &pA primeny ysed o5 PCBfregption were: MY 6-PK T8 Fhe PO HET 4@8999 BATESREEL Ani ne
M Xt ur e Aasa K€ HA@IWGORALI EFP A Bhe GeF A3t ohout £5se@ablSovEed wasked with

AKT3cat-R (5 - CCG GAA TTC TTA GGC GTA GTC GGG GAC GTC - 3’; SEQ ID NO:10). The

plasmid wag verified by sequencing.

Example 2.2: Expression of Human AKT3
This example describes the expression of human AKT3 in tissue culture. HEK293 cells and
. COS-7 cells were maintained in DME media supplemented with 10% fetal bovine serum (FBS). Cells
were grown in 37°C, 5%CQ2 incubator.
The plasmid CMV6-[MyrAkt3HA] was transiently transfected into HEK293 cells. As a control,
HEK?293 cells were transfected with the CMV6 vector. One day prior to either iransfection, cells were
split to a density of 0.2x106/Cm2. Transfections were carried out using LipofectAmine (Gibco BRL)
according to the manufacture’s instruction. Briefly, DNA was mixed in DME media (without seram or
antibiotics). LipofectAmine was added (DNA:LipofectAmine =lmg : 4ml). After brief mixing, the



1xPBS, and exposed to the DNA/ Li pofect Am ne m xture for 1 §¢8i5mmer 2803 er
transfection, cells were washed two tines with 1xPBS and switched to
DMVEM 109-BS nedi a. Twenty-four hours after transfection, cells were |ysed.
Lysates were i mmunoprecipitated withs anti-HA anti bodi es, and the kinase
activity of the immnopellets was determ ned using peptides derived from
GSK-3, a downstreamtarget for Aktl (Cross et al. 1995). In vitro kinase
assays IDNAﬂmofecMi& mmaw wedkeptitit ra@s Gancheragyrd for @ mmltaei Cells v(e@r wshede%ttal

1995) 24 DOSt ¢
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wer e was ree times w horic aci m nutes for each

washi ngYith aysghingeeletionel (5W1MhTm‘Té@@n7@7(42 OpPYouBEBSf aﬁm@h@@%m Ad¥e BThe

radi oachipdptm@ont Rfd RAERL timb@SyitOBhAsO bEMer D 01§M Raps! fih 9N 25£MAURaIAY B-
Machi ne. K| nase activity present in CW6| Akt 3HA]  transfect ed sarrpl es was

20 t i megyeerpplgsehate i, ﬂ NagvVPdeheM I T e fics Wﬁsrha'ﬁsl? ete &grevipsppendsd et r ol

vect or NG realfith Ghixtuie [[abmﬂaqmi Q.1fpfn1 BRGKEY %Bﬂtel g@&e @enust Meent hi s
assay (Figqure 2B). To test the exgresm on of HA in transfected

cel |'s, 104 petcinkiaga deighipifeyRid faé‘étl‘?%c‘dé13?%) A%r%eagfl&‘af WEFE Sgripgout at

i munobigat i co WikilesaRdr cbifipletithi o i8S tion&ahiktuteY &eﬁe%eﬂﬁeﬁumgema@m%f
descri bed above, and el ectroglhor esed on SDS po(&%gcr Iam de el s. Proteins

wer e t rinsmematan as 1oiedr Qnioet PRI ierelliosaippnsh siecle (GHpe ulp3engPeE wi t h

bl ocki Ngers Qlasked Bec(tiaERSn IQOIKI%p-ﬁﬂ@ﬁcﬁhc?aQnd (BVaniaRs ftateadlrxyasmﬂg)l ) @y emet ght  at
4C. Menbranes were incubated w nouse m)nocLL'ona anti - HA anti bogafleﬁ
e

(1: 500 Wit FEPROA DRSS |f%6kﬁhﬁﬁs}§?ﬂ &W&#}Oﬂ%ﬁy of [RORFPEY Y2F mPREsRdi b Bt
After V@&iﬂhﬁg}M&&hﬁﬂe Kikab®getivinl predahtaf KMNE N2 ARSPIAG Riafsfec20 Ganpdd was 20 times

higher than that present in cells transfected with the control vector CMV6, which is similar to the
. background level observed for this assay (Figure 2B).

To test the expression of MyrAkt3HA in transfected cells, lysates prepared from transfected cells
were subjected to immunobloting with anti-HA antibodies. Cell lysates were prepared as described
above, and electrophoresed on SDS polyacrylamide gels. Proieins were fransferred to nifrocellulose
membranes, which was then treated with blocking solution (1xPBS, 0.2% Tween 20, 5% non-fat dry
milk) overnight at 4°C. Membranes were incubated with mouse monoclonal anti-HA antibodies (1:500

dilution in blocking solution) for 3 hours at room temperature. Afier washing three times with blocking



sol ution (15 ninutes each), nenbranes were incubated wi t¥ JREPEHMYat ed
rabbit anti-nouse IgG antibodies (1:1000 dilution in blocking solution)
for 1 hour at roomtenperature. After washing three tinmes in blocking
solution (10 m nutes each) and thregqtinmes in 1xPBS supplenmented with 0.2%
Tween 20, nenbranes were developed in ECL (PIERCE) according to the

manuf acture's instruction, and exposed to Kodak X-ray film As shown in
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P CDNAS- kit ERIA Elbi)c, of WK 1wk bifthindl Hyyscxsm@dmmg heahc;:ml\iAcphege ldokary. (I‘.h@ﬁr?ﬁ)e al so

descri begd I’or e%lg%l %r?aqi' gl(%ngx?t 0??3}31?%566?2} ﬁor@é’ﬂm} %Hﬂ#% stion of

| nhi bi tTon o Ssil on apopto
sti mul agli7megd mth£s®llm0(lA$ibra)ry bacdinst Wacup pptifseiiar aélchnvwdesian lof Phagh ilijl\b’-& eto al .

1997 r r WigecTyl pahLhits
cel | ) d(—;lp-aﬂtlh1§ ﬁ%érmél cbaQSHg%%% aet S%R/bp &F& #fazcs%%g}ge%%spcot r%ns%gﬁ: &gb P{;\t 0
human ehﬁiy(ﬁwmamnqjmliqamgﬁlmidl 1§7®s witd it heeinafiepreesssil emasphHeiniull ldneth. ASK1

T ) 1 0 0 1 £ on

pI asm %ﬁﬁiklﬂ gtlh Wﬁﬁgk%ﬂ%&% i thw I%Q'mg pﬂfh {E}esrﬂ%}%\fa%lgfég?ﬁlsonﬂ%gﬁs wer e
st ai nedCEQEAR TGTg@@é@ﬁdsG@@éé“Gat@(F GAtTﬁ%'EEﬁ oF FEQ IR NQiélf a9 IAGk- Hegpetfot ocol .
Cells fec erlepdB3 MaZgand
Ca2+ f\r@e& &@f{g??\ | n angg(l: ﬁ%}f}&?ﬁf@%%@%ﬁﬁnﬁ;’f@gﬁygéﬁé n P%%Z)1£ or 15@

m nut espr uctr%mmiieémbmlwé intqrihg BeXd @fbplsitoerf dhe ygeiprad N adl A | The sowdct h

| XxPBS, hilgiy Stainnes peBRABINASK TFE, WAt el v§ Q@c{ﬁ'@x‘f‘cﬁngatlcﬁ%cét‘m toody Y ution

of 4mM pot assi um ferrocyani de, 4nM pot assi um ferricyani
escribes the cloning and the sequence of human ASK1.

Example 4: Inhibition of ASK1-induced cell death

Overexpression of apoptosis stimulating kinase 1 (ASK1) leads to apoptotic cell death (Ichijo et
al. 1997). This example demonstrates that expression of human Akt3 inhibits cell death induced by
ASK1. A CMV-§-gal plasmid was cotransfected into human embryonic kidney HEK293 cells with the
expression plasmid for ASK1 (pCDNA3-HA-ASKIFL), either alone or in combination with the
expression plasmid for Akt3 (CMV6-MyrAkt3HA). Two days after transfection, cells were stained for B-

galactosidase activity according to the following protocol. Cells were washed three times with 1xPBS



MyCl2, 400mg/m X-Gal in PBS. The stained cells were washeifPieRPe?o0? nes
with 1xPBS, and preserved in 70%glycerol. 3-gal positive cells were
counted under light mcroscope. As shown in Figure 3, transfection with the
ASKI expression plasmd (in the absdfice of the Akt3 expression plasmd)

|l eads to dramatic decrease in P-gal positive cells. However, cotransfection
with the Akt3 egfresm on plasmd significantly inhibits cel I deat h i nduced
by ASKI (Me2* mad Satefiechyent Hised preesbricre 0b3%jfemghithyde si PBY éor d€|rhisutesTa kemm

t oget he e t e I deat h

| nduced By AR AR GERAMA died 1Rk B HEHS" N RhiteP bR T € Hoipnt

hi gh ex@am@%iabh’ﬁc rwithar sdlution 0&411@4 wetaswppfworsramtﬂss 4udepdtagsiurg derdéyepda tiedt | on.
ASKI S t Gsid AT : [

o07) . "THSECOBRDM Rtag o P RkRd DRl RS bR KR BB | 1
not cl eiaf0%IgtycdrelsP- Bdevﬁltmqmlh viereppurdciivodr Gehtedigreseersi on of ASKI | eads to
activation o i I DY e
Vkia! TN and “VERE) BgEEE P edeRtih (hite OBt AL T e Rl BT on
of t hesékthaxmeseigns plasmid)i lepde do d@Ktici decfersedh Brpdmogtivescelly. cHpyayergrotehsfectig97) .
Howeverwnmgms%sapr&ém@pﬁ&ﬁ& glgﬁﬁcamhfnﬁbasoae l(areat}p%ﬁuceg'ﬁngKLLJ Feplred ¥y il f ect

on ASKI -1 nduced apoptosis (data not shown uggestin i nduces
apopt ot preserceof B-gd @pditiverselisp Eakaeteeetist, T gday civa@estra@tthawomyatMW@ w@s@ el

resul t sy dampnsiihphexi gt mﬁpakk%eaﬁcea@m%toﬁm Q8thHihed At lie¥ nigh BdpPisdih hlae nduced
apopt osi s, suggestlgg t ha or one of 1ts downstreamtarget

i nhi bi t GSYSSRPPOTHEIE %ﬁbﬁ?ﬁ?@@n pat hway(s). It has reported that IGF 1
represses JNSxACHiES éﬁaoﬁt’&ﬁ@%@lhdeﬁmph%ﬁﬁtceﬁ'QﬁﬁB@l@ﬂ}o qeg RS mowé\Qmi?é) et

al . 1998) Akt 3 may al'so act by inhibitin e kinase activity of JNK. The
pr esent mPIRRpER Pieehanipe by GthichASK infuess; apeptpsis @@eﬁo@eaﬁyﬁ haseegp ghoppthat é‘ﬁﬁé‘dl nent s

descri begrelt@hedrmaskil Reged, act\r‘\iﬂﬁélpb!fsvaﬁﬁﬁjs' iﬁegsaéchﬂ&a s@gnaﬁdgepath&\éﬁsntsh&rhsltﬂe
addition to those descri bed herein wl parent to those skilled

in the MFE4R%mnd W@P@g@ﬁﬁ@%é@cmhﬁ% P??ﬂ Sa%ﬁf%@afa@&mﬁ*a%ﬁy ﬂﬁ@e Paty#es.

Such rméhlaftdsq@mqmc@ragoﬂt&tsqmﬂgdettao 1both) | HoMeb & 4udiie oL QRAHOInbiG Appended
cl ai ns. is further to be understood that.all base sizes or_anino acid

si zes, ‘&ﬁ&‘“&l 9 ouRtise AnaSKksingred @poptogis (daka Pog ShoMEYSSUgEESiiES thathSFeninfeses
nucl ei Capaﬁtbﬁt&emﬂeaﬂﬂhdép@ﬂédtdﬁﬁgﬁﬁ]&ea@ﬁftpm mate, and are provided for
description._12 Se te 03 46 Vari.ous, publications are cited herein,

the di scl osUMBPTEFItWGT tFI d&F‘@“&Fﬁtﬁ dPotcHYa By SEHbER e inhipits (4R Irinduced

enlt : r etdpegosishaugesdnd thet Aab,. or RO 8f itsT ievnBEadm2tafpt(sh, Gh}ﬂblfsamﬁl}ﬁndtﬁécbhﬁoﬁtbﬁc of
ce sur

T A O P e W R e o
{Okubo et al. 1998). Akt3 may also act by inhibiting the kinase activity of JINK.
The present invention is not to be limited in scope by the specific embodiments described herein.
Indeed, various modifications of the invention in addition to those described herein will become
apparent to those skilled in the art from the foregoing description and the accompanying figures. Such
. modifications are intended to fail within the scope of the appended élaims.
It is further to be understood that all base sizes or amino acid sizes, and all molecular weight or

molecular mass values, given for nucleic acids or polypeptides are approximate, and are provided for

description.
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3, 4, 5- t MedhrUspWat et aldE¥8ndetit baddsigraprpgrmoéd gatlodeath in Icard!amcu&r bisdage nod

Vo1279:. 710 t 1997. Dual role of

phosphatl dyl |%%E§? té%q%%\/o 12? 13ﬂoe',~:4phat e in the activation of protein

ki nase 8kubSd. ehdeldd Iasiin-lis6groBth(factortonkibitsr thy stidgs-actitated | protdi® 8BaseCdwpbises:

enem es W thin. aﬁaha%ch NP&ERSL v o Pl 250k 5006612 Septenber 2003 48 CLAI M5 1.

An isol ated nucleic &ci d encodi ng a %uman ,2 protein conprising the

sequencBullgy - 1988 nFPhogghoryletipn @ﬂ@ctGatyonlvlép?QSé& bYEP9KA§r:ferW Yol2§% -70%3810. or a

subst ang] S lo |d has a property
%dn?olrréo\h f}r‘?&%%ﬁ%%Hﬁﬂ&ﬁ'wé’y‘%%m@@m&gﬁﬂﬁ g;n S

sel ecte om t It can ynmerase chain

react i oftagl SER)I87Mpleculen cl@#mgeme ancwnmndn‘@rhumm homoci,mwsvﬁ‘élflfmmIQEQ | D
NG 5 and SEQIAPQfM%I@Gf Aﬁ(Tl'ng E‘H r*%ﬁﬁ%aéﬁ%ﬁgm%&ﬁ&%e@’;oc ﬁﬂpg&atdl @P%SW th a
nucleic acid co I sing a nucleotide sequence epicted 1n SEQ I D NG 1;
C. it encode@l%%lﬂ?%%ﬂ?de conprising an amino acid sequence sel ected from .

1 he gr ogEbhefANS 4111998 BbteirkidadeD iéilf;zsesthat%{ehﬁ&s@plvoagua@a}ilﬁosm%r4%f)ho§ﬂgteal lelic

variants thereof; D.' it encodes a pol Q/ whi ch specifically binds to
an anti body fbé%lé%@%ldatlagafmgtﬁm&wa%& tgﬁﬁ’@e W27 4ii7H0-Al4pept i de having the
sequenceokl . & A- ﬁgm Ded1rhsBr @6§ph§id¥h%itdllaelt5 -ehhbsghare i fR actk¥onlof protddf A
substantially siml|ar seguence he isolated nucleic acid according to
claimi1, whef®s f‘nBtSﬁ‘é”‘ﬁlYﬁ&W ‘ARt8"%r ot ei n conprises an anino acid sequence
as depi @ﬁoefd;ewNﬁEéaaﬂ Robl@adnases: edemiRittlisS L2 Yo SI2c138¢1 d according to
claim1, conprising the sequence depicted in SEQID NO. 1. 4. The isolated
nucl ei ¢ acid according to claim1, wherein the oligonucleotide primer pair
is SEQ ID NCS: 5 and 6. .



5. The isolated nucleic acid according to claim1, furthESeEmerY0%g a
sequence encoding a polypeptide tag, whereby the nucleic acid encodes a
chimeric tagged Akt3 protein. 6. The jgol ated nucleic acid according to
claim1, further conprising a sequence encoding a nyristylation sequence.
7. A vector conprising the nucleic acid according to claim1. 8. The vector
according to claim?7, wherein the nucleic acid encoding a human Akt3
protein is operatively associated with an expression control sequence
permitting expression of human Akt3 SGLAIMS expression conpetent host cell.
9. The vector according to claim8 selected fromthe group consisting of an
RNA nol ecul e, a_  plasm d DNA nolecule, and a viral vector. 10. The vector
accordi ng-to épaﬁOE»reé,nu?Aﬁfm¢r§ochnam Ipaen A kBNpsoteip beenrisiag the 2eqBense EbE-GI003 49
11. The vect OkedapUydiEIMEQL &Ll RRTrpMYs§ls, 17 aBubstdh @ity WaiilL b &8 Gl thif F oM
the group consisting of retrovirus, adenovirus, adeno-associated virus,

her pes vi rus, BaReclsiaed bap apppgriyselected from theflowiagl transfected with the

vect or accor digng: &0 bt d » : f.ect e tor
according to claim8. 1%4. Thyepoﬁ%gfasggﬁa@gﬁgﬁdgFﬁéﬁ?% a{g?g@gﬁ%\%&%eﬁg%{ é@gf rom
the group consi SETiYRg fiom SEQIRNQ? prd SEQIONO:&; yeast cell, and a manmal i an
cel 1. 15. A met hafbfi@kes RhRAEGJRE BndMUFBRIAK hud el a@fd%brﬁpr%ﬁgfﬁ'hhaédﬁgé sequence
culturing the host cell of claim12 in culture nedi um under conditions
perm tting expr&8depitedds SERIRANO: 1Akt 3: and - isol ating human Akt3 protein
fromthe cul tal et enkbdes /ﬁnpélﬁﬁbtﬁfe%réﬁiﬂ%aﬁlﬁrﬁopd’cﬁt b &0 BaMCled | ik ttlﬁegroup, :
sequence Cys-d n-d n- Ser - As é@s- [y-Met- Leu- Gdé-l sn-Trp- Lys-Lys, or a
substantial |y si°Aisfsipe gé&@e‘ﬁ 2.\ PHSE atints fhereph endaliphioryadanis thessofper t v

sel ect ed fronDt higenbdakd OMiYPEstidbwhick speSifieuNg 8RR ko RY adtiB Sy HefdrRédag it G Ghtofd a1 M
1, B. it corrpriseﬁ. an am no .acjd segue ce_as_ depicted in SEQ I D NO 2
splice variants "FREARspide Jpvingthe sepyence (s Epla-Yeréerbys Gyt Een-Gy-Asn-Trp-
speci fically bi ngsLyQomasubstintidigdmipeagtiaateed agai nst an epitope within a
pepti de having th equenc . . . . .

o o - G- SEW e R gording tom A g e fumps, 163 Grotin oo al |y
sim | ar sequeasigo adidsequehe: as delidddad SPQ @b ®O®. of cl ai m 16 conpri sing an am no
acid Seqye nceTﬁeslsoqﬁg n%glgig acl:igI ac%tl)zrgnlgl% claim 1, comprising the sequence depicted in SEQ ID NO. .

1.

4, The isolated nucleic acid according to claim 1, wherein the oligonucleotide primer pair ié SEQ
ID NOS: 5 and 6.
5. The isolated nucleic acid according to claim I, further comprising a sequence encoding a

polypeptide tag, whereby the nucleic acid encodes a chimeric tagged Akt3 protein.

6. The isolated nucleic acid according to claim 1, further comprising a sequeﬁcc encoding a
myristylation sequence,

7. A vector comprising the nucleic acid according to claim 1.

8. The vector according to claim 7, wherein the nucleic acid encoding a human Akt3 protein is
operatively associated with an expression control sequence permitting expression of human Akt3
in an expression competent host cell.

9, The vector according to claim 8 selected from the group consisting of an RNA molecule, a
plasmid DNA molecule, and a viral vector.

10. The vector according to claim 9, which is a plasmid DNA molecule.



NG 2. 18. The isol ated human Akt3 protein according to claPeT®er 3997 ¢ her
conprising a tag sequence. 19. . The isolated human Akt3 protein according
to claim18, further conprising a nyristylation sequence. 20. An antigenic
pepti de conprising the sequence Cys- (%n A n- Ser - Asp- Cys- A y- Met - Leu-Q y-
Asn- Tr p- Lys-Lys, or a substantially s | ar sequence, and is a fragnent of
human Akt 3 protei n, wherein the Akt3 protei n has a property sel ected from
the foll ng- nucl. ei

conpri segwan rgl?ﬁ ‘?le(%tor am%fdm%gou%ﬁl@e&%mgds HIret & %?rr‘?clé'%ﬂof%ﬁ’ %%Oupscﬁ?silsgjég of
vari ant s t heregbyirugradenatitvg) adenoveasotiatad sinisHerpeotitus,andvAccinia trirggpeci fical | y

bi nds to.an o ralk. I nst neptoevm'thinapeptide havi ng

t he sequzgnce a/é% trag%}’% %%Es‘%atwgc 1 gu G y-Asn-Trp-Lys-Lys, or a
subst ant ilal | yAhastSﬁmaesfhmdvﬁmﬁﬁk\an&cmdxﬁgtosaqm&nce 21. The antigenic

pepti de cl 0 cang | 1y, of the Se
o G - Ao D8 EERRE Y it 57 B ool Pyl S ibrariot ath gt
fragnment thermfandﬁmamllmilbody whi ch specifically binds a human Akt3
protein ?§ cI 19for21%d Theah%:% %@%r ef clai.m 22 which specifically
recogni z€s an ep OpePRATHIES "Hpk CCILRITRY e  sequence
Gays- G n- Gilmrigethe &speetbpﬁelwzmhulmmmﬂwn wWiler- chnditidry perhyifing Efressldnent atthadbody
of claim 23 v s polyclonal. 25. A method of inhibiting cell death
conprising a m i sf{erl ng to the cell a nucleic acid according-: to claim1,
wher ei n thdammmpmtewwpﬁtamw linked to a regul atory region. 26
The neth ac erein the cell | rdiac cel |
The net hgg ac%gﬁs 34 h#% clai ﬁ% g% CRErer n Ele Sﬁ%m%:cglqy P?gmﬁ? gspa{éy n@
28. The rret hobbaniEMngL)tSdJyal e ms@lﬁtanwﬁer@nmudaexemc Iwbreinathi cbrot&nlhas aa
vector. o claim 28, wherein the vector is a
plasm d. 30 %E&nﬁ&&%&ﬁﬁ%@%@% F‘ﬁ‘g" o claim28, wherein the vector is a
viral vect or.A3itis eppesdedrist thoupcleineoiddf llggmlo cl ai m 30, wherein the viral
vector is sel ﬁcqt%%ﬁﬁsg%ta%ﬁcﬁ%%u%@% &E{c&g n gﬁQ ﬁfkb%vggﬁlgéﬁgvts thereof, or
adenovi ruses, adeno-assocl ated viruses, vaccinia Vvirus VI Trus.
The net hod accorHliagariants &ewpfas0, wherein the cell. is in a pati ent
suffering from mp&ﬁu{cglyadmds &@L%asdd%e&&ted%gnﬁ‘s%aeﬂh&% rﬁkfa?%uac Hink

|

Use of nucleic acid according to claim| whérein sai
oper abl y | i nkedsqdgense Cj*s—G]n—Gln Ser-Asp—Cys-GIy—Met-Leu—Gly-Asn—Trp-Lys-Lys or a substantlally

similar sequence.

'17. © The isolated protein of claim 16 comprising an amino acid sequence as depicted in SEQ ID
NO:2.
18. The isolated human Akt3 protein according to claim 16, further coraprising a tag sequence. -

19. . The isolated human Akt3 protein acvording to claim 18, further comprisﬁ'ng a myristylation
sequence, ‘

20. An antigenic peptide comprising the sequence Cys-Gln-Gln-Ser-Asp-Cys-Gly-Met-Leu-Gly-
Asn-Trp-Lys-Lys, or a substantialiy similar sequence, and is a fragment of human Akt3 protein,
wherein the Akt3 protein has a property selected from the following:

- A. it is encoded by the nucleic acid of claim 1;
B. it comprises an amino acid sequence as depicted in SEQ ID NO:2, splice variants thereof, or
allelic variants thereof; and
C. it specifically binds to an antibody generated against an epitope within a peptide having the
sequence Cys-Gln-Gin-Ser-Asp-Cys-Gly-Met-Leu-Gly-Asn-Trp-Lys-Lys, or a substantially



regul atory region, in the preparation of a nmedi cament fo}? YRE™Pr@RPhent of
myocardi al infarction or ischema reperfusion injury. 34. The use
according to claim 33, wherein said nedicanent is adm nistered to cardiac
nyocytes. 35. The use according to claim 33, wherein the nucleic acid is
in a vector. 36. The use according to ¢¥aim 35, wherein the vector is a
plasm d. 37. The use according to claim 33, wherein the vector is a viral
vector. 38. The use according to claim37, wherein the viral vector is
sel ected fron1thé“@k%ﬁ%ﬁ%%m5|stlng of retroviruses, adenovir-uses,

adeno- assegi at ¢gk %hgeﬁmpum@ et ), ¥dn"s1*s't§1g%@sgntﬁ§¥oﬂh5 W3 39y LRS! AdpOn
conprising the nucléic ‘acid according to clalm nharrraceutlca
accept abl e veRvcly-Metd.co-RlkHimbailys- W%Wﬁ@ﬁlwgmh@tmfel c acid
accor di ngs30 ChabMuddy Wil DEifQfiyBiRQlGEhaH i p consisting of

| i posomes, a conpl ex:mn ¥ %ué eéﬁﬁprgte%nsA$§%¥}s OFM ﬂ%epterrber 2003 51
dextran, & anThmwlb%(b’éxﬁ Glfawfr%% whiplt|spacifitrily mesogiret embriyppeaeithip e atitide trofrizcthe.
41. A conposi t [ AR .COPRLdsiddsd:! DR BeaGa90 m 8 and a
pharmaceutlcalffQ nchﬂiéﬁGmg DﬁFY? EJ ?ﬁg g%ﬁ%%gp%qg%h%%npr|3|ng t he
vehi cl e aébor di Fbmbpéﬁﬂmﬂé“éwhﬁﬂmbﬁhmﬂaceut|caIIy acceptabl e vehicle.
43. A conpesi tk%ﬂﬁ)(armﬁdh?bhﬁ b Geadt Gk ﬁ&lgaa%ﬂﬁé e SR

phar maceutical Iy accept abl Qc ﬁw b %%ﬁgﬁ;% s%re%%%%ﬁﬂngaxmng
mol ecul es thattoﬁ%“ﬁﬁi‘&heéﬂﬂbthﬂﬂwmcwlﬁilmblymeﬂmftﬁygqlﬁorarqs@hl t he met hod
conpri si a|n116 with a
candldatggnnlec@Féﬁ$gn ° g@éh%@p?ﬁéﬁg%n E%%hﬁ%?§§£¥ﬁ%#he presence of the
mol ecul e.2745. Thamethod h@drdalgd@pldmh@ﬁ Wbereinahmell&amﬂlcenwcvﬂ% Akt3 activity
I's inhibijgi on 1Qf ,ARBRL QAT dsg 1§ ﬁ%ﬁ%&&ra@id%? Qebtb2 M 45, wherein

i nhi bi.tion of apoptosis is neasu e by the presence o mar ker gene. 47.
The met h@d acdde diethgd eesordingiterelaian 28y wbereiniba Yretonilagiagia. | s an agoni st of

Akt 3. 48 The%gﬁ{eﬁesﬂaésw dj Aint B, %@e@tﬁévecwpgr Jebigr, M0l ecul e i s an
ant agoni st of et I ncreasin activity in a cell
conpri si g i ndheawthagacchrlinzdy elring30, aheralittie yir V@a‘th is gleciod Gpmdha gyoun cehsistibg
in the cell. @Eefrmﬁﬁsgemﬂmg&ogdgﬁmscsc%f RullsAhcoif SLR Ad Y figk! has

been transfecte a vector encodi ng
The method according to claim 30, wherein the cell is in a patient suffering from myocardial

infarction or ischemia reperfusion injury.
33. Use of nucleic acid according to claim 1 wherein said nucleic acid is operably linked to a

regulatory region, in the preparation of a medicament for the treatment of myocardial infarction

or ischemia reperfusion injury.
34, The use according to claim 33, wherein said medicament is .administered to cardiac myocytes.
35, The use according to claim 33, wherein the nucleic acid is in a vector.
36. The use according to claim 35, wherein the vector is a plasmid.
37. The use according to claim 33, wherein the vector is a viral vector.
38. The use according to claim 37, wherein the viral vector is selected from the group consisting of

retroviruses, adenoviruses, adéno-associated viruses, vaccinia virus and HSV virus.

39. A composition comprising the nucleic acid according to claim 1 and a pharmaceutical acceptable
vehicle.
40. A composition comprising the nucleic acid according to claim 1, in the form selected from the

group consisting of liposomes, a complex with nuclear proteins lipids or



Akt 3 under conditions permtting expression of the Akt3 lg}r%ﬁt’@ er 2093
met hod of inhibiting Akt3 activity in a cell, conprising decreasing the

| evel of an Akt3 protein according to claim16 in the cell. 52. The nethod
according to claimb51, wherein the |level of Akt3 protein is decreased by
i ntroducing an Akt3 antisense nucleicsacid into the cell, which antisense

nucl ei ¢ acid hybridizes under intracellular conditions to an Akt3 nmRNA
53. The net hodlexamt;glrmiiungeatedfcuﬂnadnﬂnﬁllarmﬁv@mt'ehlfy acdeptablevabicleof Akt 3 protein is
decreased; by i |

speci fi cg I y %@QA{%}I Q(gnprfrt:‘bll 3E E}Egje@(él @cm%mg\{? eQ'H é)s ufaféh%%g%%un%a@%%w%%ble

| nactivate Akt/@mlﬂs4 The vector according to claim8, wherein the

expr essi @ CORtb@bosHBAllERESEnE MREHGE SeostdiRs RAM0 a¥MYH SHArrhaSeutithG biRRRdle | N
manmal i an cel | 5. The vector according to claimb54, wherein the pronoter
I's selected f?’%fﬁlet he group consisting of viral pronoter, a cellular
pronot er 43.andAaomyRitide tinpriping the tvetlicle dcdorGiag toeddnar 1 2R3pharnabdunticafly beppthtat i on
defective reconbgnant virus-conprising in its genone the nucleic acid
according to im1. 57. The replication defective reconbi nant virus
accor di ng4t o élnzthorl §Bscrepieg for molbdudes thar shigmulaie o @b tAdtS activitgin 4 &edl, e method
consi sting Ochnﬁ)hEl I ruses, an adenoviruses, an adeno-associated virus, a

vaccinia virus and an HSV virus. 58. The nmethod according to claim 25,
wher ei nt hewgeling s dKBRraidnirrerding foskim {puith acandidatgyreledls; a9d - necrosis. 59.

The net hOdd@&ﬁ@‘ﬂhj\&uh@ﬁk@b{&éﬁ%of\{ﬂ’é@,ﬁcﬂ‘écﬁ]{et he ischem a reperfusion injury

| Tver dafge, THIPIREPIGIES SUPdh I pRARISE B AbOD S&p&%‘féi tery
by pas S g#eaf t i Mgk method according to claim 45, wherein inhibition of apoptosis is measure by the presence of
a marker gene.
47. The method according to claim 44, wherein the molecule is an agonist of Akt3.
48, The method according to claim 45, wherein the molecule is an antagonist of Akt3.
49, A method of increasing Akt3 activity in a cell comprising increasing the level of an Akt3 protein

according to claim 16 in the cell.

50. The method according to claim 49, wherein the cell has been transfected with a vector encoding
Alt3 under conditions permitting expression of the Akt3 protein.

51. A method of inhibiting Akt3 activity in a cell, comprising decreasing the level of an Akt3
protein according to claim 16 in the cell.

52, The method according to claim 51, wherein the level of Akt3 protein is decreased by introducing
an Akt3 antisense nucleic acid into the cell, which antisense nucleic acid hybridizes under
intracellular conditions to an Akt3 mRNA.

53, The method according to claim 51 wherein the level of Akt3 protein is decreased by introducing
a single chain Fv antibody (scFv) that specifically binds Akt3 into the cell at a level sufficient to
bind to an inactivate Akt3.

54, The vector according to claim 8, wherein the expression control sequence comprises a promoter
which is functional in mammalian cells,

55. The vector according to claim 54, wherein the promoter is selected from the group consisting of

viral promoter, a cellular promoter, and a synthetic promoter.



56.

57.

58,

59.
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A replication defective recombinant virus comprising in its genome the nucleic acid according to
claim 1. .

The replication defective recombinant virus according to claim 56, wherein the virus is selected
from the group consisting of retroviruses, an adenoviruses, an adeno-associated virus, a vaccinia
virus and an HSV virus.

The method according to claim 25, wherein the.cell death results from hypoxia, apoptosis or
NEecrosis. .

The method according to claim 33, wherein the ischemia reperfusion injury is myocardial
1schemia reperfusion injury or is associated with stroke, liver damage, renal failure, organ

transplantation, or coronary artery bypass grafting,



