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IDENTIFICATION OF TEST AGENTS THAT INHIBITS ATROPHY OR PREVENT HYPERTROPHY |

ACKGROUND OF THE INVENTION

A decrease 1n muscle rnass, or atrophy, is assoaated w1th various physrologrcai
and pathologrcal states For example muscle atrophy can result from
denervatron due to nerve trauma degeneratrve, metabohc or mﬂarru:natory
neuropathy, e.g. Gmlhan—Barre syndrome, penpheral neuropathy, or nerve
damage caused by enwronmenta_l toxms or drugs Muiscle’ atrophy may a]so
result -from denervahon due to a motor neu.ropathy mdudmg, for example,
adult motor neurof dlsease, such as AmYOtTOPth Lateral Sclerosrs (ALS or Lou
Gehng s dJSease), 1nfant11e and ]uverule spmal muscular atrop}ues and -
auttmnmune motor neuropathy mth multrfocal conductor block Muscle
atrophy may also result from’ chromc d1sease result:ng from, for example,
paralysrs due to stroke or spmaI cord 111]111')! skeletal nnmoblhzatron due to-

trauma such as, for example, fracture, hgarnent or tendon m;ury, spram or

dlslocatron or prolonged bed rest Metabohc stress or nutntronal lnsufﬁaency,
Whlch may also result in. muscle atrophy, mclude znter aha the cachexra of cancer
and other chromc 1lInesses mcludmg AIDS fasnng or rhabdomyolysrs and
endocrme d.tsorders such as dlsorders of the thyroxd gland and dlabetes Muscle
atrophy may also be due to a muscular dysl:rophy syndrOme such -as Duchenne,
Becker rnyotomc, fascroscapulohumeral Emery—Drelfuss, oculopharyngeal
scapulohumeral ]me g1rdle, and congemtal types, as well as the dystrophy
known as Heredltary Drstal Myopathy Muscle atrophy may a]so be due to a
congemtal myopathy, such as bemgn congemta] hypotoma central core dlsease
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Abstract: The present invention provides a method for inhibiting a?ropﬁy %?‘
causi ng hypertrophy in nuscle cells. It further provides a nethod for

i nhibiting skeletal nuscle atrophy or causing skel etal nuscle hypertrophy

in vertebrate animals. It also pro- vides a nethod of identifying agents

that may be nethod for inhibiting atrophy or causing hypertrophy in nuscle
cells. 2 4 MAY 2004 . |.DENTI FI CATI ON OF TEST AGENTS THAT I NHI BI TS ATRCPHY .
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- Ras isa s1gnahng molecule fou.nd in every cell in the body It 1s actlvated by a, '.

vanety of growth factors mcludmg growth factors which s1gnal tyrosme kmase

| receptors Ras achvatlon results in achvatron of several downstream 51gna.hng
: pathways mcludmg the Raf/Mek/ Erk pathway Other potentlal downstream L
l substrates of Ras-include the- followmg SIgnalmg molecules: PKC, Ral—GDS KSR' o

.': and Rm 1 (Trends Genet 1999 Apr, 15(4) 145) Ras, Raf Mek and Erk genes are’:. . . L

well—conserved through evolutron and homologs can be found in eu.karyotes L
- f from yeast to humans (Ras Taparowsky E, et al: (1982) Nature 300 762  Rafi:.
'VHeldecker, _et al (1990) Mol Cell Blol A0 2503 Samuels et al (1993) Mol céu _
Biol. 13:6241; Momson et al (1997) Cuir. Opm Cell Biol. 9: 174 Mek: Crews CNE -
- et aI (1992) Scnence 258 478 Er"ksr Boulton 'I‘G et aI (1991) Cell 65 663) ‘

: Another Pathwa}’ thaf is Often smultaneously actwated in response to. the same R
. growth factors and hormones as the Ras/ Raf/ Mek/ Erk pathway is the PI3 kmase. R
.:(Phosphahdyhnomtol 3 lonase)/Akt pathway (PI3K/ Akt) (Varlhaesebr oo ck et al
* (1997) TIBS 22:267; Toker and Cantley (1997) Nature. 387 673; Rameh and Canﬂey v j- . "_ F
_ -(1999)] B101 Chem 274 8347) in some systems the small guamne nucleotlde
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Atrophy. also occurs during the aging process. Miscle atrophy in

vari ous. pat hol ogi cal states is associated.w th"erhanced .proteolysis and
decreased production of nuscle proteins. Miscle cells contain |ysosonma. T
prot eases and cytosolic proteases: The cytosolic prot eases include Cat -
activated:.neutral, proteases (calpains) and.an':ATP-dependent ubiquitin- ..
proteasone The. |l ysosonal - and- cytgsolic. sysiens are-
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Apr; 15(4):145 Raf, Mek and enes are" wel-l ~conserved

t hr ough evdi®ed anO“éﬁY@ferW %‘Q‘Qbe‘?,‘hﬂf%’é‘ﬁecf Hatidhesa 'tWQLH@éhWBY%@men yeast
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(Bennet et al. (1997) Science 278: 1288 Coohcan, et al. (1997) ] B1ol Chem -Z L
272: 6653; Ilang, et al. (1998) Proc Natl Acad Sc1 24 14179) However, there has

been no. evaluauon of the roles of these two pathways in the process of skeletal

muscle atrophy and/or hypertrophy

Studres have shown that § in response to mcreases m external load skeletal
muscle adapts byi mcreasmg muscle mass and protem content pnmanly through
an increase 1n muscle ﬁber srze Wh.lch translates into’ greater tensmn output
(Carson, J- A. Exerclse Sport Saence Rev 25 301-320 (1997)) However, the
SIgnalmg pathways responsrble for the regulatmn of. muscle frber srze and muscle
mass are: tmknown Iruhal studles m cardlac hypertrophy (Molkentm JD ef al
Cell 93 215—228 (1998)) as well as early studles W1th skeletal muscle cells in vltro
(Molkentm ]D et al CeH 93 215 228 (1998) {Semanan, C et al Nature 400 576—
581 (1999) pomted toward a key tole for the cyclosponn—uﬂubltable phosphatase
known as calcmeurm However recent attempts to determme the effects of
calcmeurm marupulahon on’ skeletai muscle hypertrophy m vwo have been
mconcluswe (Semanan C. et al Nafure 400 576«581 (1999) Mu.saro A et al
Nature 400: 581-585 (1999)) Recently, Baar and Esser (Baar K & Esser, K. Am.]'
Physml Cell 45 C120-C127 (1999)) showed that phosphoryla’aon of the 70—kD S6
protem kmase (p705"‘) mcreases 1n muscles w1th hypertrophy follomng d hrgh—



Another '.pathway. that is often sinultaneously activated. in responsei tity 2004
.the sane.. growth. factors and hornones as the Ras/Raf/Mek/Erk pathway is
"the P13 kinase:.:'."' :.(phosphatidyl nositol 3 kiriase)/Akt'pathway.
(P13K/ Akt): . (Vanhaesebroeck, etalL :' (1997) TIES 22:267; Toker and Cantl ey
(1997) Nature. 387:673; Rarrieh and Canttey '_ . (1999) J : Biol Chern.
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has been. neo .eval uation -o.the. roles fhays Th the process
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in rruscl e fﬂmemahsntmmmm aum\nsgamsz ﬂorttmd to glmea’t{ﬁp stuemauerafaut put
mRNA and uuhate the formatton of the eIF4F complex The e
phosphorylahon/ actlval:ton of pYOS“‘ and PHAS—I is: regulated m part by a - S
protem kmase, m'I‘OR Wtuch zs actlvated by the PI3K/Akt pathway and mhtbﬂed : .

by rapamycnn

Therefore in accordance w1th the’ present mventron it has been dlscovered that '
':acttvatlon of the PISK/Akt pathway results in mcreased hypertrophy anid .
bIockmg of atrophy of skeletal muscle cells ' '

MARY OF THE INVENTION

The present invention provrdes a method of 1dentlfy1ng a test agent that mlubxts muscle
atrophy comprising:

(a) obtaining cells that express the following:

(1) Akt;

(2) an Akt reporter substrate capable of measuring Akt substrate
activation; '

(3) Raf; and

(4) a Raf reporter substrate capable of measuring Raf substrate
activation;

(5) subjecting the cells to a test agent;

(6) measuring the amount of Akt substrate activation in (a)(2);

) measurmg the amount of Raf substrate activation in (a)(4)




'(Carson, J.A. Exercise Sport Science Rev. 25: 301L320' (1997)) Howevef * A 2004
. signaling -pathways ' responS|bIe for the regulation of muscle fiber S|ze

and' muscle mass are :tunkr~own. “Initial studies'in cardiac,
ypertropbVMl kenti p, J.D.:et al. :Cell. 93:215-228- 1998)) as: mell as-:early
studies with. skeletal " nuscle cells in vitro . .(Nblkeritin,.J.D - et

al.- Cell 93:215-228 (1998) (Sernarian, C. et -al._ Nature '400: 576-
581(1999) pointed toward key rol e for the cycl osponn-mhibitabl é
phosphat ase known. as cal cine-171n. However, recent.attenpts. to'

determne - the' effects of. ' :.. calcineurn1naru.pulation on'.skel etal,
muscl ' e'  hypertrophy in 'vivo have. been "inconclusive, -(Semarian, C. et
al . Nature 400:576-581 (1999); NUsaro,'A:.et al . Nature 400:5817585

(1999))..Recently, Baar.-and Esser.(Baar,:K & Esser, K 'Am J. Physiol.
Cel | 45: C110-C127-(1999)) showed- that phosphorylatlon of the 70-kD S6

pr ot ei n - ki wherein patDajion ntthe ale sitbstiate AP a@GvaMdnlbe RYPRAESLDR Y [sQsk@W N9
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Addltlonald¥ |.GF-. whi,ch gctlvales : _
upr egul a% e PR ii{“fédl-‘ltﬁﬂh H%emntyphyd(tﬁ‘aéb Thhibid-t# REP@&& /EﬁekSpor t
Sci nMe,, G R. & dd id; -G R

AlpggcePhs Ztraol y%%g%g%gfﬁ%z%ﬂ%% rééll’fﬁu'lgeaaffﬂi’l%i“wa oF [Céumgéq@eaaiph §n

transgenlc #%&&ﬂ gnesr esisi-ng |'GF- 1 under t he- control of ‘aZskeletal - actln
promoter (Coleman, ME, et al.J.. Biol. Chem 270: 12109-12116 (1995)).
These. observations are intriguing because p7056K and the .4E

bi ndi ngprotein (PHAS-1) arre key : ‘phosphoproteins._ i nvol ved in the-
regul ation of protein -translation. .initiation (Brurn, GJ. et al.

Sci ence',” 27-7: 99-101 (1997); Rhoads, R E. J. Biol. -.Chem !274:
30337-30340 (1999)):  Moreover, activation of li.70S6K.correlates to
iuncreases :in the. translation of nRNA containing -_a 5 -TOP 'tract,
including' ribdsomal proteins and the: elongation factors (Vary, T.C. et
al.:Am J.” Physigl:. Endocrin'ol. Metab.. 278 E58-E64-(2000))..
Phosphoryl ation of PHAS-I leads to its:: :dissociation from

el F4Eal | owi ng_elF4E to bind tothe' 5 -cap structure of an rnRNA and
initiate the formation of* the el F4F conplex. - The=
phosphoryl ati on/activation of p707and PHAS4 is: regulated, in part, by.a.



prot ei nki nase, ' nTOR-whi ch'is activated. by.the Pl 3K/ Akt pathway -and 24 MAY 2004
inhibited by raparnycin. Therefore, in accordance: wth.the' present

invention, it has been discovered that .activation of the PlI3K/ Akt pat hway
results in increased hypertrophy and bl ocki ng of atrophy.of skeletal-

muscl e cells. SUMARY OF THE | NVENTI ON. The present invention provides a

nmet hod of jdentifyin t est ent .t i nhi bits scle atrophy

conpri si ng” p(‘%’"%%?ﬁ\%ﬂ&ﬁﬁn ec?fﬁlge pﬁgpggé%f:%gsar? h@ogg‘ﬁsowuﬁﬂ’? 09'%1) Akt (2)
an Akt repoybasiswhIaCALeetapabl e of neasuring Akt substrate activation
(3) Raf; and (4) a Raf reporter substrate capable of neasuring Raf
substrate activation; (5) subjecting the cells to a test agent; (6)
measuring the anount of Akt substrate activation in (a)(2); (7) measuring
t he ambunt of Raf substrate activation in (a)(4), 2 4 MAY 2t wherein
activation of the Akt substrate absent activation of the Raf substrate is
used to identify a test agent that inhibits nusde atrophy. Agents that
activate the P13K/ Akt PPL -way, which : bJock i actin ty,:arid (hereby
inFubit:the RaE/ Mel < /Erk pathway, are useful for preventing or reducing
atrophy and./or causing hypertrophy in skeletal nuscle 5 2 4 MAY 2pp4 In
preferred enbodi nents of the nethod the cells are fibroblasts, nuscle
cells, nyoblasts, or C2Cl2 cells.



6 2 4 MV 2UU* Another embodinent is a cell comprising: (1) Akt; (2)2AnMak200¢
reporter substrate capable of nmeasuring Akt substrate activation; (3)

Raf -, and (4) A Raf reporter substrate capabl e of neasuring Raf substrate
activation. 7 BRIEF DESCRIIN OF THE FI GQURES Figure 7. A -1F. Miscle
hypertrophy is not bl ocked by cyclosporin A Figure | A. Wight of the rat
heart, expressed as a -percent -change.fromcontrol, following..- daily
daily treatment with the bZ adrenergic agoni st aenbuterol (3 ng/kg; s.c.)
for 14 -days (CLEN) or daily treatnment with.clenbuterol. and cydosfiorin
for 14 da . ys (CLEN+CsA) (10 rats/group). Figure 1B: Calcineuriri
phosphat ase activity. 8 24 MAY 203 neasured in plantaris nuscle |ysates

f r om cont r Ahothat smifdciiiNgnt is arkl odbmprdisy: treated w th cydosporin for 4 days
(Con+CsA), 4 day conpensatory hypertrophy rats .(CH), and 4 day CH
rats'treated with' cydosporin (CH+CsA). Total amount of cal cineurin was
simlar between(1yraktips as neasured by Western blot- Figure 1C

Cr oss-sections the.rat p'lantaris cle were .staiped with an anti-MHC
slow. anti body" f)én §6Q9£|%53‘%&f?"eo‘l"apgggﬁ)f,mefﬁﬂr'%&ﬁe“ﬁgétf%??c‘i'ﬁﬁ@?;trophy
(CH and 14d (Qd)tRafadreld. daily with cydosporin (CHc-CsA). Figure ID:

Wei ght of the r lantaris scle xpressed .as_a rcent change from
control, foll omﬁ]é\ @ﬂﬂSPoé% 5“5%}?38 8$pa§°6£?feé'ﬂ‘§a<fP5P9/Rﬁ§/ relsAvationt n venhicl e
(CH or cyclosporin treatnent (CH+CsA) (10 rats/group).. Figure 1E
Cross-sectional, area of nuscle fibers in the rat .plantaris nuscle of
control (CON), 14 day conpensatory hypertrophy (CH or 14 day conpensatory
hypertrophy plus cyclosporin treatnment- (CH+CsA) (5 rats/group). Miscle
fibers were classified as slow or fast based on staining with an

anti- MWHC-sl ow anti body-. Figure |IF:. Percentage of nuscle fibers expressing
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sl ow nyosin heavy chain in the plantaris nmuscle of control (CON), 14 day
conpensatory hypertrophy (CH) or 14 day conpensatory hypertrophy plus
cyclosporin treatnment (CH+CsA) (5 rats/group) Figure 2A-2G Miscle
hypertrophy.is associated with increased phosphorylation of p70 and is
bl ocked by rapanycin. Figure 2A: Wight of the rat plantaris 2.4 MAY 2004
nmuscl e, expressed as a percent change fromcontrol, followng 7 or 14 days
of conpensatory hypertrophy with vehicle (CH or rapanycin treatnent (CH +
Rap) (10 rats/group). Asterisk indicates significant difference from CH
greup (p <0.05). Figure 2B:- Cross-sectional area of nuscle fibers in the
rat plantaris nuscle of &Moo PEPIPGRESL Or Y hypertrophy.
(CH) or 14 day conpensatory hypertropnyc%fﬁg'rapanyc|§$ t-reat ment” ( CH+Rap)

(5 rats/group). Muscle fibers were. classified as slow or fast based-on

their staining with an anti-_ MHC s}ow antibody. -Asterisk indicates =

si gni fi cant dgfwéﬂénla% ¥Ypssle bypesiranhy igpeiplodyed by girlespoan MpEigaraldy ots ©

denonstrate 1 ¢ el . i ey Lol -plantaris .-
during | compenaghEet FRaa ket SEoR R e e B e SRR P

Each lane r edrily&reanént with Bfe taidednepgiongonist dinbutercd B fopfikgas.phlsir 14f 3

plantaris nugcl es~after t.ro _ | anes 1), 3 (l.anes. 2).- 7d CH
(l anes 3), O?aisﬂ_ﬁ:w(i’ra%g{j Wbﬁ%é@gﬁpﬁe& I_cag{ e%)%éﬁ?é%? ?lro]'s% d(yrsw at ed
p70s61c spec(EEENFQsAPRMONaBYy givip).dPiguie 2B Cabiwsuireplicephatase aithvigr ent pool s
‘of plantaris®nuscles. Firgure 2D: Western blots of p70" in the rat o
plantaris. The p70s6k gel shift observed after 7 (lane 2) and 14 (|l ane 5)
days of conpensatory hypertrophy (CH -) was inhibited by daily. injections
of rapamycin . (CH RAP; lanes 3 and 6).  Figure 2E: The specific activity of
p70s61, was determ ned by 32P incorporation into 40s.ribosones in the

i mmune conpl ex. The p70s6k activity was neasured in the plantaris after
14d of conpensatory hypertrophy (CH) and after 14d treated wi th rapamnycin
(CH+Rap). Figure 2F: PHAS-I bound to el F4E after 14d conpensatory
hypertrophy (CH) or 14d CH plus rapanycin (CHtRap). After correction for
the anbunts of el FAE recovery, the results were expressed as a percentage
of the respective . controls and are the
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1

means the range of two experinments. |ncreased phosphorylation gf MEYI—%I
|l eads to its disassociation fromthe initiation factor el F4E. 3‘ e
percentage of PHAS-I bound to el FAE was significantly | ower than control
following CH Treatnent of CHrats with rapanycin inhibited the ’
phosphoryl ation of PHAS-1 and prevented the disassociation' of PHAS-I from
el FAE. Figure 2G el F4G bound to el FAE after 14d conpensatory hypertrophy
(CH) or 14d CH plus rapamycin (CH+Rap). After correction for the anmounts
of el FAE recovery, the results were expressed as a percentages of the
respective controls and are the means the range of two experiments. The
percent age of el F4E bound to el FAG was -9 2 4 MAY 2004 significantly

| ncr eased MEBHIEHH PHRtETE Mydsla dysalss frore sontal rass (CPIN); eaniralicals treadginy ci n

si gni fi cantiy cHasERASERA UNE ntage DETAI LED
DESCRI PTI-ON OFﬁIa SRARER R RREGRICY %@%3%%5’ canE% iyl gﬂ%@ B
enhanced ]iCbi)e@@/é ey 61H mats tteatedrwitleicydpsparizs (CHigA). nTatacﬂemoeasef | n

nmuscl e ma dg! L LA roph can a | shed - -
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been di sc@reseskdinns aﬁdwﬂapmmiﬂmursdﬂe vpafresamﬁed Mrﬁnﬁmzl cskwaen- -

skel et al ll's contain a ress" -an actlvtedrm nt form of the
Akt trans@gﬁﬁggy ﬁ’éo‘r‘%ss‘ﬁf”f Cr?f‘t"@g&(sﬁiﬂéé'aﬁo"ﬂﬁﬁ'@?t?%g ?,miotﬁ' frpRndskel et al
muscl e celikd CH treated ddily WAk cidl K?Qre'l'[)a M%}Qﬁemtth t he
present inyention that actlvatlon-o the Pl 3 thway inhibits the

Raf / I\/Ek‘%EP %%qunexpressed as a percent change from c:ontrol followmg 14 or 30
. days of compensatory hypertrophy with vehicle (CH) or cyclosporin treatment
(CH+CSA) (10 rats/group). Figure 1E: Cross-sectional area of muiscle fibers in the
rat plantans muscle of confrol (CON), 14 day compensatory kypertrophy (CH) or
-+ 14 day compensatory hypertrophy plus cydosPOrin' treatment (CH+CsA} (5
ram/ group). Muscle fibers were classified as slow or fast based on staining with
an anti- MyHC—sIow anubedy Figure 1F: Percentage of muscle fibers expressing
slow myosin heavy chain i in the plantaris muscle of control (CON}), 14 day -
‘compensatory hypertrophy (CH) or 14 day_qbfnpénsatory hypertrophy plus
. cyclosporin treatment (CH+CsA) (5 rats/ group). : .

Figure 2A-2G: Muscle hypertrophy is associated with increased phasphorylation
of p70°* and is blocked by rapamycin. Figure 2A: Weight of the rat plantaris
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vely active Akt is simlar, although nore pronounced, than that
observed when the. dom nant negative formof, Raf is expressed It has been
previ ously discovered by Applicants that -when skeletal mnuscle cells
contain and ' express a 'dom nant negative" mutant form of the Raf

the resultant cells-appear “hypertrophic in conparison to

control cehhscle, eﬁress@@%@é}%rcé?@gﬁédg\éq}orﬁl&ﬁﬂbl fol QreOf o158 1ENBLA NI
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- condi ti ONpiosHERy1AoA BPREUSIRIAE PR iy col el RAfrEbBhy t'eﬁﬁat e

atrophy 1s"o0ccurring

t r ophyi ng skel et al scle cells

ani mal s hadfi %denced by notable gel shifts. Each lane represents 25 mg of total protein -

extracted from a pool of 3 plantans muscles after control (CON;, lanes 1), 34 CH
sk

(lanes 2), 7d CH (lanes 3), or 14d CH (lanes 4). Arrowhead indicates -

_hyperphosphorylated }:)70“"’k species. For each group, duphcate lanes represent

" different pools of plantaris muscles. Figure 2D: Westerri blots of p70°* in the rat

plantaris. The p70°* gel shift observed after 7 (lane 2) and 14 (_lane 5) days of

compeneatory hypertrophy (CH/-) was .inhibited by dailyl'injections of raﬁamycin .

(CH/ RAP; lanes 3 and 6). Figu_re 2E: The specific activity of p70** was

determined by **P incorporation into 40s ribosomes in the immune co_rhplex.'

“The p70°* activity was measured in the plantaris after 14d of compensatory

~ hypertrophy (CH) and after 14d treated with rapamycin (CH+Rap). Figure 2F:
' PHAS-I bound to eIF4E after 14d compensatory hypertrophy (CH) or 14d CH plus
- Tapamycin (CH+Rap). . After correction for the amounts of elF4E recovery, the

results were expressed as a percentage of the respective conirols and are the )

~means * the fange of two experiments. Increased phosphorylaﬁon of PHAS-I

leads to its disassociation from the initiation factor eIF4E. The percentage of

- PHAS-I bound to eIF4E was significantly lower than control following CH.. -

Treatment of CH rats ‘with rapamycin inhibited the phosphorylation of PHAS-I

“ and prevented the disassociation of PHAS-I from eIF4E. Figure 2G: e[FAG bound
" to eIF4E after 14d eempensatoxy hypertrophy (CH) or 14d CH.plus rapamycin"

(CH+Rap). After correction for the amounts of eIFAE recovery, the results were

“expressed as a percentages of the respective controls and are the means + the

range of two experiments. - The percentage of eIFAE bound to eIFAG was



" a condition as described above in which nuscle cells are atroph§#n¥AY 2004
care -treated .with a. specific activator so as to prevent or decrease;
nmuscl e cell atrophy: Such treatnment nay be utilized prophylactically prior
to the onset of muscle atrophy or .after such condition has manifested

itself. Vertebrate animals include any species containing skeletal nuscle
and a . backbone and i.nclude's .chickens, ' rodents, rabbits, dogs, cats,
cows, horses .pi s, sheep,” pri rrates and hunans, preferably hunans SpeC|f|c
activators; stgmﬁhfntlyl fﬂ&e&kéd PO KR ATFBIARRI! OTH Niles FRAERS Gﬁ?‘r tﬁause

I C -ac

hypertrophy in skeleta npscl e cells. -Further, -such speci I vators
may be used rflgﬂfgg{}g@gm@gqrg %SFQ)BFWPﬁfﬁeﬂﬁegQ ebelFLE boandﬁmle&%ﬁ?aw ng

condi tions, !such as those described herein, in which skeletal nuscle
atr.ophy is . ant|C| pated. I n. sore settlngs 'such -asin animals farmed for
meat productlon such agdfiAILEINA ENFENT TRt pr oducti-on.
Ther apeuti c conposiitions conprisi ‘ng a- speC| fic activator-of the Pl 3K Akt
pathway in a carrier whi.ch- may: include-excipi'ents,. diluents or other

. conmpounds. S@sﬁdecajmwdsy ta%mhzcmydeyadaeﬁhft@&qﬂo&bsjﬁmmhbae gfotgglgal ly.
Any, approp of admi ni strat.ion_kn In the-art .maybe . used
i ndudi ng, bl%‘lﬁn%lg eglda?e n W?‘%&f&?&uéﬂ gﬁmqo Futsgle atiophycapthey | al

i ntranasal , cmmﬂ bysal thesis'd &S, QBRAting in QrdeEbéaéé)ﬁ?lnukabeCt i'on
or surgi cal | ant ati on. Sust ai ned rel ease fornulations are also pr OVI ded
" for. The. . \/lty of . such- corrposntlons inverteébrate aninals': may. be -
assessed- usi‘ng experl mental - "ani nal rmdel s of :di sordel I8 i, w nch

nuscle 2-% I\/A\{J
It has een chscovered in accordance w1th the present myentmn that when

‘skeletal muscle cells contain and express an actrvated mutant form of the AR
transgene, the resultant- ce]ls appear hypertroptuc in companson to control
skeletal muscle cells

It has also been drscovered in accordance w1th the present mventlon that
actrvatlon ‘of the PISK/ Akt pathway mlublts the Ra.f/ Mek/ Erk pathway in
drfferentrated myotubes Thus the phenotype observed using constltuhvely
actwe Akt is surular, although more pronounced than that observed when the .
dominant negatwe form of Raf is expressed It has been prewously dlscovered by
Apphcants that when skeletal muscle cells contam and express a ”dommant
negatrve mutant form of the Raf transgene, the resultant cells appear
hypertrophrc in companson to control ceI.ls A "dommant negatrve rnutant
form of a srgnalmg molecule isa muta.nt WhICh 1s capable of mlubrtmg normal
srgnalmg of that molecule

Accordmgly, Appllcanﬁ have dlscovered that specuﬁc achvators of the PISK/ Akf:
pathway are useful for reducmg or preventlng atrophy or causmg hypertrophy m
skeletal muscle cells As used here, ”specrﬁc actrvators” of the. P13K/ Akt pathway
are those Wthll result in actwatron of a subslIate wrthm the PIBK/ Akt pathway,
but Wl'uch do not actrvate the Ras/ Raf/ Mek/ Erk pathway For example, IGF
would not be consudered a speclfic activator of the PISK/ Akt pathway, as deﬁned
herern, smce 1t also actwates the Ras / Raf/ Mek/ Erk pathway In a preferred
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atrophy is present, For exanple, the activity..of' the conposi ti ops, RRY Be:
tested for. their effect in the hindlinb i mTDbI i zati on nodel descri bed

herein in Exanple 2 infra.. Alternatively, the :activity .of. the
conpositions maybe -assessed using experinmental aninmals in which

hypertrophy can be neasured. For exanple, the activity of the conpositions
nay be tested tor their effect on. muscl es. under goi ng- exerci se-i nduced

: hypertrophy, . conpensat ion i nduced hypert rophy .(see. Exanpl e 3 infra)-
Al'ter nat | V&irg{bodlheenm.the Ispedifiy a&@va@@x&@&&&ﬁh%‘tor@?'ﬁﬁtoﬁn %ﬁﬁf@dr&l ?@feﬁggpar ed
to . animals treated- with t eexperlrrental onposi_ tions, gtermne1f-"-~:"
the- treat &P eRfSs ths pResific aghwplor ds aﬂﬂﬁ'&‘i’?@f—oh’g»‘ﬁ@ﬂ RIS y, @LSPHAISelsuI t of
their treat ment .Data..obtained fromcell culture assays -.and ani mal .,
studi es. can be used in fornulating a range of - (dosages ., for use. in -
vertebrate ani mals,"including B E‘t‘l%‘%s aTheatdrssargegentstthat maprheos;lettltons of .
t hey .in Iy |rc
concent r at :E%Pt}séag? ] tﬁa%lll ﬁrev'eh?a%ﬁ}%ﬂ} %? Fgrﬁ{ﬂg%a%hngs %8%%% RajH %‘a ﬁl\?f‘f hin
this ranged@é@dmﬂ hepeirs ér edrichi greletplowiudle atrophy &, om«mmnvthe PT3K/ Akt -

pathway in a, cell base |ch ex res ch as'a )
nyobl ast or nyot ube, ‘g 813%; ganyel?c)tfihlé‘}u‘g@ cherg%ﬁ?t& %k aving .
i ncl udi ng- a donfitodn asstlescrihyd BBowskdwhizh :ﬂﬁicﬁ fsmseu-e fatraphﬁhgr &1%%&!@&1‘ r at e

containing.a 8@ ghor%]i ation site or downstrea corrponent " Akt

subst 1 at of PEHLP RPEEO AT & S RGTRLSH Girbepet Jratec R Basn Sk ed it h-

attest agemdeatinet mhylbleeihlizadtﬁi@p 1hctivhll nb?@@ﬁm et Bﬁhms%fe gj}g,n&onents
pr.ovi:ded the

in the Pl 3K/ Akt pat hv(%ﬁ al so be use |n < ace of. Akt
appr opr i at BPEPY B ﬁéf@‘t‘@stﬁﬂésséht Vel‘febé%te apyadplinclude RByassay may

conpri se Pidcia@nebriaisisiiehltsll mARas bl aGRRRbAHE hnd § W%Q‘E es Akt .-
Exanpl es of substrat es ‘that are phosphgryl at.ed by Aﬁ@&?%% G'lrEGSK3

(gl ycogen gabliitsn 46gs, Thts( cyvps forses, Rigs, Sbi‘%lg?}lﬂmwmd\’iﬂﬁnans']% BAD;.
Datta, et' | - 91, 231 41 deI Peso et o (1997) Smence
Dat {2, et plespClAP Tl

Specxftc actwators of the PIBK/Akt pathway are agents
that may be used to cause hypertrophy in skeletal musde cells Fu.rther, such -
speaflc actlvators may be used to cause muscle hypertrophy in vertebrate
ammals havmo condmons, such as those descnbed heretn in whlch skeletal
musde at-rophy is: anttmpated In some settmgs such as m arumals farmed for

meat producnon such agents rrught be used to mcrease meat productlon

Therapeuhc cornpr)smons compnsmg a SpeCJ.flC actlvator of the PISK/Akt
pathway m a carner Whldl may mclude exaple_nts dlluents or other compounds
Such composfuons may be adnumstered systenuca]ly or Iocally Any appropnate
mode of admmmtranon known in the art may -be used mcludmg, but not htruted
to, 1ntravenous, mtrathecal mtraartenal 1ntranasa1 oral subcutaneous
mtrapentoneal .or.by. local 1n]ectzon or surglcal mpiantanon Sustamed release
formulattons are also prov1ded f0r

The actwlty of such composmons in vertebrate animals may be

assessed usmg expenmental arumal Inodels of dlsorders in w}uch musc'Ie
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transcription factor."forkhead" (Brunet;(1999) Cell.96: 857; Kop2} BAY Z00
©.(1999): -Nature 398: 630); and.nTOR To assess Akt-specificity, other
reporter substrates are activated, for exanple, by a conponent of the
Ras/ Raf / Mekl Erk 2 f, MAy . -pat hway, -or downstream nol ecul es that are.
activated. by this pathway (Raf reporter substrates, are followed to
assure that this pathway is not activated by the agents identified as
descri bed herein -which activate the’ Pl 3KJAKt pathmay Exanpl es: - of T
reporter COnstdpgis ; predat. p@yexa%lgé@g arcl%ngﬁ 818 i c%?r%c%‘f’ti gxﬁé% 8 rt]es'g‘k and a

substrate incl-ude: those used based assays used. .
herein, wouldr Besir défﬁqttnleothashmolmhnmbrm trivelel dmlnbeddrelmhlm eXpressed

by the cell NG of th od review . of -
si gnal i ng. (%Jrltpo%g%?z sﬁ \%h CRTATES ar ES?“‘FQ %@/%HW‘EFEW)&? ﬁ\?@?ge‘ias P
wel | as dowsatg egrarimenpbintntals Bf ¢ a&@ytmpl&eamblw uréd; p&nt ained in._*

‘Rommel  and. Ha- 1998 net vel :
: Accor di ng %M%%%@%hl‘%y%héépwoél”@“é%%t@ﬁf& Oéélﬂﬁlf reéfecfm an AKt -
repor t er s Uik gchiseuR @ abing é)cferc‘ié%aﬁtﬁh@&iﬂ%p &ﬂbp%%feal %or% Oiﬂd B%f and .o
a asurl ubstrate .

a- Raf subst: rat elre or{ er: const Tuct -: cap;
activati on: hyp see Expmple & infia)c digrnatively, dbe nagehtmajahdassdammunt

of. ' Akt *guREbI ahenaast 2053 Fhee e%ﬁefs s@é{@&l%ﬂ?fchmrpeﬂtg&[ a0 as Test.

-activation ‘are neasured r.especti.ve .reporte

agents that Cﬂwoﬁém@ﬁd 10 é@menﬁﬂi&)ﬁea‘@d Epphsls-exhibibsledetahymacter ophy. ‘ar e R

dent 1100 45pekbRG LPLERVH A boau SUPSTLA SucfBl Al o) syLBoLL causi ng‘
O

substra act vati on Fesent -1 nventron
cel | s that eu@rasssal mﬂlmsambbhmecaml?afmﬂﬁkig?a kan@lc@ft&lsag@ ﬁomip@nents and

t he- respect orter ruct-s that det erm ge: .-
activation gl‘yﬁﬁ%? Wg fbélgihﬁuﬁa’t'% Tga\ﬁ%age Ofe g‘e composmons of the
1nvent10n should lie within-a range of serum crrculatmg concentratlons WIth '
httle or no tox1c1ty The dosage may vary w1thm this range dependmg on the S

‘ dosage form employed and the route of adrmmstrahon

_To screen for. spec1f1c actwators of the PI3K/ Akt pathway ina cell~basecl assay,
'-cell which expresses, AkE, such asa myoblast or myotube but also .
- any other cell whlch expresses Akt mcludmg a ﬁbroblast may be used to '
' determine if a reporter substrate containing an Akt phosphorylahon siteor”
"downstream component { Akt substrate/ reporter construct”) bécomes _
phosphorylated when, contacted w1th atest agent One skﬂled in the art wﬂl . :
-.;:."remgmze that other ¢ components in the PIBK/ Akt pathway maY also be used m EERA
place of Akt, prowded the approprlate Téporter substrate is present, . ' '_
':'f-"'For example, the assay may compnse PISK and a substrate/ reporter consh:uct that
._"_compnses Akt Examples of substrates that are. phosphorylated by Akt mdude
:T,GSKS (glycogen synthase kmase 3) (Cross, et al. (1995) Natu.re 378:. 785 BAD

: Datta, et al. (1997) Cell 91, 23141; del Peso, et al; (1997) Sciénce 278; 687), the”, - ;f_:' il

' '_:-"transcnptlon factor "forkhead“ (Brunet (1999) Cell 96 857 KOps, et al (1999) ; ;..
_LNature 398‘ 630), and mTOR_ P R T

R

To assess Aki-specificity, other reporter substrates are activated, for example, by a
component of the Ras/Raf/Mek/Erk
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Cells'usefu . for expressing Aid and Raf and their associated reporterMAY 2R
substrates constructs include non nuscle cells, as=well'as any and all

nmuscl e cel Ts-. that' can.be.. mantamed in culture 'and that. Can be

engi neered . to: express, a heterologous .:.: .: nucleic acid...- The

cells. may be pri mary cultures or ' established cell:liznes. Suitable

muscle -cells. mjude ‘nyobl asts, for exarrpl e the ~C2C1l2 cell hne .as

descri bed.in . cet. al: (1984) Mol ~Cel'l'.-. ::Bi ol . 4:1449, /the di scl osure - . -
of which: ashtllf C&rdlﬁﬁﬁt&(ﬂnhﬂmcﬂlel@)thétﬂalrﬁra@ﬁ%edb %l&eﬁatﬁWalr‘?ﬁlaﬁ muscl e -
cell's inel ude cel | S§a¥d r| bed b .ass. et aI ’
Proc: . Nat FePOAt?aa“ S&glers argy Elgﬁ?“r%t SB@l‘Wé‘Y“‘tﬂ%crl bed by Ri ngent z

et al_ . (19%8)edk Snugglults Reshi ﬁjellﬁag ﬂe'ii Rerdird '\@l‘bc?t ?Ebrﬁétm}?f"ﬂk?“d

reporter substr at ic aci fhe .contro .
transcri ptragtEy. aﬁwpleaﬁét@tor‘@naonategm @Jtabmysaequedctesss:eamcdneaﬁnt r oduced.

into the for exanpl e, »
transforrr%jt?l;’g%tén Rlél%&sg sltléalrlé“ﬁll:l qug ranﬁgé l;' %Sﬁ%ly‘c‘i ‘nj eetion The o
expr essi oiciiwetion, ascomiaherexmtgvdthﬂd bedieﬂaédraspnrMumtdiﬁvteahe lewet! ei c acids

der th LHOL. Of -sult t frod t |- K
e RPN s oo P BeSonBh HSRELRR! Bt bl Bl B koot pf e <10

phosphat es@dhagedmpbnemsﬂﬁett wpu%aeﬁ/mfmérmfeem ,amlésd DNA
Y m.cro rati.on, retrovrral rredlated '

trarlsfectl i nj-e tro
i nfecti on? %QH@WB'\‘?P%‘FO F@lﬁ‘ %fgectﬂtﬁ 1ig P all'albléﬂbtag?élo’@r Rewgnel”

. Vi raI rredhdmenéw%ﬁ(zﬁho@ m'@atelfqp@;et 63412 -construct nucl eic aci d's"'-"
car' be introduced.into the-cell stably or,transi. ently I\/Ethods for

i ntroduci ng: heter ol 6gous "nucl ei-¢ "aci ds *j nto eukar yoti ¢ . cells [are”

descr i bedAlcorBHHERE O Utic thikhioa! @UY aiSRasM SHAPCINGNIRALY OF . . exanple, DNA ~  °
Cl orung: A Practi cal --Ap-proach, "vols:. I I'l'l (1985) G over, -ed.,:IRL Press
Limted, aﬁ)éﬂcbrepomnmbﬁambrcepdbleof radastifing %} sdfistacul ar CI oni ng: "A

‘Labor at or ¥ctl\@a@1*6‘3, Ra? ana a—l@af%@b&tlr%/re%l‘gr §8 tnl%t c ratb(le bf measunng Raf

subsb:ate acttvatton .Such ce]ls are sub]ected to a test agent and, the amount of e
g Akt substrate achvatron and the’ amount of Raf substrate achvatton are measured
o using the respective reporter substrates. Test agents that may be utthzed to
inhibit atrophy or cause. hypertrophy are 1denl1ﬁed as ‘those that cause Akt
substrate activation mthout causing Raf substrate achvatton -The. present »
, mvennon also contemplates ce]ls that express Al(t as well as Raf/ Mek/Erk '
sxg;nalmg components and the- respectwe reporter constructs that may be. used fo .
_: determme actwatton of Al(t and Raf/ Mek/ Erk in the cells

" :Cells useful for expressmg Akt and Ra.f and their associated reporter substrates
':-constructs mdude non muscle cells as We]l as any and all muscle celIs that can. be
"mamtamed in culture and that can be engmeered to express a heterologous

nucletc acrd “The cells. may be prunary cultu:res or estabhshed celI Tines. Smtable

g muscle cells mclude myoblasts for example the C2C12 cell ]me as descnbeclm .

; Bams, et al (1984) Mol Cell. BIOl 4 1449 the dtsclOSure of whlch 1s mcorpomted
herem by reference, Other smtable m1usc1e cells mclude 8018 cells descnbed by
Glass et al (1997) Proc Natl Acad Sci. USA 16 8848 and L6 cells descnbed by
.ngentz etal. (1978) Exp Cell Res 113 233
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.serum The. necessar

In a preferred enbodiment, the nucleic acid is inserted into a retr?ylm;& 2004
vector, for exanple, as described by Pear -et al.- (1993) Proc.

Acad.' Sci. -USA 90.8392, incorporated herein by reference. In.this-

enbodi nent, the "viral LTR pronoter controls the transcription of the
nirdeic acid. The vector .is transiently transfected' .. into a retroviral
packagi ng -1ine, and' the.resulting, reconbinant virus - which . contains
the nucl ei c..aci d-i s harvested, as ‘descri-bed by Pear. et at,. id.. -The R
reconbi nant : ,VIrus is. then used to-i nf ect |nyoblasts as ‘descri.bed. by

o nor o At Bt et g o B RIS o

skel et al mrsatsenpabhsl m@h@ﬁﬁhﬁ@ra‘kk&gﬂ@ﬁ@ b@qd&lteé @i Bél idtPod i into the:
them i.n t| ssue. cuI ture irnedia containing .

undi fferenti ted st at r QWi ng
at. . least li@%“elﬂe‘t’cgﬁ E%% I%éli‘%ﬂ’it wriudingy frsrampledirarsdemtioned into. o
skel et al MusgldPedhonl WREHGY, BHRWLAEH Q[?d“in&lraéhor{mﬂh@ex pfeefbal g 2% horse -

t'i ssue cul ture et-hods are known to those of

or di nary. $Rpjning A}:tmﬂ Bafireporter syubstvpte nudlair acids wndesdle i bed. i n Barns et .
- ( 1984) cjxmzml QFHM%IQ é)ré:m%ot'e%sfl 2 m?roégléé[%gm%ng gél]l Cgﬁ’%ﬁ%‘“&ﬁ’hg tto causes

I dent I fication' an -a hat" 1 nhi atro e
hypert roph}ﬁxa’érﬂpée &@emmnﬂyeﬁetedM¢®dnmpalmum@hoelblilate‘merha&dng Akt Raf L

.and the r Eﬁ gy k the For:cells:in
.cul ture o?tp%[esk s ob ai neg afgcsgghf’%lgvﬁ]ggprﬁ ﬁ:tchg N cel |l may be
cont act ed - mucrcbmjduaoege}et:trbyorahon eete‘cmﬁfae-;meﬂmﬁdt uﬁwiomcatieeﬁmaihe agent

may be nodifi- d ‘or-. contained i'n a.delivery ¥ Ietofa l'i tate entry.
'nto the caffdia Bt O sk ooPat e P HREIp 0k T oo T4 epggiep e

present i na@nﬁﬁtﬁﬁlkﬁlddic e&apesi bé euradimbemto&abjcerbem);&&uﬁae&t .isolation
and punﬂ&g&_@a u sequent to a E)OSItlve resukt in" the: present-- .
met hod $ ersﬁ‘p‘t ntrodugmghnterologops paic tfrﬂcaﬁiﬁeﬂmeskaeméemeﬂt; $Fate, ’

condi t i onéQes@idedein ﬁ%@r&@qa@oraﬁfr @‘nam.{aw{tﬂdﬁjﬂ ﬁ)\‘@cgﬁtgﬂ@ rRat ur al T y
occurring: corrpounds -For. nusde- cel |- sﬂ&r esent ‘' a.transgeni ¢ .organi: sm. =

the cell's AgpingeA: Pragtcal dapserchor ol (1888 ¢longr, ¢dl, Tk fregy kirdtedgent by
et hods anofcp aﬁﬂ%anﬁfrt)ok Ep{il (1989) Molecular Clonmg A Laboratory Manual 2"" G

edrtron, Cold Sprmg Harbor, NY.

Ir1 a preferred embodrrnent the nuderc acid is mserted mto a retrov:.ral Vector, -
for example, as descnbed by Pear et al (1993) Proc Natl Acad Sei. UsA 90; 8392
:mcorporated herein by reference In this embodrment the vrral LTR promoter "-_'; [ o
-controls the transcnpuon of the nuclelc acrd The vector is transrently transfected
.mto a retrovrral packagmg Ime and the resultmg recombmant virus. Whlch __
_vcontams the nuclerc acrd is harvested as descrlbed by Pear et aI ld 'I'he - o
’recombmantwrus is then used to mfect: myoblasts as descnbed by Hoffman et al
'(1996) Proc Natl Acad Sc1 USA 93 5185 mcorporated herem by reference C2C12

1celis as an exarnple of skeletal muscle cells expressmg Akt ‘cant be mamtauned m

':the undrfferenuated state by growmg them i in trssue culture medla contammg at L
1 1east 10% fetal lf. serum, or they can be drfferentlated 1nto skeletal muscle .- o ' -:-"-' -
'myotubes by growmg them in’ medla contammg 2% horse serurn. 'I‘he necessary ‘
tISSU_e culture methods are known to those of ordma.ry slqll in the art” C2C12
'_ce]Js are desc:nbed in Bains et al (1984) Mol Cell Blol 4: 1449 '

_f,,‘. __‘. . 1'4




;. exanpl e by ingestion, parenteral, adm nistration, or direct appli cath oY 2004
.to tissue surfaces, and nmaybe" present -in.a.conposition.conprising a
-carrier or diluent. - .Agents that nay be tested in' the. nmethod 'of the
present invention include, for exanple,. organi ¢ and i norgani ¢ nol ecul es,
such as proteins, peptides, lipids, :carbohydrates, nucleic acids,

I ncl udi ng ant.i sense, netals, salts, and so on. Test agents |dent|f|ed above
may be assessed for--their. ab|I|ty t o cause hypertrophy reduce atrophy .

in cultured. nuscle cells. The. anount of atrophy in ceIIs nay be. neasured

by quantlt 1 on.; of el a r proteln nou cact'ivation of “-:w'
t he: PHAS- | Pt Bt el giogs of?’ d§ EEW?“ oRrPfan r%lttg tplpg‘l‘téls : glkpgophy, or ~ .
| nver t ebr at@&uses hypsmtrsaphga,uste lagei@tmap bﬁ cORMb.CteAORASHE Séll Hﬁﬁﬁ dillleﬂaf

: Exanple 2. h° éLEIn g;esence of actlvated"PIBK/ :
Raf / Mek/ Er 06 ﬁmfsh%?ﬁtfatﬁe meghpdglagwhdn thesars Foecellsisi ng ant | bodi es

speci fi ¢' f oultiirBes @l Pb@irRE. from tranbPerdc ér%Ysr@Qﬂ? LAl nBh U ghpa! Tent

t he present invention provides a.nethod- dentifying “an agen hat -
i nhi bi ts ‘atVEpiye paethiye fer eentpée d@@ﬁlp?msllcﬂgon pTepagemtgnay\be modified or

gfggnl ggrg @gltﬁﬁ?gg\tﬁhepgh act vat e %ﬂlt%é%ﬁpﬁlt{)al né)gegftco edagf"@t t%?)%t Bee
enmbodi nent ,iselat s@‘&llpmbtd:l or jemdp e |prpeenit im atsatnplady enhpgstiah td be fact.'t hat
fﬁlegnlhg K%ﬁﬁ%%%CJfIC S e#hagéivat %ﬁk%kgl thorybggﬁiﬂggekggkgggted
wi th- an apgbe ppeseat mﬁhmttf'ca’taample, the agent may’be contmned in’a cell lysate, Lo
condthoned cell culture media, or a hbrary of synthettc o:; naturally occurnng
: compounds For muscle cells present ina transgemc orgamsrn the cells may*be ,
"contacted with the agent by dehvermg the agent by methods known m the art, for |
: example by mgeshon, parenteral adrmrust'ratlon of dn-ect appltcahon to ttssue ._:'_A :
‘surfaces and may be present in a composmon compnsmg a carrler or dlIuent
. Agents that may be tested i irl the method of the- present mvenhon mclude for .. CURL
'example orgamc and i morgamc molecules stich as protetns, pepttdes, hptds

- carbohydrates, nuclelc aads mcludmg antlsense, rnetals, salts and so on.

: Test agents 1dent1f1ed above may be assessed for- thetr abxhty to carise hypertrophy

.or reduce atrophy in cultured muscle cells The amount of atrophy in cells may

._be measured by quantttatton of cell dlameter protem amount .or by acnvatton of _

the’ PHAS—I protem or p7055K wluch stunulate protein’ synthesm In. vertebrate L
B .ammals muscle atrophy may be measured as’ desc:nbed in Example 2 herem BRCEREN

: The presence of acttvated PISK/ Akt and Raf/ Melc/ Erk pathway substrates can i
also be assessed usmg anttbodles spectﬁc for. these protems - L

15




and, a test agent, in"an in Vitro' kinase assay, and the substrate %ouM%V 2004
then be analyzed for whether it-had_ beconme phosphoryl ated by Akt. To
assure specificity,.: other'serine- threonine protein kinases, such as
Raf , woufd al so be assayed- with'. | the sane test. agent, to assure that
the .agent causes activation' of Akt specifically. ' °~ The methods _of. the
pr esent inventlon are useful for-the identification of'agents that prevent
atrophy or -cause hypertrophy in-nuscle." ¢cells by specifically - actlvatlng
the Pl 3K/ AkR pRothGRPmbAdimshk the Present 1ftf|eet101by(’r©ﬁéeplﬁesethodndt Medsfylxag .

useful for he gﬁp@gpﬁqhbﬁg\gb entlon of nuscle;a ?j{l Zln for cau5| ng
nmuscl e hypertré:’ I n" addi ti to the enmbodi ments descri ped §

tissue- specPth@Hthrmhamtls”p Asgy.for Aétt,tqomaatctmg thdnetkPh\atH ﬁkhgﬁ&ttb%)te%@&” d-

al so be ver t nstrat ed.. that activation:

of .PI3K ca%ndlg gﬁgg%m aé&ﬁhé\rﬁg%s%tlvﬁyep% t‘%ktrfJ IV h@’sclcgrdmg ihigan bl ock

muscl e at roexhbod:;m@tr ae assaagentdsbsﬁm&q&d[tﬁﬁaﬂe ad%fetntagﬁ(ﬁ’ thb ﬂ&t'ﬁhﬁ'ﬁél@éﬁ%

pat hway. in ikeletal mf_ﬁole t%’] p g9 %‘ qa é ot her :t1ssues, since:the’
, recept or - £ RUge, and Hvetsadtp PWEPBYBlE Se‘aheé’@éﬁl‘reﬁﬁ%@ft ffior

tissue- . " ‘subsepesi fThas, Akt pfdtéih codld Mccﬁﬁﬂdté@@h&gaﬁ Qp Enatb s&strate

ti ssue--sp%(i_léi ic fashl on,.:such. a spec _i ntroductl o -agent

.into nius a fgst Bﬁeﬁ‘tolrhtlhg' ?‘F(@i'é@%gﬁtastaﬁr é“éél!%ﬁ'ﬂbsw @th}ldvthmheconf ers-
tissue s pe Girfalt eayforwwﬂ@trhehaaséwmé phdibask I£t€d £.To asshld gﬁ{&lﬁ % rr{
atl OF e

i ri.:inducj ng rruscle hypertrope tlssue CIfIC act
Pl 3K/ Akt péfit sa§ﬁrmﬁn|fhrqqavte R latmaets@ﬁmh aseRef,lvro d alspdhalassgyad dethef f ect s

caused by |@gekafle BRELRRE b Yssutb Gt rttx{) f
. exanpl e. A tIeSSUZz%’SéDECI flsscrrecha?%g%&lt%gul&% ‘?a %Aﬁwﬂ%at hway
woul d not need to be absol utely-speci-fic for ‘the Pl 3K/ Akt pathway. |t has
been shown: es_the K/ Lso . :
si nul t aneous a(L:llglzd\?a ﬂhelﬂgé&ga%}‘}ﬁgggﬂ a° Wﬂgﬁ4@§59§%%\)a&@ﬁ n
skel et al m.‘tbaﬂ pt;evAkt atropliyi- et tmsRhypémPhy(iminusde delie by spec1f1cally
actwatmg the PISK/ Akt pathway The agents tdentlﬁed by the present methods
are useful for the treatment and prevenhon of muscle atrophy and for causmg

muscle hypertrophy

In addrtton to the embodunents desmbed supra a tlssue—specnflc mechamsm of
actlvating the PI3K/ Akt pathway would also be very valuable Apphcants have
:demonstrated that actwanon of PIBK can lead to an increase in protem synthesw,
and can block muscle atrophy Current agents such as IGF—l activate the

PISK/ Akt pathway m “skeletal muscle, but also in many other ttssues, Smce the

receptor for IGF-I is ub1qu1tous Therefore, an agent whose reeeptor 1s ttssue-

specnfxc or whmh can be engmeered to act ina hssue-specxﬁc fashlon, such as by
,.speaﬁc mtroductton of the agent mto muscle ‘or by ;ommg the agent to a second
~mo1ety wh1ch confers tI.SST.lE speaﬁaty wou.ld be useful in bloclong muscle
atrophy, or m mducmg muscle hypertrophy A HSSUE—SPerlC actxvator of 'the
PISK/ Akt pathway would have the addxhoual benefxt of avordmg smle-effects
caused by lack of speahcxty such as ca.rdlac muscle hypertrOPhy, for .example A
hssue—specrﬁc mechamsm of acuvatmg the P13K/ Akt pathway would not need to
be absolutely speahc for the PISK/ Akt pathway It has been shown that IGF—
_wluch actlvates the P13K/ Akt pathway, also sunultaneously acttvates the Ras/ Raf
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Example 1 infra;' therefore, the activation of the Ras/Raf pathway?2woMAY 2004
not interfere with the nechani smof a skeletal nuscle-specific activator

of P13KJAkt. The followi ng non-limting exanples serve to further,

illustrate the present invention. "Exanple 1: The "effect of activation

of AKT in nuscle cells: The rol e of -the PI3K/ Akt pathway in C2Cl12

myobl asts and different | at ed nyotubes was exam. ned by genetic nani pul ation
Geneti ¢ manipul ationof .-; - C2C12, cel’l.s was; - ‘acconpl i shed by the transfection <

of vect or s’ qupathe. }b:fwqu,rmsedetrgal mug&é}eelaﬂ‘uﬁﬁmtsqutsis Sowig] thedS. the
Ti_es.enabl ed |solat|on of

green fluoregscent n orter

rare cl ones%(sj rkaﬁ é’ te"dget?: %ﬁr"é?@?ﬁ’g e Bes Fnf ipalieyay wousd not he gene

of interest rntesfemgm&ttﬁﬂdahdd{anwhﬁ%iiﬁ%fkﬁﬁtal &g;ln e 3

t echnol ogy.. Expression of the- transgenes; mrggédééd%?% IV%&'Q S'?{;[I% /

' | muno- bl otti ng. HA-epitope tagged constitutively:.active Akt (Fr anke et
- (1995) - -Gl followin® hoRIAR¥n KhWaJ a, ‘et
(1998) J: Biol. ﬁem 4273 87 H%%%%&gﬁg\f otﬁgrdﬁﬁ{rst‘%%?eagé pref’ ronlc '

vector consi‘%‘t"?rtfgo’orf t he: MCK prorroter (Jaynes et ‘al. (1988). Mal . Cell.

Biol.- 8:62 and an | RES- EGFP' cassette..” -(Clontech): Subconfluent GZC:LZ

myobl asts weére-transfected by cal ci.um phosphate medi at ed co- transfectlon

(Specialty Media, InAc, ) - Transfect i orEXAWIPLES rforrred - as~descri bed '

previously (G ass, - et al. (1996) .Gell 85:513). 'Flow;:. cytonetry- and ceil

sorting were carrled out on a Cytorratlon MoFl o ( Forit: Col | i ns, -CO"

hi gh- speed* 1:t Ehe effettaf astieaior aff ARIT Madusclafeliy at, "488 run.

Fl uorescence . -em ssion was .collected through a 530/ 540. ..nm band pass

filter for :-. GFP: Foi, ..- . Brsorting; cells were collected at a"sort - rate

of 25, 000 :CEhé sélsef el PISK R pagidhhP ﬁtedcrff&gebﬁeesan\aedlﬁefeﬁtﬁﬁteﬁr own tO
confi uencear~d. di fferentlate ‘by standard hni ques -i'nto

"nyot ubes”, TYRATRE ieeramined chensticauanipulstionc &anetic margpwiatian of o: 1

C2C12 cells was, accomphshed by the t:ransfectron of vectors capable of expressmg

a gene Of. mterest as. well as, the green: ﬂuorescent protem (GFP) reporter gene
This. enabled 1solatlon of rare clones of transfected cells expressmg desrred levels
of the gene of mterest usmg standard ﬂuorescence activated cell sorter (FAC'S)
technology Expressron of the transgenes was confirmed. by standard 1mmuno-
blottmg HA—eprtope tagged constttuttvely acttve Akt (Franke etal. (1995} Cell
'81:2143) and constttuttvely acttve PI3K (Khwaja, et al (1998) ] Biol. Chem
273:18793) were subcloned into a bl-astromc vector conswtmg of the MCK
promoter- (]aynes et al (1988) Mol. Cell. B101 -8 62 and an ]RES—EGFP cassette
(Clontech) Subconﬂuent C2C12 myoblasts were transfected by Ca.lClllII’l
phosphate—medlated co—transfectton (Speaalty Medra, Inc) Transfecﬁon was
performed as’ descnbed prevrously (Glass et al (1996) Cell 85 513) Flow
cytometry and ceil sorttng were carrred out on a Cytomatton MoFIo (Fort Co]]rns

CO) Iugh speed cell sorter Laser excxtatton was 130 mw at 488 nm Fluorescence
ermssxon was collected tbrough a 530/ 540. nm band | pass. f11ter for GFP: For
sortrng, cells were collected ata ‘sort rate of 25, 000 cells/ second The coIlected
myoblasts were then grown to conﬂuence, and. d:fferenttated by standard
techmques into "myotubes Whrch are multr-nucleated muscle cells, sxrmlar to
actual muscle ﬁbers
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2 4 MAY 2004 "Expression of G-FP alone did not alter. the C2E12 24 MAY 2004
.differentiation process. Vector- .. -driven expression of a' constitutively
active form of Akt (BeIIacosa et ,al. (1991) Science. 254 274; Kohn, et
al. (1996). J. Biol: "Chem. 271:31372; Eves, :et'al.-(1998) MIl. Cell.

Bi ol . 18:2143)' caused a hypertrophic phenotype, resulting in thickened-

but shortened nultinucl eated" nyotubes.'. The effect was even nore,
pronounced - ‘than. .that . observed. preV|oust by the Appllcants in which a-

doni nant negzqifey@on b8 OFPoflofallid Soteier BsSEICEY ARk Aiae8h! srocess. '%Ee rge”et ic
mani pul ati.o glﬁof the ‘Raf/ Mek/ Erk and the PI'3K/ Akt .pathways revea ed

opposi ng ph BE, prRessioR of 8- constifyfively active fenpsef ékéllﬁfﬂl@ﬁ@ﬂﬂ etial. ()199@) ocess,

th '"th 3 ey I vvh |
\che PI BK?AkF?Jéégdgt%h@\le;zk%%émtl nai @@92} lrlBg%rgl%Bhl%i%g erio t%l?.ﬁ?@és%ﬁlf e

phenot ypi c. Celbritiel 4B12dAs aihypedmpbyc phewa;rpmresgﬂle?gmeﬂﬁmwfbut

_myogeni n 0 I yobl-ast: differentiatio Wil e
constituti 33 }lbsfegcgzta %%ﬁirﬁcleﬂ%é{:% é’ggg%s frhlglelrﬁ%%txlﬁrra %EE?%Worﬁmﬂﬁﬁceﬁegat ive'
Raf and -cdhetutheuwh@h—yed atﬁvnmeslysky thadpeliseds, ihhehickxpd @201 nebatint h of -
t hese markefrO h e% tlon f the. Raf/IVEIt/Erk ?nd P13K/Akt
pat hways in the gene% 2R g% Bflﬁ?élg ?5}?51(1;1’1&3’610110

crozs--reggkﬁtfl\/mk/Eble'eméEhePB?(ﬁAw athRaf/l\/e ) 1@telfgg&swasE .

;hgapﬁzril d le%?gtgllfs "@ éjglleri%ﬂh%@“ﬁﬁﬁwyg‘tgﬁé??&ﬂ éﬁ aclﬁth‘\él’%té(hotrlnrel at edi':

-factor, h&hRWihE tllehy%érl&' opBiet ph@Beyde ¥hile Phe PBWMHtt}lATﬂ{x VJ,I g L
act. n- con ras

es- expr eSSI COI’lSt i t-uti-vel

phosphoryl g%l g'gpn ny.Qt U [}%
Erk phosphdh§ PYPEEFCRE pEewetype. - Jhis enaﬁ@me:rré@etrmwwnﬁmmd by i ihi bi ted'
i n xnyot ulig&gniifin edbsoned! & é&ﬁ“ Qy@ﬁ) i act I vat e.d
by expr eSSIdlg cong\l&ljut "vel y. gé Ive aﬂ&lg o“confirnt @hse%fla&%yﬁgty
erentiation. - . While conshtuhvely
acuve Raf decreases their expressron dommant negahve Raf and constrhmvely

actrve Akt mcreased the' expressxon of bofh of these markers

Brochermcai evaluahon of the Raf/ Mek / Erk and PISK/Akt pathways in' the
genehcally mampulated myotubes revealed cross-regulauon between the two
.pathways Erk phosphorylatlon was used asa downstream marker of the

Ra.f/ Mek/ Erk pathway actlvatlon _Erk phosphorylahon was mduced in C2C12
myotubes by serum and an um:elated factor, hereguhn B In addrtlon, Erk was
consutuhvely phosphorylated in myotubes expressmg comhtutlvely actwe Raf
In contrast Erk phosphorylatlon mduced by serum and heregulm B was
agmﬁcanﬂy mlub1ted in myotubes i wluch the PI3K / Akt pathway was
constmrtwely actlvated by expressmg constltutwely actlve Akt To conﬁrm these
ﬁndmgs, a constrtutrvely actwe form of PI3K (thpel et ai (1996) Mol Cell B1ol
16 4117 Khwa;a et al. (1998) ] Blol Chem 273 18793) was expressed to acnvate
endogenous Akt m dlfferenUated C2C12 myotubes (as venﬁed by mcreased levels

of endogenous Akt phosPhorylahon) As observed m myotubes expressmg

'conshmtwely acuve Akt ﬂ1e level of phosphorylatlon of Erk’ was sumlarly
m}ubrted Thus, actwahon of the PISK/ Akt pathway mh1b1ted achvatlon of Erk
Although almost complete ablatlon of serum—mduced achvatlon of Erk in
dlfferenﬁated C2C12 myotubes expressmg conshtutrvely actrve Akt was observed

18



.-.findings, a constitutively active formof -PlI3K (Klippel,. alj i
(1996) -Nol. Cell..Biol. - 16-_4117, Khwaja, -et al. (1998) J. )Blg "@feﬁ‘?“

27318793) was expressed, to activate endogenous -Akt'in'di fferentiated

C2Cl12 iyotubes (as verified by' increased | evel s of endogenous

Akt' phosphoryl.ation):- "As.observed in"nyotubesexpressing constitutively
active Akt, the level of phosphorylation of ERK was simlarly . inhibi ted

Thus; acti vation.of .t he:Pl 3K/ Akt - pathway i ‘nhi. bi ‘ted act.ivation: of . Erk.- S
Although al e, I m-ln ced actj vation of Erk in. '
di fferenti a?%zh%zﬁ%@n (BfeEﬂﬁgéﬁ%?(&ngsﬁI?\eg cong Qf{’ Féﬁpf arilonlexels ofas '_ )
observed, ' .expressign qf W\Comﬁnmvdg dctifie Bkt Ghuef thErrKgﬂﬁtdry%Fﬂe&rbe’&EHSﬂ ed-ln . °

nyobl ast s, eyel s SSi 0 t’he’ canstitutivel y. -
active Akt. d&§%{k§3aﬁlmm sePe t%?%—’é?%ﬁ@fg C&R’Fﬂ%n ‘the Erk ‘pathway is .
specific to differentiat ed- rruscl y . . The _rrecham sm for t he - -stage-specifi C :

I nhi bition t he .Raf./° k/ thwa by Akt vvas ‘addressed. by exanining .
Raf / Akt cocr;g]‘ Ce e "é%ﬁrsé? igAnkgpition, of the WEMSPR&W&[W :

conpar abl e IAﬂktrwgbhd&feSseﬂ %HE\%SREE?H%EM Inle%g%: 5’1951{ l\ggtﬁ'r‘%l td be .

co- mrrunopre pi tat.ed -wi th'Raf fromdifferent u
myobl asts. ANEPARYIMS Rafcyrsycomprrablefin aryokdasts n@mohesat@omhlhhhdﬂj‘r =i n

differenti atae_gvmpggttgggm bggg%ﬁl t ei-t.her Akt
activation .gr menbrane.locali zau(:ﬁrzl’}‘?ré@’i slglrhceCE Ekﬁtrhe ‘; ; ?ﬂf%f%fﬂs"c}xr B3 wi th
Raf in - ut not from myoblasts A kmase—mactlve form of Akt d1d not assocrate thh Raf

in dlfferentlated myotubes, consistent with the nouon that nexther Akt
achvatmn or membrane locahzahon was reqmred for 1tssassoc:1at10n w1th Raf in-

myotubes

Akt can phosphorylate Raf in mtro, but the cross—regulatory mechamsm
1dent1f1ed herem cannot srmply be explamed by obhgate bmdmg of Akt to Raf
followed by Akt phosphorylatron of Raf, smce both bmdlng and cross-reglﬂatron
‘occir in myotubes but not myoblasts 'I‘hus, Akt and Raf do not obhgately
mteract Regulatlon of Raf/ Akt interactions may mvolve stage—speaﬁc
rnodlflcahons of these protems, or stage—specrfrc protems that regulate formatron
of Raf/ Akt c:omplexes

Example 2 _Arrlmal model for atrophy_

To test for muscle atmphy, the ankle ]omt of rodents (m1ce or rats) are

munoblhzed ‘at: 90 degrees of ﬂexmn This procedure mduces atrophy of the
muscies wrth achon at the anlde ;omt (e g soleus mechal and lateral
gastrocnenuus ﬁbllras antenor) to’ varymg degrees ‘A reproducrble amount of
atrophy can be measured in hmdhmb musdes over a 14-day penod

The unmobl.hzahon procedure may mvolve erther castmg (nruce) or pmmng the
ankle ]omt (rats) Rodents are anesthetlzed wrth ketarmne/ xylazme and the
nght ankle ]OIIl.tJS munobrhzed In rats a 0 5 cm mcrston is made along the a>os

of the foot over the heel reg10n A threaded screw (1 2 x Bmm) is then mserted
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nyot ubes: i dentified herein cannot sinply be -explained by obI [ g@

bi nding of Akt. to Raf; followed by Akt phosphoryl ation of Raf, Y 208 h
bi ndi ng and cross-regul ation occur in myotubes but not mnyobl asts. ." Thus,
Akt and Rat do riot obligately interact. Regul ation of Raf/ Akt
interactions may involve stage-specific .:.. nmodi fications of these.
proteins; or stage-specific prote| ns that, of Raf/Ak-t conplexes. Exanple

2: -Ani mal podel-- for atrophy . To test for muscl e atrophy, the ankl.-e joint-

of rodents. {68 Qhehﬁhasr%eoughﬁd talhse TR hha‘?tioﬁhe q}l gtes?of “ﬁﬁ gm Thi's"

procedure i nduc -atro es W j oi nt
(e g sol eusmuhe&lqnalghmdn mee&mlankle ]omtgsaﬁted)strmnegrses tvithlal ligtst ﬁfl or)::

to varying bl e nt. of an b measured. in
s b SEPEE Hstehal BASCREh MRl A AR A R B e ey

i nvol ve ei tfed theta\stap}ged(aroﬁﬁc)l theTirpl. Wihed ﬂa@htaeeﬂe@ldﬁ\tesbatsalard@ﬁ'ﬂglﬁ are’,
anesthetized wt ket am ne/ xyl azine and the right -ankle joint Is

i nobi | i zed™ T&! ‘a 0.5 cmincision i's ‘made:-al'ong:..the axis of . the
foot, over: the heei reg| on A threaded screW{l 2 X 8m1) IS then |nserted

At seven and 14 days fOIIOW1ng the 1rnmob1hzat10n arumals are anestheuzed
and killed by cervrcal d.lslocatlon The tibialis anterlor ('I‘A) medral
gastrocnermus (MG) and soleus (Sol) muscles are removed from the nght
(unmobxhzed) and left (mtact) hmdhrnbs, welghed and frozen at a ﬁxed iength
in hqmd nitrogen, cooled 1sopentane A cohort of controla amrnals whtch are the
same WE!ght and age as the expenmental anu:nals are also k}lled and the muscles
removed welghed and frozen. The amiount of atrophy is assessed by, companng
the Werght of . the muscles from’ the 1rrm10b1hzed limb w1th the Welght of the
muscles from the control anirnals.’ Further assessment of atrophy w1l1 be done by

measurmg muscle ﬁber 51ze and muscle tensron output

Example 3 Muscle hvvertrovhv 15 assoc1ated wrth mcreased nhosvhorvlatton of

1;2'7’05“C and PHAS-I and is blocked by rap_amycm

The roles of the calmneunn and rnTOR pathways in producmg muscle
hypertrophy were exarmned in the compensatory muscle hypertrophy model
‘When a fast~tW1tch skeletal rnuscle is subjected to a chromc workload mcrease by
removmg funchonaily synerg15uc muscles the muscle compensates by
mcreasmg ﬁber size and muscle rnass, as well as by sw1tchmg ﬁbers to a slow—
tw1tch phenotype (Adams, G R & Haddad GR. I Appl Physwl 81 2509—2516
(1996) Roy, R.R. etal Ji Appl Physzol 83 280-290 (1997)) Apphcants lnduced
functlonal overload of the rat plantans muscle by surglcally removmg the soleus
and’ gastrocnermus rnuscles Cyclosporm A (CsA) was gwen at a dosage (15

mg/ kg, 5 c.) that was sufﬁc:lent ) block pharmacolog1mlly—mduced cardlac

hyperirophy usmg the ﬂ,_ ad.renergm agomst clenbuterol (Prgure lA) and
m.tubtted calctneunn actnnty in control skeletal muscle (F1gure lB) Treatment
mth CsA was unable to prevent cornpensatory hypertrophy of the plantans at 7
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2 4 MAY 2034 through, the cal caneous and talis, into the shaft of thémY 2004
tibia, The wound is .closed. wth skiin glue. In mce,-the ankle joint is
fixed at 90 degrees .' with, a |light weight casting material (VET-LITE)
around, the joint. The material is soaked in water and then w apped around
thellnb When the materi al driesit is hard, but light :. in weight. At

seven and 14 days. follow ng. the "immobilijzation, animals are anest het | zed_ _

and killed by cervical . dislocati oh,. The .tibialis anteri or. 'medi al -
gast r ocner nldisr 30y's follodisg HeisirgiSal |ov@maleeevm@cé&6y\tséhﬁ&%t§ﬂs ri ght

i mobilize and | hi ndt. hed, “and frozen-at .a
1£ i xedl en ‘ﬁ'i)ufs?l l‘%ﬂﬁ%l}@l} ‘{:%B‘Ffédzq tl%%lgur,& 1E3hér comgfast, . .
cont r okani ngk s:zwmrc&eefrﬁent%aﬁ@st é@ﬁﬂ@&lﬁ@%@&t‘eoﬁ&éﬁ%m‘??&e gﬂﬂ% -ani mal s
0z

are also kil ed— andé}élhe -nmuscl es - renmov wei ghe e anmount
of atrophy gsge SuassSHigHye Zebmphbberpize ﬁeswe.?@hnnbgfhrarmmhm;cé &7 indm t he .

i mobi | § zedi4 44y HAIbB D ekl o s TE AR P G CRALLR! ani Tl s

Further assessrent . of g by *nedsur.ing rrus size. .
and nuscl e exbifit oﬁnegscpf;@e Et%tﬂptfelt:hadlvuseﬂf@:t byﬂoedlyrvo@gl;tt osﬁo&&@@lhﬁi ed wi't h

I ncreased iﬂ% GKand FHAS. | | s bI
rapanycin. F}%}?{%o %&ﬁq%gwgnaq cmeunn andd'eﬁﬂ"b!%‘ ?Bldgﬁli ig."
‘nuscl e hyppamwolptgwm tcecamtarhadatt alnltmlathof: Mrﬁeyeshid)hy eﬂﬂé@@dn@bm/joert rophy
nodel . Wen a ﬁ?&f ech sk ﬁ%h H'ééseCt ed to.a chronig - -
wor k| oad i nerease emn%ﬁﬂ n |“8 %é'a gﬁ”ﬁﬁ?iﬂr}ﬁ%ﬁ%ﬂteﬂ%&
nuscl e com:fendaatEBK/Mkt;ﬁmiImR pas g dridh@st the icARirRGn mass, as well.
by swi tchl ng.fi bers to” adél aw. tWI t ch: phetiot'ype (Adams, G & &et-jaddad G R
3 App! [RRERBAOTY, By BCISd Rertr ol dp WIRHIHATE4E ORMTIQR i andhysi ol
83: 280- 29Q>HA39 9 rpre’ m&aamycsmsghb@meeqasf m&éac@asy :%t%lle%@fisl‘dfts &&e rat’
pl antaris mjagj(e by. surgi cal I1¥ novi ng -t he -sol eus
Frgure 2C and. for HAS-T) and actwated (in terms of kmase actwrty for
-p?Os"'K Figure 2E, and in terms of release of PHAS-I from it sequestratlon mthrn
an mtubrtory complex W1th the translai:mn rmhauon factor eIF4E Frgure ZF
thereby allowmg bmdmg of eIF4E to eIF4G Frgure 2G) mzmedrately upon the
mrtlatron, as well as dunng the entire durahon of the hypertrophlc response In
contrast calcmeunn actnnty was not mcreased in- hypertrophymg muscIe, and in”
fact was decreased (Frgure lB) Moreover ]ust as rapamycin treatment’
completely blocked the hypertropl‘uc response, it also completely blocked the
accompanymg bmdmg and actrvatlon of p70%* (Frgure 2D & Frgure 2E) and’

PHAS-I (Flgure 28 & Flgure 2G) in hypertrophymg muscle

Apphcants fmdmgs demonstrate that adaphve hypertrophy of adult skeletal
muscle 1s not dependent on a calcmeurm SIgnahng pathway, but rather appears
downstream Iargeis pi70sﬂc and PHAS—I Whrle Apphcants data reveal that
mamtenance of muscle mass m mature arumals is not dependent on the rn'I‘OR
pathwa)gr (smce rapamycm drd not produce a loss of muscle mass m aduli
rodenis), tlus pathway appears cntlcal in load-mduced hyperirophy of adult
muscle and recovery of mass followmg atrophy
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and gastroenem us rruscl es:.: CyclospormA (CsA) was given at a dosadeMaY52004
ng/ kg. s.c. ) that was' sufficient to bl ock pharnmacol ogi cal | y-i nduced
cardiac . . . hypertrophy using 'the 0z _ adrenergic

agoni st, -denbuterol {Figure 1A and i nhi bited calcineurin activity in
control skeletal nuscle .(Figure 1B):' Treatnment-, with CsA was unable. to
prevent conpensatory hypertrophy of the plantarls at. 7, 2 4 MAY 2004 - ‘
- - - the i'ncreasés in PHAS-| -~ were |ndu0| bly phosphoryl ated: . (as... “, o
evi denced bExs Iatat-a"h - Rbse afspg-llﬁHAS-l) '.‘-_j:"
and' actlvat?e_ld glfl te gf Ki nase act|V|tyfor ~ p70S6K Figure ZE, "and i'n. - -
terms of reteas |, fromit sequestratlon wi t hin. anlnhlbltory
conpl ex with-the transl ation initiation factor . el F4E,: Figure.2F, _
t her eby allovmn bi hdi ng of el FAE to el F4G - Fi gure: 2G) .i mredi ately. upon the-_. :
initiati on hexale b the RI3Kddkt HeSKhpatbmiay is CQ@llﬂattydrlaﬁt a.nﬂeiifféryepeaﬂedophl c

r esponse. LAt s i ncr.e
hyper t rophy| Xg%%%s exa&ﬁ;b@d B?%h%@&%%%%%er{%as tl'f FrguR! 2 ?L’B)O? -
Mor eover JG%@IQa@lls amrnfcwmphsledtbyehhe ﬁmmombéhyctbtsmapeﬂetdi%xﬁﬁéﬁﬁhgr Ophl <.
response, i s t cked t - | ndi ng: and _
activation: é gfﬁ%}%tgﬂur e. Iﬁrﬁﬁﬂg eggge l/“ &%Fer BERRYL $W4DR
pat hway. artths ansbled{\ esomtm difemte doped M\@a{nsfédtec% %%EWK gsahsg HesifBdSIEV Qs -

= an cl e ‘mass

hypertroph ownstr ets of
(Fgur o 10048 Brve,gf Bt Be sandeed BoRFsgrire Pevel ot el SR GEACS)
. rapanyci n.agewil tsatremsn 6PtHR! ARl Mn i WY e Bl it dieD i Fysesﬁseé

Bifipd
pI antaris scle gi& (Fi.gure 2A).and. fiber: size, gure 2B) .1 n, oth
rats.-and rh HHOSP}H)IHE}Q%H’ (SiliRgsulds iminhibivonant K%yw’-wrlgr st:s!

Rapanyci n tmmtto%@ha%e o8 1 AP IBRGk] SRl 6 g Rl hail nO
effect on body wei ght ‘or . t-he baseline_ mass of nan-hypeéertr yl.Rg Fnd nb

muscl es i n GerasEA-gpItR Re—tag&ﬁ*ﬂ m@tofFﬁﬁKﬁdDomga%n@g G‘reqll,\léwellapmerm rof.
adul t - ani ”%QQ fvol27lgS sitdidishta 2 Bl-QQEIchV%c%@ cogszsﬁnng%f: l:he mass:

Consi st ent: ‘th't hi I ngs. suggesti ng a:. requi.site
MCK promoter (Iaynes etal. (1988) Mol. Cell. BlOl 8 62 and an IRES—EGFP

cassette (C!ontech) Subconﬂuent C2C12 myoblasts were transfected by calcxurn

phosphate—med1ated co—transfectton (Speualty Media, Inc) 'I‘ransfectlon was
performed as’ descnbed prewously (Glass, et al (1996) Cell 85: 513) Flow

: cytometry‘ and cell sorttng were carried out ona Cytornatlon MoFIo (Fort Collms
CO) h1gh speed cell sorter. Laser exqtanon was 130 mw at 488 nm.- Fluorescence
errussmn was collected through a 530/ 540 nm band pass fllter for GFP.. For:
sorhng, cells were collected af'a sort rate of 25, OOO cells/ second The collected
myo‘olasts were then grown o, conﬂuence, and dlfferenttated by standard
techmques mto ”myombes wl‘uch are multt-nucleated muscle cells s:rrular to
actual muscle ﬁbers

Expressron of GFP alone d1d not alter the C2C12 dtfferenttatxon process Vector—
dnven express1on of the kmase—mactnre GSKB caused a hypertrophtc phenotype,
resultmg m th:lckened but shortened multtnucleated myotubes Thus, genettc
mampulatton of the PISK/ Akt/ GSK3 pathway reveals that mlub:ttlon of GSK3
acttwty, nurruckmg the effect of acttvated Akt is sufﬁaent ’to cause a
hypertrophtc phenotype
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PHAS-1 (Figure 2F & Figure 2Q-in hyp ertrophying. rriu to be:cri Ei#c&ﬁ(yzm'*
regul ated by the activation of the PlI3K/ Akt/nmlfOR pat hway and its nuscle is
-not. dependent on a -calcineurin'signaling pathway, but rather appears
Applicants . findings .,denonstrate that.adAptive: hypertrophy of. adult
skel etal mai ntenance of rruscl e mass in nature animals is not dependent
on'the. nll downstream .. 'targets,. pMs6K and PHAS-1. \Wile Applicants’
data reveal that" rodents) “this: pat hway - appears. ~critical -i.n |.oad- i nduced -

hyper t r ophiBio@ferndeill dvaluattiiaye Pﬁﬁ(/ﬁ@t/@@‘ﬂ%ﬂra% %ﬁ%(er@f}%ﬁﬁ% a loss. of -

muscl e mass i n.-, adul-t "~ 5 Tronow ng-atropny 4: The:
effect of EHAUBHRSASUESRateel @%@é}?tﬁngQsénl{mﬁat@éﬁes)?mmssmgemet al. musct e

I n&a blasts and:
G o ont | SOERaACnBerae SOl CRE DAY J B2ihR fihobaBIReS. "

mal rii pul atof bﬁta—@ﬁemmszd@eomm @osistepl iveilte thebblotkeget qsfamrfogem@r of
vectors . Wexpress1 hg a gené of interest -as,well. as the green:

fl uorescent -prot ein: (GFP). reporter -gene." Tus. --enabl ed’ |soI at’i on:.of rare
cl ones of tfansfect ed, cel:l's, . expreéssing, desi red; Fevel's. of the ‘gene’. of

i nt erest Al ard i uorescen ctl ate cel'l sorter -;(‘FACS).
-t-echnol ogﬁhﬁg’ﬁﬁ tgg OIrEgTE R eRy g@"’e %ngé‘éh’f‘is?%dieﬁ"&‘ ?Y:R\"Rﬁ'}h@

i murto-, ilbldselatioAGnd exdki 1@}1@&511%%9&113%13 &fenﬁ%%ds@%%fr&m ;H' ti'on
of GSK3 act1V|t)&}%t Ther ef or to nodel the ef f ect of -t on, _a

' doni nant ﬂ&‘g"ﬁt cepik g&%éﬂ W‘@E‘F‘%‘Hﬁ@@ﬁ@géﬂaﬁm@aﬁl& t@&&@@)f

( Doni nguezitaihvehash willie Rp eb@ﬁﬁ
subdoned. i-nto a..bi-cci sstrora efcr?rélr@%o srlg?fﬁgopof aé%%ka %\?%'rlrmufer

: (Jaynes, €t.-al. (.1988)" MDI*, OeII Biol. 8:62 and an | RF.’'S-EGFP casseétte
(CI ontech). Sl ubconfluent C2CI12. ‘nyobl asts were transfected. bycalciurn -
phosphat e- medi at éd to- transfecti on (Specialty |\/Edl a, Inc.)_Tr ansfectl on
was .performed:.as--described previously (d ass, et .at-(1996) Cell 85:513)
Fl ow
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cytometry and “‘cel |l sorting were carried out on a Cytomation MoFlo (F(?rt

Col lins CO . high :speed ctell sorter. Laser.excitation was 130.nmw at 488 nm

Fl uorescenc enission-was -col | ected through a 530/ 540 run band pass-filter.

for G-P.. Fer - sorting, ceIIs wer e coIIected ‘at-a sort rate of -25,.000

cells/secornd.; The coll.-ected, - .nmyobl asts were then gr own

to_ conf.l uence, and. ditferentiated bystazi dard.- techniques.into-
.myvtulies", which are nultl-nucleatﬁgkégﬁgte: cells: smular"to -~ .

Expressron of .GFP al one did not alter f 2-differentiation: process.. _

Vector driven expressi‘on. of: the knase-inactiv6' GSK3 caused a hypertrophrc-

pheno resul tingmthickened : but shortened mul t mucl eat ed- nyot.ubes. Thus,

-genetic- |na|upulat|on of the-Pl 3K/‘Akt/-GSK3 pathway reveal s -t hat i

i.nhi biti-on of :GSK3.: activity, , nmin- irking the effect of activated Akt,

is suffic %ﬁertrophlc phenot ype 22' 2 4 NAY 2004 , . Bi ochieni cal evaluatlon

of “tHe PI3KJ t/mmbﬁﬂeﬂﬁyhm@teﬁﬁaééﬁtmthﬁs’ﬁ\'uH&{e By Wi’ -of

GSK3. bet a- cat eni n pr.essi om nan .-
ki nase-i nactive or m Q H?‘.ﬂ-@,%% tﬁ% exﬁeeﬁsgggé‘gF%sphor yl at| oi ki iogenous.

GSK3. acti vity. Althoug } K& f or egoi ng i nvention has been described in some

det'ai |. byway of . |IIusv_}aﬁthﬁﬂeﬁaﬂers%%MEQapdblethécahglﬁng%%ﬁg#&\é%a%%e f- to

those of ordi nary skill. in e art that certain
rray be made. to the teachings of tile: invention wthout de artin from -
“the s p|r|t or-sco a df¥Rafhad' a ended cl ai ns: F ] F p. P.~ 2 4 MAY cunt ..

' 4) aRaf reporter substrate capable of measunng Raﬁsubstrate activation; -
®) sirbje'ctir:g the celis to a test agent;
- (<) measiring the - amount of Akt substrate actwatlon in (a)(2)
“(d) measunng the amount of Raf substrate-activation i in (a)(4), whereln

actlvatron of the Akt substrate absent activation of the Raf substrate is used to
. identify a test agent that inhibits muscte atrophy il

2. A method according to :cl'airrl 1 wherein the cells are ﬁbrot;lasts. _
g 3. Amethod abcord_ing to olaim 1 or 2 whierein the cell.s'are. muscle cells.
4, A method accordlng fo ctatm 3 wheretn the muscle cells are myoblasts

5 A method accordmg to clarm 4 v.merern the myoblasts are 02012 oells

6. A cell comprising:
N AKt;

2) an Akt reporter substrate capable of measunng Akt substrate actlvatron,
substrate activation;

3) Raf: and
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‘CLAIMS 'I. A nethod of identifying a testt agent-thatinbibits métIMAY 2004
.atrophy conprising: b (a) o taUning-is that express the.-follow ng.k 1)
Akt; 2) an Akt reporter substrate capable of neasuring Akt S|xbgtrate ‘
activation; ‘3)-Rat and 4) a Raf reporter substrate capabl e -of

measuri ng. Rafsubstrate activation; (b) subjecting the cells to a test
agent* (c) measuring the. .anount of Akt substrate activation in (a)(2)
(d)- neasuring-the angyu

activation ‘of- the Akt suﬁgﬁe gﬁ%tégéﬁ?t\)/lg‘? Iﬂg‘é&& rfﬁp ﬁg‘@t %)a?tr aﬁé
used to -identify a test agent that i nhibits nmuscle atrophy. 2.A nethod
~accofding to -claim1. wherein the cells are fibroblasts. 3. A nethod
according to claiml or 2 wherein the cells are. nuscle cells. 4. A nethod
according to claim3 wherein the nuscle cells are nyoblasts. 5. A nethod
according to claim4 wherein the nmyoblasts are C2Cl12 cells. 6. A cel
conprising: - 1l Ad;. 2) an Akt reporter substrate capable of neasuring Akt
substrateactivation; -substrate.activation; 3) Raf, and 24 2 4 MAY 2004
4) a Raf reporter substrate capabl e of neasuring Raf substrate activation.
25 ‘
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