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(54) Titte: METHODS OF INHIBITING ATROPHY OR PROMOTING HYPERTROPHY

provides a method for inhibiting skeletal muscle atrophy or causing skeletal muscle hypertrophy in vertebrate animals. It also pro-
vides & method of identifying agents that may be methed for inhibiting atrophy or causing hypertrophy in musele cells.




Title: METHODS OF I NHI Bl TI NG ATROPHY OR PROMOTI NG HYPERTROPHY Abst Pact*ATTfgt
present invention provides a nethod for inhibiting atrophy or causing
hypertrophy in nuscle cells.. It further provides a nmethod for inhibiting
skel etal nuscle atrophy or causing skeletal nuscle hypertrophy in
vertebrate animals. It also pro- vides a nethod of identifying agents that
may be net hod for inhibiting atrophy or causi ng hypertrophy in nuscle
cells. 2 4 MAY 2004 .: I DENTFFI'CATI"ON .OF TEST AGENTS THAT ‘| NHI .BI TS. ATRCPHY
OR PREVENT HYPERTRCPHY BACKGROUND OF THE ‘| NVENTI-ON A decr ease in nuscle
mass; or atrophy, is° a5500|ated Wi th various:physiol ogi cal and T
pathological states. For exa muscl'e atrophy’ can resul t from: T oo
denervati on dHENTFIGATIN OF E%‘GWMEWHSW @R BREVENT HXHEEI’R[DE/HY
neuropathy, e.g. Qiillian-Barre syndrone; peripheral neuropathy; or nerve

' . damage caused. by environnental toxins or drugs. Miscle atrophy may al so
result from denervation due to a notor neuropathy including, for, exanple,
adult notor neuron di sease, such as Anyot rophi ¢ Lateral Scl er osi s (ALS or
Lou Gehrig s di sease), infan uveniie -§pi nal “nuscul ar

atrophies,' and.. autoinmrun Aty f ocal . conduct or -
bl'ock. Muiscle' . -atrophy rRy.: also result fronichronic di sease resul ting-
from for exanple, paralysis due to stroke"- or.spinal cord |nﬁury

skel et al . Mn%i’elaﬁ%&t iscdgyaagspor atrepinimis a@@@ﬁte&!swlthdfiar@%amyem dglraaét ure;

|'i gament or [ C I ed.. bed "’ rest
Met abol i c. a&fggﬂaldﬁaw%%ﬁsisﬁ%n% nsgﬂg‘?ﬁjic(% @ndﬁ{} a\%/nreggﬁnf%d;gal so result. -
muscl e at rciﬁh\,ervatiqrcdueléo memaetraaiﬂaadtgmlecamaem%tahﬁhcc@mréhmmw ot her

chronic ill i | or rh SI'S

endocri ne. rgai%goﬁ%h?’sg'g ﬁiﬂn@ sord’tﬂrs "oF %réplfei‘riyr oi oﬁﬁ'dr‘(’ﬁ abet es:
Muscl e, at rdnﬂngermyased bgr eheimdnentad)r@mmsr:df@s Musﬂéaubyhﬁyrmyrﬂs@ such as
Duchenne, lgfffo otoniﬁ f.asci oscapul ohunert% uss

oculopharynB% §Bﬁﬁg 1503 PRI T PR TG Y ﬁ%fSFﬂFQ%es as .
well as t h@dﬂﬂlsﬁtbﬁﬁh)&auroﬂ ﬂ@&ﬂs@%uﬁew@lnﬁﬁﬂ’bb@l& Laiermtim -(AMQ%E’ |I%uat r Op hy

I b
ey also eGeq-i.r g's 813&&8&), 1nfanr11e and ]uverule spmal muscular atrop}ues and -

autmmmune motor neuropathy mth multrfocal conductor block Muscle

atrophy may also result from’ chromc drsease resultmg from, for example,
paralysrs due to stroke or spmaI cord 111]111')! skeletal nnmoblhzatron due to-
trauma such as, for example, fracture, hgament or tendon m;ury, spram or
chslocahon or prolonged bed rest Metabohc stress 01: nutntronal msufﬁcrency,
Whlch may also result in. musde atrophy, mclude znter aha the cachexra of cancer
and other chromc 111nesses mcludmg AIDS fasnng or rhabdomyolysw and
endocrme d.tsorders such as drsorders of the thyroxd gland and dtabetes Muscle

atrophy may also be due to a muscular dysl:rophy syndrOme such -as Duchenne,
Becker rnyotomc, fascroscapulohumeral Emery—Drelfuss, oculopharyngeal
scapulohumeral ]me gn-dle, and congemtal types, as well as the dystrophy
known as Heredltary Dtstal Myopathy Muscle atrophy may a]so be due to a

congemtal myopathy, such as bemgn congemta] hypotorua cent-ral core drsease

-1-




.congeni tal nyopathy, such as benign congenital hypotonia, central zé*oP’*éY 200k

di sease, 2 4 MAY 2QA nenul ene nyopat hy, . and- nyot ubu' | ar

(cen'tronucl ear).nnyopattty. Miscle Atrophy. also occurs during the aging

process. Muscle atrophy in various. pathologicalstates is

associ ated. wth"erhanced .proteolysis and decreased production of nuscle

proteins. Miuscle cells contain Iysosona T proteases and cytosolic, .
‘act ivated: neutral

pr ot eases: rote :

pr ot eases (cll;I pal ns)%g Adiﬂq &F‘“&‘B“’éﬁ]ﬁaﬂ FYopREte alYiisel

proteol ytic. atsq;stt}eaﬂso othes Id)asmgal‘i@hglagq)rga&gsol ic. systens are capabl e of
degradi ng nuscle proteins in'vitro, but, Iess- i s known about t.heir rol es.

in proteolysis. of muscl'e proteins in viva.'. Some' studies. have. " reported:
that = prot easogEe iMYph tlﬁrV%n'bﬁg Gl ALAtMS & (AL skel etal -
nmuscle ((;g- Tawa- et. Iyal ;& 7 % nvedé%@gt%%nﬁ)% rFétg%ltdl ng t.o°

suggest i ons- Rll‘i’éﬁdft’%aﬂd decreaselﬁiﬂi’l@dllﬁfil@n pf desanetepm Mayclbaells eorttgiihe in. -
.the enhancqg sdoRlL % é(t%& ‘rﬁFo‘éSﬁc prdt@a%e? r%@oﬁ%ﬁ%@a S ]opfﬁlglp o1 6ol ysis

“in at r ophyi ng musc " reni aecule
found in evechvaied nﬁtw:ai phfetebsmdycalpams)l andaat wm-éepdmyienaubﬁlruhmy of

growt h' fac I fact.or s Wn ch,si r osi ne ki hase -
receptors. &%age,ag%%g?g‘?{egﬁvhgeg%% ﬁ}e Ixagse iaBﬂ & Sgllé‘?/ OBV aprBlem . -
dSI gnfll ing ofategwadisg mu::ﬂmplratgns Iwelvﬁgf bNEldstt*kﬂwﬂ%Mut ﬁeﬂle.zfolespxﬁt ent.i aT
ownst r eam ra 0 i ncl ude 0 st gnal'ing'. . .
nol ecul es: ﬁ%p‘fﬂ;’f Sd?)émusf:l Iﬁﬁc’tﬂnsa’ﬂdm?ﬁ ‘ne ‘PF%‘%‘F&%\M}‘@‘?]B?PO% L

15(4) : 145) . preteasdiaé 1r&%koﬁ&dduceﬁ5ﬂété]ﬂ §uﬁé§0p( gtré\gége} Omr%%gq? ghL 83}325 L

evol uti on, nd. ho an be* :found.in

(Ras: Tapar,da\ﬁs‘wy% TD@?%%& h‘tf@"@?) 16:197), deacing to s@ggestions that the e, decicery

et .al. (199@)quithlprofealdmBpaih 9 ST

Mbt . Cel | Biol 13 esa1 Norr! ga#%%g‘??balf%%ggﬁmg%ﬁ’ 84&0&5’]5 gﬁé‘é’FYﬂf R

Bi ol . -91A; ﬁ}gq(pregsgv@e@awqms of proteolys1s in atrophymg musde remam poorly S
charac:tenzed S SR o

- Ras isa s1gnahng molecule found in every cell in the body It 1s actlvated by a, '.
vanety of growth factors mcludmg growth factors which s1gnal tyrosme kmase
| receptors Ras achvatton results in achvatron of several downstream 51gna.hng
: pathways mcludmg the Raf/Mek/ Erk pathway Other potenttal downstream L
l substrates of Ras-include the- followmg SIgnahng 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 evolutlon and homologs can be found 1n 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) Cun Opm Cell B1ol 9: 174 Mek Crews Cl\ft
- et aI (1992) Scnence 258 478 Er"ksr Boulton 'I‘G et aI (1991) Cell 65 663) ‘

: Another pathway that is often sunultaneously actwated in response to. the Same fh
. 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 Cantley v j- - "_ -
_ -(1999)] B101 Chem 274 8347) in some systems the small guamne nucleotlde




t ei. (] X92) .Science 258:478; Erks -Boul-ton TG et al.:(1991) Cel I“%AY 2004
;663).. _, Anot her '.pathway. that is often sinul taneousl y activated. in
response to .the sane.. growmh. factors and hornones as the Ras/Raf/Mek/Erk
pat hway is ‘the P13 kinase:.:'.' :. (phosphati dyl nosi toI 3

kiriase)/ Akt' pat hway. (P13K/ Akt):.(Vanhaesebroeck, etal’ (1997) TI ES
22:267; Toker and Cantley (1997) Nature 387:673; Rarri eh and- Canttey '

(1999) J : B Chern 4 8347): .In, some systens; the. smal]- guarune

nucl eoti de P “gl% S, Y %“Pﬁt’%i’ﬁﬂ K& sifegier of hethatheupst  eam’

posi tive efmevmmrrtgﬁmwg,hsnd Efemweme&sms ‘é‘?&até"b@af tceg?géuéﬁbtpm

pat hway. . -(Kat.z, et al
Rodri quez- \ﬁ%@%ﬂ@eét 7:gb: Q@F%-W}Z ‘Géiaha 89&M5]7997R6ﬁ1&r§9 45EtRoratne1 (e1@D&)99Bir r .

QDI n. Genetg ulpeb (ﬁér?ét Dey@%ﬁg\nh ﬂag:IéF—l\AWtE gat%ﬁgs %b;%ﬁhy i.n

"nmyotubes in V|t as--been s to'activate- f/IVEk/ Erk
. pat hvvay armiyotlxbhe iPEKS, Alets. heet shawn 10 @ativate beth e RéM)MeE/EﬂeI 1
Phy5|ol 3: 387

can, et al, PT1§8%) ndet@;%%mlg} A@W&%ﬁ@%&ﬁ' gl@?g%] f LElene‘TZgEl(‘)dl‘%% 83) %! 5

Sci ence 260Colén@h3¢et alE(1995)1. Biait Che. 27((1&969 Eolkeas bt Rey1997)Ly Bﬂ&lcrlétnokoe

Toosi) | 1 Aottt e et oo 188 o ot Liasna ety  can

have. -::. opp@s) sokefe,fe@sag%mm@qﬁms@mmesqw@) 'Mﬁ)’@eﬂU&bBE SC' e
-dlfferentlat on indicates that inhibition: ‘the Ras/ Raf./:Me
pat hway' c éﬂahaﬁ@évevesllf has dlpe been proposer that hlmse itweipsthways gatnm Akt

2, B, e i o oS it DT,
(1998) . Pr dedicatesthat indwileition of the Ras/Ref 78lek/Erl-patbway, cantaenhencas -beém. - mo
eval uati on dlﬁe;ensaﬁshee\ethétm%ﬁlo&&@oeefmspatmt%l&t%é auc‘fne' etal

(Bennet et al. (1997) Sc1ence 278 1288 Coohcan, et al. (1997) ] Biol: Chem

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

Studles have shown that § in response to mcreases m external load skeletal
muscle adapts byi mcreasmg muscle mass and protem content pnmanly i:hrough
an increase 1n muscle ﬁber su:e 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—mlubltable phosphabase
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 phosphorylahon of the 70—kD S6
protem kmase (p705"‘) mcreases 1n muscles w1th hypertrophy follomng d hlgh—



.nmuscl e atrophy and/ or hypertrophy:" Studi es have shown that in resp@n@&ﬁ&@?ﬂﬂ
I ncreases, in external |oad,- skeletal, nuscle adapts by increasing

nmusde: mass and protein content primarily throuigh an increase in nuscle

fiber =size which translates into ".greater tension output (Carson, J.A
Exerci se Sport Sci ence Rev. 25: 301L320' (1997)) However, the : signaling

- pat hways responSIbIe for.the regulation of .muscle flber si.ze .and' nuscle_

mass are :tunkr~own. linjtjal ;studi.es'in cardiac,. ypertropbV\bl kenit:i- ;.
SRR PR AT M AU NG5 A A o

e e e
poi nted t owlfdExqeeie gﬁﬁpéf'ﬁctﬁﬂcc &V@&B@h&ﬂtﬁ%ﬁ); Biltmbk) @. Rplﬁ@EIpHdﬁdtS@R known.

al ci ne t t deternine - :the' effects of.
5 o€ 0 Bt o B ETR o S8R e o (215 0
have. been trénsgeoitcinies eesrexpr&eigy 1GH tﬁdee&hcabonttﬁtdﬂraesk@l};@al%@n%l (1999)3 o

Musaro, ' A . et -al,: ture 400: 5 5 199 ently:" Baar.-and .

esor (Baarbopig (QUBRARMR G aP) BEEI>Chamo . aal Blks Mo et 1o00)) -

showed- thaibsphmsi@herayé attngmngfbachesg OB 258 meaettahatnglp}a&% (ﬂiﬁﬁs wfw 5004 |
rgh o

I ncreases' #1i . W th hypertroph followi.ng a -.'h
resi st ant é’fﬁrk(ﬁy slgh‘tsp RFHENS prlsed m %he reglgatgon %ETQ*F’@I‘EMS}HHOH GF- 1

whi ch act i aftesion (Bifken,REKEAKTS &etehw b ri
| oad- i nducé yp?gr(tro hé?‘ CarsonCI A I%?(éré%@?%%?%&%c@gn n&&l

301-320 (1 49&1$$§®dabdoreeva, agnvatlcmpﬁp? Rysirelates 191

2509- 2516 Itp@g d}liﬁﬁf@ n ni.c. mce

over expr esg%ﬁgg%e)é:lﬁ?ﬂﬁn erﬁdhﬁe contr.ol. org a- siel et al.s ac% m‘%‘%}ﬁm er .

(Col enan, witEsomwl grotgins amdothe” e@r@moﬁfectoﬁsZ@.@@y DCie 41198b))) Physifhese.

OB | kAR, 26 ROERE BRER PR B AFFPLACH DAL B

protein -t rt:hssstzatmnrirom eIHﬁEtalh:tmng e(RBuorhinitd the§'-Ap. stSeh@8eE an 27- 7:

99-101 (1997 oads... 337-30340.(1999)): -

Mor eover, actl va ﬁm %E‘ 7%%‘#’%1‘# éhea%ggt%mﬂz%c?gﬁses Lin the. N

transl ati ophoﬁpmtmvaeﬁmli@g ofﬁoﬁk aE{@I?'HAsafanegua@éam f)grt bya -
protem kmase, m'I‘OR Wtuch zs actlvated by the PI3I( / Akt pathway and mhtbﬂed
_byrapamycnn ' | T

Therefore in accordance w1th the’ present mventxon it has been dlscovered that '
':actwatlon of the PISK/AI(t 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)




ri bosomal proteins and' the: elongation factors (Vary, T.C et al . : Anf 43 MAY 2004
Physigl:. Endocrin'ol. Metab.. 278 E58-E64-(2000)).. Phosphoryl ation of :
PHAS-1 leads to its. :dissociation fromelF4Eallow ng elF4E to bind .2
tothe'5 -cap structure of an rnRNA and initiate the formation of* the

el FAF conpl ex. - The= phosphoryl ati on/activation of p707and PHAS4 i s:

regul ated, in part, by.a. proteinkinase,' nlTOR-which'is activated.by.the

Pl 3K/ Akt pat hway -and inhibited by raparnycin. Therefore, in accordance:

wi th.the' present invention, it has been discovered that .activation of the

Pl 3K/ Akt pathway results in increased hypertrophy and bl ocki ng of _
atrophy. of skeletal- nuscle cells. SUMVARY. OF THE | NVENTI ON. The present

i nvention provides a nethod of identifying a test agent that inhibits

nuscl e atrophy conprising: (a) obtaining cells that express the follow ng:
(1) AKt; (2) an Akt reporter substrate capable of neasuring Akt substrate

act i vat i-onwhegyn Retfvatiamas thé)Ala sBfrateeed i ARSI BERGIADNRe MBS U1 N9

Raf. substrBkﬁhﬁﬂ@ﬁ$M@&h@@mt&ﬁﬂn@%@kﬁ@%hﬂ?ﬁ% g s to a test agent; (6
measur-i-ng-t-h annunhﬁg ubstrate ac tﬁ R%ﬁwzyg&maﬂ3Kﬂnksurlng
the amount . dpdpe &*\l@!lﬂ@lﬂa@d)ﬁh&bb %&&bx‘iflﬁ{@ %ﬁg

su teis

activati on Alstocstip ﬂgfe ctivati-on of -t he-Ra

used to op%ltl fg a test g%reﬁl& & %6'1 arﬂfgﬁﬁfaéﬁf@pmusmgét)@er&&ra{
activate tH@iﬂEEKﬂAkwxﬂPpmnimay, mhlch . bJock i actin ty,Tarid (hereby
i nFubi t:the RaE/Mel< /Erk ~ , _



pat hway, are useful for preventing or reducing atrophy and./or causi 4 MAY 2004

hypertrophy in skeletal nmuscle 5 2 4 MAY 2pp4 In preferred enbodi nents of
the nethod the cells are fibroblasts, muscle cells, nyoblasts, or C2Cl12
cells. 6 2 4 MW2UU* Anot her enbodiment is a cell conprising: (1) Akt; (2)
An Akt reporter substrate capabl e of rreasuri ng Akt substrate activation;
(3) Raf- A Raf er sybst of neasuring Raf
substrat e ﬁi(p[rtlef%g%g §mbogims F t”ﬁ%@@%\ I{f‘ LiSIQGE‘Q’ai'thJ E@ 'Ffiuﬁ%l?ée”f’ A - F

Muscl e hypaytblagifyoric2Oiatceld.ocked by cyclosporin A Figure | A Wight of
the rat heart, expressed as a -percent -change fromcontrol, follow ng..-
daily daily treatnent with the bZ adrenergi c 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:

Cal ci neuriri phosphatase activity. 8 24 MAY 203 neasured in plantaris
nmuscle |lysates fromcontrol rats (CON), control rats. treated wth
cydosporin for 4 days (Con+CsA), 4 day conpensatory hypertrophy rats
.(CH), and 4 day CH rats'treated with' cydosporin (CHtCsA). Total anount of
calcineurin was simlar between groups as neasured by Western blot- Figure
1C. Cross-sections of the rat p'lantaris nuscle were .stained with an
anti - M/HC sl ow. anti body. G oups were control {CON), 144 conpensatory
hypertrophy (CH) and 14d CH treated. daily with cydosporin (CH c-CsA).
Figure ID: Wight of the rat



plantaris nuscle, expressed as a percent change from control, foll odifmyi4200¢
or 30 days of conpensatory hypertrophy. with vehicle (CH) or cyclosporin
treatment (CH+CsA) (10 rats/group).. Figure 1lE: Cross-sectional, area of
nmuscle fibers in the rat .plantaris nmuscle of control (CON), 14 day
conpensatory hypertrophy (CH) or 14 day conpensatory hypertrophy plus
cyclosporin treatnent- (CH+CsA) (5 rats/group). Miscle fibers were
classified as slow or fast based on staining with an anti-M/HC- sl ow

anti body-. Figure IF: Percentage of nuscle fibers expressing slow nmyosin
heavy chain in the plantaris nuscle of control (CON), 14 day conpensatory
hypertrophy (CH) or 14 day conpensatory hypertrophy plus cyclosporin
treat nent A@hSsshbddmenttis Agelb oghplidigir e 2A-2G Muscl e hypertrophy.is
associated with increased phosphorylation of p70 and is bl ocked by
rapamycin. Figure 2A: Wight of the rat plantaris 2.4 MAY 2004 nuscl e,
expressed as a {1¢rAkent change fromcontrol, follomjng 7 or 14 days of

conpensatory hypertr cle cip treatment (CH +
Rap) (10 rats/ g@g mﬁé‘%o\ﬁﬂ lﬁbsl(?'ﬁ' ég%,nbeﬁspﬂ t sypsirale apd@tieR:om cH
group (p <0.Oaﬁ)FEﬁQHMe 2B: Cross-sectional area of nmuscle fibers in the

rat plantaris & of ont 4 da nsat ory hypertrophy
(@9 or 14 day CHAEAGBpT bkt e B e Slupa R ralaa e, ( it ap)
(5 rats/group). Muscle fibers were. C|aSSIerd as slow or fast based on
their staining with an anti- MHC sl ow anti body. Asterisk indicates
significant difference from CH group (p<0.05). Figure 2C. Wstern blots
denonstrated an increase in the phosphorylation of p70s6'" in the plantaris
during' conpensatory hypertrophy (CH) as evidenced by notable gel shifts.
Each | ane represents 2~ ng of total protein extracted froma pool of 3

pl antaris nuscles after control (CON, lanes 1), 3d (H (lanes 2), 7d CH
(lanes 3), or 14d CH (lanes 4). Arrowhead indicates hyperphosphoryl ated
p70s6lc species. For each group, duplicate |lanes represent different pools
of plantaris nuscles. Figure 2D. Western blots of p70" in the rat

plantaris. The p70s6k gel shift observed after 7 (lane 2) and 14 (|l ane 5)
days of
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conpensatory hypertrophy (CH -) was inhibited by daily. injections of
rapanycin . (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 with rapanyC|n
(CH+Rap). Figure 2F: PHAS-1 bound to el FAE after 14d conpensatory
hypertrophy (CH) or 14d CH plus rapanycin (CH+tRap). After correction for
t he amounts of el F4E recovery, the results were expressed as a percentage
of -the respective . controls and.are the neans the range of two
experiments. |ncreased phogRiRITYE o ﬁﬁ€§ toits
di sassociation fromthe ini ; ' e per cent age of PHAS—
bound to el FAE was significantly | ower than control follomnng CH. Treat rent

of CHrats with rap g§¥C|n i nhi bi ted:t he ‘phosphor yl ati on- 6f PHAS-1 and

prevent ed t h&igredoste i Musdehypgrtpphyiy netidackadiy-cydesperis HFigereWs bound
to el F4E aft ri.r I nycin -
(k. ot PO CORRRIRALO B RURA A PRl il AU GRS HBofaRRTY 1
were expr esdaty @@amgérm&n thedesidodnetgic agesisedentneentd (3 mg/kgamd) ford4t he

means the r ri f -el.F nd to el F4G
mae' o9 oa VADSETELR BB LRl MRS ROG Rbp BN Ay PR, &
Treat nent of .(CEEN#@sA) WOtrhts/g&l&pbWEigﬂréllEﬂﬂalcﬁaﬁd’iﬁ'lry epheasescivig ‘
Jpercentage of el FAE bound-to el FAG ~ DETAI LED DESCRI PTI ON OF THE | NVENTI ON

- Muscl e atrophy. can be caused. by the enhanced proteol ysis of nuscle
proteins, resulting in a decrease. in nuscle nass. In addition, muscle
"atrophy can be 'caused by-a dimnished synt.hesis of proteins, resulting
in a :decrease in nuscle
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mass., It ‘has been discovered in -accordance with the present nt
that. -when- skeletal nuscle cells contain and express" an act?\i’ag@ﬁ rrut ant
formof the Akt transgerie, the resultant cells appear hypertrophic in
conpan skeletal nmuscle cells. " :. . It has also been discovered in
accordance wth the present invention that activation -of the Pl 3K/ Akt

pat hway inhibits the Raf/ Mek%rk pathway in, differentiated nyotubes.
Thus, . the phenotype observed using constitutively active Akt is simlar,
al t hough nore pronounced, than that observed when the. dom nant negative
formof, Raf is expressed It has been previously di scovered by Applicants
t hat -when skeletal nuscle cells contain and ' express a 'dom nant .

negat i ve" TREASHREA I Blamtasts muaclplysatesifrmggairel rats (F@I\Be@mttcdﬁ@tsmalt@d appear
hypertrop n fr ive"
PypertropRh LSRRk M (CORICOD SEL] SormpefarefiompRLRERL Ve,

i nhi biti ‘ndChor and 4@?@@@@ tmatet:lh@tﬂmpdemﬂrm (CH+CSA¢c6'ot;llil agiojant Appl i cant s
have "dis t i vators of - A ‘are-
aef ul 't o CHElEG 3% ORER bekbe B olB) 35 nspr i Retterg o A3ERETNG

skel et al Iﬁtesﬂ-ﬁcﬁeh.‘k of theé:sat phedademascé &m@sfausethwﬁﬂhvﬁ ais-MEACt e Pl 3K/ Akt

pat hway ar S which resul ctivation of a substrate vmthln the -
Pl 3K/ Akt 65:"89\@){/ E""‘HE& WK OREGL( L ¢$§¥‘?a’éﬁ PRRENHET Y HEP EHIOP %@I&?@L@nﬁat hway .
For exanpligd Jifiesid dhifokithey, es@rdﬁ(@m@ﬁpqqgﬁﬂquCWé@wf tRé cithe
Pl 3K/ Akt pai hway, as.defi ned'
plantaris muscie, expressed as a percent change from control, followmg 14 or 30
. days of compensatory hypertrophy with vehicle (CH) or cyclosporin treatment

(CH+CSA) (10 rats/group). Figure 1E: Cross—sectlonal area of muscle fibers in the

rat plantans muscle of confrol (CON), 14 day compensatory kypertrophy (CH) or
-+ 14 day compensatory hypertrophy plus cyd03porin' treatment (CH+CsA} (5
ram/ group). Muscle fibers were classified as slow or fast based on staining with
an anti- MyHC—sIow anubody 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_eofnpensatory 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

~8a-



herein, since it also activates the Ras/Raf/Mk/Erk pathway: In a pgefgar et
2 4 MAY 20C enbodi nent, the specific activator is an activator of Akt. In
additional ,preferred enbodinments, the specific activator is an activator

of .mMIOR, p70-~t°, of PHAS-1:. Specific activators are agents that may be
used t6.,. decrease and/or prevent atrophy in manmals having a

-condition;; such as those described herein, ,in which skeletal nuscle

atrophy hiiseeCeNprbagd oAl Ry BBarslkat@haon s il Bor 9L daef ebr at o "
ani mal s having " a condition as described above in wiich nuscle cells are

at r ophyi ngComapRSatqry hifReroRi With velpde (FT1 oneaparay@r twstment Chirevent or
decr ease; |

prophyl act?ygﬂ 9 r%{rglfgnﬁ%% %Egenggs%g@c%%é %%hﬂg%gltl : ??%I%&elﬁdrh Cz]?%roups uch

condi ti on (ed.0mnFigse @d: Gmsaeiehtlor\ﬁérat@bmfanesdﬂﬁhre.ttssnltheh:alqdannayls speci es
cont ai ni ng kb I ngl u l.ckens,
rodent s, rrbﬂéate%tf%otgéhs(@g\tnaqg %gﬁﬁor%@fy ggthC}W @B&f”ﬂﬁ%s and
humans, pr efrepaishjorithypestrdecplis capahyantonsheraf (thﬁidfi)?\li/rétlsv giaiphway ar e
agents th e used to ¢ e h rt.roph kel etal, ." muscle cells. :
e ther . WBRe SBBet T re e iy o otecb i B Sakuniut & R9fber ¢ ophy
in vertebrmye{cemhebcmawAﬂeﬁgnﬂidada%sszmﬁb&h AfferleR0S BoHLEEH | herein,
in which skéletal _ muscle atroph ant7 ci pated. I'n sone settrngs, such as- -

in ani mal s(Pr&dveqFredre "ﬁeé?feﬁﬁ@d éfsl‘%ﬁmO@H@FPda@‘ém%e%Pgﬂt ®e' used to
| nerease magtaphERgluGh) ofo7 FIGARRALLSCOIRAS LLLORRAEIDE gréél nc?ﬂ%ZQ?i‘}'f'C |

activator ePI3K/Ak pathway in a carri
exci pi ent saS e‘ﬂ‘ﬂqﬂlféﬁtbs}’ wttalge igel shiie npediniane &mﬁsw&%mm otalpagien

adm ni st er r af | 0.

admi ni st ra%liiroa% nowncaﬁjﬂé)(M o‘i’aaﬂl%‘féhé %nus useJQlP‘EJd-ﬁgf Aéb?%ut ‘%o ?d %I_{ ed
(lanes 2), 7d CH (lanes 3), or 14d CH (lanes 4}. An-owhead 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 '
eompenéatory hypert_rdphy (CH/-) wa‘s-.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 complex.
“The p70°* activity was measured in the plantaris after 14d of compeneatory _
~ hypertrophy (CH) and after 14d treated with rapamycih (CH+Rap). Figure 2F:
' PHAS-I bound to eIF4E after 14d compensetory hypertrophy (CH) or 14d CH plus
- Tapamycin (CH+Re|I)). . After correction for the amounts of eIF4E recovery, the
results were expressed as a pe;t'cenfage of the respective conirols and are the ) |
~means * the fange of two .experiments. Increased phosphorylaﬁon of PHAS~I
leads to its disassociation -fror;:i the initiation factor eIF4E. The percentage of
 PHAS- 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 diSaesodation'of PHAS-I from eIF4E. Figure 2G: eIF4G bound
' to eIF4E after 14d compensatory hypertmphy (CH) or 14d CH plus rapamycin
(CH+Rap). After correction for the amounts of eIFAE recovery, the results were
"expre'ssed as a percentages of the respective controls and are the means * the

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



to, intravenous, intrathecal, intraarterial, intranasal, oral, sub®ft¥Ned0d
Intraperitoneal,.. or by local injection or surgical inplantation.
Sust ai ned rel ease formul ations are al so provided ' for. The activity of
such conmpositions invertebrate animals may be assessed- using experinental”
animal 'nodels of :disordeirs in winch . nuscle 2 4 MAY 2004 atrophy is
present, For. exanple the. activity..of'.the conpositions may be tested for.
their effect i-n the hlndllnb |nn0b|llzat|0n rodel - -descri bed hereln |n
Exanple 2 i rstgraacan@tyt ﬁrcfatsed/ @loyn cdteol f8BEWitist FFE. Ofreatd?&tfcoqr&tﬂﬁ% iR maybe
assessed usi %ﬁ-ﬂg ntaéTanlnals i'n whi ¢h hypertrophy can~bé neasured
For exanpl é2P{HE saeweéﬂsbsmteaase QE%EbvesdedeHﬁﬂg ‘their.
effect on.,.. nuscltes underg0|ng -exerci se-induced : hypertrophy, or.
conpensatlon i nduced. h -ertrophy (see Exanple 3 |nfra) Alternatlvely,

t he nmuscl e ‘may  be asses&Hs EDc (M52 YENTAON! t o .- animal s
treated- wth the-experinental” conp03|t|ons to- deterntne | f the- treated
ani mal s exhibit skeletal .nuscl.e = hypertrophy. as .a result of their.
treatment . Mudh atrophpiarebe taupad bglthe enhinded fp&&ﬁe@l’y&rs of. ﬁﬂ@lcl@ tcnféﬂns

st udi es. d-in fornulati ara dosa es ,for- use |n .
vertebrate anéai}mlgﬁ1 | r‘#g?Ft‘fat%’é‘ Wﬂ]‘ﬁ‘ﬁ%?‘%ﬁeﬂgﬁg‘g’é@ atroplygantteons - of
they ..i nvemsedrbysaduthﬁusﬂad&swtméstsrbfépmteirweeﬁﬁhﬁg'irUH‘d%tfeﬁsﬁ Bl rfi@cle -

concentratlons Litli .little or np toxicity. The dosage may vary mnthln
this range.. nd. To screen for speC|f|c actlvators of the PT3K/Akt

pat hway in- a cell based assay

It has been chscovered in accordance w1th the present myentron that when
‘skeletal muscle cells contain and express an actrvated mutant form of the AR
transgene, the resultant- ce]ls appear hypertroph;c in companson to control
skeletal musde cells

It has also been drscovered in accordance w1th the present mventton that
actrvatlon ‘of the PISK/ Akt pathway mlublts the Ra.f/ Mek/ Erk pathway in
drfferentrated myotubes Thus the phenotype observed using constrtuhvely
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
negattve 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 drscovered that specuﬁc acttvators of the PISK/ Akt
pathway are useful for reducmg or preventmg atrophy or causmg hypertrophy in:
skeletal muscle cells As used here, ”specrﬁc actrvators” of the. P13K/ Akt pathway
are those Wthll result in actwatron of a subslIate w:tthm the PIBK/ Akt pathway,
but Wl'llCh 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
herem, smce 1t also actrvates the Ras / Raf/ Mek/ Erk pathway In a preferred
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cel I which expresses, Akt, such as a nyoblast or nyotube, but alsg, gay 2t
ot her cell which expresses Akt, including a fibroblast, my be used to
determne if a reporter substrate containing an Akt phosphorylation site or
downst ream conponent . (" Akt substrate/reporter construct”) becones
phosphoryl ated when contacted with attest agent: One skilled in the
art.wl| -recognlze that .other conponents in the PlI3K/ Akt pathway nmay al so

be used in'.': . place of Akt provi-ded- t he. approprrate reporter substrate |s. S

present. . dnisodimentphe ,spe(hﬁe ABSEAYT TRW £E¥Blor 98 ARE3 In 3Rdifonal | preferred
ract.” that npri'ses Akt. Exanpl es of “substrates -

substratel regorter const

that are ptf’o‘gtﬁﬂ‘ijf}ﬂ?f‘ gﬁeﬁﬂﬁcﬁ@&athéF%d%a“@g@t?’gPQ{?% P§'Sﬂn heisBHISHas e
3)_(Cross, et al. (1995). Nature 378:..785; BAD; Datta, et'al-. (1997) Cel |
91, .231-41, del Peso,. et : (1997) ‘Sci ence: 278: 687) -the :
transcr| ption factor. "forkhead bpgcHiicumetivatepouy agents.the: me be useplso et al.

(1999) " hataice 3P 5k S0 PRnal B ASREIRHLoRRE LEHT Y ot‘O%%Zr

reporter substrates. are act I'vat
Ras/ Raf / Mekieseribenl hereinijn welpeh Mgtal-musdomphyemmmlrmy.l es that ‘are.

activated. by this path orter subtrates are faqll

assure that this pat hvva))%@t?ggﬂﬁg% ‘g&/ffrglddﬁ fretad Fﬁbgatema%m%}n
descri bed. Iae:oodmomhaschesa:o"be&abevé htewR'chKd&dde ‘cqiistahanop Ry gpae&feséa -
reporter con tructs hté %) be used to assess .contact et ween Akt: and a_
substrate i ﬁdBec’f‘HSE Vi FhiopETe L C’é?é‘%%\%‘s le cell iafropign Sudas used. . -
her ei n, V\ouledtrb&tntlﬁ fbeﬁihli&&d B &%?téiiﬂao ebf EIEBEI }S?(;Pﬂ essed
by the ceII %&b enc of t-he ent-)a good. relte/ﬁéew ng% &ab

si gnal i ng.- itgelfy Yex EtR&WW/lEﬂiédpanMway, as.

wel I as d dr @i matet scflé esa @baBiborddad BALY ont ai-ned"in
Rommel and.  Ha-fen- 1 98) . Genet., Devel . d@s‘/%l-ul:‘gerﬁ
rodents rabbl dogs, cats cows orses, plgs, sheep, pnmates, and humans

preferably humans

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
ammaIs havmo condmons, such as those descnbed heretn in whlch skeletal
muscle atrophy is: ant1c1pated In some settmgs such as m arurnals farmed for

meat produchon such agents rrught be used to mcrease meat productlon

Therapeuhc cornposmons compnsmg a spec1f1c actlvator of the PISK/Akt
pathway m a carner wluch may mclude exc1p1e_nts dlluents or other compounds
Such composfuons may be adnumstered systenuca]ly or Iocally Any appropnate
mode of admmmtrauon known in the art may -be used mcludmg, but not lmuted
to, mtravenous, mtrathecal mtraartenal 1ntranasa1 oral subcutaneous
mtrapentoneal .or.by. local m]ectzon or surglcal unpiantanon Sustamed release
formulahons are also prov1ded f0r

The actwlty of such composmons in vertebrate animals may be

assessed usmg expen.mental arumal models of dlsorders in w}uch musc'Ie
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,:According to the invention, cells are created that comprise Ak®4 MAh 28R
reporter substrate capabl e of neasfing Akt substrate activation; Raf, and
a- Raf substrate/reporter construct :capable of neasuring Raf substrate
activation... Such cells are ' subjected to a.test agent, and- the anount
of . ' Akt -substrate -activation and the- anopunt of Raf substrate
-activation are measured using the respective reporter substrates. Test

agents that . -may be utilized to inhihit atrophy. - or. caUSe hypertrophy are .- .

dentified ]
gent L1129, opHaIs pridat S8SGRANL e SURSHY B e AMAG AT LUGUL FAUSI 0.

cells that éﬁpﬂe@s Effﬁmmdéte\k)emdhmhsrrﬁaacﬁbihmmﬁ knodsl gmlribeg leespgRent s and. L

th t nst.r.u used -t determ ne:

e vasPect W EAOHEL RIS Tnt Rt B8 SOG I @rstohg be epgesed

expressing’ Aisdr@ﬁoqadiaﬁexaaﬁamheﬂsr 1rﬁﬁf$1£lihl rbﬁ@f&ﬁ@be&h@&hféﬁ €fgr CONstructs:
as any .and all nuscle cel.Ts-: that' '

include non nuscle . S

can. be. ﬁ?ﬁ‘ﬁl’e ha‘é{h‘f‘fyu?fet\‘\@é:ﬂﬂlﬂoﬁ’a@nsw ]b‘eteé ﬁ?éélﬂ%e feqtipn. express,” a:

het er ol OgouSn lés underBbiizedxe @é‘e‘-ﬂd d &k &&Jélh tures ..
ugclds un er@ T uce ?{ﬁ o Cel R Bn%ﬁé-loﬂeih& o

or ' established cell:li znes Sui't-abl e asts,

for exanpl Fhﬂ’ﬁér%@eﬁgﬁmﬂt?@ infea) o ddternasively, ihe ausele may &k as:{esﬁtaﬂm bl
Cell..:Bi h b
| O coftirdtiaGimdings Hors ea%emeﬁayﬁxnc ést%s%gggpggﬁqt G herein by

r ef erence & her suitable sc descri bed by'
d ass et al COH\P@&W 1or dgtermnine if ﬂm:uda‘fedSmmaIB&khilﬁt g84@al amscleG ceI I's;

described b t&ggﬁ; Do Cel 113233 13°2 4 MAY:
200 The Akt hyg% %Seg%)ersﬁj etf’f&(ﬁgl?(r ra ees%fflu ea”rggoélt& u?llﬁecteﬁ %f‘l&*’o?ﬁSFm of -
suitable t. aaﬁslmmpl stadaels caxmﬁe wecansfcatnubartatg aegtgeaifgiqsagwaemg@& can be
i ntroduced el thod art- i ncludi for
exanpl e, t rah@%%ra %; r|u(51r11£“5 1??15 k’?ﬁ%,vgf?far&? o ‘?‘Féﬂ%ﬁ)@t%\ﬁ Oréjrgih _
i nj ection Thereahpn&ftmulﬂ'nheomﬂﬁh a mtg@ajfrseﬂgnAKicumﬂx ncéﬁﬁ@ﬂi&rﬁ:{ whilbstrate.
nucl d th %

ucleic acj P&leugr r% toxrglty The dosage may vary wrthm this range dependmg on the Sl

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 whrch expresses Akt mcludmg a ﬁbroblast Inay be used to '
' determine if a reporter substrate containing an Akt phosphorylatron siteor”
"downstream component { Akt substrate/ reporter construct”) bécomes _
phosphorylated when, contacted wrth atest agent One skﬂled in the art wﬂl . :
-.;:."remgmze that other ¢ components in the PIBK/ Akt pathway maY also be used 1n EERA
place of Akt, prowded the appropnate 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”, - Qi_:' 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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control of suitable .pronoters is introduced into cells by known methdé 200
for .,exanple |iposone-nedi ated transfection, 'calcium phosphate-nedi ated
trarisfection, DEAE-dextra,n transfection, naked-DNA trarisfection, , '

m croinjection, .electroporation, retroviral nediated infection,

"adenoviral - nmedi ated infection, or -adeno-associated .vi raI medi ated :
infection.: The reporter '.-construct nucleic acids - car' be |ntroduced
into the ekl stably or, tranS| ently.- ~Methods for introducing.

het er ol ogqnsmuplee@o@eteam ﬂmcalésenytosrbecsedtteb 3&11% ath%%‘?k!apéd in .' :
nuner ous: Iab‘%rator manu? cl udi f ﬂe DNA -d orung: ‘A

Pract i cal "AFEDaMpmates aze fo “le to(’ﬁsé'é‘g afﬁbsvﬁff WalSéF'“OtI RL Press Limited,
Oxford, a%@n@ﬂ@@ e% aﬁbﬁé&&%@as'@sm@hergn% " acii ale?}@@ﬁét@f Xklva nuai

2" ~ n edition, pri -g. Harbor, NY.. In a preferre

nucl ei c a@rgway.j ﬁs@ﬁpbé of raporigr ﬁ@t&femtsr@lat veythgrusedeo aescaspbreactas .
descri bed e I USA 90. 8392,

i ncor poratblallmﬁer%l(h dqu Set%%%gxgau J‘%t%ﬁe h?éd %ﬁgﬁd %eﬁc%ﬁ%y viral- LTR .

pr onot er Mrenohsastmdthamqunﬂd ba c’ceﬁne&es mnraiemmtaahdite t]lieeeveect or -i s

transi ent| ransfecte etyovir packagi n the

resul ti ng“% ghﬁfﬁmﬁle Xll‘se CEHvlﬂlt%habseBB%?é\l}WsagFﬁg ﬁggﬂ"& r@"{fé‘l B‘dlk@ L
har vest ed SIsaﬁhﬂssrﬁﬁipbﬁdntbwlﬂdameparabf fedRas/Rag/ Mek B lﬁmﬂwayvagwgul s.” then.
used to i.nf | nyobl-asts. -as descr geg@ ‘by Hof-f man et _"al - (1996)_ o
Proc_ Nat PS R&‘ﬁﬁ CAUGLOMp PERTIEE % Y érfﬁbll’“é‘tléds Cﬂ@@%“’ldrfnb@romﬂ?lerence

C2Cl 2. Celahd,Hﬁénf\iID%)(@flﬁl O Gt adével im0t e- cel | s. expressing -Akt, =can “hie .
mai nt ai ned'in; the.undi fferent i.at ed . st-ate hy grow ng them-in tissue cut ture‘-?-_;_.

i rnedi a contai-ni ng at. ‘|.éast 10% -fetal cal f=serum or they can’ ‘e -
di f f er ent jaat&@€ing t6t oseliﬁlzemeh &ussleeréwatsee&rbyr@rm ng them in' nedi a,
cont ai ni ng 2% hor se- serum The. necessary. ti ssue culture nrethods are-

known to ahdderaporter slibstrate cagdtilé bﬁmeas"t’tﬁthaat Stibstrate C2C12 ceI s are
describ edactﬂrawﬁapbnala—&lfjs%%@raw;epo%r oldiRlet capa]ble 8f measunng Raf

subsb:ate actwatlon .Such ce]ls are sub]ected to a test agent and, the amount of e
g Akt substrate achvahon and the’ amount of Raf substrate achvatlon are measured
* using the respective reporter substrates. Test agents that may be ut111zed to
inhibit atrophy or cause. hypertrophy are 1dent1.ﬁed as ‘those that cause Akt
subsb:ate activation mthout causing Raf substrate achvatlon -The. present »
, mventlon 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 actwatlon of Al(t and Raf/ Mek/ Erk in the cells

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

nuclelc 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 descrlbedm .

; Bams, et al (1984) Mol Cell. onl 4 1449 the d1sc105ure of whlch 1s mcorpomted
herem by reference, Other smtable m1uscle 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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2 4 MAY 2004 In nethods for, the Identification' of an -agent:that 4 phjkf tzsoé
muscl e cell atrophy, or causes hypertrophy, the agent may be contacted
with the cell conprising Akt, Raf .and the reporter substrates by mnethods
known in the art. For cells in .culture or cells obtained fromtransgenic
organisnms, the .cell may be contacted wth the agent by, for exanple,

di rect appllcatlon The agent nmay be nodified- or contained |n a delivery
vehicle to faCJlltate entry into the cell.. The agent nmay -be ".isolated.and-.
purified,. it may be present in a- sanple or conposition to be,. . subjected '

'Eﬁe“;ié?iﬁt-'.%da%tf%m&%fpe R RESHER bl QpBoPRUAHE | 7L cul)

| ysat eI X temsdtlpttﬁﬁ&kjamﬁhlanﬂgh@xwé&e g glioa s@cftrefhces Edrbb@irﬁr@luéﬁ%l@ﬂ%ec o
natural Iy ocgurrin ounds: . For, ells present in.a,transgenic .
or gani sm t‘l‘?gtl%)' e&‘?‘%ﬁ/ﬂ%@n in g, At dpet eémav? UrepRPlggEst W@I@ﬂ,verl ng t he
agent by nmatfedscHon0 Wretiiod, h?ansaﬁ&nort‘ Md injectFAMPhE eRres BRI '

. parenteral, adm nistration, di rect appl i‘'cation .to tissue surfaces, and S

maybe" pr esenpiningAkt @’tﬁlw%’fgﬁﬁqftﬁﬁ SBW‘? ryqlpic acidgupdardhe or di | uent . -
- Agent's t haloniay opgurttﬁﬁe ??ox‘nﬂters uEﬁ&Pé%ﬂthEeﬁ%‘g)é Sﬁgﬁ%e NIk Nfol ON

|ncIude f-or . exanp anl c an i-norgani c as protelns

pepti des, expinple llpoeembrxh@a@ddsanaﬁmbloe} calemnds:hoslpimdterdnecgated ;
anti sense, Qg g St ent ed above " may. be
assessed foﬁirgl%el r'.abi: E? 'crglﬂss%c % pé‘??e‘gﬁ“ u%’e at rophy in. e
cul t ured. rmzmbra]acabhs elerhepanmunt refovdtal anddiated eeédtﬁmrrayienbﬁrameasur ed by: o
quantltatlon rcel - dianet rqt €i.n .a actiyation of
Thor prag: | st RlicrincPE sdbig Ba B drae i PuniReudfe i wporter
! | nver t Iebr gtcenstaw HiRldic adds eheba trititite dRito-the eeasebgdoﬁ&anﬁ@ﬁ&f i bed
anpl e r .
P I\Het%ogs ?or mtroduang heterologous nuclelc acids into eukaryohc cells are .
' descnbed in numerous laboratory manuals mclud.mg, for example, DNA -' '_ .'
Clorung A Prachcal Approach vols I—I]I (1985) Glover, e.d IRL Press Luruted :
-"Oxford artd Sambrook et al. (1989) Molecular Clonmg A Laboratory Manual 2"" s
edrtron, Cold Sprmg Harbor, NY. ' ' o

_In a preferred embodtment the nucletc ac1d is mserted mto a retrov:ral Vector, .
for example, as descnbed by Pea: et al: (1993) Proc Natl Acad Sei. USA 90; 8392

:mcorporated herein by reference In this embodlment the v1ra1 LTR promoter AL

-controls the transcnpt:ton of the nuclelc acrd The vector is transrently transfected
.mto a retrovrral packagmg Tisie, and the resultmg recombmant virus. Whlch L
jcontams the nuclerc acrd is harvested as descnbed by Pear et al ld 'I'he - -
: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 ._:.__’ s
cells, as an example of skeletal muscle cells expressmg Akt ‘cant be mamtamed m T
':the undlfferenuated state by growmg them i in trssue culture medla contammg at ;
1 least 10% fetal lf. serum, or they can be dlfferenttated mto skeletal muscle .- o

'my otubes by growing them in'media contammg 2% 1101?59 Serum- 'I‘he necessary A

tISSU_e culture methods are known to those of ordma.ry slqll in the art” C2C12
'_cells are desmbed in Bains et al (1984) Mol Cell Blol 4: 1449 '

_f,,‘. __‘. . 1'4




The presence of .activated"Pl3K/ Akt and Raf/ Mek/Erk pathway substratéd Man2004
al so be .assessed. using antibodies specific' for. these proteins..: 15 2

4 MAY 2004 In, another enbodinment,' the present invention provides a method
of . identifying an agent that inhibits atrophy in nuscle cells, conprising
preparing an in .vitro assay-for Akt, contacting the Akt with an agent to

be tested, and screening for agents which activate the Akt protein.
According to this ‘enbodi nent, an assay .could. be developed to take

advant age: of . the fact t hat . Akt| s - a ki nase1 :' and '~ when- actlvat ed it
phosphoryl af es nd. on's substiates, . Thus, ‘AKt
protein cou #‘?’5@? ﬁf Rﬁgba%ogn L7 “'s‘thﬁtsstrf‘atcie C%lhafroahrrégt

agent, in' afuuses h‘jqberr&obh ﬂﬁe gexstaytay B@@oﬁﬂ@teﬁubﬁh fizH) @elp&%ﬁnétﬂgrhﬁel{af
anal yzed for whether it- econe Iphosphoryl ated by Ak ssure. ..

speci fi ci t And the gpREer %‘@’F'Ft‘%s by He kaopndn ghaarkiFensdls insuch as Raf, wouf d
al so be assaigge onickh obthmetttteorﬁ%tsg&ﬁé orgfﬂﬁé}bs thﬁ %% ﬁté@eoet {tﬂ'&aétpf . agent |
0

causes activation' of. Akt specifically. € present- :
i nvent i on avihfiepgenthyy fqrrecaméqndaxfept:aanlmn@n -Zhengent mikabe pralified oat rophy

or cause hy, [ tlvatln the T
Pl 3K/ Akt pa@ﬁ%g&%ad&h ents: e?%l%%ﬁ #"“%@Xtﬁs&q‘%ﬁ)e{“lé‘??ééen aﬁ‘f fAES ng'} € useful

for the trdaelatedtanshpuyined; ontii way bk pmamken atsamquﬂa/mamihpmiﬁorcwbe ng szcl e
Y Eohe, Spepldbtly Rage iR, SULREh AR SRere il A miibu o
al so_be verthe predenabiethod. AP dxanmpls ﬂicaagent maﬁbﬁ&ﬁﬁﬁaﬁ&ﬂaﬁ a &dllysagf i vation
sel o at SR Bp st ARG B el e ety g °__C..k-_- SO
‘ .‘compourids: For muscle cells present ina transgemc orgamsm the cells may‘be L
"contacted with the agent by dehvermg the agent by methods known m the art, for |
: example by mgeshon, parenteral adrmrustratlon of dlrect appltcahon to ttssue ._:'_A :
‘surfaces and may be present in.a composmon compnsmg a carrler or dtIuent ”
:.Agents that may be tested i m the method of the present mvention mclude for R sl
'example orgamc and i morgamc molecules stich as protems, pepttdes, 11p1ds

:‘-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 quanhtatton of cell dlameter protem amount .or by acttvatton 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 actwated PISK/ Akt and Raf/ Mek/ Erk pathway substrates can :
also be assessed usmg anttbodles specnﬁc for. these protems e il
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Pl 3K/ Akt pat hway. in skeletal -nuscle,-but also in many ot her tissu%é,“@Tﬁ@@
the'':, ,receptor-for 1G-1 is ubiquitous.: Therefore, an agent whose
receptor is tissue- . .. 'specific, or which can be engineered to act in, a
ti ssue--specific fashion, such as by.; spec introduction of the agent

.into niuscie, or by joining the agent to a second npiety which confers
tissue specificity, would be useful in. bIocklng nuscl e. -atraphy, .
|r|.:|nducrp ?ﬁﬁ hypertr.o, . 'L ATt ssue- SpelelC actiwvator- of the
Pl 3K/ Akt pa %ﬁ?t G ng, 1 aaosrlt Wanh@@rﬁ’éﬂ’lﬂe%ﬁ ravbtuodu ofgrdsntit;aegfects.

caused b I i h ascardi ac rruscl f.ar -
y | ac kool SREERiGS fxopf e&%ﬁft&tﬂﬂa ey

.exanple..: A t| ssue-speci fi cnecharusm of .acti vatl ng
woul d not nEERParing dreiratiyolagsaglipr s‘-;kecnohtaetthgrthe Adct RhﬂkauAkgertt&blt}é&ysteat has

been shown- | vat e Pl 3K/ Akt pat hya | so.. -

si nmul taneou‘gllbyfssaljc%1:1\1/1 tfgrs a%%{tg%a}&%&tv te %CIE%\EV% ~in.

skel et al rru&obeduwéttt an isapicbsidRad dé\&hapeﬁ(IMake aﬂtaj@age@fetﬂ@lf&tlhétnﬁmﬁs
thway would not_ interfere: W|t

t herefore, t actlvtlono

the mechani® a5k g‘ihgfl Hﬁ%@tlﬁ%ﬁg’&?fﬁeﬁaerwa%ﬁi treopirpromnRrecifi

fol | owi ng rm:{bstratest mgls,exanptceens_ﬁmaebé it D ¥ith ad la;bﬁo?t'tat‘e éd?:%trﬁ ese“t

i nvention. 7 . The "effect. of dectivation of I n-nuscl e ceIIs

The role ofmtdn% tﬁté‘ﬁ?‘ﬂktﬂ f)%f’hy\%@’ @W Ape %é‘ﬂ@bﬁlﬁﬁc‘?}ﬂﬂf@%hﬁl ated
Myot ubes Wena@yeadl e S UM &G R BedbRil ﬂ%?nsf flaiks %?A& nﬁﬁééguleaééia g:}rg o

-C2C12 cel | s was, ;acconpl i shed by the t of wvectors
expr essi ng-ot e’g%‘ﬁ'é‘%ft eiomrtgr}er@feuaiﬂnamq Isudsastihb vipudd mlsol lu&)asapoi]mﬁr ot ei n

(GP) r epor&g rsaﬂﬁ'rt@st agent to assure that the agent causes acttvatron of Akt spemﬁcaliy

The methods of the present 1nvent10n are useful for the 1denttf1catron of’ agents
that prevent atrophy -or cause hypertrophy in muscle cells by specrflcally
actrvatmg the PISK/ Akt pathway. The agents rdentrﬁed by the present methods
are useful for the treatment and preventron of muscle atrophy and for causmg

muscle hypertrophy

In addrtron to the embodrrnents desmbed supm a tlssue—specnfrc mechamsrn of
actlvatmg the PI3K/ Akt pathway would also be very valuable Apphcants have
'.-demonstrated that actrvatron 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 rnany other trssues, srnce the

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

speafrc or wh1c11 can be engmeered to act ina t:lssue-specxﬁc fashron, such as by
.specrﬁc rntroductton of the agent mto muscle ‘or by ;ommg the agent to a second
~m01ety w}uch confers trssue specrﬁaty would be useful in bloclong muscle
atrophy, or m 1nduc1ng muscle hypertrophy A ttssue—specrfrc actrvator of the
PISK/ Akt pathway would have the addrhortal benefrt of avordmg smle-effects
caused by lack of specrﬁcrty such as ca.rdtac muscle hypertr0phy, for .example A
hssue—specrﬁc mechamsm of acuvatmg the P13K/ Akt pathway would not need to
be absolutely specrfrc for the PISK/ Akt pathway It has been shown that IGF—
whrch actrvates the P13K/ Akt pathway, also sunultaneously actrvates the Ras/ Raf
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Ti es. enabl ed isolation of rare clones of transfected cells expressPrgMAY 2004
desired | evel s’ of, the gene of interest; using standard fl uorescence -
activated cell sorter (FAGS)' technology. Expression of the- transgenes
was confirmed. by' standard 'inmmuno- blotting. vaepitope t agged
constitutively active Akt (Franke, et al. (1995) Cell. ."81:2143)' and
constitutively. .active P13K (Khwaja, et al_ (1998) J: 'Biol. Chem
273:18793) vier e .subcl onéd into a bi- cistronic vect f -consi sti.ng: of the MK

pr onot er (mylmteey éioméwer(ih%&)etﬂ&hus@elzkkt Bhdits RB; £2s1@héh #lthe
Subconf | .uent C2C172 - nyobl asts were"

| RES- EGFP' - ssettg % Bz ”
transfected f/m}Pd? Iﬁﬁta’p 859‘8 Sacdivatien Oééhﬂ‘a?{é%aé@eﬂmexwapty |\/de a,
Inc.): Transheecfrowitiie peciiR o aakedes '

(1996) Cel | 85:513). * Fl-ow;: -cytonetry angﬁggﬁsés%{)cgﬁ%g%\%\%ﬂggggﬁ{Ag% out
on a Q/tomatl on MoFlo (Forit: - CoI lins, CO high- speed- cell sorter.. 'lLases =
excitati on e foleQr ndh-HiBH, 0 oI I ect ed : '
through a 530/ 540. rltllirr%lvbandl passgr%?ntelrgé ?I%S%S%ﬂ—gﬁ F ﬁ-ﬁte @xeBpre Ct
cells were 1’&6‘?1[‘%‘%‘t‘ed at- a"sort rate of 25,000 cel’l s/second The :-'
collected myobl asts were then grown t o ‘confi uencear~d.- di fferentiated by’
standard techmques into ! rryotubes -.whi'ch are nulti-nucleated- ‘muscle.. .
celll,s, "simlar to .,1. - =~ 2 4 :NMAY 2CE)@1A__ME_GSSIOH ‘of .GFP.al one dird: not
alter. the CE12 d|fferent|at|on .process. Vector- .., -drlven expreSS| ‘an “of -
a' constituti veI y..acti:ve formof :Akt. (Bellacosa, et. 1 al . (1991) Sci ence:
254 274; Ko Thé #H08)0f adtivRic ngEtreimmu&ZéeéiﬂSB’?Z Eves, -
ret'al.-(1998) - Mol . .Cell. "Biol.-18:2143)"' caused.a hypertrophl C phenotype
resultl ng i:n. thi ckened but - 'shortened rul tinucl eated' nyot ubes. o Theo . o
effect was Therpolewf ehe pmoeueeeewa)henczemh oBi%%‘%ra&‘lﬁddxﬂEFéﬁhQ{éﬁl y by the o
Appl i cants i-ch"a -dom nant. negative f.0 -Raf -i's_expressed by CZC12J"
cells. Thﬁ@"’“’\é@ﬁé‘t’ ?sce’F?éﬁ‘l‘PE@ It SGEWFU@#WJFHEIIIGRQW I@I{lﬁE@' kﬂﬂenplulahenialsz/ Akt

pat hways r. W@@i@@dﬂ@%é&gmﬁm Uj?tl{e ﬁids‘?gdh%n 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 constrtutwely acttve Akt (Franke etal. (1995} Cell
81 2143) and constrtutrvely aclwe PI3K (Khwaja, et al (1998) ] Biol. Chem
273:18793) were subcloned into a bl-astromc vector consrstmg 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.lClll_l'I’l
phosphate—medlated co—transfecuon (Speaalty Medra, Inc) Transfecﬁon was
performed as’ descnbed prevrously (Glass et al (1996) Cell 85 513) Flow
cytometry and ceil sortmg were carned out on a Cytomatzon MoFIo (Fort Co]]rns
CO) Iugh speed cell sorter Laser excxtatron was 130 mw at 488 nm Fluorescence
ermssxon was collected tbrough a 530/ 540. nm band | pass. fﬂter 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, sxmdar fo
actual muscle ﬁbers
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during 'the muscle differentiation process, with 'the Raf/Mk/Erk pat haay2004
inhibiting the liypertrophi c phenotype while the' Pl 3K/ Akt pat hway pronoti ng
t he hypertrophi c phenotype, This phenotypic. correl ationwas' confirmed - by;
exam ni ng expression of _nyogenin a' nd. p21CIP,. two nmarkers of niyobl ast
differentiation. Wiile constitutively active: R f decreases. their
expression, dom nant negative' Raf and -constitutively -active Akt

i ncreased. -t'he. ‘expression-of -both of these:iarkers.. :Bi'ochenical”

eval uat | OfEgirebdion BACERLIbAL Ol hif2h 8 BUCDAIRAENBLbH e BeTRL al t v

mani pul at ed ot ubes ‘r-éveal ed cross--regul ation. between
. pat hway's. - BRKETHROSAYPY 104 #i SRSHAE Vel g tie farmyefidt (%félmm Ietaal 6199 e

- Raf / Mek/ Ergela{:ye @s@@@%&%@%& QP(J[99EI K Bﬂlioéﬂélﬁ Hahzen L%E ét ng ‘tﬁ%lgé@qlﬁzgﬁz |

nr - . yot ubes. serum and.an unr el at ed actor, hereguli
Rt 8

Erk was . Bioli1B28£3) qanecha by peritoptiid phenotype resultmgmtlucl(ened but . .-
myot ubes- exsfosessaqnﬁgﬂﬁsteswalerggﬂgmescw {el FR ke biprprptoRoe: hos gorv' at| 0”7 L

i nduced by.. serum . and heregu cari ies in
whi ch t hePf@KftAhat olpﬂrmihpremmslpbjnshe Applwaelty, moxrhi‘t’ﬁtaedblhm&% @d’e?&tﬁ o
I tut [ veI y

tituti'vgl hese: . - f di
SorPve o e or3flrsl Befiinal®y CR0T) Gt ?le@ b F tipppihe
16-_4117, KRofd]Mek/Eek andl thd PBIIALE phBivdys Czjgﬂ Ceggggtessed

to activate, endggenou fer entia 2 |yotubes (-as- verlfled

by' i ncreascgﬂﬁlge %‘ éﬁg‘ﬁlﬁﬁﬂ%‘l@‘ Bll&ceﬁhlﬁ’é Mgy Exk P%‘@“@Wserved

i n" myot ubegakidii hid l’{&lol’yﬁcvlvhll@tlﬂq’lﬂ(t iRl e
phosphor yl- S‘-l'lﬁ%é(y ER was sim I arly~ inhibited. {E%( Iﬁa(‘,t fggjt I- on 01?' the

PI 3K/ Akt " p exrtsm}ss Phenetype Ahisqhesptypik corrdrdemmsl confitroed Byip! ete!
bl at f t Cl2.
nyotubes_e g onst.fﬁ#lf@%é;@gsﬁle?%‘ﬂwg'ﬂ EERNE 2605

myot ubes_expr essi was observe
erentratron - . While conshtuhvely
acuve Raf decreases their expressron dommant negahve Raf and constrtuhvely

actrve Akt mcreased the' expressxon of bofh of these markers

Brodhermcai 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 phosphorylatlon was mduced in C2C12
myotubes by serum and an um:elated factor, hereguhn B In addrtlon, Erk was
consutuhvely phosphorylated in myotubes expressmg c0nst1tut1vely actwe Raf
In contrast Erk phosphorylatlon mduced by serum and heregulm B was
agmﬁcanﬂy ml’ub1ted in myotubes i wluch the PI3K / Akt pathway was
constxmtwely actlvated by expressmg constltutwely actlve Akt To conﬁrm these
ﬁndmgs, a constrtutrvely actlve 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

'constlmtwely acuve Akt ﬂ1e level of phosphorylatlon of Erk’ was sumlarly
m}ubrted Thus, actwauon 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
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2 4 MAY 2001 no inhibition of Erk activation occurred In nyobl astz\s;a M 201’]&
despite simlar levels of expression. of. the constitutively acti've ,&Kt. 2

Thus,. the regulatory effect .of Akt on the Erk pathway is specific to
differentiated nuscly The mechani smfor. the stage-specific inhibition

of the Raf/Mek/Erk pathway by Akt was addressed. by exam ning Raf / Akt

conpl ex formation.. Expression of...... .endogenous Raf. was corrpar abI e | n_

nyobl ast's and nyot. ubes'. Constitutively act ive. Akt coul: d be

co- mi nmunopr f-er efit otu but . not from A
nyobl ast s. :%Wé@ﬁnﬁc@%v@%ﬁﬁg}% " rldlyﬂ s Ec'fc‘é’ﬁtﬁtsémtt?t VRb?fOf =in
di fferenti at@@rmrubéﬁle maemvdmacme Hﬂ(tt ﬂhusmblrag\ﬂhmy efi%l:tt&eAkt Akt o

activation- ocal-i za was,.require I it's.~associ-ation: W|th
Raf in - myo ubemamaJ(dSeS ed?l é‘daﬁe‘?’ﬁ% E‘gﬁﬁ’é‘t:gsfieﬁ-bl y be -explained by
obligate bi ndrng of Akt, to Raf :fol l owed by AKt phosphoryl ati eon .of Raf

S- reguf atiqn... occur in _motubes but: not. -

si nce. both | ndi. ngal_ﬂnd fcrﬁ‘sé 2gul.
myobl ast s. Bt 1ahHersiRecdy P#‘St“@b}qcﬁ'a@feqh? Raif gk &gk Pﬂhgmbfaiy on- of
Raf / Akt i nt Qil&ciraﬁaddf&yed Wébla\‘xﬂ.n.ﬁtgq%/ﬁﬁl?%rhbfex formahon _Expression of .
endogenous Raf was comparable in myoblasts and myotubes Conshtutlvely
active Akt could be co—unmunoprempltated with Raf from dlfferent myol:ubes, s
but not from myoblasts A kmase—mactlve form of Akt d1d not assocnate thh Raf
in dlfferentlated myotubes, consistent with the notmn that nexther Akt
achvahOn or membrane locahzahon was reqmred for 1tssassoaat10n W1th Raf in-

myotubes

Akt can phosphorylate Raf in mtro, but the cross—regulatory mechamsm
1dent1f1ed herem cannot sunply be explamed by obhgate bmdmg of Akt to Raf
followed by Akt phosphorylatlon of Raf, smce both bmdlng and cross-reglﬂatton
‘occix in myotubes but not myoblasts 'I‘hus, Akt and Raf do not obhgately
mteract Regulatton of Raf/ Akt interactions may mvolve stage—speaﬁc
modlflcahons of these protems, or stage—speaﬁc protems that regulate formahon
of Raf/ Akt c:omplexes

Example 2 Ahlmal model fot ahjuphy_

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

munoblhzed ‘at: 90 degrees of ﬂexmn This procedu:e mduces atrophy of the
muscies wrth achon at the anlde ;omt (e g soleus mechal and lateral
gastrocnenuus ﬁblhas antenor) to’ varymg degrees ‘A reproduable amount of

atrophy can be measured in hmdhmb muscles over a 14-day penod

The unmobl.hzahon procedure may mvolve e1ther castmg (nruce) or pmmng the
ankle ]Olnt (rats) Rodents are anesthetlzed wzth ketarmne/ xylazme and the
nght ankle ]OIIl.tJS munobﬂlzed In rats a 0 5 cm maston is made along the ax1$
of the foot over the heel reglon A threaded screw (1 2 X Bmm) is then mserted
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nodi fications of these. proteins; or stage-specific proteins that, of

Raf / Ak-t conpl exes. Exanple 2: Animal nodel for atrophy To tegt’* oY 2004

nmuscl e atrophy, the ankle joint of rodents.(mce or rats) :are.

i obi | zed at 90 degrees of flexion This procedure induces -atrophy'. of

the nuscles with action at the ankle joint (e g soleus, nedial and .| ateral
gastrocnerni.us, tibilias anterior) .to varying degrees A reprodum bI e

mount of atrophy can be. -neasured i'n hindlinmb nuscles over a 14- day .

per! od. - raedlBlIPRIA Eakdeius BEQSAHULS. TR snd PSS L L BB a1 G cel:

or pinning an J-ol nt -bat are anes
ket am ne/ xym&uai’@ghw t Ineniceghe aakled joirjtds fiked st9 béd witth:a light'wbig ht @ 0. 5

h
cmincisi on. axi s the f over: the I on.
t hr eaded sct e%“?l“%temg% l‘?ﬁst)ﬁé?\ W‘l@é&r ’Eal?ﬂ‘?‘l PR Y S ?h%d(:ﬂ%er t he
cal caneous awd then wsappedt arothe Hs\ Bifrib. OWhEeHQhé ifitatial Hi@s\&@lérlqarl:lsbuiphélﬁecj
with skiin Iue An mce,~the ankle joint is fixed.at 90 degrees T “a

i ght weig %lt] ng mat eri al - (VET-LITE) ar ound the j.oint. The materl aI

i s soaked #n’ wat er- and then vvrapped around-the Tinb. s Wen the material-
drles it is.hard, but [ “in weight. At seven and 14. days. foIIovm ng
the 'i mmbl*ﬁl E%‘{qno‘ﬁ‘d %ﬂﬁ%’r goll@mnﬁﬁl@gungpbzlg@,hon animals are anesthetrzed

and killed by cervrcal d.lslooatlon The tibialis anterlor ('I‘A) medral
gastrocnermus (MG) and soleus (Sol) muscles are removed from the nght
(munobxhzed) and left (mtact) hmdhrnbs, welghed and frozen at a ﬁxed iength
in hquld nitrogen, cooled 1sopentane A cohort of controla ammals Wthh are the
same WE!ght and age as the expenmental ammals 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 1rrunob1hzed limb w1th the Welght of the
rnuscles 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 'Wlﬂ'l mcreased nhosvhorvlaﬂon of

p’i’OS“C and PHAS-I and is blocked by rap_amycm

The roles of the calmneurm and mTOR 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 ﬁmcuonaily synergmnc muscles the muscle compensates by
mcreasmg ﬁber size and muscle mass, 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 mduced
funcuonal overload of the rat plantans muscle by surglcally removmg the soleus
and’ gastrocnenuus 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,_ adrenergm agomst clenbuterol (P1gure lA) and
m.tubz.ted calctneunn acttv1ty in control skeletal muscle (F1gure lB) Treatment
mth CsA was unable to prevent compensatory hypertrophy of the plantans at 7
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and killed by cervical dislocation. The .tibialis anterior nedial 24 MAY 2004
gastrocnernius (M5, 'and soleus (Sol) nuscles are renoved fromthe right
(imobilized)' and left .(intact) hindlinbs, weighed, and frozen at .a
fixedlen inilirluid nitrogen. cooled isopentane:~ -A cohort of
controkani mal s which are sane .weight and age as the experinental aninmals
are also killed- and the -nuscles renoved, melghed and frozen. The anount
of atrophy is assessed. by~ : conparlng t he’ MEIght : .the 'muiscles fromthe -

i nmobi | i zedl4 ornm daymfcﬂlbmmgﬂ@ﬁﬁu aﬁdk&rloﬁﬂs&b@ﬁeﬁ—kgﬂb tm@uggégséé){n an| mal S:
Furt her assess nt of_at roplgi bg
and nuscl e %ﬁ f s Fistre %l%p e
i ncreased DJ& Sﬁlj@fry h@ﬁtrﬂéht@lmost corrl 5 Ege\FeH&%l the. ﬁ‘xﬁﬂeasés ll’l n&%h?aq é-‘,b >C’
uci- i g-

raparrym n. rol es_of the cal crreunn a ways | ro

'muscl e hy‘B@?‘E?S‘Eﬂ‘f’? (igree @AhindhBben size ﬁesesr%ﬁémgparratmemcmymam ophy
nodel . V\henlmfy%tfollbwlﬁgt}lé&%cﬁ%ﬁbf s}qy_.s Hgylksagén ent dl(ﬁ Pm c .

wor kl oad i ncredse ‘by. -renovi ng funct’ion rat. s I.C Trusc .
muscl e conphihit e@n‘SE9C1ﬁC pifertesinimiy hedier effest oo bady v;mghtertheslﬁsela& vveI [ as

by sw t chi hen e { Adal ddad;
JyAppI Ph;}gl%sl éﬁ&&l &gggr%%%é %ggﬁbo X%\ ﬂg e %I Ela Lgﬁ‘ym ol
83: 280- 29(rap@hgein) given ﬁmpﬂmttxﬂraﬁsltlalmdinalsdof Mdaysahai nﬁ\e@frehmdb@dl the rat

| antaris b i.cal T oI eus and ‘gast. roenem us - oo
Iroruscl es: %%l‘g%ét‘ﬁgfﬁq{‘?fém SUEES %QEQ‘%SIE? I)OIQ hat |
was' suffi dbethé PBKYIAda kofTIOR p&hﬂlag‘rgir@iaxhd»ty&\eftﬂléﬁﬁ@rﬁ &hdfy in

hypertrophy. usi the 0 adr.ener gi-c-agoni'st ; --denbut er ol {Fl re IA) and
ECh § o SR SHBE e P dO R ESR et A SRR -(r-l'?Ogu ead 1)

H Sﬁt rent - ;mrém ~GobraAgudBBObosphOry Rt R4 e»saémeaftsi :%txblmgla%ﬁlh? ply o he
70%, ‘Figure 2C and. for PHAS) and activated (in terms of kinase actwrty for
p?Os"'K Figure 2E, and in terms of release of PHAS-I from it sequestratlon mthrn

an mtubrtory complex W1th the l:ranslaﬁon rruttauon factor eIF4E Frgure ZF
thereby allowmg bmdmg of eIF4E to eIF4G Frgure 2G) mzmechately upon the
mrtlatron, as well as dunng the entire durahon of the hypertrophlc response In
contrast calcmeunn actwrty was not mcreased in- hypertrophymg muscIe, and i 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 acttvatlon 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 SIgnalmg 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 m’I‘OR
pathway (smce rapamycm drd not produce a loss of muscle mass m aduli
rodenis), ﬂus pathway appears cntlcal in load-mduced hyperirophy of adult

muscle and recovery of mass followmg atrophy
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2 4 MAY 2004 - - - - the increases in PHAS-1 -.were inducibly 2 & MAY 200
phosphoryl ated . (as evidenced by notable' gel shifts #or p70' 6K Figure 2C
and, for.PHAS-1) and' activated (in ternms of kinase activityfor p70S6K
Figure 2E, and in terns of release 'Of PHAS-I, fromit sequestration
within. an inhibitory conplex with the translation initiation factor .

el FAE, Figure 2F, thereby allomﬁng binding of el F4E to el F4G - Flgure ZG)
|nned|ately upon the - -initiati.om, asl wel I "as durlng the entire

' dur at i on- oFxs dffeopbd iehiliGRG TBKS (Cly hasecrelrﬁls@gﬁ i'n acti vi ty
was not. inogeas di oertrophylng nmuscle, -and in fact: was. decreased:
(Figure .1 st as rapamycin treatnment .conpletely bl'ocked

t he hypertrophlc response |t also conpl etel.y bl ocked the. acconpanying

bi ndi ng and ‘acti.vati-on: of IgFlgure 2D & Figure 2E) and for- the.

Pl 3K/ Akt / mTEm%apﬁWBKrﬁdkt/r@i 3 petheialy dr€@G 12mpeltlastapnd I‘dlfferenttated

bi t { f, 7056 K
o s AR oIS i SURERL] B M cAONORLI ARy LAAL o Pl 1
contr ast Ci(él?arrd«lo mﬂaceanpbsheddjyntbsttranefephem ef yeqioguz phl&ld dflag r&ﬁﬁ eas ES

in plantar1 A) and fiber siz ure2 in both

rats.-and &g aé:ﬁ??ea‘%% g“_léfabg% %llhé%eﬁ Wé"?ﬂh&’/{g 15poLd %éﬁ"f&r sts:

Rapanyci n tThsensbled dolhtivel of mxddbhés somasdieted belﬁéipesés&t gbdied 1te{re151ad -,
r - the. basel i ne, -mass. of non- hypertrophy hi-nd

effect on b t o i N

nuscl es in (l %g‘mgﬂ F‘tEIEStaH'F"HﬁIS?“daF%ﬂﬂﬁﬁscenceraéBHﬁi‘Félcﬁ gﬁoﬁféh(]f“gc@ont rol
adul t ani mekghrios 4E@t&ﬁemrhafiseqxsts beieds. Whs M%ém Blan@bra %ﬁﬁ&“‘ass
Consi st ent lthth flndJn esti.ng & S|terole

(Fi gure 2F DotHngyy é&?B‘f‘O g%m regulty %IFH‘}F tll?é erG$K%a¢ﬁvty egul at. ed-
by the actimaiifn:, ab a&m%@t&@&t&@ﬁ& PALBNRY, 8 b {IHé ttve' im,aget

dependent on a -cal ci neuri-n' si.gnal i ng pat hway, " but - r at ppear,s

Appl i cant s eaflt fi-pgjéope tasaeshamtenteo tﬁ&@d@ﬂpﬂﬂge& hﬁ}(i)é:i‘rmto@qvebjpmmml t
skel etal maigh ga@aé@;‘ﬁ%&ﬁ?&&@%@& Btgwg%ﬁue%t BQE. B? dent

on'the. nrl . dovvnstr targets nts*
dat a revealMCKquomoter (Iaynes et-al. (1988) Mol Cell BlOl 862 andanIRES-EGFP

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

\..a

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

: cytometry‘ and cell sorti.ng were carried out ona Cytomauon 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
myoblasts were then grown o, conﬂuence, and dlfferentlated by standard
techmques mto ”myombes wl‘uch are multl-nucleated muscle cells sm:ular to
actual muscle ﬁbers

Expressron of GFP alone d1d not alter the C2C12 dlfferentlatxon process Vector—
dnven express1on of the kmase—mactnre GSKB caused a hypertropluc phenotype,
resultmg m th:lckened but shortened multlnucleated myotubes Thus, genettc
mampulatlon of the PISK/ Akt/ GSK3 pathway reveals that mlub:mon of GSK3
actlwty, nurruckmg the effect of actwated Akt is sufﬁaent ’to cause a
hypertrophlc phenotype
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rodents), this pathway appears -critical in |oad-induced hypertrobl#yMA‘éf?m’*
adult; pathway "(since rapanmycin did not produce a | oss of nuscle nmass in
- adult 5 ronowi ng at ropny. 2 4 MAY 2k Exanple 4: The effect of
i nhi biting GSK3 (d ycogen Synthase Kinase 3) in skeletal nuscle cells.

. The role of the PI3K/ Akt/GSK3 pathway in C2Cl2 rrE. yobl asts and
d| fferentiated myotubeswas exam ned by genetic manipulation. Genetic”
mal riipul ation' ‘of -C2C12 ‘cell's -was" acconpli shed by the. transfectl on Qf
vectors Ca@@@{e&u@ﬂ e&r&ﬁi’a@ﬁﬁ'd‘f&he@m@ﬂ@kgtm ;E X@%Yaegtgrf &, ar een- . -
quorescent -protein. % orter-gene. - enab| i.solation of rare'.-?_-
cl ones of EFaNeHBgEeH B’P es°f Tﬁiﬁﬁsﬁ*?&je@@sﬂmwleﬁetisme‘asmgtehcgene of
i nterest rter EA
-t echnol ogﬁhgxggﬁttess on of t %%ﬁgggg%%?fm%s@caoﬁ |rrearﬁsse %yosgt‘étyd%@f‘
i murto-, Bb@tarmgun-wmderpnwpm@d,woamsm vith 68KBlorieme dfseridogeiibiidi tton
of GSK3 actdgﬁs.té( tyTheref of €, to nodel the effect -of GSK3'*inhi. bi.tion,- .a__ S
' domi nant negatlve kinkAe. .dead, HA-epitope tagged nut-ant ‘of: GSK3.'
(Domi nguez. and- Gr eeh, . Devel oprent ,’, --200Q v 127, p861- 868)) “was

subdoned. i CI SStrorac yector .consi st of the, NOK ' propoter- i ="
: (Jaynes, g‘&%ﬁhb“%‘i %@ﬁowmvﬁ%q‘?n;‘ﬁb?en %@S@?La%anawdﬂelmy ‘@fassette._-;
(O ont ech) ilkftabionnfld@atnsia Qi%zﬂlb@%@éﬂ 4Rn¥ t@&ﬁ:fs%teﬁlamlgﬁt@ SRR
phosphat e- nedi ated. co-tr nsfectl on ('S eC| a i‘a, _Tnc anstection -_‘._:
was . per f byend thatc eaegt:?‘i% th}gwqrefassbeem%&tqti@ssqd@m 0f85 513).‘
Fl.ow cyt Oﬂﬁierﬂwaﬁﬁoﬁ%tho‘iﬁr rd X Lo
(F(?rt CollinsiCO. hi gh sp&eeie)d cel ﬁgggﬁeefﬁqigisjgﬁcﬁfe&nglﬁt ?,gﬂ{l&&{ﬂ at... .
488 nm Fl uorescenc . eni $sion’. .was .collected t hr ough a 530/540 run band pass
filter for GFP.. For . sortlng, cells were collected at-a sort rate of .

25,000 cel | s/ secornd.; The coll ect ed - ..Mmyob] asts wer e then grown

to.confl uence, and d| fferentl at ed bysta2| dard.-
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technlques into ."-.nyvtulies", which are nulti-nucl eated nuscle: cells:
smular"to . ExpreSS|on of GFP al one did.not alter the:C2C12
differentiation: process:- \Vecter .driven expreSSIon of : the : : .
kriasé- i nactiv6' GSK3 caused a hypertrophlc pheno resultlngntthlckened . but
shortened nult mucl eat ed--myot ubes. Thus, -genetlci' i'nai upul at.i on of the

Pl 3K/ Akt / GSK3' pathway reveal s that |nhibit|0n of. : GSK3: activity, , mn-- .
irking the effect of activated Akt, i's aﬁgégﬂg hypertrophlc phenotype 22" 2
4 MAY 2004 , . Biocheni cal evaluatlon of 't KJIAKt'/ GSK3 pat hways i.vas .
perforned by eval uating-a Substrate' - of . GSK3 beta-catenin_ Ln myctubes
expressrng the dom nant negative, klnase i nacti've .formof GSK3,. a

. decr eased . phosphoryl atioiri iogenous. " GSK3. act|V|ty _Al't hough t he
foregO|ng |nvent|on has been described in sanme detail byway of.

i I'Tustration-and. .exanpte, "i.it will ‘be readily apparent- to those of.

di ki 11.. Amethddobide t -
ordi nary ski me obidentifpiag ait%&tﬁgéhtqﬁﬁﬂﬁﬁﬁutmg %{tr.folq r°|8 %ns H@y

made, -to the teac ﬁ&?t i nventi:pn ou

:spixft or sco a 0 t(? ﬁmﬂgéég%?%ﬁegpaefﬁ% If—OVYB’V{mgp P.~ 2 4 MAY cunt’ CLA VB
"I;."‘ A method of - i dentl l/ g a testt agent-thatinbibits muscle atrophy -
conprising: b .(a) 0 LpANARGrepSrtéfbabs@NLCESDId HGned @it Ml Sitftrate activation:

' 3)Rafand T
' 4) a Raf reporter substrate 'capable~t;f meaaartﬁg.ﬁaﬁsubs&ate activation; -
(b) subjecting 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

actlvatlon 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'ain_'l 1 wherein the cells are ﬁbrot;lasta. _
g 3. Amethod abcord_ing to daim 1 or 2 whierein the cell.s'are. muscla cells.
4, A method accordlng fo cta(m 3 wheretn the muscle cells are myoblasts

5 A method accordmg to ctatm 4 v.meretn the myoblasts are 02012 eells

6. A cell comprising:
1 Akt;.

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

3) Raf; and
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‘1) Akt; 2) an Akt reporter substrate capabl e of measuring Akt si xbthA Q004
.actrvatron 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. amount of Akt substrate activation in (a)(2);

(d)- neasuring the amount of Raf substrate- activation in:(a)(4). wherein
activation of the Akt substrate absent activation of the Raf substrate-is
used to identify a't i r d .
according to--claim 1'@)% er epﬁﬂ%{r%tbg{e’?a ngébﬁe rgrj @%éﬁfrﬁ%’ F?é?@ébsté B a?tﬁ}adg'? _
according to claiml or 2 wherein the cells are. nuscle cells. 4. A net hod
~accofding to claim3 wherein the nuscle cells are nyoblasts. 5. A nethod
according to claim4 wherein the nyoblasts are C2C12 cells. 6. A cell"-
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 capable of neasuring Raf substrate activation.
25
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