)

s
[

10

15

20

25

30

wepledgmszon cl ai

1 2 FE B 2007

DI AGNCSI S AND TR 'SEASES ARI S| NG FROM
DEFECTS | N THE TU ull | S PATHWAY The present

0 U S. Provi si orraiT/us2003/025283
Appl i cati on Serial 5 Nﬂﬁ%er 60/ 402, 718 filed August

12, 20Qga, r]”*(ﬁ

|nvent| on vvas made w t governnrent suppor ﬂg}er ant
No GVb158 PEREGEFSIEN THE THBEROUS S@ILERQSIStRA’EHW)&Y

Heal th. The Governnment has certain rights in the

i nvention. 10 FIELD OF THE | NVENTI ON The present

i nvenThepresert apbHeativn claongmivirity tor&Sahdvisiahﬂcﬁq:pliéﬂfon Serial
N e N e
et hoUs Bivertti oA ShAdg “amcgowrﬁabﬁt%ﬂppbrﬁmﬁae@ﬁnm& GMB1586

t uber ous scl erosi s are caused by -mutations in

| eWa @@@N@gona##éﬁweégéﬁﬁalthna@ﬁﬁ%m&m periain Aghissin the

hods and 15 conpositions for treating cancers
medi at ed by TSC signaling disorders. BACKGROUND
Tuberous Sclerosis (TSC) is a relatively common
heni *ﬁi i sorder that occurs in
approxi nma Iin 00 of the population and is
char a’a‘.‘hqaprbsze'dnbgntmtn eela& wevmpmqiﬁmn tindethadsfot mlieimﬁfgm'g n

var &]gu%fbo,g%‘?r a S % ﬁpg?fﬁe é,ﬁ%gé/rﬁ eaﬁ%ul)élatesto

Sﬁuthbdﬁ eSdiagiBsihg hnd tedatihgldisor@érs swhtas SiBerouls kali6ds, fvaildhta&@caused
facial, an |of+§£omﬂs d cardi al Rhabdonyomas (Gone

Rﬁﬁ““t genicg 1 B © presen{ iygipy Furier el a%ﬂw#aqw
§RAls Fob dedticdlRhcerd BYRat6YSY TSE KignAnG AsotdelNi N

cer ain skeletal regions, particularly bones of the

fingers and toes (phal anges) 25 Characteristic skin

IEACREROUND UdE sharply defined areas of decreased

skin col oration opi gnentation) that may devel op

d ur i nE“berﬁlki @évr%wﬁgé) ieireativelysqemimony inhititabtle gaveiig dsorder that

| approx1 ﬁ%ﬁﬁpﬁ?g %@?o‘f?ﬁ?@ﬂ g(fﬂgzse h%%a onsq}g'ﬂ?et

dewhapnzeint ¢f hsmlaamga inklvanety bf)g'gmse{h’ otmepd [Peseye Mol. difed. Today 4,

PR Ebeiol SRR SDRER i B DRRERY e TG, o,

fiduby failaref facial aa@ocﬁbfmas @nd ee&mals[{uabdmwn@aiedm%g i4An. NY Acad.

RoRRFEA%? (1Pl o i Sei iR it i s et witio

Rt skefital ERiHN, p aﬁlcﬂlfaﬂg%ﬂms ok e HA¥ers hfbioed\@hal green
pat ches). on. the ack. TSC tm¥rﬁ§y be pre@entﬁﬁéﬁB

&hﬁaﬁtenmsk@ 1@%@8 éﬂchtq?éhaplwpﬁreqd ageen obdecragsnd) skingpalgration
tgﬁ%ﬁf@ﬁcﬁﬂ'&am v BalefopSRAR b %ﬁﬁ@%? E’L?a.lﬁsedﬁsh nodules
r es UP ¥1

TSC i's freguent I y un ecog I ze
that may appear on the cheeks and nose beginning at approximately age four. These reddish

_lesions eventually enlarge, blend together (coalesce), and develop a wart-like appearance

(sebaceous adenomas). Additional skin lesions may also develop, including flat, "coffee-

colored" areas of increased skin pigmentation (café-au-lait spots); benign, fibrous nodules

‘(fibromas) arising around or beneath the nails; or rough, elevated, "knobby" lesions

(shagreen patches) on the lower back.

“TSC may be preéent at birth, but signs of the disorder can be subtle and full

symptoms may take some time to develop. As aresult, TSC is frequently unrecognized and
1
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ni sdi agnosed for years. In npst cases the first clue ! 2 FEB 2007

to recognizing TSC is the presence of seizures or
We 09¢d4d2vel opnent. I n other cases, the fir PCTAISLN03/025283
may be white patches on the skin (hyponelanotic

0

e P B o ek e e R b QRIS CT e prpence of
seinesran delpyd@ey cloproenig eather crass.dhefistsitmmey beywhiliajches on the

show tubers in the brain, and an
%ﬁ?@é%ﬂaﬂ%@[ﬁﬁe eart, liver, and ki dneys, _V\,hi ch may
show Diapmsisfitie disnoder isdrag@mm a @r#g]mimusl @lamdn icombibation with
a care .t he ski L de. . .
St ipp BRI CFiaf reietic pva e ipuieing (MRILMAIEE b hich may

flw tbesial thé bl BRGan dlkssoleestheehrt, EVBTEanﬁ&idnGﬁnWﬁich may show

'E’Iﬁiﬂs and/or gumfjbro ]?if .and the eéﬁs for dil ated

I 1, thoge pgsE3as. SDagRRsis o dRValiyes A £o%e Bl exammnggion ok skig for the
Wi atioty bP 8dh Sealuds, IYFRBRhARhE (dERAW B5un g}ﬂ%‘ fﬁ:li’oﬁsethe togth and

sonmetinmes hard to see on infants andin iduals W t

sml%foes Flerft%lupats gnd/er gunhfibramas ead theEyesefpr ¢lates pypide the &quﬂ's lamp

r
% ant | %éqéeﬁ% %tg W%&ﬁgﬁ% Which are sometimes
bamelmm mton@mfanté amhmdszkdualsemﬂh Hateadrifair sin.may be possi bl e

chi | IPERAaPd Srore B aphea EIE° Bl Plpial BR PP pimores

(ﬁ&nﬁlespasm) sisbitite gwithararefil bﬁﬁmﬁaﬁmtdflﬂfe skinciid dfaird, &Gha/be

: fibronas ear. There is eci fic freatnent
o S TR Bty ohp B O S0 st S e isosed

QY] 12t8€ih BdewRE theid BixtirésHebintahe by synffiordLiudh 5seﬁma1 angiofibromas
der mabrasi on and | aser renoval techniques for the

SRRAr-mani f est ati ons, drug therapy for neurobehavi oral

probl ehge 1stdo%§¥:dfﬁ@iredﬁ§1erh ifgthudoddlselefdsia! Shattedt BAPEMOmatic and

by the kidney probl ens, and sur%Pry to renove grow ng

gisprapclude anficonyulsans gierapy fosseizimes m@r@mmapﬁlasm@nmtechmques
f

?&Jtﬁt% %ﬁ%faﬁﬁnsd g%f eh@)ﬁeh :p n?s treatuﬁent of high

synpt ons ose I'n

Tridod pregsyne cavsedjmyitbe kidhgy proldems;lahd smgery twrembwngowmo tumors.

produg %r%%kdslsefgt Bi34dufis WA Bl s Sl Dartdd Gl Bh R gn the

sever € ave Serious
CasEty, ofssgnpuomss Theéna fisemi duesn SThoee mﬂmﬂna]s with mild symp@ngsapeSerally

B ot B4 o R R LR R BB Be R R ey
Habd defivbstdibilRies RUER catRs sbizurb s MfeoHREs, bofunfad inWital organs may
di agnostics are needed to allow for earlier_ treatnent.

ERE COPEAtoRSHR §o788 PreaRs systbasthe kidpeys gadibraim that ean legd to severe

uyﬁeﬁg%ug%@&égﬂlt hose that treat synptonms
system cal | SUWARY OF THE | NVENTI ON The present

i nvenimprav T%@ é@’ Iyt diagnoshise stemieesied taaltpwiker paskier tfegtment.
(AR oMb At a@&gé O30 hicuf Briielt e inBladllfto) B 3L UAYG

I'n particu present invention ates
sEnploths syﬁtemipdgn03| ng and treating disorders such as
t uberous sclerosis, which are caused '
SUMMARY OF THE INVENTION
The present invention relates to compositions and methods for identifying
abnormalities in TSC signaling pathways. In particular, the present invention relates to

methods of d.iagnosing and treating disorders such as tuberous sclerosis, which are caused
2
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nutations in the TSC genes. The present invention 12 FEB 2007

further relates to nethods and conpositions for
woeed/01¢e2zancer s nedi at ed by TSC signal i ng diroaru$ess/n25283
Accordingly,. in sone enbodi nents, the present

TSR, RIS el THERASn ShvenhEh AEREN9lE) RRGS ot
tongposiyionsfor freating eanchrsimedintad UMY E signalmp disdefersct | ng
incre sed.%ﬁ ki nase qgtivi in therbio.o i cal sang&ga £
In sofe R G REgRS emepdimaens: the RresepldR YR omRroyidss,a method o
atédtivip incraacstiB6 desse activtty bd 0 awbgech komphsih@previdagsdiologiodl sample
xanmpl e, in sone enbodi ts, the S6 kinase .
BB et BRSO B SRPY 86 Kinaycriaivg e Biological sample. In some
BhBsRRe RS Aeict ity iﬁ&&ds&?ﬁ&hh@seaac'gﬁg}édoﬁﬂfﬁ, BesHHILARAE ?hosbﬁ‘atase

certain enbodi nments, increase > kinase activity Is
psseN. dEer Pxample, imppmeRuehodireanésd therSétkinase leaspleatasd assepeaneprises

%@%ﬁ%&eﬁgﬁﬁécﬁﬁ aﬁ&?}oﬁ?%‘ alb (ﬂrﬁtsée"sdl%g%te-r SIE’%GMJ? Exglh(;ezﬁments,

! i i ntS, t' e. I nact1va rotein 1s
ingreasedip6 Aiinast adtizrityyis indicative o€ &t inectivated protepe seleotsdcfiomtn thg group

id.. of ej I ' TS rotein..ln sonme .
e e s 25 BroydiE i S st i Pripted
pi'm&i](siiselpe afa rgpgaﬁmi (@i gn@ tanditivgh ﬂﬁad@Sng e?(QOhiﬁgSt&bjTSQl protein or said

n_ sai et ect.i ng i pcrease . kinase activity.
,‘Bﬁé& DR Rsame ﬁgﬁf’@f"e&ﬁéﬂa PIRERb Eyvention further SepRILYes thg ptep of
broR RIS B0k @5the sibecEBdsed Sl Bii@8étectinB inkRaSdNFS kinase activity. In
enbodi ments, the present invention further conprises
BerRe amkodiments; thsdiagnes 1 adiaenais of thbrroysiplerasigdn said subject. In
i, M s R ton BB e TR, ST rovidlfl ratonen
fan ebistaus sclerosis to sdidsybjeetc fn sobheemipagisnaents, thevheatnenhcongprises

T ¢ . . ar Ki A : .

B8kl ok e BB QA BB THERE OB o nd et o
partitulen Sgkinasp inhibifor. Annguitable $6 kinasgpiahipionis eondemplated including,

[ eyl Js . e sent invention al so
T e S

scl er Dbd resentinmgutios lsg proesige aks fdrdlie diegnesis bftgberous sclerosis,

i ncr eased 86t :}i n‘.;\fe .activit a suhbject
SRR rRES S e

0. L. In so
<G tiERErEaset) S KnBss SRS HTBRlgeto 19 some
ambodindits Sheagents cofprion fidshtiospeetfic Mmibsdyspécific foParSS6Binase
g@;oodl nts, the kit f ri‘ﬁh r conprises instructiaon for
SisHget HesomesgRntiEnentsghe (it SRS FamPrisehBHBIgEon for yieg ths reagents
ifét didpRosihHuBEbus seRrdRliA BeRuBBROM (BRRinSmbbifhents, the insﬁ'uctions
instructions 25 conprise_instructions required by the
EPIPPISS 1uyiretions %H;T‘E‘Pwthﬁj@gedﬁﬁtmeﬁ Feed andilyng Adminisieation for use

ii:[‘in"JiM&a?ﬂ g@gﬁ%&dcgs_products. The present invention

further p gv es a nmethod of treating tuberous .
scl er @kd present mvensioh ffisther providps 4 mithgd pf toeatiolg tuberaus sclerosis in a

S8R AR D SHEP ol o e
iofifié kinbser ardoadiisterity the inhiblitor toahesybjeef. dh s@tle pléferred

enbodi nent t he. adm ni st eri results in a decreas L.
DR PER B Re admfisBa feilsih oMb E2 1 S imptinsh ekt sqergsis in
Eeesasja&t: i'Iir]]iy gfe{sm mvzﬁidﬁqg nétitliilﬁ'bifce(ﬂos% pakr_ﬁctﬂﬁ@d]&ﬂ#s%{n_ thﬁﬁog. Any

i.nase._i.nhi r. y  Suj )l e i nase inhibitor is
é‘aﬁgﬁ‘aﬁﬁ lgpas "Pﬁaﬁowicwaﬁm% eﬁﬁ!&ﬁ‘ﬂdﬂﬂ&ﬁ?@&t lugited topEaRgraYGin and
pdmytia Beatives. deri vati ves.
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yet ot her enbodi nents, the present invention provides 12 FEB 2007

a met hod of screening conpounds, conprising providing
Av@dok/ol22r essi ng S6 ki nase; and one or nore p@E3ES2003/025283
conpounds; and screening the test conpounds for the

abi ' et chérrblﬁib%itmetnﬂeth% pRASR idehtiof frdvilds a mé&hdh o18c eening

ki nase.” I n Sone enbod |rrents SCreeni ng t he corrpoun S
FrEPQUAdS, spInprisigg providingatsell eRpredsimgISoingee; and pnd arymayé teS6

i ST
said 8¢ knasep rlh s@se dnylyrdimiénts, nereaning ths pdysqmads for the ability to inhibit
BRI e I AR bt . 1o
efbed e the S? lra]lﬁase@:hllasphﬁtas’t aIﬁ@%oz‘npn@Q hibridizing® PRsphospecific

i men e ce S in vivo, SONe
BB Fenbingh usapte. [sorp Sm0gicatinibh cehis i pirpe Iysome
8mbedimeits AheRNSE 2 TSC@-/-S&!IE Il Ot & R RALsSthe E4Eis z%v& SIn some

an Eker rat. In sone embodi nents, the test conpound

§mpedigents, rfhe eghie It aoachuman agimal (ag.+ a8t oreanpiseh dn seme

ARGANAehS; thd At %ﬁﬂﬁkeﬁgpqﬂ @ﬂ@rﬁbocﬁﬁ]&t% B test E?ﬂg&ﬂﬁ% 4 drug. In

a derivative of rapanycin resent 1 nven
fome erabodpments, dhetest compaynd |lajlapaqulm dn bthet érmbodirhéms] thel test

9&?;[‘2&1&1%'3%’8& ea |‘='nd<j‘;E r%{’q%ly s%as epreii%lylt%?ﬁ ﬁ#%}/ I dg\sflf’?j‘i‘ frys

dentifigdint themethedi ng from a di sease, and an agent

: b f duci ng. |1 ul I I
i B R Asn et pEn gy aides s et of Braing a discase,

eolpiiAEstbSiding Ay b&mng(ﬁm{m@&saaﬁ@ﬁu £t GaBabISof rkdlci
furtpﬁder enbodlgrren?s t he defective [1s gééon'p?l seoaf one.

gelhudarensray ievels.9ad Admipistaring dhecagent o the subiesih bidirefemeds

Eﬁﬁodiﬁfeﬁl@ thé dikdabeEompRisOVdefRivE 6118 1R fikHRdr 8fbB@ments, the defective
Eanym nto the subject. 20 In E@Sferred embodi nent s

CQEPES } @féec'FS@Tﬁﬁﬁ’h‘hﬂ@Y cBryen Bbersmbodisentsy e method further

r?n’i.l%lf'\?egg%K an%ﬁ?%%%gwﬁ%‘?@on: grsgflerrngC2 Hneb

enbodipseered erhizodimgents, theadefpstive T%pmﬁwompaseseal deectiven

gfe%%?t %@?(ﬁgﬁ%&ay%ﬁg sg@ 'I'S&B c?ebmg g/or ﬁﬁBP 1.

ot her Irewmdlra:fmﬁdsqmuohnnmgsethe agmt tahgetsithé dnfbmnel E:d:lBI In other

SREPPeE e Bp Al Torbe cpRuisgy e pebet s 2-deoxy-

Ighicbéee (b Gther eMnbRdinents| the lage kaHd MBHHSndra] ﬁn@ﬁﬁ@ﬁ FCGP. In other
noi m dazol e- 4- carbox am de ribonucleotide. In
SRR 55 $@8t BRBAPRE R Feohnraa GEHG dhe azoiLfs Boblysin. In

eSS IefboditheRis NBE ageBIR @%ﬂﬁ&h?daz&lgﬁ ﬁfb%ﬁ%ﬁdé ﬁ onucleotlde
cancer. 30 DESCRI PTI C]\I OF THE FI GURES Fi gure

i nhi bt 9ther petfermEienbpdinmats, ths@geaspzisgubeeousaclgwmlnm
TRbodimbnsht Bl fs$anfK Ki nase activity. HA-S6K was

transfected rn HEK293 cells in the presence or
absence of TSCl TSC2, as i-ndicated. Figure |b shows

%ﬁﬂ% &%@ Fﬁ#{h ¥ 'y inhibits phosphorylation

0 r 8 utTlﬁfg r SZl/ Ser 424 of S6K. Figure is
Figure 1 shows inhibition of S6K by TSC1-TSC2. Figure la shows that TSC1-

TSC2 inhibits S6K kinase activity. HA-S6K was transfected in HEK293 cells in the

presence or absence of TSC1-TSC2, as indicated. Figure 1b shows that TSC1-TSC2

selectively inhibits phosphorylation of Thr 389, but not Thr 421/Ser 424 of S6K. Figure 1c
4
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that TSCl- TSC2 does not inhibit Ras-induced activatio
of ERK. Figure Id shows the dose dependent inhibition

- B0 BRI phor yl ation on Thr 389 (left). TSECIMSUD3/025283

has no effect on either basal or insulin-stinulated

a:!a% RROTYEALTISED ks A inHitil ﬁmamudéa ditivatién ?{’%’%‘3 F{3fire 1d shows

effects of endogenous TSC2 and di sease-de

Waﬂ@ﬁeudsp@dm’c intftimefisffophpsphoryatianiondeic 38% (lghy J'SEY-TSC2 has

Osphory@atl on ofng @gﬁ& #%%ﬂ%ﬁef&é?%rﬁ%@o‘

F| gurlegb? simwesthé effactsaxf (eddogmnms ﬂlS(ﬂZ)phd\mseasedénved mutations on

P e e T o

piospHopyTatiRdf SEK by diSC2 RNA intetfekdnce. nhgﬁaleIZbSﬁdﬁws inbgae® 3

ho hos | atio Akt. Figure 3a_shows
PHePIREEoR ! aulnsrnun ok gad B By 7507 RNAtHatencs. gty 2o shows
Bt ‘ t n
SR St R AP S

t wo- cdigHEp 3 skaves Phesnbepiasion ot 1962 bWéﬂibl Etgureﬁa BhowESiB2AKtn

| i 4
& S%dr%yhﬁllﬁﬁaﬁg sﬁfﬁ’\%mgz éﬁl OV\B t(jl[lem eter mi naﬁpﬁ%@epﬁ ©
MPmBet{zfem vizot Pﬁihlmﬂpﬁ ESSZIZ aFllgow 3sish@gs two- diﬁéﬁsmnalﬂlosphopeptlde

R A e bR DS O

opaawiv@0 niM). Dr osophi |l a dTsc2 are boxed. The TSC2

frag nt nd fragnent 2 i ns sed for the in .

i o1 e # SR G R PEran ab &2, Saedenthosshostiaton ses a TSC2.
F@J&h@\éﬁowsrﬂﬂcﬁémﬁi&%pr@d%ﬁﬂaﬁ&i St pafatidk Mcpﬁlmhﬁ*lﬁdﬁtsit% TSC2.

sites. Miutants are indicated beI ow eac ane Panel
Vs gites congersedin RrpsaphilepF w3 evebared nThﬁTS%&mal and fragment 2

fe@idhOilsed GRS i Rﬂrd AR phgg)hSB)%bﬁ laSsap HRSRNO . FifRO4ab shows
sites altered t he correspondi ng al ani ne

Byistenal aralsisof A)f(bpmlmsﬂétmq sifes M‘ﬁ%ﬁts are dndigatedibelpw qach
?&@h P‘EH&IW]II 1332( ?chbﬁgﬁ@x@ﬁl%&n oﬁgﬁtﬁg gb)a r?/@oﬂ '&eﬁ’cﬁﬂglth% 1,

gure 4c s at’ion o

ﬁp@elﬁprphmhﬂrym?gwlm alégrechhycthe bqqugmn \gedinixietsubstitutions.

the . .

PSR SUpBRRNE, B0 BRI 10 BN v e IRARK AP IR circisip, g
pdmlstLdIr)IV aﬁﬁVlFl @lgtme 45 shdsm@o’sﬂtmtylaﬂmhaf re_mnmbfnaﬁ!(IISCZ fragments
BRI Tb TR St Sneb b Ring ol erisdbhgpphoryiated
THED fragméntcis alss siowhIbettondct i vity, whereas substitution
w th acidic restbdues decreases activity. Fi (tgure 5b

shows 18R AiSHIYS it Totatinn S Pkt phaselangatiorytites, Altess THSgetivity.
PFighRIHaShowd tHtlsBbsHfutidA @MPhdsprfrylatdntites by ﬁ%ﬂé‘ﬁcreases TSC2

substitutions disrupt formation of the TSCl

aivisy.avhereas gahptitution witl pgidie rmtdusschfvesqg laetsptyo ﬂﬁgmﬁbcshows
M itARtn &ﬁEmhbﬁJhUgﬁi 1R TSE? ¥59£ho}§%at Hidic

sence O
Gsidujubstitigons dissupt Sirmation ¢fibe T%lﬂﬁ@mhmmaxe Figure SESBBws that

th
P iObpiinftl Bolack B 464 sl TRl of PO gl Bhermined in
the grasence of cycloheximide (300 pM 0-6 h). Figure 5e shows that the phosphomimetic
TSC2 mutant is highly ubiquitinated.
Figure 7 shows that TSC1-TSC2 functions through mTOR to inhibit S6K. Figure

7a shows that the phosphorylation of Thr 389 of the S6K-dC104 mutant is not inhibited by
5
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7a shows that the phosphorylation of Thr 389 of the 2 FEB 2
S6K-dC104 mutant is not inhibited by 5 1 2 FE B 2007 007
WO 2004/ 014222 PCT/ US2003/ 025283 rapanycin. Figure 7b
WORAR/01432 TSCl - TSC2 does not inhibit Thr 38%®CT/US2003/025283
phosphoryl ati on of the S6K-dCl104 mutant. Figure 7c

i, MRiurE 361sh WA RatAISTs TS E2 46 ot inhibiSir | Hb%bﬂb?ﬂ
gﬁﬂ%cNC KI nasesactlv?ty Fsatgure 7d _shows thgtgg#' atlonof

4CHOf radantr Ergure; TeABevstiet THG Iy TSER glmsglowh@ﬁmhn -induced
Smmasz% n IPH%}‘; ﬁlTs%GCg§ Iﬁll’%ﬁr%élj ?ts—fs‘a%os pno rﬁb{{%nase

Cotransfection i on
@fﬂlv&éxr Flmg e @howmm THE-I8€2 irthihits pbysphmylanoﬂn bfmTORg

%%’ ogenous %EQ? b‘lﬁ%&ﬁ‘%&‘?&%‘iﬁﬁ“& SIBR; a5 O‘g’te"ted

mmpmbmtmig woith arf amﬂpiﬂasy(houg’m)k anﬁibcgigrr(IeﬁYfA rehctivh of

BBRRE HCHPY A Poens Pheghieta St pdmLOR e fles e

§1fow% RtEosetiapbail mrrsml—pm Aletiod lﬂtﬂh@f@%?tlo%@ﬁce
4EBP1.. mTOR Akt, AMPK, and TSC2 ure 8a

showst 1EERERSEPWDIY eHestsef eaerey ém@%n@sw@ow inrypf S6K, S6,
SERP E hiTOR, Aﬁhg}ﬂ/ﬁ’l@ Bn S POUEHYRRIA, 'Fl i3h fsﬁov%fde%ﬁ%orylauon of

Fi gure 8c shows 2-DG induces deph phoryl at'i
SOk sub HERRL lsamgwleumsﬁxgmmmOmmbdty sw@me@ UFigure 8c

B4 oM BHL AE S 0l B S

SKdwdigurerl d@&\méaEGsndmesr prospHonylationAt AMRBK eFigure B6 shows time

R 203 TR it BRI G AfreEesieceliy f1p tgvs

Eigumesg:shm mmiﬂcatm tﬁehmpmmxaﬁb i El@u&th%ﬁWSW%mose inhibits
g K and TSC2. Figure 9a shows 2-DG stinulates the
I mrunopr eci pi tati on between endogenous TSC2 and

AMVPK. Fifirg 9rsho@92-O® vrimulgted the afcthctiol v Bidp@uPAVPK £d TSC2.
g gdo eno Z\%SCZ and 20 AMP_ Fi gure 9c shows

freaysesthe eﬁmwmmtahmzweeam@va TSC2
&M:KMPK %@ 5b SiRbwsTeciftbeil iBmBkbpP LSS egdi% h&lsABC2 and

ment TSC2 interacts with” endogenous

eFigere 95 shpwsrespressien k@aapﬁe@dompuszrm TEG&@&MPK and
Q@E‘I@ﬁfﬁE’K’Jé%e'llQ nFigtu%e% Khowd ¥ fBP il ﬁgﬁ& of @9&5 %?éqgcts with

of TSC2 by RNA I nt erence cks
emlogenpys AMR}G shows knockdown of TSC2 by RNA

t d . '
dophol BRS1S RuREEs G SRR 6 2B et (RN SR ryrioncaf soxc
BiguScKa sliyows\Ridckdowaref TSC2 by RNA inSeri:ei‘e(ncé(Eldclhy‘heTﬁﬁ@ response.
R0 SO oo TS 5 SO Bt o ooiolssbeasarmyoin-
inld@ed deplgispliory@EorSEREEK . mgﬂame@hawbaﬁlﬂlﬁantdfssﬁfb APRN
the 2-DG i %%liced hosghor l.ati on of ACC an

eEF
By eRPEesapn otlockrd | Eigpeso riﬁmm%awckdown of TSC2 has little

08 kol o) Rl Y

FPRRYYR herlittle effesh on the 203GEprdwedpivsphoryigon of ACCoaid|eEF2. Figure
10f shows ATP depletion-induced dephosphorylation of S6K and 4EBP1 are compromised
in TSC2 -/- cells. Figure 10g shows 2-DG induced 4EBP1 dephosphorylation is

compromised in TSC2 -/- cells.
Figure 11 shows ATP depletion and AMPK induce TSC2 phosphorylation. Figure

11a shows 2-DG induced TSC2 mobility shift is due to phosphorylation. Figure 11b shows
6
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- Figure 11 shows ATP depletion and AWPK i nduce TSC2 12 FEB 2007

phosphorylation. Figure 11 a shows 2-DG i nduced TSC2
mobility shift is due to phosphorylation. Figure 1 |b
¥e4/018222 2 F E B 2007 WD 2004/ 014222 PCT/US2003/025283
PCT/ LTS2003/ 025283 AMPK expressi on i nduces a sl ow

AR50 b0k T TS M e 7
e wdtémfeetstd A colvithousdotiye ABPK! allsghuniices anidatddfad blotsd by
i R b B AR A i

T;ﬁ@lls thARIDYG innduic & mwm@@mmcﬂmtzc AM:@KMmﬁtdw@oﬂﬁaﬁd 390 pM)

e treat nent as i ndicated,

;
e 0 B e PPt e -9 RPARoHEA BB Lhsbgws kinase
%@@vé ANPKEAELIHISKS h%@hﬁiﬂc&f‘d@ﬁoéﬁ&ﬂaﬁgﬁ(@m elER293 cells

were transfected with increasi n?qqam)unts of the kinase

iYRER trgngectad mRth inareasing a(ﬂAnmm&phe awrl@ﬁHAéﬂ%mn@nAl\/PK

i ?mﬂm duyce ! tion
( S6K | %\gelﬁ%gh %g ows Al il g]ﬁmgsl tor pa?'t?{éa Iy
biemm«sshoaﬂwmfaéﬁh Fegnot mshowaammuowly bbsks S6K

i i.0n. .Fi 2. S MPK phosphoryl at es TSC2
gd%ﬁ@sﬁ%g%or?dn @%@ﬁ%i uﬁ?sﬁu?%nvfg shows 2-DG and AMPK
i nduc ®ights(I2 shbws lAMI%(_szpmryhﬁs ﬂ'ﬂg? lop BQZ%ES& B4S. \H&g&&e 12a
Fi qu are ependent
ShOR IR a0 AUBRndie 1363 hbmhon taionanmnltpiagaps m ko Figure
5126 WEovANT 37 i ESTIAY ailMOISIPROM e brfefSsitE %sﬂﬁ)rﬁé@&@y lTe}
not S1337 15 or 1341 in vitro. Figure 12d s

Septment; Figure dgeshows GiERY disestly phegphprylajgs IS C2ongil A4S ygtaot S1337

1 ir i r
idg?!\@lh g\/\% Fl%xr%_ %%Hﬁglrs&%g?ggﬁf ’l”g%ﬁ ghésﬁ_héz%l\égd b ‘%’ lf“lgure 12¢

rheps B1227 dn THGHS nkiosrhoryased MS6R. FiguralPf shdve AMPK | phosphorylates
Sﬂst&?oﬁ/ﬁlzaﬁwz%sﬁ%&emg@mwﬁb%@w@@b tirlo éh' ft in
sho

resgonse to 2- uré 13 AVPK” phosp oryI ation
iS5 33 Hyel 34aY S*%ﬁAmtﬁhmtSta webility shifdn r@ponse uR-B1G. on

of S6 %1%21 £ 85v¥ L‘\Mfggh&ﬁhééﬁﬁ J‘tifrpfvoq'tagp r?ﬁgZ function in the

limtat gure on o
Am’fat@epé Bdlérphosphowhuommmnmbeto epagemit4hioa. Hrgnra/l%)shows _

Stk AR SepRe Rl Nt TSGR TSR Both AgypRiice 13
rﬂi@@pﬁﬁtani mmmmrfomawmpia&}nﬁ TS¢2 2F i 138 s c@!lﬁe:dpﬁ:‘ééing the
ﬁnil v rg‘gt ment . gur e 13d shows
T@@ H °P§1“|t3é1§I et %7{*@1 OB le%%pomw to 2-DG
(tloéatent. RiBur@NBE RWsAISIC2CEA Ibialek fesh AR temBitISBR T $ER (TSC2-/-

retrovirus and sel ected for the neonmycin resistant
sepgberh@l 5B wers iertedovitis TS eprpuingeand pelopted fethe neomycin resistant

B P 3k M AN pndeh Epto BRI or TsC2
A gupostantsfos glucese ¢matp¢quc@§ sSétheplhosthlrjdsthnn

prote lepr i v uce
apopt %‘i sg};\ﬁ °C el’ljfS %%L i eg ﬁn prl‘—)?eﬁ © yi °I§'r?g'\’ﬁ§?se
Tdspdvatiot-imdmiced ﬁﬁpﬁﬁ%@ﬁlm&@ﬂamh EFigael 1|48 sHowaIMSC2 but not

SR PRI AT RS o omreerd i, P 1o

\ﬁo'tvoglu&rsd défelvati dinbutles DA frifgmentation in vector and TSC2-3A but not in

TSC2 expressing LEF cells. Figure 14c shows glucose deprivation induces cleavage of

caspase-3 and PARP in vector and TSC2-3A but not in TSC2 expressing LEF cells. Figure

14d shows 2-DG decreases cell size in HEK293 cells. HEK293 cells were cultured in the
7
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TSC2 expressing LEF cells. Figure 1l4c shows gl ucose 12 FEB 2007

deprivation i nduces cl eavage of caspase-3 and PARP in
vector and TSC2-3A but not in TSC2 expressing LEF
coeORkend/or2zUr € 14d shows 2- DG decreases cel | pagesiossn2s2s3
HEK293 cells. HEK293 cells were cultured in the 7 1 2

Br=T5e8 7 DR DG IS A 020 s SR e 2 MRS e

sbawsslowglugosed2 84eM) dérosascs| c@ﬂ/sgb m:HEKZSBZceﬂs niigure 14f shows TSC2-

e Y ze n HE ure 14f s .
T80 BaGRe B el HeFapiitoh Bar GBS RPR R fotg dre2 in
tdinlstenurgy dgmiiag psthdayrodel of TSC2 in ceI | ul ar energy
signaling pathway. 5 DEFINITIONS To facilitate an
under st andi ng of the present invention, a nunber of
IDEFINIRIONS phr ases are defined bel ow. As used herein,
the ternms "S6K" and "S6 ki nase" are used

i nt er &p&asditalp py undststanding of the presentinvepiion p aumber(af teyms and

tphﬁségtgmﬁggdm&hurran S6K ki nase). As used herein,
the term "detecting increased S6 kinase activity in

sa| d bls@sadgaem thederms|"86K | anid'1S6 kingse@recused imfsrchaggeaply to refer to
ncreased ki nase
act Bt yagégarg% %éslgﬂ%nr?gggn-rﬁgrﬁ‘fl veh?lgseé he | evel of

ki nasés awetdlherduy thoeftern. ‘Gistecting maqeﬂ 86 kimagp. activity in@Hitl bialogical

sanpl g _@btained.froman in i du nown to

3BPRIe Py @ d2 i S B B, 0K P ol el Kimase

em«aﬂ,,» ofen 56 kinkienalatverothelevel of Binas Aot of 8 coiirdl b@nple (eg,a
sect

5:@11 %gtﬁs}%b,tgge &p&xbed ‘ad{qu i{loe‘f)l(lg %r I ggg;l(glmé% level of S6 kinase
ROty MGoRE 3HY6EmBhts KiRAs SctAfy asva!séayed @éu?gtthyﬁmhenoassay
control may be utilized. In some nbodi ment s,

idsearibad mdhesapriimenia sgetionpeloy. @Weﬁ@n andssey thet isnapable of
| Gy fedsitte of%ngéééawtpfe%% Eb a con28l iy BEIRHZOE IR Sbine

the term"positive diagnhosis of tuberous sclerosis in

saibgdimenfscipereased 86 kingseastivitidis ingkirativesofan imagtie BYE! or TSC2

%%g{no& s in a subject.. As used herein, the term
negatlve di agnosi s of tuberous sclerosis in said

subj edis'useddfesnirs, thetetnh Epogiting dxagmcsxscnlf wemub;sokmsmin smdtsubj ect"

RS SR 3 et Berbis g PR, S5 hensi gt FR pesetive

Zﬁagheﬁeoﬁulgﬁemrsalleioms tisalid aibjegi" eetkrs fethg diaghasissofalsalsject of not
g_ﬁcetl cel I ul ar, biochem cal, pharnaceutical,
HS°%Yent s (e.qg., cellular pathways,

cel | ul grusetEiednén théiesm "D@d:btthﬁﬁy’QﬁSﬁB&S&) sclefos! dbiﬂiiﬂax}pbﬁway”
TSC-1 gene, the TSC-1 protein, the TSC-2 gene,  and

orPferw?eer'qﬂé@@l%%eaéﬁq«g IQlaPHIAT eBeTgfiC, e%%#&?ﬂhgm&ﬁht he

Tpigrn?ﬂ hﬂgﬁala_{h%tsf( BQtular kﬁ Eﬁdceﬁlﬁlar E@g}‘laﬁlsms
SC- 2, TSC 1/ TSC- 2 , 4EBP- 1. 30 As

L@éuﬂah@g@dw) invikyingeherT S&lam éh,etTSﬂ -1 nrqt@mheoTJS;C 2 gene, and / or
StﬁL 2563 p?oteiﬁ.e fE%ﬁplQ?@@croﬁ:}pl)Xenttsoof%e TSC pathway include, but are not

limited to, TSC-1, TSC-2, TSC-1/TSC-2, Rheb, mTOR, S6K, and 4EBP-1.

As used herein, the term “a subject with tuberous sclerosis” refers generally to a
subject who has a defective TSC pathway. A defective TSC pathway may be identified by
any recognized identification method (e.g., phenotypically, genetically, biochemically; and

molecularly). One method for identifying subjects with tuberous sclerosis involves
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subj ect who has a defective TSC pat hway. A defective 12 FEB 2007

TSC pathway may be identified by any recognized
identification nmethod (e.g., phenotypically,

worread/ogeR? y, bi ochem cally, and nol ecul arl y)PCT@s®03/025283
met hod for identifying subjects wth tuberous

REAEBIDra S0t o ety £ e {SRMNALIF . e pgmosti

assaytestedascribeddkrn).i ve TSC pat hway (e.g., the

di t est bed . As a,
ner o S e Bl RG4S e ey Sﬁ%ﬁ%ﬂméeﬂ%@e@’u@fﬁs toa
subjeet thaf as be@frﬂds(hcally deternsitidy %@f bS' lA&deativSphiysieian) as having tuberous

g&jdl cally determned (e.g., by a treating physician)
TPYi ng tuberous 5 sclerosis. As used herein, the

term Aﬂ@e&ﬁéﬂe&eth_gm%ﬁm TS atmlo? “ 'lélgavﬁl adefectlve
defective TSC pat hway" refers o sanp enons rate

TeC ﬁathwaidﬁfeésgte |S@mp195n qreongtrated @g@vadysmgubﬁonfeeg regulation of the
Causélgﬁ)iat Bt {neasﬁi%fog]cblrbf@ct%ﬁl ?%Escﬁiv{eﬁg L&S %t &P@ ell]l or tissue)

verse ef ts on I SSsue

within sl Sg{épathmyy ((e&th?nq@Ypeoad;l ygsnmlally bmghmicau;a hﬁq/moleculaﬂy)

Bﬁ ft{%&;&)i“ ng a“fﬁﬁg W %%1% %Vq %vgﬁ%ggs%aﬁon of a diagnostic

asday toidstectat defevtiod TS\C @a’ﬁgnp&tg the dpnagtictadsagieds@Cdesciibed herein).

def ec e edla os C as tests -
desc r‘l&% d#@rre p@f te““yA§é‘ﬁ‘§%§eh'SWe?nﬁr ‘ﬁ"é S{ &r grfF‘?‘F’é Tuar
Exfeh yUibls " @efefs Gndriliatb 9 red¥tior ?@u Gow&thgOdimfi@sHikg ¥ssening) of

ener ervg? " refers eneral toareductlon(eg
%Wa@l% ose Vﬁ{snﬁ@ﬂPﬁ@‘d ?Vé]§s‘§n‘$ ylevels-  cel lul ar gl ucose
| evel gs uéﬁh&@mﬁﬁé flrth O¥R4 SpenCied il cdiRieE Iex?er%}llévéfs?’ i S&khods of

herein the term"sai d agent reduces cel ar energy
redyeng cellylar engsgyHevels”gfer gangually trop tersieting effcelwler epprey. Examples

{18t but &@B&r 11191%% %’I’PYanH %hﬁoéea'hg%cﬁﬁ& Fi:te %H)l r@fer&_ﬁgncrally

energy. Exanples include, but are not
watﬂemgdﬁéompnneatﬁdhatuaéﬁlst iry menaémgweéluboenwgyer&camples include, but

S2981 ki ol b ASACHL AP e URRBENI AT ) 3005 v
puteratingpatbwaysde.gnKrebs lopoie)r aral, dnegs tlyatrespulaseATP hegbolehtles., 2-

hexoki nase), energy 20 generating pat hways
@eoxﬁ(g?uc%egbs cycle), and drugs that regul ate ATP

et abAl usethhéreing the tétm ‘dgpotiroriyt gﬁfé&ll?' ré¥ers 46 8 efRfgBmBat or

the term’” hyggém 8&{1})/ enerally refers tq the
SYFEPEEREAR © f o0 1BGTease Fhsizent its semstipignt cells.
Biangles iafludd) BLEAS Kotilitnifell 46 ridht Veh&icHRPRIpeltBRY, ﬁx?ﬁér!réphlc

Exanpl es |nclude but are not limted to, rig

cakiemyeRAthys and hraienpspstaiic psseRtyophi ¢ 25
car di REYQRALR, tmgmb%wms@mh@é-' ife@f@?&ﬁrﬁ]?&?x thaf Wihibits the

used herein, the term"S6 kinase in itor
lingssrapG kYL Shkinase Hanfgrqdmbo&lmms@nhxbttommmbmﬂae Eﬁnase activity

bit i bt

] 8 et o Bl LS B My LGRS ARt |

smbotliments, Sédiasoinhibitoys| reducd= symaerhs ofidiseasey catsed By inedased S6
klna hlbitors reduce synptons of

gmgsgéxgéxgg'(gggggaews P %rf’% sed S6 30 kinase activity
(€. g. The teipetepitopes @b Bdedhk)n refers to that portion of an antigen that makes

contact with a particular antibody.

When a protein or fragment of a protein is used to immunize a host animal,

numerous regions of the protein may induce the production of antibodies which bind
9
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The term "epitope" as used herein refers to that

portion of an antigen that nakes contact with a 12 FEB 2007
particul ar anti body. When a protein or fragment of a
M02084/H4322 used to i nmuni ze a host ani mal, rPOTAISRM03/025283
regions of the protein may induce the production of

. . . . . ) 4 0 22 .
S0 0 A0 X 8 8L MGG s
stRictEesrgefertediabs "sntigenicidetermmants’s Am antigenic deteresinant may

i . . UK wfeferred to as."aptigenic
SEAEREle BOEAETE, SRR 8 SR e ropono
forbindirgdo amamittodgnt i gen (i.e., the "ini nunogen" used

t licit t [ . , . pi ndi t

D e o e BT A
im@adioh of &l kntibbaaidgirotan@n pestiid midand @hEGhERERactin {sfependent

i nteraction g{? an_ anti body and a protein or peptide

H%%ée PIRSAOCE Plch PaRtiyas Sy (e dgrmitigenie determunant prepitope) on the

0RH64€ Sthef wérdP e lah§8Hdd ks redd bndi ; .
g{ni geni ¢ deter m nant grs epi t ope ﬁg%iﬁdﬁ%ms&%}%’éqcrﬁmﬁeﬁl

structire iagher than peprateitstipespetal Facsgmple, ifign sntbody is dpevific for

: @) i ' . at than .o teins .
FRiBETAL S RERh T st o e e A o8 BB m
faactionicOnteimingiplel¢dX A" ahdh thepntiseiywell oéduse {he @indint of labeled A bound
?ootﬂggﬁ |051yg epitope A (or free, unlabelled A in a
reacti on €ontaining |abeled "A" and the anti body w ||
r educas tised haveii) e terfns!"sdiedpedi fidbiaingt ad O vhilgr@mli b " when
As .use her%i n, .the tergs "non-speci fic_ binding" an
uyed R ETBRTE IR dRtrrgetiapng An anfibedy aql & REpieinets Peptids refto an
idridtios tia0 i riof depRndbt d@e Yred&ifle 8 PHBLQIR sBic Kzt. 4. 4fe antibody
refer to an 15 interaction that is not dependent ‘on
{srhindingde prrteng i genesalrether thatra pstticular strustuie sush as athepitope).
ant i baglysed hgretd, BRitdieh sobi B Olefird ¥ ah{? aGIBAE fﬁ%ulﬁﬁ includi
that a particular strucfure gﬁ:]%agg an e{?i%’gpe . ﬂg’mdudmg’
butagt Fratted te, hympansnoprhumgy primates, rpdshisy andithe birey whithnmio be the

_ _ . A ot it ted Lo
Fipfknt oft SRR Ireatdfit ¥R, Skl *bubidel 8 parar are used
virtsrehangagblydetyin intveferenesctio pihemian sfbject.par t i cul ar

treat i gally TSI T I
T T e L

‘srEbidicalldindsdo themhosphoryistidefotm oPspalpegtileeel, I$6K) be: doss bt

"ph ) ific antihody" refergs to an antjbody that
SRERRNERT ot FerdPho P e g priseidr ooy goodiments
phsppapécifitcanfibodies sp&fifidallh bindde 8 polypéptids 91%@11,]5 lobyhtby at a specific

bi nd to the non-phosphoryl ated formof a pol ypepti de.
P¥%e enmbodi ments, phosphospecific antibodi es '

P pund Gkl 08 oy B dCAC R Ay BOPRARILUL Al alus

sqlefesis WseidsHy eqtoinclidpyigstaitiensipr using thefesagantsicogtained in the kit for
b St . o e

O o P oS hibe efrbie SRR el gom o
Rubject. din somp embediwents,dhe iasttictionschaiieacompiiseahd satemént of intended

LS i plogical s Le m a .
EHEARNS o e 8 cbaala Brll AR Ri o BBR i e Artvegapeciac
wagguts (ASRsher i8 vitoadizgabstiofpradutenWREFDA classifies in vitro diagnostics as
medical devices and requires that they be approved through the 510(k) procedure.

Information required in an application under 510(k) includes: 1) The ir vitro diagnostic

product name, including the trade or proprietary name, the common or usual name, and the
10
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30 use required by the U S. Food and Drug

Adm ni stration (FDA) in | abeling anal yte specific .12 FEB 2007

reagents (ASRs) or in vitro diagnostic products. The
WORIeYM4Bfies in vitro diagnostics as nedi @al/US2003/025283
devices and requires that they be approved through the

égsgi(ﬁléﬂtloﬁrngﬁﬁ%T dew&élzzz &ﬂ@iﬂtﬁl‘&g& ﬁéyﬂ{ %%ﬁ(gcﬂmfa g)/Tlile establishment

appli cation under I nc
@@a@amsmumbeqorf@uplwblnmfehe Ower odopagatd)d'sabml’tmtgathe 510(k)

SR B KRR P OES SaBieetc Db Aopladgniet Rechion 13

@mm&cwmtd; lﬁltmmm aﬁpramtﬁklsmlﬁes, 113})6 obAfer b{ﬁlﬁfuﬂ&@eﬁﬁﬁnes
uc | men regl strati on :
Bt feriie ot iy beel ypegiod podR ahimgionch g eruop s determinaton
&d e Yakis F6r th@@eté&ﬂﬁéﬁbn U 1% St Miaghbiic plFaast 1.1; Bt cBlkified;

the in vitro |agnost| c product was placed under
YEOPPKA labels, labglingjgad pdyertsppents pyfficigehimdescrile the in vitro diagnostic

ﬁ'&lﬁfcﬁ Rés ik Rl nge bnd @fectibds ﬁ)ﬂ% OWifete 43 gh&BEr aog(g%rz%pl sqr

determ nes 5 that the device as not “been t
gineering fszwingcthonld be aupnlisd.eNeinstatenentivaticating thatiha devicrs

g;ii‘lﬂjfjilgnost I C pr%%&ffowgm%lg?%gtgg@ t | g&f&‘g tcwtogfgiflgaﬁ%bi%t%égein

doaimadreial dlsthbthtlon@ the J. 8.9l weepinpardedit ataswfsﬁppbtt&liﬁ sthtément; 6) A

R R R S L —
cmmﬂnmam oY basehp@mmahent @Hat BRG ORP EfP afll FREAEDes MBinthtion
%ﬁ Eg statement indicati nlgwf hat the device
'ﬁ“8P° Ading of sypstipntigl squivalenee Willhnaadn evailahle e ayperson
Witaf O SiysQ)f Rfweflieh Ee?;u@sft ﬁ%ﬁ%ﬁ@ﬁt%&t m%gﬁrﬂlgepwﬁ'é%% He best of

distribution in th S, acconpani ed
ﬂbb&wleéaﬁethétta&td@mﬂ infgtmation sqlomkcyd muhnmm}aat@rét rtokification are

tEthfal ahdHshraE faﬁ&ﬁaht"rﬁﬂﬁ%n%%@hﬁho& )ﬁg 24 ditional

subst anti al equi val ence eterm nat | on I’s
informetipnrtesarding the e vigociidgnostispeadpctanghested élat i mecmm for the

F]f)]AQd' d Plibs %ﬁ’g@ﬁéﬂsgm& Hgte%t{o %ddxg brg ubs a]?};slaeflmable

UI val ence W avai
HhterrgOwelapage of the UhBi FDAN request 7) A st at enent
of their

t hat bel, i eve "
kn OV\AAéSHEeé H‘? iy thE ferm S o o ety ﬁﬁ‘? S oRsEREReBerine” refer
tb Iany ﬂomg@mledih reidiblé b}tﬂtcbrﬂputétrp@oceﬁdbbl t B¥athipled Bﬂc&ﬁ;ﬁhﬁrﬂeﬁory

that no erla C s been omtfed;
fi: P ot TR A R0 Pormmge DS, Gl video diod (DVIDs),
dibt@@dit@idc’s ccms)qsmalslt @GR TLDD) [Rd mdofetii@peSsary for the

FDA to rrake a substantial equival ency determ nation.

Addi tstied bersipdhederm Sproviding Adisengsiato saig subjegtibased on said
dechﬁﬁé‘ﬁEreﬁ‘é%@ S8 %ﬁ‘as@;ctﬁ'h‘? llejfeﬁ o g uga MR BE 65& C(e %hgf

terns "conputer menory"™ and NEnor y
tilsreus SCIFES)SE%WSQQ on thg erasente of meadsblsé khyaseaacummtthrr Subject

n | d
g: gc E%S?ng m t egm ¢ %hggw ﬁ%%lgn%n?‘“}{l ﬁf? ggoualgf dﬁ}ﬂf«%‘?r system
for deunghind pre¢viiims Womﬁﬂmém ddtassmd H(S@ﬁ)ﬂl)ons)h@ﬁ dolpntés processor.

3 o el ARG B, B e
drives aiagnetibathycint Bgrvérs ﬁﬁ&&ﬁﬁn@&ehﬂam&%eﬁﬁkksv It y
a_ nedi cal di agnosis (e

refers to Qv | di :

t uber BUESS E‘P’cfg? Ee?m%dg%“&s%’ﬁ ﬂ“ﬁeC‘?S‘Fé@E?F@émﬂumfn@F “HE cqre
useéd iﬁtdﬁcﬂﬁﬁge&ﬁlyl a¥d Feferit a UBACSURI 8 Ble 1018adtSR ﬂéﬂn{‘a cdrfifuter
term "conput er readabl e nedi unf refers to any devi ce

or system
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for storing and providing information (e.g., data and 12 F532m7

instructions) to a conputer processor. 30 Exanples of
conmput er readabl e nedia include, but are not limted

WO 2000D9322CDs, hard di sk drives, magneti c tap&Tarydo03/025283
servers for stream ng nedia over netmnrks As used
s ntr aI cessin

SRR . OO B A Mo M BT B P pectng to the
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gene. A genomic form or clone of a gene contains the coding reglon interrupted with non-
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ends for a distance of about 1 kb or npre on either

end such that the gene corresponds to the 30 I ength of
the full-length mRNA. Sequences | ocated 5'
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fl anki ng sequences are located 5 or 3' to the
non-transl ated sequences present on the nmRNA 12 FEB 2007
transcript). The 5 flanking region nmay contain
WOD4HA16229 sequences such as pronoters and 3@®CT/US2003/025283
enhancers that- control or influence the transcription
Bputalién RIS thul Iaﬁoﬁ%anl{' HARRLD the M ERP JTRYi1d-50Y Bl of the gene. In
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qontipst.the {stth Smodified't ort“matasti' meiatm to A gkneodreencggeduchthdt displays

BRAGAER - elncc &bt Rl G p ! Gpteliefr Vocn

Gmnpalm to thewvildtyby gene ge gane ipsodubia tlt isfabed thabnat@ally occurring mutants

o3 s s %R 1ok 98085 Gy deroRmmda s

(achidiigedticted mielsicgiv@Gequeaces WheRdompated tihk %Id}tﬁ% geBQ bFBene

of _the gene. In contrast, the term "nodif

PIRdHChnt * refers to a gene or gene product that

di spl &Yiged A8 e {he &rin® Mcielt RRAMERERe SRARE," t

properties |in’ al tergd character?st?%lgg V\Aﬁwﬂgéemke
g.etnd ' PONAenchding” refesdo thervedep or spgnencppidtoxyribohicledtides

@§

Gl b7 bR AeS S THOGABROHNS b ibnlfieatdes
determingh theroader ofi aminotacids slong the polypepitidel (protein) tlaire dThe DNA
Bl s REBERS hiUgfrbor o0 (LI LS

®herein, the terns

"nuc IdAﬂ usediheldmmhle etk Em&ﬂigﬁﬁh%h?e havdd a&ﬁﬂlé&ﬁtfeekd equence
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-

between nucleic acid strands. This is of particular importance in amplification reactions, as

well as detection methods that depend upon binding between nucleic acids.
14
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reference to polynucl eotides (i.e., a sequence of

nucl eoti des) related by the base-pairing rules. For 12 FEB 2007
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'they wi Il both hybridize to a probe derived fromthe

entire gene or portions of the gene containing 12 FEB 2007
sequences found on both cDNAs; the two splice variants
wo2004mMa422 ore  substantially honol ogous to swehR2003/025283
probe and to each other. Wen used in reference to a

T B Bl e B i e T R opal O Bl el o e
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mtrpleedsﬁmﬁte ofithe Vit hame mhysbésdandmrdtéﬂf ¥y théeduatish: 1, 9%1 5+041(% G
"self- 5 hybridized." As used herein, the term"Tnf is
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it E'ygam amd’ﬁ?&%ﬁzc‘a?lﬁnﬁ} %nlﬁg& 9 blﬁoI dsgm%cg r?ondmons
B 11@85]: pcid Gquence of afterest mak Bytiridide wiol s mmecomﬂﬂmat is@k®ds with
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efere c%gd[tng(ﬁ 1d|t|ons%(g %ature i oni c
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ik %a Eeqh&deb?lrﬁé@s‘f%lﬁ:ﬁfﬁ’idgg‘?ﬁ!}"t? 764 %Seq 1e8dnf and

si ngl e base m smat ches ences
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C iti ei c ac
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DNA followed by washing in a solution comprising 0.1X SSPE, 1.0% SDS at 42°C when a

probe of about 500 nucleotides in length is employed.
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25 (dependi ng on conditions such a tenperature)

sequences with single base mismatches. In other 12 FEB 2007
wor ds, under conditions of high stringency the )

W94/ Ht22e can be raised so as. to excl ude PCT/US2003/025283

hybri di zation to sequences with single base

M smetvidagin striflby 8dnaitHdg e elenGREintrb B ce t%ﬁael.ld 364 in

reference to nucleic acid hybridization onpri se
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nucl eotides in I's enpl oye F E B 2007
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consi sting of 5X SSP (43.8 g/ NaH2P04

te2@nafOX D@bargt's coBtnA per §04 Sungedll (nrpa 4@10 \Hhh:hmbiaﬂﬂ)g BSA

bt o e O Ly AeraRAE] s p o o ahing in
Sﬁﬂlmﬂdncmmpﬁﬁﬂg EXISSPEL0. 0% SBISPE 429C QerSbSroBé of At 300 lcleotides

% of aga_ 500 nucl eotides in length is enployed.
fity conditions" conprise conditions

eqUI Vﬂﬂe%ttknbﬁls eD ah BurRéro hfvhtéhtz& &ﬁen.@ﬁ; }gecénléﬁbfd o

sol ution caonsisting of 5X SSPE (43.8

SQRMPISOIOW SipRgeRAYiCOndiigns; fctqrysh a@theé@]gunsané@aw (DNA, A base

”éen‘nﬂ?’;i“@tg%“%%%%%ﬁ %@“ﬁm et cof’%geeﬁb‘i-ﬁ*ﬁ%%,pwsw

msqlugige primmopili @W@?ﬂﬂ%orspfghﬁga}ts enwo gy@omponents
s f

&% the 0 ut%%rﬁﬂg%%%l ng Egld%f—_} gj(fétg’&aglﬁya?@gg@ﬂ re

wme:ldelad pndthe hulbnmgn sc{iﬁt(bnnnayd teomrietb® generate eomglitions sf low .

%:gg%c%%{f %{1 nﬁl%%n e grrg[% 5 % l {eqtu?v% eggti?pnﬁr 9 oveg\%}eld \é(?nld?tyotns In

sdditiong theayt knowd tdniditions thﬁmbmm hsbtechzmn ufder b@itgtions afeigh

R 2 e R B S P e

pf fofedhide inthe ﬁywdmﬁorpgommoé% y (sé@diaﬁnﬁioﬁ abo@rfﬂr shRgency™).
concentratl on. of the saI ts and_ ot her conponents -

(e. g. s ¥35d hereindthe, iepm oPortigrs ayhem inreferencaimg rusleotidsgeppgnce (as in
S thcrdrfor %&%Wb%%e@d&@ pefeld 18 fra %ﬂ@ﬁtk g%%e&?lﬂgcet Pire

hybri di zat1on solution may be varie ener a
ragrannts Baxsrapge ingige fomstopy Iwgbﬁt@es ﬁy@p ienliirg atl¢l@mlde sequence minus

t b l'i sted
Condﬁfe‘c’;ﬁ&e (flb;ilﬂéle&gl s,?gbﬁOVQd 80! 10002 q( mgacg‘égl " : 2n§

tions on, the art
t hat Predem Gsdigtbdi wmmamdcm rejatibarto e oncleit acid.sas af "alnusg:ﬂated

" f t
RA4A e bvishrancd IMERERAE IR fo RE LR tiefsefismtatfeui
identi fixel dnyt ls¢pachitetioftdno Bt 1833{ <bﬂ:el cﬁﬁhpoﬁﬁnc o1 copfaetnekithivhicBnmt is

ahove, f of ﬁ%{l?ﬁgg?c ; %o@;;?élsﬁﬁﬂ%%hﬁ &égldltlggl gg%n%géaformor

§cttsag tﬁat is different from that in which it is found in nature. In contrast, non-isolated

.3

nucleic acids as nucleic acids such as DNA and RNA found in the state they exist in nature.
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25 "a portion of a given nucleotide sequence”) refers 4, reg ypo7

to fragments of that sequence. The fragments may

range in size fromfour nucleotides to the entire

R kW& DI4e2 sequence minus one nucl eoti de (10pCT/US2003/025283
nucl eotides, 20, 30, 40, 50, 100, 200, etc.). The term

Fo?@)laaﬁip?ésj a [g'N%ﬁ S)NJ@ ang%d%a Eﬁe% b% Fegx@) is (foxﬁxd 31%1 ettogbce‘fl cgl‘omosome in
pesixjmii foasightieting gehes; BNiAosequenced, euuxh aaalspbcmmqﬂeseqﬁbﬁe

[ arate fromat |east one
efoodthd BB plfihn, ToREARIN e it i Bhomseoin ey mRNAS
dhed emdod¢ & chuiltitudel of pragitg. Hovaousr, GdlatddScRIAiA UM BAE given

cid i.s. such present | a form or setting that is

B RIS By ey R eripley ot papleci s diits oo/l o ey grsessing the
giveh badidin WhSR-thSRIcRIERid i e ﬁirsma&hﬁjﬁ IRSHIAUE GG ﬁ%ﬁl &Et of

such as DNA and RNA found in the state they exi st
Raiugal gells, ards qtherwgserflapkesijrya dlﬁgegmmemwmwence than that found in

Bﬁ-ﬂeuﬁ%g @S%dﬁ&ﬁ%l%ﬁlcl: #{d, gﬁ%ﬁﬂél tp%@‘ﬂrxﬁ%%iﬁl%%l gﬁges?rﬁm

ene) is foun

ﬁmgl%rmqum dﬁéalfgmudfrdrfgngeﬁ&sn aRNAlamdqmelamemd, slipehudétide or

B o PR T s R B A P o RS e REdimeotic

wilientain mmmumehesseml dr icodielg stﬁa‘ndm é)ttﬁé SlEzontk)¥BdE by

PAShAYERaCHBY 51608 SR oo e pam i s
stednids (i, dlw@fgohutl@ﬁﬂé e5lyiclebfie :ﬁiﬁ%%%l@%&hﬁ&%er e
the n cI e| acl isina chrormsorm | ocati on

diffe Aerhpurified"” or 410 Rugify” gefexsito the renonal off se
Eblﬂﬁdﬁ%ﬂts lpe/g. acéﬂtﬂlﬁin?dj froRUCdaBi : gge Ay gxa‘i%ﬂ gﬂfg%d&@ H ;;upualgd by

found in nature. Thé isol a nucl

HQyshefcrpigminging pon-ipwhyneglobaiin protinspihepare plse pedifiedi by the
sdnit§aBofSinbAmg n
SR dgn it st 8080 04 B T emova ot o
pemnyregiqbubn prrscipssantior the rernoval Q@Mlmogbobulﬁs that dp nettbiid o the

gt ?Ao‘l&%%ﬁﬁuﬁ?fu’ A Gnas P Cﬁ@g Gl e -re%ctlve t‘lzlﬁlgltux?olg Tobatins in

a mninmumthe sense or co
theisgonigc Iegothte examplep tﬂcymhmhmqiol}@eptimy ar® €xpressed in bactenal host

t b
SR g R 1 B S Bl el pirpsoine peroentof
mbmbmmiypdﬁlmhl&rﬂ@lﬁﬁr&ssd inah¢leehple. AS used herein,

the tg purlfled o purify" refers to the .
r ermva‘fm"&f’ ‘5“’6%"%@ (PGWPQﬁdﬁ'a‘PFt '‘Byotgin’care pot meant
soelivpit €he ahfifio @I@m{lﬁme thé Qcﬁﬂ}bl@t% miiFe Bﬂ%b biig geci&g?cgiaﬁssogated

mﬁova' of contaninati ng non-i nunogl obul'i n pro
yhefegitedipjeig molecpled by the renoval of

i MunNpgy b tar
nol ecul] etei%lrhﬁearﬁr‘t'ei)r‘rkgf/e}:\ﬂii QQPS eﬁg‘%’egf +?art1& %fgto Per?érg]%l AR89 pontain
pREorasidgesidues pndoded hyoigttobsegierses; I&a!lt isclthe na}ivekprcftdntcmtmheonly
| DA IAGE £aSE N er cent
PO EhnTaL SE ey bR B RN SRS, Sgabriobiee v

predugrdbbiescombinapi regans enapbenasisted GbmpanturdBsocairtng source
expre | i al os,t cel.l s _.and the | ypept i d
are p{a}?l& d gre%atﬁ% 0 ROPHQR, WhSP it dsrenea fq al?fPEi’F‘e(lpaﬁgl atPH’émn of

pgivem pltoteati") rﬁfers mﬁnagﬁfem‘s off Qiayﬁﬁtﬁﬂ die ﬂa@mEﬁt@ﬁﬁ?Yange in size from
ncreased. . in e. "Am nQ acid sequence

{0 B 3 oS BT ERE: arnin0 i seistos g aRo st

to |i MheteheSathaRbRE! RfFEBUBNERALYR o?bﬁ§mm%%§or acrylamide
? I%% am no_acid sequence assocl ate
gels to fractionate the DNA according to size followed by transfer of the DNA from the gel
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25 with the recited protein nolecule. The term"native
protein" as used herein to indicate that a protein
does not contain am no acid residues encoded by
W064/01983uences; that is, the native protei rPOIUS2@B05283
only those amno acids found in the protein as it

RFEL4YLR shfpoREduldh §s mﬁoé@mo\éggﬂl: %ﬁ(ﬁiartﬂcrgﬁ#p eI‘heﬁ{x]:%&ur a?‘? BYA is

reconbi nant neans or may roma

ther prabed it g dabeled pmbeAs detent @Nfesp@mns ¢dmepl¢reentary pothe pmbé used.

[1] t
ggggﬁA&rﬂE {éeecgga)% ers trF:E&% Fagne nﬁnérg? e]tcﬁtg%phﬂﬁggl?‘efﬂowmg
Ela@rdphaxgae,ﬂh&DNAyna)ebmuamysleﬂmnﬁueo and depaturedPridptodsk dring

RS 16 e 0 P S PG A Bt Hglogists 0
SEmbxy:s}:snﬂf Nﬁmumcmafgoma%m@ﬁywm@m ®1d Hebor Press, NY,
il %Gt 589§he DNA according to size foll owed by
§§f9 o7%%he DNA fromthe gel 18 1 2 F E B 2007
V\D 20BHd RAA Aettt ﬁﬁlm%é%&& ?bfér?toa}:hé Bidlﬁxs#g@@[ ﬁy

such as nitrocellul ose or a nyl nbr ane
Fleptephpiesia gf TNA anggaropregelyip cftaetmpnmtﬂup RNAzoedréidg py sitzefollowed

SRR OB 8 P ATSILA o8 BEp AR

membtaze t Ib@hmncdsluz;d REOA isdhamobedlvathtarlalpﬂmpisbﬂo deteet RNA

P Bl Bl e BB R Wit SRR B BloRaptpeutc

blobdgistsd &5 ambeé ok etal. dsz{vﬁd)lppcrf39m)$23[qa$93) bi ol ogi sts (J.

Sanbr gok et , Iar C on Laboratory

Manu af[]fi) Sﬁ?@%&t %’éé’sls Ryprotegys)dorpol ypepifes)

ik @86iized oﬂﬂﬁa §upbot stAak Hﬁoﬂelﬁhd@& or a M8mbRAE TR RbtRins are run on
refers to the analtgsns of RNA %}P el ectrophoresis of

eg5kerio swargts the proteinsafollpyedptranster pi\the protair fipmdghe gel toa
E&hdsduﬁﬁbrf @ﬁdh%@ﬂrocélﬂxl&)é of & gﬂ&ﬁ SemBfant. h?h%cfbﬁ&@l bfdeins are

to a soli support as nitrocellul ose or a
%SFPGHPQ‘F%’{W&W@&CFW@“E rﬁ%ﬁ’élmt}' peaingt FAtigen oftieteregr dbeblinding of the

e B S v s Mo B R e B radiolapeld |
gutihediesd t ool of nol ecul ar biologists (J. Sanbrook,
et al 39 «1989] The.ter st
bl ot " Asueg?lsl%%noaﬁﬁ%maﬁg f/‘gll%ls"i %8 ?‘Q’ﬁ(’éﬁ"i‘*ﬁ“ geifs!

pueiudeé pithibethis tetn arenombinhouz eell s ¢e.8, @iﬂpmhﬁm&m BhedStype),
ins are run on

1 Th
RE A By oS T Al Len 0 GHCLE (a8 Tt FOMBEmBh el
tahduBf dtlier 0€ll pdpalapib@inaintaitddGAVPe gel to a solid

support, su h as nitrocellul ose or a nylon nenbrane.

The i fAf38Rch S R S PRaRYOFRS Teffrs to ?ra@as%malswle from

SProk ROStEL'S 1w ﬁltbna&ﬂﬁ&tl tMé fedn B&kBIPaLs aft Rrfishd %%Eus that exhibit

interest. The binding of the antibodies may

dhsrusual ¢ Barpgferiptis of pykariqtesn sieh a5 the Ipraseneg of h@umle@s bounded by a
Lol [

PR AR PRI o dou L 1Tl of bR bound

orgahelles, and otharichdragfetibtiay comimenly ebsereeddn ewkatyioticiotganisres. | Thus,

8 e TR oA A s .

humess).(e. g., non-transforned cells),

El

As used herein, the term "in vitro" refers to an artificial environment and to
processes or reactions that occur within an artificial environment. In vitro environments can

consist of, but are not limited to, test tubes and cell culture. The term "in vivo" refers to the
19
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and any other cell population maintained in vitro.
As used, the term "eukaryote" refers to organi sns
di sti ngui shable from "prokaryotes.” It is intended
W2004/014222 er m enconpass all organi sns w t h celdrriskéndnzs2ss

-exhi bit the usual characteristics of eukaryotes, such

ﬁ‘a‘fur%lrbﬁvi% glf g% ,f)c{n Vﬁr&e{l lé?i\ll\;#ifé lﬁ&#‘ Iﬁ) éﬂ?ﬁg&g r Petfn that occur within

nucl ear me In r OMDSONES,
3 ppturpenszomneendf nenbr ane- bound organel | es, and ot her

char agteri stics mofl v, phserved i n eykaryotic . ,
org aﬁlﬁlg r?}%rmi T%%tsﬁogn%au?ﬂ @X? eclaﬂ&lfl?\tg Ic%%(g’flabfﬁféég% anyfhemical entity,
ﬂ)lia_rmaoientidab deigcimdothe ke '&aﬂi'sAﬁsiSa.tfdi&ggdhfor Wead &aaht@r pRWéht a disease,
ni nal. e.d.., ungpns,).. .uUs erein, the term"in _
et pinte o ison AP Bl FREHSE et GmTSHETSai T4 commpounds
EUNOEIRE BEE kAdw @alidténis] thétadeutle 6othpotintd)i A tadNcodpouhd Sinde
nvironment, In vitro environments can consist of,
Eﬁﬁ?fméﬂ" t‘hgft therapeutic py sereeningysing fhe scresning srgthods of the peesent
h0&utbR! 1A sol? edibb@imenkf A i
o ol el men JF 1 @%ésggﬁ t@%ﬁ%‘% téﬁgﬁ?‘b‘%ﬁngsn‘f‘dm antisense

¢ampgundsan ani mal or a cell) and to processes or

react .0 REANE ral _environment. The.. .
tor e P bel AL RE e st is Bt M Bloa LR IR P sgpotitis
wean fryinclhémd spetimentor tylfure qht@Enedaften tincsurcegasigell Aniblédical and

ke that, is .a candidate for use tp treat or. preyent_ a
i1 B iRy, ROIel B ol el peiyPrated Bprgishpgcing
Hunmewis) apid eficdngpass fulbele@ulddalo ahnd)Solids ssues, AP 8B Biological
conpri.s %k)h knoa/vn and otlentl al therapeutic
SRS s Dl Ut i P G pum 4o B ke ripental
$e I AR de e ior B aftial 6k SiBocRARR Mol OB OGS and
of the present invention. In sone enbodiments of "the

ipdusirial sampicse uch gxamplest arernthowavss td bredopstened as limiingdhe sample
SPENPPRGSIe to 2 phSsemtSAnh&L €i N, the term "sanmple” is -
used In its broadest sense. In one sense, it is neant
to include a specinen or culture obtained fromany

PRYY ED"‘ﬁES?iﬁP Di ' Wﬁ?@ nvi ronnent al
sarrpﬁ(igs. Bi o.oglrlcaz_ig?rb?ai\ﬂrrp es nay ((e)l\gbt ai ned from
ani nalhe nésemf|iunctintion refatesdmedmpnsitioenansipetbedsfibuidetsifying

] . Urd ne lids, .ti d .
g RS H bl L B o s
pb&ledmf dézgnosingand tteh.ﬁ!né djitsoede_rﬁlﬁmh wﬂB&Bﬁs’ﬂécle}&idi ﬂ/ﬁﬁ? t@fe caused
nc e envir nt a mat eri,al, sucC S urtace nm r, .
bt s e o Bt ol mtpeun, i e SoRORGITER o he P ivention
Frsidpd 1a8thedsf dRignbaptvBirods @clesiz B HapHeisheAsicrbased thiSBY kinase

the sanple types applicable to the present invention.

HETIAY pauspdiyserpons Seier TRGR RmesNipathersmbgdimsntss the
prade@fink&ftioh Bt RS nebhoBOHRARIihd ﬁB&o@@s@le‘i’?sﬁ E.lﬂ&ennsg
al 1 ng pat hway

Identifying _abnormalities in TSC signall .

somnoxpds thatjinbit BER kinagssashvity (4+ge maniaoyycing | Bhegmesent invention further
) . : cor ch

B mcod SR B L SR RED 13 B

dinrdESC genes. For exanple, in some enbodi ments, the

present invention

1.  TSCIand TSC2 ‘
TSCI (also known as hamartin) encodes a protein with a relative molecular mass
(Mr) of 130,000 (130K) that contains coiled-coil domains, but no obvious catalytic domains.

TSC2 (also known as tuberin) encodes a 200K protein that contains a coiledcoil domain and
20
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provi des nethods of diagnosing tuberous sclerosis by

di agnosi ng i ncreases in S6K kinase 25 activity caused!?2 FEB 2007
by mutations in the TSCL or TSC2 genes. ‘I n other

WRRAWI0A3A2 s, the present invention provi desPORUBIOEI25283

of treating tuberous sclerosis by adm nistering

oD actmyita eidny Whith ot oA o R Geb Epchvitip potein
Gﬁeﬂ)éd@sﬁh bascuess GAR acmmgy tmardsrl@tand Rabs rinemee esloigoak
. 30 .1. TSC1 dTSCZ TSC
kel aiorlr AR 38 of rSC2 H¥broiv eal) Where et cayeops auimas are
preheitbltumom()@mdadt aIr Jfrﬁ'ga Inv(eM jO4Q‘68’ZL395 01899)( AﬁQK&lt Mhﬁtf Hum
0 no. obvi ous cat al
G Ba a6 S KapalinaT. alaly Bt Vas Abide Seic U4 OB E-8767

qzoo:);ea:aeh bhwhick Qﬂhﬁdﬂﬁc@g&@téd G&¥etendtd R My o @é};%za thichoguster,
B 2007 WD 2004/ 014292 PCTT US2003/ 025283

lesthew of sithersldpelr s g a2, ingraasescell sigesnd D@ﬂtfﬂl‘@w, Wheredse

V. |
AR Ao 19, St RS ot 8 e
shawing thed flselnangdfTsed fomra fMeGpnal compleR thas regntatey oell growth (Gao and

i’zgxtrm&?}ées Pg@lglrse ??83h F’}ﬁr g&di%ci ? {/gelt 56 %%SZ 53%@%@%%&&; etal.,
Cdbus) ?57,9@683(2091). Tapamet dl., GdeOSBﬁem (20813; 62800 fARHMch is herein
g OB, il i oSS s 1w

funﬁmnpbWﬁitfﬁdmh}f tHeﬁﬁﬁﬂﬁIh@bﬁhn—th‘ gidas fltdt (16F ? reg?ptcar _Il_n th2e control

rrte nactivation of either d
el B8EE { Gto apd B G D ioE A G PR PO gTaH cra). Tt s bee
WHIEERIDAERE H® BorRonddis SftheﬁQ,uH!nT ﬁ&%&f&ﬁh&%&mﬁﬁ%ﬂ“&w}h

i ndi vidual | y, decreases cell size
GoamF ¢tt., Bégepsans ﬁéﬂld%%m)o‘iimeeundtﬁdm |Cbgu Datre Genal Dev. 10,

oo P e e B e e BB 1 Miee) MEArTeor

| %ﬂthway igshide thoppsitiys Fegy BTy 2w0lY recTptpuER)e insalin recepar substrate

i nc o? ?n gm{?%%r} (13% %I#Z%gag %%’@Iﬁgr gﬁr f@ﬁe?% and eIF4E

Qqnlgﬂrxpg@gmanqm £aa1[oe4]E)‘| @vecbismsslommﬁ:theﬁ@oﬁtlve‘ regutitoB increases cell

nsul nsul i n-| rovvthfactor
%?eggl?}of S&H \%ovr/ﬁelr%s #IH%O%%OI c:;g lejullloqlut&#éqq 0 CCRMSWV? regplatory
dRareases uq:il mmtremmtcmzeah Dabsophiid|(OW éinkohREML&IveR] Curr. Opin. Genet.

been. 15 wel |, est abli shed t hat
BEPUBs4 IO RS PRt D Hofarass o e vaFpRpEsgion of
eabtituirebvdctive PKOKR A&t infthe heﬁd r@§§t§ ﬁi/ Q{égp@;f(sﬂm T. et cg
ne

Kk d
éég 85)3 1, 25810)@)% : @BQ@?F%POMEI ¢ H‘l i Moh Q‘-’E i Biol, 3 @7 P0RE0X@002);
&h aﬁm&@&qme)m eSS4 B reffé}béc o). Hﬁ&@d&yof %H%,L B&%d{ng $GFs or

tBOSItlve regu ators: i1 hsulin recep or
RIE EogeRiers eichisraeical., Vpm®) 345 ﬁ&s%pr(moatwm etag, Call 735072

g b635 RS0bof 33 resuliPlS cﬂw%-@%n& m@g?( FOK 5”2 - g@@podiﬁ 1%1: 66496659

eukdryote Inrtiation
(ﬂﬂ%&aehm mcpnperatedgxylra’exenee) mdmmg&&: ﬁ:ﬁdtﬂonal&mp@tﬁwéﬂhese

r h oL, P t atj of the
BB g TR S SHCESREE bl BE s TpE oL ptroser
oiems pmeltaex( mWnk@Vemmded_meuﬁegula@ﬂ ¢t proBiférition@RABLL size, the
precise function of the TSC1-TSC2 complex in the insulin signaling pathway has not been

elucidated, nor has the molecular mechanism through which it functions as a tumor

SUpPIessor.
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Dev. 10, 75-80 (2000); herein incorporated by

reference). In mce, overexpression of constitutively 12. FEB 2007

active PI(3)K or Akt in the heart results in
Wp2e4/01e322y (Shioi, T. et al., 25 EI\/BO J. 19,PCT/US2003/025283
2537- 2548 (2000); Shioi, T. et al. Cell. Biol.

22, 2
i ncor fp%?ea%g g &By r eggnstécn%g) 1%? h&%e 0?1 {}}ggnrgislﬂ ét}]c(l,:eoaaed PI(3)K
$i@rding in hunieai thmers ¥ pgtofrsm(‘wo}h Mdeﬂ, @82-d84 (200a))u mehxﬁﬁeﬁls

N N S T

pathwaysEMBMIt3 niaxceﬁ&dﬁ)vﬁﬁﬁ Bf Ak BO%R, SEKrapd B]JH-4E, Qhd Silﬁésﬁbdveral
er enc.e n at i he fun ti onal ortanc

Ol oS GaRbucnd Baloniy ok Aimemd Bbvedoipre; Monkas, & or, Froc. Nat

AbddrSEIQUSA hs, 10541031 (26633; é2dRBf whidl RHRfehPincorpbriatcd bhs

ﬁ?ve been shown to. be i nvol ved in t he regul ati on of

BPALl PR ihe ResiE compppents qfiipsulip pigedling, mTARtS esendial for the

&dierol 6idell ERfwAh Gﬂﬂﬂoﬁﬁdu%nkﬁf@uétﬁgs e?‘ a ﬁﬁ%&ﬂar&m and

has not b€en el uci dated, nor

He-BP4 (Phmelrle andgiallatGiel A 03,:258-12621(2Q093; hereimintorponated by reference).

S o T R Se———

siphagietostimolatd teanglaort. HEte mRNAL tndoding mumeaaeﬂb&bﬁﬁl) pfoteins and

s By AT bl o
tanfers aeagmﬂve ‘renstatighdl ameu@f ?ﬁ'éﬂpbnﬁ ft@ﬂﬁtbgdnibt dt]!iiﬁ;;l’dtioﬁ/ THeF

n res S | excess activall on
et o GRS Foislokes 2R Bhopphonies of B A0 FibgsaEya) 6 protein
BY S6RISHat er kNGt 0 PR)sDRBRHL SBE Me)%m ﬁm E%@E%oocg herein

supr a; Neshat, et al., Proc. Natl
mgarparatag-pygeterner)) Hypepbpsphprylaied4E- 1313,1 h:adsatorand inhibits elF4E-

iR R0 M sBfioR YT CAPfc%ﬁﬁﬁhﬁfg)mRﬁ‘?@ (€hah BELIP 93rh). Vihes eIF4E-

co onents of insulin signaling, mIOR IS ssentl a
ated gpassagps effencagqde grqsmthatme iawvelved iarpeeliforationh sl c-Myc

%Jskgﬁkﬁllgzl 3560, bl Sl £ B LEERAN 0, 8213 (hoosy heren

mwpw@ddwedfemce)eﬂeh@moepf plio@plﬁmxdatpinmfysﬁb’.tmé maotﬁva.BGlh(of

R Rpfenetion SERLBR F ot i RLPEIR e it SR

ENASHS) gO?rmrfm(nD;Shefmrbme@pﬁﬂateﬂ b9 tefbrarsceR MThe itnpafigicabi ATOR in

actors contain rm nal oli rimdine tract
Sorfs b P b ot ol sty HEuts Rygor srowth (Bodsypanina
bf AN ket N alcad, SELICSH 98, 10320-99R292001) Ohditih ft6Hofated by

stl mul ation. The translation of top NRNAs correl ates
W?’ﬁmﬁhosphoryl ation of the 40S ribosomal S6 protein

15 b R
Vot ab o Tes e%algn%% Ehon J"I%é:&ei?aﬁm‘% nc%:’?g@‘?ék"%%%m“““°“

f%ﬁ@(xémf@?ﬂtal Rt derponsirgied thatTIC1-ESC2 indiibitishe phogpltrylation of
Egﬁ aQ& AR ]ﬁ’llFﬁe %%E%W%ﬁ{ ’E.‘.‘séf"ﬁ%b@tek&% 18f ect.i_Harough mTOR to

P- cont al ni ng , supra
qumat:ethe MWDQWBEIOFW ex‘ptennhentp deenstrated that the

cye Pblpg%él %TEQ r oelghtgveeﬁ'are!%ﬁﬁsq g%ﬁplc%% ?lgdC]%%q.sp%qﬁon in
&spdmse itrea®hiéht F7th if<hBR 8)d thhethe hbilit @f TRCD tP@hibitSdKBorrelates

ce Activation of phosphorylation of S6K and
t& %%?r)sgﬂprgs‘sorﬁﬂggoahorw ation of 4E-BP 1 correl ates

WI th Pletidhistidied ia@ebrirbidTan OIS dlcNes hat ARL préiotes the activation

of S6K (Aoki et al., Proc. Natl Acad. Sci. USA 98, 136-141 (2001); Burgering et al., Nature
22
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PNAS 98, 10314 (2001); herein incorporated by 12 FEB 2007

reference). The inportance of mfOR in tunorigenesis

is supported by the fact that rapanycin inhibits tunor
WP3MH12odsypani na, et al., Proc. Natl Aca8@CT/8§2003/025283
USA 98, 10320-10325 (2001); herein incorporated by 25

376§ 599e602:(199 5538k b WHILE isHRRGH fbagordie rb?gef&%ﬁcé} OUESRLO] of Akt

devel opnent of the present invention

REFPEFSSIgR Of # scmsﬁ%m%h aqtive AkHmpiaat reydisin ingrased S6K
ﬂhBEﬂhQMﬁohBﬁ‘d BB&%QQ%@ ghk Q8ivafion GIREKERPARES ?E tﬁSrocess

data show t hat TSC1 exerts its effiects
i aRy e mpedigtad by an TOR (Srottiet k. \Prod. Nagdcaddcl ELSBF9517772—7777

(P SEiRLBE TR R R Bl Lol vt

ipéropqrited by wf&rcme) ﬁ[‘herpee;pnmmentmn i netaiinmenl to wiphiticulasmbdhanism.
t hat_,t b|| TSC2 to inhi S6K carrel ates

RS B ihablEndl bl wBlnaliias het doiiSialy by e e pespt

mﬂenﬂamnﬁbmmlesghﬂ is céiastrplatedl thabdx@eritnbié coiductad ,EQEE course of

(%E}aoact R %)I on of S6K AOKI et al Proc. Nat| cad

St obise Pioset o 0ROy e SRASGE M ORI, tgsglion of

SEK By Akt Hrthis MO, TS@-@@@M&%&@:&%&QQ&&&S&Q@&&Q@&%&% of
376, 599-602 IélQQ/éﬁB‘Peach of which is herein

TREBp EprIob 6 & Retajities i mamamatiameadls (it 79).bly s further
doneH na@ed%at%ﬁ%f‘&é eﬁm@é ﬁ@g@&%ﬁ&s& |y %Wﬁmﬁht
sed a

nmutant results 1n fricre osp ory on and
iosphowylation o B6k; andr#ig-BRa vihicht arokeyotguB8ets oy travsiation amicell growth

@E{CF We% d may be nedi ated by nTOR (Scott
t al., Proc tIAcad. Sci. USA 95, 7772-7777 5
RésO23) 10(5@&9;(19@9), B}eremhmneai-poraf‘alrh;&bfeﬁa&) @Qis aafgﬂt%m’fﬁ'sel—TSCZ

2000 a 0 i C erei i.ncor porat.e
s Epueplai. 55 o Ryt el R 6 SHBPrRa B iteEsea
zpmotatedul‘Sﬂz metstiasi(Big 2¢).| Goesistentia anlenbaicamenm dif BgKof t he

ani,sm i s not ece sa r e the pre

PRRISHn tRe e aBieee i FiC) Sufifl b phueBglenal Ham. Mol
G¥RE 1111 JEV3L-534¢ Bt i Gicdeboditéd Birefehcd)O W Ffictfnal assay for TSC1-TSC2
devel gprment of the present invention provide

15 GWEMYY BotAYAYARIS, SR EYSE 1R FRING wahadimesnth fprq_sgltsewnbgn provides an
£¥dy: for iRhiblHod ai® Bancetnaftlof BefZant URGEP loﬂh%ﬁﬂg\‘%ﬂcfn,e gbﬁ’ brovides

Akt and upstreamof nTOR to control 4E- BP1
ﬁ@ﬁplﬁuapﬂeﬁjewaﬁtﬁmﬁmﬂuaawé@msgllfﬁ@z 7f) It is further

cont esmlat &ehitNatn,9 A}?ﬁﬁ{)h&v@ gxagxm( or y ?Ao r&g‘?&%ﬁéﬂa the

of TSCL TSC2 I's to |
rpRul8ioniof el glowth. eTHcepyespmgnMeaMms ndfhrtmt@lrte la phiticnlasmekhanism.

ke, 5B 5 R HRT R aefiPay B o en

maérmbﬁnNehemeras dt ia contethplyted thai" BB - TSC2 is involveD BY thé&Yntrol of

e o g el e TRUTEISCE milracastonmyinny Bk o et o

@Eﬁr@abﬁ@)ofc@mw@gImca@&)enhancenent of S6K
phosp%yl atl on has been observed in TSCl null cells

( Kwi at uring the,coygeg of deyslopment ofjthe gresens uyention show
ey Ak @nﬂnﬁﬁ&l’; aﬁrcm %11, rer&t, es"eﬁ%ﬁ% ty By éﬂf\&{ﬁ B HhilAFHE TSC1-

for TSC 1-TSC2 20 i s currentl not aval owever

T$CEEHe 7Ontistivationtos dSekhin Jairoe@rémz requirendBIIAL, pubnat dBK3)Enand

dAkt46. However, transgenic mouse models indicate a positive role for Akt in the

activation of S6K and the control of cell size (Tuttle, et al. Nature Med. 7, 1133—1137

(2001); herein incorporated by reference). Experiments conducted during the course of
23
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assay for inhibition and enhancenent of S6K and 4E-BP112 FEB 2007
phosphoryl ati on, which provides a sinple and rel evant
functional assay for TSCl-TSC2. Genetic studies in

Woemophiuiza have exam ned the functions of qucafm'gaﬁa,ozszw
|n the regulation of cell growth. The present

nven not Limted.t i cul ar mechani sm

SRV HneBEof B P et i tiioos Bat Ak petunoied Aefy o AESOK.

I?hﬁsph&@raﬁoﬁ of PS@Tby ARt dffeets s GERAb 1 fat 184t two mechanisms: first,
net hel ess, it is contenplated that TSCl-TSC2 is

PROBPRUtaioT, deckrasss St 3B el TKel; pecend, @hasphiomiatipn destobailises TSC2

h I
SR i ol ke

8‘%‘3 andgpdupingutighdnation df the fice g?seheDmpmewnaﬂ TSCI—TSC2
SRR iof by ORR ERERInS MU b SR YoriHtigh e inin

rp@thwe)m Evg)entmenus etmduicted duringf thd Gfiitse of G2 qpmept ofthe present invention
A5 3 Bledhe st ool BT PSR\ o i P @ bt cll

Igrmk&h and dedinestheir folp ﬁﬁhidli&i@lglhﬂhﬁg e nddr ph?suﬂbﬁcal functions of

ATt e Tioiten e EOReiC sed 45881 e { 2001):

h er ei Thé REAIMAEACHTOR MmIhAlR SSRalin 2&%5 ﬁz‘“\ﬁb“ mTOR has

conducted during the course of 23 F

R0 sopbe aadinact shspimryatendarsetoaf dikiAdndhosphbrylatien of Ser 2448 is
RAREERH bl MEHE gS%Btt e{;ﬂ X p%]ceNEP AeadVsk; ?fsgg%zﬁﬁz-mz (1998); herein

activati on of ory atron o
aicpeporated ygeferance)iand CQﬁﬁlﬁcﬁgMIﬂBmmuvmbumbMOﬁ WE Ser 2448

55 PRI, T35 ELL ol s e o
pﬁlkt)hﬁn'ﬂORﬁbﬂﬂ&hd&ﬁrﬁ{ﬁb lcompliex. OHBWSvea,thls @M@dlioB Yvas constructed in a
B P e S50 5, s vt
mm%BPb(ReyhoMﬁ@}Jai T:B(Eol (m@lﬁ aggz,ﬁl\zgﬂuézmgl (g?mcyfhefe]}m
HPw T TR T .
GraporEaceOdf Séﬁ!ﬂmhbrﬂitmh RemPORSERRtionN WRIBEd, Atent SRAWS Rurther

nol ecul ar basis for how TSCl-TSC2 functions as tunor

:f-"

& SBISIYS TPISIH Bpmi24¢8 phospgrsiation larmIT QR petivetion Beynolds et al.,
6052 P01 SBG140: TR B AL Cabpiepriain,

Avportingprale Hf 5\‘—‘1’\/34t4§ phqqpbory]@tlen mmeR agtivcktion (B.%yncﬂds et al, supra;
. 2448 T

E\HZ%LHS owr?g)t?ég'll'é | rect ll;%%’ %ﬁclﬁ’mf: P‘&%dt%]ﬁc%%ffms}-

Ekpetlmtlmﬂiwsﬂle;duamg tdre coﬁrseSef deﬂélldﬁneni gf f.hg Ipféséﬁigﬁd%tbm found

' i cot t N . Natl A ci .. USA 95

S BRI Rer Rbgmp AT tslPivonead Rioijon: drpainiind

mebamlrbyeiuaieas sﬁmmmmemﬂﬁﬁbﬂ ¥ S6K. bydidbpaniyeisit ifediale@ By @le

Ser .2448 15 ipe does not affect the_ ability of

S8 Pl saesg SE A LS s SRR RO e vates

PRLAltike BF IRy G Ard RS 10 il 8 weRK fsss&mb%&weél?r*ﬁ% find §dﬂ¢ fias been

nmut ati on was constructed in a “z I n resistant

Mtestediieteron ecenfarh Mg 4sed. Seo 9@4 5 8443 (198A); bereinas
iR Edkd vy r¥ferdn ORI fH]% ?g%ﬁé%fbﬂﬁ%sg{ %J:tivatid]n has been

Biol. Chem 277, 17
eietdishrsk dixperiments eﬁ@u@%@rng'ﬂtaeqoefse pfdevslopient of the present

ifRektidnShaW thal S5 CRORSEAR b O & ka8 1 {iand phosphorylation of mTOR.
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20 i nportance of Ser 2448 phosphorylation in mlOR - 12 FEB 2007
function. Indeed, recent studies further confirmthe
positive role of Ser 2448 phosphorylation in mlfOR

ad 200a0i4zm (Reynol ds et al ., supra). Phosphafotiehiean2sss
of Ser 2448 in mMIOR is enhanced by am no aC| d

supplﬁ@%;} e of %er

phosp oryTg qlgﬂenflﬂ&}rén |va ﬁ ag é;PdegF an

suferstgndiniyay theahechinism B IIDCMSSad’ to ﬁfhdtme‘kﬁg préstht (niz&ﬁiﬂ)l

Gt 8 6P RPEIT HobPOEYOR SHe(ASF Rt PP of SOK find
RecRS @ibrape it tbrfrrsmd otteR HisBiaes RIPEEIY. dgramhqe Qtance).

2448 in mMIOR i.s decreased by nutrient rivation and

i ncr EEEEULdier ey e indicated thst nhqspherylption Sﬂ(cﬂlilddrﬁng ky mTOR
Emgﬁﬁﬁéﬂfﬁhﬂole% RAb&iAdn BY trhliitio (Bo®/n2: PN ARRNBE FP841-446

9.” Rapamycin treatnment or am no-acid starvafion

ClO0P); Bleracet ah Ridli Ghemadil: 1A48¢-90 1R8N Shaib et al adnr. & Rhpal.
b 0] . '
FRRREAL YRV T S (PO Al s

pliaghorlation dfbeg) S6FhededBBP 1i(Gonschamvaked., HyBibk Uheraye}30958-
oo deneRoh AL, Bl B3, G0 R B0 U ot G e o Hum
ofol. dRanel DHIEBSE4 @002))Ondaree ak Mol TEY RBrrosd) ntwwsvh@ooz) In
TSC1- TSC2 i nhi bi t@? |él %i@e act i vi BK

FPResTh B Yy PRTSSE AR Téﬁ%‘d@ Tp4-2jinbybits fhe %e’eﬂylam of S6K and
2681 QddhéBaoviCt/al /300030818 22813 NS, armasvmm ek $t al.,

not limted to a art|cul ar mechani sm | ndeed

dirrfe et drarnisl & 1t3%1 WA 4103 The mepntne‘ceegglmsywt hjmted toa

r
Bt o BUER o WISLIRkET R ke o

predtids thopresegf ingerion Nanethelesasit isitentspplateid ¢hat genefshd major cellular
BRSSO B o e oo
ofid 868Pland 4EBP 1 by nTOR play an inportant role in

the r a

e S Bl I B s by g e

3\7’281aﬂn¢h458df ithensOS8yth fattads, mtrackllular ATP lebelsPid ®hdikonmental stresses

TR eREPioud i o Bipchin, 250 336G AN eans: G- o Bibgtar

$6453685 FBRRI02). CaTE he;ﬂaiba Rtreddes S6K andEBP1 ;@ae;morylanon and
277:.30958 10 30967 (2002); Kenerson et al., Canc

Hé%bltse@ném SEHGViesotady. sumsfa Mp%masamedlatm&ﬁATP depletion

bsege}use ?]fog%l% % Eoi g%?m et tnifarla%qe wl\ﬁgch is com;laarable to

gﬁ%&ﬁQEﬁ §\51’P01@véi’§C -Eﬁgs &t a"’ln@e;éeggev ( @1 @Etﬁﬁ ?%01) owever,

hosphoryl ati on SGK and 4 arova et a
agozal celhdaci AT lemls do ned drasi@zlly cBinge urded p&sﬁ&b?gxq&ém?gy starvation

R 9
55188 s, Bebline ltles AR ncoiop I il igp e g e
pemdehtratioay a reiativelysmail déoncheeit, A EMieuelsiedlsteanitinngelafivelndramatic
nechani s cessar pr.ac rese
TRBRT I MP R rCS seuird xede&we&#ﬁ%&i@\@mwmprsem
masamMPer{dr&h af al., MR Reb. BiscHen. GHEN-F55¢29983. B-Q)eoxy glucose (2-
i bt transl t|on by | nhi |t| t he phosphoryl at.i

S8 R-8lurnse aneigs. and Srppainp “rapnamide Ribpgicleotide (AICAR),
ramkmmo&uh bid) Bus J.gmaéuenzgzmmvwsugml B shd ACAR

have been shown to increase phosphorylation of the eukaryotic elongation factor 2 (eEF2),
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20 availability of nutrients, growh factors,

intracel lular ATP |l evels, and environmental stresses 12 FEB 2007

(Browne and Proud, Eur. J Biochem 269:5360-5368
WooRy/9i4eroud, Eur. J Biochem  269: 5338- 534Pd1aladp/n25283
ATP depl etion decreases S6K and 4EBP1 phosphoryl ati on

%_'tlﬂh AP éﬁsﬂf & gegst
t h at O?tb may K%%E at géétugé‘ IOA ) et J?g%hg%ﬁa 12'2 aﬁl}s e
ROR R 23 dZOQﬂ fIbhas/OEEn also tehertetd thItthn'dlI 2DbGrand gdCARI inkibit 86K

i oL 0di I I De t
SRIRG e b, G hL £l S0 ot KrusB g fars 2 R
269: Bmlmsamlon)evwesnmamm of IS 615 Mdgwmﬁa‘ppmt go through
ca r ation conditions nst ea
St@%p I’V%@F‘"ﬁ%%a'@cﬁg tration is nuch higher than
t h e Adfddies conaadéd @iringhe dufse |oﬂ&év%§b&1e§t@'tﬂe F8ehiSAVRtiblshow
ATP |l evels wil]l result in a relatively dramatic

MRETeas s rﬁmﬂ'«mw cglulprengrgy develss AsEivajion ob Mg by energy starvation

R e e s

5693 8§0t612 bDBbB(’ym@FfG@@eeh(@nat@@e AZP Degjbméufad aI 0 g

PR S gy BT B g i

BSS@’ﬂiecmlls #ROy HEFecEEE re(sﬁsﬁﬁﬁl)n SEK Mh@apﬂonﬂaﬁ&R(Flguw g0Yeen
W ncr eas hos on. of. the
B Embr, e PR Ry ferB PR Bebted Gaheibystpaloito B Hered by e
Bﬂﬁédsﬁﬁa/bi %df}ffa}'wpﬂﬁ hoAhe nqmgh@pndr{lgudmﬁtafswrﬁscz-/- cells,
S a.negati ve ro ation rman et a
By = sl uicgoq b S BlypphoryiRmty AMER i tisgesulation of
HERYHoA® ycifflar RR4rBy darlkbeicaBight<GAR | nhi bi t S6K
aCtIVIty(Klera et al. nes Cells 8:65-79 (2003);

Kr aus Ehepresent inventipn ispot fimisedhora partigBr gpehenins nde2d ) |

0
EhemE e Sl 1 48 g ok
@

HNonethelessciy ﬁcfe%tt?@alat?drthaﬁ & SER playp gy eseengipl rals\te proeebedlls fom
BB Epasob SR B0 Ko AR LR ka1
#mporiant fopASCE g@amnsmu cpllarrepengy pispensesdrepause exmression ‘o‘S@ﬂd type

1, K
SSCE IS8R DR e LTSS Pl oo
ahﬁnbm b}(gluooaﬂdapﬁdaﬁbﬁ (Figmiedsp hﬂie)ﬂr&hntmﬁvenﬁoﬁﬁ Hof Frhiged t6 a

kP, e BT S e B

gﬁmﬁeesma pfeydnatnlvamoﬁ FiNgtétReldsd)it is chutbrapiefel a8 an &d36htial role of
erggz I etl on i ndyced dephosphoryl ation of S6K is
r

EUAN@SE ther PeBylay fIEREY ESPRRRSTSC2, but not
t he AI\/PK phosphoryl ation nutant in TSC2-/- cells,
denonstrating a critical function of TSC2
Bhos pbagpostic ApplisgtiodPK i n t he regul ati on of 15

t ranspatonsaaeh s%@g,resaﬁ Inqurtnt&hg,r;a«fﬁes Qe dak gy&gﬁn%%hg TSC.

The present 1nvention s not a par
Fedh dissosis of F§€altlpwa carlyunteeestionn Fonexaniple, hmmaczinanumuﬁed

[ dpoto ggeqsr%%gé‘,cguse% Ctlcgtpéhea élﬁSﬁnt Ian{%tl%fha

e SS I'S CO n
@h&rﬁrabmmlcalrotﬁ the prasempt rmteﬂﬁdn) cal besstdried at atgéaﬂym point. :
d | atlonln uced t 0si S. ANVPK- endent
pﬁg; p#b?oﬂ (fﬂ 9 T@%ﬁp epent Iinvcntlon prov?feg me o s of diagnosing
mutations in TSC1 or TSC2 directly. In other embodiments, the present invention provides

methods of diagnosing mutations in TSC1 or TSC2 indirectly (e.g., through the diagnosis of
. 26
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20 inportant for TSC2 function in cellular energy

responses because expression of wild type TSC2, but 12 FEB 2007

not the AWMPK phosphorylation nutant in TSC2-/- cells
pr@ereseg222popt osi s i nduced by gl ucose depri ved1gs2003/025283
(Figure 13). The present invention is not Iim'ted to a
lar a an understa
B R e R Fhe ot BEEA o Yol EnPREY bt Oening
inethedd. i Que.skilled & the lar scoghitesithat amnamald&?dgﬁdsﬁk: Ihedthod may be
e‘ﬁgentl al role of 25 TSC2 and AMPK phosphorylation in
el I ul ar energy response. H Diagnostic
Applications In some enbodi ments, the present
[ nvent| on_provi des net hods of diagnosing TSC. Early
& agn® %’F?D(D?Fecﬁ'gt allows early intervention. For
eXaNPih@omb LB EmEeAR m@pﬂe%n&b& 1R provied AL i{oAIBY &tectin

bef ore they cause e and phar rraceutl cal treatnen
patagons ig TSkl o gRER #ﬁé‘é t Mations in FRChargkBYE2 drp genstally random.
SR8 BRaRRE LY o0 SE B obrin R tbtod JOR8 B ommte of
dhb@mnsnts;gnutmﬂ‘sm on3SCh gfi8€arednnddB&® directly. In

ot her enbodi nents, the present invention provides

met hods of diagnosing nutations in TSCL or TSC2

i ndi rect | \Digéct Wetectibi ough t he diagnosis of 26 1 2 F E

B 200 04/ 014222 PCT/ US2003 3 i ncreased S6K
act | VPSS SRR 6 A FER A DS HNIh S B R al e 15C1 or

URey Rk & soilk@aibolithen¥PiUETed enSihls'nheithds Well RBov? in the art
recognl zes that alter native di agnosti ¢ net hods may be

DNA sequendingis ussdite detpe alterad 8RR or kO nvaleie acid
t
bR ERE b B LSRR RRERLITOP FRucal, Rk Bhpde sc.
and TSC2 are generally random l\/bst mut ati ons result

oo o itbddon Yt IR AT TSCROOPSES WBeeinl " 15, ' 0 SO

enbodi nent mut ant enes are truncat ed.
10 1. Inmtheecmbmmen‘s,i tomecited E&ﬂboxe’l?ﬁﬁﬁjpmemssue detectedli Any suitable

s o M ke .

ambdsrhxﬂsntmbll—fﬂea d:uﬂslahhnhi%oﬂﬂ fromaXrebesgen, [nZ:ECBosﬂahlA\/IA) are u’ahzed.

uenci us 0 t altered TSCl or TSC2

CrEcR. g b iesfeﬁ’aactae ﬂgf labeligg, defegtion, apantitation apglysis
aiid jgsletigi dfin@scehtqiRoteiasl Qﬂﬁilcedtdﬂ b SellfradRtQeinier tfadSlatiorlsystem
gWgect i on of Tr uncat ed TSCl or TSC2 Proteins |In other

radjogeitsrapnoraseds op pthyryadiopitiye dabsls. Afaskers are

aiRiRadyaed térﬁum%&leah& PORh# %a&wsbﬁcma@ga&ve abifo®eids, non-
truncated TSCl or TSC2 proteins. For exanple, in sonme

nefiverppuRe 2pidst aming arid apglegs or derivatises, orchemidabugietieso (ihese markers

ﬁ%gﬁﬁﬁﬁged(#elv ) ag%ggﬁB@Hx’s tﬁ%@ dth?f)e?ul%%in:lémg?c}agég@f (R d@g the

trensdation procesyuant i t at i on, anal ysi s

One application of Ambergen's protein labeling technology is the gel free truncation
test (GFTT) assay (See e.g., U.S. Patent 6,303,337, herein incorporated by reference). In
some embodiments, this assay is used to screen for truncation mutations in a TSC1 or TSC2
protein. In the GFIT assay, a marker (e.g., a fluorophore) is introduced to the nascent
protein during transiation near the N-terminus of the protein. A second and different marker
(e.g., a fluorophore with a different emission wavelength) is introduced to the nascent

protein near the C-terminus of the protein. The protein is then separated from the
27
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and isol ation of nascent proteins produced in a

cell-free or cellular translation system wthout the 12FEB 2007

use of radi oactive am no acids or other radi oactive
Mabba01429Rr kers are aminoacyl ated to t RNA noicaaishs/o2s283
Potenti al markers include native am no acids, non 25

I r d erivativ
Bitstalith SRR bRt ena SRR A O00R B D KR K e
mﬂasuremsts émn tfne Dt amid i5tefonioahsignels Ipﬁﬁmdets idfgrmation on the fraction of the

ALY 8t LR, LB LN e i

ﬂn&kal ik l@%toétﬂers@nﬁgﬁ‘om shetNheergiftlal fnaler, 50940E &el rAdleculed Bhve a C-
) assa (See e.g., US Patent 6,303,337, herein
ﬁ by reference). In 30 sone enbodi nents,

this Iasmﬁmhsr HedihéhtS &mﬁa&dfpeételhg Meqa&ét%bmmdmdmg
in a TSClL or TSC2 ﬁ rot ei n. the G-TT assay, a marker

¥ egamplg, in serpe ap gots, §we mub@éwe ang utibzedh ©ngagndy is designed
ReOL.8 Pl deiis: eﬂ&ﬁfo ?I_%ere!:\&lg%ﬁ% %eg‘i' %er%fnug BETSC1 or

ﬁ
protéin. A second an rent
T$%m§1|cﬂrﬁ9¢®d\mt¢pde( lﬂdde@ﬂbtmre@lgnBs theN-wamiziue ofjTS$(1 orsTSC2.

j r. the .C-t.er.m nus
bR B8 rhebehtion AR KMrmiBROE ol B8 Bl ot
Rihc2ted: El B)nﬁO:ﬁﬂbodiﬂn?sQ Q%ﬁfhﬁﬁemwa 142492 @etermine the
an i on m an e, si.gnal fromthe markers is
%J 'Lelmﬂai%}ﬁjge?‘in?ﬁ‘ﬂm%? d(yﬁ’ég‘g'ﬂ%asurenents fromthe N
and Quitidody biating iOdbtdcted By G¢haigesikibRA Pt aR (04, t he
fraction of the nolecules with Cterm nal truncation

refliogumunqassay, ELIS A (enzyme-dinksdpamunpsasbant pesax) lsandiwiehi|
ﬁﬁtﬁﬁﬁssh%b{iﬁr{ﬁﬁmﬁ%eﬁé 8085k, doi QiR &N’cfp%ﬁgnr}@ichons

mar ker % of the nol ecul’es” have a
moamedifiusion assays, 8t sisimmuneaseays (b odingantisidaltzold: e or

ﬁﬂi@is%ioﬁé 12BEIS, fgﬁéﬁﬁfpfesi W¥st¢§ﬂBlolPsog%mgifﬁmgr}%choﬁ:s%ggmtmauon

exanpl &€, in some enbodi nen les a
W69 (22 deel apglutinatiomessays) emasgiitimation ags@secte.),gomplomientifixation

Ty

desi gned to recogni ze the N-term nus of TSCl or TSC2.

ot CRESEERRs i i PR de e A artaine flebelsingbe primary

| antibody. e rhctherGuodinieat, thé@ntﬂ@ﬁma&ﬁyﬁy Hetddted bisdstbcting bmd.mg of

det erm ne F?ng rati os g’s Ctermpal to N-term nal
%fﬁ"f’ Fgeasmi e B aymRn ARty do adirthet @pbagyment, the

$eR6RyOEBod 19 WBelbd Mlaﬁyxﬁéthodsearamwnﬁﬁ@ie%m}lgbﬁegﬁﬁg inding in

ELI SA (enzyne-|inked i mmunosorbant assay)
MRS As A Withinthrorensi ﬁmrmntaa\seaygn gel

di ff ugisoRe %ﬁ&dlﬁbﬁtgtah‘aﬂtoﬁﬁéﬁhlztg&ﬁm asda L fM?%&P for the

assays in situ I MMunoassays e.g., using co
@mraauoemi ymuegassayslinoludothogsalesaibed s;USoPatemaﬁrﬁssegm 4,981,785,

53,2401 £330, 603" 81 B8 R LSRRI 0% ca BHAAARH Sl

a’s a nat 1 on asa
tmhmggd:nlls mtreanakyms amtsmysntamtmof)resuﬁm mmllsermmnafddx &ot éidample, in

TN N TR
mmunoassay 1s utilized.

In other embodiments, the immunoassay described in U.S. Patents 5,599,677 and
5,672,480; each of which is herein incorporated by reference.
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In one enbodi nent, anti body binding is detected by

detecting a label on the primary antibody. In another 12 FEB 2007

enbodi ment, the primary anti body is detected by
WQ 184914332 bi ndi ng of a secondary anti body orpQTaEgEAN25283
to the primary antibody. In a further enbodi nent, the

Becondair¥ctitidigdy 1S | abel ed. Many net hods are known
in the art for detecting binding in 25 an i mmunoassay

and dpethgr embodimenss, suigtionsin THE! e ESEPrare deteatedttindirectly.n
EHEF TanalefelfucTsl - t i assay.ls ..
uti 'z ed.9 VBt 'ﬁgggnﬁ%g}lé‘%g%ﬁ ‘66?7(% | %tﬁo otpe P rﬁ?ﬁ?ﬁ%%g%n%}s
demesinstriated: thatseS Clemd ITISE2 dnhibit S6K kirasd @titvity (See Experimental Section).
5 98 5 ..6,159 750 .5, 358, 691, each

il s AR oA et Bt et PR ke e oo
enrdithenty) b SncréaSeinBoRI Rindse acthtys S5HRYE &rusig @bhéPEIT6KSpecific
| S. a@s&éaﬁt omsalgqig. Fgr exampl e, in 30 sone ) ]
BBOY (REntisred e fend therfapegupup estionbelavig T preswh invgntion
18 Rof 118itddas dlphrtiRhiat MEthod FTALARARS SYK ichatt dchglég dflknRJ %it%le method

ot her enbodi nents, the i munoaSsay descri

Pay brittdized, supdudinethesedknown §ythea80;  each of which is
herein incorporated by reference. 28 1 2 F E B 2007 e
WO 2004/ 014222 PCT/ US2003/ 025283 B. Indirect

- bt ecAntihedies ot her enbodi nents, nutations in TSClL or

1S5 8 o P B R e
fragnemts).oln prefenahantiodinsahts, HetprdsStinventon oA des Mbkiclond6 K

ki.nase activit ee ., ri.nental, Sectign). .5 .
T A S R R ) S R
Jehsh B @ arBinbiavidlrysidueSloSAO Brot PR J¥BIN L Srein Fe.b. "PEE AR C2NSEK,
S6K_Ki nase_acti vi t% i s assayed for using a phosph-_SBK
»IOR, and Akt \These anfibpdienfipg wigrin the diggrostic andidmp goreening methods
desqigeld il Section bel ow). The present invention is
not limted to a particular method of detecting S6K _
ki naséngatihogypgainsha proigin phibe eresent frygntiorayayhs any mohoddenal, -
. i 0t . KL ti i
ek Bubizod o) ool B aF B con
wpeenizsdle pretsimeintibodies gan be prucddritygsingapyoteih of the present

r, ipeot.s, .t t_j.nvention provides.
e b e SR PR ol Vo PR T B e o
Pproesds.t 0 an i sol ated pol ypepti de conprised of at 15

| eastfive am no.acid residues of .the proteins..
di scl R Rt tcoptenblastshe yse of mbgpglonal recspsbingptyand
pdyqlonaleibediansrd frupthests tHersvd. USP siifablefeetibidagdybetuséd t8enerate
t?llru .SGreeni gg rretegt?%gﬁ@iescrl_b_ed herein. An antibody

§ o5 UFIJY Bedociiods Ard grrerositions efaraIFSSAL IgAtDe tBgiyding but
18 lifile@ B3 those BiRt1YGH BBRIn. FOF eX AT Pbr R Haralin 8f a monoclonal

chimeric, humani zed, etc.) antibody,” as long as It can
antibody, protein, as such, or together with a suitable carrier or diluent is administered to an

animal (e.g., a mammal) under conditions that permit the production of antibodies. For
enhancing the antibody production capability, complete or incomplete Freund's adjuvant
may be administered. Normaily, the protein is administered once every 2 weeks to 6 weeks,
in total, about 2 times to about 10 times. Animals suitable for use in such methods include,
but are not limited to, primates, rabbits, dogs, guinea pigs, mice, rats, sheep, goats, etc.

For preparing monoclonal antibody-producing cells, an individual animal whose

antibody titer has been confirmed (e.g., amouse) is selected, and 2 days to 5 days after the
29
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20 recogni ze the protein. Antibodies can be produced

by using a protein of the present invention as the 12 FEB 2007

antigen according to a conventional antibody or
A¥Q 2088914282pr epar ati on  process. The present iPCTAIS2606M025283
contenpl ates the use of nonoclonal, reconbinant, and

S GO0 O 5B LSRR B cin ot

eomtdinpddherein geedised Mthlmyelmm@dls tepreparctinp dedited ervmocibnal htibody
BoBREE byl ONER | LRl bt l2day B o sp e e Gl B, for

cmtr?]»dﬁ bymdactu%llﬂhd labrlsd, prpubmi; as delschd &btehaﬁéi'r anil %ﬁﬁdﬂlgﬁ and then
with.a suitabhle anrier or di nt_is mnlstere to
Hedstife B ey G 62 el s iR ‘oo oo ool fsion can be
Qe dut h&wrcmiqu utﬁéw@ﬂle%d@ [y esmﬂ%le Sthe Elefhod QENIABG B K oehler and
the antj bod productl on capabi | conpl ete or

MilstsiNetuee 236498 4175 bdﬁe{ﬂ}’alﬁ@fa@a%%@f%wmﬁehl As 2 fusign promoter,
e Ef%hﬂlé/ ’pofyglﬁylgﬁé’)él?éoﬂ (PEFG)%E‘ O ut m‘%ﬁﬁ?&ﬁggo G t1s ?ﬁ‘fd

I n tot aI
ti rresExampﬂeﬁaf glyglgmaatilsemfluﬂelﬂ&é PIUIs SRHOndPH Gl the like. The

%fggéfﬁgx? of th Himi: 6 5&91‘00@ Ichr X (ﬂﬁ ésg{een &é%? %nc{ tg? D! tties f

gui nea pi gs,
pyelpme celly torbmuxed mmbfeablyl abowtyl promﬂom i200. ®HG @refé‘rﬁbly PEG

\Af G0 BBl Ry Bhicoditn lavou 182 o dagscee, G

fiipa cad bedaridd@ut %cwﬂtl h&b&uﬁ@@hm@@f?&%élﬁ%&%&t 20°C to
CT/#)% 003/ Oaéghag @ i muni zation, its spleen or
oRFEter P\’ﬁe@t & 2hout BhE fmutplr@w& ta d O inutes.
cont avfAls d@b&d Mapbeusbd! iR derbididl 13 £h oﬁﬁggp%utnﬂg the antibody
&)g@pare the desired nonocl onal anti bo

raSaBHAN PSR of tBepresend inventiond nfdr lmdgplt: |W®re 3 supernatant of the

Bybrids Mk Wadaedto RRokdpHakEE. &0, Hhicrobfife) tPWRIER hitib,
reacting the | abel e%l pr%tggl n, rogs e(%Iescrl bed ﬁg?llesla%sa{beddmmy

efrfeeehr Matb e gATishend thayasnfdmewndglobulinantieady\if mpusd celli are used
ol leldigh, aaenb %i‘{incégorgﬁaﬁﬁqod%qﬁed WEiah A 151?% Whth a

can be carrie
@si@n?ﬁve substracqertanedzyuessis ad@ddo bteckthe indamoclanal anﬁnddy hgint the.

élN%e rence ? 6th%§°§1d[p1£u Z iS]dAlnte E)i?b?‘é';’p%%’%agf @gﬁg@r@?ma is added to a

sodidyphadeytd evhieh gh moimlﬁ&if@)obonn Seibdéy or\Préteih A {d\eddorbed and then the
used. Exanples of nyeloma cells

PEG i.s
Pt e 1sisttR s eap: o capma hadddde devgsdhe mepoclonal
ﬂrtma@yigaﬁﬁttaéimmwmwmeéolm“ﬁhh&ody producer cells

(spleen cells) and the nunber of nyeloma cells to be
used SeecHPRpidhempyocignsl antipody qap bg pastied i agcordhmeyo any known

nl

T A A SRR T S e Ry 7k v
Gypoxgathingy anipepterin, thyrtidine)ars ad;decbys eiploybdt Amgselectiondndrgeowth
RkdiBRldn é@ grhﬁiggegua? l?og;g és ﬁl%q;y[) %ﬁ (i’orpr CLCH qﬁJI\XI 1640

about 30 r a Rut' @5
mediumeoontaibig\1&h toA0%, petféreldly lemyo Pe%s fitsichbofine saﬁmeemr mgdium

. d th . d.. . I pst
Seanf S OO D) 16 20 QGRS
hjbeidema (mmennanm Seijakufnd thylike R bBuded. ABERIIV e Bultivation

to which antibody is

[id h . | at
R it B £ o PC.BreTrau SH ohmct 994149 P afesk preiemiy |
ﬁgbé(gtﬂ RiwdeRamaecibeti % TO3bas. PRBan{ibddy 14 D2 tHeShipSnfMf of a
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in cell fusion, anti-nouse i munogl obulin antibody is

used) or Protein A labeled with a 20 radi oactive 12 FEB 2007

substance or an enzynme is added to detect the
WOwod/anzk anti body agai nst the protein boungtiw$3825283
solid phase. Alternately, a supernat ant of the

t o _whi .
LB AUl BAISE b hehc v
reAect th e anhbodymtcrt@ ithre alna’qméteni imiHelntisenadi oacti ve

subst Y A0 S8RZYNe .S _added to detect the

nonoc %@tﬁ : &%ﬁloﬁag? WP“?W@S ﬁt&ogy&%mgstta@obﬁgpnde of

the breslenp hﬁsﬂmnXEanS&l cagtield @t REortifh@ t6BRQREMe Rihne b tHAQAYF
cording to any known method or

d out.
‘?‘1%2"' o1 PP@’&?’P?}%%“@%W‘W SsPaFRtien 3a¢ perlicgHemed imsainpglobulins,

109 exiitipld) sdtiig- oﬁthéd&fh%ﬁ@bll%blﬂﬁahoﬁ,r@smm cg.ut gptrmvéfﬁﬂbﬂ e)
re added is enpl oyed. Any selection a
%%Oﬂli*ﬁf?%ﬁw agserniiop s, desompiion wifh iersexchanghssife. 2. dBEAEo,an

St @ati 6 3O R ati 2PN %ogﬁge {ﬁ‘?ﬁiéb%}x &%ﬁltoﬁ%v 10 gnoantlbody

20% re erably 10%t’o oVI née seru
mth@mptavemdﬁgbw@m a$ @8/uftipendbiruing sold phacsen,mrotam Aor

15‘%{%%%@%52%3# & ot b bbB REatoedr can be usea

Nor meth bther ¢rhisdimeérits, ﬂmmemnt m\senﬁaﬁ Edr@énplated Akombikardt @ntibodies or
e p&@f er b%:%?C f or about 5 days to 3 weeks, o
SN Epep o Fho gt peRtiona BseRmbgnantmptibediss include,

| Hihereaj@t luhnétytot hireniARl ahdehisHRELIBb&RS. Mt«. 8dsXar %%n%raﬁllnge

2007 04/ 014222 PCT| US2003/ 025283 hybri do
TetmpRipant éf%P% g'@ i%‘f”éﬂl thewb e Ag-- 1b6S t}??éen%ﬁah?orﬁiﬁmﬁﬂ 969

&t "VRR6E1HHE Angbo & Wi Zblahﬁmqénuhg Phﬁ%h@ﬂﬂraﬂé%o‘ob OSeprmger

of the antlnlgroteln in e antiserum Separation a
YertayiNewa¥ etk nine Naw ¥k chehreflwhieht is bedin lémrg)rateagﬁre&sénca)

pol y repiciddsl a‘ﬁﬁbodl&%ﬂ' &E&Hme‘d%&%ﬂ§ kﬂ% Iégtﬂo#) &Stﬁg&xﬁca%ons of

out accordin o) mannér as
0i &mlu%ngl qb@mn&mt@ndlcbfwm pstigis [Foa sxangyhg laabmplﬁx of an

nnuf- ul i ns for.ex
Sa; {rRg- t “a C%af%{s Fie préégi%’lﬁt SEF5HPR t%glpé?g%d@ndanmal

@mmum@m tpc ccanplcmaccoudhgads thephae emhter a8 daOARErHRA with despect

h
(ERCEBH Bndnlt aeBRodS RAroRy At sprianis o anody against
ig o Veradfrom therivinhnibed/asifmal hdakd 3ntiBBdPR sbpaedd dnd purified.
col l ect eﬂ} W t h. an _.active adsorbent such as an
ant i guri® BrefamRlpx o8 fedmpaggen apd thecamienpigtein tobemsest fer n
i@k atlbrs S adihd) thnl d@riby feHeRCinki Qn?ﬁﬁﬁh%‘ﬁoﬁ@rﬂ@ﬁ] 5+ RO rier and

I n ot her enbodlnents the present 1nven

L hapten At bt @BPlpYed sainng aman anvbpdioagainst e haftera gishtiscrosslinked on
thb 84rB&ank Qsddr it EiaflSy 9 Ifrt)@ﬁ:e@ Eﬁ%feﬂ ' ﬁo\{'%?&tf‘]iﬂﬁﬁ boyige serum

Reconbi nant anti bodi es 1'nc ‘e no

lopmip, hoxine sxeloglobnliohkaybole bmamhebmdywm efvbmbypbiscdupled to an

e T TN (T

apedts ‘biblnpert afithd haptehi bodi es"” H.  Zol a, BI CS Scientific
New Yor

Publ i Limted OOO pri nger

o 2 R Bk AR 0o Soridbiiie sgPlin O st s Sumliog s babism and o
dayrier. ch&regmpel)a glutaaldﬁh*}'dén@kboﬂﬁ&m&oﬂﬂaﬁﬁmﬂﬁﬂctﬁﬁteﬂ efB24&Yated
i fications of these methods

KN O or no
IS OB B A 20 PLBHRPSAY. GRRpmEIcHR ke fisiase withthe
pRésanfiheention. C'I]i’ﬂlioﬁd%n@ﬁtloﬁ Ibroduct as such or together with a suitable carrier or

diluent is administered to a site of an animal that permits the antibody production. For
31
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I mmunogen (an antigen against the protein) and a

carrier protein is prepared and an animal 20 is 12 FEB 2007

i mruni zed by the conplex according to the sane manner
B0 W0p1482scri bed with respect to the above mwomwskoseds2ss
anti body preparation. A material containing the

aiiahdifgithe agHBod$ brodustiohREFUBEIE EolipRIB driifco PR FEEl's adjuvant
ani gral and the anti body is separated and purifie As

Normalhe teprotaiagerirainigteradeoneaeveric? weeks to 6 weeks,

ﬁrtg@plaﬁb&gnggswmu{ ff timésmruni zati on of an animal, any
carrier protein and any m xi ng proportion of the

car r i B petiglongiantibedsiis renovened frem blvptl,cnﬁetbs and the fike, @§ aranimal

h cr.osslin
e o
adcpidiriggn theysamp manneraaﬂiaedesbmhﬂdrabowmmws;ﬁbﬁu febupernatant of the

i keyhole |i cyanin, etc.
a8 B 6P et end R gt B oo b i out according
witheitant. sapapardn am pﬁtbﬁnahon?ﬂeﬁl@ﬂ bSimmRRRbAR 4 tha laeééhbéd with

art tQ ati)\9 %H] per 1 part of the hapten.

WEP&W 5??38 PR g agents can be used for

coupl THprétkindsEERSaR asiid infmufisich hse:{ot u@ﬂed E)Xaigg!irﬁgﬂar type of
e actl|

gl ut ar al dehyde, carbodii m de,
wwge%&qr%mde apolypeptide o4 ﬁmpsesgmtnn‘mnnom@nﬂhr mcluding a gene

S, B0 B BEAD oWV 5e l e

ﬁw@mf ¢re nrofgistrhayrbeiseds Faagnmmh;ebeaﬂnmmbymny methods

R E R X RRvTN N —

meﬁoekﬂdnﬁdadzﬁﬁhﬁmddﬁﬂ@m&/ 025283 enhanci ng t he

anti body production capability, conplete or inconplete
Freund's adjuvant may be adm nistered. Normally, the
pv.ot elbmgiS&rémmig}i stered once every 2 weeks to 6 weeks,

int ﬁ%?,tlmasto about 10 tinmes. The
pol y 8?1‘3? AR, theePressRiGPRTIEAT PRONIACh Y8 Acreqing asws (e.g., to
Sthdin fOrRirndsitiat ifHibitfhe RiMRIFRtiviey dIHEKN FRApB¥nT iifen ﬁgﬁ)fﬁ%wdes

net hod. The antjbady titer in the anti serum can
PRID 1 10 (e & B GPH PHBID 814 e Wuleg. imariael medelsrafTSC) to screen any
Alester bP&Edake ierelitt dofBRgds, 1Ot he supernatant of "the
hybri doma cul ture. Separation and purification of the
anti body can be carried out according to the sane
epar cation nethod of inununogl obulin
és t hg%d &e]iggr&:ag@gm\}égt h respect to the above
nmon ocThyrdathg wretemlng thethodOofEheprescnt itiventisn AeliFreimg| Inﬁma@r dflghdidate

SRR et 28 i S TS b e S ol e sompomas

ara vapamiyein of fapmhj?tﬁi ddrivetivesi R@painy@Ri€ an AMidpd] Atibiotic which is
n cl t| de sequence artI altered) can be used as the

Elrycet E8aPIRERCRYERS hygresopishe Metheds fowthe
pre}sxﬂauolﬁrow@saﬁy&n R R s Fehed i, By PH?NB? 3%729 992, and

i ncl udi ng but. not limted to expréssing a fragnent’ o

HB, foneach g which i kerqip Meerparateg byfrefelence. 15a4shmnnemnnoacy1 and
& n
ShaTiE s g IS 0 MBSO SEEGTILER L .
Ne et 9i888, lgg@ay@o@gragd bytre;ference U.S. Pat. No. 4650 803 (herein

- incorporated by reference) discloses water soluble prodrugs of rapamyecin, i.e., rapamycin

derivatives including the following rapamycin prodrugs: glycinate prodrugs, propionate

prodrugs and the pyrrolidino butyrate prodrugs. U.S. Pat. No. 5,118,678 (herein
32
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screen for drugs that inhibit the kinase activity of

S6K). The present invention provides 20 both in vitrot? FEB 2007
(e.g., incell culture) and in vivo (e.g., in aninmal
mpwmnmq to screen any nunber of cand iPGaTES2003/025283

t herapeutic conmpounds. A. Candi date Conpounds The drug

lﬁﬁgrggﬁ%ﬁ‘?y f@ér%&g)?‘dlgglos%gg arBAnTates b gs usgéf:]'%l B1s. lILH]NOZ§ 1&{%/83

ber of candi date conpoun
(ihm@a!t inemporated HyS@ferénvesdistosesBuatinated bstors oﬁmﬂaxdydm U.S. Pat. No.

S .alre ra or r ci n.der e
R Qe B S B oo ERER G e o gpsyein. US. Pat
s, F0[3D igerdin ﬁj%@ﬁ&tdd&?{reiﬁtéﬁ&i) GiscRs @ amilit6i LR EAn. US.
TS Bt oS5 S Ll SEALE e it
fpgmycih. 929, P30 Rio. &4 44 (%&%mﬁﬂ&rp&ﬁt@@bﬁefé@éﬁc%béfoses

her ei_.n |ncorporated by reference. In addition,
BaeyPamans oStrramAER| derivatives of rapanycin and

met hofg d}&g scfegﬁh% mRiRRSH Ahé Pidseht mveliRG la%sng)g lﬂnﬂ HoFa amycin.

Pat . 85, herern 1 ncorporate y re erence.
Amsmmm of (Nodldate 6@0})@@55 (nhxébeumhzed nihcome wmbedintayts

I odr ugs
SRR M EL S Rt SELHRR, Ryt gt
Prepdrativinragd saxpemingodf mombmdﬁon@&hexgicﬁbhbﬂﬁtee 14»0@1111{11@31 to those of skill

B R A e L2 B e
E&&?(es (38) agp@/somma 3670, 1U521®«QI$J, Q&SJZ §8ptl mpmrsauemw (1991)

ref Ece) i scloses carb

fon gt @b‘a@s%%“(%%ﬁlﬁﬁ’l)n%h ,96\”5%& hsgﬁm @P@P@ﬁ@é})y
ﬁféé‘dc?s @thér'cﬁ&ﬁisﬁ‘fé& £ ek fig Rmi ARMYGY gPraHesSc R&b be used.

(hereln I ncorporated by fTeference
&i@@hm@eamphpée &yt e goimitesigarneptoids (RCBPubptization Np WO

51/1538 5 IRFeik Hﬁ&ﬁbf&téd%%f@ﬁﬁ&t) %%cméggsgrﬁkg@ﬁg)m%é%g%

awnnoesters of rapanyci n.
BHER42 rherdie Beproerted by bsafelree@,rremﬁpe; bicHohgdmme@CT Pubhcatlon No.

t { .

2}61 %@?%ﬁwﬁﬁbﬁﬁﬁr fg{egc %3[/% re e%é?&é?sd?gtc Oses
5,288, Dy heraimbenvegoeatedlfy ne&pmng)cdwersms slichgs Bydaateinisng

hods of t i-on eno [ipte o
P p e dnd3eRnRRE Qhotsp <Cal 1%k M Gt Senbis Ayl o013
(19D3); 2eH of Which mr@ﬂbmdﬂpﬁﬁf&iib,y rdferefc@)Viytdgohd polypeptides
R TN T T A I
SepohtiaAl Qd’phaémﬁaiéﬁ& mh ﬁJD Bla&dst SéaffoRlindlirs QA ef &1., J. Amer.

t hose of skil art. Such conbi natori al

Ehgmi Y051 1 1|4r98|1%n92 &(l?%; hﬁa@n insorporated by geferenge).iamalogays organic

%%&kbél%fgﬂnﬂgﬁﬁ(ﬂgﬁﬁd &?x_%ﬁes_ (@h&h et awpfgtnf’eét ho Soc- 1162651 £1994);

fereio Qcomdmyugﬁre@ne)mhmarbanm«ts@bo a5, 8@1@1&8 26 1:930B)(1993);
B ol B8!Sl B Mool RafPheil (. ore
Chém 59:658 (L994); dlein ibeorperetdd by fifierbnee)) andlsit sdi¢ fibiaried (bkdae

§i5uoBh g bR el D oo e US. Pt

Nochskneseréia &&o@ﬁfed%bﬂeﬁb@bd) CamtiVay 19220 de e dnar c%"l& et
@fsjgﬁn{frgb %%%ng 805085 0s (1588 AT B R RIS 1 808 o S S ieh s
herein incorporated by reference), carbohydrate libraries (see, e.g., Liang et al., Science,

274:1520-1522 (1996) and U.S. Pat. No. 5,593,853; each of which is herein incorporated by
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WD 92/ 00091; herein incorporated by reference),

benzodi azepines (U. S. Pat. No. 20 5,288,514; herein 12 FEB 2007

i ncorporated by reference), diversoners such as
WQI2M4/0i4222, benzodi azepi nes and di pepti des (Féinm0031025283
al ., Proc. Nat. Acad. Sci. USA 90:6909-6913 (1993);

ﬁe’f&sncef st 673anki8 midRlcBletibtAie® (PO, %@nibma&sglﬁéseﬁaﬁa C&EN,

vi nyl ogous pol ypeptides (Hagi hara et al .,

Ganewy 18cage 53;1(4198%5013@9@Q§,U o No. A6 tiinasdidippnes and

E%i%?g%osé scaf t ol dlB%ﬁb ?ﬂf&&hﬁ@dﬁn&%@?ﬁ%&} > 5,&m9735 and
251%%41@081110]1110.0.0@19@11@& Y, Pat. 1@92}506 B3, bemeodiazepines, U.S. Pat. No.

SyRPRECaR! BF s bt SR eRR SRR T b reey

Arrer h@ﬂ&rmmﬁiﬂhmeﬂtﬂ,ﬁib?zﬁﬁ& ()ﬂ&ﬁdb)obndsfm @aﬁ?mngfdﬁﬁbﬁtp&ﬁ]lel solid
0 t al., Science
é@f?llbfﬂ%s Mﬁlﬁ ﬁﬁﬁraﬁémaﬁle TguiFiag decopralytion; the
%ﬁé—foéﬁd dae@bmgaindnmﬁp mme@d(s%tﬂammraﬁne%ds ushng &%iflity
Chem 59:658 (1994); herein_incorporated by

Flspmatogrply selegione| Ttheiqlegieal by e peptot litgary approabes are
?ﬁrféil%ﬁ e m&lﬁﬂlé hbf’a!nles WE ﬁ)e oﬂ% @Jdg qg%rgy%%gér‘é ﬁ@ﬁc&le to

braries (see,
peRiige, p@n@ﬁe@ew@@ﬂmr@m@)nolmlemms bf ¢amapouads (Lae €1997)

%%?%?l%%%gggﬁgg%éggfiandhggﬁwgégéﬁigg%#$§9ach of which

i s hBxampiesiof amthods firdlee dypthesd efimesiem)ar libarleobantedbenrd in the art,

PG S It rEaProm e s i U-RGT SBOBE 1808 Ebl, Proc.

Oad WAKa@ 'S di. USKE 9 Bil IM221TCOg4P. Tk &habdy e, 1. Med™ Eﬁerﬂ%’/?zsﬁ\@ 994];
6&04/014222 PCT/ US2003/ 025283 r ef er enc

Lz SeRectl 4301 OPEAY Carqloasl, Auggw, Chemm . B4, Bngl. 332059

PE9Z] diateTiep bX) ¥ngeWACHRnCANEd, Eh%ﬂ 331206 11@994511]&&&1 Galop et al., 1.
U S Pat.

99 |so [ enai ds, .
Mo 37 126 I35 cachuaf pbieh s ehh somorated pigeferongs
S, 5491 Rfdties BYdobiPolstisEsy belﬂregentgcﬁﬁl soﬂﬁ@n (e5g %&gﬁ%ﬁ I@iﬂféchmques

5,519, 134; norpholino conpound

535%4%Bb1993ieh@!@auwmmt yr@fesnc@aqr onmadsaLsmzls@u@ﬁM 82-84

F91) e o e 5% 0 9oL B RERSAEA oBrct o

cfenomae) dsctemiacorspeores GJI ByPagenhtiNe 5% 223,409pbereik imdorodtedby reference),

(T I —

bp esferemapora phlagé)(rSamy amﬂxﬂlﬂd Scienet 2191386890 €19901y DR Mn Science

h ' ff'nlt e The
A BkTen oM Putls ol BB Mo o - ST Sreaae RSOk P,
MbolmBief. ep2:801 [f1991]ye@hwwmc@%metsﬁ@mlc¢rlpbﬁfdd%§ reféfRhdeg the
ot her four approaches are applicable to peptide,
non- pepti de oligomer or small nolecule libraries of
G0 PO PN G0 Drapstreesi Anticancer Drug Des. 12:145;
herein incorporated Dy reference). Exanples of nethods
for tHesompgrembedimentsf thepresent inyentioniprevidassn vitne doeg screemitlg assays.

e 8 g Bl e A i S oo

[embodimentsthigiaskay lSCaaU;ll lﬁrz’ﬂd asslaS/kl ®lich 4 4&Pthptl&P#Adsses a mutant TSC1 or

S350 O e U o RO L Bk e

/ﬁmgjelatte SBEeartivitis defeeinkd dbeterdinin® e abilitPSthe teﬁa:foﬁﬂpbmﬂtto
al., Angew. Chem Int. Ed. Engl. 33:2061 [1994]; and
Gllop et al., J.
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Med. Chem 37:1233 [1994]; each of which is herein

i ncorporated by reference. . Libraries of conpounds 12 FEB 2007
may be presented in solution (e.g., Houghten,

Bioooehs2gues 20 13:412-421 [1992]; herein PCT/US2003/025283

i ncorporated by reference), or on beads (Lam Nature

-
Al e ol 8, v

Ipmeited t feqsy disploseddierain. die selb fersxpmpls, capde @ﬁmammahan origin.

5,22
o 2ot 28k culidaihdhes, EALROY ALK Bovidel 1 SRERA S grmTOR
Becih®6 bib8gically 96 pottion dheredf icmnfzoted it a tésy compornd mntithe

<Blist B 8O Bscimpohd oG Sl or B SEERR i or iR goriviey i
evtluatkd. Cerfee. asddgt Involle ptparipi a re&ctioh &Kﬁuﬁ&ﬁ’&e[t&%&%mc protein

|ICI Bi ol,..222:3Q1 [ 1991 each of i ch
th*?é?% F?fnpﬂ@@was F £onditions aP@? qient fo-pllgpt the ey g
oSﬁ:.ps@emmg intBraStQiE bRAPBOS FRANG a cbla@leﬂrtm 848t bel rBMEdIa8@or
cgrow des in vitro drug screening assays. 30 In some
teeisd nments, the in V|tro drug screeni ng assays are

cel | 1euhi g P&?&Hﬁneﬂ Bf hudb A e R i bubtPas

a cell- based assay In es?écgéﬂ é%at expresses a
TE2ahcelloes (og., Lmeﬂé) amtrpatc,d with wmiidaac cpespounds and these cell

t. d t
T T N A
632ﬂ5l,878yheném irverpoes¢d yonferznck). For Sdmple2infsome BmBOdihenty)Ehe

404332, PCILASRO0IL025753, modul e, SO act IV LY s i

abnny Uﬂrhdﬁg:ol dMitlinediot tlektsd withl tHe@andifine eoﬁ;bo%ﬁaps ed

herein. The cell, for exanple, can be of mamuali an
origin. In other enbodi nents, a cell-free assay is

Qr ovuded;olnru‘gmcmnﬁ, S6K or nifTOR protein or

b|0|§% ﬁglly actlve portion thereof js contacted with
ate S 1 Y dug presning mgthedsare widized Japrmnd

- dnfbolrhés, %tEclééttrXt %ch'@@rvé%aﬁ'aﬂﬁﬁ?m@&él'f&' S, ?srun@—g:%avmlable

act ivit eval uat ed. Cel free assays | nvo

fooreg-i (Elaﬁ%ﬁén%ﬂewrxﬁmlﬂéelbhla,tﬂfé ﬁ!aotgerteng:@d@ents a mouse
RO Sf’ﬁsgrzs%@ etfgif‘ KA ERbwEA WO Aoy ﬁlg?ﬁa%?ﬂgdgﬁﬂg%ﬁéln t @?stzg 34;

or a icient to a
liengim ingotporatad Hyi rafirentd) issutilioedri Augjmal modq)é ax adrhinstecsircahdidate

- al, ecte [ her,
%%%‘é?(%e a%? gge effe[:tI %tthenchsngilate Qompougésle o sy&p noé' BF SEéT ?bserved
- Prefesrsd semapouads ard §(Gae that redick oi' tlitrinate @yt@ptomh GX'FQE ®at désnot cause

t t W t di dat d
Gt 20V GR oot the SRR Ao G (e 3 ror oo hrrpinbare
mﬁhérufdiﬁzéa 16 efeRfiRe the@fficaty, foxidigt ﬁ&‘é eﬁe@tSZ&%&K&lsﬂl@mh& of

i ncorporated by reference). For

5B Masuch atagenta Siarihargiorss nevel seon h@@ﬁﬁ?delat tBgabae-Hesoribed
ALy CARRR U Sushb@ £dr H‘géﬂ:n%ntg H.E@Jsénﬁeﬁ neRpared with

t he 1% ablllty of“control 't nes not treated with

t he candi dat e conpounds. C. In vivo Drug Screening In

Pt herp ﬁ? i ments, in vivo drug screening nethods are

t| [ z n sonme enbodi nents, the Ecker rat, which

ser vds seme embadimeets, thoptedent ipvenfiSCprovilesithetapize fbr the treatment of

’f@(\,’ .ainl oqgér%mbodiments, the present invention provides therapies for the treatment of

cancer.
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20 from e.g., Fox Chase Cancer Center, Phil adel phia,

PA). In other enbodi nents, a nouse nodel of TSC (See 12 FEB 2007

e.g., Kw atkowski et al., Hum Mol Genet 2002 Mar 1;

W BP4/828234;, herein incorporated by referenrea)us2603/025283
utilized. Animal nodels are adm nistered candidate
KONMopgyd ?gﬁ- he effect of the candidate conpounds on
synptons§g g% is observed. Preferred conmpounds are

t hos énsmﬁ embmﬂim@ts; thegirésemtriaventiey provisies methodsSE, trebtiig TRC. In

B PSRrRR. B B ST SRE ST B o

doufj;bhﬁ]ESfIdHnHEBQ mcthé dmﬁ e&eamﬁngufasetyh ﬂesﬁﬁfadd&?ﬁ?’e) Ir0sondel t Y,
SI efrre or nechant s of action, O treat nent

RS, i roaGiam| Sompres 167 AP QIS HORTLAL THRPHES O apamycin
de@llemveé bﬁ&h&}thérh}ﬁuﬁ@é&ﬁﬂmﬂﬁ&ﬁ&érﬁﬁéd uSif§ BRAbOE RSRAYE drug

can b g used for treatnents as described herein.
Pi

sgrpening Tetio] ol ATbELARbAUBEN, et S therppiep parperine genetic
thiry Csaeé leQn eh LOMEASD. HEIPRHAS dhbboainfibitst &9%{@% WUrmnprise
TSC. I n othher e ent1on

di ment's, the present Inv
qalﬁbvd}démm}f(@{ga@mgmz@amh@d}ttheammnt of cancer. 35 1
2 F E B 2007 WD 2004/014222 PCT/1JS2003/ 025283 A. TSC
Therapies In sone enbodi nents, the present invention
provildes meupdheraplestreating TSC. In sone

nb t th d i ng
b o Bupe igpockgl gl e elIe hetpeRhiORES bt e phovs
deacrited deliguigressing R8ihods 86 GElyRddeTSC Iﬂhb@ibeamv €bmpbitds are
rrses

t t
TR R = ADSraA e FPTeAouR ey &% Sescribogbplgw Basages
26 doth8hed D8I ARALHE SneRRIP LB HEN. | DAEE T i) E1etrgl§vant arts

above descri bed drug screening nmethods. In st
¢t

Jeomesrwelliowdp dermudate, determiglesagas aandadmirdstentherepeytin eampounds of
&ngeééﬂtﬁﬁzeﬁtfongw gene therapy). In still further
enbodi nents, the treatnments conprise antibody therapy
(e.g., humani zed anti body therapy). 10 1. Drug
Ther api es di nents, small nol ecul e
therg‘geut |(%:é§l ﬁdgﬁfﬁpngd usi ng the above- descri bed
dr ug Brerpeesentrigvenborhaienplates the hiead dnypgendiRGnanipulation for use in
thr euytics. Co r referably.fornul ated a
nah A P RE RO e o Yok Shiphud it S spdodgpeits e

Basagtsrapiss edsprite tieradiniviiration gf wildi§ipe geribfs SFEISTINSE TSC2 to a
%ﬁ?sc“]%gﬂd bel ow.. .One_skill ed geg t he rel evant arts

VEL RSP LeC el AoRST to erRllsdr WirROT fpdua Bay begmaducted

adiig iﬂy%tu%blé REthad EAl blifabIAARIITE Sndihat ihBEIRERRE Rcleic acid
i nventi on. Geneti ¢ Therapl es 20 The present

F%?E\*Rt F%‘htb@&ﬁltl i (thet the desired gyent sﬁcuaw -8gSHREe§ston of the wild type
ef.Or use in nodulating the expression of
TSCl and C2. For exanple, in sone enbodi nents, the
Introduction of molecules carrying genetic mformatlon into cells is achieved by any

of various methods including, but not limited to, directed injection of naked DNA
constructs, bombardment with gold particles loaded with said constructs, and
macromolecule mediated gene transfer using, for example, liposomes, biopolymers, and the
like. Preferred methods use gene delivery vehicles derived from viruses, including, but not
limited to, adenoviruses, retroviruses, vaccinia viruses, and adeno-associated viruses.
Because of the higher efficiency as compared to retroviruses, vectors derived from

adenoviruses are the preferred gene delivery vehicles for transferring nucleic acid molecules
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genetic therapies conprise the admnistration of wld

‘type versions or TSCl or TSC2 to a subject. Delivery 12 FEB 2007

of nucleic acid construct to cells in vitro or in vivo
Veg/200€01@2maduct ed using any suitable nmethod. PET/US2003/025283
suitable method is one that introduces the nucleic
aiitothodReAORSiToH HdehtMif 14k

event ogcurs (e.g., express’rlggé]‘}eogé‘}{%}i}l ﬁ%{o ypgg&féﬁ%mmvwo
cgenqwamieydnie p vaniaty piulid tumors of animblegedelssing énto yrumgh solid tumor

%%rﬂlg aft %e%ﬁfugg Zle nClet,l g:[l ngcl‘sén les %{' e ?X?%/agaqu%s an%ymetﬁ)ods for
cgene tramster i Ialq @sdnbedh uerCT\ ﬂlkh‘hid:am Vlvg @Dﬂnvm Vggl Og/ 09675 and U.S.
R o i hedBTo D Bioli5e RRYSe AP 5594106,

{9,98150281 5,889,808, 5 8P, 19 3/8B0,F30,/ah@ SOHBH, eXiHQRWHIKES Sorein
and the dgye?‘v Pr eferred met hods use gene delivery

VESATRraiE gge 14 Bherstises, incl udi ng, but not
l'i m t edebters BELRAMIM |
viruses, and adeno- asitglg?ig{ég%je\%ﬁ?uses ec}gsusrygé%ﬁamtphe in some

Hroredimeatsraf. éhedﬁ@syntaavmmpaneetdrstam gdatinisteied tste Symore ot tixsse
dREdckRt e oGl -
del i very ha veh c}as H)gwe&ﬁ'g ns errhill!r;l% rﬁel% 8'“]% ?Emmsuahonlswa
rib¢ blood etslymghanczlra&almsa'e e JPCD PdBIRANRLID/02685 herein incorporated
PCT/ US2003/, 025283 into host cells in vivo. Adenoviral
VICEI5FREcH8 s epéeR)-sRusmmplary dpsedovelreofadenpvistlfvectorsre preferably 108
11 n oavalety of solid tunors in
é‘h\{raml %%%?8%815 %ﬂeﬁ ﬁﬁm olid tunor xenografts
in imune-deficient mce. Exanples of adenoviral

v:ﬁctors na thods for gene transfer are described
[ PCI‘“ﬁﬁ’B Y CAETaRHS WO 00/ 12738 and WD 00/ 09675 and
U S. n Rahe erdiftialm enNQ?he Q&Q;i\gegﬁ ﬁsgl};gs dBods of inhibiting S6K or

G0 B0R u3B¢ oy fiefrpiss. Biefesid ihbodiss amghass Ghat sedce symptoms of
BLSEP¢k. H4 intesieih O siwkkiadd fusctdg 6 SbK ar'mg@ﬁg dlﬁ}Eﬁ?g&)éértxb%dles

reference in jts entirety. Vectors may be

tagaiastogcare amibgdignthptinkibis thedayase agtiyity ef@ﬁ@ Any suitalslo aetibody
0 p vegtors are

e R FonbisRap by bl A B s S Sl petpocs

tdigelnsed heseingIndireferred émpaalithénds) thel antibddiesrnusahios dinoenbcapy are

S R, o o Al A0 e RO B 5

iergecabpos @sequobg/andeld .81 Banaes 6 080,37, £583, 0@% y,bszé lEg(@%ﬁ&iSsasss 332;
S,0 adenovi r ctor erera )4
Caafof NG pEin o by SSLOL e e rabadimens axgibody

/hasedhbdypeihcsraa@foaﬁulhﬁd a@p&ﬂﬂ&ﬁ%ﬂ%ﬁﬂm&@ﬂé&ﬁ@& below.

i nvention provides nethods of inhibiting S6K or nmlOR
usi ng anti body therapies. Preferred antibodies are

tR10se daidér TiRGHsE synptoms of TSC (e.g., by
inhibiting the signaling functions of S6K or niTCR).

Pr ef ed P& Breast inyeRtioads nefdimtited to ©6 teatmentzof(TiSEh Asatesdribed above, it
1£1Hirt!ﬁl=:rt cohﬁ&pha@é&atﬁﬁ r%&d 1}1ta¥d ?Jpatﬁg%% d tlse%' (%%bhmse described

ant 1 body 20 cl ona
gheiesh &nd uye tnﬂ;e ttseetnmnrc bf zemietyfcheetsh aapqmmm andriefivimieles can be

q.,br%% gﬁg{gﬁ?ﬁﬁ 0 J‘erclucp &l 1[ %rﬁgv}h:%?x%%lpngﬁ%a%le scregnmg method (e.g.,

ant USG or can
those described above). For example, in some embodiments, animal models of cancer are

treated with rapamycin. In other embodiments, nude mice with tumors or cancer cell lines
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humani zed anti bodi es. Met hods for humani zi ng

antibodi es are well known in the art (See e.g., above '?2 FEB 2007
descriptions and U S. Patents 6,180 370 5, 585, 089,

W aowM/aw2? and 5, 565, 332; each of which is reTaismmos 025283

i ncorporated by reference). In preferred enbodi nents,

Ay iRl fof arud 38rethihd) rRRRULAGSveRf BPE&]' i

phar maceut i cgl' corrpg]osi.tﬁ)gns as_deg%i:si%be géecﬁgvt\?esusg?fmpmycm
@ap ccertherapgytie sAT Aescpbadabaye, ity eomtimplated thadoniponads éltht inhibit
trdRend 3‘@%’ ' above, it is
further %%ﬁl np §?%3%t°éf?°§g§§n‘%@}f‘ﬁ‘%%nd rapanycin
derivatives (e.g., those described 30 above) find use

i th reatnent of a yariety of cancers. Rapanycin

¢! ?hsrm%%elq@catl ggﬂ‘lpg ions

and derrvatives creened for their ability to

r educ&h¢ present mveion furfien groftlys Sahadeuca 6SBFNRIHIEs (e.g.,

net ho%?étg. g , hogqni descri bed above). For exanple, in
SOMRIENG 68 Phismescutical compound daseribad abayR) e Fhepharmeqentsabd
\bbinPositada 8F the Presér? ifehtfin rﬁi@&gdgﬂ%ﬁgt&ed %‘Ejﬁuzrg%e% of Wsr&epending

tunors or cancer cell |ines f EB

FpenuVbether Jocabur sy stempisaigrs Jesited and ipintbelareato hirtregted.

: . . Sare aan b
SREABREn TR ORSASP T NP0 A 3080 bkl g
Jeginaliapdrecabdalivery), pulmpenanr{egrpby athelitiomer insuffigtmnrod powders or

el S0 o RSP BRSNS, RSB P enae o

Phparpntersie Mardnteral atinimisthtiod meldgrinvivdacusphabdrael tibe@hneous,

G ositions (e.qg.,, conprising.the pharmaceuti cal

RS tre ot P tietiaciB0Re o iR o TicRb die. imrathocal or
dorpestitulenadngdhistedionpr esent i nventi on may be

adm nistered.in a nunber of ways depending upon

whet hERarpagceytica) corapasitions and fommilatigns forgopieal jadmuhistation may
iRite trfassdema phtehdd CoitiiRAls 18 tionsOerdl, BER Ldras ;e
sjggijdcal (i ncl adi ng opht hal i ¢ a%d to_%nu’coﬁéc,s’ %ﬁﬁéﬁ%ésmays’
FARCERAGRY ™ dgRg CRaYentiprp! phamaseutienl cersiets) aqupelisrmmvedes or oily bases,
tfeclebners BYA thBRRL Abi Qé]n&resshtg%?jﬁésh‘%l%pn of powders or

aerosol s, including by nebulizer; intratracheal,

i nt r akaEpesitions gk fornhlatiens for el adwimistiation onchide powders or granules,
R : i, A L.on_incl udes '
PRpEIR s Bt sor it 1 A or RO leBh! BhiE b, it o tablts.
iThickenses; flacmiaglagents, diMentspersulsifiens, disjeesiig Ads 6@ binders may be
idE%’ jon; or intracranial, e.g., intrathecal or 15 _
Intraventricul ar, adm nistration. Pharmaceuti cal

‘conpo€bpasitionaand foprtidti GsifexRirdnedral{ i@Rht@dal or intraventricular

adn ni strati on i.ncl ude transdermal patches,
ﬁ?%n’ mf%’[“Fﬁﬁé?“@F agyegus qgg,]t]g’ns '@FPUB?D,’ also contain buffers, diluents

PP sufdbl € £ddithieE B as, but A 1idSe@ O pRAWIESSenhancers, carrier
Conventi onal pharnmaceutical carriers, agueous, poil\xfgrl

GPmBIRYs Fsher pharpraesuBpRlly acembletrarricrsas eneipictts.
NecespRirhautich Sbipdaltfo gg;ggga ' ,-,?a}@d imi
fornulations for p]?(gl gsdgnptgl 'traﬂng%ﬁl{b%c u 5’%%maffenr°§IMtedt°’
selutiensramudgions, anddirepgnoeuntaning firmulatoss. i Theseabapositions may be

9%, S L 8F . cPe or_tabl.ets.
%ﬁﬂ{bé eners, vﬁ? avor i n g‘%ﬂéﬁ‘?‘éﬁ LE%IS % {é‘%t‘%‘? no ﬁm‘tﬁa ?‘1’ gyeformed
dinside self-agulsifyisg solids ambleet feemmisjfyire sesi@slidabl e. _

The pharmaceutical formulations of the present invention, which may conveniently
be presented in unit dosage form, may be prepared according to conventional techniques

well known in the pharmaceutical industry. Such techniques include the step of bringing
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Conpositions and fornul ations for parenteral,

intrathecal or intraventricular 25 administration may 12 FEB 2007

i nclude sterile agueous sol utions that may al so
VOReWM4Buf fers, diluents and ot her suitabl ecT/us2003/025283
addi tives such as, but not limted to, penetration

d oth : . '
LS G4 R P s,
Elhm’ahﬂl@ écurm\mms:uapm@mbd b}'lamﬁ:frmtl)hﬁ]dﬁnﬁaﬁaﬂlty bhﬁg‘iﬁgl inkd®dbsociation

Ut ar ot..limted_.t
eS8 ner B i R st 3 S iy e hif BPtosmer boih aag them i
nmamsthlapmg&m;yodim 30 generated froma variety of
conmpapents that i clude hut are not lLimted to,

pr ef orif&QmPPYLPREL: tbféar?serém@t%mg b frplated igfo any of many
?@sibte&ﬁbﬁg‘é%ﬁﬁs@ﬁchsﬁ%lﬁ Qb h8ited 1B StaPBR! (SR E fhcflﬁcll ?'mps soft gels,

ormyl ations of the present i nventi on, = W
SUPROSQTIeSs AR enemes. pﬂ@sc@meanm of thet pres@srageenmm mpy mlscybdae

RirfaRRfedds E6QHhEth doBedis)! rh\()Fl Ior In%?eg e Cc%lﬁ?ua lﬁlésgensmns

known in th pnar maceut | ca str
may: fuadher QOh@lIssubﬁtamies he i mgaasg theaascbsﬂiy oF the ﬁsmaan inéf@ding, for

S s e R ST BTG Tl ey may o

contan stalylisang. (s). In general the formulations are
prepared by, u and i.ntimately bringing into,,
associabf & bo‘{%ﬂgl%z? C\Péesfﬂﬁd?"éap%g‘% phgrmacqutiegl compositions may

Bafoimemd afid fised 84 foakhs VPEIeEa&atitdl feadsih@id t&&nu@é%foﬁs sl s, but

necessary, shaping the product.
B‘E E’BBECF‘{? SH’é‘iskﬂns’th’éf%Pé@@ﬁf Crmmplh@ﬁawd;pomes While basically
5ifila indaRiFe théded 9%@5
such as, but. nogﬁwarﬁa%sé@f%thpa Jﬁ%&s%@%@%? es, eﬁlqu?fi%eﬁnal
BAugss, soft gels, suppositories, and enemas. The

CONPO&pdntsOhst eﬁﬁanE@@ptﬂfe%?%ﬁéoﬂu@l\é@ﬁHek Ot Bk ?egelkh?ay also be

formul ated as suspensions Tn aqueous, non-aqueou
pded tp the phamagkytiesd and @h@pemposmmns ofithe pfeseﬂtlmmemmm tFar example,

2%12%1% %;SUFE%]( i} ?e%ﬁs St a?SN :;I)?Z{;‘pgfsl g?% g%mn{frﬁ?ycerol derivatives,
et fodycptiartidmbleailes, lsuuhas paiglykiné OV ORTeB003 1)(laxd éntitince T ellular

ensi.on | so contain stabilizers. In one .
%ooqsngﬁ?mg@{?%é present invention the pharmaceuti cal
conp O’Ehetdoﬁfpsmﬁ(ms of R praeinidvahech ABFladdsMaiPconB® Gher adjunct
Phar maceut i cal j hclude fornmul ati ons such as, but

HBEPAEREE ?‘E’de’ttwn Figad igpharmpreytisal erppatians. dhess s example the
téthgosiidnamay tnkes m&i&namlﬁﬁtlhﬁsb&ﬁhﬁééuﬂcilﬁ b Sl ve Hatdrid ter alls such

nature these fornul ati ons varY he conponent s
5 0T cBAER S taptiRTyTilgS, askEngenth dec m@mqs or Agjeinflemmitaty agents, or

2R adsn H&E@Aﬁﬁl ﬁgteﬁéa.l% Q%EH &l oﬁ?ﬁmﬁ’i&ﬁ oﬁhmgtl{h%[v%ﬁo?s%osa(?e forms of

| evel may al so be arnmaceutica
e hempesiitgme of the present inventonpsuel emdyes,rﬁwnﬂmgngentEq:reservauves

PR, opih Thfclobdl e S Bcrs, RS or B patisls phen
adidd,sbould aoti vadily maifm witb the Msgicaactmhegltoy Eieréemf,MQnts of the
a

7/303 Isoe e cel | ul ar
SO ot G B n e PR e R et if desird
mined tithnxilaty ageh:is teig fIltﬁJricﬂnt@, PPesarivativeh,ieibilBels WGling agents,

emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings and/or

aromatic substances and the like which do not deleteriously interact with the nucleic acid(s)

of the formulation.
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conmponents conventional Iy found in pharmaceuti cal

~ conpositions. Thus, for exanple, the conpositions may 12 FEB 2007

contain additional, conpatible,
prosaopsi@errei cal | y- active materials such 25 as PdIﬁIszoos/ozszss
exanpl e, antl pr ur| t| cs, astringents, |ocal anesthetics

or an
addi t&é ona s usﬁp&fhmﬁj ‘ﬁgasl‘l}i‘@%?arc f%l’?ﬁﬂpgflluﬂ@s
oentiining (2 oaag!anbmmﬁﬁle@bmpmhuis «:ﬁthe Qsdsérit mnmfn dnk€b) one or more
S nventi on rin
BlHERa ol sBan: Senes le of Sy sbrmPr et Fepbathsiyde, but are
agidintitedac)Gnt¢anbérldnzse sach dskWﬁb 16, UTabtinBRdyein] 4dxorubidien
ded,. shoul d, nortdnﬁﬁdul %@Hnt erfécre Wit h tyﬁe bi oIn:)gl cal

PR itk RULOTRYCint, RitrogeRuHaH chlerrmbyeil, molnbelam s¥vlophonphagrde,
th&r&’p&)‘l‘o&ﬁﬁe Bfﬂﬁﬁgﬁdnﬁﬁ cyldSihOICRY ﬁiﬂh&ﬁﬁra&?(s , floxuridine
sterilized and, desired, mXed W th auXi rary

fR), métbgtfexqf%@ﬂ&ﬁ?bhmlﬂﬁésmhm, viablastineagsppasidey tspiposide,
\é{%ﬁl&ﬁﬂ‘&d@ﬂ%l&ﬂbes& s? ' ﬁﬁﬁmffﬁaﬂxﬁa%o& ,\'}%&h‘fﬁﬂghﬂ%ot limited

osnoti c pressure Col ori ngs, rrn
torrbhsteroidal Mamﬂemslat@sx dmgsmdauomcbhecoidsJ@d\ahmvnfal dtngm @icluding

PR} Bt 5L hploJR o EBicligf Ao Combined n

Elﬁii}bdd&'bﬁﬁ)&ﬂ B2 v 8itioke IOtissr nhaﬁﬁlbﬁapmﬁ& Sgegfs afefﬁsd \ﬁMﬁﬂtHeQ;Bope of
OVI d%wgh rmaceuti cal, . 303| tions _ containing

W8T PRE © (FR@PRnds may Br Bsed fesetley @ﬁﬂezﬂeﬂahaﬂy
an d (Dpsifxlie dependert On s&iehiSl mﬁﬁ&?@&sﬂ%ﬁ% SPihk QiseLle @ﬁ% to be treated,

npl es of such chenot herapeuti c agents i ncl ude,

éﬁ“g the foprsp phiveabyent dasting fpm saveas! daysig sevstrk months, or untﬂ A cure is
SRR 3# R dfrh it SIPGH th @ BBASE Hate FONABTVEY. ‘ri%dﬁmaml hedu es can be

bl eonycin, mtonmycin, nitrogen nusta

ﬁ@@l]é#ql fiom mepsirementsefitang arermubBtiorindapbaiyof th&@,atlent The

f I oxuri di Eeﬁ?ﬂ(a&éﬁug@@d% ﬁgé))%néf‘&l ldy%&&ﬂé m%&@@gies and

wppidttangeten cOptihvrn dossgésToay ‘eirxofbmnding ot tha rglatiieotency of -

RIS PRl 145, B SR 5 onmle bt o Pipsonipond g e

Bﬂ'éb‘ﬁfve 0 Oitho @tk vive Eﬁlaimbmyoxdfab&%n%@exam les described herein.
corticosteroids, and antiviral drugs, 1ncl uglng ut

Fogeneraldpsage isdram B,00 g tn100, pra ke bf bady veright|and mayzbn given once
8AR6iedally, 'V&eekl?a&’loﬁiﬂ?%r ?&rnl‘g? @% g@%ﬂ% ?hys?c?ﬂ’c%ﬁ BRI e§£t1t10n

the invention ents are a
vatesHprdasing besed pn mshasuredhiesidenve amtes and co'ﬁmﬁahonsmmf the drug in bodlly

e A ——

nwpgnmamtenms thefapy heprdvene tie @echiraic® of theldtselise Sfute dlherem the

Wlégo CQU o{e t.r.eat nt | astin fro sever al XS

Bt Stk T Btercy i B Riancediies frosing Fem Ul o b0 & per ke
df bodyuweight, oate drieord daiBR Seorkek 8V @y DS yaehi eved. Opti mal

dosi ng schedul es can be calculated from neasurenents

of drug accunulation in the body of the patient. The

M NpEkesiond physi ci an can easily determ ne opti mum
dosages, ~dosing nethodol ogies and repetition rates.

Opt i kARt SAess W%fr%ﬂlal@mrﬁ@ﬁw@g@lﬁted I 2 medesariay of

SRR S g e R LR Pl R g e
eﬂfnrcemahms, pnd ¢eflular energydenckls (Schrnidh Guabgeak 1 8:09R8H-29961(1999). One

GBS U R RSy U s 5P SEE o

and maybe gi ven once
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or nore daily, weekly, nonthly or yearly. The treating

physi cian can estimate repetition rates for dosing 12 FEB 2007

based on neasured residence tinmes and concentrations
O 200401d222g in bodily fluids or tissues. Foldcayasdehs/o2s2ss
successful treatnment, it may be desirable to have the

a ent
YR 25l 200108 B ERS08 RS IS e
Ordsgrd mwhmn dedenitaataidhatiSERaqind amjdf@h?mdgbgﬂﬂeolé @Si®Sponse to
r i n m.0..01 tq 100 q. 0 0 [
SRl P TR 79 Ehemmabryords ngLmaed i parboutar
Mheshatdshi. Olndédd, umtl&lsﬁnﬁmgl bhi@s tn%cliaﬁlsﬁl 1HBbt§Hecé‘s§$rFr% Ptactice the
i ntracel [ular

| d
B el it bl pomihonion shran b Ak

frélgfsQhdgrontt A& aﬁ@@ﬁgﬁé
ene}frs %rgvel S c()Sc mS Sgéegtrﬁﬂéé)d%gl 988 g98”6ﬂ(“%§gs(and
BPOSPH‘@'Y%?% rIn ¢emf¥ast PosphorylatiensefRSGarbyi AMREdinisinied by low

200%}1%1%&8%85!?0142%{59&% @&3%?@%%é%mt ot g AMPK-

Zeprayient ghospharylatiemefiiSCds thquiredyfot A@Pdeplemm mﬁuced
e present invention denonstrated
%ﬂ%@@ qnays%lg maj or physiological role in response
to c detaﬂx syntt&sle ntiljzes epfpibmixﬁtegl 25738% oflthe td¥41RERMAr energy and
|nv g%ﬁ ég%t l a particu ar nmechani sm
he E %Fn?f St hARIDE an; of trapslation may

qut&‘éﬁtalr 1ajb1phigsiale bicslgedpofsedn BEIR%8R: ch éfﬂfnht%bn The present
Nonet hel ess, It is cgontenpl ated thagqgf osphoryl at 8

dvertigais pot lipited to a pariculpniacchamisphng mu@egmdmgaﬁme

%&éﬁ%&lz?ﬁig?g% Igér%%@é}? :tdoélrﬁcti?:g s rel'ggxtn}eﬁﬁ osp rﬁiéﬁe@{%mech ism is

in Kigoge 7Gri Basgd enl thyynctdgb\pre@ned dryFigedel 7dt, mTOlétseh the energy
sédsiglpain@ay dsfdunash S !
th a{ﬂgtp%e AMPK- depe %E?glgﬁgg p o r y gt%ﬁggﬁ%@%&mm energy
et qﬂé@m@pmmstr@emfeTSCdﬁTSGﬁj UAMBK Ton inhibit translation by at least

4e0 RSB Ak} Budbn 3ol Ahe ke {aton ety £ Lok

Ghemapet 4li, gmz) yind the othienby phbsphot-ﬁatmlolf asar. ek,

hiebSar e B Ak i it o e TRBGR TRy The

Iptesérit drtviedtion iTHet 1ipiRE @64 partitW@HhdcBihidnS. maéedl hﬁfbﬂdéﬁtah&ng of the
%Qertl cul ar nmechani sm | ndeed, an under st andi n t he

RASHLA It eressay fo Pragtise thermyesers ientan cl‘éoqeﬂ@?epﬁr isdent
conterblaa thaNREeLH o%mmpm?é?bﬁajo?mlé 8 i ﬁ{btn%gpifggm

Figure 7G Based on the nod present e |gure

S}SQY.swpr%éméﬁ@rfg@cuos%qfsmﬂgale Eranislegipn mmmrs mahdmg S6K,
58P, baeerd BIRYBhce O Mey darbdttfl la A SR BLGRNS o isa

sensor and func I ONsS ups
Kesdaynstreamiargenof AMPEy at | east two nmechani sms, one

> (BRSO Rl e BBl MG B ion o
pzh]dsymleSﬂZabmpm@j bwémpowswwme e fbb@&pamwscz-gn Bitant fails

K is not n e TSC-nMTOR pat hway
oo Rn aiopbfts QVOPE hotSCH bt Batee's S ap Plessf dpprivaion
betdod DiN#daniagel @idcedadpoptBsle r Bheqebe tnWintibhR not limited to a particular

mechanism. Indeed, an understanding of the mechanism is not necessary to practice the

present invention. Nonetheless, it is contemplated that TSC2 plays an essential and specific

role in the cellular energy response. The function of TSC2 in the cellular energy response is
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mechani smis not necessary to practice the present

i nvention. Nonetheless, it is contenplated that 12 FEB 2007
activation of AMPK plays a najor role in the

iwoRdoinisee2 of protein 25 synthesis by supprespifigsbddzsss
functions of multiple translation regulators including

' in r se ener,gy. st.arvat.ion
g?m%gﬁ?%daﬁ ||gca’%{§§nofIl Fﬁ%ﬁ%ﬁ%yg coge dgpriyation or b
dmmmntaé@rﬂema@ebelbmeamﬁdm&mm sdivrPdléedicBEselasze. The
masswe op%t 0Sji.S | TSC2-/-. LEF ce] | s. ExpreSS| on of

PPt YSRHOPIE- 5Ot IgRited 1o 2 pgrtighlar mechamispy Jadesdamivpderstanding of the
engohasst 8 Iﬁoﬁ:ﬁecéd&&ﬁ@ﬁﬁc&% thaiprasint mPbdton. RnbiRelt¥s Gl £Ct

Mor eover, TSC2 only protects

cells{qg ptosls
FPUAPPH o6 ExeR Biitiop 484 GROB similely reguit size o culred

GheBHAah BEl14C Q%sadﬂﬁf'}ta&% leStabisAEs tE rfd?{m%?&’f?ydﬁ)ﬂoépﬁo&%mn by

limted to a particCular nechanis
4n Bip ghywiplegical response hoselluhr erergiolimitatives ias yontemplated that

h
T VT W
poitein |syntltelsns and bonstmatiendcgiulrenpenskig. e dokiﬁi@t&ﬁt@ﬁth%s model,

ul ar esponse js.41 1 F EB
R Bl 130 B Bl SR R3S e it spopois
sguqmpbnmeajddm tihe ifability mchzen QEIBMo shPrésd trafiTat3Y under the energy
gl se dgﬁplvatlon or treat ment al so decreases

atigs sondition capi PfquFF é@mé;eﬁﬁ} effasisemd figger apepiosies The
Pedstnt Ghv&ftion TBealsin§mBktant PYRMIdRG e of T d§€2t1ﬁ 9?11 %}ﬁ% and

particul ar mechani sm | ndeed, an understan
IRV A i someAmbodiaentsy itys Q@tmtd that anly elqﬁlodiegt reduction in

o bon i 4 A8 el oare B BB 9B, o) o fucing

cellularcnetey lenetsrfindsuse drethe therapieiitic memdgs mmrmmamenaa@s

t he |m5 8 K in the
hysi ol og| ca espgnqgét@n M‘%ﬁ%rﬁg ipated 1 familial
qu“@ m?mmpaﬂuyt(ﬁame 20l Elany 9201). OPFureerr§3;3nkidition of

sphoryl.ation resylts in a . decrease
{j Pro %%%}rl} hri%s!l?%we go¢ é‘&?&%ef‘\}%ﬁ%eaﬁmﬁss‘ee of ¢Ardipc hypertrophy

- EStoigyal, I(I'zg:ula?i@)z 100664 B370 112008). t PSChisS pi®fREnt nbfhtive regulator of

RO GRelie 2atophle et i oo Ori. Ceusigdm 375256 2001)

dad im)manihialian R8N frérh Yhi®dtudyS @ theseCststriatidhs SR ﬁ. rs?élt with the non-
5:‘ nsl atdggn under the energy starvation con

thetel's reacedanmyenmh pf AWPKt snlabwmfr DiRg @éls provides a use
t ant
a@'DS@DﬁllrﬁedJéFﬁg th@ﬁlﬁ&ﬁ)ﬂtofféﬂv_iﬂgﬂc%dl 7 C B%Fhl nport an

phyS|oIog|caI function o and
cel | Bureislysion, thﬁ’i—'“@@ﬁ%lpgwﬂ?@d'rﬁﬁﬁuﬁ@gmtes mgaatscﬁ‘dnenmlt@l@iﬂlways

H‘I@E’lﬂﬁ@ YratGRitidR el 1 Qi Cfmdr ggﬁ{%ﬁ ?#;S(?f &y L??vgﬁ in %ﬁﬁellular response to

g uéose or am no aci rugs
metahblid Statwy andtepergy tefvels.e Antivatign oﬁ’ESCﬂbyiN\E’I@ﬂ@éﬂ&dﬁvd S

i ' he t ti t hods, of .th t
heSB i or Stefel® Ll P B WpTortie Bonah B HERTP Bt
pmte&hﬁﬂ@rdsmwtel:] hmmhgn&nemtwﬁ;mﬂg fuaeﬂgg% 5131erodiF§( H?Eﬁ\raﬁmbﬁhe
TR SR Mo by 1 ottt ol

Hyrertrophy. eThd :tehﬁin%iﬁ@ﬁ fovide8 niethod
e ?at I on 10? %‘%ggé’ﬁ%%tgﬁﬁ%?%%%’ Igﬂergy levels

0 hi ., G
%’éb'(f ‘?c‘lé‘,‘(’)“‘léy lﬁﬁléq%lq}éﬁ tL Sk%g%‘ﬂl%/@n?% §ellseandy therefore; piovideiagkerapeutic

edtinesforl AndrOaRARNMr Boddiifink er and Xu, CQurr. Opin.
Genet. Dev. 11:279-286 (2001)
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and in mammalian cells fromthis study. Al these
observations are consistent with the non- limting
nodel that TSC2 acts downstream of AMPK to inhibit
WiCI04/0i222 provi des a use of TSC2 in nedi at ipeg/ishédsn2s2ss
function of AMPK in cardiac hypertrophy. 25 In

WT he tunor suppressor TSC2 integrates
signals frommultiple pathways to regul ate
t r ansThe follnwingekampleg@re pawiied fromidersto demdifsGateiafid further illustrate

involved in the.cellular res se to, . metaboljc status
SRR bt oo e frmeei B B PepasBnion and are 20T be
Adfsisuetesdinaieing theRespelaresfat i on prepares cells for an
unfavorabl e grow h_environnent and results in .

prote %ﬁxnf?la%e@fcm@mhwh follgws;iths t9Hovine @blreviptipns apply: N
(ARRBIPUN (H01a8); B Smilliieled] Wi RoRbla) NBol BRI ithdl Biflimoles);
tunmpr suppressor conplex has a role inh oncogeni ¢

pECh(Rigrmales); canol (HagemelyepmeldpispmolEhleg (grasdnmg (milligrams); pg

' | QR. ' I otion.of .cell ul ar
(R, B Qi R R T P E el RO Uy )
fdentimeters) cem (mililstems)gym (ohieroafetars); nip (mmbleters); and °C (degrees
%ﬁg& tic treatnment for cancers and ot her

con Ions. 42 1 2 F E B 2007 WD 2004/014222

PCTI US2003/ 025283 EXPERI MENTAL The fol |l owi ng exanpl es
ﬁlre pﬁ)gtitded in order to denonstrate and further

Or 1 usteods certain preferred enbodi nents and aspects

Afntibbdie) phisailds adivRAgd®) and are not to be construed
as Iim't_in% the scope thereof. 5 In the experinental

di scl H8tnS tephospiia ks anti-p QRy|ant nherghe BHIOR, ianti-Alst enti-

12 FEB 2007

i} S 0 o

ignaliingirice Hnti-FIEA andraatrdfos antibodigymdre frpinSand (Gre) Biotechnology
. ok AN 3, - - .
S aRoar 2 2584 SR i H0R Gl rinoton,
and Sigwiai($tdrayjs, M) yesnentivelse thEA 33 gged 361 Ir{dll) andkG8T-sY6 constructs
' : . t : cA(d .
OB G 099N ) oy % 855 s e
irea@\am"ﬁOREtdre ﬁ_iﬁiﬁnechfndsm SpSuisgibe (_Hﬁﬂﬁalrdamﬁ‘i', mﬁ@ﬂgﬁ, MA). All
antl - oS 0O m an - , | - oS 0
At DRA RS R a s Rtz BB mr RS CR Ry Btk Flag-
wbigeitih aed Flag4E-BBI ,Giad 1ai)6fﬁtoglﬁock4°\mlll mit#Z ot R TS Gere
U

ant | ggd s were from Santa z Bi otechnol ogy (Santa

s tkS%R pegeneds g eried byHPRY saaneneoel L9402 as from

Cawafetiém i ; - e

respecti \Q/%dy@@%_@%g, ge héngK%w% alﬁ;ﬁ l\{aeﬁth dég#h géOI&@(B verly, MA).

Mﬁ&@rvzﬁétf@m the Peptisist Eyclohedimig andivorir@ohinmrrefrom Sigma.
' < - ' 20

BIPES wadfomBibeo. 'ﬁ@%ﬁ%@?%&%ﬁ%%ﬂ?}% ase

I nactive mIOR were _ ei ber (Harvard
Uni v, Canbridge, MA). Al other DNA constructs,

R R i o on s b op RN o e or y 51 ock. AT

mut anHEK283 tells atese @bdel 6@ maktfined in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% fetal bovine serum (FBS). Transfection was performed in serum-
free conditions using Lipofectamine reagent (Invitrogen, Carisbad, CA) in accordance with
the manufacturer’s instructions. In brief, 4 h after transfection, the cells were recovered in
DMEM containing 10% FBS for 16 h and then starved for 16-24 h. Cells were then lysed in

lysis buffer (10 mM Tris-HCl at pH 7.5, 100 mM sodium chloride, 1% NP-40, 1% Triton
43




10

15

20

25

30

created by PCR nutagenesis and verified by DNA

sequenci ng. LY294002 was from Cal bi ochem (San Di ego, 1 2 FEB 2007
CA); phosphat ase was from New Engl and Bi ol abs

WB2es/0m222MA) . 25 MGL32 was from the Pepti de pcTus2003/025283

I nstltute Cycl ohexi m de and wortmannin were from

Si g‘?@ﬂ). ng. %ﬁé@% (ff ure, %ﬁsﬁﬁg%{%%?ﬁ \Aggylsf'ﬁp%rgn}%dmde 10

igmli) dgpemtingant 40 iug mlHEmﬁﬁme)adddsmmn@recﬁpxmﬁ wiitlthe indicated

IS TSRS TR oS Set i e

BDSApbleactylanidugel eﬂ)afefrép]fomd; (PA@r um free conditions

usi ng Li pofectam ne reagent (Invitrogen, Carlsbad, CA)

in accordance with the manufacturer's instructions.
[Kind¥eiagday 4 h after transfection, the cells were
recovered in DMEM containing 10% FBS for 16 h and

t hen Eerhe/8eK pwspysi HEKZ9% cellsgroven insixewelhplates yesrsdransfected with

I f K EohBrridd.
é%lszgﬁggg}x ook 407 Wihr Sichodvafits pragmids ok HBES R fieues.
Mmmrm&@@/m smmmm ceBOwith/is areti-HR antibody and
Prtpen g m 7 ¥erd By b pBHARY G e s bt earson el
iMR@Jm4né379am7|(m95m)opr ecipitated with the indicated

ti badi d tein GS beads.
bR BORRE B ig SRS b e oM finmradaactive
DNA eketidsiplao its HEKCPAGH)S in 20 Knies ﬁ&%ﬁ};\fesE&fe Jfbggsf%vlz

HEK293 ce| |l s ovvn|n3|xvvell |"at es wer

?ﬁﬁ @EM“%F% ppd used hqaﬂhwl@s Rug QﬁB‘FtﬁR@tC&gT—ﬂSCﬁ fragment 1
ckillo bdids/ 101 P19 B @ipfleries (dAind PAACBE AU 765 1] | OUT €5

K was i mmuhopr eci pi t at rom serum’starved cells
thQR kinasgessaysyers penforoeg aamwpgsln AexttibreddDieynis er ali Seience 294,

h dores .
(Poar E%ﬂ%?‘%wg VKPS Edls el R B R 9 ploe-mTOR.
Wé opRvitheyt ﬁ§§é—ﬁ§<§2aylsne cells gemﬂysasa'ndmunmopﬁ&ﬁwm witMan anti-

FI s in dly%gd:cm p% oA |%ﬁ¥e%$s§g§§%§dﬁ§egg}ﬁg_géﬁf§?SUbStrate-

MR kipase puffcrfqomdmam mMe\TR. Phpiphepiaion |oﬂGST5Sﬁ{ Qs

BBy g 3 St o et o o186 38 S ationey

vitro. mTO? ki nase assays were perforned as previously
CI‘I b d Dennis et al,. Science 294, 1102-1105 -
Ipferier, ‘ieefl y, HEK293 cells were transiently

t r anSRNA-BThndiRNWF Agpredididoubvi &a!ihdec[ RWAL )
TSCLl- TSC2. The cel | gﬁwere Io§seS |m’run%gfrl%cc1:?o|ct)lf1 "at ed

frraspondmg e pmino| agiq Tesiduep 46 1ah mlaw zrsuwdg%—lsmmmm of

; _
D CREbARER (AL A, 104808 R0 HEB 20 R AR Blrected wit
WQJ@ PRLRg/RYAI with of witl®Bt Blicated plasmidsusing & dbofgctamine reagent, as
ant : %’b%e 3‘,{:&'1%% ﬁ% n&p "ngZ szsQlotSerhJ%eg Q}rr ﬁxgl?no%?otung with

nce

() (@]

-G

an anti-
TSC2 antibody.
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RNAi - N and RNAi - C represent doubl e-stranded RNA 12 FEB 2007

ol i gonucl eoti des 25 corresponding to amno acid

resi dues 164-170 (RNAi-N) and 1518-1524 (RNA -C) of
Y004/ ERBAshir et al. Nature 411, 494-498 (20@¥)US2003/025283
HEK293 cells were transfect ed with 200-1000 ng RNA
Wickdbofit 1abclikiP4td bAifERnSHn %lﬂﬁiegﬁﬁ{]& ﬁ;iﬁgf ect am ne

reagent, as descri bed abov dogenous
TSC2 HEKZ%BeteBif wmtwchMﬁHHnggn@ TRCL MyataggadtlSCIQnd the

%@go '“ E%%grﬁ/é{l&gﬁﬁg Oﬁ?lﬁ a%ralinl Q@Ve fo A 91641%re incubation with

Qﬂbnﬂlmﬂr‘]ﬂbnahoghb@phc{mﬁodehnappl ng HEK293 cells

f d d Tsc2
e R R e R
phmspipedcpitated desvbred By SDS-PAGE 08 trdndferR@fto b @ VIDFCHQR kRN

j t 0.2 . om" 32P-ort hophosphat e (I for 4 -h.
g"tﬁﬂﬁ*‘? a\ﬁgffg&é@ﬁ é’&“"ﬁﬁ&% by\puterasiography| and phesphepeptijesaepping was
Hien b@ﬂﬁﬁi@d TGS HoEB'HéPy‘Pﬁé@'PS@Z Bﬁl‘d?a'ere eﬁ&@édv 89 methanol
SDS- PAGE' and transferre to a

prljesHbateq it Waul pEG:H meémmohém-@ﬁlasgtvgd mleQQmM pbatic acid

5’7

_ ?d?@O BR800 Rl e gngn g%gsteéfaﬂ%m%é LPFPTRE. ‘tre%}ed trypsin

brief, the phosp hof ylate € excCl sé
(Slm 2 B7°din ﬁémM amareahivonbigirhorede huffeb AH 8.0 coritaintfy 5%

BB WNeT iBbertde Wb Lo Wer e Siaes Packih A0 spipindeddin 10 1 of

Watge sSamilesnvtek’e iotted ontoh cIlRMEse plataind dirkt dyrRcisidnal(chics resm
at 37 rrli}//lammnl um .bi ar b%(y]%lfte buffer at pH
YRR ?Fg“s A AETEGIEY Pipatbo erft PELS 9 oRhe @ﬂm@g

!@bﬁtedlbyehi'oﬂﬂﬁ‘@fapldﬁﬁﬁﬂﬁke%&m &W@Mo&a ph#' bfer o
¥vater npl es were spotted onto a cellulose plate and

tnol: P&F%’%‘F’%wd 'WRIEE 20319610 s The plotas weredtied Arstbhasphopeptides

%&m&mmeusybmtsﬁamgﬁgﬁﬁ buffer at pH 8.9. The plates
were 15 separated romat ogr aphy in the second

di mension in chromat ogr aphy buffer (n- :
BUt anRlguRYri di ne: acetic acid:water; 20:24:6:30). The

| ates were dried and phosphopepti des were visualized
E'?e elfect pPHBSCHASERon SOK Retivityt s 20 The effect of

TSC1- vV, 0 | dat e of
TSCL- ?%CI?unc@éo@qshl ft?escgo%‘gbéjﬁm ?onclg ecé’fl%f%t gﬂﬁfg‘”ﬂl’ the
effféce of THT1-TSC2 offl SGR aotiviGGK maeinmakinh yellswasexammibéd rCoC@dpi'éision of
X A on of. . TSC1 ,and TSC2. .
18 B RO BB ks vy s Ron e fropin gnd Ras-
stimiulated B6K kinaseudtiRasFigs U b)MIhatisbithikakivitg oL TSCT-TRICR s
y activity of TSCLl-TSC2 is 25

2(: g ‘%‘?tﬂ Thi s |nh bItO{

Brifeat Witk itspegaiverele e et #owthragpieoli SOK apivigyipggtivaied by
BIRRbKGY latioBlf s8drhl\tdidhel Snddihe Birado Bihy 4@h9.§f’§bg Y4 )iﬁ?é?

on several_residues, includi ng Thr 389, Thr 421 aﬁj and
§Jéqma@2@tp( 6ek Res: 28hd 00-109 (1999)). Phosphorylation of these residues was
stimulated by insulin, Akt and activated Ras (Fig. 1b). Furthermore, co-expression of
TSC1-TSC2 inhibited phosphorylation of Thr 389 under all three conditions (Fig. 1b). Thr
389 is a known rapamycin-sensitive phosphorylation site that correlates with activation of

S6K29. Co-expression of TSC1-TSC2 had little effect on the phosphorylation of Thr 421

or Ser 424 in S6K (Fig. 1b), which are rapamycin-insensitive sites (Dufner et al., supra).
The present invention is not limited to a particular mechanism. Indeed, an understanding of

the mechanism is not necessary to practice the present invention. Nonetheless, it is
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Thomas, Exp. Cell Res. 253, 100-109 (1999)). FEB 2007
Phosphoryl ati on of these residues was stinulated by L
insulin, Akt and activated Ras (Fig. 1b). Furthernore,
wo-2e0apn£235i on of TSCLl- TSC2 i nhi bited phosphetylsioosos2ss
of Thr 389 under all three conditions (Fig. 1b). Thr
Shuciiplart Proe KOOI ARG T POCT it BRORANOLIKA 110 Befects
site that correlates with activation .
eoughpr essi on of TSCL-TSC2 had little effect on the
%b hegphoryl ation of Thr 421 or Ser 424 in S6K (Fig.
), which are rapanycin-insensitive sites (Dufner et
al ., 'Ecu‘pstabe spefﬁlﬁeltpﬁﬁému-TSGQ @S 610 activation thel éffgtticf d'STI-TSC2

%@ﬁf&zfﬁ% AT T

VereXptdson omnmbesnad nb bfféos oﬂﬁaslmaué%d%h&p%@@?auoﬁf@f ERK,
04/0 4 2 PCT/U 2003/ 025283 contenpl ated that these

W st wlamap P wesmhibticdin the sneskperpent(Bigt 16)t These
ShseRations dembadtal ik Fscilpste vinh
T8801 TSC2 in S6K activation, %edﬁla fect i%#h%*géfgﬁ%léﬂonmd
FYAIGRK, which is al so activated by Ras, was

@d}{ned The results showed that overexpressi on of
TSC1- TSC2 had no effect on Ras-induced phosphoryl ation

. of ERK detestninecths peritinpif ST aTS Chinche M6inythwahthd etfed of

ane e erl nent ervat [ ons
TR AN B S by B P gty om A AR i@ Spstream
pfmmkcma S6K| was éxashinedC The fshl@ieddnétfata it TS -TSC2 is unable to

erm ne .t he &1 on of .-TSC1-TSC2 in the insulin
It i s e s bo B ptem o e b ose st commbamsapion of SGK
inddst BepehdbAC RdnidR @ﬁg hl% YT ﬁr@d’én@hvﬁﬁbn oMok GlditkPo a particular

upstream_of nlfOR and S6K, was exam ned. The result's
werfsRsry dedeedpatundwetandrersf themeehanism is not nepdssaly to pravgice the

1eSdat inferitiod U dRdctRbl BB PR RIhiek wnstr
1fnh. 1 bt e homo?yl OEPD RO @ipARddha b1 Bt C @'E%%%‘é“ eam

The present invention is not limted
to a partl cuI ar nmechani sm | ndeed, an understandi ng
of the mechanismis not necessary to practice the
BMNdsknterféraneent i on. Nonet heless, it is contenpl ated

that ns. do tr am,. of ara
A’Eﬁ K lﬁt%ew ePenc c%% 31 Ll ey F’é‘k’@ k&\ﬁé on S6K.
st RI&4 duptlexes,aptresponding fossitheradn mmmﬁlusmm\rm CSe¥minal
to ei.ther

AR bR S Pangih R Bt epteth seprarion pheupuceyus RS 20

DfandtSélidn OMRINAILS &dRNAJ-NLbBﬁHeQ 23igRRARTShR RS endogenous TSC2
endogen%%\s TSC2 (Fig Transfection of RNA-C o

H’s%’éK?%?e&ﬁu"fheteaﬁ {S¢eRNA h%ﬂnn%erffeéh@w@mmn levels of
VEE2. 2he REAIRNBndtaNAhS alrbivdFé P n @%/ekl?% ﬂlﬁ’;ﬁgﬁ@% by TSC2

RNAI had no effect on expression
B ingesaens Sothchagal apd insulin-sigudatedphosphogyl etinpend thegrangegted S6K

B2 08}, CdritbeliHelhedts @@t unrelated RNA oligonucleotides had no effect on the
phosphorylation of S6K. The effect of TSC2 RNAi on the phosphorylation of endogenous
Akt, S6K and S6 was also examined. Transfection of T.SC2 RNAi induced a small but
reproducible increase in the phosphorylation of both endogenous S6K and S6, but not of
Akt (Fig. 2b). An increase of S6 phosphorylation indicates that the TSC2 RNAi enhances
S6K activity. Compared with cotransfected haemagglutinin (HA)-tagged S6K, the increase
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RNAI i ncreases both basal and insulin-stinulated 12 FEB 2007

phosphoryl ation of the transfected S6K (Fig. 2a).
Control experinents with unrel ated RNA

w0 yosimuaizeot i des had no effect on the phosphaydsabdspbs2ss
of S6K. The effect of TSC2 RNAI on the phosphoryl ation

o SBRRBRIRS PO e SN B PGP st

effjoicociuis ids$ than 1Q0%.aErddgandusS6Kho sptarsiecai cdls dilutdddlideffect of

R SR e iod el st Fo0hinfirepe & asbetlie 6% i Fle
ERbiAFected VETICESTC2 FO0KI h6tiidWe tnyore GRNREE Gfin Meldata shown b Fig. 2b. The

cot rapsf ect ed haema%gl utinin (HA) - t(%ufed SEK, th

ARRYE QLssev atigns demopstratgthsinse phitplogical fpcaon of TSCI-TSC2 is to inhibit
e PhbspRON 48R anBativiida I SBRAGNIsat | on of endogenous S6K

is less dramatic. This is because the transfection

effici ency is less than 100% Endogenous S6K in

' e effect of RNA in
tﬂ?%% ect elgﬁlq tﬁ%él()ﬁ{ﬁie f‘agé?w‘ the real increase in
endogMaoymuBgsns in 766V hed 7§ thzfvetprwmbualytbben'ﬁﬁ%ﬂaﬂm patients

SR8 A B G 0 5 LR 00 e o,

LDBIQ'SS-II ®1504a 9995[ hefrein dricoporatdd bySelerch&6)2 The effset bfthedel (iseadehi%rived

iR e e Bt AR R ik i hargnireists Spesrealy, point
nationdsk h?&a%hmaw cmgewremiey wleﬁetestedi Béthahdel nﬁ—‘lﬂaﬁdﬁ of surface

patients bora et al. Hum GCenet.
st‘élds\es ig fzf@@%ely @oqﬁﬁegt the tegffary stmrurg of TRFA. Acepws ele\@n disease-
330Gtk d MRitdatdBN red 8 Giokell ARLBAE IRRCE) -
The gffec_t of t%?%eeg’e |se§se(hgerr|vg£%ngg¥oaithlﬁ%ﬁs on the
aboespharylatien, ?Q)@QaIPQJMth Hiepyild-SpKcenttol (Fig.y was next
9)5 t’ﬁxg Pre'?&ﬁ (ﬁh\feh&(ﬁf ik Yot 1RRitA o ag‘éﬁﬂ% TaLRASHAhisRY AR 'ah I C
ed residues were test ecause nutatio
gmem@:dmgrceéhm@bamsn fistand nmemnytomacacef the presént mventlon
uct | sea
AShEAEK, B R ng oo SRS R NERBRERI 6 ety by
51SC|11—TSC215phydnmlbycal]s&&levqnhosphoryI ation, conpared with
the wild-type control (Fig. 2c). The present invention
is not limted to a particular nechanism |ndeed, an
Phdspheiyladenef TSC2 bpAReCchani smis not necessary to
practi the present invention. Nonetheless, it

cont e %‘fgé‘cge{*qjﬁlétsm@ﬁé inDepsephilehsye F%ﬁ‘ﬁ’lhs}teﬁéhqt ﬁﬁﬁ"d rﬂ%ﬁ

Qh e8 €el Mhdti¥n BY the 2R il RE
r etlag\%ia&nt Phos pﬁor yleat |1%n g%n%%célﬁg&ﬁ?ﬁs%% %2159 fitons of

§EprdtfEsc3 i thiseathwey Breosishi- | Gengbiy evieseatlse @ﬂ@ates thatdTscl-
dtsol g eg&m%@vﬁr Rk Zoe h:'&?anEHH CAM Shnd B8 bBFJs Ebfg*l%, 1383-

ﬂ

control recl se UnCt| Oné
d 382 (20a1)s Botter gt 4lh iCell @ﬁiaﬁﬁ/ﬁ-y'-”ﬁé (200 ) | Toatistin@aistebétween these two

BELIIRGG, B 8 BEAEACR G s SR e B Rl etla B Ax
betmot iz, hﬂa%&&acﬂ\&&ﬁutérﬁpﬂﬂi}mfﬁsmd iftn adcurnufadbh ofldSy-migrating
vt S DB A B DRPOOHRGRY! LT (FOgahnly contas,
%A RhdWesle ffdcOorERPT E Shia@ditieh, t¥fment with the PI(3)K inhibitor, LY294002,
which blocks endogenous activation of Akt, also increased the mobility of TSC2.
Furthermore, experiments with PTEN, or a catalytically inactive mutant, PTEN-CS, also

supported the idea that Akt is responsible for phosphorylation of TSC2. Expression of
47
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but not the kinase-inactive mutant, Akt-KM resulted 4 rFeg 2007

in an accunul ation of slowmgrating 30 forns of TSC2,
showi ng that Akt enhances phosphorylation of TSC2

(WO gpo4/Ba222 By contrast, Akt had no effect oneciai2ooslors2ss
addition, treatnment with the PI(3)K inhibitor,

Ry tAnvatk [\O 1
D P B et R RS U T Bl b
phprphatasscosfimied thapTHeMobolity shifiowaslayresutt aff phosphargiatiore(Fig.

ant, PTEN-CS, also supported the idea that Akt is
responsi bl e for phosphoryl ati on of TSC2. Expression of
47 1 Ig ehdradiere the ph%@hﬂf}@aﬁoﬁbﬁ?ﬁ@Z Wh ??%Bmgtgaﬁng and two-
PTEN, . but .not PTEN- CS, .i ncr eas t he ility of TSC2
rgsiog] phosphopepAR Esig g S RGL RS o dU° M FEe BRGISC is
BespBHiatddtay mbltipld sitees: vivo @5 Bb). To-XBRINGIPHIh Al BFPTEN
Fig. 3a). To characterize the phosphorylation of
#egedy Akt, in vivo 32P-1abelling and two- 5

qi sﬂf‘é&?&fcﬂﬂ@%)h%@w i%,g %:152 %?.néf?? Bhé gﬁw i egl{tﬂ? grceng—iﬂpof these

resul ts showed "t hat s phos ate
Phesphepeptiddst whergas RTIENodecreased tishintengty. Sheseaesiits arevalsb ipresented

SR AP GRS e PRAE o PR SBRSBRR 85t
imteTesity iist gltemg by hesepregsivnsyfiAdp GIFRTEMSIlnsMbﬁti&ﬁ@altiBﬁ lightly increased
BPOEBAY Bon 008 SHrskaioriop Rp P Mg oy AlfFi Frcpamel ).
Shéutacht WIOIISY 292008, ¥hithaadRieNeRhibde AlVARS Bedrédsa st okphobylation of
gllet ered by co-expression_of Akt or PTEN. Insulin

§ S3me SEhsGtPLPhpPRPPepLifes(Figa e aaneh HDs Frheanips: inbibition of mdOR by

3 ' i W%
08RG 515 o DRSS i) e o

isheiY thatthe ynspkiniAkt pathypy is respewsitdefor S pbosphorylation of TSC2, whereas

PRESR PSSR aeinghin9blved he sane subset of phosphopepti des
(Fig. 3c, panel TIl). In contrast, inhibition of nTOR

by 15 rapamycin had no effect on the phosphorylation -

%‘é&ﬁ%ﬁg?mﬁﬁ%gganel V). These results show that

I NSu hway is responsible for the
phos pBequegheet analysis bf TR demdnstratedsthatrilcdRtains cRfhipatativeniitt

i nvol v tatj.on. [ f. TS 2 .
SROUS Brog e Blal SRR Aol ) Gel Dot L1, JST2RE (OGN, of which
mtub ailei omnsgsl'etl in d’mseﬁg.u&%.ghgstamgnwbm tghﬂt)lﬁis E.l?ﬁl\f\;ﬁ'_ﬁﬁﬁ&l@ﬁon of two
e . nes V., , - ,..of whic

Bl AR Rp Ahin (R DOT v of 802, e idehtifisdin Syl clones
fif e etf@ssith seqieaceay (EET)QblaBide Ohastuddd in AUE &by €T Yokther examine
sites was obtained. This short form of TSC2,” al so
ittfentified in several clones in the expression

?ggs%fﬁﬂﬁﬁltibﬁ‘ of 'fﬁ;szt)théjs%% ﬁ?;m’ ﬁ%sggy afidh }n@% fx’ i;%%ere mutated

urt her exam ne ne pnosp ati on

tindividiallydAd-ad $ves iniamipihatiop @A)y (Fag. i4b) Mintatien ¢fSey 93%E41; panel

M I ) ) .
(BN TOAReP gy A2 s D, Kk St LA r oS3 SRy Cas; panc
$8) ncrG861 BE1(ASBBel(V? aff@eadeahe pHoyphodtptidd f2Rm{ SETSR(FE]. 4b).
IXph%zs pggstphcr;]p%tpti % rtha} %J%Eagpp@:é%& i@ gJ\ mutant (panel VI) are represented as

shaded spots in panel VIII. The pattern of these phosphopeptides matched precisely with

those altered by co-expression of Akt or PTEN (compare Fig. 3b, panel IV with Fig. 4b,
panel VIII) or treatment with 1'Y294002 (Fig. 3c, panel III). These data demonstrate that

Ser 939, Ser 1086/Ser 1088 and Thr 1422 are required for proper in vivo phosphorylation of
48
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[11) nor Ser 1756 (A5; panel V), affected the

phosphopeptide pattern of TSC2 (Fig. 4b). 30 The 12 FEB 2007
phosphopepti des that disappeared in the 6A mutant

Wén20e4/014223 are represented as shaded spots iRCTABR@B/025283

VII1. The pattern.of these phosphopepti des nmat ched

PBEL] TR predthi iBverltib Sonod @b @t DYarkQ LRk ﬁﬁﬁén?nmaéed%

or. PTEN (caonpare_Fig. 3b, panel" IV wth Fig.

pagsestanging jof tbsmwhwwmot DEOESFAIYVD DrRQHiGE tpf:plgseng mvctp@nel

NSS4 sembmpHETaN skt dhot Rt AlLarpetiont fibophorytation sies

vi vo PhéoptibatyAkiphespherfylateg TEC2 OﬁﬂEIBSIEﬁJEEﬂdenuM above, it was

T s N

Ghughidne Siransferder(S8AR kD yaopurifivd FoC BABIRd FEEKIY cells, whereas
i nventi on.

REREERgrahes a7 i Pt ool Gudfiecs Wi gpe Ak,

bit@ofdke klefeinaaive ARBEID BRkNt, 3RS phéphor)Rtealtd
Akt phos horzl ates TSC2 on the res?gu?g ?rge%tl ’ﬂ‘iﬁ%ﬁﬁfentland

TR 20t Tafs 15Viq i rfide) vER erEIoT AR08 9 ﬁ@r%ﬁPaS@dOSG and Ser
Tmn 'ﬁ@gﬁﬁbﬂt 1 QarkéSrhingt g Thk ?QZ?]?%%EBE&(’H‘ EiRindfe8 A%’?—%l?pendent

d utathrone S-transferase was puri
phogplardaticagn prF . o)t The daﬂaeh@aﬂlat Amﬁremagmpmymes TSC2 on

ﬁ“ﬁ’ ue £SE scherichia coli and purified.
W g%typ%%&gl?pg butq"5 ‘he ki nase-inactive Akt-KM

nut an®@p thefbhsis pthe byposing frfetiond aftAkd alb THCE ina@Ierdwil cariedi in

AR By A5l bbbt By TR AR Stuatonof
the agupidspHorylatieh siteé &t dlainetinhAleed méa&hwloffm‘m Rhike S6K,

m nat ed Akt -dependent hosphoryl ati on in vitro
ka?rﬁas mugtiony BhosR %Tmé‘?%‘\‘/‘va‘flgr‘ﬁtfesms cFeged e inhibitory activity of
phOZ _;mgxrsy) aAsshef AoRnarRammtpétiof iR Ait's ahd@@iaﬁm‘a 1§/4E-BP% which

s e e VS e e
38596-1—6’045{2(911 . dvkiste Hﬂ%sﬂ{b?hﬂi Bﬁ]ﬁﬂetﬁyl‘sl@,‘%] &F\\pdstlés g—f%::%ve

functi on, tatl on of he Akt phos ation

the alagingmypiany in inhibitingahospherylatpn pf ‘&E@Pl '(EigZSlI)oThe present
i B N tis mf imilth & §ﬁa§w§{]ﬁr écgﬁntxstn? RRgFPLO ders Lamchf\ &{é

resi dues decreased ein ory acti Vi
{PehgnisBey notAactskary todweatist the arasemt imyehtiad. Ndnethélehs 1t 1s

e B0 eBARLN A ot BiabRRe qebtidRe pro SRt e Tsce

finctiddat ur e CeII BI ol. 3, 596-601 (2001)).

SBY Bk a osh i Braehs T Fnaiicie tmpriahion e Riposcal

ﬂinoﬁcpis OD)ﬂeﬁﬁelﬁsbcﬁfedlhﬁxtﬂBhs {FTSC2 whiken E&%@:&@t%%m TSC1 (Fig.
#nve is not |imted to a particular nechani sm

e&ﬁﬁ‘a%?f&t%ﬁmﬁgmélﬂmpﬁ@ancﬁeé'ﬁ%ﬁisﬁ«ﬁG?ecomtex formation.
H%@ﬁl%@ fotnd Pt ehdphory BBoPER&Rm: 1}111 GR kB Pg% fﬂtes uhTSC2

Nonet hel ess, it is contenplated that these
Vpakenesdts lﬂréﬁé?‘\%ﬁlth BB, [ﬁh d¢tymat1¢ddw dofrhinbidpsecifi@hon experiments

{F‘llné] %E qf}ce %ZTE %Igt%l?g% f ifd s S%gwb%gge&%&uel E?pgﬁgent

ortan el r
@85@&'8% a&mes treatiomof ﬂtﬂ'RﬂﬁE—'ﬂ“&CZ’S&ﬁpl\ﬂE stktsilizds TS C2 (Benvenuto et

len Wc%e% ?Q 6\%8—%3]—65 &Bo@f Phe phosphomimetic TSC2 mutant was consistently

expressed at a lower level than the wild type or the TSC2 alanine mutant when same

amount of DNA was used for transfection. The phosphorylation mimetic mutant of TSC2,
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2c), which further supports the functional inportance

of TSCl1 TSC2 conplex formation. It was also found 12 FEB 2007
that the phosphorylation mnmetic nutations of the Akt

B 2084/014227SC2  weakened its interacti on w t h pESTE2003625283
determ ned by coi munopreci pitation experinents 30

6illiBir to789 diséals8 Berhved 2 SCORHD ﬁ&%ﬁt fesd gétgé thaf Witk iShe TSC2 or

susceptibility to ubiquitin-dependent egradati om,
{hselanms my llgo‘#i)oﬂbtqwnMo wuent wes Staptinediiz 88 presence

;gg%%lgd?ﬁ@‘% 3 pﬁnokgﬁl or Gﬁ?‘fgt | C%%S@ d%Ptap? ?t%l% cg gatmn As expected,

& phpsphemirhstic Ielxtpmtm 6U1qanunaed,mmeals ovilé type T802 tah€ thel al diine

%ﬁmﬁfm ;ng! ;I' %gr% u? %FU 0 8lee ﬁ'ﬁ%ﬁﬂ{é@%r 3}?}5 tlé;,?\t];le disease-

derivet] I’RSCIZB.E mfani %6310 Hshl} u&quEatEd 2fefore k- dependent
ﬁg é014€%}2¥]§g{ #@ 003 /0%5,&%(: simlar to the

4s 2y desighilizing dts aspoeipfion Wit FSC1,
¥iuk gromypiag 16iGditiatmediNa] ddomahtih, mut ant (Fig. 5d).

Ubi qui tination of TSC2 mutants was exanmined in the
presence of 10. M M&132, an inhibitor of

NuBiGR SafRnsgaendent protein degradation. As expected,
the phosphom netic nutant was ubi quitinated, whereas

wi | d NyjsentpSomlatied agtivetes SOk iand ifsctivales HEBRI] (ShalmntzB,Mm J

S A 21 1 3528 Lo Shes ot posggytaon of

86K enth 14@~IEIP31 wblloci(ﬂdtblquia&ﬂcm,ﬁh&fcﬂingra&naj%Iedﬁﬂﬁdeﬁﬁ nutrient
function of, TSC2

h h hi bi t
BOCRREY i oy uirett Sshlarion Gt i EReot G aetivatam g AkESS. The
mmamtstm@ataw phiosphoRl4tReaad KidagdestAdalriSeR wak Qntﬁisika :39 Sci-
?%gg&l onhNut ri en;r stinul ati on activates S6K
§feb shopnghat TSGI{S(Rtis also invaliyed i the it MSponse
Iﬁmﬂmm oTS6K kit 257&ser53d]151d51780%dﬁ18m9re ke much lgss TSC1-TSC2

rient- |nduce phospho |ation of

&fk‘gas BPressedarnperred withdfeKat A diyeet mfa]a@wnrbetv@em 86K piidIRSC1—
mcm Wt h&ietecRll Gﬁkﬁ’rS@g—-TSbQ sQl@éHJeﬂﬁmeﬂéﬂtﬂgl?%?’?gon of Thr 389,

stimulation has no effect on acti'vation
ths rapgmpyrigreensitiverpife in $GK (e d ph Rhpsetiordationred 4EBPAsesensitive to

1s. T
Skl R T e b 683y Y
(Hingreeeralr Gepasdim. 13, 1432-DAXTi (0PN (Eﬁdﬁ(pﬁdstlbn{bﬂ'DS(WaS'SCZ also
ndi where nuch .l e 8 SC
BRFEY B8 O RSB M e o i ke e 5.
Thﬁ prEst inventioa v fimB6& oz whricuGr melwsni/\ﬂﬁddé&tan understanding of
%‘Et ec ed and TSC1-TSC2 sel ectively inhibited

YT BECOAFCETATHP Prgiye apresrat imygmsien cNencthsless. ftiis e

Gdnt@aplﬁteﬁﬁﬁt (dgether, ke olPEl‘Q&RﬁQ v O AL TSE ﬁf'f’: ’uon

ensjtive to inhibition wt garrycm
@%ﬁhﬁmtqrﬁg‘éﬁﬁeé‘éﬁﬂwsﬁbhﬂéﬁﬁlﬁ@W it andi4E- BPl (G ngras

I'Toe T i
g) :xl[; r e)@ilﬁgeza %}@’?S%%OR%%?& 11%14 %n%}ﬁggi)TSéZZ R:le rapamycin-

SRsaptBRtntstS68nd6104pmd BFKANC iwereaptymet(Deonis i af Scinto294,
Woh; Wt(ﬁd)(ﬁﬁt\i’eﬂé: 5% WD) cell H}gl § S35 t)Sde’] qg&% eaglhots which is

not limted't particular e’m ism
heneie mm@htﬁbbmfemct)h §6Keiﬂiem cenainsa Catrniied deletitnyant O

ﬁo@ﬁﬁolrﬁguotnrb%’[%r §85 SGH’]&/&%&IIS 1nh1b1tecp §y w &@%82, blu’g nolt %y rapamycin

(Dennis et al. supra). In contrast, the kinase activity of S6K-dC104 is
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contenpl ated that, together, these observati ons show

that TSCl- TSC2 may function through mlfOR to regul ate 12 FEB 2007

t he phosphoryl ati on of S6K and 4E-BP 1. To exam ne a
MO 2004/@1222TOR i n the function of TSCL TSC2, tHea/US2003/025283
rapanyci n- resistant nutants, S6K-dCl104 and S6KdNC

VAP0 FRopla Lol SEABDES 385 . iy 0 o)

Cordstarg ith theoepiried whesivatibns)iphodphorylatien ef Thri3se o HEK-ACEOH was

B A e AN L R S e e S e

inhitiiteth néitHeethe bysal 262 480084 linkatimulieéd hosphapadtiogiof Thr 389 in S6K-

SO0 o MR o SERUCDT binslobgisnd Bs F8C1-TSC2 (i, 7).
7064 1102 cRETHa B2 0REHOSEPAS - TS0 nblini el Qﬁe&fm%mﬁm. The
&V\én et al. . Schalmet al., Curr. Biol. )

3t2‘-”%‘8§ r?&%%%%éogﬁ‘%it%q EAR signalipg (FOS) metif (Ssbialm ez al., supra).
i i The- in S6K-d .
%Igﬁ()ﬁ/ GthO oS é}ﬂﬁ‘g SRR ddtda R kgjaﬁ?%ﬁ%ﬁ%‘d' e@%n?:?%es sglgngléhon by

i nhibited by wort'mannin or not
PR eweverifigthey dgletion 9€ the1G@Aninusiparbaltyaescnes thinkinadehetivity of

el i 3 S!S PR Bl Bl st

e by Ty 15
S, | : N

gD P bl SRR Mo ihu Sy G ith Bigeoets of

frparBidin, ead tirdisre ki oRt QR GieDmal i eTS TS CF%hl I T(IC BakEln in the

et al., supra). Deletion of the TOS notif severely
SRS RASY. ki nase activity and elininates stinulation

b e ifec — . fan' ] i . 0
y  MiERterboMEUE Effect B THEI_TEEL ShinPFOR }#%@t@é‘ww £

partially rescues the kinase activity o
MpRERoRresEntatee mdiGR asdrierminede Cotr@8BRec OO TCERI-TSER ynhibited the

BBy AITOR m&@g@dﬁ%ﬁg&ﬁ@h@%ﬁsf sk (Fig. 98P El?&wmog'f st

ki nase activit NC was al so resistént t

mﬁﬂ%ﬁqimiSBW%wbyfw—Tﬁﬁ-gTo foather 1§44 ¢heefffeetatf §S61-TSC2 on

ri rel.ate with.the. .
PO bty Mosphliy BHbEGE 1Ok 4 She a8 SRS ect el n
T ORhactiMati®(NaRSE2]. afidchemOR344) 4211460 (1999))was cxafithed. The
. TQ, determne. th af . TSCl - TSC2 on,
AR Bionfiehclited) BV Bioh SE TS C bSO aiERs b pioniion of Se
PAVABRn wiROR] itf sedoge-desbnddho tranits (K61 Te) NFitherts¥iet, alderase of
Iﬁ‘fryrg’l bi teg &ggkkgﬂ‘l [ t%of, nMTOR ki nase to phosphorylate
B0YS &% gaused3n ingneasjin, 8er 2448 phapphordationingyTOR (Fig.
79, supportihg @ degaiivelrofd fol Sddgenbls THCI- Q2L R ridifatoh F?&tTOR.
ngl -TSC2 on niIOR activity, phosphorylation o
3#6#@5 pencueested &0 PRGSPRORYIRE S R ip Wﬁﬁ%éé@letm, QPraBORt et
tp j I Bi .. , 7T~431
Ao gge NMULETLE LB 93 TR T (M) Sckifber dF (Cbdlr Roggp, 3504
@r@&@b $b¢ prgsegt inyStion SR limithd ti 2 pxitiquis syehiarydnat Indeed, an
: [ ' - dependent manner (FEig.
ORheng M ek i Lo 08 O RRR e Mo e 0
Nitsthaless,gbid camternplateeizes cetausSautivatibhho Ao S0 mptbakd BRTSO1-

SRR AL 1P R BRI ) o st

result of competition for the common kinase, Akt. It is also possible that TSC1-TSC2

blocks the accessibility of mTOR to Akt and/or enhance the dephosphorylation of mTOR.
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25 Akt has been suggested to phosphorylate Ser 2448 in

NMfOR (Nave et al., supra; Scott et al., Proc. Natl 12 FEB 2007

Acad. Sci. USA 95, 7772-7777 (1998); Sekulic et al.,
Ceoeww/oRRe. 60, 3504- 3513 (2000)). The presentcT/us2003/025283
invention is not limted to a particular mechani sm

ATe Drdpletn IR, PSCHPhBnGLyddY MEChan! S is ot

necessary to praqtlce t present i nventi on.
Nonet Fedtein synthesisiisregelated p itiple ¢edinlar beditions including cellular

i vat | ' i phi bi ted b Cl 30 TSC2,
36k Bl Pl ] e i ek Boton 2oy
;ﬁhmpﬁ(_@r@@ml;idnb1ad:ks$e11ulé&'lghﬂ:o:56utﬂizaﬂi@ﬂiy| ih(lli?éqﬂy inhlibiﬁng
et tJd or or ,the co nase, . . AL 1S also
33880, Plarpagel ndelper Aot boRd o X ntitiar Boflen (sstofs, .
BEEIRCh@n. A76:32985. i ' f i
W é57n o 3 " Exyg%gﬂggmvgdggodg%ﬂﬁ%geﬁaﬂ S d6RMard4ERP] (Fig.
f BS“Z@H@PO?SB%SH RTINS Ryt quiirng eslle sDRBSinhibited the
PhesBBaTbRbT SeK RO @Al dES! 19082 r{éﬁgﬁpﬁﬁg raf?& nutrients

mul tiple cellular conditions inclu
SRR pjon alyeresulted i sigrifisant vrobilityupshifieef] BRG2owhanfresolved on a 5 %

I TR (k) 2- - gl
T LS T
ithest celluldr goriditivinki t i ng 5 hexoki nase), mtochondri al

d th Cjinhipbitor Rottlerin
(ol t Bt ooty BES ekl o D2 Grleions g sopsetrasignshaprean 20
skt it ko s
b&bﬁgmi‘ Wég‘re {p"é‘a“%ﬁi’g Pgﬁ%%ﬁéipy (Rennisier gk, 206K gmamspnded that
(theinRibRion A S6K ARPSLBP lBsshRR1fion®y 2ahd iﬁ&f}écinlg E\It.lftlo ttl;/e sensing of

deprivation also resulted in a significant

Upzdred ATBeviISEY mItGR) whichHay @ Ofor ATD Fadddn SDINIASEIE: al,,
éFég 852 , I-ndicating that TSC2 phosphoryl ati on was
QU8 Frperupants roadnota during the cowrse of developmetitof teprestrt invention

it Qlashi t .- r.eat t, USi n
OB R oL 8 amb R0 6 iy Bl Sk AR 48 "
phospherylation ofS6H (Fig BEX showing that hERffeat vé hizh aontetitesich bE2LDG is
[ i nhihktd .and. 4EBP1 sphor.y] at i on .
P50 ey O A PSR g
iweh ifugther ohrservéd B6tat dovdcobtifratiosd 2ADG) shkbiRbd 2 mivy [pgos%rylation_
ST S8 o584 i ek v R R WA o oS PR
St RO ARt S M 40 i
SRR RS i renstons! ault SE435, which GomseNGomTOR
sbtiiyfNav b hty, 100911 btk 8ichit PRoc. N{gfp %Hg?%L {@g’hﬁ%ﬁ%ﬁ%s); Sekulic

(Fi.g. 80, showing that the effect _
Eotle 2P0 aras gifo dghibitepihy 28 md 26 (Fig. 8C)nilx evhtrasts ROMIE2-DIG had

S8 65O i, SIS o

osnolite. It urther”o

-eoticdamechprisms. bideal, DOmdststznding of the mdchgrias 3hok ydcadsig o

! ! vel.y. i bi t whi |

Bl OBttt Hifons NSRS o Pl o pisSesrte

o boL L] B o G and AEBDL By, fepetsak, WEBRL KARHTOR
0 I.on an i g. :

Bﬁo@%gﬁ)&é}gﬁ{lit@ﬁu@* OR S2448, whi c% correlates with

or

NMTOR AMPECis imord $enkitive/ cBhngds in, ceﬂ&&génel%g%attus%aﬂh OR because it
Pr ac. elﬂag |, Acad Aﬁﬁ)l . 95 7772-7777 (1998); Sekulic
1s activated by the ratio of /ATP. 25 mM 2-DG activated AMPK as indicated by the
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et al., 2000), was also inhibited by 25 mM 2-DG (Fi g.

8C). In contrast, 25 nM 2-DG had little effect on Akt 12 FEB 2007

phosphoryl ation (Fig. 8C). The present invention is
M 2004/41#328d to a particul ar mechani sm | ndeemT/E82003/025283
understandi ng of the nechanismis not necessary to

Rfadtftié GRreastofM193 BRdsphtyRALA & L
cont enpl ated t hat 9t hes(gyr esul W{g&é&gig tszfgtdegttzﬁﬁMmduced
rﬂe“]gg’&wﬁm apd pppspmitess deplosphuylption 9l SOK s fofictiSS I

K
| S rmre sensl @e%%e%ﬁg%ggﬁ?%&ge cténpr ﬁsgga%
a¢tiyationTdpsehaagkites with thesmhioinomamaﬁmndtmw Hbonafet al., 2002;

BTy, S50l Hehs 6 ST S S Bt Sl it

drechrantsinc hldﬁedmsmdaﬁtaﬂ'dlﬂgoﬁlh@ﬁﬁmm% ln@fhebé’sseﬁcyw%racme the

25, mM d d d AMVP
b, 0 Pl NPT RO B bt deih Shpo fhatgs vation of

AMRIO fiial BEre@ponsibledt tRMTH dépfetich hﬁuc&f&eph{%ﬁ&?laﬂ@ﬂ &¥ S6K and
sistent wt h recent reports t hat
Zﬁﬁ? a«gu%ﬁst&’@%%%w figat pegngtioaf W P eyeheandraniipsresise of AMP/ATP

%gé@%s glﬁgtg&‘\eéthgs e Z%G%as 0 e pr es%nt ?z Ié‘z)eﬁlbased ol

RsViopslypellisheddate, B dmris@g lmaATP mhmtmmdoembe mgmﬁeamﬂy affect

t
TR PhaR R Ao IR} PR PrRpHaRaL & o] il o

p@mléarph@hmlsmh Eide¢d) ess endimstamd g ofitHehadchamién Yot Aitedbry to
etion induced

£espons r the ATPd I
R I prrormL BT ET08 T Redhelfg i eamomplaieaia: MR et rime
sieryi sehsda it respRLClingil] @ergh) HEpibRE | Glusdnd hﬁf‘tah&i:&lﬁ)a&@regged S6K
I\/P TP 10 ratioin cells treated with

Qréatiqneingreasad AMPK nhew@e@/ﬂauoaaas@aamd a pqobmtmm 9f TSC2
@Imhed data, a decrease in ATP concentration does
not significantly affect niTOR kinase activity (Dennis
et al., 2001). The present invention is not limted to

D@ sﬁmuwbsarh@maammetw@&ﬁﬁﬂd%g%ﬂor a‘%ﬂ"@% ﬁ‘r‘%&z"f

t he mechanismis not necessar

pr es eH dstergnns if MY PKisTesraesiels §01‘ "Ii&C2| I!Ehosnhoty&qohahepi‘esence of

%Nlﬁij é&?‘/s@fm{ gt&lﬁ gv?eyéﬁlﬁ'?gs gﬂ%ﬁ ;{}g 1tat10% Pg%ﬁﬂ’%s mdmated that
btk 7864 E‘;SRZ avrvwbly@pymmumpmmpmmﬂaa&mmig 9A) TSC2 and

hi

PRCE Re it Bers e RUTEY i Rk oV 2 similtion. co-
Eudug:@molg:lstat@ﬂé “Al_:}_ncstg Sﬁ%p]ﬁ@%hBQANEKeinﬁb&?h(bM Kvtich rec%o gnizes

?ﬂg&&gﬁe K was alsoi ns erfomne yé[%.hs[ﬁnﬁt I on@qﬁy sgec%fa?li BI%Slpl(t)Iated the
hdﬁiw FANPK FHonObotR t S
an;aj ('E:I';;ﬁlr S%ng weakl y tgoo%do%rgg?é gf‘e?é:%gg&ate@@ﬁl\%lé) @fowever
1 % CZ; rgesrecqygred fasthe apfip él\ﬂ%lﬁmmt@nrmerramt This observation
ﬁrnef SisMrigtebats¥irt 7o AP @4 10044288 u?thP&%rﬁv &ﬁ A@g{)}t etal,J.

- wmunog% cipitations with the anti

%‘!ﬁ( Bira dy/7:6 00 Steiny a8 abgipchen:. 2545@3@)«;43%3 {2000). The

L e e D

peshanigh isnet nRcdS@ry fogqmadtide ﬁmlptesbgt&mleﬂﬁor( ANeheBless, it is
m\’%ﬂted that these results demonstrate that binding of AMPK to the activation loop
may block substrate binding based on known kinase structures.
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no TSC2 or TSCl was recovered in the anti-pAWPK

i munopreci pitates. This observation is not 12 FEB 2007

surprising because T172 in AMPK is localized in ‘the

- &0 2004014z | oop (Scott et al., J. M. Bio. PCT/U52003/025283

317:309-323 (2002); Stein et al ., Biochem J.

22 PRe gl AR AMPE B LSS HSLAYE0H 2 o

immuncprevipiiation with e TSGR edtiboilg foliosed by Waemﬁsaauung wh anti-

BT R E S oy BeriPpie PPy s e ntersction

' b@twdemgadoﬁenéﬁPKl\m AndeTSERtvrashhfRed BPRDA@Yg. DBP Clhe mtsetéachon

subs ﬁegt@'bl nd| n based on known ki nase structures
yase DS Hcahatiyn of PEG2 epiitmdy Mith 5ompeting peptide,

dehstrhity tﬁ@ﬂiebi@iﬁttﬁ@ﬁ the/ &- M&dp&cﬁﬁéﬁ%@ﬁ% W%gf-&s&%ws that

reci procal _ i mmunopreci pitatio
Hﬁtlwstﬁcﬁfpm%mé@ Iysptapaes sipilary | The abowg qhsemnam demoANRPie that 2-

By f ved
P réafinim RhTlecR e ierioh e Aish cddlehous TSR ARAR 65
was efPdmmenopyscipitabon §tidies bedByen e'ﬁh@enmtsexMBKl and oversypsessed

{25 %{1 . 0%%@@%% @?ﬁl e%}g{anggs &%r &ggr(a: L{H)Q, o Oiﬁ&ﬁgﬁ%{ AMPK was

alpeperformed yﬁngD)h Delion mﬂymrsh@@d:@ﬂhht&%é Oferffiad d%rﬁﬁh of TSC2 s
els. o otelIns I n
festarpile Bf B IntiRian Ko yBilethe R mens dgtmin i ot roquired.

- denpnstrate that 2- DGtreatrrent stimul ates the

égteractl on between endogenous TSC2 and AMPK.
G isIrqued & pediate the cellular energyatespanse endogenous AMPK

0 IELRLBIRE e 1SR RO Bty v

tpated with TOCABNAipligos. JISC2 RdéAedtignificaatintiscsdasedsindagetous TSC2
%u'%@ém {eh8is, But BIdHI B ectdRTRY lﬁﬂmﬂg e-drﬁﬁeeuﬁ MI%ZE%']P%? A)b ! ZeDE} rf.{]duced

he interaction with AVPK
pek dephosphenylating, was pRCRed i TS€Gkinpekdotva celisgbitet llnhﬂ&: cont:rol cells.

15 To det ' f. .
Bt oot o 362 Bafnq dlen BetP e L AMER S dtion in
tespanse tb 24DGh dtmsmoﬁebﬂmtom tgrchpaniE&S{ﬁ?ollﬂﬂédl S6K hkbsf)h&ﬁlﬁﬁéryeven
endogeno roteln ev had
UReL B8es SRR AR ek Gl teélgrs dppmstroann GBESC2
{Figuos). S6K dephosphorylatlon was blocked in TSC2
knock cel l not in the control cell In
contr 'g}ge\tl\gm @2 @3&# B¥ 6¥§€EI ulgtion was fuy ﬂ%‘ﬁ%&?ﬁt Eo{fenpression of
D A Yl a0 sl e R A bl SOK phosphorytaion

e dPRdr Thepressnt igvention wlnehhfﬁﬁ@toe)qanm?r mechanBmK medeksé,cin

TS
APt TR P BB S FREN e Bfeppvertion.
Nun&thﬂcss,et(mrcnnnentpla@gtlmlx.(,at mr ncgauv)a‘ly cddgegéssmepggzpﬁg?}ﬁ%&
Rhadidhut B T5¢3 by RIUE bibrked' S Bhiniey st MK, sissrsion ahowing

that TOC?2 hdtsddvatitréon of AMPKI NYitBér TEE R A SHBr rtﬁa&%aﬂ afféaed the
]El?derst andi of he mechani smis not necessary t -

oRRqrylanq cqhRFIES GHCC) 28 el ealengafion fagtor 2
@BFLE R Abek hlb@traté%'\@ig oAt MShrtinO e Séc&tc%@ié of TSC2 in
p hos &? Al\CIPat i on.
K on S6K regulation.
It was hypothesmed that if TSC2 plays a role in mediating S6K inhibition by ATP

depletion, than EEF8 (TSC2 -/-) and the EEF4 (TSC2 +/+) fibroblasts should respond
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Knockdown of TSC2 by RNAi bl ocked the inhibitory 12 FEB 2007

ef fect of AWK expression showing that TSC2 acts

downst ream of AMPK. Neither TSC2 RNAI nor rapamycin

WX 2804M¢222 he 30 phosphoryl ati on of acetyl CoARCT/US2003/025283
car boxyl ase (ACC) and eukaryote €l ongation factor 2

digfsfedily tol WiRoN\KIP §éﬁ?§t{o‘h%fg§m§ FIG expkOied, gﬂ@/gﬁpc%ﬁ?%gézﬂ&h higher

t he sgec:lflc role of TSC2 1n nediatin

lexe] wif 86K phospheryistion (i di0Rk skooeder tepmpiafe tieegults ffFEF4 and EEFS

s oEEl'ggg %&R%@S@tﬁ& gP@E's%E%EZ%@@o&%ﬁ%' L§H1Q e presented

in Bigwb 1885 t & wehohsbrved GmpRottletid, FCCP, hiidRo 2088er ex’twc azlde,

[ 014222 PCT/ US2003/.025283 fferentl to
ShebTiyBt B8 Forkiche SRR £ 0SRRSC oK ehpsPHompasiopds
efiferks dfitiglsereagdnevrl SEXE pHoSjhopyiasd s Mue wedkef ﬁ'BEFS'ceIg:(hg 10F).

%}éﬁ)rder to co ﬁ‘i tge results of EEF4_and EEF8
reSH 5 HeTF ORRGTVAS Y1 RROSRYSPM toe T AEBP he Heppver, the activation

wmkcwasl it Bi®fRrenBBARGR Hé EB r
It was observed t hatt Rot ffﬁt?ﬁﬂi@&ns '(ﬂg':i(ﬁ'ﬁ‘ Phelpresent

}Déféf&@P ipnat dimited 10,3 ppsticular snechemispei mdeadean understanding afibed
ﬁe%ﬁfsﬁq§ Rotl Hecesblfy RIRSRIL e r{ﬁ’éggxﬁ%% Eﬁ%orféﬁi g, it 118

fects of these reagents o |oh are
mntermmta&@at TSCpims aneinbertﬂ(tﬁr(gc mlm@?@tl.ng tlﬁl affettcof ATP depletion on

 SERH B G OPS ) S gPomle il iy S p-ps

tedtfent aves pheformed.n It EH‘&E(HEGZanplcdllb,a-ﬁéliﬁd DePBS hiditfe effect on

R RSP RL T % s o e et ahemphgriion pamBP

kGh@ BERA(TSTD /%) Ik (FI£ D6 ATHe fresehf AedntioR i b LiRiES
i nvention, Nonetheless, it is contenplated that TSC2

jgudar pechanign .+ Wdeedy a wnderstandine of the gnechanisat s@et neggssay R

 PrRpiRithdptesit intdioR. hNﬁﬁ’JﬂﬁHlééllng is ‘é@nt%%@t@&ﬂﬁﬂ@wé’eﬁﬁ%‘aﬁ consistent

Simlar experinments with treat nent was
PR PEYIAMELY PRbliskec-ebseryajiens that putgient|depletionpinduged SEBKPBS
Béfhobphbiyifiof if c%&%rdﬁsaf‘lﬁ&@dh-/pm gﬁé’d’ éé'a?tzv@ ?eITB Jof 4‘6§9 704
in contrast to e I nhibition of osphotyla

@EBP-1 15 in the EEF4 (TSC2 +/+) cells (Fig. | OG)

The present invention is not limted to a particular
nmechani sm | ndeed, an understandi ng of the nechani sm
TSCﬂdsPhcsgpheEyhtydBpAMPKctl ce the present invention.

Nonet.hel ess Iat ed th ese, dat a ar.e |
- consi {sat tWﬂl lﬁméfk’e Ieftg‘ﬁt%é%@?efﬁ%rt@wg band (Fig.

1 halY, shoting it tth-ij}lﬂdﬁébdl lﬂ@bmt@ ¢hifidiKdueds pb&%ﬁ&%gam@tmm is
i.S cokrlrcprom sed |hr11 TSE,Z ﬁ &nGao et al.,
5o # Phopplacpsetels whichS fovseshif ed hda pppfphEA pREReRHESy 11A).

AYRKyelr BPGRdatmett 5 ronsikg aaenﬁmap et@§@1 C@&’ﬁ%stf&goﬂ_ &%uve
to a faster mgratlng band (Fig.” 1 1A), showng t

AP oasq indueed @ mability upshifs pf TIC2, butdlspéoﬁ’ﬁSCI showing that AMPK
RS b e LG 172, 18 RO R IORRNST P ves e

{ordetermintAyhetheHendegenops AMBK isriwaived i THCZIphvgphdtllaton (Zheu et al.,
o8], st 08T 167-11 700200 AN B8kl e BErBFE LR with 10 uM AMPK

inhibitor increased the mobility of TSC2,, supporting a role for endogenous AMPK in TSC2

 phosphorylation (Fig. 11C).

The functional relationship between AMPK and 2-DG-induced S6K

dephosphorylation was examined by expressing dominant negatlve AMPK. Dose-
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AMPK al al so induced a nmobility upshift of TSC2, but

not of TSCL showing that AVPK regul ates TSC2 12 FEB 2007

phosphoryl ation (Fig. 11B). The AMPK i nhi bitor
W22C) was used to determ ne whether e’mmgm’oo/uszss

~AMPK is involved in TSC2 phosphoryl ation (thou et aI

Fenisy aBred S hhe KRRl P an sERNAR (i

pamallyl tocked Ssllsm;bmmrﬁ DiGrigeatment (Fig.f1A D) e Falgiganor; Smcubahon of

Ahkaoh ki PR gt szﬁpr@rawo&gu%&woqﬁegw-nc}

6i6$’6K ﬁmbmﬁﬂb@crry@@é il OF). \mmmnhéh?dgﬁ?g%% %%@1{1 fhibitor had no

t NPK Do
Sk Ak phobemiiano ASI0 Bhiiton e rau ftandy ke K of

| &ékﬁoéﬁh%ﬁﬁoﬁ ﬁﬂﬁééd\b% gﬁﬁbﬁ:l debiiGatioH PHB! 11 kl):?lt 'Ihcl) 2 rgﬁ%MD lﬁwbgtlon is not

parti al bl ocked S6K"I nhi
agme‘?l?@@}l Iwiged. o undarssandingofithe mmhamsm i4HEEH

S5 TS N\ SLEL ot o

shopsthat ANPR actoratibi-pigys ahlisportam rale it T$EX phdspieaglatvatand S6K
| nhibitor had no 5 effect on Akt
%‘h’tb tng%/ SF";\%D“S%F P SURNOR AR HP i tor al so significantly
bl ocked S6K dephosphoryl ation induced by gl ucose
va 11F ent invention i s not
R A s i 18 e aige SnhR Hhosunomeiation S

undergd éiclddigthe Enécﬁ&lsi’ﬁi‘@ffmmgdl&dﬁ% ANPRESSAMablefing and two
practice the present i nvention. Nonetheless, it iIs

qsphapgptiderpapgms oA TSC2 svee perforaied ANRulation with 2-DG (25

S04 Sl oS LS00 B i

Eigel2fy). iterestingiyocn-cxpieasion Afdle $d34 ANPK BSezbuAlt alshijcedased

BIgRRRRUTHG Bk BB Bl e by CH T Bubitt i il e
R Age T3k slresibd spotsip ipanet p tiembés phbpphopg)tﬂés iﬁdeS-DG or AMPK.

B R b R b el oapispy e e ofmandiog of

'(haméchan&m i ,noﬁibdes@afy o pragtice %@seﬁtﬁﬁﬁfnﬁ& ' N&le&heless itis
co ex rg(g tﬁﬂ BFe active AMPK al subunit al so

Ay Smgpstipizeha 2rfeG trepimeiegtimulates TSC2
§Eds rfll_ﬁtﬂﬂl By A&Iﬁl@p ?@ﬂﬁﬁfoﬁr&@ﬁeﬂ'ﬁlﬁt@%ogylatﬁhg

12A he shaded spots in pane e den
phos phTEYiewt: &@STS%@@EC T AMBK teogmifiun consenssisitessiastsearched

me&eagnwg%)gﬁﬁ Waéff i ng o?r %%%%dn%%sﬁ%%l sm Wts ites. All

()nﬁ

deed, an understan iS no
P@é@@sﬁ@KﬁﬁeWg@ mdl)@dllaﬂ}é Il]m&emﬂ twordimensional phosphopeptide

BBy SR ity 04 SBPBI RS, Blong A PRl & e

iﬁB@ﬂiuabhwmmkl,mxyépalforCmZM adél\8:1PS4ﬁ)A,al')aﬂ pRosPRbEYptidOmapsi sinilar to

SC2, nho a Pr ev he TSC2 sequence
PEo oolie S s et el ieawioay oG e P chigdnd AMPK
inklhﬂﬁlb@h@h@ephde‘s?ﬁﬁﬂs 1aud3 51 6,708 uf;shuact Figai2 Ayatrhd t
contains 8 putative AI\/PK sites. 25 put ati ve AMPK
wvenion, jspot limtg 3 YRR meehanisg. atﬁ@Peﬁav\?éUﬂi pretandingef the

ﬁhﬁﬁﬁﬁﬁﬂ@ﬂitlné&smﬁlﬁ&u% {nB pRAGHH 1ﬂv@ﬂﬁdﬁ' %Em@%ésaﬂ fs was
performed. These data indicate that al
contemplated that these results show that S1345 is likely an AMPK phosphorylation site in

(D
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i ndividual nmutants, except for T1227A and S1345A, had 42 Feg g7

phosphopeptide maps simlar to . the wld type TSC2.

The S1345A nmutant affected the majority of the 2-DG
WOR0PIRKR22 | nduci bl e phosphopepti des (spots 1PCRUSBO3/ER5283
6, 7, 8 in panel f, Fig. 12A). The present 30

$iD G th Qo Rﬁ%ﬁ"g{"jg LbE£gE 41 ?43‘@%%%&%%15%@%&%{%51@%

I'ndeed, an U |ngo ni'smis not
suelr asSI3BY anchWémhl@sare hcbaqgnetselm AMPKesiteiSa 45 (Fig. 12B).

None it phbukey S B L SRR At

'B$¢2Efragime'iﬁcdat32mﬁgs B@Oﬁai expi€ss20@rd Pirdfitd Zrom E. coli (Fig.12C). The

B rsnd F e s A BY PrRroaroon st AR et 0 Fnase

Bbidtive AKX i;ﬁﬁezlt 130;1% %wwm MMuBtien B 1348 cither diddne
ééwépﬁKﬁfi)l te S 13 To confirm whet her 51345

BERSTHS (315D AN AR o PogEhorgaton of
TSEZ b ARBE MaiGAng ﬁiaps m5 B ddfet )@ﬁ’l@ﬁlﬂfs@%%&rﬂe The present
purlfledfromE col i S g.12C). The fragnmen

waientioh dsspsit imyted tosaipasticu ammbqgnmu Ivideady a;dmdmsmndlbg: of th@t

Rhafiefl 3 o AAGAY A, Y AR tion MopehPRsPRAE!) -

ammplaecbthéﬁhékéﬁﬁi)a showtiath 37 asd Sh34iatrenbt idirectiAMEBE t r 0

IR AR T -

PUDES et AMIPREMTEY. 124, B)S Ih oider tortohfithn that the pvidrd AMEK
mechani sm | ndeed

PRASRRGEYLetAT sites, e 2ise eﬂ%@ﬁgﬁl;tsets%g%@? el %Sig%ﬁ%enal

IYsERYpefitic N YT S8 YOVIPK tphbshho erguay 2t ﬁ*edmﬁ%t f
gatgﬁihowthat S 11337 andtpS 5%3 are not di rog{?t ©

tiedsprolapeled TER2 ffig.d@D)FMixing ofiy: vitre phingpfierylated TSC2 fragment

RitesRNR LD ghb@ﬁongatédhlm -31895 A W farit YO ARG Acht epbts 32anla@ are
and AMPK . In order to confirmthat

fe tjdirees MPhWQWPy@Sl@P)Sl tes are also
h
P 03%9&/ bideRRd it & vdaE‘el}&%ﬁﬁQtedtaH& gaaﬁ f%gt erélﬁscz-

phosphopepti de map ‘of in vitro AI\/PK
T Avautastdfiga il 25 cainpére phels odnd Hhén wtrro phosohdralbmneqf the

JRied T -p S Rdment b [l ogrec{;mxee& 9&&{; T A0K specificatly

ragnen phospnor
Phsph&¥1ates ASAD boa M 22/ i 4 2F)atTvd diakensigrat pho’.iplmpebtﬁe atapping

SbBehgn ol A7 NSRRI Yie B G e 130 el
ifehieds hét linkieed tSEBartidlar bRl kiliBéd, airiilerstadBiing of the

conpare panels a and b), In vitro phospharyl ati on of
feehangs asﬂpb@cqsmimftfcamfsewwmﬁolﬂ%mﬁ g

h I
Gt 1S Bt st apophons ot

phospNbiatieniod 813ﬂé|@|§ﬁeﬁgd mglkipts pbesrhoryietion pitgsincluding S1337 and

G941 &vefd %?1%1\1/ Eh%sesﬁg hotBK cPisefilds gﬁgofﬂ B). *ﬁéE’i‘ C2Th e

pr esent ention1s not limte aprtlcu
158 337143 (345 A (BRCR -3 Ahtriptecheutantarad icregted faind the nbility slnﬁ induced by

Era i AR e R a3 i e

[ERigs12Q)/ inbishthy thf@so resiii@2ife mdor phdsphorgihtidhlsdéSinduced by energy

, %ffect ed mul tiple phosphorylation sites including S

SISt g
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1341 even though these are not AMPK consensus (Fig.

12A, B). The TSC2- S1337/1341/1345A (TSC2-3A) triple 12 FEB 2007

nmut ant was created and the nobility shift induced by
9® Dodpi2as tested. The 2-DG dependent upshi fRcTW&3003/025283
| argely abolished in the triple nmutant (Fig. 120G,

Aﬁﬂépho?{}ﬁ' W%O'}sﬁﬁﬁ&ﬁ&ﬁgﬁggﬁg&@‘ngﬂ;;r depl etion. 57 _
1 2 FTlie Bn@@al sighicatidhf MK@hE@beyﬁﬁeﬁ):%Q&S&S&i b%zl\ﬂaiﬁg TSC2

BTGRP R R B ATBR Jn el Py AR B VR oA Bt gy et

tisd MotadtSER less Able phRhibitS6KOR raﬂpbﬁdtté 2DEisatAbat 4. [1SA). This
tr sf ect ed Wléhh TSC2- 3A nut ant showed that this
mmwe\%ﬂ}f 34 thpnabiop Hhat Rhpspharyiseen brAMEEsRates Gieabidity of

‘I‘S@@E@Eﬁﬂm@@[{g Th@%ﬁ)lty ofisE 293 & ﬁﬁ]&i{e}act §1tE P984 928 Riso E@stteﬁ] and the
the notion that phosag]ﬁory ation by ronot es

ERtant T§/C%Was fogmpiorhs aplertp Brrm mmpl%@ﬂaﬁﬁ& ngmxaﬂy (Flg 13B).
TSC2- f%?
dmhhsﬁbsalahno o 86K ync( 431@?1 1113®ppns'5cto é—)Dﬁrtrmm\aﬂlteEm (TSC2 -/-)
T. l.a
g os p Sor y%g 1? Sl%Lﬂ 3%93@@ %%T ??"&8%%&%& ertﬂbe ‘Z‘l‘b@pe or

ttreé}mMBtEEFﬁu(aﬂ'tS@pr‘eséxoﬂﬂf TIqY mblllo’eﬁ theQﬁédl phospBorylation of

é{ﬂgna %?%%lygﬁ dg@@&ﬂﬁ&ﬁ%&@gg@gw rus. essi nt 6K and

EEBPEpﬁdspﬁbrgan&s%d@dwﬁﬁﬂe&menﬁsmlcom th yﬂg&’fﬁbﬁﬂly
%and AEBP1 R(?a 5 130) .. Treatnment with

Gl andAERE, B‘FaHSBNl WHd typg £862 fxpressmg cells (Fig. 13C).
@@%%%s%ﬁ%iﬂe%&ﬁ‘ﬂm e545N mliAhEwLE ga§%§lg§%xé tb =BG teatment

cont r ast DG significantly decreas
Bmﬁms@wwwmg Wildiynei 1562t (Fige 13GCThe pprsens siventiansk et 11m1ted toa

ﬁ&hgularln%aman'é fabds mﬁmemdﬂlg f%gg@%&&%%ﬁ{@

hmut ant were | ess responS| ve ment
Pﬁé%@ t@mﬁ@m;mngmm | Nomgtlpﬁeﬁs{m comeyplated @at thEtesdata show that the

rre chan pse%&]éﬁl? ﬁg&ggﬁ&%ﬁ&% o’llte f s a n d? ’:{’9'5 ot T?ﬁ%t lhgsggﬁlg#?gﬁ?m role in
the cnbﬂmweas;eto?-ﬁ@tremanﬁ ice ghfhg{ esent invention.

No

that - £ B508 slablitiins BBREOHR Birprathesasbr 26 ARl mogpheryiation

friliddfonseto Thdzigepinalyscelltlar s, stable TOCE ekptessiti@ cklMBnes from the

54 1 TR Bl et oo AFASl it iRlsbadpiBprssion

BhOSONedcYdaddd sm pHoBpHoRBRRIASChile@xf %mmﬂs@m had a much
cel l ul ar ener stabl'e TSC2 expressing cell 1ines

it efest oy ithouBEhotbéhq Wil Anchie 3 A enytans dveta axpreased at a
(0] |

e e

irhthe véidy A S@&XBTGMPGHS buebdder medhf seatleroafife 6K the vector or the

%SEE 4ol R%%IH%EJ?E e%n]' tﬁ’o&g%@é[?ﬁd t\ba oﬁ‘éﬁ}{“ ko (L D3E). The

ESSE

_ﬂmpemt veventom i oot libGteld dua pardaﬂmeﬁs:hﬁkuéi‘ﬁ Kindbsds Md)éfs&hdﬁﬁ of the

|ntheW|Idt T r.essi nq.cel l.s, d a.nuc

bl e e e B e R P s s,

eotmféz?plstltem glacthleée&es&‘llte Gerbdistrged AYPTS @ {sirdtfuire @ for SER inactivation by
a e

13 Eo) Eh
- glucose epnvatl rmore, phosphorylation of TSC2 is required for the cellular

response to energy limitation. Expression levels of TSC2 in retroviral infected LEF cells
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present invention is not limted to a particular '12 FEB 2007

mechani sm | ndeed, an understanding of the 30
mechani smis not necessary to practice the present
W02984/016322 Nonet hel ess, it is contenpl ated tPcaIUSRdvEBS283

results denonstrated that TSC2 is required for S6K

aRAGEAMAGWAth AN he HdSEARAS Qaﬂésbi\éﬁ'iévgﬂ ffﬁ@% Eheﬁﬁi?&:] cells.
hosphoryl ation of TSC2 is require Por the celt ul ar
E@%T Ffs €568 aeermot ger expressed inghe stiblpealls ysadrfor the experiofents.
TSC2 in retroviral infected LEF cells 58 1 2 FEB 2007
WD 2004/ 014222 PCT/ 11S2003/ 025283 are slightly | ower

863 Prptects (g Ermun Slacgse Deprivationadndheedofpopésts i n

BEK293._ cel.| ref or TSC2 are r.expressed

int h‘g‘*@ ra‘ﬂ'%%te%gfgf §eel[fs gérfvgpt ‘P?félv‘éﬁgg‘i‘?aﬁl\éﬁ[@gf &ﬁég‘juﬁmg to

Bluodse dites cétitions igm4@) L koatrbdgihé YSC1 SiprdsBidb € ¥ cells showed

ﬁﬁgpt 0sis. 5 h{gct or n{ ected LEF cells underwent
dncrease i gell geath - Simvlaply, it wasghsevedsthatthy glycase depgivatiensiaduced

tdlEdathGh BIEFR X-IE} But n@t“iﬁ)ﬂ?je JolﬁtrquiTFEFf{TECZ-Lﬂ?cJQC%gT present

expressing LEF cells showe ittle increase In
Hstien 1sqiilimited {o a particydar mashamispe dindeedt art ynderstanding of the

n I cinde odiogof
ARl 0 chOPHEF Cpriir YRR, Nefgilope b

ponjemnlated thatthesgresultspanyincinglyzesiablishi that TSC2 phayh am éssential to
ing .of the 10 nechanismis not
#@geg{ss%}alrs 9% {ngeﬂ g‘%gg{aﬁggb?%gu%erdecgg ﬁ?a%?'nventi on.
Nonet 'h@l_itﬂerlm,inei the sig?iﬁcaﬁm ef@hg[s(qmoﬁl?hafyldtibﬁﬁ‘n@ TS€3 Pd_nEiﬁon, the
i,NCin i sh that pl ays an_essential to
Tt AR e TS el s 15 ovamina, | Si021 AR iocapteot LEF cels
fremtghucodendepfiv fiofiindct de:lded i(Fig CRIZ)E Irpcfo_f_l‘g'%ﬁg,_l%%oside, which

@Bosphor | at i EDn'i n TSC2 function, the .
Joes aRoRR5ls by DNA (damage, caugedsesl deathineath vertgand aild gipe §8C2

exprgysiog eells, infiicati that TST2 shécivally 'E_'f_i‘rﬁéiﬁates in energy but not DNA
eprivation-induced cell death (Fig. 14A). In
& ZSPORSEY 0 jo'S PERESTE HfieRtie lﬁm}é@gteé poppattuayechiolem.
FABRYEn u&ﬁk&%@nﬁ eF {gle ?tg&ﬁilﬁiég[‘is bt &cgstgﬁg?d' qr%%%e el ersteti €

TSC2, expressing c , I'ndicating
pyewion; denethelessrit iscpptamplated thag theseydataniemonsttatdMNAt phosphorylation

Serese, ) invention is not. | im.ted
to a pa’ft i cui}agfarr%nﬁ%gln@{se%g b g%eﬁlfj%eéa, °‘£1$1‘tﬁ98%$e§f1¥%’?- uced cell
ddath. he mechani smis not necessary to practice the
pres 20 _.nyvention. net hel ess, it is contenpl ated
Phat PipetebE¥ SR AR boubis 0 FiriE symminiedicprecpptiop aduced
ABOEDsivy AMkesixinay based bishy ADNACH-RcAtal60EHRMed @8k biBicose
%rpom I uc‘?sg deg{ i vation-induced cell death. )

PRI moblogis i verir B TRP-54, s Potie I S6Rampraing LEF
¢lls CRig €141 PWeytainl Hdbts Kt ApGchis ARVAS %%bacddﬁ?{]ﬂgt%’%ﬁagéﬁ Gfd

ggﬁﬁd assay for DNA fragnentation showe ose
8575 Sleavedduring Eliucese %pamh@gﬂ@um apll death, showting that cells are in

fﬁa@lﬂé@gig?%op‘ﬂ&is(ﬁg 2@%2 expressing LEF cells (Fig.

14B) . ern blots for apoptosis nmarkers reveal ed
that both caspase 3 and PARP were cl eaved during

8LIVERS R EbVBL A dy © % geat_h, show ng t hat

ceF?s areg'ﬂlgr% " %&%uiﬁ%g%@,‘%‘f Jg 8 tosis (Fig. 140 . 30

Cel | B ZechaRbepn! drtrionsiraid tAPRy Defitial folinAsl sizSEahtrol in Drosophila.
It was observed that the knockdown of TSC2 by RNAi resulted in a reproducible increase in
HEK?293 cell size (Fig. 14D). The small effect of RNAi on cell size could be due to an

incomplete elimination of TSC2 by RNAi. It was found that 2-DG treatment significantly
' 59
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TSC2 has been denonstrated to play a critical role in
cell size control in Drosophila. It was observed that
t he knockdown of TSC2 by RNAI resulted in a
VepraodiugiRl e i ncrease in HEK293 cell size (PEyushddhsss
The smal| effect of RNAI on cell size could be due to

inconml e i gat i.on of b i, |t S '

Pl RS 82147, Mblels TR ot e o
2120 Eft‘ec\é\ﬁdﬁ@fll % am&z thgéﬁ’ dlﬁzém% gﬁ%@ﬁ ﬁﬁm&e _delf:élgkle

size ig. .. Knock 0 artia
bR B el PSR AR BetTec R G0 an o zsli T pessin
ilehtichi iZ Sot GinfiRE t6 a PdrtidubbrineRenign DiadBEE aft Ghder Gl of the

i ndependent as these treatnents siml arl% af fect "both

9

GEChARTas neldiepessary (RPrattics irtpresepiipyrntion. Nenaddestiitis t ed
tohtémPakd iHatihade rERGE adthsi¥ratt B €9 c2 aﬁyy mﬁﬁg%h%ﬁ%@ %h 2hG-
t he actice e

the 5 mechanismis not necessary to p
prdaeedioell singeedustion. Nonet hel ess, it is contenpl ated

t hat t that TSC2 pl.

ot Thifefeol @Ml ARURMA WA b0 ahe IRy RigHEL arc203 cets

ﬁﬁalr@fihécﬁtmglfglgdasc gg)anaitrmdml I y hﬁ%hﬂh@@hdosé)%‘é%?%ﬂﬁrs&h&ﬁeda

i hvestigated. HE icultured in 2.

s{f R i Sibn JFSEE e ¢ 1) ereiiimett i daBarficin 16 drstpsed cell

iizgwigl_\&oustl;&epdrgﬂ! (fiﬁgz&r& ol SEke, §D|9w 16:514@'111873(%@02).'( Tﬂi&e data are
. reat ne W , apa Ccln_also ecrease ce

Spasbtent ik ) LRIGH plelod e Herer imuiahon gabo vt eal size.

Dev. [tQiad 4 obsdBéd (P82 ﬁ@?&%ﬁg 252l fe s&&%bﬁ%ﬁ@%ﬂm than

with that TSC2 nedi ates t energy limtation si

the velgiarahSE 2ot pxmpssiag cells (ks 190k FABS enalis studies caigioRed that
t%%ﬁés%ﬁﬁ 'o??Séfﬁg%%{m%l ebressed Hefsi AP F.Fg ’l‘?@l-g/l ge}li 1gnl4F).

e vgctor or expressing ce
Enasstinghy] T8C23 Atshoivaisa lessariadrabilidy toraduce L8l sixpinaBsLEMTHE2-/-

ESy A ST ST 5l b 5 o,

[The presratiinytrition igmat dimited tcepartitularsherkarisin.t IndeddFim understanding of

-4-.cells when ¢ ared to wild type TSC2. . |
im0y PSS ARG thOpuibenbink B, Nometnelopt s
poempibted thatthese@bsdérsations ark icOhsistsht Hith drevasuk bioldgddal observations
rred:han.ids £§ deed, .an understandj ng of _the mechani sm
Aad BB YR the el £Poviheing pep e Eal N ide Rt e IS GLrmgBHIVEIg fegulates cell

blzadi Meh@slin defls. | FurfAOmede) tesEp iath B6difhte M€ & AMPK dependent
servations are consistent with previ ous biol ogical

3 ReRerAp e RIaysaResisreAl rele fariee piivpiglogicaifyngiionnef TSC2.
eXPEr ATBbIRbtinkl A Bt Bthricklrin ME RV KBl BB hERin_

cell size in mammalian cells. Further se

12 FEB 2007

- insapaEteddy seference. tAdthopglPiie dnvontinhdies bequhizspived in @metion with

[ 0 th i,0l gai.cal .. .
A8 ARl S oL LB L0 Bpen s s
sleowld mt belunduly Ireitedto\secisypedifié ermbédimentar mdésdl irduPmodifications

i r.por-at e ref erence., Al t hou he [ nvention has ..
QD8 SBRRBL R ol LR HAR AR A yRAE b 6 PP dR Sy Pl in the
esibant frabdstase intendedo e tvithin e sops bowe félfoaking dbms. '
invention as claimed should not be unduly limted to

such specific enbodi nents. |ndeed, various
nodi fications of the described nodes for carrying out

‘the invention that are obvious to those skilled in the

relevant fields are intended to be within the scope of
the follow ng clains.
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60 1 2 FE B 2007 CLAIMS 1. Use of an agent, the agent
reduci ng cellular ATP | evels, wherein the agent is
selected fromthe group consisting of. a hexokinase

i nhi bitor, 2-deoxy-glucose, a mtochondrial uncoupler
FC_CELAQNPCinhibitor, Rott!erin_, and 5- _ _

am nol m dazol e-4- carboxyam de ribonucl eotide, in the
preparatl on of a nedi carrent for the treatnent of a

di s ject s _
L FRR e U PR KT 0 FLSERER gy i sk
def @6 ke Cglolip emtmngl o) a ﬁefodmiaswenfﬁsfﬁnpathw -glucose, a

and wherein . the efectiv

TheMi@ghqndral) ugpgﬁpileq Eﬁﬁ& %&’%‘a IH%IE) ﬁgtélﬁg?ﬂ g or ?ermmlgazole 4-
C OMB4rh &AM ENAMEGE 1 Botide Sin tﬂ_dqﬁe}bﬁﬁmﬁifof @Irﬁ?ddiﬁaﬁl.entvfﬁeme itleatment of
sai d di sease i s tuberous scler05|s

cl aprdiseasapiie p stbiegiasudicHng dipgn theg ‘é%?ﬁ%e‘?’hergn tgﬁéhsﬁ"‘ésg ymprises
cl a'_?ﬁﬁ edtive MRS, %@déf@atlde dLiReARMrikifig § ALMLHe THIRAthWORANd wherein
e use of claim1, wherein said defective TSC
pat Hwaagemtdwgctsﬁﬁsieﬁcﬁ%ﬂf@@ﬁl ve element of said TSC
pat hway sel ected fromthe group consisting of. TSC1,
TSC2, Rheb, mlOR, S6K, and 4EBP-1. 7. The use of
2. ¢l aiTie hise affedaigi In whereintbelingdinament furthehenmpeiseiRPAIBYEIR N
MIMOR inhibitor. 8. The use of claim7, wherein the
NMITOR inhibitor is a rapamycin derivative. 9. Use of.
3. (i) Thelbd stclagenivheiechesafd dishsedgabtronestlaosig cel | ul ar
ATP | evel s, wherein the first agent is selected from
the group consisting of. hexokinase inhibitor,
4. 2- deppuse BF LIRS €, witkrdTh EAE BREEE isadandencoupl er FCCP, a
PKC inhibitor, Rottlerin, and 5- am noi m dazol e- 4-
car boxyam de ri bonucl eotide; and 61 1 2 FEB 2007 (ii)
5.8 SepNCl.AgeRim 1 WIRE&h Baill BReA88 WA RARPErtophy@N MTCR
inhibitor, in the preparation of a medicanment for the
treatment of a disease in a subject suffering from

6. t he {].s '\?\%S& MRE N Eiwhelelle sl SRRSEBVL IRL r;bﬁlﬁﬁayd&frﬁﬁﬁ{sbé/ @ defective

ells, erein the defective cells conpris
def exd¢mant oTS@d FesChpaihwasasriecigdefran the greup rc%sestlag &fit T¥nly TSC2,
t he S| co t; the defective cells. 10. The
S ggﬁ ntg?tg%% the mMTOR inhibitor is
raparryci n 11 The use of cI aim9, wherein the nifOR

' nhi —Ell}eégg ﬁhé’?‘é‘} [‘f%gﬁ){ hg me {claV tlthulg er c&l%pns-EF' fn Hﬁ%l@#ﬂhlbltor

7-¢l ai I sease’ | s erous scl erosis.
13. The use of cIa|n19 wherein the di sease i s cancer.

8. ﬁ;‘; pe'-Frliheﬁgg Eg clglfm %l erem thevmle(ljls 1nrfnb1{(])? 1sdaI rggaarr?yecinl éer&zgtri\ge'. ac

9. Use of:

0) a first agent, the first agent reducing cellular ATP levels, wherein the first
agent is selected from the group consisting of: hexokinase inhibitor, 2-deoxy-
glucose, a mitochondrial uncoupler FCCP, a PKC inhibitor, Rottlerin, and 5-

aminoimidazole-4- carboxyamide ribonucleotide; and

61
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15. The use of claim9, wherein the defective TSC

pat hway conprises a defective elenent of said TSC 12 FEB 2007
pat hway sel ected fromthe group consisting of. TSC1,

TSC2, Rheb, nTOR, S6K, and 4EBP- 1. 62

10.

1.

12.

13.

14.

15.

(i1) a second agent, wherein the second agent is an mTOR inhibitor,

in the preparation of a medicament for the treatment of a disease in a subject
suffering from the disease, wherein the disease comprises defective cells, wherein the
defective cells comprise a defective TSC pathway, and wherein the first agent and the
second agent target the defective cells.

The use of claim 9, wherein the mTOR inhibitor is rapamycin.

The use of claim 9, wherein the mTOR inhibitor is a rapamycin derivative.

The use of claim 9, wherein the disease is tuberous sclerosis.

The use of claim 9, wherein the disease is cancer.

The use of claim 9, wherein the disease is cardiac hypertrophy.

The use of claim 9, wherein the defective TSC pathway comprises a defective

element of said TSC pathway selected from the group consisting of: TSC1, TSC2,
Rheb, mTOR, S6K, and 4EBP-1.
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