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WO 2004/ 014222 PCT/ US2003/ 025283 DI AGNCSI S AND
TREATMENT OF DI SEASES ARl SI NG FROM DEFECTS I N THE

WA MBERAIR SCLERCSI S PATHWAY The present appl i cBCT/O82003/025283
clainms priority to U.S. Provisional Application Seri al

ncor B GRE B NB R bR niEASER ARISTIG flrom

Wi th goVBRFFUILS $NOIE TUBEROUS SCLEROSIHLEATHWAY
awar ded by the National Institutes of Health. The

Governnent has certain rights in the invention. 10

FI EgR | [ :

to dosREeriBRICERY e B 30 U B o IRaBbf Seria
Nualbep 60110121’7 il 8 filed ATSESt 2 gPEI2] heremahborpayratedIby reference.

part| cular, the present invention relates to

dibisgavaitiog de%qeamh a@femrgwa@@f%%iﬁr égan@ 4’3 3586

w%fd f
Rl ettt e ST RRAR, Thc RLhEAEASL ol refts in he
1mrmt1hmds and 15 conpositions for treating cancers

nmedi ated by TSC signaling disorders. BACKGROUND

Tuberous Sclerosis (TSC) is a relatively conmon
FIERPPOF PREANSAIRTIONd sorder that occurs in

approximately 1 in 6000 of the population and is

c harldetpegsericdvdnion melaie taievnaiosproms andmetimda farodedifying a

vari ety of ans. (Young & Pove \Y%e] Med. . .Tod 4
abiptofids frEgs S RiRa Aar: EAedmichEent B ion Tettes t
meHRd BT AagnORAS Ad tr&HiRE Aot dds siRH b BilPerouk iseleRis! #hlcH as caused

facial angi of 1 bromas and cardi al Rhabdomyomas (Gomsz

by mpiriation A Hie. TSGeenes6 Ise pliesant (ngptiph further mimbs ﬁoanethmd
di.vi dua

cofpp PP ok Branfiar 4Rl SRS R Toq PRl Rt " ne

fingers and toes (phal anges). 25 Characteristic skin

| esi ons i nclude sharply defined areas of decreased
BAGKGROUMYt i on  ( hypop| gmentation) that may devel op

d

ur "I'ﬁ%gfyﬂgagg%gorsﬁgg‘s Fﬁ LA eYa%lQIlegc'rE]gg'lnlrl]%n; @Hgﬂgglltﬁﬁ %gﬁéédc:(ﬁsorder that

ocaﬁ@ ioappiadiglaielay e 6@rof thdwsldtivading s cHagftepized by the
event ual | ){lmnl arge, blend together (coalesce),
9@%‘}5 AFOIAY i@ aa‘ﬁ‘ﬁ’@é}’r%fr?é%ans ((¥ evE&diny %d@%%@) Today 4,

31??3;1{9? ('192@?f eghqg_bo‘n%hg:@g Jfﬁﬁgoﬁls BRIGR\E] O, ﬂlgx‘r‘thﬁ%‘ca%tlon autism,

reas o I NCr ease
kiriey fEhtratfacial dhgafibramad aaidtcasmtma)abddmmrgm (Gontxzpdsn. NY Acad.

Sch R Rol 4194 b SEk GG sy MRHED By tealt B copshiggremvicin
ceﬂ’ﬁh%ﬁﬁ%&ﬂ f%%lotng S ak QBT ﬁbﬁl s offtRE fiXBYs BRA A€ %ﬁmm@&g

birth, but “signs of t di sorder Can be subtle an
leat:actensay sﬂpn dessonyancludekahamiydefinedurdas ofl deataspd skds caloration

(h ; e%ul ; %@ﬁ-f ’ egg%gc}}%é s gfang}rr] !ar%de rela%Qfgly smameddlsh nodules

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 present 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
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m sdi agnosed for years. In nost cases the first clue

to recognizing TSC is the presence of seizures or
waledoapet2zievel opnent. I n other cases, the firsPCHU§W03/025283

may be white patches on the skin (hyponel anotic

f e
i SRR for ki Ea s (it At RSt Ang T56ils heggesence of
seiz @D gf dgliyed (deTdlopheRdn Sihleflczrs%i A esi BBl Y V\(}Malp)atohés on the
the brain, which nmay show tubers in the brain, and an
skig) (hyposeslanetisimachieshear t, |iver, and ki dneys, yvhl ch may
sh o%laéﬂ‘ﬂ) foF ﬂllﬁndlg§}8a'qs 8?&8 '3R-a %&@%ﬁ h@iaﬁ? il HYi¥ERdn with
[ e Wwde

a care exam nati on of the n for

compuied ttymodraplist @C?T)emtmugesuc Itehﬁlahcenmneg (MRB d thedcemai Wwhich may
for ungual fibro he teet nd unms for. _dent
Sh‘b‘f’ @%&/ﬂé‘? {’@WF B B ounérpé th@ée ﬁ%erf Y ifineype hich may show
ﬁmsf‘o@ oltkt Eéé(ﬂeﬁ*l %kalhingﬁeo 5Bihe B8in for the
use te thi ypone antic nmac are
widewaidtyrefskii ﬁiathres; tlsﬂefhlgemanlmﬁmhtoenatscfor rmgual ﬂbﬂ@lrras wthe teeth and

B R TR LS P ST RGEE A, ot
or UltRR At 1 @it ?%Bﬁlecﬁb 18dakd ﬂﬁe h%&ﬂel@nt?@h@édl!és which are sometimes

exam nation of the skin and bfain, it my be possible
hardtodieagm uﬁmtﬂ"ml mdnadue@rwlﬂy valegr foif sl However, nost

t Ele!bg rxggli@ E{S&n 3""‘31? #eer li&?r%‘? Sl %é 6%%%@}’9151@ a seizures

(nﬂﬁﬁﬂ@&pa%@)m%m@ pneﬁira caIJfar &ahfindonoFed ki€ ard SR May be
for tuberous sclerosis. Treatnent is synptomatic and

poaableitodiagaesedriiG wonvany seung infiat dggwer, mestghildgn are not diagnosed
oA S8 s 5 DEIRAE) e PRIHIER st 118 mgpioiroms

gég@bl ens, treatnent of high 20 bl ood pressure caused
the ki dney problens, and surgery to renove grow n

tu nﬁf@re is PRSP BY Hé%tm@n? foF tubgEnys iseligesis. \ﬂ&"r%ﬁmﬁ@dé Fwétomatlc and
m 1&1815185’ 51%1&{3%%1?51’[%%9 P&nﬂl‘]_ d H@rma%géé 19er reni;]oval techniques
ynpt ons. &re s nocure those in ual's

fonthk dkiymigati feemtigey) efuay thatapyfor mhﬂobd{adldral\molblemg, treatment of high
productive |ives vvh|Ie|n|V| Is with the nore,

blg@@?@u’f%}aﬁ?qw the kidgey prob %HSE?I‘V b e osing tumors.
case% %ﬁgfsgﬁr mpmcﬁ&ié mﬁtubefoug WORYoSisiviri¥d & o g the

Ications I n some organs suc

sekerﬂyl of synaptamisr Eherehshm cwan Thesedndividselseviéh mild symptoms generally

di f Lties and even. death d IS
dogrebitlive St PRInGNEiTot.0vla BB sl emiore Sexerefym mey
ha‘eéI eirfdu ARhbiliREE. ARG GSesXcfnRess OGRAS br tiEh6lseh VRA organs may

herapeutics are those that tréat symptons
casgesaoemhcaﬂlcbqs in SEmSgenRYachRs ThdEkidnyERad BiimMthet gandeashto severe
dhn ﬁnt [ oﬁ? r eI tﬁ% to conpositions and methods for
THRFBASE A9 Rg™ rmalities in TSC signaling pathways.

I'n pepkdved NG edriiedifiRs@ditaré AMRBY tPAlldveForleBick featment.

met hods of diagnosing and treating di sorders such as
Additenad therapsitaesone glso nhdded. Qr@e@@}gg@pewlcs are those that treat

symptoms systemically.

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 diagnosing and treating disorders such as tuberous sclerosis, which are caused
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2 WD 2004/ 014222 PCT/ US2003/ 025283 by mutations in
the TSC genes. The present invention further rel ates

wao oooamif2eris and conpositions for treating cank€r/BS2003/025283
nmedi ated by TSC signaling disorders. Accordingly, in

sone. enbogi s, th resent invengion vi des
by RS o e g giniehy T HRPRTE ay BT LRI § g Ry ape
coBiif6its fof @8Rl ThiltbrheNibd b T8 (DdighDEik Gordeipl € 5
froma subject; and detecting increased S6 kinase
act iAgcendinghy, tim gorhé @mb@dlmntsSt%npre@.enu ipvengiga provides a method of
enbodi nent s, detecting. incr d I [ Vi .
oG SR S B RS TRl BRI bosen s
froba SubjEcteMaQittedtng tcrdabe] SBkikhseastvippdsthb dliocdsgcaAsanyle. In some
conprises hybridizing a phosphgspecific antibody to a
embgdigieaiss ée@mm@ﬁaﬁ.ed&é RISE AFTHTRPOBIITERS# 20 kinase phosphatase
e i VLYo L G chndl . .
sk ERRSETR L0 BTt S OFLEPLAaRls By comprses
hybiddizing tiphgspHosgbiEic qtibbéy v @aPElkiisesupstedtei n certpinsmmtediments,
. enbodinents, the inactivated _ protei g is due to z%@
inGyepsed P Kinees ytivity it ndicalys fpp iaptiyaigdReteiR elertg iom fe group
e L T
prdtéia is deptoaf muatiow (g ngtrancitiagnosi gene endddegssaly} ‘E8E€1 protein or said

sed on said detecting increased S6. ki e activity.
TSE elshe B 3BBM R S QoG S BB gcies B step of
pr(ge\ﬁ%’iggﬁld?ag?géﬁ 'Edﬁﬁ’lb SubjBet3Abdl Sl E&diecting idPea0MB6 kinase activity. In

inents, the present Invention further conprises
somh embbdipants, thealiaghionig it  diagnesist of thlparous Askererisin said subject. In

sclerosis to, said subject. sone enbodi nent th
soff SERent 5 St Tyt LR G PE o ok PR oL proviting reatment
forl taBérBid Qlerbéls frdatll SiIbRCE Chn sofR@nioRRRAts, ithY/ @8dtineRt dofaprises

not limted to a particular S6 kinase inhibitor, AnY _
administatinga 86 kinasambitiiontdbsaidpubjest.c She preperd imsgntion is not limited to a

rl LS ey BRF, A TR S0 A o ming

buPheMirsies 8, tphmfeh ahd fapdingein@etisatblest uber ous
sclerosis, conprising reagents for detecti ng .
i ncrldgdaesepinkeniignalsadrpvifesa kihfos thq dipgrosis qf julssens sclerosis,

. . . i
cof RHARE Toets Ol FAOSTAGATP LIRS ARIPRPIRRET 1 fme
enthotinaknn® hiesreagenes donipriss atphesphospypificsasibodysspevidici fonarf $F kinase
usi ng the reagents faqr diagnosing tuberous, sctJ er Qsi ?1
subsirate, éh§9]él]€§ odimeniss theity ng’ns‘grﬁcélon or using the reagents

. . . . UEL i oS, ired by Lhe

o g e T e L Kl i Bt ot e Fidfucions

coimprige instructicay nagined bp tledunitel Stdtee FpodsenDrugrvdministration for use
further provi deg a method of treating tuberous

in &g yigo s43ghoftic poduii%i ect, conprising providing a

subj ﬂﬁ%r@eﬁﬂiﬂ@&ﬁ%n%ﬁﬁbrtpy&ﬁg&%%b@ Bpﬁéﬁing?ﬁ%r&% sclerosis in a

i nhibitor of S6 kinase; and adm ni stering

subjebti, berhprising provislisgib puhject diagnessrevifr wberonesrl@osis; and an inhibitor

odi nent.s,. the adni.ni.st.eri results in a decrease
of S s B g e oo BRaTuBieg SR, IRoaF e T
enfYoRE L& ts, ity ftinRering réwilts lin Aéeehst & dmBRbink 60tudEroSS sclerosis in
ki nase inhibitor. Any suitable S6 kinase inhibitor is

the sihiesipThe BEesenh Evieatioryis netitimifed tq ¢ patiswlar 30 kingsraippibitar. Any
suﬁgbqe S6 kinase inhibitor is contemplated including, but not limited to, rapamycin and

rapamycin derivatives.
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rapamyci n derivatives. 3 WD 2004/014222

PCT/ US2003/ 025283 I n yet other enbodi nents, the
w@e@sen22i nvent i on provides a nethod of screenP@rUsS2003/025283

compounds, conprising providing a cell expressing S6

5 g A o 5 A A A
corpAaele, o@ﬁipri‘ﬁirtg)pr@shdmgal déllSﬁpﬂeBsﬁmSé kinlases an@ one or more test

enbodi nents, screening the co nds, for the. api]ijt ..
corppoynd; pidiscisering th tﬁﬁscémé’@tl’i@z’ﬂnf]f)’?#@ ey g ng’ét tﬁ% {qn{:}%/et gptivity of

S L
L
thetyinsi détivityp e oiltinasp hobyigoiohipriseamB6 ke plwsphaelassags én some

conpiishi. i SEOHTREL O Hp e Sepy Copipris yididing ApHosppRepecific

ant?&olag éo £ B RsHRE E\Ib%tratteh% E&thd etBodifhent¥] 48 celﬁ iR sz% In some
iments, the cell is in a non-human ani mal

€. g.
emhodiatents; tha cnﬁ u.xsaaTSCM @élwdnbﬂlee rivbodimsntssthetchl is tvivos In some
mg Eke { Ln. sonme .enbodi msnlt(% t he test cogp und is
odimrgts, thy cell i AT AEIM2) (8 --2d 8% OTEMB g™ e

embB@RBAE the rhils 8h MREr @R doAR Rbodinhtd, Bfd testCOfpOtdlisiasdrug. In

a derivative of rapanycin. The present invention
somc,l bmhedmwntsvthﬁé@t aommlgld is thpamiytine dn biher prabediments, the fest

t her,.e

e8en; vention
coffap S et raREi g S B aat rese AR RIE oSG ge
ideatifBPb P ee msthé®ri ng froma di sease, and an agent
capabl e of reducing cellular energy. |evels, and

admlhpibeeembringats dhe presens inveatioy pjovides amet{zmb‘f@rqaaag a disease,

coflggg ﬁé ?Fogﬁngg 'él Igl?b ?&t%ﬁ?‘%ﬁn%ﬂ&ﬂg 'tcﬁge*;éséj Qﬁ(]? ‘fiﬁ h%e%t 8@3‘)& of Ir@ducmg

celﬂﬂﬁmﬁatgo}ﬂe%ﬁ(}aﬁ@hﬁmhmteﬂﬂg tay egernft ty thestibjectb dmlpmrml
the method further provides co-adm niste

embaémﬁy& Hherdiscpprecaputsjses defectyeicll f)r@fféﬁh%r&%%w% tpcgdefective

celté{'tgong 518 %%deteﬁtla_%é@ %gﬁ%y o fggcﬁefgeg‘i@fdﬁg égé’, %ﬁhrggfhod further

providds, co%lﬁmlafedhg trapdESBinl to thd smb;mtre preferred

enbaqdi nts, the. a ent t efs ef ective.cells
O b a8 DR, oo n o mahe SRR S SV S ee & defepfive
ele%éﬁ@ br GBS SBRY, sutcﬂ &8s 91t T§62, RILBOMTORS6KO8R4/of MEBP-1.

ot her enbo rrents the ag ent is the mtochondri al
uncdupbme pmd dmbodtmerts tiagenbiachetsethe é@feﬂm@ @@@nin other

iinhi bits PKC. I.n mbodi h
e, e Agnip i Bl b ot AhcaiooT AR, e At is 2-dooxy-
gliRo88 IRQ)tHEr dakelRndhts ﬁ{ek&géﬂﬁm&qnfté&@ﬁ&lﬁél %Eduﬁﬁer FACP. In other
ot her preferred enmbodi ments, the di sease is tuberous

enbotlianantd, the dganionhibits P&ﬁadduqﬁl@membochn@ntﬁ, theagentjig Rottlerin. In

0,. DE PTI ON. THE. Fl E 1
o FRAFER BRSSP iscr st yhlcg 3 bl ffcteorce
TSCIn ofhSfrefdtfdinito dbhdaty itRogiCea€ s tWbdrius éd&ré‘zﬁéi vasgher

transfected in HEK293 cells in the
embodiments, the disease is cancer.

DESCRIPTION OF THE FIGURES

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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presence or absence of TSCl-TSC2, as indicated. Figure
I b shows that TSCl-TSC2 selectively inhibits

w@b@sphaeyl ati on of Thr 389, but not Thr 421/ SeCT/UM09625283
S6K. Figure |c 4 WD 2004/ 014222 PCT/ US2003/ 025283

sh 1- TSC2 .d t._i nhi bi - i
oD T SRR, 50 185 Byt Y gz g shovs
thel doBé %?eh@ﬁt afhisén phecK pabihatylaionash THr3888R M. ERCL-TSC2 has

TSC1-TSC2 has  no effect on either basal

no piectionreithen baglar dxsubpotprtAica phosphrpption t)? z%kﬁ @ehy).
Fi gﬁl@l& %%gé Qnﬁ%‘cg{ I)P&ltdggf%foug ?@g%edﬂﬁ ld?se%—ﬁ%g%r@g&i tations on

di sease-derive I'ons osphor on o
phéspHloryhation o€ SBH. Fhams 2 sivarscmbmmndeneht dfisshl aaddtimulated

stimul at ed hosphoryl atioon of S6K by T RNA
phospheryiatiop o€ §gK|:lqy BINAJRISHETensG @gé@@%%ows increased

phclﬁﬂ%le %}{'o%ﬁ&z%eﬁus%@?&gj% {ﬁﬁ(‘fZ RREh %er@%ﬁe@p% ig??LAQc shows

erence. gure 2c at di sease-derive
thaT §ic2asmdeeine S THE R nowanty anvics@granm se¢diai theinbhilifyt ty intobit S6K.

inhibit S6K. Figure 3.sho sphoryl ati.on of TS
by Kkgure ?@W%Pf@gp oF Blol &(ﬁ? by Rty é&ﬁl%ﬁﬁ%ﬁy
' i ift & > B 5 SldTR A B hosphopeptid
de%%gé%lﬁbé%?%gt %ﬁ?ﬁgﬁ%ﬁ iryri?v%liovo 32P-1 abel | e%l O‘Fg(?fepl °
maBpipgrod i18eivs Fipwebelied - THG fRigwn 8k shiws progiepniigeal phosphopeptide

maﬁa&ﬁ%i#%ég&@ 3 R %f ﬁﬁkﬁ@ g@ﬁ n@%b L0 G ner
r eterm nation o t - dependent

apRfi e . ! ! .
phosphorylation sites in TSC2. 15 Figure 4a shows a
sch&mré ¢ shawy ths datermingtiornd! Hkirdapegdenirhosphorylation sites in TSC2.

PSRRI st b oL DGR .
Thé &R BREerded IngWoSH)TileSEcS Sie YoRed.i The/TSCD frAfient 1 and fragment 2

phosphoryl ati on assay are indicated. Fi g_ure 4b shows
regiensaise® fraltheialiye irkt phospherylshion gy yreinfisaied; Figire 4b shows
icndi l.. :Pa I ] ]
LB 2 SORPLAY e aRBRCy Rt Wbk
pafkN Pl ¥ [IIHea sd@nifie edprésentatios phibe poatd @pios| d@®ting the
altered by the correspondi ng al ani ne substituyti.ons.

spesiérs RSl laten sifesa lered Y G QOTFSPORI RS RIAN Re untt kPRS-

opfiSCEGHTEs e ARSI FLESh M BABE Rakuctby obch SRl

pafielaly e BV and WY Piguird 4echoMstphoSphorydatiensirecvaibinant TSC2 fragments
hasph i de,. [ f the i.n-vitro- hor yI d

by puaBE] ARG noWPSI T SaSbp ralbephit HBRjiTE Db 1p-ghosphorylted

TSENOE AL is Alb *hdwWH (Ritoftlst Phosphorylation sites
alters TSClg activit)(/. Oé?gure 5a shows t hat

subdgtgure s ishowothapinotpiho of Akt plmspkorylasion yit@l agimrsnES_CZ activity.
ST N T,
acﬂli:ﬂﬂj, Ribkiea8 sﬁﬁfstiﬁﬁtoﬁWith%ﬂﬁ@?@fdﬁ%@&é&éhs@syacﬁ% FighBbSshows

_ Figure 5c shows that acidic residue substitutions .
intdbigion pf 4E B Rephiosphaylatipie by $6C2 Taeants ohigieedc shioy that gejdic

R R L AR, TS Gl S shows
the phosphomimetic mutant of TSC2 is unstable. The stability of TSC2 was determined in
the presence 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
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the presence of cycloheximde (300 M 0-6 h). Figure

5e shows that the phosphominetic TSC2 nutant is
woe@hloys2ebi qui ti nated. Figure 7 shows that TSQICTVBERD03/025283

functions through mfOR to inhibit S6K.  Figure 7a

t i .
QG b DSRS0 Pepongcion o
thdSol d62 09 Buddh.2 Bidure Apshiawsititat TRIIuTECZ ldosdwamsntiibia insulin-induced
TSC1- TSC2 does not inhibit Thr 389 phosE_hor yl ati on_of

SoKneNEdraseagwin Fagre /Eprethr T pbus Ghahibisal Gitiase

sof 7 JiRlre TEho I PAC L G R oA RO
Cotansfs@ionadTSG 1T SCRiighibies pleosphowitivhat SEIIBHS DE@ZIOR, as detected
o B LSERLS h ot TR SR S
endddRous2BSEELE RIS -C Mréaﬁ&%‘ﬁlﬁébl‘iﬁ 12060 Mﬁlh’(ﬁ{‘(righ(t))f Figure 7f

ant |1 - phospho-mrOR ant i bod eft). A reduction

shewsla groposmsl M2 foryTIMNATSC?2 fuoetmasio dheteglohon of celli growdr.

MroR.(right). Fi e 7 sho . pr opgse del f

e CFiteeed e Treifefis OF PRt Sn Qi RimPaR S o, s6,
AEBPAVRE OR, SaVWEMEIE 8 Teehbyod-Den Q“igb{redﬁ@h&% @6ph@§bhl\c/>lgylation of

phoSphoryl ation of S6K, S6, 10 4EBP1, nmTOR, AKt, "AVPK,
S6EmndEEBP Iy AThdepktigr Bigare Shrabarys aeqbility shidh ofl TG % rFigwre 8c

S6 .4EBP1 by ATP | etd on. Fi
SRR e ferbp Hpap i Ploaseb B e, ABRY, ryrOR bt not
AIIEPFOSIEOR $Hoksl 0D Pind 86 QUBEHAsY1HH, of SOVIPREBREure 188 b ws time
but not AKT. Figure 8d shows 2-DG i nduces

copise 9p B3I Irgetmsat. of igmorsik shewsZG decreasepippiiular Aot eels.

rile BB R IS AN PR ERLSTIER uose it
SaKkncreases the AMP/ ATP ratio. Figure 8h shows | ow

gl ucgse inhibits S6K. Fi %ure 9 shows 2-DG stinul ates
t he Figire Psbows &-10F simylsirsribentoanhiongf gndegepous 4Vl end TSC2.

s
and @VIPK o Gigure fnshops ecippidabinuamapiepitttige od esdopBRsarRC?2 and
AR Do e SRRt R 53 b BT Bl pAMPK
ARPK & HEK 9 &I1Rd i WSq §iRfvsEht ELiERiahl M@g&ﬁg BETSEL Tr%zgi%cts with

interacts wth ogenous AMPK. Figure hows TS
endeganeyAMRK f or 2- DG i nduced dephosphoryl ati on of S6K.

bl odiE e R0 BT SC SR ot By 2 apdite erioBry Shs S ek
Fifie 998 sivOnot REevDyt T b RAA B GREERBeSkE Ble DDCFHesponse.
rapanycin i nduced degggéghoryl ation of S6K. Figure 10c

Figure b isiw blknackeovwf o Py RO intenjereroepsioes 8otdrodkgrapamycin-
BT g BGRB8 e
ovRREPRIAGY isB1bRd ok TACE RNAi.eEpdre Fidaho®'s kBeckslb@Wsf TSC2 has little
effect on the 2-DG-induced phosphorylation of ACC and eEF2. Figure 10e shows
rapamycin has little effect on the 2-DG-induced phosphorylation of ACC and 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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rapanycin has little effect on the 2-DG i nduced

phosphoryl ati on of ACC and eEF2. Figure 30 10f shows
WATR4depket i on-i nduced dephosphoryl ati on of SERCHEHNS2003/025283

4EBP1 are conpromised in TSC2 -/- cells. Figure | Qg

/
- A d_4EBP. ti '
OB SfeBE RHS OFRERARRIARIPTAER WOLTLE g TS
wie Bd-ahhdFected@itA¥Pithoaiuetvd AA2PR bo seheiitdsaidiened mdhloted by
1la shows 2-DG i nduced TSC2 nobility shift is due to

antifidA phd eyti-Mycomtibedigs respectivslys Hogire 1éc dioveppuARIO Imhibitor

R SFrA T TR EIPIEES S AMSSaeichipac 100
wHQdisPREmeaitetefbre fhetiedhbMaf 2 -DGtas welidiEK Fipweuddshéws kinase

_as indicated and blotted by anti-HA and anti-Mc
ingghive BOAPIE gnutprt hhecks RldGyindiged dephopphorylatior ohROkanBIEK293 cells

ST B S B S  CERRvE B o

(AMIPKIDSS. bifuey El o shewt redPRENibiddr Hledks ths2 D@ imiated.
Figure | Id shows kinase. inactive. K mut a | Qc
depbesehonyintion @t aeln Fspe LA e MKS@%E“WB?@@%{%@P&? ok

2 | j ' amounts of the kinase

deﬁﬁg@?%@%%%%%ﬁc?%ﬁg i t.ﬂg‘l':i gure 11 e shows AMPK

i nhifigurer 2 shoek AMPH pRedpBoryteiesc BRIC2 die Sh2&5hdnalrSI346i brgure 12a

of Fiagyre | if ANMPK i nhi bi t or rtially, .
shive JRAC 8Bk A6 i dtise IO HRBH o AR L et ivo. Figure
1288R6WY 813 PNandF 1341 Grel AMEHIKQWE, ANEH sﬂwﬁ%ﬁ%&lﬁfe@%xﬁsﬁé

on 51227 and S 1345. Figure 12a’ shows 2- and AMPK
treatmient e FiE862 1 prehoph d¥PKtdirsntlpphasphoryfates Tk en 5 B4Sibwonot S1337

Fi re . 12h.sho 1337 51 ar e, AMPK- ndent ..
ordafL b pige S 120 S il et 82 B PR FERERISR. Figure 126
. | o
Shﬁ??%%@@ﬁ%@%gﬁl%%@%&ﬁm%“glv@Fngur e 12536});3?10\/\5 PHdsphorylates
TKed aBA522hinT802 FigupshBigphowy walddupe RSG? bt natithpur e 12e

[ 1.S. ph horvl ated in vivq. sRhgure
SR 3T oI AR AR SOY S BUR by pbt o B8 TS
Fi gurigurb4G shb@YWANPK 6hhbtiherylstioa ib ithpdiaint fdreC'SC2 function in the
S1337A/ S1341A/ S1345A nut ant” shows a nobility shift in
regulatinghefeS Gloplrosplmpryletign imresponss dnenorgrkn i Hagye 484 shpws
R A0 KLty 5 180 e T9Cor e 13
shbbvﬁitrhﬁiﬂt (IISdCZRiaglfbm ddaplsk ovith TICE. aFigase 16t shdwes cells expressing the
AVPK- dependent sites _in TSC2 decreases TSC2 activity,
AMPE phospherylatpp pritant LR62 <$§@zw§ h3450“re>mr%¥9ﬁiﬂeé9@rwweﬁo 2-DG
i _ | i o I
Sy, P4 Pl 186 SR,y ITLEEION § IRCSES L o
epithelpdhsills avaroinfedid with @8CReetrovifisgud ecldé@eld findlwsneomycin resistant

C2-3A mutapt Ls |less active to.inhibi 6K. LEF, .
stgbRSerAsIg - Fepray B B Ak angndsnt Do splitryisgion of TSC2
: j e F A aBSH St ant
is Wbk B RIS BERAHA diled Q6K AP TN

AVPKEigereddcbnts 62 pilays\essentidirolst iM@atecting cells from glucose

deprivation-induced apoptosis and cell size regulation. Figure 14a shows TSC2 but not

TSC2-3A protects LEF cells from glucose deprivation-induced cell death. Figure 14b
shows glucose deprivation induces DNA fragmentation 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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Is inportant for glucose deprivation-induced S6K
dephosphoryl ation. Figure 14 shows TSC2 pl ays

we@s®enid22d roles in protecting cells from gl ucCPEEUS2003/025283
deprivation-induced apoptosis and cell size

F
oA ST DT Oy POIECE A
sho@x@d 1bw(,§,$L&iohe (X8 giMpdebdasaheilsizglin H@i@% eplls. VBiginerl 4f shows TSC2-

uces DNA fragnentation. in vec or and TS 3A
3Aﬁ%@efPﬁIVeT1?5@H @%ﬁfegg@mﬁa Figpre kg howgiaduorosy @OQH&% SC2in

1 Q deRhiiyPbdidRay. Nduces cl eavage of caspase-3 and
Ce%kﬁ% éﬁy ctor and aSCZ 3A but not in TSC2 expressing

LEF cells. Figure 14d shows 2-DG decreases cell size

Fﬁﬁﬁ?ﬁﬁiﬁg cells. HEK293 cells were cultured in the 7
14222 PCT/ US2003/ 025283 presence of 12.5 mM

2- Dipp fgcﬁggte%ndeﬁfanaﬁlgrb%ﬁeﬂﬁé%ﬁ?in@eﬁtﬁfn 4 AulB & terms and

Figure 14e shows |ow glucose (2.8 nV) decreases cel
phlgseéeirepdﬁﬁﬂlemmwcel |'s. Figure 14f shows TSC2- 3Ais

def ctiv Si 7, gou ion. [
o Babbaar Bl 2ok e B e by MAGRRIPo reer o
anl@Khé{‘@a\ée (@g. Dl I¥nbh GNBon-hamba SbKikigdse). an under st andi ng

of the present invention, a nunber of terns and
phr dsaschhacigettic e Ioistesting msregsedldS thlsinaserpetivigein gidiological

sm}n}%ﬁp of eft 1S go %9 aﬁlgggs%%( s‘ﬁltglflg %étﬁgdeﬁll%q%&ﬁ@@éﬂﬁnéﬁased kinase

ase
actiiAy-JTUE 1SEdSe kélapeah thdevelof @hﬂaeer sitivitytofie costrohsample (e.g., a

comgqeifsgé;i@gq teilgqg{]%q?rg %g ﬁli?l@ﬁlgglﬁ%gwg&é é\glyetr%mljrg@f ﬁ%{%‘#ﬁ kinase
act%xH ﬂ‘{ &nﬂé? o%gg%{tg ﬂﬁﬁ%% E aésg hKi llljr‘]ﬂ%l oassay

I'nase r e eve
deé@nlba@ﬁl tzhe takp/erinj(emél sectivmrteia. Hawma 5(13' agsa,y that ig mllabblof

npl e obt ai ned from an i ndi vi dual
pr%@lﬁvama@V%P binasggcv g Edatys t%&tCPW mtrer}ﬁ%ﬁé Insome
enfDIRALE HcPeaskl 888 a?ecﬁtc'tl\'/it Ys 1h§108§v%3di%ﬁ iHskife TSI08 or TSC2

I nmunoassay escri he experimental section
prdteinow. However, any assay that is capabl e of

g gg;“ sgﬁllsggrggr%%: ﬂ'ﬁ:ﬁlpll%{l Z}éq:?l favlséeﬁhggglh%w ﬁﬁ]@%@uﬁéﬂ%@sm n &hid subject”

refeRAh 828 5H0si8 ok hibBRRs 80EIoNIs Y a kishjedldiAGAEd/ Berbih, @R term "negative
I nactive TSC1 or TSC2 protein. 20 As used herein, the

diggmosis bPubELouy ecleiosig Msiié stieat litsérotesths dlagpess ef # sibiest gf not

fers to a diagnosis of tuberous sclerosis
hav’r’i‘gjiue%eﬁ‘?ﬂseg&fmsﬁ% used herein, the term "negative

di ag0Osde8 hefeir, tReeay 3TSG'p@ﬂﬁk&lyS of fub&baks sldpgistomplex pathway”
refers to the diagnosis of a subject of nat = having

refersgenenally se bietagital (e pemalesulan geeativ, cqllidart pehompegh
phgnnachal env1ror11§'1<§r{t915j %V&l% Fergo Sdeﬁuﬁ?%h%ysp @élﬁﬁ‘ﬁ%nechamsms

cellular cascades) involving the TSC-1 gene, the TSC-1 protein, the TSC-2 gene, and / or
the TSC-2 protein. Examples of components of the 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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25 refers generally to biological (e.g., nolecular,
genetic, cellular, biochem cal, pharnaceutical,

weposooneent al ) events (e.g., cellular pat hwayBCT/US2003/025283
cel lul ar nechani snms, cellular cascades) involving the

TSC-.1 .gene, the TSC-1 pratei the. TSC- ne, and./ .. .
S R P SRS T SaiE AL S OPERP S (1 g diagosti
asshPtesRadddvymediHegdnyde, but are not limted to, TSC 1,

TSC-2, TSC-1/TSC-2, Rheb, nTOR, S6K, and 4EBP-1. 30 As

us ed\siseherein, Hie teien e Subjest Bjageesedivith twbyensoiederosis” refers to a

w56 LB oSSRt L, By VB SERN D3 s e

sclefbefat i fied by any recogni zed identification nethod

(e.g., phenotypically, genetical I%/, bi ochem cally, and |
ol eesHsEs htp, Byedenmit drfertive T SCHRAtEY ey | 41§ SaNIF Baviag widgective

TSROSO B SOONMOUMARR e, i or

paths@gythdt eestitth acd bialahidap effect ¢hat Shispahduseye effecty on atdsl or tissue)
.di.agn c ~ assay tests described, heren). As used

wifs %G?f§_¢ RRLVEY (R ePheapfvatcllyissBetiraty Ripehmicalyr gdgmolecularly).

Or%qu&ﬁ&? F?f&g%t?%ﬁ%san&eegec?ig g@@ %&?ﬁw&ﬁﬁ@olb@ssadﬁ‘ﬁﬁﬁtraﬁon of)a diagnostic

ically y a‘treating physician
asmy thdetectq defdlptive ISC mtlsedydegs ite. didmostveadsdyetests desctihad herein).

term "defective TSC pathway" qr "sanmpl e havi, a.
dof ko6 Eérpiselhs Yomheipea Pl b R TAT R o rghetetrglular
en%rg?r e dyreFsQ@HERI Ra fRution (289 %@&‘ir%‘ dﬁﬁinﬁsjﬂﬁlgf lessening) of

hway that Tesults in a biological fect tha
celdulasglucand Vevelse amirogridslepels,or IR lewelst i ssue) Wit hin
t he TSC path e. d..,.phenot ypi cal eneti cal,l v,.
o1 oiahe R APy e (irspisBar P EeS Solubir Ty i ot “methods of
redudfipt defiiiap encro iRl 616" fofsr gEﬁ&an@tdﬂmygdﬁﬂg QF ¥&ifular energy. Examples
admnistration of a diagnostic assay o detect a

ingledee bui are ngiganijerd o P @ed glucedse Ialpddjhors thetenn aisp refers generally

scr.ibed herein). used herein e term reduces
o AEREAHISt e ERG) s ol o el pg bl BRPHRS Totude, bu
ar€n&ayitddes ShEocholifs, enganey ikl Yo %éheﬁatdf RTRQL O Mekkithse), energy
| ower i n%, di m ni shing, |essening) of cellular glucose

gepgrgidngpathwpysde.gc ikdehsepisley, and drygsphataggilae AIB metabelisin (e.g., 2-

e e term"said agent reduces cellul ar energy
d“’%@g{“gqgezr "met hods of reducing cellular energy

| evedssised abrein, genermathypettoophyt gergedliyngfesd toake bnlhi@ement or
energy. Exanples.  include, but are not limted to ATP
Ovaﬁgao‘gf?(l@é 38 &reanor Rady PRbAS o8 inepssedn sige phitppanstituent cells.

ESERELAL b s PO ASIAYS, FLLCATRIER it gl
camioemyapaittyeand ognign prostatablyjearophiyzymes used to generate

ATP . 0. h Ki [ gy., 20 ' .y -

AP i e i 52 ™ e B P S e BRI B e
kir{&ﬁ& 38Rty N6 ithse. Bi prafeed 'eﬁfblHQﬁi%%}s irﬁ@oi’c&ﬁ@%ﬁhﬁf tRE Rinase activity

e term "hypertrophy" generally refers to the
to éhel lave) efilsimaseoactividy esegrinwichniodl sampte: Jampaiculadyyrefamred

emq)lcj)((aiirrtlec%ltsf’j,1 I%6ikri]r(1:arsg %ﬁuebijtor%s ?eidﬁge soyfmpitgnsls sP &get:aisésuc?arﬁtsedcl%! ilngr'eased S6
kinase activity (e.g., tuberous sclerosis).

The term "epitope" as used herein 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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Exanpl es include, but are not limted to, right
ventricul ar hypertrophy, hypertrophic 25

w@ acodioorzyppat hy, and beni gn prostatic hypert r OPCTUS283/025283
used hereln the term"S6 klnase inhibitor" refers to

that .inhibits..the n activity of S6 .
soi TR Fsm S B i ine ol R B e G resons or
strldtBrek bftasfen@a kb ¥ tantigdtc thermhiemal" ofn KhtDRER REIr¥lahymay

seen in a control sanple. In particularly preferred
copppisdTifethe sntadtentigmdé e . fhenimmusegen’ asustle ofigipheomymigte response)
for‘:ﬂlﬁ(‘ﬁﬁg?cf rgﬁﬂﬁ)%gyby i ncreased S6 30 kinase activity

(e.g.7 tu [ [

erous’'sclerosis). The term "epitope" as used

her diho terisessect fiv Bihdihg'Por spevitiiily dindind " wigsh 1isb@in FBfETRe to the
. contact wth a_particular antibody. Wien a protein or °
interagieRth angantigody #dea Profein prsaptide Nieans thrthe intergetion is dependent

B T o 65 4082, I B A o

pra€ifgniide 2orBCHedBABEAB/ 6 %Bgﬁlzmg faad ibfridid foya dpecific protein

on.or three-dinmension tructure _on t pr.ot ei n;
Stfvﬂﬂ@éaﬁhsrgﬁhamo Rfotein IP@E?‘?I?]e Jos el o A ant%daés specitic for

ity 1Age h&S 48 r

o U e SR A0k ol ep ST & (TR, IR Wi o
reaqsenl cordaivirigdabel¢deA'l andithe antéwdyp Mgk )redube)thetamuinnngf IlabelamA bound
; 8’§ ggd 5 The terns "specific binding" or
° ?4cal 'y bi nding" when used in reference to the

i nt Nsafzbd REeRf tIRMePN h@ﬁ-@ﬁec@ﬁ@bﬁdﬁ%mﬁﬁd rba@kgr@ﬁlﬁﬁ bﬂ&mg" when
nmeans that the interaction is dependent upon t

usqst iagelstrmcoto the petetaciden @ﬁancmtlb@dsuw a(pro@m ott ma@tlde refer to an

1nt91iaﬁfé<%et\?\1,8f i élot ﬁ%)egﬂ%?bg ! }?er se[ng %iH)aﬂil?] ar, rcﬁﬂtregé] néhq emeody
is Bin8PE e ploteifd Bl g,%heraﬁame@ it @ phdichRf stitdire kRN pRSpe).

in general. For exanp i f an anti body is specific
f or Aspged b@netsp thetggm cb referfe anp fnimab(eg.ei mammal), including,

t I
o ERALR PR Al e VAR P B Qi v e
redi}ﬁém atphetioafe@urhingnt.| Bhatat), hehaund'sitjedthendratibatre used
. As_used herein, the terns_ "non-specific binding" and

”ﬂ@HB@Eﬁﬂéﬁﬁﬁﬁﬁ1ﬁﬂﬁﬁﬁ”mﬁﬁéﬁhm@§@ﬂﬂ¥%ﬁreference to the
| Nt AARES Aol aReAD bHGEN6sBOM CaftlbBh! AR toPEPA Gy that

refer to an 'S no epen
spechfgcaly baeiste tlwprSmmlated lfentn sfta polypepedé (e.e, S6Khteut does not

anti ho i s, bi ndi ng roteins _in general _rather
Spwﬁ%aﬂé{%@r@.%m p%qspfml%%e@ ferp Rt agogzﬁe@m &pggme grgbodiments,

ph&(»’sg)f’r‘lgg{é@ffﬁ' aﬂhb&#l@s §p|ecglc am’ﬁ% apt ﬁ&%ftﬁiletp ?@é @ﬁﬂtmt a specific

positiomns, non- hunan prinates, rodents and the like,

which is l.eci pi.ent a partlc

tre éAtSrPé er?%ﬁ)ég?% ing tlfné§ m using Bﬁu i&“’ tu léaqpctmg tuberous
scleiR@isii® Bdid sabjBctt SRURS idsRh&IGR AR tlrie RaEEItH codftained in the kit for

reference to a human subject. As used herein, the term
the'dstiestiph eader tHaracterivetivio ditubereniescierpgs imna hioldgdimd yampiatfrom a

subject. In some embodiments, the instructions further comprise the statement of intended

use required by the U.S. Food and Drug Administration (FDA) in labeling analyte specific
reagents (ASRs) or in vitro diagnostic products. The FDA 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 in vitro diagnostic

product name, including the trade or proprietary name, the common or usual name, and the
10
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specifically binds to the phosphorylated formof a

pol ypeptide (e.g., S6K) but does not specifically
whrevd/014221 he non- phosphoryl ated form of a pol ypepusme3/025283

In sonme enbodi nment s, phosphospeC|f|c anti bodi es

SRR SBL NS e PEARL 52 IO RR A e

re gldtlﬁﬁéﬁ ehbeNF af)p]icalbﬁd Bﬂth% RdpcheKoit oﬁe%toﬁ@bﬁﬁﬁmg ghe 510(k)
t uber ous scler05|s In said _subject" includes

submissien; dhe elass in avhiehsihagn vifie dizgmgetin Brode ves méaged pndasecction 513
of 1{% %‘]jr&g% SACE,EFQ%S)\EII? "Sftts: ﬁgro%ﬂgt/e ﬁgréeﬁgoglf ﬁgﬁomp 1c #o'r %Ener%{or determines

thasthbjdecice hhgmas GbEn elakdfiidmidessuch Rectionsd steehie@Nst that'defe@mination
C n%rlse t he statenment_ of intended 30 use requi red by
any ‘i%é esissforthpdeterminationghatdhe i éve diagapsticmopguct i not so classified;

4)14(5@%%& D8R n@tégglg ﬁ%ﬁ{fiﬂﬁ% R‘?saﬁqx?ﬁ&é?t(t@@gﬁﬁqbg ﬁ%e A Wikd Egnostic

i‘agnosti c’ pr assrfiesin
produetgnwﬂnterrdsd ase, and direcdonsl éorivse sWeerk ap@hcabiesahbtm@faphhey

be appr.oved through the 5 k) procedur.e. mat i.on
en%l%?fuﬁg SErvyiRsSRo4 S LRpl %ﬁ%ﬁé@aﬁe@%e&c}wm| Bk depyce 15
s1m-m?td dhdYdridi e dhOORA DT in ﬂfrg‘él?é:g‘ho& odﬁc@scé)f‘%}rﬂ}ﬁ rdbetype in

trade or proprietary nane, the co n or usual "nane,
commercidi distidbufon 20 ¢/ 0. M%@)rﬁiﬁﬁiddw 1@2&5@1&3’[ the statement; 6) A
f the device; 2 nded .use

1k s G a0y el oy St Eh b g Cativalence

detBiaiTifion ik ‘Ba@ﬁpbﬂ &ﬁ@ﬂe&en@thaﬂtﬁ@ 5 M}z—‘éaf@c& aﬁ’cﬁ’ effédtReness 1nfﬁrmat10n

submtting the 5 é subm ssi on; [ass in wh
suppheingrihe FDACntling absibistential @duwalenmw@l bmaaidamdable to any person

wilSEh G 8 € wBlomrspty 7 g O opsiferpgfoves tothebest of

thetf@nBWiBdgesthit dlinduta AdieinteMiatiéh Hdminted indge Bre‘ﬁia@l@& inbiifehtion are
under such section, a statenent of that determ nation

truthfie] and ecquatp and that nemagrstab faot Irestbeom omitted; 8hany additienad

mf&n%%pﬁ %%a?%lﬁé 81%%2: tvzt'r Pdi 8%1‘& f 1 gr%lr(}gétfrga%eg%fl tl&aﬁ iﬁqlilecg%sarydfor the

FD(AetS @fidkee @baamtthl ‘éqlﬁmfﬁleﬂd}&w@ﬁﬁﬂaﬁonp AAditohal infdimation is available
tended use, and dlrectlons for use. Were

attg‘i@t?ré%f’@ﬁ’%ﬁ@f&l&rgﬁh O engl neering draw ngs shoul d
be ﬁ%g?&fﬁ&g InSthG&rﬁl%agzw er eﬁlata?&]gco er'fiéin ?/e?fg?e" refer

simlar to and rom er in
to ajllyagm@medlp raadalelt by afconpoipapalebsot. yipeanples efusimutir aemory

stribution in the U S. accompani d by data_to_.
mcg@&&zﬂt fre it liggited doRRA M, ROM, 00311P n%ﬁrt?/l Biea dige (DVDs),

f
corBB Pl AR SIS ik BRFSSHITOR ol na(gﬁ‘é’tn Bd e i or a

subst an equi val ence
st aAemsgt hear¢ing the Itmnﬁwm'dmg afdmgylosmob eid mbgecvbmd on said

i nfor.mati on upport.i e FDAfl din bstantlal
et el S RPRR Aty s e Bisvihe, heficaliiagiosige. 2. of
tub¥totf bdlerdSisyivased 6h iR p%éehéee@f 1[1@1‘3&%%8%6 ﬂﬁas@a&fﬁfyelﬁ?ﬁg subject.

that the submtter believes, to the best of

knots @@I@eher@lhdhe &rm "gamputen tbadaﬁlgmedtumd'rreﬁemom anly ddVIDﬁ or system

fortgpoging F]ovuzﬁ,g tplfgl'?a *%tglég gh ig'ta é Eﬂﬁ: g{] ‘ Songer processor

Exafigles bOsvahputdrttabRitheda iU dhut Grd MR linfltedith rIQVDS CDs hard disk
di agnostic product reguested that is necessary for the

driygspmpgnatigiepeand spaerror sireaaing madiernyyr nesverksi nat | o n.
Addi hQéaalJlerélﬂ,f HE @ﬁl’ QBrocéss&v %nh agen‘?ral processing unit" or "CPU" are

used interchangeably and refer to a device that is able to read a program from a computer
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20 at the Internet web page of the U S. FDA. As used
herein, the terns "conputer nenory" and "conputer

woreomoys2elevi ce” refer to any storage nedi a r eBCHDF®03§25283
a conputer processor. Exanples of conputer nenory

me'gﬂ?crlggggd leZf&[ g? ¢ g}eg gc%m%l}tgr mf:lagﬁg )amBA %?th%et 8? g‘;ggs accordmg to the
prégeham) , hard di sk drives (HDD) and magnetic tape. 25

As used herein, the term” provi di ng a di agnosis to
sai d\sinsgl bereith g foasehumanivels mjensm{aléae@hu@en animals

. [ | din
1n {Iugg gfeolﬁlgute ltil}{nted% ereﬁ ‘térgtgu a}s &;}%& ?O%Zlg.téaan Bﬂnia];]eg ovines,
bopfn@@&ﬁmﬁlaﬁfs lagéﬂhaqﬁlecbo‘ﬁﬁnkd Géiﬁﬁeél(‘dquﬂlleﬁ \eahied, Belines, aves, etc.
subject. As used herein, the term"conputer readabl e
e diARHsed betsits thegommy yugdsic acid grolecply’ apfersrtg any paglpig goid
T T e A —
sequenpestthat 1ncdadiahiyeofﬁbedkr&)wmb2{sa dealoguudf ANA andRNA fidleding, but not
C[‘Ds hard di sk drives, nmagnetic,tape and

e S a4y OB PO e S dr OB 1S TN lsdesie.
psQﬁi’o?éoE‘ytoglﬁg ﬁmxy%dg&gﬁﬁ%g ﬁﬁb@ll §?]%Ffo%ll_rac@r B! %?&ﬁbl%}gcﬂ 5-

uni t are angea
caﬂvoﬂma&glaﬂimaimethylahﬂ&oumcﬂ éadtr‘ta)xpm@ryﬁmmommhyluracﬂ

) ut 11 2004/ 01 / US2Q03/ 0 r )
S T S R e e T e e
-ﬁEth?IgﬁQﬁn@qCﬁ’l%@l'yﬁﬂos‘i& medmi%ﬁ e S nidaRA REHE! N,

the term "non- himan ani mal s" refers to aII non- hurmn
-mﬁﬁhwmugrlln¢,r$cmgﬁhwhgtosm; 5-arethyiigytosineyNbedethyladenine,

rate h,as ro ts,..non-hunman primates, . . .
7Aoo 2 tisrecil,
be&ﬂpfﬂlaﬁﬁi%syl@&%'sﬁe S5'- n@@%@@&boﬁﬁh‘eﬂ&ﬁnmﬁb{ 8SmetBbSurd,
used herein, the term"nuclei'c acid nolecul e” refers

-méthahlyloﬁﬂ@-lsep@ntwlaﬂenmnmramhﬁwgtymﬂtle@guldenethyicst@m| ng

{
R et T B i oSO e b b 2e b Ay D methyl-
2- tthfouBi‘dﬂ anhioﬁif&éﬂlénﬂhcbtdadigﬁ ethylneicil, NiurhdiP8-ok9acetic acid
4- acet yI cyt asi ne, 8-hydroxy- N6- net hyI adenosi ne,

meghylester wprikprRertic 2. peradeReb @yiedsyien &;thiocytosine, and
ydr oxyl met hyl ) uracil, 5-fluorouracil,
2 @ax‘gﬁﬂﬂr i r@uﬁ}ﬂé‘

racil, b5-
car H(’m)eym 'lg;ehdmefmﬂmt diylclede tidid ()elug aDId\LAE) sgquence thalt comprises coding
5-car box m nomet hyl ur aci ..di hydr our aci
SGWB%?SW@C rotg% REQSHGLoTHRAA PRIYPePLife PRSAUEPEATRNA (e.g., IRNA,

tRl?LJAZEtFm’ #)Bﬁggllﬂ rcﬁlg 'b% co%le g )ﬁ!llgiéﬁﬁﬂlrb%gmﬁeseﬁuﬁnce gr by any portion

thyli guani deni‘ne,
of therpeting] sgqnmmbm 89 lddg rmtﬁeydesryd:cbmtm&y obfumetibuyd] pydpesies€e.g.,

n@/rﬂ%{%wﬁgﬁj ﬁ f hgl?l{sﬂg;@ne rt]lyamsqcfillctlon Immunogenicity, etc.) of the full-

leﬂ_g‘tﬂ"&t ﬂ&gfﬂ@%&@@ﬁhﬁﬂl The tdHOHEAGIcbmpasses the coding region of a
bet a- D-mannosyl queosi ne,

strgeturab génsxand dhbenqybnees lqcaﬁ@d adjabqnt el thethdmg urcgwm bn both the 5' and 3'
acet i

emi C{TE a%ﬁ‘ﬂ’ﬁ? 8§ fwgorut?%ﬁ OX @?qr lgrall g @8{1 Fl&Chgtg?Jbthe gen corresponds to the

1e115gﬂy@uhe Iﬁﬂﬁleﬁgth AR BHqa6hdes 10tHRAS! Athe dodilg REYSPHId M esent on
net h
the mRNA are referred to as 5' non-translated sequences. Sequences located 3' or

downstream of the coding region and present on the mRNA are referred to as 3' non-
translated sequences. The term "gene" encompasses both cDNA and genomic forms of a

gene. A genomic form or clone of a gene contains the coding region interrupted with non-
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2-thiouracil, 2-thiouracil, 4-thiouracil,
5-nmet hyluracil, Nuracil-5-oxyacetic acid 20

woreiohplest er, uracil -5-oxyacetic acid, pseudour@riuk2003/025283
gueosi ne, 2-thiocytosine, and 2,6-di am nopurine. The

.erm"qgene’ refers tq, aauclei.c aci.d (e.g.. DNA "
codifh RavB5eeE ertoot Sirfron S Bl fe Bidhn Bt Snipocblieguences
IntfoRs afd R gRERd WEhicait Bht He RAANEBE inflenuddéR RINA PEinRIGA); M¥ons may

(e.g., rRNA,  tRNA). The pol ypeptide can be_ encoded by
corfaingpgulateryplemendeisurl as eqlrasers. Grtrasy aggrgmesed pospieedgtut” from

t ' S LEe t LV r
PG5 BT P3RpARetgd B2 ESH e AEbe
(mRNgYnehnkirpdi THe mRNA FndtioANSEHRL tr@R]atibitasp@ eIy tHel sbyuence or

etc,) of the full- length or fragnment are retained.

ordepf yraing,agids én @ Hass piifta coding regi on of a

str e n it : j .0

e Ae e e BB IERS e BRE S R B bt it matural
endichiaent. eF@fexainple a hetetvlogouspese inoluded hgeneditan sne kpetieat
. .the gene corresponds to the 30 | ength . of the )
mt'rogpfe-% B PRSI d BB DS B BB o8 IngRdes ecas i o
O Gkl honle (R rAE LR Agh oo, linked
to uimanaive eegnladryt deguanoek, By).r Hgicorogmd gpnasendistmguished from

NA are referred tqQ as 3' non- transl| ated. sequences.
endiggnuseposa eat 10 RedrrRlReBus S99 CRAMERRR i Pisalg g bed © DNA
sedu@hdBB 11t afe ndl ER\hd ANBEINPIEsScibied Wiflrthé %&ﬁ%e enBedife

contains the coding region interrupted with non 12 WO

chip0R4¢0¢ 4P AR aFKOTIAlSOB p02i6ASES the ghliompsemquehusd irenaten (e.g.,
"introns” . OF Vi ?1t eryeni ng reﬁiigonsl"1 or "intervening

gengs qiiriegd W loct whprs e g 1 BYHORAlY PXPIeSEHe that are
t r apgGisédREeinMhe téHL RaE eXP¥éss{dnn R to kM Pro€ksEs BBYonverting
contain regulatory elements such as enhancers. Introns

gengtie informatean encodesiiniacgsde e RINA (ans., mBN A uRNStRYA, or snRNA)

O T SO N —

and for@kdteinendotdihg geres ANt d@bieﬁnthkmgﬁw&@ﬁélatiohh of sRNI&NGene
or .order of amno acids in a nascent polypeptide. As =
expresiPHapdedesulaed alanany Heges ibihe eerssy e Mp-Tegalalpy” qrg agtivation
rof g R euitioh TP ort e b8 pRAUIH of S ERARTRRLprp iRl g RNA o
pradgiay; ivdsle "down-aeltntabnl' ot trepuesditierefepeioiregulatidon that decrease
het er ol ogous ne al so.includes _a gene native to an 10
progign S oS 2% SRR CRgiars) thed givenyeiyed i@ up-regulation or
doWHI8h st onBHE 6fer Ea1fZHhdtRhbfRrEeRH© rés;scﬁ'g,e s Eéﬁvel :
non-hative regul atory sequences, etc). Het Br o oa’ous
genésadiittortdiostontagning hehns, rggnomenidogeobugengenssalsaint huede

t he het eral ogo ene sequences are typically joine
sequinESRIDCALe AT U, e 3 20 iersEracsibit ap Pypsent of the RNA
trafARHPE | PRE séhjublices Rfs BERRITS B ENER Mg BedudRoes DR FPIRR MR se

or are assoclated with portions of the chronobsone not

flanlgng dequances ety locqted §'.or 31® thenes-trangated saguenaes poasent on the mRNA
R N NP T —
enlHnO&e Sisat 0bntEsIdY iftueA€E the transcription of the gene. The 3' flanking region may
contain sequences that direct the termination of transcription, post-transcriptional cleavage
and polyadenylation.

The term "wild-type" refers to a gene or gene product isolated from a naturally

occurring source. A wild-type gene is that which is most frequently observed in a
13
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genetic informati on encoded in a gene into RNA (e.g.,
MRNA, rRNA, tRNA, or snRNA) through "transcription”
w@boother2gene (i.e., via the enzymatic acti on OPCHOSIDBN25283
pol ynmerase), and for protein encodi ng genes, into
| " f RNA,
por Bl SRRk 20 Bl 3 o R Yo the e,
corfiadt; eSerm Upodi€igd! @t'nanantOfefera6d 4 ¥éid @igene ple)ﬁﬁdftsthztt@hsplays
r&gulatlon that increases the production of gene
mo W@@gx, ig ﬁecmeg%@tdsor(f}m(gmnalmmpe@pes (ﬁ)le@ ﬁ]é@rﬁ(} chwt@réstlcs) when
r t 0
cor{qﬁeg%@f etgg gé\l?et&g@ % § ct Er?e%r?/gﬁdé - Sc 18 5@%& ket h&ufawlgc%hﬁg mutants
cart resisaleted pthesenaré atehtifis) by thatfadittet theydlave dltared characteristics
. %g- 3§Ia |o or . down- rigulatlon arg of t en, aIIe
(ino Fr6f gue swmdrsgﬁve@g% (ien COmPRIEE D U%W -Bipe |gRne or gene
pro@fidli tion to containing introns, genonmic forms of a
gene may al so include sequences |ocated on both the
5 Ands&l hereid, the terins "sedeie acidsndlbate ancedmgd'sBINA sequehes
S These. sequences are referred to as. .
encofiig A DNGb BRSHHES TPt Pl BIde: oy fraueicepF drgHgomleotdes
aloR€ WRIMEST cﬁabfe‘yﬁlﬂﬁﬂ&l%ﬁ a§1d Ol‘he?brdérQ)ftﬂlfb%e H@&q&n‘b@ﬂ@l&kﬁ@s
sequences present on transcript).
detf:ltnamka thg ort&g pﬁmmm;mtd@ raitmgﬁh¢ pgbibeptide {szQ@qOeth@l@s Tila ENA
ncers that control or

e R R BIGTER £ e AR RO St he. cone. The 3

f | apliuge Ke@einOthe Adhs "0l @inic REIUERAaS: 4 halledlide 86duchbe
term nation Of tr anscrl pt 1 on, post transcri pt i ona

en@ﬂgmpegy@e" anvtl pebmyleleelidd avingrn nupl‘l@tlti@ peguengd @cogipga gene,”

mea fae rrn§ 1?19 aadgg ureP?en% Slpl‘%l Cget%gigamg c?}lt gtda ern% rglr & ?tﬁe% words the
nudM%lb QbhdISSqms& tHak efpodes d yenepsaiuee dT heﬂcoﬂnﬂg&egﬁn may be present in a

2004/ 014222 PCT/ US2003/ 025283 popul ation and is_ thus
cDNepigenamici YN 45 iR dortirh e Whe pregent i p DN form, ylg%@hgoawﬁoﬁde or
po@ﬁuélmldg%qlfg'fbel snn 1& 912&%1@3&’ s rtﬂg %%Eé Bra gf Ildt)lﬁ)g?-st‘i’a[nded. Suitable
cortdrcd plemyesits suoklbd erﬂahd':@ﬂﬁromotae,cpphmmnamhsppolpamyﬁaﬂmh1gnals etc.
tered characteristics)

mag p Bhiced T ot onPRY. tw%f‘ecogié%reswn géHe %ﬁnsaﬂh@@deq o negmit proper

Lad/
1mflqegc£ﬁ%%t{t §crﬁﬁ1g>iél ad ey (I:cgfé‘c't‘{nro'c ft eﬁ?lﬁéﬂ?’ tha?ran%cnyt
Alteenativellyf e eddiop aggamt wilizet it the e((pna:sdmdwmgora lof thegulesent invention
nucl ei ¢ aci d sequences) when conpared.to t e w. d-type
e s PO RIS DI EicPOES BTN, T PHRE seatBroes,
pofyﬁ]d’éhlyﬁh@n @Fg’ngls ot &% 4lcendieach ngoth ¥y cRBERBIIG 0genous control
éncodi ng, " "and "DNA encodi ng" refer to the order or
eleg?@qwence of deoxyri bonucl eotides 10 along a strand of
deo r| b ch e ctac i G, § or der, of, t gls di
deo% ‘?IE’Ine Y  HUPRIHCARY e CY RIS oB R B, used In
ref@&h&ﬁo@owﬂcfebﬁd@c{ ¥ PLSdgueitce(dhati8btes FHoted bylthe bENApamng

sequence thus codes for the am no acid sequence. ) '
ruless elfprigapmple, for e seanense " ArlGdl. | eamplaeantas tmtbmswyleace T-C-A."

Coﬂ%ﬁ«%r&% rﬂ.'g gfa?rg)%e'ﬁgﬁlal ‘eﬂlcx% ?nlg ngg%f tl%rhqlclelc acids' gasre]:sg are

nuc aVIﬂg a nuc sequence’ enco
magchg@aecording to the base pairing rules. Or, there may be 'complete" or "total"

complementarity between the nucleic acids. The degree of complementarity between
nucleic acid strands has significant effects on the efficiency and strength of hybridization
between nucleic acid strands. This is of particular importance in amplification reactions, as

well as detection methods that depend upon binding between nucleic acids.
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15 means a nucl eic acid sequence conprising the coding

region of a gene or in other words the nucleic acid
waemuenee2 t hat encodes a gene product. The codPemyUS2003/025283

region nay be present in a cDNA genomic DNA or RNA

o TheiratRs s e ~derss of tupaEmenatn, olhersfyay e partal
hoﬁf%‘[k%%z ot tfﬁ[’ﬁ‘l@{&e ﬁ’(fmgl@%g tzee Si&élﬁﬂge% péﬁhllﬁwn@plelﬁ&ﬁﬁfy%lequence isa

el emeénts such as en ncers/ pr onoters,
nuplgivcacidomelecplolthad deleyst paitioly sihgbitd zscormletelmnlﬂ@nbéary nucleic

acgéﬂ(glgﬁgl%ll Cl oimfl i OX '&aygsf‘ I&lbc hg a<?1 q% ‘In glfy h%;noiogous " The
inHibiR08 OF hyﬁmcﬁiht@ﬁdff Bie coAplEEly cBiplepsshtdry s&iuehé‘d?tonhé tapdey
RNA transcript. Alternatively, the coding region

seqrenps mey be ﬁxm@e@ wpng 8 sybridigaiongssaydPogtheng: m blot, solution
hybﬁ{ﬁ?%&edﬁo%g e e@%lhgﬂt %brn@g %.8% gﬁ@gﬁstﬁﬁg%gﬁ A BEATRNS W mologous

se@selny@ehembemw Corip @8 &rsind @ildbit the bindingrtiienahé Bybridizakioh)of a
endogenous_and exogenaous control 25 elenents. As used

copplesly homglogpry wsclele aeid meleslesto 2 targiet undsrppndidionsatiley -
I

strg{gg ué?l gfé’l nr?E & %o (ﬂtl ac%@gg\% gf/l% tghﬁic%lg%ré Eucfﬁ thaﬂlon-spec:lﬁc
bitidihes. peﬁﬁrtted;(bmpdtﬁngdloy cdirhhetlm qetprmceethétAhefbfﬁdihgleEf two sequences to

conpl enent ary, to t he se nce " - A" . o
o k‘%ﬂ spefifis ( hﬁyseé@tl%a‘rltera&rwn Tﬁ ¢ glpiichse rop-spggific binding

| 2

m@é"%fﬁﬁeﬁ“i U BF o B2661 (04 & - ARIANR AR h Oy (e
lessrthart aboat 30% d¢dampikyd nmrtheabseycekndhlmespemﬁe bmduigdhe probe gl not

The d e of conpl ntarit tween nucleic acid
,hygpggﬁgcgthﬁggcoglﬁéwpfqogﬁ X"Fge on the efficiency and

str QVHEﬁ‘ué%fd iRY&EilcHbZatd dUﬁblebs@Eaﬁ@&fhd&%ié £418 s@ftleflce such as a cDNA
strands. This is of particular i rrportance in

or gapdthici cdete, the teroatubsiangjallyhomeddgousisretias ooy probeeth#fcds

h d i ndi ng, b
0847 51 4925 P 8B oo TREL Rt f B R toc Bhaer
con8#iBhs$ of BwostdReEE addescibad Sapat arity. _Ther e may be
partial honol ogy or conplete honol ogy (i.
| derh igeng manpyodpes multiple BN waeiat tefar éa@@ﬁfeé by glifferential
| t
s Bk e TR U b AR Pl P oo

willydohtait Zgighs o8 seyuieadedi@ntiyof eiraplateidniotogypsésantiigptht presence
honol ogous. " The 5 inhibition of hybridization of the

of dhymgsies @jop o pasion Al ﬁl{leaﬁayleseéca{g epdeth PN A ztngrra@pns of complete non-

PR PR PSR AR VO A acpen oA

coatuihstdxen|"BR &)staadyl eBecaosectht 't\mnsDNﬁAxsl oontaﬁt negmge n€ §equ¢hce identity
b Lally h | . b i
hEBRALPBPidAG1 hRCBF ot ¥E [BITR AT LS £ oF pRRons of the gene
coﬁygﬁgh%%@teh%@ ¥ofd éh bR EBNGGEIY theEphQsRYRNR léi;e ﬁbl‘efore
acl cule

to a target under conditions of low 1
substanmajbfr}mynolaguus to wchoitprolme @d;totehrah othemdi ti ons of | ow

stri enc hat. non
o i RER e i Rt ot R AR et Seatthess tog pegm
"sﬁbﬁﬁi’cﬁﬁy ﬁmel’Mgoﬁé’—‘%%t% ?9rob@@@at%ﬁ1@hﬂﬁ{d1ﬁﬁ(z@ , 918 tHefdofiplement
sel ective) interaction. The absence of

oﬁ)]the- Y sttransled hneleisgeid sequence under conditions of low stringency as

described above.

As used herein, the term "hybridization" is used in reference to the pairing of

complementary nucleic acids. Hybridization and the strength of hybridization (j.e., the
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may be tested by the use of a second target that is
substantially non-conpl enentary (e.g., less than
W@bomun120% i dentity); in the absence of non-speCT/UE103/025283
bi ndi ng the probe will not 15 hybridize to the second
nt. e
ol SRR Kok PLPB o RS bR BE 80 gt e

degree getvaiplemehtaythetwdrn thefuwléis ukids, attngehdyyoftherodraiitnis involved,
refers to any probe fhat can hybrldlze to ejther  or

theybyn 19T ey farped ybrid, andiihg Ki-6 ratie ‘é(ﬁh@dhﬁHE‘F gic@cidg 4 single molecule

equence .under. nditions of. i ngenc "
thef G Bt A G e B At ey b b TR s to be sl
hySisd@es that are generated by dlfferentlal splicing
of the primary RNA transcript. cDNAs that are splice
var iAsmsed béreinhthedeme" gghis used Inl refoemcaitothed giefing temperature.” The
sequence i denti t)[/ or conpl et e hom)l ogy (repr esent i ng@
ucleic

melting tempsiEe is the tammneralugst whish 10D 6 dpyble-Fganglg
0
c@é’%ﬂ?ﬁ{%sbo%%{)}?&g%@ﬁ%lﬁ%?ﬂﬁdqg{o snrr?ﬁlg Etrzﬁ’lt‘agplTﬁ e%’i@n for, calculatmg
theeRgrof hacleenciDiwiill Whewe imthe BNA AR 1ﬁdica:tedl1 b§1 stasdaad mfereﬂces, a
i nstead). Because the two cDNAs contain regions of
singde aginoate diithetly yalue ey beicklcultedibytib equition: Te, a8psob41(% G
derived fromthe entire gene or portions of the gene

+ Chmthan Ankgleivagiseis @@nge@mwwlmpnb%tlﬂ\/lmsw #&, fpeerson and
YOEI% lgangl?artfv Eﬁlﬁe&c gﬁ%ﬁé 1&?1% K %o %‘gghﬁ}}b id z%t10%1985]) Other

refdﬁaﬁ@esl 1ﬁclﬁ@ef BORIWophisticaedidhgiitationg dnd ekentrabigial adwell as sequence
q@gnce the term 30 "substantially honol ogous
Ch?fé*ﬁ ﬁlcﬁwtaﬁwwb@éthmweaéwnwwm d| ze (i.e., it is

the co ment Lhe single-s ed n cI eic acid
ooy B! GrTaRhe Gt RGO ST 1T &t PRl Tascondions of

tergﬁé%feb eshielry R8th, 4%d Hl%‘gogeseﬁtfe%fr@)thetr R&m §1ﬁr{ﬂs such as organic solvents,
bridization™ i's used in reference to the pai ring of

undcrrppﬂuelnramlap weiduybedicatamisdse cargdbetedi Yadérdiovasidingersy conditions"

n%i‘g I}ﬁ)éﬂrflug %nglggf%gglze & }t%ﬁ&cﬁc%pv\q???gnt sequences with

sn@?egl%éb ﬁhérﬁi’ccll%%t Mﬁﬁ%‘l‘y felfﬁed‘éé‘élh&idés acs. 1d§=)quér§:eb Facloesohiteater

such factors as the de ree of conpl enmentary between
homéogymmuscqmcwavmg igl homolagy (egnarqienees with 50-90%

\?ﬁpﬁqrﬁrrﬁ?ﬁ-éﬁnhs?%?%erﬁgy Eacg{ oqms,gy gr{urc]fjﬁl Féqu:lg]ilC% o(} interest will
hybﬁa;te 6ARaitE x4 complenteht, @@thmaﬂmaﬂugle baéeamsnﬁwhelss and closely
within its structure is said to be "self

relption sagiuoncgs (e. s 906 @ grrates hpmology). t dndar "Hrigh Srrglg@%/cporlﬁltwnsa a
e I
nu{:l% E[c?(flé; glrl%rﬁzle So??rﬁcg é{n'll %gi?g gfé?[t%tg eﬁac-mgmgfsfﬂésﬁ %%d
(dqfendmgh;h&oﬁﬂiﬁanﬂadh lauerhmrature)@e@eﬁmésamﬂ single dagnmizmatches. In
hal f dissociated intg.single strands. The e&uatl on for

otles Qifls tipdg cop Wfa?lgmaerl%ﬁm&wa (GRIPFIAME £ Re SRS 5S¢ as to
extR8e gﬁnmé&%mh%i g&@%ﬁ%s%? Fi@'ﬁééé mishefgaces, a 10
sinp of the Tmyv

estinate 'ue may be cal cul ated by
t he "ehgiastiiogenc¥womdiBdnss whed uA&XﬂzﬁrGerence to nucleic acid hybridization
comprise conditions equivalent to binding or hybridization at 42°C in a solution consisting

of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaHyPO4 HyO and 1.85 g/l EDTA, pH adjusted to 7.4

with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 pg/ml denatured salmon sperm
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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+ C), when a nucleic acid is in aqueous solution at 1
M NaCl (See e.g., Anderson and Young, Quantitative
wo-R0oa@142p%/bri di zation, in Nucleic Acid Hybri di r@r/US2903/025283
[1985]) O her references include nore sophisticated
ERLRCRnSdB) odRor! RHER N in BN 1o RETHENCC
char acteris 0 account e calculation o
hybFidlizatidh cédsiptisecbnd@tionk Bqﬁlhﬁemteb ffnnd&;rtg orrtglridigatiosatuied in a

bt W LA P S o
o e 30 AN S LSS Fuf g e

sal@BRYbrhPDRA folloWe b9 Wasi@fg i:h 8 SRS ridiny BORKSPH, 110% SDS at
hybridize to its exact conplenent, sequences wth

42°§I wgerea beobe ook 560 ascleatidss & gengtéua@mnlos'@dq uences

S eq 8%?% %ﬁgr&c}:’%én%w it h "9 g?}:r/ip%é? (?ng § f%ﬂp to%%{émg gn d

hySRIEI06 @6 439C fh m&&%cohﬁ@migcv@s)x SSPB¢43, grgxllNum 6.9 g/l NaHpPOy4
stringency conditions," a nucleic acid sequence of

HyOndrelr 1083 g/MEDITA, Ipybadjnhtezcbtom WithNdQs), 6xX1&€ SDSo 6| Ieembady's
sequences wWith single base m smatches, and cl osely
reagent46026 @esquésmasau(mpeg 500 90965 Figelé 4 vne %@@h@@qla) 5gBSA

e S P APASDRY R BB A S P8 G pesting i

a s@lﬁﬂ@ﬂl 86MPlisin@ PN SEPH dE9eRHSNE 427C ¢ABlh biobeDfabEl 580 nucleotides
tenperature) sequences wWith single base m smatches. In

ln]@tlgiérls gwpsed.under conditions of high stringency the

hy b r at g&n %llk%ﬁat n@(,lm ?0(%18 %&u@%leﬁpconﬁﬁ%%y gﬁy be employed to

t o sequences

coxﬁbﬁﬁbﬁ*@ﬁngenbﬂ' &dhdstidnisNfaetpeysueh aslitei lél{gh aﬂdlﬁa”tumE(ENA RNA, base
reference to nucleic acid hybrldlzatlon conpri se

corgpiien) i shekyabe andenature of Bicaeag YN AnK b B igompRsition, present

in 4o U005 S Bl o SAREcr i cBlponents

(e gdthéqirmnéwoﬂabéeme of fdﬂa@iﬂ)de Geﬁ%n&ﬁ&ate;’;pblmhﬁan«dglyml) are
reagent and 100 gg/ M denatured sal npn sperm

consyffqresandl 1B hikridizitpnisnlusion grayt eafﬁne%rppgfingxaﬁf‘gcqsldaﬁs@ns of low
4 e

AR S A Bt 2 bt 500 i 1

add®GFH,IB2 60 RhORS 2@ Rliticrvkhtit prorsote ihly@edlza;tmmmdﬁt ¢andglonghEhigh
used |(1§ reference t nucl ei c .aci d d| Z (V on

str@(gﬁlbc‘ry & d)&(ﬁazilsp}gothg Q}\éqeéﬁ }F& 1%% or wash steps, the use

of fth ahﬁla@ﬁltth@ﬁ tﬁ{dléld%lgnlsmuﬁon Se@é l\gﬁ_lz@ﬂefﬁﬁﬂ&i §80veJo0fstringency™).
SSPE (43.8 g/1 Na H20 and 1.85 g/

EDTAS uspd—lhaﬁ}n,thc tﬁ:imt'h»omom" whten ineeBrpncego Bomepstidesequence (as in

.. Denh d 100, d
o BRPBRA YIS Fate MR e DRI e Srlefes e
frabniests PR Hande RA%iRBRm four 42€lcvhi@sn t@t}w&hﬁﬁa Bfclebide bedm@ce minus

nucl eoti'des in length is enployed. "Low stringency

on@@ndc@tildﬁ(éﬁ nudn?irdegé%éﬂm% PBn0gUR ¥t lent to bi nding

5 bRt e Rl ittt B SRR RTE o3 1 0 e
oh@bﬂu&_@'ﬁﬁe" W’l@ﬂatb@pﬁql}nﬁdbeoﬁdé" wiférh to\Nafdleic Qcill KeGldBee Xt is

Denhardt's
identified and separated from at least one component or contaminant with which it is

ordinarily associated in its natural source. Isolated nucleic acid is such present in a form or
setting that is different from that in which it is found in nature. In contrast, non-isolated

nucleic acids as nucleic acids such as DNA and RNA found in the state they exist in nature.
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10 reagent [50X Denhardt's contains per 500 mM: 5 ¢

Ficoll (Type 400, Pharantia), 5 g BSA (Fraction V,
wee@am)2and 100 g/ ml denatured sal non sper m DMNAT/US2003/025283

fol | owed by washi ng |n a solution conprising 5X SSPE,

F01O e)ge}or/ﬁ g ﬁﬁé{% u%we %}g b§ Ig?neﬂ ﬁé&l%g}q l?hetrih t ceqlt cl,hgoemosome n
prcnmﬁy Wfielgl(iliﬁrmg|geﬂés ROdsdqueies,sayh bea speel fyBHNUOsedbence

nprise | ow stringency conditions; factors such as
equﬁi@lg eFRgEHicAptea periaudmAhe ralias ayaisdure vgipEnerPeTyther mRNAs
thatt Qﬁco?i'é aheuARfe %‘?Ef'g@nﬁq fH&&)@ﬂfetr 3EQGka (PN B agmncggﬁg a given
nmposi t i on, ent i'n solution or

prc&ém u)clﬁhid b)hWayz ohexanipisuchnmrleid idd datdls o&hdam‘iyhepressmg the
conmponent s .g., .the presence or apsenc

gives MWd@erﬂ és@t%%?ms%i# igfi 2 chomasemal ]Qﬁ%tlogli %}Efeqew forp that of

na@fyIghl B?g ARGwidag1 Ry 15}% aﬂf&&? nﬁ&&l&% cp ‘Ehan that found in
varie generate conditions o |n en

natuyd r Tk 1zcdaied mudliefcfagide nligdnuokeptidbe) tor pqunucﬂbc&tde may bd];hesent in

| dit ddi t t. k .
singarRieehe dNElE TrONGL By BYheh b 81 aeleic debhahRicotide o
po%u&b&ﬁhe i81d hOGANRY td Sxpess o ﬂ?&%ﬁ@ﬁie@lgﬁﬁ@cl@&ﬂ%% %wﬁﬁ‘cleotlde

the hybridization and/or wash steps, the use
Wlﬂ comam afl@ mhininire t@@smmﬂmgmtraml (itei,dhe olegmu;cle()mkmr

ef i.nitjon above fo enc ed herein
pofBpiRatl TR iR L B g ortind ot BF S gt anl-Sehse
strARBYES Che bgoMRleofide oﬁpmﬁddl&ﬁd@tn ? beidéapleuah®QA.i de
sequence”) refers to fragnments of that sequence. The
f r ag¥alsed heraip, therieran | wnéieé eof 'fto pufifyl] nrefnmdo éfmeml@galm

cobJi 5, PHBUTRLP T3 4R P2 g0 S BRERh Bt o
reth@/dlof eqedainaths MieinmaRshlbBulib§réteingthbpa@ AéGheified by the
acid, as in "an isolated oligonucleotide" or

rem@‘éaé pﬁtr@auwlvm&@u thgtdogenotiindioghe target mad¢ile Thsirgmoval of non-
81911{ ssand7?b9 tﬁedx%ﬂl %1' oﬂnﬁh%&ﬁ{%ﬁﬁléﬁ tggt ({o{rg)ol@'gﬁ}d to the

}E&%{ellll
eas one ent or contanln

targditdndﬂ&fuld: ybsalsssmwnahﬁdasbhn tHepenmhitio BthrgdPioacitve ihBohmgRbulins in
nucl |c a0|%_|s such present in a formor settlng t hat
15 T BANT PRI AFCORRPIARHT BAYPEPtidss Fig,smarcmsedrinPagterial host

Ce%%h*ﬁ*. ¢ patbopt A ale 3L ARR fly pldEn Bl ABbATADA h percent of
recexibsiant pollypd:pﬂides is tﬂéfebﬁﬂnﬁﬁ@gb’dﬂﬂw / USZOOB/ 025283
For a glven ence } a gene) is
foung%ﬂg) Hil s %@906‘?@#1 Y G %nQOﬁﬁepgtﬁiﬁoser ?RT‘PS?“% @§re not meant
to IRHARE %hiﬂb%c&?%ﬁenc@%&%ﬁféﬁ&@ Sativ&ERiRS R SBEG]E! 'agsgmated
MRNA sequence encod INng a S fic proteln are

withrthe tesitedpfoteis n@lenulet ur e wi t h numer ous ot her nRNAs
thatT encod, a Jude rote

U B B PRt dsg DBRTSS giase T ool 8Sesipt contain

aniYRy acdd re@mepé&odémsyvéwﬁl s8infendés; Chat I, ﬂ@ldaﬁv@mka@wﬂt&m only
expressing the given protein where the nucleic acid

thqse amincgacids fornd tihﬂ;ﬁ protein @b grocenrs frenatnte. A nativelpaoteinfmay be

PR ek enthetil o GRS BRGS pltee bl

i so |13@tlﬁéd h&t@in&h@ te&lﬁiﬂ "@orti@lnl' g0l 6l REdrkwR, to @protein (as in "a portion of
pol ynuc| eoti de nay be present in
a given protein") refers to fragments of that protein. The fragments may range in size from

four amino acid residues to the entire amino acid sequence minus one amino acid.
The term "Southern blot," refers to the analysis of DNA on agarose or acrylamide

gels to fractionate the DNA according to size followed by transfer of the DNA from the gel
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si ngl e-stranded or doubl e-stranded form Wen an

i sol ated nucleic acid, oligonucleotide or 10
w@oiognouekeotide is to be utilized to express aPQr/US®031025283

t he ollgonucleotide or polynucleotide wll contain at

to & Foq] g‘g‘&&g?& gserﬁ’?r%céif §2 %' F%&%&gﬁ&gbrgﬁ% ®The ilhﬁﬁobilized DNA is

0 |de or ynuc

theﬁlpﬁ’@eﬁ‘\ﬁﬁ}[ angeidj ,prchiétto EIBt)éctQDNA&;Imeb@édﬂnﬂl&ﬁeﬁ@%@ tleggtobe used.
anti-sense _strands (i.e,, the oligonuc]eotide or

Thp SN ety distoledryh pestias iop| ez gn e &g clepophogrsis. Following
i U e A BB g0 B R i
trapsfaatophesolideupgora n$)dnﬂherﬁ rototbmélae;saxﬁmd tpoﬂroﬂmcﬁdcmgt biologists (J.

Sob RIS (PRI ALRALLNY N9 | 0L N0l oL D RY O Sl Biecs, N,
pp'9r§W9?L :l?l_n that does not bind to the target

nol ecul e. THe renoval of non- imunogl obulin proteins
and/Tae terhe Nertheuablog as wsed hagimfefidrs tosthe hvalysiooRNANd

to the .t nmol ecul e results in [ncreasge in th
clegEoRnesin g S R esF e £610 B TRiOnBG R N AP Oysig Tollowed
by 3Rt Lo f thORAOEBRY the ?éﬂ‘@ laQolid §1§ﬂ%’ﬁ' ﬁﬁﬁtas Bﬁ%dé@ﬂlﬁlbééjﬁsa nylon

are expressed i n bacterial host I s and
mapuirgnee pEhedeencikzed RN Ajis theh prabied m‘élrmlabd:led)prdbo $e defe¢tRNA

o BT BER et KRR BRI B L RERLL s fcorcnter
bicGEsth €. BBmbHI, 85ul,, PP HPEPY BIE 5201 980t €i n” are not

meant to limt the anino acid sequence to_ the

conphetem 'ﬁé{@st@'@ bdot’ mferaé@ ﬂles?@q]Nélﬁ OEPIEBE) tar dalypopyides)

%?g.ec% on eC' %ggn ﬁléc ﬁ'ﬂf{%%l lﬁfég S6.0 e%?ﬁlb%a?n ml‘h@ ?%té’lgs are run on

acH @5 de géls @@ﬁﬁp@taﬂe tha dt@ngctbwowasb}dmmfe@m&mohm from the gel to a

vect or sequences; is, the native protein contains
soligh pupPoEth K8 28 mtmelélelp&orfw&@ mﬁmbﬁﬂé‘ep&BG’ gprpofidized proteins are

[ d

A6 S 1 NI i ALV P By BT HRE iolihg of he
antibadies magbs detected b3 Oartis mmds,emeiuﬂmtghbe terafiridiolabéled"

m@en in reference to a protein (as in "a portion of a
angdEes- protein") refers to fragments of that protein.

The AJ AQARDS MRViehARGM dutuh {'&e{fr‘@ﬁh 5OMEo RTIR oREIS.

residues to the entire am no aci uence m nus one
Incindadowidlcindhis Tdrm dre conti!rﬁous tedlr lmeb @y, W1thethemmdrtal pllrmlotype)

anal ysjs .of DNA a e or. acr md
ey Lol sy Rl el e gis bl Do e SR grapgtormed cells),
anpéf?‘j‘éfh%f c@ip oéfﬁlﬁau%"ﬁwflﬁtgiﬁb& bevigel 18 WO 2004/ 014222

7 US2003/ 283 to a solid support, such as
ni t rAﬁ:@leﬂuh@@elndﬁeulear}’i@lb'bwfmmamsmsrﬁétmmmlafzcenl

oot BB P 0 548 o

thdgsual &ﬁyﬁéeﬂ@mbéﬂofmwybfe%l Sa6h 8§ MRSsefdd 6fMa thi2 nucleus bounded by a
electr horesis. Follow ng electrophoresis,. the DNA
@grm,amﬂydnd@peh lig ﬁxe@brcmmoa@mah@p@aeqﬁp o mempragie-bound

orga;f{gl 89 a4 B Selordr Rt MR Bl BUAREY i o RRYLACE BBl S Thus,
thSrepiarineakdes] bigtlis notNbhieRlb atcHbr@ahis@s af\fungh) @F@baray and animals (e.g.,

Manual , Cold Spring Harbor Press, NY,
humans).

O»—é

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
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pp 9.31-9.58 [1989]). The term"Northern blot," as

used herein refers to the anal ysis of RNA by
web@entaphor esi s of RNA on agarose gel s to frapCT/O8EDE025283

t he RNA accordi ng to size followed 10 by transfer of

nat\'iljglfew I rﬁ t he or% c%ﬁin%r% i)%@%es o i‘%%gt f%:‘tha L pecur within

rocelflu on nme

anﬁuﬁlbﬁvﬂdﬁmnpr obed vvlth a | abel ed probe to detect RNA
speci es conpl enentary to the probe used, Northern . i
bl otthe termms Fesircanmpared 't and"cardidase eampaind” Fifen togny elienpigal entity,

pha?gr u%@élé?ﬁ%hﬁ%il th? fﬂ% te }S%p%%dltﬁafg%gﬁ%e[t& A c%r*pry%ﬁt a disease,

illnpS'thleh{E(ss)or doordeo bfb@m}d flestjonkb.gl, mmmusu szbdosm)t G'est compounds
rt. such as nitro | ul ose or a rane.
cowrﬁ;@iﬁ OHskngWR $agPadent 1a§§\ﬂ§ﬂfpawofé>ngauege gxé%ﬂbamgur@r?an be
r
detEl‘i §dofa§oe tﬁala#@%ﬁ%g%grrekﬁlﬁg 3@%@ ggé s&}ét%rﬁlgg Iﬁétﬁbcgbscgﬂ'tge{%g%t
mvmycﬂmn Imeoine ambodiTimmts ofitbdbprleseant thyenoomitess cempourtds érclude antisense
ex ed to antibodies with reactivity agai nst an
Conél?f{qna%n of interest. The binding of the antibodies

may AR@sdefeshede l@éhn\ﬂ%ﬁmglés iRED ‘i’&'ﬁs bﬂoa&ésu si3el melss,@se it is
of radi ol abel ed 20 anti bodi es. used herein, the

mearartmmcmlel a patimenat culétire pbtamdmn amy sdurecp agwek @s biobsfgical and

ensimge b D G B aicH RS ERBE SR R GRlains
hufighd) afdlbidenpass Alhias &f £ BB6d 6£ktind), 368s, tishubsf MdGRkds. Biological
lines (e. non-transformed cell s) "and any ot her

sanaiéps inglyge g@@d@ﬁow@tsﬂ suchrse plasmay saryrp and thedikey FagiTorpental

88 1ncﬁ1§l?( %]&yl? tn?r% iﬁ‘ qt%na:l guc%r g’&%ﬁ P%&%t itoalg Wtat%l) %?ys%als and

1nd&§t€1@mﬁﬁﬁesa|3ucﬂ eganplssBre\wot h\ove@dek o b @ins@udi 43ilimitihy ¢he sample
usual characteristics of eukaryotes, such as the

typgy aplicalle & the Dresgat ivientwls bounded by a  nucl ear
menbrane, within which lie the chronosones, the
presence of nenbrane-bound organelles, and ot her

DEIHAIHED @ESCRIBTIONGIN THROINEENIIOM eukaryotic

org i sms. Thus,. 30 the terminclude ut |.s.not, .
i m%g% gresEntdmyeptign Q%ﬂF%WBCOHQDOFWH& andgs)‘?“ﬁ?’@é%%’r 1‘%?nymg
ablﬁﬁlingﬁilés h &SP si 1eﬁ g e resEHﬁn@&fthh ré13tes to

refers art| ICI envi ronent and
merhocds eﬁ diagnasing amld:_teanng disbaersamchias twbetoun s@erosisy whmh il caused

enVIronnent vitr envir nnents C cons
by TAoRE T ihe TSChettsty Fof SRAmaLe, Pt SRR AEPRSGRE piksdnt invention

proVides nRitMBdsiof di 9s1n§ ﬁlﬁt)@foﬁs tQelobiR b%%la\égoﬁﬁé) ﬂ{c%ﬁé’sgﬁ S6K kinase
PCT/ US2003/ 025 nat ural environment

actamymausedr’oyan@tetwr)s intlat TSCbonE&@% gsnsr Iy efher érobodifaants, the

ur. wi.t hin nV|ron he .t
eyt Bty i Ao SRR IRERLs ledfsit B Rfpiniciing
corﬁﬁ&iﬁd@ @hat RiHibit BOK kidHRE aaﬁ@syt(b galrapaﬁfydm) TRE piddentlidvedtion further
is a candidate for use to treat or prevent a
relgips toggethods and compositions for treating cancers mediated by TSC signaling

disorders.

I TSC1 and TSC2
TSC1 (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
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5 illness, sickness, or disorder of bodily function

(e.g., tuberous sclerosis). Test conmpounds conprise
whodoh/oknzeenn and potential therapeutic conpoundBCT/BS1083025283

conmpound can be deternmined to be therapeutic by

R N R I L —

(GARYENTSOD had \eéetk GAPRRHTIEowALds e @amgosnwnﬁ@msmegsgous
10  As used herein, the term"sanple"” is used in its

ingstivatipasyt egbersBIC] or ToHe’ is embryonia lethsl, wheraas h@t@rqzryrmugd@mals are
tyr t ai
PRSP SEATR TR Lt " PP R, PSR BA G821
GeBEzOBD,QZS&Q%S@@BB)@KdBayasbﬁ Tobtddl, Pest. Nag i &ﬁl leSA 98 8762-8767
@% ncl udi ng. . hunans) .and encaonpass fluids (e.qg. ood
2 1),Lﬁaf>fh@§ Whigh1g la%emtm%%n@étedéwef@%@@ hBP@Pwﬁé&vnelanogastei

1na§ﬁ%’c sof'e ﬁé&ﬁ% Pbp@ﬁscer%q&{aﬁgcensgg% R r&h@@n, SRR

nvI ronmen
ovemxprbssmremﬁcﬁlrsctram&dTﬂ:Q tegatier Asut a0t inddaduably f dscreasaicell size,
wat er rystals and industrial sanples. Such exanpl es

shope fit 1 Fsop domp a derdionalcamalex] thi regHaes edl &rawﬁr Gao and
I r t4-@N

Pﬁ%@%@%@ 01“53%?:&3} AE@zKNE 1%98'22% gﬁﬁ@@rsez‘geﬁ@ﬁnve}?%%r etal,

CelldI0at 357868 209y Japoorsala mzmshw&m)(zoomg reacH i wigich is herein

. ab t t
inY R PHICTORAE P LRI e BRI G D B ARUGHE Bt (T g dTsc2
fmﬁ:ftloﬁ 'd@@'ﬁ&?éaﬁgoiatﬁg iU BAAsOGn Bk s %fcﬁﬁh ?ao%if(!fGﬁfreE%B?&fﬁ% %ﬁe control

scl erosi s, are caused by nutations int
of g@hg@wﬂFfﬁaoeamﬂrﬂﬂnewnm, Rasier erfh siroehitrmn o bé, ppesedt has been
i.nvent.i.o rovi des , net hods n05|n tubero
wel RGP ol Bragel She e Bacthifn SRaRBerigh SEerowen
(Kaghh ¥i d1Y Besvss8d 28y6 317 RO SStoékek Bed Tafeh, O . Genet. Dev. 10,
enes. | n other enbodi ments, the present invention

528 Bvi (@e0)neached shigh is hevsir mgomgltaéaddaysreﬁmr@ab Membpgrs of this
paﬁ% nﬁc%cf“e thg gosﬁ\%%g'&ggo%s hs%ﬁllﬁ rec Por gﬂﬁ 5 Kﬁlﬁg}ﬁ%%?ﬁof substrate

ClI'n)

(IR pﬁaﬁphatirdghﬁéml 8 OMRifaed $Pmm)qt) CBDKOB I ANtODOR] 96K and eIF4E
treating. cancers nedi ated by TSC S|gnallng dlsorders
(cugrypte MieHion AFiorde. PeExprssgion Rhthare wltwgrfagttlatﬁys increases cell

S STRRRESIE D U B SETHR e
dedrehses celbimviberand aizality Dir6sophile (Weinko Wil I(,@IV&@ KOWOp#sS Genet.

tuberin ncodes a 200K protein_ that contains a
Deyol®:dac c%)(? &Oég}tgPWmaWSOYPQ@tWﬁG@H‘?@QM Jdpgnice, OVereXPTessmn of

cofidathtveRLAF m%lg g’?@ﬁé or Qﬁ?ﬂf 40 ﬁé&ﬁﬁﬁﬂsﬁﬂl grglbﬁlg& &)r i ez‘ al,

shar es “ho ase- act
EMEDP) B, %S@%ﬁiZ@(&é)akSMPTaettal vMoy wimdsmaﬁ%mw (2002);

Rab5.. .l n. honoz nac i.on of either T
cagfyotpidisl s helih i BHREA P bR A ereyirdr DR SIRG PG GG 1OFs or
theWeB&iSrs WEChiara ef al., Nature 345, 78-80 (1990); Liu et al., Cell 75, 59-72
(1993)), IRSs20 or S6K, results in dwarfism in mice (Shima et al., EMBO J. 17, 6649—6659

(1998); herein incorporated by reference), indicating the functional importance of these
genes in the regulation of cell growth. Although the TSC1 and TSC2 tumor suppressor
proteins have been shown to be involved in the regulation of proliferation and cell 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

Suppressor.
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prone to tunors (Onda et al., J. Cin.lnvest. 104,
687-695 (1999); Au et al., Am J. Hum 5 Cenet. 62,

WQ3®H4Ma912271 1998) ; Kobayashi, T. et al., Proc. NetT/USasi025283
Sci . USA 98, 8762-8767 (2001); each of which is

o) Th5le BRSO Sty af f esiEGRAE anas MREERALM Horgassa PIOK
s1ghﬂﬁfg6ﬁ$1aﬁlaﬁ @lrhors i(Wogmebrds afdl, becatm agR 48 ELERAS). In humans,
overex%ressn on of dTscl and dTsc2 toget her, but not

mugaignpf RTEN, yhicheis aaweetsyegegulater okcell spvyiti indnsuliafGFignaling

patﬁ@/ Taé\s?]é%ﬁlr S fgﬁ%ﬁir?%ée KL ;’H:Ete)%x Sﬁ%%i g@gkﬂi%@ caﬁ%s several

typ(aQGﬂt:h)norsl ﬁmllﬁim@hamalfbahds Found 2%t BS&y( .&@Q&)Nesﬁ’@tt erdl., Beoc. Natl

357-368 (2001 Tapon et Cel |
Accm‘aé'cz éf@ %8560%1240695‘19 é&el(a) sach)/srﬁ\@ﬁgh i h@&n@morporated by
reflgﬁg oo | glla%:’%? érét BRI gﬁ%ﬁrnﬁunWRﬁ essential for the

cordmMo$ telb gromwaii ammoihfesaﬂonrﬂndmgh therreulkigorgeofivdnislatien bp S6Ks and

4E}%ﬁ: Sg[}%gg L I%;g} t@?l n%i*g lag?. gioo‘éﬁ lrplgﬁa é?nvc\:ﬁg{]pog’ate(? by re?erence)
Ph&spRbANatichlofRBR. LRE-BP1 Wildiat@shéBh30&shd d¥8hitogen and nutrient

conponents of the insulin pathway are 1nportant in
sigogk o gfmowlate tra(nklgnm Ehe mRNASBinoeding psmgrpus GiBosoinal proteins and

00 St ock Haf Cu in. {. 10
b RN PGB Rn & SCR GRS HECR iR Bich ] by Tt OB 4eduence
coxﬁﬁrsrséfe@tﬁ@eﬂt?aﬁ))slatlwﬁiElJQﬁdlﬁ:tl@ﬁ it RisSons® & MWBYerid sdiEltié) The

positive regulators: insulin receptor (IR, insulin
trapgdatiqn afriop n%@mmcmelr(tﬁmth pb«?ﬂpbpmﬂﬁoemf it 1 osgma-S6 protein

by SERARYLEs At Vo Pl bt e B S SUPE  s heren

1ncbﬂﬁ>$ﬁe@6§ tdfbféﬁcef) eHlybasHsshdriate@AFEBP L Binds tSaeinhibels 6IFAE-
wher eas g¥pom)rp ic or null nutation of the

dewépmtutm@slﬁ@@up% scontpering BdAs @hah gliwh srrrmid These @l 4E-
re@a‘?é@%ésag?( %h%g%&ﬁ@%g:s le?ax %feﬁi%é%géc{r glthghgératﬁﬁ”ﬂch as c-Myc

and efetinddL €Sonellﬂfbrg§l &d Glﬁg/teﬁ &Xpr.a3mh.00elDBiol.AGy 368—t2ﬂ15 i(VEI8Y; herein

. active PI(3 in the heart results in
ingeymessted BY er(sgq;ﬁ)o ,Actrq‘atlo@toféqhosphggf st §6K1g1d inactivation of

phés}%gg?}agxéﬁ cfgf %gol%%bf)%élé)& each P?@)I@lmd M ‘tur%cg?éeehes@(l\%shat etal.,

PNAK 98,108 &4 €200bY, heefie irenipeyated ey mfermcebf Themgorencodi mfOR in
turl?‘gi:%@g{li y&cg;fogr[qdjoc R gqrc% th(aDe Cpfn?[gg 1@%b1§sztum(o?a gtgg’;tg (Sé‘rdss’ypanina,

t
et WR3530 1051 204, e yliios, L %392@5“?4}%2953@0“’@6%%% ihpoBteRly

refcmm)porat ed by reference), indi catl ng the functional

[ t ance of th nes in equl n of ¢
o OB RO ER R SO PR op eyt g R aB s nvention
(SéHE;E;%hﬁ&nMSSctﬂ%? aeﬁ&%teququm\tqismqnmeug M phosphorylation of
lation of proliferation and cell size, the

egu
S6Kr angi GeBPlindhe dafashow Heat TS@ltT?r@@:zX@tmtﬂ effectsrihmongh mTOR to

o O A, PR S e

furdatiog loif ¥8E 12FS @2 idiiBpati Gl et ksal by Alt- dé@eﬂdaﬁﬂbﬁusﬁﬂ&?datmn in
PCT/ US2003/ 025283 There are numer ous genetl c an

resPRPLFA dicplancah Wil dasulinsnd fleat therabily of E e 2 de #nhmhit %?K(correlates

with its tumor suppressor function.

Previous studies in mammalian cells have indicated that Akt promotes the activation

of S6K (Aoki et al., Proc. Natl Acad. Sci. USA 98, 136141 (2001); Burgering et al., Nature
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signaling in human tunors (Vogt, Trends Mdl. Med. 7,
482-484 (2001)). In humans, nutation of PTEN, which
WO g00a/0negat i ve regul ator of cell growth in i nseXCT/H$1065025283
signaling pathways, results in excess activation of
6 -AE. ,
3765599 oo R S st Pl ReSRYRER SRR, AtERon of Al
by $asplidpr Sgsedion ofta cdhstitutredgactiMatdkt nAgad restits in 1SAa8T, S6K
10314- 10319 &2001);. each_ of whi.ch is _herein. o
phosphersionead kiipse activity e Abe petivaiam gt polg by adstds grpindirect process
. h , i : . tjcab 4,0
o R G R oy TR (Bl O ER e L Rl s B S o777
(1998 Sckulid, . ievnl. Gantardieslo) 3504—byl 3SGR80)anath of B Héh ik herein
. (Schnel zl e .and , Cell 103, 253-262.(2000); herein .
lnq%wesé‘fﬁ%ﬁ‘éf%f%wagﬁfiL%P@ﬁ%r& YAVeRBOTBISGO hgi & P BirtSHlegggehanism.
IncRBE AFEmBEaNERL A e heiahfANS HHCidc8RaR 1o g}atcﬁg@ﬂleﬁ%éjsent
nutrient signals to stinulate translation. The nmRNAs
inwenigadi Nonatletessoitiss qontsogdated that experinentrmdnduatecthdiratg thercourse of

de{%g,\?m oe.gn% ?ﬁ @ne-wt al re]:g \2 %)glrprp%‘gﬁ% %gclgslsg)gg ﬁ'j%lfslﬁnqygsln{] ?orttﬁea rcetgulation of
S6KIAN&sktath eidmodBid eSt oONSCN fifRE B G Fviistredth @ Q&P bkd upstream of
stimulation. The translation of top nRNAs correl ates

m TR o pendead BOK\And 4EBP bactivitées40 Sranihdisoresils @8 pHbt Bimfurther

corgpRifiesfa B RE o psShipingl) bR G TREATE DRy
phophereea)of SEKPaRNTSBR O fHid £6 kéFreBilaforbbMgiensiafionRAd cell growth

inhibits elF4E- dependent translation of

(Defapr gshthomasngamidels (Shah et al ., supra). These
Re§DE3E100§8Y bﬁb@ﬁ h?ﬁﬁi? ﬁ’%rggoopgt&f‘&/ %?%ngcg).g’f% %&t‘i‘%ﬂ# GAPI‘SC 1-TSC2

aré”invol ved T'n”’p tion, “suc

is eyoltant O tHebphesibRisital fmdtidastgease itQy compopiised Kadibease
Biol. 10, 268-275 (1998); herein 20 incorporated by
assogieisd (el mujagions, gig-39)- o oniaiie my enfienesmet oE8RKand

. . ) . ! ] .
o A 80, BURSRIEENE ORI S5 i S
GdrbiABL IR,5—IB8 hérefi? Modpprdiet & refdrerwe). pArfatadnidyassay for TSC1-TSC2
: f ...The i t f MTOR in _tunorigenesi .
s TRl PG a5, NPt SOHAETRERRY S e PRAPE RGN g grovides an

as%%@&‘iﬁlﬁﬁaﬁ%%ﬁ%ﬂhﬁﬁemeﬁttot@6ﬁ ard A BPNShbspA6ARati ocRCvhich provides
A 98, 10320- 10325 (2001); herein incorporated by 25

a sirapple mnd cad§vanERmetionab assgy o i-d8C3ur i ng t he course of

O PRt DB R e VS M b er pas Tsco m e
reguldtioRidf el BRWANOTRO PrexétinRAtio is no® lindfRd t¢HrpBiibulal BRchanism.
data show that TSCl-TSC2 exerts its effects through

IndepdRutunderstagdingtad thehmechanisyi is pobhecsBrrydadrartic@pr. present

imiei rofeREESs Tk rp PG IS TR CHEToGs Myl Bk ffhtrol of
celbios phd el @bivBiandthat tBS ISTIErSCR §ipain@pathwilytplovidssH tafket for

and_that the ability of TSC2 to inhibit S6K correl ates
thegnhipitionsoficgHgrowthipLe & eACnct i on. Previ ous st udi es

i h _ L . .
t e SHATR Aencied isME chfls SEHAEIopiRhy &ithe REERHR ) Rgtion show
thfbeikt stilSAla®s, mTOR-ahd 1thé2033 )S6KBautyéy by geledvirgl the iddbitioieof TSC1-
TS%,ZZ (Fig. 7). Activation of dS6K in Drosophila requires dPDK1, but not dPI(3)K and

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
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WD 2004/ 014222 PCT/ US2003/ 025283 376, 599-602 (1995);
each of which is herein incorporated by reference).

waoeiswapeeon of Akt by insulin or expression OPCHUS2003/025283

constitutively active Akt nmutant results i n I ncreased

h d
ey B Aol AR m e AR A pln ot iation oK
Phoghobgatigch fatSTh By ARITER{sSeihctein tﬁfough B¥ Rast t\%’@fnﬁechamsms first,
Acad.” Sci. USA 95 7772-7777 5 (1998)° Sekulic, A.

phagphorylaficardergsesas dhe sty 86 TCLowo0d, phesphondatigi d@ﬁablélzes TSC2

prdﬁ%\'i/lg 'r’][gkllso%ég&gfh {&f ﬁqm? Yjéofﬁf&%gﬁ%g rFeleg 1 erilf?glhn gﬁt]ween TSC1
and T8€R2dind amduchigarbiquatietitiog of fhetﬁ’& TBCH aDegpieksiom 6f TSC1-TSC2-
neces y.to practice the present inventian.
el Wbititian of IR ig gpoesiplF arcshanisma of 8ekaetivationdy the insulin

paﬂ:l% u @xﬁ&nﬂéﬁté Q&Kfu@ﬁegv glgﬁg? ﬁle% ursd %?f‘ ﬁé&?ﬁﬂéﬂt oF th%g)?este%t invention

present i nvention pr ossI b ani sm
shcv\e guhciibmuim bakis T6r lﬁﬁ\KTBQlMCZ fumctibnssasnmget suppfestor T®Gibit cell
cti on downst ream of . Akt and ugstream of. nTOR to
tﬂP6| e ﬁ%ﬂf%@nspiu ligsignpalinge dhe majps physiplggeakiupgtions of

TS@'_ILQ‘SC@Ca}e 1nhfb1t'1<§n SHURTORT S?Koag%l@f@%f"f Ecqlvtlt?at one of the

hysi ol ogi cal tunctions o o0 inhibit
p hodibk goly lodtAiko andin TERKinainsh lihEsi BRlingd aimpdee Kay2448 in mTOR has

S TEE AR R I ONET
stlﬂnﬁFa%dp&f iabffh @%ott 8f &1, ER6E INarl bRl 8Gt 13k 108, §i7oT (-a[% herein

is inportant for thei’r physiological functions
1nqotpqrged bwpfrf@mmeé angygomi¢laten with naEQR activigd leiS(lIbstltutmn of Ser 2448

o B 8 R A TR BRSPS s ol o

Ake @l hﬁ‘ ARtk eMEkhor@codiplexHHBwdVeE, this RAfIon VMS constructed ina

525-534; herein incorporated by ref erence
rapREH r@ﬁauanfagg@y\ mglanTEontaingEam 20361 nutation), Ivghlciolnas low activity

LY i T

inceRfunee b Rferhiced6 Khamwebrd, EubbPlesiOSD 6T ¥eghidto o cxtiidehhe
provi des a_ Si ﬁl e and rel evant functional assay for

lml?@@mfrsé‘éer%éﬁ pephorylaticasnimyl QR duesbien &ndm@,e’e@@naﬁud@a further
co%ﬂrﬂgn W{hﬁfb%%fft]l%‘ 90185 S §g4'4§§6:§sﬂhgr}}1£}%n 1{1%?1% tg&‘atu% a@%%%lolds etal,

resent Tnvention
suppap.t le.sbhmryhiﬁoh afiSem44325 i TOR @enhaﬁbedl‘lﬁ'%mh@ aeld Bg@pPémentation,
t he . mech | S noé necessary to practice the present
SURRA@H § B ONBFIEAREP Qsphogyfatiog 1y ptatedign (lhemolds et al, supra;

NaQ;@galT%ggcﬂeﬁz J. glﬂ" m‘ﬁﬁ( L? ﬁ%][,ujzlﬁlzorggra e?lede rgge#‘ﬁlws?sn d

cel'l "growth and t’hat
EXptmmemte soralubwdglating tre cotitve oif dewddoptnhann oﬁﬂxe@éden’gmowtitm found

ROCSNEIETE O SRR YT S
incfédlseBby MuttishESinil$ARna Mehibiida ro?fS@K%Ty %ﬁﬁzﬁ‘iﬁ is\ﬂl at@&/ by the

relieving the inhibition of TSCl
profginiphasphetasoPPASEK RapaDl)@sntpmtmantroe qmnnceacld @@Km,tloin attivates

PP% olé dngc 1 Eogx?agds géj‘gsql Ia\%e &\Ffsg)rc%agp %\E IP%ﬁgD na§6K has been
detaétedl VRdtErooh &fal. S%Lamtztflwdqcmtml 991‘44(3@144@' (3999); herein

(Tuttle, et al. Nature Med. 1133-1
incorporated by reference). A positive functlon of mTOR in S6K activation has been

established. Experiments conducted during the course of development of the present

invention show that TSC1-TSC2 inhibits the kinase activity and phosphorylation of mTOR.
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(2001); herein incorporated by reference). Experinents
conducted during the course of 23 WD 2004/ 014222

WE@DANE2eD3/ 025283 devel opnent of the presentPCT/US2003/025283
i nvention indicate that Akt pronotes activation of

undhs B Aol Bt b iRy BekFRisfy rleed, an

undémm o e hhAe6h @AsR Betdiguried prattice tod pre&&ad invention.
second, phosphoryl ation destabiljizes TSC2 protein

NOWhgle%feﬁtlfaﬁﬁlltﬁPl‘-E}dﬁieé iihat sapsarycEdegvpijvegiand ther HHRitspPESOK find

I
o R DA SRR TSR 1 008 v
TSCPreVﬁﬁE suﬂ%ilhaff@iildidafﬁdbhitlpthﬁ sphbryaitioR dfS6K pab4aiRe eby mTOR

mechani sm of S6K activati on by the insulin at hway.
play ap dmnporsH £ole o Bng sestiatpm ot igneladon- Eipwa epel. d@zféfreo%?ﬁ'e‘}ﬁl-446
(19@%)%}1‘;%%{ & Sggbzfo'l VIRIL D95 14501004 A o ggj SRuh B 1096} ﬁ%;szol

unctions as tuno pressor 'to i nhi'bit
Endedrinol. glexab n2&nB7 ]:ﬁaﬂifh@)OO))e i'DSOicdré‘ S|Gil mutend ¢efls display elevated

phésslaesed ogpelh iR B A L AoV ekl A IRE ey 37730958

30@@7%% b)Y Kefdtod 8'6{? elin b RAND . 5AHOES 650 26@1 Kﬂ/latkowsk1 et al., Hum.

alT’ng 1's conpl éx. Ser 2448 in mr been shown
Mdl. d;dzre 1&: 5d6f5éét(2(ﬁﬂ?<)s©ndﬂ§tlaét Moh Cfeélr]@@tromi 2Ak564@74 (2002). In

oS P PP BTG 6 Rl 7 4 o

4Eﬁi>9%§bnctﬁf‘dv§léﬂ al. lmgr RekAd:af. Ny:. Cefl#iene)s-647(2002); Tee et al.,
correlates wt nT activity, but substltutlono

Pr@eNapla4end 5’%39961[3@@ h3,57<93d8§0230tTh9ﬁ3f @@1@‘5 ltl‘f‘@tlab iig lilqt)}m@ifed toa

T L e

pra¥itthie PreseRSInCentivh! Wohefeleks, ﬁ is E(ﬁ'ﬁaﬁyﬁteﬁ th&t S8 batHe major cellular
nrOR nut ant gcont ai ni ng an 52035 nutat i on), Whi

ch has
funcenaet TYC Y C@omwblbmragﬁi@thrdex/mma@n&ﬂle @hosphmlatlon of S6K
an@l 13 Chem 277, 17657-17662 (2002); herein
|ncorporat ed by reference). Therefore, such

I s gihk $ata b€ tramdlatRads| t@h&tddd)yerhﬁ]ltlpﬂﬁl drinding Qathwpgs ﬁlalmdmg the

of Ser 2448 phosphaorylation in mrOR function, |ndee
avaibaHy o5 nYHFRIS, 3r9wt1héﬁtor~°e girace lanye L %E%f {Sr el Wﬂf@n@ﬁntal stresses

(Bx%%&nezaft‘i,é%rs 3 ag"?f éhos p’ﬁ ”269“55@5@36@?&603?%% (#35Y 5 Qézgcshem

oryl ation of 244 I'n mMOR
2603z @00Ry AP ﬂeplaﬂmrddecwmpd:@ﬁﬁl auat 416BP1 phmphmMantmg and

iy s RioR, Adroviubnsy S eLhar %@%Hg AL depletion
i %@e‘ﬁ%&g%&ﬁﬁaﬁaag@tﬁmwﬁ R

D vention, feund t

pffiokgBaDA TR Wi PEfbe G FURL A" "1%‘1“‘% B0, Hihever,

noflflideMdlhi ATPABEL]s ddasteRstidalbychiatfed ingitk pﬁj(dldlblglaill dﬁBrgy starvation
I nhi bition of S6K b){ rapamycin is medi ated

copifpes AnpRws hRervag eclivt A, cqusprirafiop s mﬂé*am%ﬁ& thgy the AMP

R ST B VAR P DL AEL ity rmaci

indsédSe o MR EWeB@Vlﬂd’t ﬁ(sbméd tRanéstimolass td 5'AMR-activaiddtprotein
Acad, Sci. USA 96, 4438 4442

kingse (AW Ra(Bardiyendds dpgne) Biog %Sﬁgﬁ%}egﬁ%@%)o@ -Broxy glucose (2-
DET D LihcsKrB el %A 53R A5 dA8S8-4-carboxyamide ribonucleotide (AICAR),

activate AMPK (Corton et al., Eur. J. Biochem. 229:558-565 (1995). 2-DG and AICAR

have been shown to increase phosphorylation of the eukaryotic elongation factor 2 (¢EF2),
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est abl i shed. Experinments conducted during the course
of devel opnent of the present invention show that

W 30101432 i nhibits the kinase activity and  PCT/US2003/025283
phosphoryl ation of nfOR 24 WD 2004/ 014222

nd SRR3R ol SRR AR g 8 .

12:0901 423(2002)0 Iohastteen BR6 hepoitedntias ba@tz-nacaﬁmwm hibit S6K
practice the present invention. hel ess, it _is

actbfétbrt(@mmateé al. 1 Gettes Féﬂ&ﬁrﬁérw @@%)v&rwegt @ndupthSiochem.
bi4
269%@1 % ds@’ (?R(%r) 3@5 6{@ g?rgsﬂ(‘)i lhﬁrﬁ{gg&ﬂh Q}(Aéﬁg?@%@%asft&%o through

theSnTGR\pammys(KmduﬂaSethh,\m)%mdl cat ed that phosphoryl ation

and 4EB ortant role in.
£ he Pégqﬂcawwdo«furmgé %?we&f d{s&% Rebof ghe presgut {fpvgntion show
tha§T§C1448§ﬂﬁted(b}/%%9ﬁﬁlar éggeg%r I%{Ie@l Acthatloﬁ'o?lAM Fﬁ%@‘ energy starvation
res&h@mcrhrenblbhospmwtmn 7 O0SEY mﬁ T1297 6@818)4)5 (Fi@@t 123r Krscirdown of

Tsé}g ﬁ]alqbel di %E%@ﬁg?%}ﬁﬁ%t@%ggwpmﬁ% @F%?nqtl on of both

d %Z A 6f 618 02) MoKQNEF $0F: ak &8 ation th
crhoSp Piatiod Of SR Eigkg 108 MARGREE H0fsfibnst %fn‘%“ ation the

TSQ@H- cezlbrshom BESLIBS 1esp OGO 2) S6bd@ah®ph@ﬂylatlomﬁﬁgu@em>

FubRS e Gt B e GpiRORE tetbop R0 56 i restored by the
Basahewill@tyhe TSCh, Bikott@d AB (s?pmﬂamyﬁl efnt 8 TSC2-/- cell
eXIj23[002 |r%1k| ygt al . to. Cel | %j%}{o 6481657u(2602) e

derpeestrating p criticabieectionef ITSCA@QGSPhsaﬂaU@QDyléW 3By ggulation of
I not limted to a 15
tralé)%%%%?:bg cfpﬁlr?‘gcﬁ&gfgta}ﬁf&% © 1§) under st andi ng of the

mecitasi pﬁdﬁéﬁti’mmhoﬁ eCIes $1ﬁ{1tedtt@ a @mamtﬂac ethnigam.eBEoéd, an
i nvention. Nonetheless, it is contenplated that one of
undasatapdipg pf themeghatrismis prtmessrsary fo magHgetheprasentpyention.
L.
oL 46 SRR 19 Bl AL I RGO o
glucegpdeprieatidnyindutdd gpoptosis g AMPR glepaidentytspimatlatomof THE2 is

20 avai l of . nutrjents, growth factor
imiort ol e T Ll at Oy S o e S ebessier gbwild type
TS?%OOZ) g{&o%osﬁ%rgagg%g%%@ BITSE@HY. &%@gre@%ﬁt‘g agoptosm

269: 5338- 5349 (200
indeed Uyeglued)seahpﬁwroela(ﬁwésmi dihe pﬂﬁamllmp hmqtllmntedrto a

and bi. t | at t d t ed
vafiir firkening arGes wriasaBhEgh e LR SHo ey o
rd&ﬁ%ﬂ%ﬁ‘ﬁ‘e@nﬁﬁb&ﬁfonAmnbﬂEefeE‘se itMs bortBRpRicdtRAGEH MEnEh ok of

onparable to 25 physiological ATP levels (Dennis et

TS&JZ and GMEX pbwephorplaticayd-the selluiaGognsy respapseer,  nor mal
cellular ATP |l evels do not drastically change under
physi ol ogi cal energy starvation conditions. |nstead,
1L beczm'v%,d‘sﬁlcl picafidid concentration is much higher t han
the Al concentration, a relatively small_ decrease in
ATP In sqna¢ smippdimepiss fhepresantinyation pyaiidesdnetheds of diagnosing TSC.

Eahp%n%ﬁgiqsé gf"{#&ﬂ)gb&w ;61}{3@ a{ﬁtlgﬁpr o{%ﬁtﬁlp@% tl%ﬂgrs can be identified

and AiRIKed badure itey @hustl damade ind Revmaddiudcd] ersatnioit %g ®0ha
(1998)., 2-Deoxy glucose (2
pharmaceutical of the presént invention) can be started at an early time point.

In some embodiments, the present invention provides methods 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



10

15

20

25

30

DG, a D-glucose anal og, and
5-am noi m dazol e- 4- car boxyam de ri bonucl eoti de

W@ 2008ARR22 activate AMPK (Corton et al., Eur. BCT/US2003/025283
Bi ochem 229:558-565 (1995). 2-DG and Al CAR have been

. sh i.ncr yl.ation. i .
iSRG R E2 SHOBSEH Sk bR Bh o P BB sreenme
meftiodé. USRO 931162288 art IréUéFﬁi@_Ed A8t diRatatidYRIagRbANX Snéhods may be
_hegative role in translation (Norman et al., Curr.
utilBjed.  12: 1419- 1423 (2002). It has been al so reported
that both 2-DG and AICAR inhibit S6K activity (Kinura
et al., CGenes Cells 8:65-79 (2003); Krause et al.,
A. Eur Dixbet BeRetigin  269: 3751- 3759 (2002). The mechani sm
of S6K inhibition by AMPK appears to,go through. 5 the
mTOR §omaepRodimeRfsthe plesqt inveppergprovisics gethods 6 deteetig
] t t
o L DTS CE o A AR TG R S 2R renerally random.
Meteingyiohereshls in Afhmusi ft onpreativ®itopeodore r Byussinasowst | on
results in direct phasphorylation of TSC2 on T1227 and
embadjmsnispnytang TR6Y or Rﬁ%@@&%%%?mneﬁ&éz protein by RNA
interference elimnates the ATP depl etion-induced 10
dephosphoryl ati on of S6K (Figure 10). Moreover, in
r esponseDireceDetegtiost ar vati on the TSC2-/- cells show

o5 S5he o KEaReSe D, I dophas syl 2l on (L BHE Sscr o

TSEeRRASGP ALY hathBBdiR{eniS ﬁlt'bﬁlafeﬁ%te?leﬁging)fnétﬁ&is well known in the art
expression of wld type TSC2, but not 'the AWMPK

arepitidigpd oPAasaqoencing iamsed to dpBepalterec BECE or TSC2 nucleic acid
SRR F PGS ARBR P1PERACTCoR ST, B lsgnosing TSC.

translation by cellular energy starvation (Figure 13).
The present invention is not limted to a particular

mecBani sMetection @d Truncated dSCItambS G2 Pooteitse nechani sm

IS Rnot.necessary t r [ t [ L,on. -

5PN UPCEER A e BBl TSR ] R A Y SRR Any s
meiisRianiy B udedhe détectpruacged TSEN log TRIRProtgindC B8Eexample, in some

deprivation-induced, apoptosis. AMPK- dependent

embpdisisis gelfire Harlatipgapethedsfom pgehares licotBoptymp MA) are utilized.
AR IR, W S5 P BORIEG BETIRIRG SRR apiation, nasi

and13oEpiba by hadcktiproing produoedii@eell-freedr callplaetransiaion system
.apoptosis _induced by glucose deprivatjon (Figure 13).

withqt t9p sseoitradinoeheiagHng acifper crtﬁ?ﬁ rpdigagiye ab%ﬁ%?@_&#%@

alﬂi%tagafea% RIHGHEHec A, PGS ARHAGNOhdL HRIVERGIAS hSE, non-

I'S not necessary to practice the present 1nvention.
nafiicnenine laeils, aniiho iasid @oalbespd deriedtivdsaor duemesd ervidtek. Thése markers

i SR RIS G b

traRSIRR B3, the present invention provides nethods of
diagnosing TSC. Early diagnosis of TSC allows early )
i nt émeepplication BdAngheagap!seproteimtebeingdecheloigy émthi fgeleiges truncation

tesgg ‘ %g%? ((\,égfg egﬁi‘gﬁ %gﬁ%@gﬁ%ﬁ%gﬁg&o%‘&ated by reference). In
some embodiments, this assay is used to screen for truncation mutations in a TSC1 or TSC2
protein. In the GFTT assay, a marker (e.g., a fluorophore) is introduced to the nascent
protein during translation 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
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pharmaceuti cal of the present invention) can be
started at an early tinme point. In sonme enbodi nents,

W b@4pre8ent i nvention provi des net hods of di apEDER2993/025283
mutations in TSCL or TSC2 directly. In other

embhodi nent s he .pr nt,.invention provi,des _nethod
AR s UEdh S WG BT BRH ok RS Rl B popliRiGe S the
medstrdnentd REAUBON 4 Clicagiiab éignaﬂi pro®fleVVR 8RR lhABe fraction of the
PCT/ US2003/ 025283 i ncreased S6K activity). The bel ow

molsegler Mithi (oterping) iyaentiondin] Aile marmghent signat Epeeiip fgterminal
: iipest .
S 0020 o 00 i) S50 AN DA BSRIVER Do v a -

terinabetundbect i on | n sone enbodi nents, the present :
i nventj o rovi des nmethods of detecting tatioQns in ..
TsCn il frsher hadimenys, timeated BiLcinTre Geteotef 4y pisebodytnding
L . t ' . i . . .
FofS SR AT b B0 L OnCantbony i desiped
(Seemizodchentisscriptivraof anfiB&dy geneiafiGR) wanesgniwedht Cotemainesiof TSC1 or

1500 b B B B e S AL s

Pro#&REMat 4:8 ré“c%@ﬁiz@d‘@?ﬂie'l@-‘f@rﬁrina@}&@ nB¢ad _@f‘%ﬁﬁﬁﬁ?ﬁrﬁﬂ)ody are
met hods well "known™ in the art” are utilized. DNA

trungitpde Nl sotnei enhedladents) quentgetivedimmeyredssagCIreaisedr®CRtermine the

.nuclgi.c_aci sequences . 0., containing frameshift
rot O Cufmfiipldo P SEAERAER o Birlte agnosi ng TSC 3.

Det agtib&dy Kthdihk WdRdcesl uch RhewhiPiiRiafS(elgh ot her

enbodi ments, truncated TSC1 or TSC2 proteins are
radipemavmeassayy LIS 4i(erdyme-linked hotunasdseany sesdy), Gsapdwisht’
. truncated TSCl o TSC2 protei For exanpl.e, in.some
imiy B oo Aie a5t R Db AR oG PR
imATRRTiffedion hivgys, (PAsE i@ul¥hgsafd @.dtdstigz@lloida\eHIa! @R Pme or

Inc. has devel oped a nethod for the_ I abeling, o
radipisatens labels, domexampde)i Bisstermblpips precipiation rsastioms.oigshitination

R P 0SS 158 58 o o s

assayd, mmansfisorescendehBsays,gilbteACA iaveys, ahé immulvbelk@rdpharesis assays,
am noacyl ated to tRNA nol ecul es. Potential markers
i ncl ude native amno acids, non 25 native am no aci ds,

am ﬂpo&%n%@ﬂﬁbﬁgén@w %‘g@tig YeiSete®by g&%ftir%a:inlabel on.the primary

noi eti es. ese markers I ntroduce ascent
antfrody e imanothrey eniblodinnens thé prgarnyi andbo dyoia dyteated dbytdRidéisng binding of

during the . translatio [ ocess., e .applicatiqn of \
o SR Ry B B G GEHPBPog) A Wikergoiteriahe
secbﬁ&’aﬁ'g ahiity i§ BBblel SRR nfASRK afeI8RWR: i9-the At Pr dgﬁ%ﬁlgé binding in

6, 303, 337, "herein incofporated by reference). In 3
an gomeneastrydindent withinithe saps ay thepresseidnventmor een f or

tr uﬂ{:saotnlaeoe?mlgr(%J ir%terlltg,nasn Au?on?at&? g;e]tecqlron-%% is utilized. Methods for the
automation of immunoassays include those described in U.S. Patents 5,885,530, 4,981,785,
6,159,750, and 5,358,691, each of which is herein incorporated by reference. In some
embodiments, the analysis and presentation of results is also automated. For example, in
some embodiments, software that generates a prognosis based on the result of the
immunoassay is 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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protein. In the G-FTT assay, a marker (e.g., a
fluorophore) is introduced to the nascent protein

waleookngi2er ansl ati on near the N-term nus of theP@I/US®031025283
A second and different marker (e.g., a fluorophore

Wi t ditferent em ssion wavel ength) is introduced to
B’thequﬁgeccéhe?ecg%tei n near the C-termnus of the

Pr OfrPdther chitddRM&E iniuthtForlshHE TSES PRMTRICAChrE HetBrttd rdZéct WO
2004/ 014222 PCT/ US2003/ 025283 transl ation system and
Exparimenityenadueted dusnethagpwise of deyelppment atthe prosefpayransen

e i .t B j i .
defongtidfid FRANCIERASC RIS RoAciuh (L Mpefih il Secton).
Mutdtiohs G TSC oA ABCE freputidh adiicrédse én S6K fkirdse adtivityn lln 2@nk

signal fromthe Ctermnal . marker is 50% of the )
emb@%ﬁr&nwf 3 BTN Gk kivRspACHEY 1@&8§ays§ dprapingtagphosph-SOK specific
I . . | . _ _
s RS RS o e PR A Bheph O M), T vention
is oy liatited bod paticaldr mgthod fed detextanpB 6K kinasesamiwity. Any suitable method
enbodj.nment s wo_antj bodies are utilized. One anti body
may@ea@é;@ﬂg@luﬁlge@o%q pownyig|tsliescri pti on of anti body
generation) to recognize the Cterm nus of TSCl or
TSC2 and a second anti body is designed to recogni ze
IIIt he Antibedivs nus of TSCL or TSC2. 10 Proteins that are

ant 0B g VRO BE B P berBD  AuEY HoBhEits (e.g, FAB

fraginemt). tlﬁ?kéf@rrédﬁﬁ%mﬁﬁéﬁ‘t\é&hé\b%sé{ﬁ ek enflof Efo@r[dgs ReorobBnal
ratios of Ctermnal to N-term nal antibody binding.

antioidids od frapmenls thpt specifécadly bind toyn isedaied pelgpeptido wamprsed of at

the art. (e..q., ..radi.gi nmunoassay, [ SA (en - Li.pke
teapt Fysstind Aiiresi oy e TR AR losodhtnal (R A, 50276,
mTORLENArAAE). OBk btiksisa)d @€ in thefdidgbsit PdetnPidrédnimethods
reactions, inmmunodiffusion assays, in situ
degcriehbas®ays (e.g., using colloidal gold, enzyne or
radi pj I I :
pr echb ARIRERE obB afnroleBl o HEHR b iy e3Py B b monoctonal,
poelonalg gt tebombinheas Sakserid) Bumaglked, ettatantbods aaimg as it can
etc.), conplenent fixation assays, i munof I,uorg’écence

recaggia%f e ppisitei MtHRFiSS 497 be BIGUSSTRYHSEIERO BN BT € PEesent
invi%glﬁ%g ?setgf: égﬁ%{?‘:&g% I{eiin%.rig a%@f%'gg?ﬁtanti o s Sfration

cting a on t primary
praetd. body. | n anot her enbodi ment, the primary anti body
is % tected., detectin [ econdar

b bi ngl ng of a .
ant (BB 5SEH IPERGER CORETBIES 3R Vi o) mprOriBBal Tecpbipant, and
pob}gfottlg%tiﬁg%’lgg bl”ﬁ&%nerft@ﬁel%%tﬁ gﬂﬂ?ﬁlﬁta@@ 1hBRGY nia§ veaR&] Bbenerate

ny met are known in e art for detecting _
thebintithodigs ised iR Sheamethods andawswppsitings aff the piasentintdnéios,apgading but

~ th t | ti. | nbodi t
noBlimib D e Atselo P eifn por Brlie Suneshotthe forodions!
an@b8 RN BokR @fsuémf&%@%ﬁwﬁh laRGHAHIE cdrhies& dRSAN ik R@didiftered to an

U S’ Patents 5, 885, 530, 4,981, 785, 6,159, 750, and

anBn4 $8¢.69 mangaelh uader whindiionssthifeneantt theypredypaioatod @ntodies. For
enﬂgnfcﬁlrget & gﬁtib'o'?iy%?o%ction capability, complete or incomplete Freund's adjuvant
may be administered. Normally, 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., a mouse) is selected, and 2 days to 5 days after the
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enbodi nents, the analysis and presentation of results
is also autonated. For exanple, in 30 sone

wepdvediazent s, software that generates a prognoRCEHURHSEHR5283
on the result of the inmunoassay is utilized In

ther emhodi nts, the i S.
fingl TR g Bieeh g Tk Tota e St b vk rofliciig cells
coltAh&d thetditt &€ Fcatvath Ihyemﬁfa%m%éep%%e ﬁP@d%Q@Ai/ rﬁ&ﬂo%?c% al antibody
PCT/ US2003/ 025283 B. "I ndirect tection I n other

produess diybmdnmea. Mgasarénags of ﬂlevgtﬁlowtlmnaswaae@@éwed out, for

[ Lr S condu
exanﬁ)q bS( z;c¥1 l%%xlgﬁél?cﬂg &)erl%?sag ﬁ{asclnl;rr])g&ej ]r.’]l?l‘%] aﬁgr déé'@o ns e%]nd then
me&éﬁ@hgmu&ﬂﬁ offthedatielif bgént 551lﬁ1d<ﬂoﬁﬁ§ﬁltﬁﬁ)ﬁyV Thy ccﬂﬁﬁ@mn can be
Experi mental Section). ations in TSCl or

carpigd; oytracperdpgitn kpews élqthpdsaﬁqr R¥amanle tb%methoslﬁesqrweé §présochler and
E{E@ﬁ) &‘h%&l{ﬁl‘tﬁ6 485 I];[WS? Elﬁe?elhﬁm gg{@rﬁ'e@ﬁ f@l%}l&e It |t & dﬁm?ggromoter

assaye usi S ec a

forkkgniple, ﬁol?e“thiylaneagigicdl I@EEGXDESGIﬂ&ﬂ\hﬁiS (HGUD iprefeta®lyOPBG is used.
The_present .invention ,is not limte Ar?part i cul ar

ot BSUIpIES aeryEleTRge SRR RS L.det ¥ SP;%/O 1 ang} thghike The
pro Mbﬂ%f IEYmRr OF %ﬁtgﬁ)ﬂg PL | facs g %lpié%ﬁ %@llép RAWehe Rimf ? of

10 T'1T. Anti e prese I nventi on provi
mybhmiaateﬁsitcabﬁ usedds mfemblﬁahoubd)dytofabmgr%)nl sPE@ (grefer:ibll\ﬁPEG

104 BERE0BR) s peslRE A Ein SRarmTRE pbine L0 Bro Apal sk <Cell

fustdhdan HR %&Meu %a{ émcﬁhﬂy b% ?hcﬁﬂatir%oi ﬁb&&e%%meo%ng Q@about 20°C to

conprlsed of | eas five m no aci d resi dues of
abauit d0%E, cpw‘mblyoabgut WEEdo abowi 3T°C dorpbouT BRInuLT BCP) mBEKes.

T .and Akt). Th i bodi
o agRECS elinds e Sedbh i R ALy e pdiping the antibody
(e.1S5RMt arfProfith bpﬁl@)br@gﬁ' 1ﬂ§ént1@ I r@kimple, WhGeRs@pshbtant of the
I nventi on may be ang%m)noc ona pol ycl onal, or

hyhritoniags addad to @.sglid pbase fegi mlcmg}@m) it w 1ch@(nt:1bc)dy is adsorbed directly

o AR SRR 8Py RGP e Bl o wod

in qMIERSIBH, dnfiviBsiseGndmolioBuliiitiRdy aeed b RBroteth A labeled with a
convent i onal anti body or antiserum preparation

fadtﬂaéﬁ‘é%%}lbs'fﬁﬁ‘ée Praasaayme ipasided trdetent t@mom@al #eibede agiinst the
pro?aﬁ] BELR t{l%goq@lg#ﬂ%éq aﬂftem?t?gfb? supell ha?fg %%@%Hg&hg ) a%ded toa

ragmen Any "su
solgﬁﬂasatoewhlﬁﬁ ah beti-iminubeglbesinagibodyort Pretoik AHe d&so@lﬁlﬁi and then the
CQH?%%ItIOﬂS of .the present invention, |nclud|ng hut
profin 1

ledvath 3 & lqaﬁ%‘éeesuéﬁ@E‘Fedéfe?ﬂ eRayas if.added Oed@é??bﬂ@ monoclonal
antf%rdﬁgﬁ &fﬂ?é g}él%ﬁélﬁ){)mﬁl %Ao%ﬁ?g]a s@Anti body, protein, as

sul t & carrier or diluent
S Sellntimrsdf&hemohmlamal antibody can be carried out according to any known

method or its modification. Normally, a medium for animal cells to which HAT
(hypoxanthine, aminopterin, thymidine) are added is employed. Any selection and growth
medium can be employed as long as the hybridoma can grow. For example, RPMI 1640
medium containing 1% to 20%, preferably 10% to 20% fetal bovine serum, GIT medium
containing 1% to 10% fetal bovine serum, a serum free medium for cultivation of a
hybridoma (SFM-101, Nissui Seiyaku) and the like can be used. Normally, the cultivation
is carried out at 20°C to 40°C, preferably 37°C for about 5 days to 3 weeks, preferably 1
week to 2 weeks under about 5% CO gas. The antibody titer of the supernatant of a
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animal (e.g., a manmal) under conditions that permt
the production of antibodies. For enhancing the
wandoitloorty2 producti on capability, conplete or iPCDIRI003/€25283
Freund's adjuvant 30 may be adm ni stered. Normally,
r
hy&vgggﬁ c?ﬁtﬁf‘e (‘ta{&t%g l%geq]s%(e)(ﬁ %u?c??(ﬁn %Fg aﬁn%% laﬁsctrﬁ))eg above with

resputt teths aﬁﬂllbdd@hitﬁ df dlic atBieproteislicthe ﬁﬁﬁidmdﬁ i ncl ude but
are not |imted to pri mtes, rabbits, dogs, guin
pi gSepaation, and pusificatioaey 2 raenacionabangiborty fe.gr agoimst ﬁgolypeptlde of

e
the FRAGH iAo B b PR BLARER N e e pph Y e of
comemﬂm&éﬂ)olydos&ilaﬁnbcﬁﬂes saohl a@segpanasion an&pdlaﬁcsatlaﬁ o iminhaoglobulins,
29 2 4/ 0142% / U82003/ 0252?
foriex e satingout; dleoholie prgeinifat 1PReripRF ??%%P‘i’lgt S5y
I r e

clogtl h@fgsdsf RApRioR SHE SRR Pt ST (R T
ultracentigfugatadn, gelt filkratign, op  epeettsr puryfinaiido netholyesucie matytan antibody

t.h i body tjt r in antiserum an be rrled t.,
is lipctEy ian 295V AdsirBint gl B i FiisEh GRS et rphage, PRotkin A or
Prcﬁ&ﬁ@érﬂ%ﬁsé&@faﬁh@ﬁfeﬂﬁﬁdﬁ‘@% @d%&h%l% sveag then 5

nmeasuring the activity of the |abeling agent bound to
t helnsothértamabodinmends, dee¢ presens inyanidemcdngemplated reodmbimant antibodies or

fraiSh P ) TR aEHT D Caitg P e SrEF e b e dpgocics nchude,

butl a2 QA& Limi&T 18] RurhHELIIRAH FhBRerRYankiBb&ies nmihodé\?or%eﬁété’dn‘ig‘
pronot er, for exanpl e, pol yet hyl ene gl ycol

rece;];@ha@nt atibadics qulowFﬂ@tI@r%tﬂSye PEGU.S. Ratends 6@& 0 aad 6,277,969
an(f' Mgg %&&@éﬁlﬁfs&ﬁ I"gf OZS)gar tﬁ#@ﬁ%c};e %E g ﬁé‘{egs’ Iéllmlte tﬁgg d%pnnger-

VeaipNeweY ork elnk.$ Nes Y @RNedefloff shhichig hblh:ﬁl iﬁUdSﬂpSfattef by reference).
myel oma cells to be used is preferably abaout lto

aboB@lYQ]@n?J anfipeslieginay be aispgrepbpany @ewlwgeﬂwdomynngﬁcatmns of
el A SSHBIACSR  B SORHoB Fsppicron

iminynogea {haintizgn agaihst the pro&ﬁn)bmtlra cafidrpratindbpiehar2Q Ghd fn animal
.about 4QC, referabl%%glbout 30C to about 37C for abo

is HnHTized Yt the qempleh aecosding k the spgn SamBen s daat deseribed §ggespect
r i

to the 'élaoc\%r Iggrg%cnm;taf %ﬁlbgflg %ﬂ%? ?Rt ﬁeﬁ%rglgéélg%?{al i v%{]httelag dy against

is rF@Ivemdeﬁmil ¢he iwhngumezes] mupelrandtt]aﬂfmntxbbdy isseparplediadd panﬁez:l.

At et efo TR aa bt jod U BBIR RPN PR v for
im@ahizhi®n G’frbfﬂ 48R, MY ARbdr- ﬁré@hﬁ%@laﬁp ‘rﬁlkﬂlg%)%ﬂo@ﬁ’&y ofthf carrier and
nmouse cells are used incel f usi on, antl -nouse
a haptew na;gbamnﬂblpy\edeastlomg)@wan mtlbsésdagamst redtapien, Wwhichliedresslinked on
ith 0
et Fad Pt BRI PR ot C PO ety Jo&ing serum

albbh@i) botide chelogiobilth, RBAGRe limbéteHoR@cOhnin, . Werb'éh RE t
of the hybbi 3%1FTB.IS add eeutﬁga ? N phase to WhlﬁllchOan

hapien s Weighhiate gF st O pasttoisbeyt 2&rpan|smr@ferﬁb)y, jagout 1 part to about

he protein |abeled with a
Sp%q érki Ive lsl%E%{Eance or an enzyne is added to detect

t hehﬂmam“dm m&housa:ﬂhdéh@ﬁhg age@th 0&d bd ted F510doRplin6Likhpteh and a
the solid phase. 25 Sel ection of the nonoclonal

cargig | s gyemnls. gutagaldshyde cathodnpvids: malimids askyatre 63{pr, activated

ester reagents containing thiol group or dithiopyridyl group, and the like find use with the

present invention. The condensation product as such or together with a suitable carrier or

diluent is administered to a site of an animal that permits the antibody production. For
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method or its nodification. Normally, a mediumfor
animal cells to which HAT (hypoxanthi ne, am nopterin,

wo bopiodi2ee) are added i s enpl oyed. Any sel ect i PCT/E82903/025283
growt h nedium can be enployed as |ong as the

R R S BHA0R L P SR
maydbeiadmisietered) Netrhaliy dhepooBin tsudihanisiengl difde eoery Q% dekt td 6 weeks,

. bovine serum a ser free mediumfor cultivation of a
111%!(%88 tpsefa JRept wl}lglﬁri Sei yaku) and the like can

be ygg gola/mﬁmainltiﬁodﬁg@e&%fep\fﬁﬁﬁ od) RctA ki Gk P ofhn animal
20C to 40C, preferably 37C tfor about” 5 days to 3
immeeked bp thef doubingthbd. Wike kntiody tikerdk sheindiseruabcamtbeGhsasured

Q0 s, The antibody, titer..of the supernatant of a 30
acqR g G 1993 DHBe S 0575089 820 o) 0TS P Sppegaitantof the
hyS@fbnREcu RS W Paratieh ahd! hindfida®ioh BE 1RHNEHEB RBbeBrried out according
descri bed above with respect to the ant’ibody titer of

to thesama s¢papationaing purifictionanethedelimmSmelotadin @s thab described with
dr.i.fi,cation of noc¢l onal antibody (e.g., against a

fesg%‘ité%g‘&"i%a‘_ée @Pnoﬁ?]réa 6?@3303% i nvention) can be carried

out Tae pestelhged BerbinQ:s SR TEnrARIbE isafot 1iRe&E t6€ hnypparticular type of
. conventional polyclonal antibodies such as separation
imeyygoga iHor exampla, apolypantide of dis preseat invegngion & iacluding a gene

I NGOk hal | recl pi tati .sQoel ectrjc

b3 10t el iRE ol o) Bl B e8P es BB REDBGE Eyrper
frag@snts pf tHerprvdeinmbpbe escdh Frgeicits(iBagbe oA by any methods

. ultracentrifugation, gel filtration, or a specific .
inchyding, ibubRotdimitad i SYPIRAERSR Fragment of fhegrne padymatic processing of the
I | ' adsor bent such as an

prégﬁh g‘%ﬁﬁ |1\r§1%‘|{tﬁ%ﬂ;8ﬁ?g{egﬁ<§ée, Protein A or 10 Protein

G and di ssociating the binding to obtain the anti body.

I n qQt her, enbodi nents, the present invention
IVeond¥M8ISSrediR& conbi nant anti bodi es or fragments '

t NereQfmd BmbSEmRAAL Bl PResOit ihNGiiBh GRRAMes Lo

Reconbi nant anti boﬁ@e? isncllude,1 Eut laersﬂ%%&i;e?rﬁgtag%ays (e.g,to
screen fdrdnepsitlzat dnlabid theliimase iactivdtyt af15edi) e The betsbatdsvedntion provides

eneratjng . regonpi nant. anti bodi es are. kn [
ol SR LT, g oBf BB bod o n G sl paBls 57§ Shatp spseen any
nuABer sRRGake IRt besdhesiasH.  Zol a, BICS Scientific
Publ i shers Limted 2000. Springer- Verlay New York,
Inc., New York; each of which is herein incorporated
by refecence). Polyclonal antibodies may be prepared
A‘.by §%V§%ﬁﬁﬁﬁ%ﬁgrﬂwg¥or nodi fications of these methods
I ncludidRg RBdening ghedytdiRdpRSent RBhHEA! hiEleSny I@mber of candidate
exanpl e, a conplex of an inmunogen (an antigen

compays usefibinghe treatmenefdl C.c By somerenghadinaetiis,icandidaip gprmgounds

.ani 0 4SS i ¥ | e L C .
e R
extr&Ifide froint sthptabyer, apnSatpioalycey Hyighsxdypipiise Meabdofor the

A material containing the anti body against__is
Preparaion Pééﬁ%ﬁ#nt%%dﬁsaﬁ{ﬁﬁ‘i 1p oghgahehédh IgﬁdP%thEO%ﬁs%&c% and

) oar g ; _
2958 AR RL TR B ot A0l i Hfonet
didcphdenivatitdsaf rgfangoinemidmadthodsnfyr thairipirgrargtiontaes disclogbdany).S. Pat.

m_ xi ropartion of e carrier__an
No. 43%12,%89, heFchgn&ncorporateé Ey reference. U.g. gat. No. 4,650,803 (herein

incorporated by reference) discloses water soluble prodrugs of rapamycin, 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
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25 a hapten can be enpl oyed as I ong as an anti body

agai nst the hapten, which is crosslinked on the
w@arosioer2and used for inmmunization, is producepCT/US2003/025283

efficiently. For exanple, bovine serum al bumn,

e R )P P e B B R DR TRl Y S oo
(heRRPHcoPotat R r&&eﬂﬁ?aﬁcﬁ&smohﬁata@ eaERI0ZRApAmyBROULS, Pat. No.

part to about™ 5 parts per art of the hapten. 30 In
5 1h8:ld7’t’ (berein ingpinouated byitidersnasy d@gl@msgm@dfn efﬁ@rs @f eapamyein. U.S. Pat.

NogP A0 Rl AT ] i FaF R} Fppame. s

PateNb 3,1 I’ZiQ(B Qh@iéﬁd inc ﬁfted Ba@eRtcey &@&lasdalsﬁﬁfoﬂdﬁdzsidnd sulfamates of
group or_ dithiopy group, and the like find use

[
cap TR TS Pk Dounil 0441 A G thoprbre e e FelerEnesn disebathot
wth a suitable carrier or
mﬂ%%'uen?nﬁksg?glhﬁg%ered to a site of an ani mal that
per Thé drughercaiming ltm:d)odp to thd:qiresant infFaitiod hra\MidtAD0NKdd b 4B 22nycin.
PCT/ US2003/ 0_25283 enh nC| l]e ant i body pr oduct i on
}

Any gpaben efcpndideimspmpau i R T e
corH@ch?ﬁlgaa@gﬂl he bekR%m 1%} ldﬂé dlﬁﬁe g&%@ slafe screened.

tered once every In total,
Prepbatidbn 2nd scmmutgbfabmbunaigﬁheﬂ chmmcamtbeaqmlly wleﬂ fkabwn to those of skill

nti body is recover bl .ood, ites and. t. )
in ¢ g §B¥ b eambinntpgpl C nﬁl‘rﬁmhﬁaﬁléﬁl%i}‘%’?’&&“ S8 T da pepide
11beB€s éngDGU St PhENG! 501 027 ANHHSLLUN. BRF:. PRtTRES 917 a9|7 493 (1991)
acco to the sane manner as that descri bed abov

and/a{ought@s pfed t Natire B24:84188 (Ht1angach bf whish 1$1b¢rp1ndo¢mporated by

Bt R TR A b il MG R be usa.
Su@{‘éileﬁﬁithéé ekild8outatd Al lifitel wg&hd%t(pbmmaﬁaim WO

described with “~respect to the above nonocl onal

91/4873% chdlys.ln moofph@tq;ﬂm isfarengsl @nmeé pﬁptabs (PeT iPrhlientiga VO

oo Pl el R ot Y TR sion o

WO@Q[GODQI HePeih Hﬁbﬂﬁ)tﬁe&gfﬁét‘eﬁ@@ ﬂ@n@ocﬂa&bﬁi@& {(ds. Pat. No.

%uence partly altere can be used as the i munpogen
52884 i ficdierein fiircanrssied b refeigacels Gy epomera yueas ydantoins,

e ATEI S R RILABY: Do R ol 49 ﬂeﬁ%‘ggzﬁgg?-@w
(1990 %, \oaett bEwhich ¢Elsseindncipdrined bﬂz 5efbfeﬁtfﬁj vinylopeus podypeptides

synthesis, and the |ike. 1V creening In nme
(Haihapheht sSAmerd lsie S0t LR i%?@)pbeéwa@%fmfafgg by reference),

Dt 8lal
woBSESEILARGETAISL Skl AP aRIAE il 1. Amcs
Chiemy Sod. i1d4:9p1 DR tiR 61 920); hetein innorpbtatal yecefprencie)y analbgous organic

| tur din vivo (e.qg.. in aninal el s, of
syihesed b Em e pb s Br s tenat ol b v Lhg: 5. 11622861 (1994);
he&ﬁmﬁe&?eﬁdtedfb R e b8 SAMRARAS CRB &; &F it Q@pum (1993);

e present |nvent|on utilize any nunber o

heranidcapomted by reference), and/or peptidyl phosphonates (Campbell et al., J. Org.
Chem. 59:658 (1994); herein incorporated by reference), nucleic acid libraries (see,
Ausubel, Berger and Sambrook, all supra), peptide nucleic acid libraries (see, e.g., U.S. Pat.
No. 5,539,083; herein incorporated by reference), antibody libraries (see, e.g., Vaughn et
al., Nature Biotechnology, 14(3):309-314 (1996) and PCT/US96/10287; each of which is

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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25 compounds useful in the treatnent of TSC. In sone
enbodi nents, candi date conpounds are rapanycin or

w0 apalyeen derivatives. Rapanycin is an anti f uPQEIUS2003/025283
antibiotic which is extractable froma streptonycete,

refétoske / g{aflleo%a?n?yﬁq%%cﬁ%q{b?ac‘r?eg Eée%i C&p Vgﬁg&ﬂizéeﬁégi ggP&m C&EN,

prep i on°0 Inar
Jan@hry,18Up&ze 336(tl993\)§)$0p13:n9139 1992PataNd. 5 36939& THi9zolekmmenfind

which is herein incorporated ref e._In
EnciATATIORES. HonGAEO. 3OS0 RISy ) Sy DO 525,735 and

5 539@?%6 h@l Mﬁs fU')S 154?%5 (%Dﬁﬁiaé%dﬁrzgpmes U.S. Pat. No.

’Scl’ose 85, "herei n
5,288,6 b4, ppadd a]ucehkd; yaafscﬁfemluch:fs hetdulSchqioratM)by ef@8ace803

g 2|e tg ol gﬁtgﬁleqrgﬂéﬁg g&ﬁ%&iﬂf )ared%pzﬁglﬁg/%qsdﬁessabﬁe parallel solid

phAi8 6k ¥<ﬁﬁﬂ1&?§ha¢s@ bk Gyhinetid BhrhAWhBillodsRaadak Meconvolution; the
prodrugs: gl ycinate pfodrugs, propi onate prodrugs and

one-FweaQDW&mmphund‘ 1Burery magthody aod syrjeeticlibsary megthodyaising afﬁmty

PRl LU AN SRBEN [T 400 BEP S KR B Ts e

pref@RAME LSS with Septiddlibrdds, WhildBle 88dr fduf @proBehes are applicable to
i ncor por at ed y reference) discloses fluorinated

pepgileenen-péptida pisyweior smad melgeule Nprariesofjanmrnds Jeane(1797)

A EERRDBN 56 L1p8 PRGN R BRERRRAD st ere o

i n c @k@@p@% @ﬁniéﬂmﬂ@f&ﬁﬁ@@@;}he@is&if hﬁﬂ&ﬁﬂa rlilbm&s e Be fifund in the art,
rapanmycin. U S. 5 Pat.

for| Hewp rlaPeWI%yt ¢lePspte ﬁ\@él) Aaitds <§I°b Qg% As é?pf@ﬁ%t[ Q34440 et al., Proc.
£ 4
NGEALRTSLER 8o FRPRINEAS, BenER 051 Bk B s oo
Che e &pasdm?e nﬁITHBGS[l@mI . dhaveyi et al, Aigewd thrln:smteEdHEngl 33.2059
met hods of the present jnvention_ar t lim to
[1994&;%@1,1 Gt ol A RBen. 5. B Faek a0 206 b losh dea RapbR et . 1.
M ChEE 71035 (1208 SR RON S helCn SRSIREALEL) Yeforence
ar e Isbraﬁemcﬁohomplauadmnay bopresamtedsiorselation ge. gt Houghten, Biotechniques
TS O oSS e P e e 35 52.4
[1 @gﬁ'\:ﬁl@k (FddBE, TBR IRF5YIB6 [Pod3]a8Rh BPtvhkdhflb hedid corporated by

libraries (see, e.g., US
refSredde), Hacberiakurskares (WS, PatentPép t5, 223r4=ﬁ9, hﬂélen m@t?rpm&wdzlyseference)

e T A

by%ﬂé%cé)hﬁ"@n%ﬁg@@cﬁ@ lan@ SAEIMAS EiveteCIIoB86 8 90d i 9@0’_|§thn Science
brari'es can al so be used. Such chem stries inc

24l1404a1|0é [hR0]1 Crvirteeet of. oProseE%tblf?s@d( P8 POBI 86382 Bﬁ9%FehCl J.

Ml Bistere i a26F Pl PR BB R B o).

i ncorporated by reference), random bio-oligoners (PCT
Publ i cati on No. WD 92/0009 1; herein |ncorporated by

B.r ef digifee PrugSaresaingzepi nes (U.S. Pat. .20
5,2
20,504, TS S AEETSBl dgrpin

In doe pinbdésnentdo esn efrradimg séeatng mays a@&e aell ci8uire add®fs. In one

90: 6909- 6913 199 129 gch of \/\@]Pg herei n ¢ TSC1
enpbod BRESr e é%fabg,s 7 bRt asay In WorBasat T Fypeses aawan or
TSC2 is contacted with a test compound, and the ability of the test compound to the

modulate S6K activity is determined. Determining the ability of the test compound to
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(Hagi hara et al., J. Amer. Chem Soc. 114:6568 (1992);
herein incorporated by reference), nonpeptidal
w@eptiodeei i netics wt h (3-D- gl ucose scaf f ol di nRCT/US2003/025283
(Hi rschmann et al. . Amer. 25 Chem Soc.
7 .
mo“l? 2 g)%%i‘tiné%ﬁgé%gn%ﬁé%ﬁﬁgiﬁ%keﬁéﬂiﬂlg Srlay
limitedrao thode Hlsblbefrd tesseif (Tigancedl] foalexamgle, dhmere. of GeammalBmaorigin.

116; 2661 (19 heregin incorporated.by. reference

ol i e ggerxtweﬁtfr%assay P@H@ég%}f’ﬂg‘@a&g gb%if OR
PO Ly e Tocih AT BB et B ML el and he
ability @9 e tebteoripound toaliso netiveiy of th&dlékmas@gctwnu of siTOR activity is

ries (see. 30 Aus nbr ook .
evafi S (gl it FE e erer BE Adr oy BRSPS PEBRET gogy protein
and¥hStesPempould un@erR3BdRiB3s altlof b Hinld Wu@fidlentad @low Yhe two

reference), antibody libraries (see, e.g., Vaughn et
congonentsigo mt@racsu avﬂéom% thus g”grmlmgeg))ﬂletm tBataan be %ylo‘e@d@ndfor
de P ({VUS%/ 10287; each of which is herein incorporated
t Cgr ef erence), carbohydrate libraries (see, e.qg.
Li apostiet fusther ensidd@nems, cell Yiﬁéf‘l\—ﬁ%} 16882 of hBREH) cald tindd.sGich as
Pat. No. 5,593,853: each of ich is herein
TSC%D@QHdF@ﬁ aigblieds ealis) aouradeyih paridaty ourpopgs gl these cell
ecul S
llné'sean,g E@abﬁ]lgaﬁgdo gﬁzaeglj ab?ﬁtg%uélghdgn? ay fa Ajigg E@IE%/ &ieg(e gSeU S, ]é%,tent

6 255,993,)herdn$ ﬁmbmtéi‘ﬁby tdf&endent Foﬂ\ﬁar@ld:} ﬁQscﬁBéSembodlments the
t hi azol i di nones. and netat hi azanones, U. S. Pat

abikitymfgel) fines featecwith casidate caypesmds tgducaugioss i g8 with the
ablgtygog)t% é@é‘ Cegg{rﬁ'gg %’ﬂatg%ﬁeﬁﬁgg%&%“dlgﬁwﬁg&“@%g 288, 514,

and the |ike; each of which is herein incorporated by
reference. In other enbodinents, |ibraries of
C. conﬁbﬁ’r‘fﬂ?rggescgiﬁ‘l‘?%l |y addr essabl e paral l el solid

pha tﬁér SW it Oits P3RS dri PéEen ﬂ%méﬂﬁﬂ&ﬁ%& ‘uﬁhi:%do Mak¥me

ods requiring deconvoluti on; one-
embmhfmentspﬁnlﬁ rEztkeﬂ iah welrigh seetel @6l pn amichad yrodhlefor IS sruiliged (available

ol o EAPOCRILE e SR STRN RS0 Y o5 S5 G
modfl I E(8Re.J.! thmwmd by atzepiﬁmﬁmoll geharioes Mml A 851 s34,

ot her four appr oaches are Iop icable to

pept i
hemimrinpaspoiathd byl refpoense) isutibzed. | Amplabmafiels Iareo'c}fgmmétﬁr@f candidate

co ST A b L SRE S P s B € gt

Prdf@fed dnfonnidaeitsose thatBddaces blaﬂlﬂlinbﬂ'e%&h@&m‘s%fm fatidéinot cause
in the art, for exanple in: et

othp@@(iversqﬁ@cts 4p the agimala, Aggn@g@yleﬂsl(gggq as th_:pqg dgﬁcrgqed herein) are

télrl%retjadﬁ[ﬂ %@m@%qgﬁetﬁﬁgg Bﬁé tﬁr}s@%é@%}% %? %galg'lﬁmsn&:ﬂf action, of
treﬁtneﬁ’c with SeiteRtepert Iiteandre H835k!] ag@afsrlééﬂtlf&ﬂ bylthe above-described
Angew. Chem Int. Ed. En . 33.205%9 94] Carel | et
SCIENING AGHE¥GaN DR ehE- PiRd OE@eatIEﬁlgﬁ as describefh harsigg4] . and
Gllop et al., J. Med. Chem 37:1233 [1994]; each of
which is herein i ncor porated by reference. Li brari es

V.of dmmpqﬁads may be presented in solution (e.g.
Hought en echni ues O 13:412-4
i nc wp%\?r@{a %wem@f ugH PB%’A%%% aﬁ#é f&aﬁt? {dhtment of

TS854n 1B 4mbodiments, the present 1nvent10n provides therapies for the treatment of

}uding, but not

cancer.
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[1991]), chips (Fodor, Nature 364:555-556 [1993]; each
of which is herein incorporated by reference),
whawuer4222 or spores (U. S. Patent No. 5,223, 409PCTEs®031025283
i ncor porated by reference), plasmds (Cull et al.,
,g gB}f( Acad Sci. USA 89:18651869 [1992]; herein
|nc ?S apes by reference) or on phage (Scott and

SM frhsomeniveneds) t ﬁ%e&&@ ivERS& protiiek hithiods enteatidg TSC. In
249: 404- 4068L1990] rla et al., Proc.. Natl

songe¢mba@iimeny.ghe gBthofls gomprisqradmigistering inhybitors pf Sﬁlé or 2 iToR (e.g.
22 2 O d

e T

emEcb‘diﬁh@hiﬂBtné SreatirtRt QUresEsRt tHerndetihisoatiqur afiraph@sycimontapamycin

dr Screeni ng assays 30 In s enbaqdi tg, t [
denmaﬁ%%ﬁ qugerglaqgr@&mlﬁ éoraggm l%ﬁn&l%giwm% ?he{%r?rgge 3%%05@54 éﬂqg
scr%ﬁlllr%rﬁgthgﬁe%t? qult E[g hner bRB AR, iR 'I%‘(@fﬂe& 8‘?@%@&@&%@ iegi@

t expresses a nutant
thetapidsde e dend thhrapy)t dmstlh durfiey Bnhbodlrrd:ntshﬁleatmathIys ofmprise
test conmpound_ to the dul ate S6K activity is
ant&’@@ﬁﬂ?ﬁr%degmzﬁﬁlﬁ’g%‘ﬁﬁ%?ﬂy&y of the test
conpound to 34 WD 2004/014222 PCT/ US2003/ 025283

nodul ate S6K activity can be acconplished using any
sui Ilabl eDmngfIMraplescl udi ng but not I|imted to, those

dIS | osed her |n The r _exappl. be
G e R TR
de&ﬁﬁé’é’ drug s@[e@fﬁhg %ﬁtﬁd&s whi \@flized §§1(S@ theFdSdticd) r Ob@bounds are
biologically active portion thereof is contacted with

prefertldly tforovasod: ﬁsjpfwnma@dw@%i canippiunds (62 12 descaibed bJpyyd uRasages
alter act|V|t h 6K. k| r
are i, 15 i edpehOS a1 2EhE Wil Rl I ant ams
kn®W R8N hoe 18 foreatits QIétdﬁnXﬁeMIo%agHs dndeadhdnigrRt tigepeutic compounds of
protein and the test conpound under conditions and
thefpyeseat mvemticguf fi cient to allow the two conponents to

interact and bind, thus form ng a conplex that can be
renoved and/ or det ected. 10 In still further

embedi me@eneti€ Ghkrdpiees (e. g , rodent or human cell
lines such as TSC2-/- cell Jines (e.

LexF2 [ls
ar e The peesedt IVeHoR a%ﬂf@a%aée%ﬁwm 45V St reaniplion bl use n
mc%d}]l[b?ﬁl i ex?Yé%%féﬁto?Q‘SEq ran%th@ laka{rﬂ%ﬁaom BRI G HoHARN®s, the

Pat'en , 235,873, herein
geﬁemahﬁaplai eshfuyserthd mdmmo}m)atlom?of wildt dypelversions g diHE1 or TSC2 to a

nmbodi t th abjlit f 1t ted W
SO DA By S B i deid st e Sellp e & SRR Ructed
usitn%%n% gg.lB dé id b0 ACsQlﬁElSIQ Iméﬂ%d is bh® &t HRfodhéR ARSI Aeid

te conpounds. C. In vivo Drug Screening In
condthiet intnthe ditrendisthati the desired drvery oseure e nexpressiondd therwild type

il In.sone enbodi nents, the Ecker rat, which
Ti&s’r éése(gjs %‘?)am mal nodel for TSC, is ut|Iized

(avahiréRicBon 8Pmbleeles Barbying EéhetiChEsAndtRMGRIo el istichieved by any
Phi | adel phia, PA). In other enbodi nents, a mpuse nodel

of yhridigan¢tBeds 1ec]gd1ng}®utgpkbn@tﬁd tpdirggted 1ry.mﬁ1pw@|f ngkeddPNA
cons%ructsygom%ar%m(es? wglg artlcles 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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herein incorporated by reference) is utilized. Aninal
nodel s are adm ni stered candi date conpounds and the

we@tdogoi42ef t he candi date conmpounds on synpt onsPOf/UT8Q3/025283
is observed. Preferred conpounds are those that

ol S TR R v
gehis trehsfasintdwsarietiestyolid eainbigie anmad i defsund o hutnah k@léditumor

to determ ne the ef ficacy tOXICIty, si.de effects, ar
XRREIER s FB R esdsticimnt myge. Bl ennfiadanqiral yedtors andethods for

gl HaGERE Qe cﬁﬁ&? ﬁhﬁhda%ﬁ‘é Wio 66’/1?%3e§ athgi W0 00199675 and US.

above- descr i b scree assays can
PdtoApplr Nas. m§90356 0&3,673, kﬁeﬁOll;‘%ﬁeﬁ,ﬁ94 382,\3. 99@1@8{;\@9@&10@,

5 RERSRGTEr f 12 RESSENL L VER LPE LM S, s i

in€STRO@ A S ferdndE P ESAALLy Nvention provi des ther api es
for the treat nent of cancer 35 WD 2004/ 014222

PCT/ U82008 G2 %mlmster‘escb Fitgeci i @ yatiety 96weys. For example in some

di nts, the pres i nyentio r.ovi t hods
er R FATG O e prer S E0h Bt Al R e GRg TR & t3fue
asmed Wﬁh@ﬁﬁbﬁ'u%in@ﬂtﬂ’é@t ihjeetion. tmr&h&fen%l{nﬁém@E@Bmlstrauon is via
onpounds identified in the drug scr eenin

(h S or icmmon oG SPe £, PSP eABTIHGH her e incorporaed

atment _conpri ses the adm ni stration of rapanycin
3P§§§

FRPEilts SRHEYat Fyeraplan dosnisvelsiol ﬂé@@cﬁralcve@mmama@rably 108
tified bov scri bed dr screenin
tod@?ﬁg'ag%)regaﬁtlilél{sqnngdeg?%&e P& %?3? melnt s, t hggTSC t her epiges

conprise genetic therapies (e.g., gene therapy). In
still further enbodi nents, the treatnents conprise

3.ant | AnthodyhEherapigse. g. , humani zed anti body therapy)

ol RGP PERRNNT du PoShl PR PRt AP RO eTibyEihibiing SEK or

m@%ﬁélxb;ﬁltﬁbﬂﬁtlﬁﬁdp%%n IPREFeEd AhSARE Grdthbdd tﬁ@tqeé‘l&e-gﬁgptoms of
t herapeutics. Conpounds are preferably fornul ated

Th e erabeinbititing Semimaliesfipetions, of §6KdersaTOBd Prﬁéq:rmﬁ)anubodles

T e

(elgnamsnostinkl, polyclodall oF sukiatie) mdﬁbé ufiling ifl gsa@espediddnethods
adm ni ster therapeutic conpounds of the present

digchossfiihptsin. I preferied prbadigiealsi s aptibordies q@p@ &arpancer therapy are
hdrﬁ‘a\ﬁ?{é'd'a Pb&cﬁ&% VR3S R: Wi g& ngtoafnn@&%/ 950 %e'llcknown in tl}e art (See

mani.pul at1 on use 1n Re expression
e.g SilfovanidsciipGans :EmlrUSmeshte 6,180 3S70hf,5&$tb$3jl6mﬂ2lt3)7 drfdes,565,332;

oS DL DB AR oS comprl Se Lo A ot ootk Shibody

based therapeutics are formulated as pharmaceutical compositions as described below.

B. Cancer Therapies

The present invention is not limited to the treatment of TSC. As described above, it
is further contemplated that rapamycin and rapamycin derivatives (e.g., those described
above) find use in the treatment of a variety of cancers. Rapamycin and derivatives can be
screened for their ability to reduce tumor growth using any suitable screening method (e.g.,
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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subject. Delivery of nucleic acid construct to cells
invitro or in vivo may be conducted wusing any

wa@iogabi2e2 met hod. A suitable nmethod is one thaPCT/US2003/025283
i ntroduces the nucleic acid 25 construct into the cell

; e d . C I .
U 5 E5hE S R A 5P AR BS54 rapamoi
as ane kledapeatic.y As degeibed hlsovieil ¥ domtdn@ilated titut e@hpsunds that inhibit

achi eved by any of various nethods, including, but not
mTOR; adPoKosizealing dinddise A eanceigheigpeisked DNA

constructs, bonbardnent with gold particles |oaded

with said constructs, and 30 nmacronol ecul e nedi at ed
CgencPhararstwtical Clongpositiomsexanpl e, | i posones,

bi opqgl yners,. and. th i ke., Preferred . .nethods use gene
del | VRSB SspBhin PN B aio it AR T oGeBcal cARPRRAGS (it
coﬁﬁﬁisirﬂg'tﬂé fal@ﬂmfaé’euti%&l% oﬁH&@&scﬁt%dra%{ré)U g% ghé[ﬁ% w3l
viruses, and adeno-associ ated viruses. ~ Because of the
conipghiéiong6f the prasent imentionprydd atimimisteredvin aunseber ofgtysrdspending
deri.ved fro adenovj ruses .ar,e.t he prefefred gene
g Ry s S S PR aF ] o bl 25cartg BE reated.
AdBlRgaties n8 bEemReA4neldadlopRihbidie2Rd 36 ARRE8BmbEMbANes including

host cells in vivo. Adenoviral vectors have been shown
vaginapashieetie! ddivprsmilmpeaty (¢&, by whalagener insufflatien of pewders or

' . of, solid tunprs i.n.ani.nmal del s _and,int
sefosbEb bGP ar P T nl R slefl b i erma, oal
or Pafeter X Parinegalaldnasienaion iatlud@ah@sivensnd] inRlafeds, fubtutaneous,

. gene, transfer are described in PCT publications WO
nggageronsal Bt EmITYlan g5Tetion ny infuson;5or pafracrapy) ¢.g Ngtathecal or

: )33 , .0: , 6,001,557, 5,994,132, 5,994, 128,
m@‘j‘fﬁt f‘%g%’, a‘ﬁ‘%‘gé&i%gs 5, 885, 808, 5,872, 154,
5, 83Fharidfkeutical comPadtidtandefamhulafionstibetoplcal ddnialstration may

. i.ncorporate bé reference in its entirety. Vectors .
inphge ansdrineAl ppishes omgmeRp;letens; Wean&aaei%évpéfsunawpﬂe& sprays,
. I . .
i DO s o oA ek SRS BB or ofly bases,
thickeswearidxha $ike aiagtbe chevdstdry oridesirablesi ng di r ect
injection..ln other enpbodinents, adnmnistration is via
t he %B%Glt&nway{irg%ﬁ%w@ﬁ f@mr%lt%daﬂnle‘é%t@néngl}lﬁe ers or granules,
10880 Qutihis 2 BEA&H-BqleBES G418,
Sui?%gﬂistos entiret 3?) . %@nﬁ?@r yqd(fgse @g@g{%@gg Qﬁ%%h%gs\%rr al s
Thiekeeners, Saoripgegents blilpent9mulsifies;] dispersing rids ar bindkwsnay be
dad d to the perfusate. 15 3. Antibody Therapies In
M enbodi ments, the present invention provides
et hostap&XitidiRhnd it RAK féX pard WA, Htalfbc Y ilRPH¥ntricular
therapies. Preferred antibodies are those that reduce
adsyipistrafing why inTB@e sisridy aquisgus sehitions trag mai@lseicgntain hufters, diluents
functions of . S6K aor .mr . Pref.erred antibodi es .
ang e PRtV oot P T REF B s R Sefacges camier
cofoutdd 3hdftheptpharniitiputidaily ableptadld daBoety oREkdiiedts.
nmonocl onal , palyclonal, or synthetic) may be utilized
i n thermpesutipd sompositenioefdhe priest dnveatiorinsiude, jud are not limited to,

sop{;cﬁgg re'hﬁﬂsigﬁg,) ofd Hﬁcggoﬁ‘fe-éo%@diﬁﬁé .Tcﬁ'ﬁq%il;ﬁﬁ)ny.s ?Hesfe %Bmfagﬁﬁgﬁs may be
erdpy are

generated from a variety of components that include, but are not limited to, preformed

liquids, self-emulsifying solids and self-emulsifying semisolids.
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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humani zed anti bodi es. Methods for humani zi ng

anti bodies are well known in the art (See e.g., above
waelemasniqei ons and U. S. Patents 6,180, 370, 5, 58BC10892003/025283

6, 054, 297, and 5, 565, 332; each of which is herein

._.incorparated ref erence efer
i RGP 95 5HLe AT PR Bl TR sAE reiplent(s). Tn
geRRANAR R Hul #hs Et‘é[ﬁi]’ Sukdd Wﬁnﬁﬁmﬁeﬁﬁﬁhﬁﬁﬁte%%mg fto assomatlon

Cancer Therapi es e present invention is imted
the astivh ingredientsrwith lighidr@@ieraer findy dividad sobidearriers or togh, and then, if

urt her caon d that rapanycin and rapanycin
ne%eé?qr%l#l??}%h‘(eg)q&gu %t hose descri bed 30 above) find use

i N tThe cbiMasifiBml ofthe Pre¥dd: iBieHti®d maRBe Edrsnuldted Ry iy of many
and derivatives can be screened for their ability to

popsikla desaggomsgueiheh buémtdlr@tgd ta. fiablats) eam@kedmurdgsympsf soft gels,
suppo Rgges( ocgeﬁjeen}atsh fie c %ﬁgglﬁcgﬁ%f ?1? rgge’nt ElQ/rent? E\HF# cgiég

enbo 1°5 "ot PIERRCEr Tar &

for\fmﬂﬁted apautyeisions i aqidoas, nenfaqaéom vt mixdigdedinl eguwdusRuspensions
tunors or cancer cell lines 37 WO 2004/014222

maydwythesnoptimsubsanoes that agreass die Yisgosyy ohthe spaensipy incinding, for

e I :
ex%gehéyltgﬂﬁlﬁtgtguéﬁ@%th ot 11{1% el gertélﬁg atétﬁ/ok?%ges ; rﬂ{?esgspensmn may also
confapvegbiliters.s contenplated that conpounds that inhibit

nMrOR and S K SI find use as cancer
t he rl'éﬁ% gmped m"{? tb’h g‘feﬁ%ﬂf &ienpgn t @dﬁ‘ﬁ%@?@%‘f?& ceigpositions may
beRbERNEd LY &Y a@ @odfntfsr U mRAME A ﬁ ALRRE $thluElo ons such as, but

conposi tions .g., conprising t arnmaceutica
not hmmtedl trg $mdlmcmst immioahuim)ls, CTéagnsp jadiramué Uipbsoashes. While basically

sm‘g[ nplﬁ ?1'@1{11'&9? Ssqo rrglqlﬁg o0 ent ;‘Sﬂqta‘lé%glﬁcﬂf%dﬁg &caﬁﬁtency of the final

prydigt.her local or system c treat ment is desired and
upon the area to be treated. 10 Adm nistration may be

t opu&@nts(thatalnhmqqglptnkhhlﬁ aliginsickentidesaut thecaslivlamtavol magealso be

a5 5 Bt R R e B s b prep Bl AERRRGY For exemle,

cafleitie $iplds,; such eb UgbfRebyU BEPAt] N8 £3,703,148) aéafu@ﬁi&%ﬂlﬂfoerol derivatives,
i ntranasal, epidermal and transder mal or al

ang apbiseteora¢ motﬁaul@m saelps pelpiveine { WA 9Y 62)7 e etltpe@nhance the cellular
uptar]]ctero?‘%ﬁgoxiﬁ%leoh?ésr aarteri aI subcut aneous,
N

rape onear "or int rarruscul ar i nj ection or

i nf URie@dimpokitibnd 6BBE prisédt.invengon nagtadaitioaslit codkaid bther adjunct
intraventricular, admnistration. Pharmaceutical
coRpRPENs conRBEtiendy formdinahrarscytisal eesppasiions. Thus, for example, the

co@'&ﬁ%@%ﬁ% fn% I:&?almdﬂfoﬂgll H&ﬁp&tfbﬁ'@ %ﬂ%’hﬁ%lﬂt%ﬁg; 1ESve materials such

I'ons, crea
assfop Bmilttle,r anﬁprurﬁms,aaﬁmngeﬂlts QUd:adl anenﬂ[btlpmmﬂmtmnﬂammatory agents or

nGPINETL UL R TRCeu L et s, squeaus, PONCET (o
th%1 éﬁs%‘?t}%g;rﬁ'bsreﬁp n¥en ?091 m&@%:yéé ?l%m?d}da ents eservatlves

|ons or al amnlstrat on I nc
anuox@amﬂLdpe@;ﬁerss thsgkensigagsnte and sthbilizen.s Howewert srchamatenals, when

scfe. SREE Rer ik Boral S i iSfarabanerics B 1 Prmppyents of the
coﬁip%@i‘%ﬁé 6the bfé%e&ﬁn@nﬁgﬁf’ﬁhe%ﬁnﬂﬁtlons can be sterilized and, if desired,
mixed with auxiliary agents, e.g., Iubricants, preservatives, stabilizers, wetting 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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desi rabl e. Conpositions and formnul ati ons for

parenteral, intrathecal or intraventricular 25
w@evitii4e? ati on may i nclude sterile aqueous soPTI/US2IG3/025283

that may also contain buffers, diluents and ot her

sui Iea ditiv as.. but not s
penGerA S st of 08 aRripRpo B mpstribre e Soppegiions
coRBRINPAE@Ed Grdhbiy oA GELinBIIuBd LS the BFeSerd ﬁn\&ﬁiﬁb]ﬁ) tu@cn(tﬁ one or more
Phar maceuti cal conpositions of the present jnvention
othen eharartherpprutisagents t Exampleeef sugh chempetherapgidic agents include, but are
n I e
no?f'?ﬂhg(% ﬁ’f g%tlcaﬂger d&tgéssﬁgigas;cgahe%%ecg}g racgt'inr][% ﬂ %B?oruggﬁ?
bled@iypim) afifognychhittogeh utard) uhlowrﬁbuw; nielpnalaﬁplcycmphosphamlde
preforrredllq}illds sel f-enul sj f asolldsa
-@@chtemrsep pyiningrangne sypiahe (¢ HPTRHEAHH(? @51) floxuridine
I
e e S
cnsptaﬂpané d1esﬂqdﬂr1bhstrgl @ES)o mﬁnmﬂammwbrgcdlmugsqmehldin@dt not limited

to 53{%\{%@@ %{{lgieigl hat rmce L C%lﬁg Icgl%ggs@@y %SM%%QF drilgs, including

bub S 1R BEAAR; 3v1dérQ|51ﬁe ng&%lﬁﬁﬁcpgaﬂcﬁ%\%c ttﬂa‘yealso be combined in

Ingredients with the ceutical carriér(s) or
composslpomf(thg invemtiong @thelacthenmdleﬁmenuct agantsege alse within the scope of

thlg x%e 1op. I'E\X/o ltj)? h’fé’%a{:n‘}r%?} GP L t eI \kﬂgtrlllﬁer]cﬁoa%kxgr or sequentlally

car M ing i9 Heﬂénﬁ%t)bn@b%’érﬁ? gn&ﬁzls%&ls%héds%f thelisdagd fated®de treated,
then, i necessary, shaping the product. 5 The

w1dnthp ggmrset @ﬁtgea@mﬁtﬁ@sﬁpgé@@mewem} daitsito lsemgl mpenths, or until a cure is
[ated into oS
ot O1 S bt Y tperd e 1 BBt ORI ebE TRegyjeq oon be
calMIatddSrons @fdasi@einsnts of BRRASLIAIIRES) indRebediedEEe pdih@t. The
conpositions of the present invention may al so be
adminiptaring playsisdarserasesisi driermine epfirawn slosagsh-dasine sipthaslologies and

5 O AR RO SRE S WA B 5O0AS

indivigipgingigonudlestidesliang cah géneiﬂlyeieéﬁmhﬁtedﬂﬁﬁbdm EC5s found to be
car boxynet hyl cel | ul ose, sorbitol and/or dextran. The

effsctsypansa vivoreanyd inbs0 annmitrmdelméiasddl meﬁhs exdmplemdescribed herein.
enbodi nt of.th rese i nve ceuti cal

In SRR e WS G haiehee B o RodyEeiBAS ARy be Een once

or RRE HGe Wekl mBﬂtﬁ[?Soﬂ y&aﬂy d?hé @édﬁ'&iﬁ%‘yﬁaﬁn SHCEstRte %éid&tmon
not |imted emdl si‘ons, m croemul si ons, creans,

ra‘rp@fdrldesnghalsedloponmd reghdenee s ad ¢qncmﬂraslons b&theidmg in bodily

o oK Bt s Fa g isee st S st BT IS i The subjec
un€éiga Reenteiingdk ehepdpyab pesebicthe fdcuftescedif tﬁélﬁsé‘a@é ktdtedfvherein the
| evel may al so be added to the pharnmaceuti.cal and

oligopialeatigaprorininistpsedin miatepirosdlapes; wsm&fmm 0f8drig to 100 g per kg

of B Wk, 500 bR, e Uy P et vt ves. 20

and pol ycationic nol ecul es, such as poI ylysine (WD

97/30731), al so enhance the cellul ar
VI.  Discussion

Protein synthesis is a major cellular process regulated by a wide array of
intracellular and extracellular conditions such as mitogenic growth factors, amino acid
concentrations, and cellular energy levels (Schmidt, Oncogene 18:2988-2996 (1999). One
of the major controls of translation is mediated by the phosphorylation of S6K and 4EBP1
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upt ake of oligonucl eotides. The conpositions of the

present invention nmay additionally contain other
wa@eljowne222 conponents conventional ly found in PCT/US2003/025283

pharmaceuti cal conpositions. Thus, for exanple, the

nt L bl

oy SR EP Rt 20 SR Tamn el e g PR deVeBgpent of the

prE&¥ATRYéitiod MemBhstftdd 18t TS pla@e Rafor ph9sidlogRAPSIBirkspdnse to
or anti-inflammtory agents, or nmay contain

celden ereemialeveiFigr 7@). sThewesant invepligrsisaat lilylitﬁeb fnupartiewer
mechahi i iSH> Irgé)e(s-:g ¥ ufn El@Fanﬁ h%eymec aqu'mt fs%gts nee sstgmtg practice the

present 1 nvention, suc avorrng ag

pr@éﬁtslﬁvemiohv B®necthalebd, ¢4k G@tﬁélﬁplawﬂaﬁatfphaﬁfﬁmr}ﬂmcﬁk@‘!ﬂ‘m by Akt
agents and stablllzers Howeve such nmateri a

relam@a royrh fredorignaliand sypprssses ﬂ@rabﬂ%vpﬁ Tehe tp iréqﬂub%léland
e B Rl 8 SRR IR b o OENCOBPASIEK S by tow

eneiig§ rceﬂlulmldvam shmulhted dSi2exdtivityri Kiegde nésutts demonstrateythat the AMPK-
preservatives, stabilizers,

agent s, [, ubr
dep\%id@nﬁéwae}&wléﬁon %ﬁ@ ‘2@ fsitequireddgr Ad Prdsplefiapindiced ng
dc@ﬁ%?h&&kﬂbﬁ%?ﬁ&ﬁ buffers, colorings, flavorings
n

aronatl c substances and the |i ke which do not
del @reteinayathesis ntibrezcppmixithatelye Sai%h ef meaoﬂaﬂéeﬂbulamfendzrgg and

f I .2004/ 014222 PCT/ US2Q03/ 0
sl b B SRt PGP VR RBEHER S DR E gl anslation may

re}ﬂ@@hﬂ@ R phSioLRRPRE IR i GPR LAk eﬂerg@qﬁm@ﬂ%no ThEBfeent
he conpounds of the present invention and (b) one

m‘(ﬁntlnn isenot dintited te hgaichir ayselanism.afwleed an Exderplanding pf the

ch chenot herapeytic ents incl.ude ar not .
RS PR MRy dh piac B D BreshiitrGitin, NobGelofia mechanism is
présefifetl ROMLatd7G IBEQKIWR thé thode] ERAMAGH Figufé YGMHTOR is in the energy

ni trogen nustard, chloranbucill, nelphalan,

seisyed D%h‘@éipmséréam of el EBYED pHCWﬁXéer SMBK tsg}d@&y the cellular energy

o R Sy L ASETHSRE b ey s

twwmﬁdhamﬂna&me @Wﬁ@@hdﬁylaﬁ@mmp@w@ryou@ Iemlgaﬁcbrnfaamﬂz (eEF2)
dlethylstllbestrol (DE Anti-inflanmat ory drugs,

(Horaagfiaheg 2R apdthe qth«?rtbé@hommclﬁtm@fom%a However,

L U

presehi iviverition ivheldinailtddne, a ;ﬁt@tycnllaa\merchamdrng &indeed,| Avinderstidging of the
al so be conbined in nposi ti ons of the |nvent|on

meshARSIAf BATICREF AL pra@t%@ﬁ eesgptdnygndign, Nogptheleprp it is
coﬁfe atd that £Ut afi Sl &N ]% PajoloIE n?ﬁf%tif]]ﬂﬁﬂlo of protein
toge}? BosPng

ounds may e use r or- sequentia
sym.‘hesiebys mt@rrtssmg tlsefnactidng odinthitigs [lltansiatvcenegslamfrs mbkadlng S6K,

te to be treate eco
AR et T oo 19 meiPaRg comianss TSC2 s a
ke9ﬁobbﬂ§tkéanﬁtafg&§fmpl[§ effected or a d| m nut| on of the
di sease state is achieved. Optinmal dosing schedul es

can Glacosealeptivaivadnducesmassasaapoptosissn dSCAr/u §EF cells. Expression of

wilf BT tS e P ey bfockS oL REnF SoreRlon Al Toc7tmutant fals

to PRsIEFe8lls ﬁl&ﬁlap@ptﬁﬁk hagptRgt, aSENehly pRI®YY oBRhé Aubsse deprivation
ti mum dosages vary dependi ng on the relatrve

bupaetdpR ngfmage 1nduce apoptosis. 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 contemplated that TSC2 plays an essential and specific

role in the cellular energy response. The function of TSC2 in the cellular energy response is
41
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i ndi vi dual oligonucl eotides, and can generally be
estimated based on EC50s found to be 20 effective in

WO pooiol4202 and in vivo ani mal nodel s or based oPCT/H82003/025283
exanples descri bed hereln In general, dosage is from

0 bo. and na
sl byl OBl OGN lsne b Mo R 1 po
treﬂ'thfbnt 1@ Hédrehsphye] ﬁz@nncaammeﬁtmm ExfreRfini dld@dudedt€lfsize. The
for dosing based on neasured Tesidence times and
prosepfdeyrntign iowe ligtitedHe agerfiguias mesharism. fndgpdjgngnderstanding of the
| b
e STHE Ry TR, RUEEEARE et YRR Nobetkse i

cofitbeipapsd that dﬁétgg/elﬁmtdti@ﬁ ane m&ozestﬂﬁﬁaxw rdghﬁtdihlisacﬁ’éiﬁltured
state, wherei he _oligonucleotide is adn1n|stered

m%nﬁt%ﬂ&ﬁ%%@y ajsqegliahbshes Bie importageedd TH6E rho ﬂ@l}ori%twn by
e

ANIEICHE S A Agic PR Bt (TRABA by indi 36 ° 1Y ESukorBBlated thr

thecazkilvaticar ofﬁfSEfEBysAbﬂﬂ@dap@ﬂeb%h@sphodyiaﬂmn @yulafin a decrease of
intracel l.ul ay and extr celular condi tjQns such as

Profpin syuRees g}%&&nﬁe%t&noq <cellyley epraeitie: ’éﬁ pisignt Witk this model,

rapla'sﬁgzcgssérgggéélﬂ? Fogsts mﬁ%ﬁ%@h@han%f dERAAEREduced apoplosis

(ultprubhshedtdatah The medildy etiTBY2 -1 -heellp bospposy transldonomdSsie energy

4EBP 2004/0 /.U 003/ 5283 by niT
staPRrigGond 6%0 oS prRAES T SRR T ?éﬂsae e bl The
prédeviah RRBA rewrblstal8mpPh A %ﬁ&sﬂ)lﬁ Rat ﬁlﬁ&lml AR growth and
that TSC2 plays a major physio ggd role in response

celi survisel. | Iny Samee,emhogynq:rés; &l is cpitgmp thatreay presbahie.g., reduction in
su}fpﬁ& 8@%1“863&? 03 ﬁglglitl '11% dt ed g ?‘?@ lﬁﬁétﬁ]?q g%hh %{1 c.) orpreducmg

celggeseafiMetdds Rh&Cise G tHehBerﬁpéiih@ $eAhodsHF e prégent invention.
Nonet hel'ess, it is contenplated that phosphoryl ation

of TEemipspstine to nogy thylsmutaiions iovik MPKavebeert @mrélcgtedmmfamlhal

hyﬁ%@@éﬁﬁ Eﬁ%lﬂﬁ%&y?@nbrl(fﬂa%ﬁl %ndllg%lrego%doqg hpﬁrtt}hegr%y A 1b1t101} of
mTIGRZZ)ybapa%MEKl hzml Heb@b @@llbibchﬁ%ﬁte@ itethe gusigbdsivnast cbﬁv&l I8pertrophy
st|mnul ate ese results deponstrate

(SERbet A ruPRo dBTAAAEb 1 H20n &F%@%isiamﬁominem‘*s@zatige regulator of
T kdpged
cel'(i:I g% '(c)élgcgol 1ﬁ]§)a@;0§/ﬁﬁgfé’o%€k<gﬂ$r U gz?l% ¢ ﬁr‘enet Dey.. 1|1 279 286 (2001)

ory esi's ut
ané ppmemintatitie yils2fhers @his efudt. hAl]tthésalobeﬁk/htldrﬁ rareectmsxggenawdh the non-

. nust be tjghtl coordlnated th cel | r energ
g3 ROelthik E1R GRS GRS A o MR i b BHIS S i provides a use
of 'T%lc%n ﬁt&ﬁaugg% HRbHSESPONPR intafifihd mrp%ﬂg%ﬁ,ener gy

1T mtation he present invention Is no mted to a
p ar thh concdusiors theanimonsuppneseed SGhintegiaes sigmads frgmahultipke pathways
chan

o P R G5k, B S5 S L AR B P R b

mdrAtbHic 8tafiis anBRREGy Qé'\/elsh AJRA8bn Of 'F§@® b ANPK Fdefeti®Rnt’ G
NMMOR is in the ener sensi ng pat hway downstream of

physborytgon. premm@ﬂls Wmnf@ora grpwilh envdesinmentandeasiltyyin
pr?‘ct %So%rffoar{q %3?1 g?aglfl gﬂ dgiip zlttg %g{és”g?é tu-lla-esr%%s ;rc?erosw Afrl\@:%ivatlon of the

TSC1/TSC2 tumor suppressor complex has a role in oncogenic pathways and cellular

hypertrophy. The present invention provides methods for depletion of cellular energy levels
that selectively kill TSC1 or TSC2 minus cancer cells and, therefore, provide a therapeutic

treatment for cancers and other conditions.
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two nechani sns, one by phosphoryl ation of the
eukaryotic elongation factor 2 (eEF2) 20 (Horman et
W@p004/020202) and t he ot her by phosphoryl ati on oPCTVEER03/025283
However, phosphorylation of eEF2 by AMPK i s not
the TSC-niTOR pat hway. The present
E’ﬁﬁ'@&@?yﬁf?@ not limted to a particular nechani sm

| ndaed foltowitg eedmsplanstic pgodfed inorddree Hanomstatesanddurther illustrate
necessary to practice_the present invention.
centgip praferekanbqdimpnys apd, ?ﬁp@ﬁ"’é phthedressat inxentiopand gfe Ryt to be
of n the inhibition of protein
ce s&)i/ﬁ% ne&@tggk 6?%§Osf: ng the functions of nultiple
t r atlis theteixperimexgail chtajmme which dolﬂtgvéiﬂlé folld&RiZlabbraviktiem2oply: N

e L T R —
ungl g&b/‘f’&ngﬁ@r hiﬁ%i (RRoMBHLE %&oﬂﬁﬁé&xﬂ@le@? Q?érglz{%ﬁ‘s é(mﬂhgrams), ng

|'s.” Expressi on of
(mmmgrhms)e Ing (lmdrmgtasnsa,piomlo@nt@s)v\hﬂ I(mﬂhhwrs};sgli (ovicrofiterfpem
C2- 3A nut fail ot eIIs rqm ..
(cohEia0: B {iingler): weidl o ot otre BReoRielil fad °C (dogrees
Ceg{lggggé:)e deprivation but not DNA damage- i nduced
apoptosis. The present invention is not limted to a
partl cular nmechani sm |ndeed, an understandi ng of the

@ﬁntkl ﬁ] is not necessary to practice the present
A v OREPBAS  Nonet hel ess, it is contenpl ated that TSC2

Aﬁimsaplagﬁmmﬂ@}eagmsspem fic role in the cellular
energy. response. The function of TSC2 in the cellular

energii-Pes patisrhosghuI6yanpian T Of aptzphepho usPOB3aGR A kg 3nti-
ph%%iﬁl%%{t ff'ntﬂff)ggsr thgqlE?f) i gl?d Itrgf: 1{_1@%9@6 Eﬁge %Bohieg]\»}e%t ﬁ'grﬂ Cell

bse rrvation or

Sigledigdses AaglTSCD &gl antinVigd entibodies J@@&oﬁxwrmsmlateslmology
reduces cell size. The FEagesent i nvention |s no

(Smtm%% énﬁzﬂfix pad, pafi-Flag antihodies Wﬂﬁé@é@l oxgnce (Pnnceton NI)
h
angﬁgg?tﬁ i e pr ﬁecthglg @ﬂi?a@g net ?] é@cﬁﬁﬁ'yl 6 Gonstructs

I 'nventT on.
weareobtampd eﬁttoﬁdJ tBiems Oanmpid Univi, 2Y,00Y priflagd-Egged mTiOR ahd/kinase-

inagzﬁguir%e%%%efegﬂgéng goﬁrg%rcfjrgﬂgg?]lgl ol 1|11|VSC Eﬁige‘f’fv%y All

ot}[é'i’ WR 95 dtblsOfhchii g“f'i/%sVTZ tIhPEl\@ NyEihelcag N@'Aﬁt%@{?ﬁg@g—

to cel ar eher gy i 'm tation. i's cont enpl at
ubtqmﬁlramtdl Wlag-4dRBB1, W@@Zaﬁoyatmt@cﬁe péhmetant constructs of TSC2 were

erd i R L MREBETIS BT bSO LAISF B DEriel g RS fom
Ca@ebe@?{ﬁhﬁl@@ 4.\ Bh&@hﬁaﬁqgﬁ frorﬁ@le’i@%ﬂﬁd Biolabs (Beverly, MA).

icantly protiects LEF cells from glucose

Mﬁég?bwlvt&frpmﬂlﬁ Rdmwdnaﬁuﬁ &‘s'pbhexlunfbmmd whlémalftan ere fForg Sigma.
-Gt B RaraiaF Ry B SRR D ocuce

t he detri nment aI effects and trigger apoptosis. The

present invention reveals an jnportant physiol ogical
Cﬂlmﬂt“rwrMSfm gyl ipanpneprsekpifation  cell survival. In

S0 ”‘%{ﬁ@é’ﬁé Eﬁ? We?é see&idsg'%cﬁlg%ﬁgar%{da& %lﬁé@% S %{](}filin&f ]Qag(f‘e s medium

(e.qg., reduction in [fucose” or amni

(DMEMS corttataiyy T0atetdleguimtserufl FBB)! dpaisteativn s p&rfdﬂ‘fned in serum-
redu cellular energy levels finds use_ in

frqewev‘i}aeﬂﬁ ysnghipRisgengpe fRgen (ByErmeendvalsbad () ih Gocordance 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-HCI at pH 7.5, 100 mM sodium chloride, 1% NP-40, 1% Triton
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It is interesting to note that nutations in AMPK have
been inplicated in famlial hypertrophic

w@20odioonzynpat hy (Hardi e and Haw ey, 2001). FurPp¢EUS®NE (25283
inhibition of nIOR by rapanycin has been a well

X-i@(i%ﬁ*?ﬁéfs%giﬁaﬁﬁ?ﬂ%ﬁ‘?cu OEDER. S P AR Muorice, 10
ng BCeireptin pAd M0 N Al REEAIING afi @ Buth Bl PredipitateBith Mezi@dicated

control in Dros ila (Potter and Xu, Curr. Opin.
anfeqdes a telillG‘zs%phars@e perds 1 mmuperopplonesivierq aelyeed by

%ﬁjvatl ons are consi stent
Sﬂvar ?Eiyttdﬁgﬁjﬁg{l}yg% dAtrb%ﬁ(H sg% at TSC2 acts downstream
of AMPK to inhibit mT(R This provides a use of TSC2
| n nmediating the function of AMPK in cardiac
King$set5$#¥%phy. 25 In concl usion, the tunor suppressor
TSCio} ﬂfe%q;ﬁ@&s@éyssz{@i@% célﬁsogPowrillﬁ Ll @emgﬁ 4R0e trhRfected with
regul ate transiafion, si ze, and tosis.
10i-20 ngpidi-56H donstrins, a\elhl ervathoruEszrmms plasm1ds;reet mdidated in the figures.

t d A Act t TSC2 b .
HAGSR e Brin b AP et B o Do IR AR arh 414 gpfibody and
anPI RV i B By d@sa%ﬂiéiﬂgcﬂiﬁﬁféﬁ G S8 Wl shibstiafe (Pearson ez al.,

protection fromcell death. In addition to causing
EMB@e’r b41§2§%+53|88§i1%95)) nact | vation of the 30 TSCl/TSC2

pat %F@ﬁg{%iag% F%g% ffﬁ &) %[%“ﬁg‘lt e&ﬁ@%@%ﬁ%ﬁ{l‘ (Kinase inactive)

DN A veR tiaféfedte @itit6 BEKDOB helsinl 10 cr Eﬁtlte%tlh qe ﬁ&seﬁ@é bpi Af RasV12.
energy levels that selectively kill TSCIL or

wag pedHedand used friphashhomstaty tug pf purifiks @\ST—TSCZ fragment 1

hBRLERE A0 G o im0 RN 3RS0 D5
mM&RiaEEMEMLS wére pbbingsd RPpreviensly escab@l Weanis¢ed,, |S&zence 294,
order to dem)nstrate and further illustrate certa

11036187 (291 dniiitaflre REK2Y @elé%wér@tt@n@ﬁn@sh@mﬁf@ge@wth Flag-mTOR,
w1ihrBﬂrex7mHoQtpT§@? ’P%@%.E?ﬁ%ééils%re RREP %II(VI?I‘E ph‘éc 1{a't%)vlttlg fn anti-

scope thereo € experi’nen drscl
Fldgointibudy artdnemafyakd byvimngtralidiasy asby osisg pfm)lﬁgﬁ GSII‘ —S6K as a substrate.

Th%%m@g%é% n%m HMIH& o n%lh%)h (}flﬁl Mﬁ%sﬂ was

deﬂ(%fr{nﬁzznleél B 'ﬂﬁﬂﬁh@@ﬂ)t ?rﬁﬁgis Wit Qﬁ)?ﬂ% Eﬁath&ﬁ& §§91§§K HHbocP/

m’cr ogr ans nanogr ans
(liters); n1 (mII|I|ters) | (mcroliters); cm

ent ters) mm (mllinmeters); m(mcroneters); rim
Rl{ "é‘fc§) and C (degrees 10 Centigrade). A

Met m% Rk koA £ reﬁé@ﬁf@&fvl@ﬁ%ﬁ@@ﬂm §lléﬂﬁhbl'e§§&<es
anti - (ggospho S6K, anti-mlrOR, anti-phospho

COReRPPRARE o JNImO- acmlsrepﬂ@@pltﬁé—b(m (RMéA-Nphod pﬂ@—A&:BPQHNAn@) of

TR 07 RAR 5,8 9155 ORI PSS b SR v
2001000 B ®eA W h 08Without indicated plasmids using Lipofectamine reagent, as

described above. The level of endogenous TSC2 was determined by immunoblotting with

an anti-
TSC2 antibody.
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(Santa Cruz, CA). Anti-HA and anti-Flag anti bodi es

were from Covance (Princeton, NJ) and Sigma (St
woh.owi®14208)) , respectively. HA-tagged S6K1 (al | pCEHOS2003/025283

GST-S6 constructs were obtained fromJ. Blenis

SRR sl R

( HapwrnY3 Ueilywelcantmstgted Whh HAAkdgoe@TRED, NN tagged TSC1 and the
constructs, includin Pg H RasV 12, TEN PTEN—CS
P

Akt
indpqatedplgsnpf %gCellpdng sphated and ﬁgumggpql foy4 hebefore incubation with
nstructs of TSC2 were
02%?12% dn%% %%@%n@&@ an(clﬁ)verl fied by DNA

seqUelcweg. wdshfé’&éaﬂﬁ&vma&efchBSIahdn}@em A (toaged I SEPowas
CA) ; hOSprt ase was from New En Iand Bi ol ahs

immppersegipitatggayresobied o SIISKAGE apdhiransierredpjadey DF membrane.

2B TS BT LM LA AR oo v

theﬁlpgrfahhem dn béef, thecpHospinerylated NI Zleanide weamnekcised, fixed in methanol

oo PRI ODr BP0k BV S HSaI PN P e 00 i M gectc acd

for(’&@'\ﬁ}@a‘c GOt A HRi A W&fe Qﬁe"i‘ﬂ JiBQWaNGitS 8 UPof TBEK -treated trypsin

Transfection was perforned in serum freée conditions
(Sigmang 7P Qoh &6 navfianenersagdntarfdnate buffeg etpH E4r dombeaning 629

ot G5 AR cr G SRR B S S B Y in 10, of
Wafe@ cg 'E)I%ﬁi wefk sﬂ@%ﬁt@@ &llﬁloﬁélﬂ%fé%nﬁ@ﬁstﬂﬁﬁmﬁs@oﬁhl dR6trophoresis
then starved for 16-24 h. s were then lysed in

wap psﬂf@rt@dﬂrsmg 1(’/1 ammﬂnmrn :blmonaﬂe byHeratpH §80 Tiwpdasesi were
chI 0 1% NP-40, 1% Tr i 43.\\0 2 04/ 14222
e e Seapdloant ndh shtondai oo pIGHaRD buter p-
butﬁﬁﬂ'lf%lynﬂlﬂwcﬁmﬁbidl WHBr130: 3416 BORNYhe Hlhted eptedricdOandgBosphopeptides
| eupeptin and 10 pg m -1 aprotinine) and
wergisEbise@ by piteradiograghyh t he i ndi cated anti bodi es and
protei n G Sepharose beads. | munoconpl exes were
anal yzed by SDS-pol yacryl am de gel el ectrophoresis
B. ( PAResultd Ki nase assay For the S6K assays, HEK293

cells %rovvn in six-well plates were transfected with
Thesfteet ol HAL-FHC2BNIOKAGHYItY Wi t h or vvlthout vari ous

Pl 2§l SlfidAS 2 W %n'?gf*l“gC‘i begdd AHChdhn t{ﬁlﬁcﬁ%l\éﬁéell growth, the

i mmunopreci pitate rom serum st arve
effeattoif THE 12 CH Od)S6Kna:bt1V1’lt9 iramaiyradidn bglls \nas/a)darm)ndd rasexpression of

st aa W fitad bassbstl kirnsy 3y M apgifonte ik hekkagd Res-
stlﬁﬁﬁ?éﬂ%ﬂéﬁmg& &Ew@@‘lg 2) OThi{sSHnibldry Mtk SEBEC1-TSC2 i a8

inactive) DNA was”tr ectedlnto HEK293 cells in
commist@it atithsitd meghtines lpﬂeemm&tl grofthZopgolRHOK ddivity GSTctiskted by

oo Rp B ton el pe F e s e R 18 8t oA Ser 424 Dufner and
Th8h8s, Bh2CeB Red. 28IEIV-189 (189D))OPIRfshHsyThSr o e rekilues was

vitro.
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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NTOR ki nase assays were performed as previously
descri bed (Dennis et al,. Science 294, 1102-1105
W@ 2000)4222 Bri ef | y, HEK293 cel | s were transi entPgT/US2003/025283
transfected with Fl ag- mT(R with or wthout
coil{méw%%n} tﬁ@&gﬁﬁh s%h %c f’i‘fﬁdigxe[}gﬂ@&{ ﬁ%&@kéﬁh?gﬂeag
thiougiase assay usi ng purl f| ed GST S6K as a substrate
The NMIrOR ki nase buffer contained 2 nM ATP.
sphoryl ation of GST-S6K was determ ned by
' = Tt
aw@ét%e SREteRy B9t ROCAN SeIRRONAINGD ThE 482 PISC1-TSC2
oand?:K,e\BJmnh isddsrbdogivated by (e, WRivexatiigun (Gegetultd sbowdl that

corres ond o, aci g resjdues, 164-170
VGRS 5 DSC Rk By etfork s Ragitpuge! phosphdrp ation bf ERK,
wi¥edad 'i)ﬁoﬁﬂaélglﬁﬁ)ﬁ cﬁ’%‘%ld@&qﬁhﬁbite@%g 3afRE bk Seritiing (F 1g 1c). These
transfected with 200-1000 ng RNAI with 'or wthou
obperditicms demphsisnd et TSC hal 3G hsifecidicalty mélhl‘ealgeph%placsrylatlon and
g ecn bed above. The | evel of endogenous TSC2 was
YRS i ned by i munoblotting with an anti 30 TSC2
of 86Ki. body. 44 WO 2004/ 014222 PCT/ US2003/ 025283
Met abol i ¢ | abeling and two-di mensi onal phosphopepti de
map piadgteamrotie pesitign ﬂéT@Cl:oT$%mffh@ﬂ@d ippathweg-the gigead of

TS et RS Pl et PRERFGL PR AR gt gstrcam

of m’mah(ﬂ SBKy\iwbilex&nﬁ&i Mhe ﬂéi;ulﬂs RaRBnsEdte eRhTSEhalreC? i 1s unable to
5 Cells were washed once with ice-col

lnlpmﬂmsquasr@éucqthpawadam Rput AoanirlbbiabpEloRTeen of SEK

n SO 2 TR P BB 1y A 1 s

mehbmsad hoiped pnyurrlogtpd g pif dxepediaaismais pongecessary tbipeactice the
pr%grfor ned. éln brief, .the phos&por | at ed TSC2 bands

PlanEsatioge dNongthgless. it rettrmRlgred hadl SCniclIS42<umstpns dgwnstream
£ yvi nyl pyrrolidone-40 dissolved in 100 nM
© org{laglegté’ {10 for 30 mn at 37C. The sanple were then
di gested with 20 g of TPCK-treated trypsin (Signa) at

R@%ﬁp nM ammoni um bi car bonate buffer at pH 8.0
ﬁrmrﬁﬁc%% acetonitrile. After digestion, sanples
wer erqA i @drfiRfSS (RIAEH Whs 386 Sushandgtici afelﬁogéno% TSC2 on S6K.
wat er. Sanples were Spotted onto a cellul ose plate ané)

Tva RNA diplexes] comeebpasidingtto @ﬁh@rmnomu@é I(RDIAEN) an€i-tegminal
b t f
RN TR B IS 20 B Yot B B ple el el 502 e 20),

TrahsT@SMSH @A RINACH bPRRLAINN BRlt¥d E@f@ﬁfcaﬁﬁ'eductlon of endogenous TSC2
but anol : pyridine: acetic acid:water; 20:24:6:30). The

Profiat lé‘selsAmrIéEH?-% delbnwhgﬁ@%?@%ﬁm ted no wéfees oni expeessiow devels of
Mﬁkza"ﬁ@ ﬁgt%' Etrr]éée th%t are ed?lctlon of endogenous TSC2 protein levels by TSC2

RNAI increases both basal and insulin-stimulated phosphorylation of the transfected S6K

(Fig. 2a). Control experiments with unrelated RNA oligonucleotides had no effect on the
phosphorylation of S6K. The effect of 7SC2 RNAIi on the phosphorylation of endogenous
Akt, S6K and S6 was also examined. Transfection of 7SC2 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 7.SC2 RNAi enhances
S6K activity. Compared with cotransfected haemagglutinin (HA)-tagged S6K, the increase
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20 The effect of TSClI-TSC2 on S6K Activity To

el uci date a nmechani sm of TSCI-TSC2 function in the
weoanol22nf cell growmh, the effect of TSC - TRORUSV03/025283

S6K activity in manmalian cells was exam ned.

i RN G050 oo SR oo AT Rl i fpacin

effﬁﬂérﬁg istlee@dh 56 l‘od%n aadogRbiy/$6K i Enitghnsfealed cdl diluted the effect of
inhibitory activity of TSCL-TSC2 is, 25 consi stent V\nﬁ
RNAign fiagefestod cells eTherf: Qs the g%mcneaé%m ggpgensyr Sqkin gells,

t r
traillﬁe &I {V}‘[ﬁ 7&2%9%&@1%’2%% %t?@ﬁigﬁﬂ%%#an%ﬁwa{ﬂgﬁg. 2b. The
abd’xfwlﬁa'vatﬁxm defti@hktrdle that aﬁéSphyﬁMbglw ffnt 868 p§ TSC1-TSC2 is to inhibit
Phosphoryl ation of fthese I dues was stinul ated by
the phosphogylatign %Etﬂc?r\/%fi%{f%&%se( Fig. |b). Furthernore,
co-expression of TSCl-TSC2 inhibited phosphoryl ation
of Thr 389 under all three conditions (Fig. Ib). Thr
Efot GBDSCé\’IatdtmmanﬁpawAbimvlsensi tive phosphoryl ation

So. St dtuitinsgn TG ade B Plevingy bepiidengiod ipgationts
(D%’t%emfxinay | B e bR 68 AR 80 £10 ?TJoﬁ%Agtlayl SBKT (Fhl-Gener. 64,

b), which are rapanycin-insensitive sites éDufner et
13&5 21318 ([9199);. hereit encprpmsged by referandepn The effient of thepe digease-derived

t d L [ f. .
i o e AT R Rantb S5 < Py RET et RR” ety point
mutBYRRiF glﬂﬁ@ o 6h428&d rebitluésswdd tdMd208408ELAd@Bon of surface

PCT/ US2003/ 025283 contenpl ated that these results

resifnemis lnss likkehetopdieet theGatianywneraniyl ¥de rAmiong elsy erodisepse-

T

ool R U RS o 7 by 6 SRR it dpty g o bfghe d® 1

phb@h@fylatﬁ)nab@rﬁpzﬁéd wthttesiwii-thirsconwa(Rigani ned. The
results showed that overexpression of TSO -TSC2 had

2cholke et Bryeniean s matibwied Hoxprbeylpamednnism. drgtced, an
R P L D
Natetheless, liis eottsaiplafGhaiibe2 dapestiof thall thy inhitiititn b6SEK ectivity by

hos ryl atL ctivation 10 of S6K. To
T@éﬁ@%%&ﬁépm %gﬁ*fyra Vet TSC1- TSC2 in the insulin
pat hway, the effect of TSCLl-TSC2 overexpressi on on

i nsulin-induced phosphorylation of Akt, which is
PhoppholgbaﬁomﬁfTSKCRbymdct%K, was exam ned. The results

B ahie w8 kB
m%iﬁéhh@ést the @lﬁﬁﬂhﬁ oY {h'@:tIRQH 1 coﬁ@rlﬁ dcelNyrSwloarR Iﬁé’d@@‘iﬁﬁmons of

nner (Fig d). The present invention is not limted
thsc)l—alTp@Z i thulpathwaywhamnl@am Genefweayideane alnel erdscagasdhaiglTscl-

B RN S f R PR N TCREH bfg Arpen 15. 130%
139D @001 Pt tbBE2nif, Wegt1i08)$5 THIBOA00EHMTo distinguish between these two
possibilities, the effect of Akt on TSC1 and TSC2 was examined. Co-expression of Ak,
but not the kinase-inactive mutant, Akt-KM, resulted in an accumulation of slow-migrating
forms of TSC2, showing that Akt enhances phosphorylation of TSC2 (Fig. 3a). By contrast,
Akt had no effect on TSC1. In addition, treatment with the PI(3)K inhibitor, 1.Y294002,
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
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of, or parallel to, Akt. 20 RNA Interference RNA

interference (RNAi) was used to test the effect of
wenpwegenens TSC2 on S6K.  Two RNA dupl exes, PCT/US2003/025283

corresponding to either an am no-term nal (RNA -N) or

- ] | - C ' fT . :
Py SHOMPIE NPt B0l DT Epd e wi
phdspanaéesnifiefed thaRiNIimdbingy sEifvad\h £3uls dplosph@ladtios @i

reduction of endogenous TSC2 25 protein levels in
3a}4EK293 cel |'s, whereas TSC2 RNAi had no effect on

exp . I ] L -

o DAty B el op oS ANEARE PERE) 2% el and two
dirthBionahgtiospisgrptidd Mapasgveprstrionsied.i Thetesnitd shbadd that TSC2 is
o B e Rmiest e O oS G mmpsiohwith A0 PN
affedibgonucl eotides had no effect on the phosphorylation

of S6K. The effect of TSC2 RNAI on the phosphoryl ation
a sobseeofidgeplopepEdesAKig, 3B56Hnas ¥ 86l VBs Akl serasahiheadensity of these

DhpSE B RRIGGrb TS P LGS G reepHL i phur y Peas GRS er ppresented
scl%ﬂ%gﬁﬁp@‘g%g@gpﬁﬁﬂﬁﬁ THhad¥lspBis deMb gﬁ&hﬂo &Jtkes $hose

I ncrease S6° phosphoryl ation i ndicates that the TSC2
int@Mity iealteaetlesco-Saiesstmi ofi Alst or EoRparlesiilin stimulation slightly increased

PhF P BIRIon 28 o oGP s e H s ANkt (e 3o, panel ).
TS RAGY LEDOA0NLRAMARRAY ST AR, LIRS 8ecleAER bhéaphorylation of

This is because the transfection effici ency is |esSs

the same sebseyof EhnsobentptidessFig. Bp, nanelrlins freeomgmgstemhibition of mTOR by
dilu the gffec RNAI, .in t fected cel

e R s

sh®e khas tHeringngie Ak eatiiviyis k&pdnsDIAI fosthe whespgheryi@ion of TSC2, whereas
dramatic than the data shown in Fig. 2b. The 5 above

mPR & paKi pBotdeviied r at e t hat one physi ol ogi cal
function of TSCL-TSC2 is to inhibit the
phosphoryl ati on and activation of S6K ki nase. Effect
MuofatibRAidlysas oONSCON Ki nase Activity Many nmutations in
TSCl, and TSC2 have gcrjevi ously been identified in

pat iSeAYeice geplysisplob R flempnstiajed that it gomfaiessight pgptive Akt

cofp i AORHblya s BDuf cral [ Bnck DAL, 1509 Moo7X19990), of which

twd hee @htaetd of dEsh2 gl eAsmt ASCT vBNA thut Isdsian mstemal ddietion of two
abi i of TSC2 to jnhibit S6K actjvit S next,

pufiie A st raPENy ot oM EA L SoRetin CRyeopAspyegal clones

in e KPAREAEH sdREACUES (WBF)Rat®aie thas RELBH IS %ﬁgt T8%u®er cxamine
surface residues Ts less likely to affect the

the ertiary structure of TSC2. Anmong el even di sease 15

LSRR e o e SRR AP o Sl Ly mutated
inditiguiiy Gy 1WA of BdonMindtioind6 A2 qFig. ABE MGREEAbI S&VEOL(1AQNpanel
is not limted to a particular nechanism I|ndeed, an

1), $e0E08 Said DRY (47; nanel Ihe Thad22rtAi4s panel Tk butradSer 1378 (A3; panel
]]I)Ollic%%eir bz 5()t &%, %raﬁgle\;}t, atif&:\fe(:e ie?)ﬁ(‘)sphopeptide pattern of TSC2 (Fig. 4b).
The phosphopeptides that disappeared in the 6A 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 VII) or treatment with LY294002 (Fig. 3c, panel [II). These data demonstrate that

Ser 939, Ser 1086/Ser 1088 and Thr 1422 are required for proper in vivo phosphorylation of
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Nonet hel ess, it is contenplated that these data show
that the inhibition of S6K activity by 20 TSCl-TSC2
wo sooplyenl ogi cal |y rel evant. Phosphoryl ati on pET/TS(0B3/025283
by Akt Although genetic studies in Drosophila have
t [ : : [ I.Qn
B L A T S R
understahdmgl of thie méthardSinds noﬂf&c%sary td brastlcmﬂhb \pm,semtrlnventmn

| ear. .Genetic_ev e al so at de ..
@S%éty‘s FonteRPBiedd g ?SPég?ﬁ BP qle@‘&ktp‘gﬁpgﬁl eéliiplafbsp (;qyltatlon sites.

Ga R
B o

eximined ewhetliee&kt phasphw}smdeS(EZ inagtro ubiag @ﬁﬁﬁ@d reobmplaantgrroteins.

G et Gt ek s e SRUT Rptete@{ k93 Al whereas

TSEGHPA Al DS w%ieceetppesgédqh Imghéﬂzhfaoédmarﬂfpuﬁ%& Wild-type Akt,
showing that Akt enhances phosphoryl ation  of

buf wit ghe Bayse-iByctiverftltdel, mutant e mdmtiw pb@sm@otylaicd tr@@fragmnt 1 and
oS BB TS A Yo g kO FTeratis st 6939, S 086 and Ser

10@$ fPfradifdiR s hb@LsRBF Thit 1420fin —ﬁﬁ%ent fléhh‘l'ilﬁﬁtéw}\ﬁt-dependent
N Eerl ments with PTEN, or a catalytically inactive
p

niation eI Figl4sh ThegaioshovdthahAki discetly phosphrrylates TSC2 on

' f or nh | ation of TSC2. Expression of
B3RS, BYR g ARl 053 095983 BTEN DUt not |
PTEGhe bhgis 6 Lihs efpdsuez Amblidrstof Akt adSTICR b 6 lell §1®)Vth control in
Treatnent with phosphatase confirnmed that th

Dragasyirles i isgpysiblaghat Rhospheyiatign bydd Hubia BR¢S ﬁm@pmg Mgitation of

o AR 5EI4 5 K ADOSARE! WA ESCBSE B s
wheteas phutgiizptto gphosphpmimetiovidic pesidues dedteasth eheriabibitoy act1v1ty of
phosphoryl ated at nultiple site

Tﬂﬂgo(giea? égv? %Ttg%olwsﬁéﬁeaé& L oF the Akteseenajipg B@tﬁwqtm 4E-BP1, which
is @Egﬁg& {?;fg@)ﬁkﬁ?fnd%e&%gﬁt&ﬁ&{)@ﬁe@g vl F(’I\?rorﬁ al PRAELSCell Biol,

I NCr ease e Inte ese
3, pPeSPh GRAID). demsistuntly cthe pﬁﬁ'@hbmﬁnemamcaz triwganit mae s effective

thap;ﬁg glar%ﬁl% %%gﬁﬁ }er\l})tablfci% Eﬁ t gl%QB (19? 45113 g@ﬁon&téé l ¥he present
inRAASH NARE Pldifaso Qﬁi%ula? hRBRdnism | Brdeéd, Gh 8Hd¥tanding of the
co-expression of Akt or PTEN. Insulin’'stinulation

m@hargﬁnllgfnmtmcmwdo prhbepho pgﬂsmtumvenubnt Nenethetess, it is

coR ARBRIRARL hasE et A RS ohiborkalfhy Pl 2

fungfldhbi ts Akt, al so decreased phosphoryl ati on of the

sane subset of osphop tides (Fig. 3c, panel 111).
The dorgstion o6 e comp metwm ”&Chﬂmﬂ(%‘ﬂ wsmpaﬁamf@ﬁ thehi&iplogical

B R R RIAEPRSI A Lo T8 op TSt e

2c), $v1ﬁcﬁﬁﬁ)1ﬂih81f dﬁppoﬁ@ﬂletfﬁl&ti@hﬂﬁmlﬁeﬁyﬂo%tdf Q‘ISOJf-TS'SQ%ompIeX formation.

whereas nlOR or S6K are not invol ved.
It was also found that the phosphorylation mimetic mutations of the Akt sites in TSC2

weakened its interaction with TSC1, as determined by coimmunoprecipitation experiments
(Fig. 5¢). Free TSC2 is unstable as a result of its susceptibility to ubiquitin-dependent
degradation, whereas formation of the TSC1-TSC2 complex stabilizes TSC2 (Benvenuto et
al., Oncogene 19, 6306-6316 (2000)). The 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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Mut ati on Anal ysis of TSC2 20 Sequence anal ysis of TSC2
denonstrated that it contains eight putative Akt

weogenees phosphorylation sites (Datta et al .PCTBES®83/025283
Dev. 13, 2905-2927 (1999)), of which two are

suﬁl@a[}%g ieHsdabe. g%‘gsfe?l %614 mut’gliltr fhs le‘g‘%gttaﬁl t\;}fﬂ ?E)@SF SC2 or

i nterna es wa
theoztlhmna emitant (IFig. Sd)oUibiduatimatioh 0T$SE2 raitants invde rk arhined i 111 the presence

of 36 15 RS 0a8 mptprion b S0E wlpenciet B drerdiatinp s expected.
the? 1&8&0&%@ hREethaldsQlb; (ﬁﬁtﬂi@%&z whif28s $Aild tg;%’e[ '?('32’ End ¥Rk alanine

phosphoryl ation sites 43) were nut
Subsrm@lmmuﬂahywér,é\lubtxﬁl)uwtem tn adensty degtdedFig 64) ,Sifnifiagy, the disease-

99('anll,er10/er
dee&%?%’%@éf;}gﬂw as 3o b b nased, o TRGFogPTE e drpndnt
oﬂ{ﬁﬁ:ﬁ)n(lfﬂ%blt@ ﬁfé%nctio'n'&f T2 @Qfestjaﬁﬁﬁl B as@@é"ﬁion\é)lth TSC1,
a fected the phosphopeptide pattern of TSC2 (Fig. 4b)
th@@rmmetlml@@gh@lpetpcdlareé degradatidnsappeared in the 6A
mut ant (panel VI) are represented as shaded spots in
panel VI1I. The pattern of these phosphopepti des

NuteieibSmlatdpsel y Wi th those aI tered by co-expression
of Akt or PTEN (conpare Fi panel IV with Fig

4b, Ntﬁaﬁmstlmulahpn@ptwat@ai md W@tWaLWMEQ(EEIPhqt aecAm J.

PG ISR AL SRR, Nk i Sfptain o

S6K atl 4BEDHoblybledd nrapdmybin, di24Hd/0h4idPeble for mTOR in nutrlent
PCT/ US2003/ 025283 TSC2. The present invention i s no

signakng. ol coptrastyuttaen stimplagian hannasehfect aaetdvatign of Akt3S. The
nut{g Eﬁﬁlﬁﬂ?&'ﬁigﬁo%h gﬂ 1&?&&1 hrfs@a& N@’?} )i téﬁﬁf\%ﬁi ﬂﬂi?iatltte? gy TSCl1-

practice res |nven Ion.
TSﬂﬁ(FmthMngahatﬂE&eTSCB ésalag Bvblved Ak thedepesnt e3ponse.

0S i.on sites. Tqg show that Akt phosphoryl at es
a5 Rh Sk ciisy b Shsenen P ¥ighe Whete i) lgss TSC1-TSC2
pr&élﬁ%ﬁee‘ipi@g?édh %m@éﬂed phaseror ¥ ipt& qnt&%goﬁ QetWeEﬁ 86K and TSC1-

using purified reconbi nant” proterlns hi one
TSE2 wamnisft de@sted @BS TS CAKTSUR selpetivielyi inhlibited phd;sphm:y[&on ef Thr 389,

HEK293 .cel | wh ts 1
g R er v dr Sok: o P e ARt AP s Segitive to
mh%ﬁlon At rap 12 ﬁﬁ#ﬂ? eanh'n'i‘?@ﬁ 1o BEd sYl@wﬁ“E& dﬂ%tl}lﬂan horylate 4E-BP1

efficiently phosphoryl ated both fragnent
(Ginggapras ., Qerods DeSCE3,i 142%+11433 ((9—99@) Gexgxpressian eI IEC?2 also
on, of . Ser 939, Ser. 1
in A R B o O PP T SRS Bt i Putgents (Fi. 5b)
The |p|ré§bﬂtaih€f§htlﬁhtls ASNERERIND 2 RARKIRR thalitAN Mdeed, dnf@derstanding of
(Fi 4c). The data show that Akt directly

thgyme rrylsalpé@ewm ferpraqtigp themresegt mwentiasotMorietheless, ribis

coffffheled olpethel. S Bichyflon At B AP SRy TGE Hiep Ancion
throsglphd\OR Y reghlartthp pesphesiatiah b086KMnAKME-BPhI bl ts TSC2

function. Miutation of 15 the Akt phos horéégtl on
site® qxanlam%rq%%f%@hm@atmﬁénﬁmqfﬁ@ - T'pSeothe gapamycin-

e
1102-1105 (2001); Weng et al., Mol. Cell. Biol. 15,2333-2340 (1995) each of which is
herein incorporated by reference). S6K-dC104 contains a C-terminal deletion and
phosphorylation of Thr 389 in S6K-dC104 is inhibited by LY249002, but not by rapamycin

(Dennis et al. supra). In contrast, the kinase activity of S6K-dC104 is
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TSC2 (Fig. 5a). Another downstreamtarget of the Akt
signaling pathway is 4E-BPl, which 1is involved in

weR3pK22Kt - i nduced regul ation of cell growth ¥&A/DU82008025283
al. Nature Cell Biol. 3, 596-601 (2001)).

g RSttt PR e AR Aecalie 2007 G TP 1 g 85 2002

Coﬁ&i@t%ﬂh@ﬁh/ﬂ@trblsﬁneafobé&va%s,(Iﬁiogphcﬁgm)moﬂ hﬁrﬂ&rmeﬁtssK-dcmz; was
it invention is not limted to a particul ar_nmechani s

inhybitrddry, wertmamde ps L X A0, byt noky rapaepeini(Eig. 79)- HES(CI—TSCZ

int{ifed efther th tth&’sraPﬁc'iﬂ 3y thE gfﬁ{?ﬁnngtﬁrgﬁlggh tﬂﬁg%/ﬁ{&hggtébn L of Thr 389 in S6K-

dCLOALFiARD). dﬂiﬁdndaﬂetac@hqsmti@l 0bwas nﬂ’nH:utetiSbyM~—TSCZ (Fig. 7c).

ThesiqeSEIicals NBLHEGRECoF 1Skt T GF BB ORFIOFAALHPBRYcin. The

N- %%tﬁglr%g Re @m6ﬁ&$§%ﬁkt 1?1'&_'1@1&1%5%113 i\gﬁﬂﬁr t(%égfahn et al., supra).

Dedatijpp of tls TOS nfodid tsevemiy Idearnq:ses kiangeeactif/ ity 8l elirG@ates stimulation by

x for 0 alsof un at th
o ey Pttt Aot o B €2 mOmus b Shgles By uasp etvity of
theNEEmiNA W RAEH ahd SenldBis @6@0&}1@ RoWpldlely Bsistarft $o rapamgcm (Schlam et
determ ned by coi mmunopreci pitation experinents

al. (ﬁqua) St kitkase ectivga |S§Ku<r11§€ abis elsagesstang o inhiition by TSC1-TSC2

T T
rap-5§f87é’1n§ BeMnersie s8pporfd modéMk ¥BeeTIG1-1BRMWafiBAPOR function in the

. The phosphom nmetic TSC2 nmutant was
Sam@p@h@'ﬁl}éntly expressed at a lower |evel than the WI | d

X8l PR TR T b R BTGP bl o

1mﬁ‘1uﬂ61§1‘e61 @ piTOR wES@Btermﬂa@d VC 26044 B1dA32TSC1-TSC2 inhibited the
PCT/ USZOOS/ 025283 simlar to the di sease-derived

abifiscofeT ORckinpredn phospharsiaie The3&in S GFhdiig wid) sheyprg thaico
mﬁg%fﬁm }Zilﬁ ?12{11\5/\‘12% rBé{<am ne@ G ’Iﬁ%ﬁ% rg{g‘!ggt#%éeéﬂ@# fgsﬁ/ﬁ—’rscz on

m MR 3A2ivian phﬁdphbﬁyﬂ@fon@ﬁ nPrOR faf)Sﬁlm4§,e\0hmH énd bgendinglicated in
de radat i on, expect ed, the hosphior n}stl c mut ant

aa%Yaalept(Nﬁ\é& dds finshend. % 42ty ( 3qd exprained. The
resﬁh@aérﬁ&n a?eldtlﬁe% eﬁg&@%@%ﬁ%@%’fﬁ&%@%& B SfofyButfin of Ser

I'esser degree
244% i1 m&ORTIBCPRGE-Up endeainhanems (Rig ste).hFyitheymore, a decrease of

endiies e e by B A R ftsag indieisr i et S48 ghosplieslgfjon in mTOR (Fig
7&3}j %ﬁﬁ@?ﬁﬁg 5h§§lt1’vé ?ol@%ﬁ%ﬂ@%én@ﬁb PEE N TIRGLin thé Msdlation of mTOR.

onot i ng ubi quitin-ne degradation. 10 "Nutrient
A@hameatsuggﬁstﬂdm phosphetylateiBet24d8 iaotTQR(Naves6 K. anugra; Scott et

%%E,%yfzﬂ 6i|e 2 Aﬁéf %@%%Eﬁg7zﬁﬁ%ﬁ 19 elP hly%ancer Res.60, 3504~

35 Mt;fooe}c}t ThOpieserl iBRASHNRMOL Bfited tPh parbifapidcitbiaisBP Iintiged, an

| ocke rapanycin, indicating a major role for nTOR
unglerstanding @ﬁthe mechApisIrig noY HEcessRtaBTactipr the pessent invention.

No%g{hn}étss? flﬂelgt%o S?ﬁlﬁ&?ea@a{ %giau%] c?i%l 101atit>1i) %ﬂ é% % Clk n% b1 Sd Ew ?sC1-
TS, thel TIC BITSERKmediated rhlihlblltlbﬁ df bl}T OFSpHosphorylation at Ser 2448 is a

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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TSC2 (Fig. 6a), showi ng that TSCl-TSC2 is al so

involved in the nutrient response. Inhibition of S6K
W@ewuwiey2 was observed under conditions where PeOS10e3625283

TSC1-TSC2 protein was expressed, conpared with S6K. A

LRl SR SBR[, TS v o

pho smhtxa'rryslyamem isofegilated Jb&%ulﬁﬁletchﬁulaﬂmumna irsodunding celkilar

engrgﬁi?\%ef %Eﬁ%}ﬁ‘?dcfg gﬁ?f:éb@t i h}%ﬁ%@&ﬁ%@g 2-deoxy-

gllh:%@@ fzsb@ggfrl]ﬁeég Hibél%“c%ih)’lalp%lﬁé&ﬁ %Yikéﬁo‘ﬁ @E@E’écﬂy(&lﬂ%gs

he@dﬂeaqg} asitichondital MpIES(BEC&I amd therHK(b ithelitar Rettlerin (Soltoff, J.

B AR A 880y (P ok EBSIRE  SoRbS 2 S e
8 )0t hddiibe qeﬁ@u@n Bﬁﬂidth&ﬁk 8y cHBERRNYAMN DIESLHhitiRd the

under st andi ng of 25 the mechanismis not necessary to

phpsphorylatéon crfe%& @rslcﬁﬁBR In(Hana tton., 18@%etATdR depdstiontanidswtrients

e RS bRy el oo b RS R At bR R on s %

SO e AT Py 8BY, ivticatihe S T302 hos atioPweXGdEsib® éhhanced b
roIefo%ﬂIrOnT(%?lathefgnctlon o@%@iﬂTSCZ ﬁdﬂs@y Y

thesg salyla gonditiess.st ant nutants, S 6K-dC 104 and S6KANC

1 10§t %%X%@%&%% gr%eittﬁ%{lz ﬁ@l\}g%&ﬁ%@é%émgégg?entri%ons between 20

an2 386 12 adRie (PHEblo; 50eatddubiondt iffadeHulae AgiPrievels and resulted in
ef erence). A S6K-dCl04 contai ns

d
1@%@%2&%%%6@9%@%@@3@0 rigpénspikangisst phn Q). T was gonqlyed that
the i ér S%@h@]ﬁlﬁ ff)ih(%%h ?ﬁigg %g Bl Réctgydute to the sensing of

rapamycin nni's e n con ras

M R R T S

20@l) E)&iéﬁfr@nts%%ﬁ&hdﬁcﬁdurﬁﬂ the E8fr§e ofRieQbloprhént &T3Re Frd3Sknt invention

Consi st ent W|th the reported observations,

obm@cbzboma ijodranafsnplite, 38500 mMsalko sighifisanigsinhibitad Biet ed

02, but Ei Q. .

PRIl 3008t BB AR R or2 D

dub B 8 hiiXedtebonkab Leepldtiva RTEN 18t ADP 168kl Iy 1t§3&91ng RAs #08srRolite. Tt
dClO4 (Fl g 7b The ki nase acti vi tﬁ@Of S6K- dd 04 was

was gt g@t_lq\g@nc(eptr@tlonﬁ@)f 2-D@nhaxh ap @8 mlylgphosphorylation
of 'S?g &ff ﬁg}tc\pz?s;e%eﬁggiﬁ% irﬂiﬂﬁ?ed% esacs;&nm%igﬁcgorn%ﬁ%aﬁmhp)? ggaRnitol had

littoeffei (Rgt 3E). BoRilat @ﬁa#vlatigns(\ﬁélﬁ)obmed witlbehahosstiordhtion of S6
gﬁ Deletion of th nmoti f severely decreases

o FRERL Gis PO YHoTREPraleiian AFADTS B4 HHHEoBpaATOR mTOR

act] e‘g;g\gév ‘E}Mr 1966, gleke} Lot @rbﬁ‘ CfE ﬁe&ﬁ%u%ﬂaﬁW? 9K); Sekulic

e ’kinase actrvity o term nal
et dlg| 2000)p wvaa ko i bitedsbySEKmYNG- 126 1{Rilged €). yinrcesirsst, 5%t mvb2-DG had

SRS LA el sobneg) e Khaes STy
partidflar heRaniddr] ﬁldeg@)an uﬁﬁ@rsﬁfnfhﬁ b$ t}féfmé— %Sgﬁggﬁo%céggry to

mutants strictl ycorre ate Wlt the effects
pracsiga theqiresentimientivar famethelup piois costempliedd that thideabsults

demong’cra-[e %%t A IﬂjG (gi:%icaﬂy r}hlbl% the pflosphory?atlon o?tsgie?XEBPl and mTOR
but does not signal through Akt.
AMPK is more sensitive to changes in cellular energy status than mTOR because it

is activated by the ratio of AMP/ATP. 25 mM 2-DG activated AMPK as indicated by the
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15 To determ ne the effect of TSCL-TSC2 on mTOR, an in

vitro ki nase assay of inmunoprecipitated nTOR was
waledeoni2zeed. Cotransfection of TSCl- TSC2 i nhi bP€BUS1008025283

ability of mlOR ki nase to phosphorylate Thr 389 of S6K

andplgeinddse 974 PosePBHEDTT AN KL 5P BB pmlinducea
rapid GRIPK: tactivdtion apt osiudatilaheddphosphorylHifdR tSeBess 2Ambtion of

whi ch has_been inplicated in 20 mlfOR activati on (Nave
tregmegt timegFige REMm TJhese data appopngistent wigh goent %%ﬂ%&lamw&

solffion R SRR I AL SIS o SEESHR QAP R . 2002

KimiGe2Retiah, 200‘3(;) Eeade pea{id QOOZ)HHIﬂn@res(eﬁt ipventin.is not limited to a particular

Fur t.her ad crea e of. . end nous TSC2 by RNAi
mechapisny. e@ﬁ% grsten @grof %@e%%a%wa ot TECESSHIY, (A PrAgtige the

présgﬂthvena%)l I\ﬁ)ﬂﬁtﬂé@l‘égé 195 @orﬁ&ﬂ%‘l%{e\ieﬂg%%e%efd% sk v & Ation of

TSC2 int regul ati o een
AMBEgaa.st Tearesponstbdesfon mwAaneﬁenommace&ﬂepﬁmh@wm@n@tf S6K and

AEBB1: 8ot Seygagnt rigitipd of STPIFYels S DdoTRES AMP/ATE
rati’o'SﬂAc'eH@ﬁé@ce(( %QQ%MMT?BG)@QSS@A%N&\(F@SID G)' Ho%ﬁler based on

limted to a particul ar nmechani sm | ndeéed
preyaetshspublidhesiglats, atdeercasechavil &mncsntrmxonrd@cem@argmﬁ@ntly affect

OB RalEF et o RDER et slogBOhe oo arERCBToRD 1 bited o
paktithiaP hic@Rarism THdéeB@n Tlﬁ@staﬁdﬁﬁg Bk nIRRdnismds abtbcessary to
i nhibition of MIOR g\ﬁ) sphoryl ation at Ser 2448 is a

praciise the pseseabipetioni dfenedelesthét is epmtompletaidbed, AMIK is the prime

enér% eé%?ﬁﬁﬂ%?po%ls?e totniu@?elilé ?p§ Ton, %l%gorﬁg blt rr]rélg tltOH ealso decreased S6K

phdgbbogaiod; jﬂcfﬁats@nAMPKTﬂ'ER her¥1afibh 204 05ed 23 obility shift of TSC2
PCT/ US2003/ 025283 ATP Depl etion I nduces TSC2

(Figh®dphhoryl ati on Protein synthesis is regul ated by
mul tiple cellular conditions including cellular
energy level. It was observed that depletion of

2-D€I Stihalat&TFhoInteetigh BeosendDed @@ndasAMBK AQldTHER

DG . whi ¢h ks cel | ul Iucoeutlllzatlonb
i ndﬂ?oéi?ﬁr?ﬂﬂf‘d% Kﬁ@r@pwﬁé@(% 2 phospharyiation.itha presence of

AYBROHRSCE SR Y5 0 i DBt VB g

both BeEh amcb?ﬁSCQ laget werklyofo-Baidussmaed fiBRAd ‘()FA@/IPK R, 9A)1 TSC2 and
st Findp uer R e oich APl Sl iad g Simiion. co-
1mﬁﬁﬁbﬁre@ 1t§ﬂ10ns VHEPEE mﬁﬁo%@lm%ﬁ%gdﬁ HANIPRY %Vhlch recognizes

deprivation also resulted in a significant nobil
thaigeting flornpdf ABCK whealse perfdrurd. &ﬂm&aarmb%ﬁ@e@!ﬁ@ammﬁhted the

s By PR RERbA) op Rt SPEFRLE N A BT, However,

no BT PEEPS OL Sy rddeeited BRE bftlp N.MPKZm@ﬁinb% GibITRes. sk BBservation
concentrations between 20 and 100 nmM achieved 20 to

is myopmsiging hesrrse I 173 in AMRK if laealixpdin theardvaiion leens(Scotéer al., J.
g B0 305999 AR BRI oo,
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
contemplated 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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15 the inhibition of S6K and 4EBP1 phosphoryl ation by
2-DGis directly due to the sensing of |owered ATP

wo eangosi2kyy MTOR, whi ch has a Km for ATP of ar op@mud2003425283
(Dennis et al. 2001) Experi ments conducted during

t he se. of d veIo t he e ention

ohe PRI PR i faclhe Gt T5E S Reiap gt co-
imSingopretipadidnywithn Bitbirsed ahlitodyonsREDbY lwadste@mbmtl@%th anti-

Fig. 80, showing that the effect of hig

@af enfprdiPlranibesty was peofogned. ¢ 1 ws ﬁbwdrtb@tﬁbmr@erwtwn

v S s ORI AU B PRI =18 ccion

wag effectivelyedongpeseddy pridd@Ecubbitidh ST aidibodh Qﬁﬂi‘tmmﬁeﬁhfg péptide,
of S6K on T389 was effectively inhibited while
de@Pﬁtlraan B PertiFaY piohe 8- IMENEPPISFIPHAkPN (Hig OB)- Ef& ggshows that

the(ng/GQS b e1r§! ik RS£E ¥1§'{11 cUBSGL ¥ Rfhs WeknBndtfi®e that 2-
R s b D P

phosphor y ation
D(Ptreamemr gthmtlaﬁemﬂmﬁntnfﬁﬂibﬁ@t%en edogbnaus msammm

P 0GR FIoPRGeialg Fiadigs barviesn ?&eﬁg%%ﬂmve@xmemd
TS@Z)aﬁh con PR that"@@(ﬁélﬁﬁnde@ tﬂﬁ@i‘rﬁe@&h@ﬁ beRvdEl! nd EiIQIPK was

. In contrast, little effect on
alsp pexfpiady(Fag. 90N DélegLon 8ﬁ})ly81§ Bimvmdetharthe Crtemmmalodomasn of TSC2 is

resrible don i inrerioie SRR 0 Neriagegy gt required
practice the present invention. Nonetheless, it is

contenpl ated that these results 30 denonstrate that
TSE2hs repuived tt)cmbdytq ihltrwbllularteh@rgpmosm@se yl ation of S6K,

! BT b A SRRl P B Bl wer

tredtB@ it ORBMI DEighd. T2 RBIAI Gainefibabily @ edsad efddgbnous TSC2
AMP/ ATP. 25 M 2- %G activated AMPK as indicated by the

pragein\gyedsp buy ol apoettepiom thszociatedspan MERAATiEc1Qe ﬂe@@@nduced

Sof AEBRRBAN A AR PRy SR oy, e Bt

In d@nfa@s Rheokylbahiof TSQR ha6 Ko atpnéfidatineffdcd bn @ﬂvJ:PKrpe,aatphafmatmn in
tinme (FIISﬁ 8E)... These datg are consistent. with rece
a 1 4

respaRsip - WHadnhiRisrn ok BT Py sapapysadgcked SOk mghwlﬁﬁon even
Whteﬁ Q“S'@mxmésblg{x‘ Wl Egg%ea Er B SRbwin %g?it rﬂ?ggg é QJ)%stx%ng%f TSC2

Kimura“et a ause et
(Flgrla(ﬁ)nt |nvent|on is not Ilmted to a partlcul ar

B ot S5 AR SRt atEmen: Vogtbression of
th ﬁ% RRIBR 1 o but ta@ﬁ%ﬁ%ﬁ%ﬂﬁsﬁt&nﬂ% cfe@ﬁe%fee . fﬂiﬁgﬁﬁﬁorylatlon

at activation o be responsi

(F 1,g.TH)Cd)e Ki]‘hetprﬁu@n’u indertioe mi@qtthnmpé&lmal pakticutareficchbisianthdeed, an
3 é shgatl tlcaII significant re tElctlon of ATP
understapding gt gMERIS Q}fneAWIXT‘PP@GU?ea P @respntdgygngion.

Noh%ﬁ%fe@sd it Eg'ntgrﬁgméd%hMT( &%%ﬁﬁ(f g%r(tgﬂIQS&E ph@phorylatlon

However, based previ ousl dat
Kndekdovaset T$C2—\B'}3Rbb°nd3é®1ﬂicditheonhlbﬁelsf affert of @MPK @amﬁsblpn showing

thaf TS Tt netwao ARIL. Notndr TERELANEG nd repafipei Affegted the

ph?%%ﬁ%{%tﬁ)g‘cogggg?l;j@@A AhrbeRASI AT AE oBkarl S IFRESHRH BBkor 2
(eEF2), two AMPK substrates (Fig. 10D, E), supporting the specific role of TSC2 in
mediating AMPK on S6K regulation.

It was hypothesized 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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practice the present invention. Nonetheless, it is
contenplated that AMPK is the prine 15 energy sensor

WO poonesgaense to nild energy depletion. G ucosePCT/US2003/025283
limtation al so decreased S6K phosphoryl ation,

dlff gnftsr%g %9?@%5&? E%ggth (@‘Lgéa %ft%?ﬁ&%%{pec a’t s 1981, elﬂosm)\!vi arfuch higher

levbhéﬁﬂéﬁlc bheyphBgtanes (Figh tere moosleMdiontyace (hec&uR ofBEF4 and EEFS
deternine if AMPK is responsible for TSC2

cellsh bathreng st shor, expemirgsraf sem2eK ghosphpmkationdmmmpblot are presented

in FIERE R, dP Ppd e R Ry EPCER, B @' Bl PDEh, AN
ohg@mydm‘ambmf”tﬁming ciakéd dbMeziWFi‘KS(Sfl Igl,oslﬁlﬁ)'}l/lftﬂ'm EEigﬂ I\/CF?HS The
RS AL o ot P SEb R LA LU IR g 0,
Sit1deduls vARd bbs@ﬁ%ﬁ%ﬁl tﬁ%ﬁo%’%@?ﬁf% d QfﬁMﬂf I—Yg%éil@r the activation

recogni zes 25t activ AVPK was al so
of AMPK mree ot diffierenabetivibaithe i aniddbd EFFP celts (E ig. A0EX Theepresent

._active for.m.of Al\/PKfrombth Co and DG t.reat ed
invegtipn 1s)p§>gilggteflﬁq gp ful n]ltqf}eer]s@ula erslt%& %\&é’cﬁe

mercﬁéftﬁé'iﬁ iSgbtindcdsbey a81p ﬂact@c%'\{%pfegéﬁﬂ MARMEGH PNbAL RS ess i
observation is not" surprising because T172 in AVPK is

contemplatedgtiat TS Ghplapcan wgtortent toteoip nicGiging the efigct of ATP depletion on

nehospigy Paiongt Sy aig depEbos RS St Quithe DRI RS

trehindiOval hERfdrBRAL th BEPR{TSC2L/alcelE B aﬁﬁ\DJP'BfSelﬁﬂ 11tﬁ<§1 effect on
under st andi ng of the nechanismis _not necessary

4EBPA dbperhorHatiqnr elddnis in aeurast terihe métﬂetlmofe@pSphqrylagon of 4EBP1

i GRS L o RS PRI e o

pai¢hBt fikteandni dindged) as @dd@Bakdiopof HehaseBasbmus hovRBessaS to
WO 2004/ 014222 PCT/ US2003/ 025283 To determi ne whet her

pragéiee the PrgseRt inkendiono Nozethglogs. itHs vetomplated; thatdhese datg are consistent

wed
e T R e e R
depindsphagiptioass qeidromived in TS Casceblo 6 uy exhlt, Vak. CfehIEBzol 4:699-704
Meractl on between endogenous AMPK and TSC2 was
@ anced by 2-DG (Fig. 9B). The interaction 5 was
effectively conpeted by prior-incubation of TSC2
anti body with conpeting peptide, denonstrating the
TSGehsi Fhiosphyrybited By AMRKMunopr eci pitation (Fig. 98)

[ yedetngnovas fieds phombaigoy BuelI§Ge ron st mgrating band (P
114§ RBF AL St th@ UD@-indAeed LRBITFBhIASE H%‘io%}%%%ﬁd?ﬁatlon TSC1 is

i Nt eraction between endogenous TSC2 and
als@@pmﬁmlw@mtauuvﬂuclamud@W1mmlﬁgd by lamehdagdnspnthsg onausni{Hin 11A).

itah oG R i it o Be BRBURT ST SontnfiRhh of active

AMPKQxIQﬁJof inanRd a(tﬁd)lﬂhlg hlﬂfaﬁ%to:zo Bufitiloy $5815H0WRY that AMPK
that the Gtermnal domain of TSC2 is responsiblé for

regMes HeE? ah@spbary@atmh (F\ig_PKlB)W iThe Aﬂv@KNnhﬂmtm raimpdondChwas used
to I{l%tp]?}?}%lg &v%%ﬂ@? ggd;iolgglgoglsc@gﬁlirlgl %Io ved in %SEE Ih%sp%otr}qaetion (Zhou et al.,
J. Clin. Invest. 108:1167-1174 (2001). Incubation of HEK293 cells 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 negative AMPK. Dose-
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15 To determne the role of TSC2 in S6K inactivation

by 2-DG HEK293 cells were treated with TSC2 RNAI
wW@bkiogos1222ISC2 RNAI significantly decreased endpgENs2083/025283

TSC2 protein levels, but had no effect on the »

I d ' MEK2. (Ei qg. L 2 i
cerff BRI I e Bsa i rpi R R ATER (apRk DN
parggﬂ%_glgﬁz:kéﬁ;sddﬁ‘ hRbA BY 295G ki®atmehn (Fi%nltlmi tRurtkSafdfel @Mdubation of

no significant effect on Al

HEEh ¥ heedls witt anohMAK mbibites pigndisantlty »veysed thehtibitoryetfeet of 2-DG

b in blacked SEK. phospharyl.ati y
on SRR IR 1 B B B R ARB Dl At PR ibitor bad no
eff6ct OR Alg pHesphsE LM AMPRBGRhib{tht dso diSBicanklyeb1bekre!S6RN

of AMPK in S6K regul ation was further exam ned. L
dephesiphpylatien ipduesd birghecose derrevanmpFig) 115y The presgntamypntien is not
iR AP b g HOEL 3R Gl BRI £DERR IR A

nedds{aay tol pridtiRe tieebsant Biventicid @dehettalessidBreohrngilatgd thibt these data
the nmechani smi.s not necessarnz to. practice the presen
r

[ ( t
shqwy thah AMITK actiysHen playe as Impartank role it Bepd Ahewpheryktiongpk SOK
: Y { % osphoryl ation. Knockdown of
. ig%gﬁgyﬁ%@&%%@ thetml?lhhi bitory effect of AWPK

expressi on showing that TSC2 acts downstream of AMPK
i ther RNAI . nor_ r apa ' ffected 1 he. 30
T150 ABASAETR a3t ARt KR EhtAiAr S Bon 68S and

euk g %hlfi-el @B %?éclh%%srfl %?WCZ%eg&l@cﬁ:nmy AMIK AVBK o 1abeling and two

substrates (Fig. ) , supporting the specific role
dinxnsit@ablpliosphapepliide magpind/KT'HH2 $eKpertoruiedt iStimulationweish 2-DG (25
othesi.zed that .if TSC2 plays a r.qle in nediatin .
an I st PRyt B Sorh e e Pras Ao, apd o in

o S raasy BT RSghy e PR b e PR hensed

phosphbryleioADP thibegaihret ieptid esestigaubdted byAS-DEX fentpeds pdoelsa: and d, Fig.
I hqw, a much higher |evel of S6K.phospho ti
1288; e Shagpd Sbobhanuit Gepoteamssponeriines dRlieCon e figey APk
Thé g%sgﬁ'ﬁ%venﬁgﬁ isSnotPiiftd 108 PaARdias RREAaBIROBIEES aRhinli&i8tanding of
S6K phosphoryl ati on i mmunobl ot are presented ‘in

theRhegharistOF not necesssrydb peactiee thehpaeseRony ¢ndionn Nopelbrless aidis

consSmBalr T nRE S A& Semelsr G PO B fmebsfRies TsC2
phéhbSlatibiend ANPRIplayafa thij6sR 1 RapsTd E%ld%ﬁh&@fﬁtion.

phosphoryl ati on are 'nuch weaker in EEF8 cells (Fig. |
OF) Previyusiyl, the TSUsaquengsrier AhHE: vasagmition cenpensus sites was searched

RABRAAGS YoeB) T jelap SR BT Ch poblls S PP e, A
puttié AMPK gited wék lindividealpy @a&dd andiweatimensidiil pRdsphopeptide
limted to %ﬁa_rti cul ar nmechani sm | ndeed

I ,.an
mapREEEthersh Aedividuglyautant wesdreaiorsad.i Ehessdaladpdisaig iyt plh the
: acti I»Avent Qn, I g o
i e PR AT s OB e bpide s similar o
theeild atpeitp (2h €Thef S 18 5 A ahutévitr fiteted elid rajoity offthe2-DG and AMPK
RS i s i 23555 i S i 305" MR Sen
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

contemplated that these results show that S1345 is likely an AMPK phosphorylation site in
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treatnment was perfornmed. In EEF8 (TSC2 -/-) cells,
2-DG and D-PBS had little effect on 4EBP1

w@b@sphaeyl ation. This is in contrast to the iPEi/bs1009025283
of phosphorylation of 4EBP1 15 in the EEF4 (TSC2 +/+)

. I Fi g. : i ti i SN0t | b
o ehln b ahonBRarIER LSRR BEpSbshR s
sucfastN 83 TRENSIHAI AV hish RRladfHRER IS HYAMPK e 1346 €Figh€2B).
present invention. Nonetheless, it is contenplated

t haffotchefen whethenp B4Ssas bs phptphonylated by AMBIE girgetly in vitro, a

oA ) D I B2 e
nggéi'ﬁzag{iiengﬁas pli#apholrﬁtatdéi ‘tgl iﬁinmﬁpﬁ:&ﬂﬁtﬁM ANPK Eﬂﬂ%)t ﬂ(lje kinase

_ s Phospharyl ate reatnent. with |a
inagts NSO 0 by 1250 [TEberello MURGat B FAg A Itk e
e e e
TSR AyANPKO iredicuting itledt Sil 34 s arditect AdPKphosphtugtation site. The present
imEPaat e LEH 0 ot DPPURT FRGIHHEE | UG o pagerstanding of the
e P g B R e e
contthBlatedabatl these slaisBawpha SRS yhdBi BH arEnef ditetBAMPRRe

oS B RHRS e ol Gl SIS enbanced
2-1DB%RR U’Q\VIPKQ’%?%) M2 AZBPUmSrdétte cod@mythat3hie B viidVERIPK
108:1167-11 (2001). Incubation of HEK293 cells with

phasphivyldiii sitentre lslsophosphordaisé in THE2 rotive.ithg 2@imasgmal

supporting a rale.fo enpus. A . TSC2 .
eogHBORbI G A oGP BSRRSIGRETS p Cotmpared withtht of
thd @hadd 1apsied PSOe (Mge YAV ixadElof2in DErd pisphetyRfdd TSC2 fragment

dephosphoryl ati on was exani ned by expressing domn

withethe ¢ vigo hompisded T8G2 B3 4% ayugant domonstrate that spotsa3na£nd 6 are
du?géi é@%@ﬁ?é&%gr}gﬁgﬁﬁgwggﬁ?pr essi on of the Kkinase

nactive ca of AWMPK ( AMPK- DN)
par i whd ybsbived ked smal wihdliihated ahy spdt Derdsredicre int the TSC2-

Fig. 11D).. Furth , bat i f HEK_ 29 [
TIRRTR raNBiE. | HhiCOTTaTe Bomgha At {4 e PUPSEaT Hion of the

. r ] - . .
e e
phosphiobjlates TREA ond 1328 {FigcI2R)n Tadot dimbos pired phidosphopeptid dhRkping

i phi bj tor_also significant]ly,blocked SGK
coafglaﬁfdstbﬁfo?@itcmaﬁsgqom@éa%%}rgﬁlha ?g’g@aagﬁgg-i \Z&0; dhe presgt
invehfibn isHtR 1R85 b pheaRl ERBhdrSsAOindebd, Fh ulerb@nding toﬁ ’gle

particular nmechanism |ndeed, an understandi ng of 't
mevhatiamiis notirecessry to pretsathy presepfrincantion. NeaethelssseHtis

i hvention. hel ess, . it on ated that these
COH{.%P’Q?étQ‘ﬁ@W w B\ﬁ}ﬁﬁﬁﬁ%’lq‘[if‘a—t%(’%#gﬁ ‘an inportant

r ol evijif3tid6RS Piussatfeeicn ndfliiple pﬁﬂ% tid sitabinRiddis 1337 and

response to energy starvation. T12Z27 And S1345 |n TSC2
1341 evivaihongntiese b ospAbIRK eatsersusiFigs12A, B). The TSC2-
S1337/1341/1345A (TSC2-3A) triple mutant was created and the mobility shift induced by
2-DG was tested. The 2-DG dependent upshift was largely abolished in the triple mutant
(Fig. 12G), indicating that these residues are major phosphorylation sites induced by energy

depletion.
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To el ucidate the nmechani sm of TSC2 regul ati on by AMPK,

in vivo |labeling and two dinensional phosphopepti de
worzppiong2nf TSC2 was perforned. Stimulation w P¢T/BSIDE3/025283

(25 15 and 40 mM enhanced phosphoryl ation of several

des anel nd cin Fi 12A
Alﬁﬁ%é#‘é‘?ﬂ‘é@fqu @ng%‘}%z@%&ﬁ'&&{oﬂe acti vegAl\/PK ?al
subdme FurkisAall sigﬁlli@@%@@lof &Nﬂ&@bﬁsﬁh@@laﬂﬁn &fas bby@sseaM® using TSC2
pepti des stinul at ed DG (conpare panels a and d,
phes oryl@@A)mutmﬁé Eﬁé@%%ﬁ @éﬂéﬁr@mfﬁd%w@h T@%%tr@ltant showed that

thlEHRE QRS Rk 46 1 [}‘ﬁijﬂﬁf@%@{ ?esﬁ%?is@'&o ﬁyﬁar meélﬁ gﬁrlgeiS?A‘)‘ This

nven ion 1s not partic
reshiltdeemhsistnt wittl ehshctiv thg pmbslﬂﬁrylﬂ&)ﬂmcm& pransotextthe ability of

T A T
(¥ t
g YSCH RIRIRY [MEHISR fofn Fph A TRITSE! obHhah e, 138).
TSCZ?opebtalsmteamydth&r!prhnsphBrﬁmcnuﬁ] TEC2 bre AVER phagsjaiesie & the
deghgsptamager i Sk suddRBBRG eShisE 19 G4 CeHaenh HELFEESC2)
fibeHBALAR ﬁasﬁ%@fehﬁ? 1rMéfi with 8%etrdVitus egéreE%g"‘éﬁh\é? t}él\ﬁlﬁi type or

sites were individually nmutated and t di mensi onal
thqoﬁb%%ﬁﬁé%hﬁdﬁﬁdeump piapgessionofdS€R rﬁdnned |thhimsakphmqv1mndatson of

SoRATCHERE ol 36 B Wi FDHI S bk Oorass af S pna

4EBIPQ %ihb%ﬂh@%ﬂﬁtﬂﬁh 1H‘%ﬁ’§v&;'tcff' ihREtel Cells B c\'ﬁhtlrﬂ;t toDG} sl; D(éantly

The "S1 nmut ant affected the mmjori of th e 2-
deeraaseABPK andrfdiiid Iiphespivoypherpaprildispe (F egpx_l_essxgg cdls (Big. 13C).
7. 8. n

cefy st e IR TroarbBy S gty 2 RS Rrediiiyn 940 woatment

thanndeetxpARsiy ALl FTOY (k. 131). THe phaBhtSAVenSiod & not limited to a
necessar%@éo pr actice the pr esent invention.

parjsHtay peckassm, Indeed, ap grderisnding of theapcohpeis ip efilepessary to

L T A R

AMBKt dependenephgspheyhation b Tl 227 afd S 34345 TSCLe4y8 an important role in
ph s%?oryl ation of other residues, such as S1337 and
th@s‘?ghﬂ figspepsede ¢-LAdjteaEnants o the AMPK site S1345 (Fig.

12 BENPfEéﬂla&%g{ab iR M0 RGona 1&1%6&@%% Q)ff AR PRRFGPK toglzhorylatlon

|rect y invitro, ragnent Cont
in &sﬂz&tkﬁ tovelsngepinabs eailuzlm@nmgm ftatdel TECO rexpressing ¢ell lmes from the

C t h h ed b .
TS REE s BtchBa SR gaan ARDR AL P IS SeHbhede Expression
of ANCK dabeasl Joi ﬁhosg 1aheﬁ>“me ekpresdbt @Fth@'ifs@ﬁ 3% fRfPmuch
to either alanine or aspartate (S1345

weakerpifstiedn/SEK |a1thm%héxd>th ﬂne Wlhi typ¢ amd thie Sepinotant wene(mpmfssed ata

s IRt ot Wbt ulhatalh 5 16 ot derfoabed S pligtpRorylation

in tHerWledpt CfS@ZRs%PidsﬁH}g 8¢11sBEt AR aSAchl MR AefT@R in the vector or the
under standi n the 10 nechani smis not necessary to

TS$12a24 iesprossies ?ﬁﬂés%m thongle AMBJR activatien freimadtectefl (Figs13E). The

sh o t.hat 1337
40 RO SR e R BRI Pt aRfisigcing of e
mebl?xﬁ)isﬁaIiaf]I et beBi9 3P prcitatht presert 1121‘1%‘151611 r N@n@tuaassl, Bis
enhance
contemplated thae/ these results demonstrated that TSC2 is required for S6K inactivation by
glucose deprivation. Furthermore, 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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2-DG and AMPK (Fig. 12A, B). In order to confirmthat

the in vitro AMPK phosphorylation sites are al so
w@b@sphaeyl ated in TSC2 in vivo, the 2-di mensiPOEUS83/025283

phosphopeptide map of in vitro AMPK phosphoryl ated

ara@%ﬂ%ﬁxée%%s glﬁ& Elqous S f)regsmnt Pfgls FCJ)E Tgbé ?%ﬁiﬁf‘dgg cells.
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TSC2- S1345A nut ant denonstrate that spots 3 and 6 are
due to direct AWPK phosphorylation (Fig. 12D). It was

r e uceg'q %gﬁﬁggﬁc%%?fﬁkgﬁuhﬁ gﬁ?‘{&(jépg&foil Evvas
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hopept | confirned t
celt dea’cb E‘pEEEI& (TSﬂ%—bb)buant m theeo@BIrRIF4( (FiSg.2-+1D)Eplls. THee present
. _present nve S hot limted to ar i cul ar
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i nventi on eless, it 1s contenplated that AWK

co@hmgbmglrtyatah@sg rm cglmvm(mggly estiblishtthas'S$F2 Blagsh essential to

f [ ti hos Lation ,sites includin
prids SRR bl B P RRAGIAH BHLEBE, L5 ot v
COoNgRtigmire the sﬂgaﬁcaﬁ)e of PR YhésphotdatdnlBAig dBAREion, the
Sé];@scz 3A) triple nutant was created and the nobility

r3A exprg By ety \Qasgd;q,@(gm@@g& éléSCZ]-‘ﬂ@ failedap protect LEF celis
o PERE AR R IR R AR Bl BB icn

indwpapoptos YA AatahRige, Sdahﬁﬁ dell dusBdn bytheretodnd wild type TSC2
depl etion., 57 WD 2004/ 014222 PCT/ US2003/ 025283 AMP

eXPﬁ%ﬁé‘}ﬂw‘E?ﬂlﬂ indicangihabhe e spesttizalty petticpates e e byt anhPNA

oL BNEER0P° 1 /S OGRRISL kB0 350555830 .

Indecd remfmdestindinigto f T1RGAe @AniztT i8 ALt ﬁéwm@ tblpdctice theipresent
. mut.ant_was | ess able to inhibit S6K in response t

YRR nRRethatesy. it 1s0optemplated Hiaf theyy datp demepritaty Enoharierylation
of LR P3P 18 PRSP RAE I Bl AN RS o

deaBC2-3A to interact with TSCL was al so tested and the
rrut tTS vvasfoundtog blLe to f.orma co

CHD T ?1§P ]eegfcgme her exapune &IQCWégE]éyatlon induced
apﬁg@ﬁp hﬁlrﬂﬂo?ésbéifée ‘Bfaseﬁ%% e HNRK: atfor! sBb®ed hat EﬁcoDs&

phosphoryl ati on of S6 and 4EBFl in response to
deprivagivranucedmRPtqsRIaVettoy andiT$CHBAL buisiot meES@Zwapressmg LEF

ol BB WD B i S8 SR FoPL e 3

PAEQPDW@I%Sdl&ﬂe(DHuﬂ' uéc%@ depilvatiba-iRarel calhasEh @hwv ItR4} cells are in
of S6K and 4EB ;123.) 13C). Treat nent with 2-
0]

fact xpdeagoing ﬁPCPPéOSc!i%@I% f SB6K and

?

Cell Size Regulation By ATP Depletion And TSC2

TSC2 has been demonstrated to play a critical role in cell size control in Drosophila.
It was observed that the knockdown of TSC2 by RINAi 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
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4EBP 1 phosphorylation in the vector infected cells.

In contrast, 2-DG significantly decreased S6K and
waEBRL1pbnsphoryl ation in wild type TSC2 expr eBGI/NHR003/025283

cells (Fig. 13C). 15 Cells expressing the TSC2
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anh g%loech?e tﬂé filep %Vlﬂ(aﬁgﬁ%é&eg{fél %Vlde;m:ec SR n@ggelﬁ I-&ulates cell

over expresse abl e ceI S used
siZ@XR efanttRaliaf celld IhRtHmabec thesdddth derhomsnatel thatae AMPK dependent

PhESIOD) RIS AL O G OF el Riogoeh B Sonia
i2:,]Iélgg@olfcgko&_[%@%%{%nfsrlﬁ&tﬁﬁ@@E g rdﬁﬁ)\fe': dp¥ei ﬁ%ﬁ‘tﬁgn are Herem

expressi ng [ittle
indanporetad dy irefersaté. Aihmttgh tBe inivemtidnyhas ﬂ)eenl\descnlbmian\nemlectlon with

that the gl ucose depr.i duce |.death in_.
spegtfg P epubodigenth it shok dtotPFem’rcéﬁ §| th é‘iﬁ ?%&haﬁﬁ}almed

sh&@ltlndt bJ BRIy ﬁ*ﬁ'@t@& to édaﬁ%ﬁédlﬁ’é"erhﬁod]&fenﬂs' Mdesd Vtaﬁoﬁs modifications
particul ar mechani sm an understandlng of the

of 1ife desctitzadimedes §omm'ynmes ﬁeerlyvmmprﬂamara:@avum tp those skilled in the

rel BTGt DR R A & Bcbizi oot REEETRRGMEE g, "o

essential to protect cells from energy
starvation-induced cell death.
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To determ ne the significance of AWPK phosphoryl ation
in TSC2 function, the TSC2-3A expressing LEF cells

wor®4alee? exam ned. TSC2-3A failed to protect REFUSHDI/E25283

15 from gl ucose deprivation-induced cell death (Fig.

Cq%ﬁﬁﬁmsn contrast, etoposide, which induces apoptosis

damage, caused cell death in both vector and

Wonllagint ype TSC2 expressing cells, indicating that TSC2

1.

2.

8.

10.

specifically participates in energy but not DNA

damage responses. The present invention is not limted
to i ) i . .. r 1 F .

of HAPibUREH Ak hARST o0 KPR Al AUIEE it
preaepnt ptbvidiugabiclogicdicaephkedias a subjectt sndcont enpl at ed
that these data denonstrate that_phosphoryl.ation, .of. .
TSCP) by ARIBRINg e PEesgRGerr @ qen%?@nt:r&a%g agpasg aeihgty in said
from gl UBRﬁ@%}%ﬁ@é&?Et i on-induced cell death.

Experi ments re also perforned to further exam ne

gl ucose deprivation i nduced apoptosis. A fluorescence

ggs ggs ?l}se@% fo:)?lia[ipﬂ[@)glﬁ az&f ! ? ngaB{l gtg‘liiegtﬂ}git O\ﬁeléegg]t,cgg)% agéelﬂgé) fincreased
TSCZ6%Mhash uétm@tcoi@ri}é@s@ma@es@io@ﬁma%% as@! 1's (Fig.

14B). Western bBblots for apoptosis markers reveal ed
that both caspase 3 and PARP were cl eaved during

B e £ LT e

Cel hg@icﬁ@inga%bgiﬁo@&cayc MlBoBeR) £86 RiMadWibIiEe. TSC2
has been denonstrated to play a critical role in cell
size control in Drosophila. It was observed that the

Knos S oS8 DT o8 s Sy SR e o

ef f egictiodtedPdicinBelegttd fivinZBe gﬂjug @dohgstthige TS Gnprotein and TSC2
inconplete elimnation of TSC2 by RNAi. It was found

t hatPT™®€IBG treat ment significantly 59 WD 2004/ 014222
PCT/ US2003/ 025283 decreased cell size (Fig. 14D).
Knockdown of TSC2 by RNAI partially blocked the cell

. Si z&hehietldd ofivdhimet] wherdn BXid infdedvated prosdia & dfefte amsutation in a

TSC2 and 2-DG ar [l cycle .in endent as these

t r eSFRRFRCS IR Frid larpfeére?rqﬁ&i“ﬁg@‘fp%anez cell's. The
present inventionis not limted to a particular
mechani sm | ndeed, an understanding of the 5 nmechani sm

i s Abe mﬁhmis@%ule}im b frthar comprising pprvedieg  diagnesis tosaid subject

Nonet hel ess, it i.s _contenplated that..t hese ults ..
demBASeE OB Bid $FlctiPe 5 TFSEEe SAbS RGN ARFAR e S0 Ripas govity.
i nduced cell size reduction. The effect of glucose
starvation on cell size was al so investigated. HEK293

. cel The npathad wiadaiind, vigrenvinthe possenqerndrinatasne §6 danabasctivity, said

¢ cddHer BN By et e mop o e Sl n S e
rapamyci n al so decreased cell size as previously

reported (Fingar, et al., Genes Dev. 16:1472-1487 o )
( 200%e methedel Jaimed,gyherein in the absence of increased S6 kinase activity, said

diagnosis is a negative diagnosis of tuberous sclerosis in said subject.
The method of claim 5, wherein said mutation is a truncation.

The method of claim 7, further comprising the step of providing treatment for

tuberous sclerosis to said subject.
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consistent with that TSC2 nedi ates the energy
to regulate cell size. It was al so
wob®enyee t hat TSC2 expressing LEF cells are PCT/US2003/025283

limtation signal
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TSC2- 3A showed a | essened ability to

size in the LEF TSC2-/- cells when

saifQB RBAES ﬁﬁﬁﬂiﬁ?k&ﬁﬁfiséﬁ@%%amycin.

e present Invention 1s n

limted to a particular nmechanism |ndeed, an
mechani sm.i s not. .necess

erstandjng. of .th ry t )
130; ach kit Tt digRasis ot THRRTETR TlsoSNGABPHENE EEon Tgrdletsgting

und

con

W t

t

£30dsed §6 sl ?étﬂ%%

ﬁ previ ous bi ol ogi Ca

first convincing experinental

neg

14Fur

R R T e

eheeinadii ons are consi stent
observations and provide the

evi dence that TSC2

R s

depepelend forRAGHNGRIK salskafe. pl ays an essential role for

t he physi ol ogi cal

her
I nv

Rt

functions of TSC2. Al publications
and patents nentioned in the above specification are

%lésgrflge 1%1% a C&ion’%x} Qsﬁgﬁl%i#%%gents for

R B RThEL et

nnec

SpeQﬁﬁ&@ﬁﬁgaﬂﬁmﬁ@@c@ﬂﬁﬁdhﬁﬁﬂkﬂmeat shoul d be
understood that the i nvention as clained should not

be unduly limted to such specific enbodi nents.

1 6]1 2 degd ¥ c%;ﬁ 0 l‘j‘]@%eﬁeﬁrf akd ﬁﬂ%lfl]ctﬁ%lg ft:grglplggesiglgﬂn?c?ﬂn?%ﬂﬁﬁed by the

r

carryin

th

e 1 nventl

opVvI OUsS

t hoS@nikKiStatesiFooll dndeDrup el deviatstrafiorefod Ss@ingn ivitkedidgibstio products.
be within the scope of the follow ng clainms. 60 WD
2004/ 014222 PCT/ US2003/ 025283 CLAIMS W Claim 1. A

nmet
17'sub

jhA’ thefloadRlRatA

ect, conpris

or absence of in

bi ol ogi cd! sarfpiiRiecH

sai
10

e

pakagiss
sanp)e fqmuﬂamgubjeét;

igitel

#

[ vty in a
a5, 5Py OSSR
and b) detecting the presence
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ogical
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se activity conprises a S6 kinase

phodphat aslmigistsayg sdd intheitordo kad safjectl ai m 2, wherein
said S6 ki nase phosphatase assay conpri ses
hybri di zi ng a phosphospecific antibody to a S6 ki nase

185 Ubstieah&thod 6f daind e WREAHR dailadmiRttBlidg rediley i@iaieerthsh

I ncreased S6 kinase activity is indicative of an

i nadhsyraplethsp detsirenssseleeasisad) stidsubiepfe gr oup consi sting
of TSCl protein and TSC2 protein. 5. The nethod of
claim4, wherein said inactivated protein is due to a

190Ut attieGRethdd 8f claim 17, wherein said inhibitor of S6 kinase is rapamycin.

20.

The method of claim 17, wherein said inhibitor of S6 kinase is a derivative of

rapamyecin.
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20 gene encoding said TSClL protein or said TSC2
protein. 6. The nethod of claim1, further conprising
w@eaniodi2ey a di agnosis to said subject based per/BEsi003/025283
detecting the presence or absence of increased S6
klns it 25 7. The neth of claim®6, wherein
?h%mﬁPng %%@n?gC%nP §°§§8§Wﬁa3e activity, said
d| agy}05| Sprd;\&dlﬁngSI tive di agn05| s of tuberous
sclerosis in said subject. 8 The nethod of claim6,
wherei n ith t h@ csBsEpisesing 6%@%@@@1 S6 ki nase
activity,.sai i ve di agnosi s of
t uber ous llgcl e?)gg?%ﬁ%ﬁ@ts%gtfcgh@ugn ?ﬁl& 30 9. The net hod
of ®hai msbreenihg ki ttess &blﬁpd’ﬁmﬂﬁfm‘@ﬂe atlsiliey tb intibiatledtinasd Activity of
The nethod of claim?7, further conprising the step of
provi di ngXA0dEAKt for tuberous sclerosis to said
subj ect. 61 WD 2004/014222 PCT/ US2003/ 025283 11. The
nmet hod of claim 10, wherein said treatnent conprises
22ad miTie snethodhof daiB621, kz&'rheaﬂ'lesaiah Ia(trbé:rﬁmg sdid campalingls fiprehe ability to

he thod of .cl ai wherein said S6 _ki nase
. nhit %‘P‘Pl&.‘f cddngseReaty ’&?Sﬁ actiytycpmpgisgs ¢ S? &inagg,phosphatase
- di agggsi s of tuberous sclerosis, conprising reagents

for detecting increased S6 kinase activity in said
subject. 14. The kit of claim 13, wherein sai d

23, o P PReh T i 87, YIRE SUSb e PIaPRAR 54 copprise

cl alh‘%ﬁ&mnfglafﬂ}i&@;ﬁhd’éﬁé’@ﬂié SitYdY 54 K6 &ira@sfbetrateSi NY
sai d reagents for diagnosing tuberous sclerosis in

said subject. 15 16. The kit of claim 13, wherein said

240; ol g ol BRI £ e BP Sl Pt R RO L6

in vitro diagnostic products. 17. A nethod of
treating tuberous sclerosis in a subject, conprising:
25q) prhevnetherhotxmaim 2 whekgie said gisheprereedis FapamyGar ous
sclerosis; and ii) an inhibitor of S6 kinase; and b)
adm ni st eri ng said inhibitor to said subject. 18. The

26met e nedthad eff staiinr2 1, wheten said sdsticanipounidds & demaative 90tdpamycin.
in a decrease 25 in synptons of tuberous sclerosis in
said subject. 19. The nethod of claim 17,-wherein said

27! nh'ﬂe&@éth%oéqalﬁi ﬁs]lg%&gxeke? @@&Y & wgécp i The nethod of

claim1 erel itor o nase is a
derivative of

28. The method of claim 27, wherein said cell is a TSC2-/- cell.
29. The method of claim 21, wherein said cell is in vivo.
30. The method of claim 29, wherein said cell is in a non-human animal.

31.  The method of claim 30, wherein said non-human animal is selected from the group

consisting of a rat and a mouse.
32. The method of claim 31, wherein said rat is an Eker rat.

33. A drugidentified by the method of claim 21.
63



10

15

20

25

30

30 rapamycin. 62 WD 2004/ 014222 PCT/ US2003/ 025283 21.
A nmet hod of screening conpounds, conprising: a)
w@eanviodiey i) a cell expressing S6 kinase; andPCT/U$20031€25283
or nore test conmpounds; and 5 b) screening said test
conpo f [ bit the kinase
34ac{nl3§/ gl%do(ﬁre ﬂ%%@i %fé;so{e@nﬁgﬁ The nethod of claim
21, a%her@nnn&@gd screeni ng said conpounds for the

ability to inhibit the kinase activity of S6 kinase
act i vi t y tbonprd $Biscly wherekt #74 @b@%%ﬁﬁ%ﬁ om ag@e%fgswrem said

23. The net hogy;QbsGloal n_dﬂﬂlsggdeféﬂ%%b %ﬁie%ﬂ??ﬂ& WBREGve cells

phosphat ase assay co ses ybridrzing a
phosphospeci f icomprité bdefectie BSGpatkivagse substrat e.

24. The thod of claim 21, ere sai und
T a drug) o5 PRt b id e TS caReA e e

t esty) Co”ﬁ@ﬂﬁkﬁsﬂeﬁn% SREAYSk B sa%@subﬁé@ \ﬂﬁéraﬁ%ﬁfag%ﬁbﬁbts said
21, wherein said test conmpound 15 a derivative of

rapany0|deﬁm2@e@ﬂk The met hod of claim 21, wherein
said cell isinvitro. 28. The nethod of claim?27,
wherein said cell is a TSC2-/- cell. 25 29. The

35met ol nfthéd &f Olagd 34\ EinkaRidgEntGhhibitk Bextdkindsy0. 30.
The net hod of claim?29, wherein said cell is in a

non- human animal. 31. The nethod of claim 30, wherein

36 ona SRR CARR PSS BB DU R o

claim31l, wherein said rat is an Eker rat. 33. A drug
identified by the nmethod of claim21l. 63 WO
372004hg 1ashod wGleins3boshaoinsad aggut is mitpshensiiabpmcoupler FCCP.

treating a di sease, conprising: a) providing: i) a
subj ect, wherein said subject suffers froma di sease,
38wheriiemethodlof Clate a3 ewhasiprshlesentahkidbits PR(Cel | s,
wherein said defective cells 5 conprise a defective
TSC pathway; ii) an agent; wherein said agent reduces

39¢el ItfleafetAdfof @M4fh 88, #Rlein said agent is Rottlerin.

40.  The method of Claim 34, wherein said agent is 5S-aminoimidazole-4-carboxyamide

ribonucleotide.
41.  The method of Claim 34, further comprising co-administration of rapamycin.
42, The method of Claim 34, wherein said disease is tuberous sclerosis.
43. The method of Claim 34, wherein said disease is cancer.
44.  The method of Claim 34, wherein said disease is cardiac hypertrophy.

45.  The method of Claim 44, wherein said agent is rapamycin.
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b) adm ni stering said agent to said subject; wherein

said agent targets said defective cells. 10 35. The
woredohoti2ef C ai m 34, wherein said agent inhi biPGT/US2003/025283

hexoki nase. 36. The nethod of Clain135 mherein said

age | layc .
46 9 nlthe Iﬁ%tg?cg Sgéié}{? 3Hé@§n&te1o é;ud d a n%% ﬁé& a defective

15 :weméﬂu of sad ITS@ mfthvwElyadetactd, ﬂoﬂn &regraulsmrﬂlsagg pf: TSC1, TSC2,

i nhi net hod of Cl aim 38, wherein

sai&gﬁgeﬁﬁ%ﬁgﬁﬁggﬁPizﬁﬁplzo 40. The method of O aim

34, wherein said agent is

5- am noi m dazol e- 4-car boxyani de ribonucl eotide. 41.

The met hod of C aim 34, further conprising

co-admi nistration of rapanycin. 25 42. The nmethod of

Claim 34, wherein said disease is tuberous sclerosis.

43. The nethod of O aim 34, wherein said disease is

cancer. 44. The nethod of C aim 34, wherein said

di sease is cardiac hypertrophy. 30 45. The nethod of

Claim 44, wherein said agent is rapanycin. 64 WD

2004/ 014222 PCT/ US2003/ 025283 46. The nethod of C aim

34, wherein said defective TSC pat hway conprises a

defective elenent of said TSC pat hway sel ected from

the group consisting of. TSCl, TSC2, Rheb, niTOR, S6K,

and 4EBP-1. 65
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