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PDK4 as Marker for PPARdelta Mdul ati on Peroxi sone
Proliferator Activated Receptors (PPARs) are nenbers

w@booslgsemzicl ear hornone receptor superfam |y. FCEEPRORE03265

are ligand-activated transcription factors that

regul ate gene expression and control multiple

nmet abol i ¢ pat hways. Three subtypes have been descri bed
whi ch are PPARa, PPARd (al so known as PPARb), and
PPARg. PPARd is ubiquitously expressed. PPARa is
predom nantly expressed in the liver, kidney and
heart. There are at | east tmo najor |sofornB of PPARg.
PPARg | is expriidickas Marke ehte Medlatidne | onger
isoform PPARg2 is al nost exclu5|vely expressed in

adlgose ti ssue. The PPARs nodul ate a variety of
phy Beroxisgmedirokifersornd eivatedRegeirtars (PEGRs hate mﬁn@hers of the nuclear

hg}#gﬁéﬁceﬁgfﬁdﬂg%%ﬁ? TBQSHIRSR SarB ﬂ%ﬁ EQRQ{eH%scgfb%'bﬂfactors that

ance enti ati on, nmat on an
ragalad«r: gﬁmmea&lom@hc@trqﬂ@pﬂbﬂerrmtebqhqmlthwadﬁ Tirge subtypes have

b B S AT DARERE e RURa) Al p gy PRARS s
i e e b e

THéreré aﬁl&ﬂ;t ﬂ&@hﬁfo&ﬁs&dﬁd&kn@s‘ oftHPARYEPPARE] BRfpressed in most tissues, and
environnental factors that influence HDL | evels. The
tlprlongernmf@rmmi’a%lwé fis dfnqsmxchmeléf ekprssedtis adippse tispnea The PPARSs

R dgﬂ: a Var %tggg %h Sboa(l)ffl qll %&ﬁhﬁ c?dd[ng# ?egﬁﬁ%ﬁﬁ Pf gmbse- and lipid-

tero m ce
hmbﬂhﬂs ald mesboksn,i amctg;rduahgw, leel differentiation, mﬂammatlon and
at.her oscl %rotl c lesions of the arterial wall. HDL then
FHGFL LR N0l esterol to the |iver and
sterol - netaboI|2|ng organs for conversion to bile and
el i aippadiimatelyDed] foffatlqratieire “ﬁdmwmmw@b;asﬁmmbw

con Gy on LT RS B Lt By R P RLRRL P e
athiepopdtptentied funCial eSHEL.olds ﬂrsx\}aglﬂlgb@@kaihmnst% yars agoand

(.. 62¢.707-714 Th t
shpalir L Ao A b U oB kPPl AR A R
levieds - Theoprokeetise fumatio bf H@Iddomes fABRGtE nelk @53 paaess Serhedloreverse

c%%l%r{ag{pg gr)agip%lrf mt ia\?ﬁls dﬁg Pe:rrgoav%.ﬁof? cfrlllo\i;'e%rc(:)l 't e & ltnelrypheral
tifswresritchtdinnthos¢-ovhe etherdshlerctisiedi@mstdfahe asntaﬂml whll.¢thk then

oL OGS R Ll BB 025 o o

afidl abgiinatiopaDe@rften ithe Flamibffhaat ﬁudy gioveddghtt DL abkses are

phihoPee S sRear i Forge st RisBpibRRr Lt LB Belty®
3’“ €@n Chobistetal) Rivels (iGbeBhat al, meZMMeng%W 625 7G677944)nThe

cfHsR e A0 D3 B8 PP BO M DR 265 10 s gt Aibfieve HDL-C
of Rs§hah 39 edlg/ dl ianevsf (afialddPhnd5 4 08 Sferpl ). 28santal id&ease of HDL-

ectiv abetes is. I sea
S ERE R sved b bEeReati iy RS 00 S e ety fong Hgever, the
stlsstAiail sdsefehehmitzhe Hergptit pbtentiplbofithie approach.esponse
to the action of insulin. Type Il di abetes (T2D) is

| | | ed - d dent, d
oA B S B L bR PERA R G SR BPR TR e
otlerwelgiped obaund #sigh bropb2idon bhgpparndiabetit patiensd ledvs amiormal

Lan ans onti nue t roduce i [in. v t . .
P EeaR e Pt e Thd sl s o S Pl R 0 gl s 37901n
dinbdtiadicpasd Mbsmeomen itei respactiveabs fick ITHSICSt asC@glddare 31%

insulin stimulation. The body continues to conpensate
Kidg/08r03e4968P ng unphysi ol ogical Iy high |evels of insulin,

which ultimately decreases in | ater stage of disease,

due to exhaustion and failure of pancreatic

i nsulin-producing capacity. Thus T2D is a

car d| ovascul ar - rret abol [ c syndr ome assom at ed Wi t h

o o, -
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with e.g. |ipid-nodul ati ng agents such as statins and
fibrates for dyslipidem a and hypogl ycem c drugs, e.g.
wa@dosomehair eas or nmetformin for insulin resistPC/EP20A5/003265
prom sing new class of drugs-Bas recently been
i ntroduced that resensitizes patients to their own
ardvsi9h i rasplectingel, iand $@rEDLIC €38 mg/ e hyd it %1 wspautvdby.dotibetes is

o B RO 2 R b Bt R P SR because
ofepesiid iopsirinkatini spoRkogl the actionef AatinsTypedhdiabetes (T2D) is also

osi gl i.t azon andi bel.on t . o
A ytrih SR e bR oy e P BRI NN and affjcts 80-99 9 of
diabétir gaientsiti develdpetl koivitries. s T2Dothe @aappitiy/BREtsf il ahd &XBihs
in several, countries. The conmpounds, however, suff.e
catighe &9 BEPAES Bt OGO STERT SXERt: fo 4P Ariqpaainly
mh@dé,@ﬂv&ﬂarﬁdaﬁaﬁls@e !ﬂisé#et shibiogprofardnedistadday igdubia stimulation. The
i ncrease bo wei ght. i n pat.ients. Therefore, .new .nore.
bl 4B RB TS RIEEc PP adnE A BRI b Byl of TRbHin,
whithivleReRlyadectdasle ilefat@Gtage af dsddbq) @t to/exhaedrsh anBegibute of
st udi es p_ovidg evi dence gﬂat gﬁonisn1ofPP®§ d mgyid dr
POEERALC 1 geeisisioonnteiy - SRS S & ?‘i‘é?héfﬁ%sﬁ figrmetabolic syndrome
asjla_&ti@tga ivxﬂﬂl%m?ltipleet}on‘ﬁdiﬁf&i@@ RERDURAS ifnfsﬁlom f&is‘taaﬂaé, @\éﬁipgdegnia,
ipid.profile, . a superjor, effect gn -C.rising
hypshisarien WO&PMFMF%%{) ki Lomma i eHhesRRaEE Sl
positive effects on normalization of insulin-Ilevels

( A FivalinetreatmerfeCdydipidAeadndcliabekes g2iddlly i88olves a low-fat and
5306-11). Recent oRservatio al so suggest th%} t here
10i“§g1éiﬁ°%erﬁié‘°ép%‘ﬁ’éfé%‘?tangl’-"’ st e et eprpatiiagy can be moderate, and as

tHeQiFéé'aé»e‘}ﬁSﬁk‘j&s‘é&,%&btr@&t:oﬁ thadd gbﬁ@?eﬁbolﬁd &eﬂbﬁbl I Eieklg&ml‘hes Jnecessary
role jn redycjng triglycerides re- o.et, al;
618 balénng@f@?lné?@ngﬁ@s@w@mzj?ﬁ%m}gﬁ ok dysbiptdetpda and
hﬁ?ﬁggeﬁmg, .g05ul fORARrhs BE RSB0t thsaliekdsis@mad. A promising
P %pt|V|ty may .S omLsuggkggr t herapeutic efficacy

ne FRERT i AEs hep ety Reepdnigpeieed shaf Freeniizsn PaigEiHiodeet own
N8l (iRRARKASAXrS! theldts BGOSR KlobdYIBBEe QN BEIRESEe L &vels to

mar ker for PPARdefta,npduIatlon, ﬁnd nmet hods  of . )
neRraynt RgnanTdiRes adistingies dedus PR EguAEIGAL fr exogenous insulin.
Pﬁgﬁ“&gﬁé c%FM)’érId’rosfgﬁEaQ&?es(AanﬂgM)tbQIdnggo thethiazolidinedione

eatnent of patients suffering froma disease |inked

- (TZDYdre @i PRARpRgOhisPRARNe < the Host invihieir, claasith estppodieddbr

NSBB8, TR R e T B EEAT B o

in€luthserar s berseyeare lider (tBRK4y (ansen wdent o dlitednay Tiiey dlod increase body

PPARdel t a et.gene and this gene may.b e ysed.as
WS b Rk o TRt OB D Apier St ARl and lower
intRleAbObf sidd b Aseurzontyaisdetd etf) RebK4dtudies padvideelydence that
descri bed as target gene of PPARal pha (Sugden et al., . .
agiinagre 0EEPARY @fpplcg@elalgan oppmpugdy withisnpansed %ﬁaﬁ@veyﬁlé pefgntial, i. e.
V. t LAyt ‘o

sl s R R oo 2lne i il W B g e i -C i
compiail ho tisentdeeatments end with pdditionalpgsitiye effecterehermalization of
. el 4 ' I, Bloy: bt a.
B B e A
ob&f¥eiont alko slejgedt tharghat iswmrihd@ehdat PPARdemediated effect on insulin-
nodul ation. Preferably, PDK4 js used. as .nprker for .
SERIEERTTHE Ao Bt U SPARBIET 2o e e (Fergpd il et
AEB1oR ChERIS0BOIEY, 39, (862 UPRE, [AIcuIEPRARD Bidists or PPARS
toxicity in nmuscle cells. "Anuscle cell may be a
agdigiteivith 20UBLhEl FIARC, B¢tivity eFTshoWuGsdrivr Chirbpeutitefficacymwithout
‘modul ation” as used herein relates to an activation
ther sidenéffegistsizomasthe weeght gainseanivith BRARY agemiisis. ty  of

PPARdel ta. Thus, PDK4 can serve as marker for

nmodul ati on of PPARdelta activity. The term "marker" as

used herein refers to nucleic acid or pol ypeptide. The
present invention also pertains to PDK4 as marker for

di agnosi ng a di sease invol ving dysregul ati on of

~res ares 11 . .
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MRNA. A representative cDNA of nouse PDK4 is shown in

SEQ IDNO 1. In one enbodi nent of the nethod
weoosjopdses or e descri bed the nMRNA expressi on | eR€I/ERF005/003265

PDK4 is determined relative te-a control. A host maybe

an animal, tissue, cells or ‘any other biologica

systemthat is capable of RNA transcription including

invitro transcription Preferably, t he aninal is a

nonhuman ani na contro 0

o R vepta FIHESo Rt ERoLre P HEi AR methods
oftdiggnpsiag alisehsediked andpreguliacdes oAPPRRBelth amf1v1dy&trmthnds| afg

whet her .a te t conpoun uIa es PPARdel.t .
P L EBE L GLE BHSHEE TG he oRE LR prfapadption of
PF&M&@U&B}Q ahd nﬁBﬂl&kms ioff ydentfyidyecomPednex phizhahodulite PRARdelta

of ., PDK4. 1 n one enbodi ment of the nethod herei nbefore

AHEEEr i bed the nRNA expression |evel of PDK4 is

determ ned relative to a control. A host may be an

animal, tissue, cells or any other biological system

that IS capable of RNA transcription including in vitro

o BT eehhsRfiiok dnTre% feniaati Ripk® gk ETPDKa) was
1d%iiﬁﬁ@559 @ﬂe@fPH?MIth Margét gent raﬁétthﬂ gbns imayvihe cded nmypidrearker for

phOEadE, ApRaSt im RSl i e bt B P ngRSe B P ot o

period of treatnment for normalization to pretreatnent
| eVEDXA4 Wa abreqiyefeserited aembgm' erendf PO RalphaifBtdied et al., Diabetes.

AR R UREY or b ot Agbi b Bt aplHibution of

PRYRALIS on TDE4peRSRAL lehsd uelafgeam oﬁPB@Rﬂphaxmd&stam mnsﬁéscmd cells.

PlceRRE Uit aplsdPuOh e BB N B BRARIIAS

activity such as for exanple dysllpldenta, obeS|ty or
insulin resistance, conprising the steps of: a)

purifying mRNA from nuscl e ceIIs isolated from

patients treate PP,

act ffSF p ngﬁdﬁve}n%%agﬁvﬁ?eﬁ SQ? ‘t‘tsg eafZ pr aIl(glslss i'Oh g%t U5G8A
nlonitonigg Ph@diche rodafatibh P rafetdbiy] PDEMdS nizdfas nearkleSor ddieding or

t he nR Si l.evel of .PDK4 i et er ni ned

ricEyging PG IS BHERBYON K RS Ry S a0 o ek e,
deRithming toattytyeh hetsclbicelsogintntle syibeybe haiteldtsl magoktrel or a heart
of RNA transcription including in vitro transcription.
BPSef&tabl y, the animal is a nonhuman ani mal. The

control is the level of the nRNA expression of PDK4 in

an Tht teatl ‘@toddstion s iuedd hemaih eelhﬂaetcsai :{ttllwa:tﬁnn dtxeihhi’oétion of the
the treat,nment. o
S AERLTER S 505, SRS OB SE AR fhoduaion o

PRraRdald z@dvitpn to pretreatnent | evels. The present
i nvention also pertains to conpounds identified by the

CompBRIIE: | RRNEl F1vea iy o" FREn 30 EAF & RRGE Sy pefide.

descrlbed for the preparation of a nedi canent for the
treatment of a di sease involving deregul ati on of
PPARdel ta activity such as for exanple dyslipiden a,

0 be%‘hte ¥>re%en‘ﬂ 1ﬂ§éﬁt{o@1 arls%‘?etst'aﬁg %;‘\?Dg%\é? W&Mg%mfsﬁrg a disease

measur r €ssi on can

uitxml\hngl dyseg;ﬂata:sl MNP AREelte Bitivity suedly, as dorcexamata dYtS]atPld@fﬁlaeﬁbeSIW
t 5]

b HEy B PRSEeAY else Ee SPn F e o o

P@@B@Ehaeaumvher nethods |nclude the use of genechi ps,

m croarray analysis, dot blotting or different

quantitative PCR nethodol ogi es. Preferably, Taqman or

real time quantitative PCRis used. Any part of the

transcri bed sequence of PDK4 nmay be used as probe. In

a preferred enbodi nent, nmRNA expression | evels of PDK4

are determned by real-tine quantitative PCR using the

formard prlner and reverse primer listed in table 2

L N~



10

15

20

25

5). Preferably, the nRNA expression | evel of PDK4 in
muscle cells is quantified. The present invention

WO eoosloeis4pr ovi des a net hod of detecting or nmonPCDEPI0G5/003265
the activity of PPARdelta in-a-host conprising
quantifying the expression | evel of PDK4 protein. SEQ
| D@ préseahimentidiefupthet piovidees uetarl cffdermtisg oPbikditoring the

one emhodi nent. of the nmethod herei nbefore desgri
oy SH P BOS O g e L PiRATT SIREPRP I e TDK4
mREIAGRI réBrebéntaie@MIN D bf mBub VK aRkhewarin 8BQNH NC:issue,
cells or any other biological systemthat is capable

of _protein translat,ion includi in,vitro,tra tion. .
pr dRaRsERPodiERt Hethad o nre AP i e H A dcfhssion

le®eDof POK4 isddtheniheVvelatet td heomprddt ei n expressi on of PDK4
in a different host. Further to this the present

i nvention provides a.nethod of det.erm.ningwhether
t ook PO P Al BCe POy 2 Ll Byl A Rsg f capable
of RO aBsdtiptidvh ieARDAE hgvitdoardmeaiption. Phufertlsly) the anjprliisc non-

and b), tifying th rotej ression le f .
Rt s <SRBT RERE D6A-EHE TN RGIPHaPer RbEPERLP ¢ fifferent
hddt.otei n exrpression |level of PDK4 is determ ned

relative to a control. A host maybe an animal, tissue,

cells or any other biological systemthat is capable

of protein translation including in vitro translation.

Preferably, the a imal is a nonhuman ani mal. The

Corfidrtierin®ré, hige prevenk inkntitrepiovates b methkqt eSdstaminihg RDrdher a

in an untrea ich. e the sai.d host
teﬂéPH}Pé’uflﬂén?é@%F%R%%ﬁcgvggéF‘g’r‘?tgt GO &nd/ or t he
said host after an appropriate period of treatnent for

norﬁalej&;z@ﬁrhg)mehmtpbelher'eatcmmbuhéumﬂs. The host may be
treated with a carrier. The carrier may b e a sol vent

[ whi ch.t he co d is dissoly resuspended. In

a B[?)eﬂé‘f‘?té%méwtg%gm&?x%e?m %Ve#r%ﬁ%%g&her ei nbef or e

descri bed, the conpound that nodul ates PPARdelta .
act invétteyenlsodinehiest theamethoddeniisbefore descrigd themRNA expression

F h ' ' I id
okt St EaP ISR APKERE. of pati ents suf et ng

froma di sease associated with dysregul ation .
of PR haRdeht he actniwial, yissiectellasr dmy otbsirplogical system that is capable

i pi demi,a, .obesit ' Li:n.:resi . : -
o Pt OB S LRGBS e o .o
hiimag beingad) Tlse ¢omadohiseble feved mf fatrhBNASxprassioe df RPKA iman untreated

P DU 0 M 000 ) AR e i

hee bitathrherpebphiet perod bittrgutoeet for sopradigstiontd mektatoent levels. In

PDK4 is determ ped.rel atimve f. 0 .
» Brpterihanooprenh e g fehod erd R o bfles, BREkp ORI ar
niyislaeen PR delts activpighd eithet aprohgiomisttoransgaiston

including in vitro translation. Preferably, the anim

is a nonhuman aninmal. The control is the |level of the
protein expression of PDK4 in an untreated host, which
maybe the said host before the treatment or a .
di f The praserttdstentiandlso provtifies agaettiof ftmeriteingineatment of patients

ropLiate,. [ LI l4i s

PR R ARt PR TPIRILERPA bk as for
exmyle ggilipiddneivaitesitf orDKdinpessteids, cunphengedtepTpese

met hods i nclude but are not |imted to two-di nmensional.

gel _separati: E5§R§§ t t : ' F el i
tech iquegﬁ%éﬁi , m;@@%;ﬁ%gﬁg%%ngﬂgkaQRQMPEHéM¥ﬁ%bfdumha
i nrunopr esigditagern SRPARdelterctivity and he protein

expression level of PDK4 in nuscle cells is

quantified. The present invention also pertains to
conpounds identified by the nethods herei nbefore

descri bed, and to the use of conpounds identified by a
nmet hod herei nbefore described for the preparation of a
medi canment for the treatnment of a disease involving

o ~resares 11 . . o r



10

15

20

25

resi stance. Havi ng now general ly described this

invention, the sane will becone better understood by
wWO0 edosnessee to the specific exanples, which ar ePCTEP20d&03265
herein for purpose of illustration only and are not

intended to be limting unless otherw se specified, in
contmect i aReasiiihg theamRBIA epraagior ofBDES. Fi gure 1:
Graphi cal representation from PDK4 gene expression

foId hapges, ihduce PPAR .
s T

PDKaSMdaetnhyiéki fejativertd x comteslo- arr ays. PDK4: Pyruvat

Dehydr ogenase Ki nase isoenzyne 4 uced Adi pose Factor

E:hn}a%:jlg%terﬁg glgleiPF;lA%%%% %13%1%;&)% %)%lrfy ?t@%ra 1%1810%ﬁglgs§/s;}em that is capable
of Rléﬁafdnbdfrnphoalond)ld{nlgFi’ARafcpﬂnmsagpmmtHrefeBbly, the animal is a non-

h‘;éé%%ﬁ%}{ ﬂéq[ %}%mf e;.' T}ﬁ(l %Eﬂ"réiiﬁf%x reo)%%és?lgré ogigﬁgx lill ad mltreated
hbPRARAE iag-balthaithosagefoisthl fre@tmdntac h-dffferent host, and/or the said

S SARpHtg PRI oo o PR ER Ao g bl
[ PPAR del ta agonist] . Figure 2: G aphi cal

representation from PDK4 gene expression fold changes
induced by PPAR ligands in Table 3 (A 300mM B 100nM

DB o LR, TPUS Rt oy eautes

h&e{ﬂlﬁfdredesfcnbed:’ﬁ’ﬁ&dethealsaof aompcyﬂn,ds l‘den’uﬁed by a method hereinbefore

A TR VR R
d{/si‘eg‘vﬂithml of PPARANVEE hatlvity such as for example dysl1p1dem1a, obesity or insulin

%4 trifl.uoronethyl-phenyl)-thiazol-5-ylmethylsul fan
r‘iﬂ M5fenoxy} - acetic aci d [ PPARdel t a- al pha co- agoni st],

[rac] (4-{Cycl opentyl -[4-nmet hyl -2-(4-trifiuoronethyl pe
ny

E: hl é%ﬁlé gil%ﬁ&clds lﬁ%%n%%%&lﬁ&@l@%l?&%l@ }HKN(X kérﬂ?eeﬁged.
Me?h(b&t syh agN @Nhtmwlet[tmgnmdmdanﬁta(ci:maf ithid haode b ténsitomietry are

wgﬁ h%\o{vg[gi oeloaé? %%ci %ﬁ%ﬂéu e61 aggqo }ﬂiegfhr%n}pﬁ(é(t)be sgﬁi%}ehﬁy accurate.

Othermethbdd inyludy ald wbloé gerealipn trsicraiayraadytio donblotimg or different

TR T e Bl Refior e TolRbar i e lpgeagye POR s

ubdd Peaph Ay ehepedrsoBbdd seqlidnce uf PDKd mz@ﬂﬁ]ﬁ&ed‘, & pBob(eA'ﬁCKpreferred

e TN T I

e woing theTrwatd prihet endmsi'ensﬂpmr fibted & ‘a’dlle(SBQgID DTCB 4 and

55 BHERTS0fs QHUBIRY. SEFHPOLSF LIt o™ he GO ¢GRI B

G ucose, 2% FCS) when cells reach conf | uency Cel |

cultures were then incubated for 5 days at 370C in a

90% hum di fied and 95% air-5% CO 2 sterile atnosphere

to allow differentiation. PPAR Li gands were dissol ved

in 100% DMSO and added to nediumto adjust 0.1% (v/v)

DVBO final concentration and cells were incubated with
Thegaesdst ihpenta fhohesprovides a methrsl Ofgiemihg eomdhitprsthe activity

| i
ol PR AR S e SRR AR Rr RN I A EDRA prorgin
SEQ. BD @ Qugfesho@ls Al progcial eqquamd: dfmetaey PliK4s .
Approxi mately |*106 pelleted cells per sanple were
resuspended in 350 m guani di ne thiocyanate contai ni ng
RLT. Sanples were | oaded on a Q Ashredder-col utm and
centrifuged at full speed for 2 mnutes to honobgenize
the lysates. After adding 350 ml ethanol to the
fl owthrough for better binding conditions, sanples
were applied to RNeasy spin. For the first wash step
350 m RW buffer ver e p| peted |nto the col um. Then

~ 1 ~a o - ' -—~ 0 [r——
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col um and incubated for 15 m nutes at room

tenperature to renove genonm ¢ DNA. DNase was washed
wo@oiosmpichs 350 M RW buffer. Two purifyi ng wasPCHERS5/003265

foll owed by adding 500 mM RPE-buffer. RNAwas eluted in

wat er and stored at - 700C. cDNA synt hesi s cDNA was

Syatdne %gﬁa@dnﬂéﬂtmﬁ tHdTﬁeﬂhD&lhe&)kﬂieﬁgS Esslcflb&l ﬁmEkthdtem expression

Rach NosSt | an ol owi ng the

16"%9&%’%%%‘%@ BQW (R he whol e synthesis it

was worked on ice. For the first strand synthesis, 2

m A BbétGRa Sﬁ;ﬂﬁ ahiBalptissteScells or any other biological system that is capable

O ORGP B4 DR A8 0 G0 <UL o AT SRR 0

hudéh foRNAHe@bn@of ik fa leveb afthe @Rotéidl anpiesdbn P MK 4 Afd different
i ncubation at 70C for 10 mnutes in a thermal cycler

hosgng hybri di zation of the priners to the RNA, 2 m AW
reverse transcriptase and 4 m dNTP-mi x (10 mV) were
added. Supplenentary 8 ml RT-buffer, 4 m DIT (0.1 nmV)
and 1 m RNase inhibitor were pipeted into the

m xt ure FoIIovvl |ncuat|on t4

m Bt o SR Braratn Rt iR me Rt § 2ot L st riningagpetber a
testCHob8oiulnyd méﬁlﬂatE@EPARdiéﬁa astivignd ateacddangprisinge. The

second strand enzyme bl end, of which 6.5 nl were

ap lied to g{uft ure cont ai as RNase for inserting
k SXP RS ° Yid. This provi des

3 O+ prinmers for DNA pol ymerase | which is al so
pres ebniifyirdgthe prudeintexpressi@nizyedtof EDEMt ai | as wel | as
E coli Iigase too. Additionally 1.5 m dNTP-m xture,

m 2n and ffe A .
e L L S e S L
PDK@du@aémﬁinécbrelﬁwlammasoﬂiro116c 20 m added T4
pol ynmer ase ensured that the termini of the cDNA were

Pt M Tk

of piiomdih eangdati@vidyludirg ip wﬁtcetrm:mohﬂ Pf}ﬁernblnu esnid7dy a non-

hug%}ga%ﬁﬁﬁf¢ O ncto%fé }%NQ ﬁuéllofgﬂ‘? ﬁrlo%gj %%P %%Llog %ZHP%I?%SA %f untreated

hofBwhidh hery beehesaadihed befor¢ fhe tebitent @aatduﬁfﬁnelttdhestaami/ or the said

g5 SR B8 BB ek ek B SO b LRy B v

The hf)iteﬁaww tecadetiheidh b Oaxt'iae Thelcanrier my\basthob*E)NAin Which the

addi ti on centrifu n ste m. s,
comgPP A LS B 10 PR SR e mgthod
hefelidefdz@ descﬁ@edﬂthd:_ﬁ)nbp&ﬁﬁlr théthQodihEs PBAR‘ﬂelm-sictBJlﬁ')ls vitlieg an
added to the center of the nenbrane and the sanple was
antags GLAGSEORSt one minute at 13000 rpm The cDNA
guality was checked by agarose gel el ectrophoresis and
et hi di um brom de staining. Smears from 100 to >10000
bp appeared. The quantity and purity of the

Fua%g%p%ghtins pg?sg\% v 1091e %ré)%n@%ggs abﬁée%‘?)asf&r Ijngﬁifo'i]ﬁlg treat.m'ent of
patiges fuftepingthenet d[seas&*lassomatedent}r dytsiegnlatias of BP AR deltedctagty such

as %o&ce%cgt\ﬁ%eggr 1?}%1?5{11]%%1)6151 O 51?1)su11ﬂ 6&%9%&: %%ﬁiﬂ%cﬂhfe kps of:

A260/ A28o-ratio of 1.8-2.1 In vitro Transcrl ption
(1 X)) phfymggtrefinfasmpendclr absfisolsied grovEgiianty Hreatediyith a

from m each sanples were used as
tenpl@tng‘lﬁpo Gt PERE L SED, TCTh, TP ( Anbi on)
andbi oti nyl ated CTP (Bi 0o-11-CITP, ENZO andUTP (Bi o- 15-
UTh) ERa0ringfie protcipexiressimacdRDRY enzynme m x for 4
hours at 37C. Transcription products were purified
with RNeasy kit from Q agen followi ng the sane
procedure as for RNA extraction, w thout any DNAse
treatment of the sanples. Fragnentation of IVT
products
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15 mg RNA from | VT were fragnented in 200 nM
Tris-Acetate, pH 8.1, 500 nM KQAc, 150 mM MjOAc for 35
worwabes4nt 95C in a small volunme (20 to 30 ml PCT/EP20P5/003265

Handling (cf DNA Mcro-array-frotocols V3-200.1. M

Wl helmSeiler, UCerta) A pre-treatnment solution was
Info'n% %Inb%ﬁﬁﬁérﬁ%f@& {Feme e MefifRfo26 tHe procet WratLbnBSAL $ZRDK4 is

ng/ m) 2.5 m sal non spermDNA(lO ng/m), 125 m
deﬁmd—v@“@@ﬁ@%@m&@ﬁ 25 M H20). Genechip were

i ncubated for 15 min at 400C wth a rotation of 60 rpm
i N ALE QSR dneaniRalab@S, 4By & Riyepiadrédolbgical system that is capable

hybridi zat'i on as follows: m nt ed

ofigiretsintransiatiog e pSRE 41 Hile tﬁ%@%ﬁl% %&%?Y %ngéa non-

hBhQCaniRlap @he%ﬁtr(ﬂ 9 Hférllé‘@él of tBE Br&Bieaspredsibn 6f PBEY AN untreated
sper m DNA m), 25 m Acetyl at BSA

hCn?@/thﬂ}h mﬂée He szsd h@shgfere&b? freftmeyy 0D erﬁlitégszt and/or the said
hdd ST %%%d%ﬁ&%érmﬂtf&%@ﬁ &6k Htealkaitn Btprédéatmetitievels.
rotation in a rotisserie. Sanples were

renpved and stored at -20C ME (@hﬁa S were sheg
Senerhmsthagpforppassripg prrresionietelol I drolem s wsg these
mMRsaY R Wk 8Fe ﬂ’&'h%n@éaﬂ:b @6l difBefdiehal @él@epltdﬂdtt@dh WESS-

I ncubated at 45C for 30 m nuzﬁ?&s 60 r b 5 |ng was
speeremeBAnbpofnbiIngRS R SEMPLNVEREDOHY &

nZﬁiluH 26 ftQﬂioril-@réfbﬁBIyeﬁle péRindxprassich ddval @HDI@I in AdscRbcells is

cet g A 2.5 nf StreptaV|d|n(1 ng/ m).
qStrdi dng sol ut| on was renoved, mcro-arrays washed

with 6x SSPE for 5mnutes in the fluidics Station, and
treated with the anplification solution: 125 m 2x

Stain Buffer, 99 mM H20 , 1 m Biotinylated-anti-

Streptavidin (500 ng/m ), 25 nml Acetyl a
ﬁgg preseRtiBERFSR 28 Pedpinktrao v &%@ggﬁﬁf‘?}(ﬁ%@dn?%ﬁés
h!exrélﬁblaﬁ)ré Atdas&d, 'aﬁd td\HeQlse WASRMPEINGS Icféﬁtlﬁlsdlbydh @sethod hereinbefore
Station Wth 6x SSPE_ m cro-arr a} i nc

dpsteyibesbioy thq prepeption ghe pedamentior e&rfi?ffﬁafftf A &lﬁﬁiseé%"oq"mg
PPA N2 G &twtyal80asBS exarh slipfdy a6 bptditytor insulin
d?gfe%‘_r%%mn)géf at A?OOC Wlﬂyth 6210S rpma Iﬂ%l?ﬁls 12x MES
resistagice: 70.4 g MES free acid nonohydrate, 193.3 g MES
sodiumsalt, adjust pHto 6.6, ad 1000 M wth tridest

glf/lol\é Oa\NEg E?G%Mﬁﬂescn@eﬁhiﬁmﬂe%&ofﬁﬁe&ixﬁ@kv,ﬂl Bétothertetter

M EDTA, 0. 1m _10% Tvveen :F

underes bz ciemEs: (R SBts fekamples, vhigh azene %@Eﬁ%& Or purpose
be ZehitiAd uARDb thérwidetsPecified, in

o B ot B e Tt T 00t
ctrmﬁozmﬂlathei@lwmgﬁgmd%st H2O 2x Stain Buffer : 41.7
m 12xMES stock, 92.5 mM 5MNad, 2.5 m 10% Tween 20,
113.3 m tri dest H2OScanning i s perforrred Wi th
Affymetrix scanner and results were provided on Gene
Chip software from Affynetrix. Chip Data Analysis Data
wer e anal yzed using Race A Sofware (Bioinformatic
Roche). Triplicates were used for each condition and
conparisons were cal cul ated for each condition
referring to the control (untreated cell sanples).
Several criteria have been taken into account for the
anal ysi s of each gene: pValue, Call average, Sum
aver age difference, Change Factor and dispersion in
each condition to get a list of the nost statistically
rel evant genes that were nodul ated by the studied
conmpounds. Results A novel selective PPAR delta
bi omar ker gene was identified fromAffynetrix
m croarray experinments (see Fig.l):. PDK4 (Pyruvate
Dehydr ogenase |soenzyne 4) (SEQ 1D
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NO 2). This marker gene allows to differentiate PPAR

al pha from PPAR delta activities. The tested |igands
wWoes/0g56RPARal pha agoni st (A: 2-[ 4- (4- Chl or obeP@pDyP3005/003265

phenoxy] - 2- met hyl propanoi ¢ acigd (fenofibric acid)), a

PPARdel ta agonist (C [rac]- (4-
oyl openlyl -[ 4-met hyl - 2- (4-trifiuoronethyl - penyl)-thi

ol - 5-yl]-net hyl sul fanyl }- naphtal en- 1-yl oxy}-
acetic) and a PPARdel ta- al pha co-agonist (B:
{ 2- Mt FapHical Ijaééhta%on(f{brﬁ PDiKl4uRH e BRrbislonpfoRIgHahges

i hgcﬁ@m#ﬁﬁwﬁ%nf Hled TR g0ui SO GaDa B2 mouse

nhﬂﬁﬂ télfsingch st ke f@ﬁf&rlfa{éoeﬂrratys tPTIRA: PlyenvePBBHglrbgenase Kinase

ETICNEY S S S i

Cinhneoloénzoyl%p@andmﬂ Ay methelpirepaitoidoid ( eﬂﬁbmw@s@%ﬁﬂpha

ablidh b éiaffdé i %W@%{g}ﬁ%ﬁ)ﬁe %ﬁ %ﬁeﬂ%{)d&%%?r by
Y]Aflq’tbtﬂﬁt 1] ahenexracatjaaciq [RPARdelta-alpha co-agonist rac
Jlélpeﬁﬂyl@@lrﬁétﬁgﬂemmlﬁu&bﬁﬁmbe@ynr&hmdlmﬁp@mhﬂmﬂnﬁ}

of i bri c .aci agoni st, B
neah@si‘l j 1032}[%6%{@1?%61%3?%3@1 uor onet h7I - phenyl ) - t hi
azol -5- yl net hyl sul fanyl]-phenoxy}-acetic acid is a
PPARi{glk¢ 2-Graphital represegioationtfrorCPIK4agehe expression fold changes

l-[ 4
rﬁ@éeég‘? gﬂ%\}i lltg%ﬁ%s?glt'n%i%)le 3 (TA SOOHIV{ Ol%nlg/li ch 5 n}l/\/l[,]D SOOnhM? in C2Cl12
nduaa yidscle ndbhn@serembyyq]P@)&l ?D ﬁ@v@t@@yﬁmg@qet@nase isoenzyme
4%%‘%915e?%r @(mélﬁ a%tm @Qtj & M Eﬁlo?@)%njzbﬁ SHEASHy2g Of

nmouse nuscl racti.on,
e PROPRE OIS AGE pifﬁmﬁb%ﬁql% @s?@ﬁﬁle%ﬁgﬁ@ethyl 4-[4-Methyl-

20@seiubesnbiyExiadm) ethﬂazolpﬁﬁnﬁthﬂaﬂfaﬁ?l?ﬁpgfen&y}r&én@md s

ﬁﬁ%ﬁﬁig@ %gg eg%\éwgctg}qgigg t[l'eﬁﬁi %Vg(; e&OPgH %ﬁ 21‘ trlﬂuoromethyl-

e uenens- Sﬁylﬁmmé‘dbﬂkulfaayl}@aphta}enal floxyleachic pPP ARdecltaagenist], D

[

3&%&%—?@%&? oo BUE SRR ol 5 yimet -
apon6lophenny aeaitidanddPBAR selsonlphe yoggeristi ur es as

hai rpins or prinmer diners. Additionally the | ength of
the anplicon was controlled as shorter anplicons
anplify nore efficiently than | onger ones and are nore
tol erant of reaction conditions (usually ~100 bp).
Primers were dissolved in DEPC treated water (Anmbion)
to a 100 mM concentrated solution and stored at - 20
C. Table 2: Forward and reverse prinmers of gene S12
(internal reference) and PDK4. gPCR using Corbett
RG3000 and ABI 7000 RT-PCR was perfornmed with the
Quantitech SYBR Geen kit from Q agen according to the
manuf acturer's manual . Each conponent were added to 96
well plate: 25 m master mx, 0.16 m of each priner
(100 mM stock solution), 22.7 mM H O and 2 m cDNA
The fluorescent dye SYBR green | binds the m nor
groove of double stranded DNA and al | ows neasurenent
of DNA quantity at every cycle. The program consists
of three different steps: initial denaturation of
tenpl ate and heat- activation of the Taq DNApol ynerase
(95C, 15 min), cycling (95C denaturation, 60 0C
primer-tenplate anneal i ng, 72C el ongati on,
fluorescence aquisition), and final nelting (nelting
curve 55 to 95C, neasurenents in 0.5 0C steps). The
nmelting curve allows the discrimnation between
speci fic and non-specific anplification products
(prinmer dinmers). Relative quantification using
real-time PCR The relative quantification is based on
the relative expression of the target gene versus a
ref erence gene. The concept of threshold fluorescence,
deflned as the p0|nt mhere fluorescence rlses above

o o - o o o . o
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initial nolecules is given during the exponentia
phase of the anplification reaction. Therefore,
waQ@rashdFeuzation is reliable at that stage and PT/EP290$/003265
be affected by any limting effects of the conponents.
The rel ative ct value of a target gene conpared to the
ct ¥alheeof an internal reference in the control or
unt Teal sanple is expressed as Dct.control =
ref ebanc&efallf 9\%1515113 Qﬁeﬁt@fef&%d ©fin eRétael pl@&nperk Bsed according to
treated, Unknown e as D ct.sa Ie-(g r ef er enceof
man@p@rquu@@aﬁgfés othevissdpiiestedal PCR reaction is
expressed through the fornula N= N* 2n (N nunber of
anplified nolecules, NO: initial nunmber of nolecules,
n : nunber of anplification cycles) where the base 2
represents the optimal efficiency (one doubling every
E L: 1T Dallows to illustrate
dlfferentlal expression in nRNA copy nunber instead of
Cell cMRh#eE2Cl DeIRXRPCENTRAL 7723l ue with the theoretical
efficiency, 2 Dct, is taken. As internal reference for

oot e st P e LR TR BipBle B e Gl S e
%Qﬂvﬁgd ks Cﬁ@?ﬁ}l}eﬂgﬁ@s 'Cfbr@%}letemrﬁ%as %ﬁéd&ﬁr&fgh 0.2 m pores

uorescence old is determ ned bg the 1ight
befped ese. Bofdrawtiation Fiee petformnertid covelldishes Sy Serup flepdgting the

n&g%é%l}qg§m1eg& (%lﬁgos"s g’f E§§) ‘f&ﬁ %ﬂg g%ul ggﬂdﬂl}(@f‘c; Cell cultures were

thlesietibeel /R G\Rys fAegel i5a Itve- maﬁlaiﬁeﬂeﬂna@sWeuwmoz sterile
delta blonarker gene (SEQ ID. NO 2) identified from

apnesphete iollpvdiberartisdipnexperi ment s (see Fig.l) was
confirmed by gPCR (quantitative pol ynerase chain

r ea@tP'A@iTﬁl R 88 HREIVdIAN I WIS OanBRARad ﬂhﬁled@ﬁﬂtoﬁ‘dd)ust 0.1%
(A Chlorobenzoyl) phenox7]

(o @l\(ﬁ%@mﬂ wcenteztioaand callppsaringipdt éeég% g ngtf%?% hotirs under

oBabl ér%wth conditions. Three replicates were done for each condition.
{Cyclopentyl [4-rneliiyl™-2-(4-1xifLuoronet hyl - penyl)-t

hi azol - 5-yl ] - nmet hyl sul fanyl }- napht al en- 1-yl oxy} -
acetic) and two PPARdel t a- al pha co-agonists (B
{2-Met hyl - 4- 4- ‘

YeA Rydradidd-tri | uoromet hyl - phenyl ) -t Hazol - 5-yl

plethylsulfanyl] phenox?} acetic acid and D
(2- Met hyl

[ AR RS oR TS BTG ey RFEAYY . Qifegn G Asshredder and

mmagypﬁi] am no }-phenoxy)- acetic acid). As shown in
Table 3 and Fig. 2 the response of the marker gene
PDK4 elicited by the PPARdel ta agonist (C) an

e
PPARsrairosimdtgin 4™ 100 pellptedt esllspermample wre F%Suﬁ%ﬁﬂééﬁ1 in $pQrl

T

a@&@éﬁtrﬁﬁg%ﬂﬂﬁ@eed ﬁ‘cﬁ|2] Iﬁlﬂulﬂéi ue hdnbgelﬁ%ellysg’&mdﬁtar adding 350 ul
C2C12: A 300 C.500 nM. D SOCH
qﬁl@ag@bpce@e ’[ﬂsm.lg ’g'gr etter b1nd1ng conditions, samples Were applied to

I%ggaig I?IBC%]J)I'%Q Bg{t] 7 &e@%%%l Puffel Pk @iﬁb@&f‘iﬂ't&tlﬁ%bl@mn

ric aci ha agoni st

ngDNése [séruldbh @yﬂt’rYZm(x@d wﬂhfﬁoqamfohyfer whenyplied diito the
azoI yl met hyl sul fanyl | - phenoxy}- acetic acid is a
qoﬂ:m apd anqj@a’ggéé@ﬁ Loy mirgutesyal 5eqm (:egnperature to remove genomic DNA.

az S R R el TR O vl rea by
I%E SPARIEIH BuRE.FOT & bwas Bluted in water and stored at - 70°C.
t hyl - 4-{ Met hyl - [ 4- et hyl - 2-
(4 trifluoronethyl-phenyl)-thiazol-5-ylnethyl]- am no
}- phenoxy) - acetic acid is a PPARdel t a-al pha
co-agonist)C ains 1. PDK4 as bi omarker for determ ning
PPARdel ta activity. 2. PDK4 as bi omarker for
determ ning PPARdel ta activity in nuscle. 3. PDK4 as a
narker for dlagn03|ng a dlsease |nvoIV|ng

~resares 11 . L,

' 1 Y
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5. A nethod according to claim4 conprising the step

of determ ning the nRNA expression |evel of PDK4
WO edoapise3s to a control. 6. A nethod of deter m PCTEP2005/003265

whet her a test conpound nodul af es PPARdel ta activity

in a host conprising a) exposing the host to the test

and b) quantifying the nRNA. expression |evel

d%?%%&ﬁ&%y? A nmet hod according to claim®6 conprising

determ ning the nmRNA expression | evel of PDK4 relative

Lo eDBantmarnthesized urErbap B Soiwetispistan K SarEAPy Gocbe
DRBhL&T ?n& HifoShih S heh HBrRA 1SS AR RUASDAGH A HRAVNAIE Bynthesis it was
dysregul ation of” PPARdelta activity, conprising the
wetkegdondte.a) purifying RNAfrom nmuscle cells isolated
frompatients treated with a nodul ator of PPARdelta

act vi d, b) ,measur.i t e si on of PDK4.

o B EE udhe P DAL B T B RRE
(FeCETA ETEAATTE TR ERACESACTA T A6 CAGG CLRAT) aVai 8200

to a control. 10. Conpounds identified by h@ nethod%_ ¢
puiol/ahyandrredist watkewereapded 1 upgog0 LeRNAd! {find spasHER gelume o

jdentified by a thad of any one of t ' 57
2 B Res bt be e o & maRe Ina slmbd Srfs ST hytdybn of

f ' GRVO VARG ibRie Sfd PRARAEPIAix (10 mM

ﬂ%ﬂ?ﬁ?&%;&?%smgghgkﬁod d$¥§§§g§%?ﬁgggf nDnltoringjgée mM)
Wwakd d ddetl YSuppRBAdRd ety tsqul IRT-bu ffew st pIcDBPH(D Limiyl) qudAtul fRNasginhibitor

the protein expression |level of PDK4. 13. A nethod
waccpipeied gntodhe faktrrel Bolbwripg insithefiarnat 49f e guggd 60 minutes.

determ ning the protein expression |evel ofPDK4

relative to : . Wa¥ :

wneerar ol conshtonty TR gy Ot S5uRt ffind reaction
e, Thbe&bne oFRid SiRedlendx pOShioky 65rjilevdrosplicd to e miesire,

conpound and b) quantjfying the pr [  essi.on .
cpeipas Fofaspixanserting ;_A}C}rﬁ%lp%ﬁN Act 6@%}3@/ ?B%?Y&Fﬁ 145 provides
3GOOPF AR ERGoAOR FalhBEsd NehiBh Blalorhredent Bsthe off dnaviélennfne

PDK4 relative to a control. 16. A nethod for od
codaiil aswelbast . et ligst toof Agditipeailysl. 5wk dNFPmgixfurealall 2™ strand

di sease assocjiated with dysregul ation_ of PPARdelta
badter wid 72 Hostist wgﬁeﬁyeqewéggcf HESTBES PR TR RAROB BT aS
from cle cell ] d.fr ' | &hi of th
TP oS T L MRS R A Bk URALAA i o e
PIPA Glele RURY £85 59RinAfes BRBatide at 1B°OEThGkaaGIQNragedted with
claim 16 conprising determ ning the protein expression
HNaselto ofmPRIRINA ¢¢maplaied 30 minutept37HF) andprotengss fndQ minutes,
§7 tified by a nethod according to any one of the
cla'ms 12 to 17. 19. Use of conpounds identified by a
nmet hod according to any one of the clainms 12 to 17 for
the preparation of a nedicanment for the treatnent of a
di sease involving dysregul ati on of PPARdelta activity.

; ?@ﬁﬁ a s biomarker for determ ning PPARdel ta
ac#?%???g?,l. Use of PDK4 a s bi omarker for
determ ning PPARdelta activity in nuscle. 22. Us .
of PORarifsce80m upiag Ker QPstuich Bidh et gt Rndi CiassBPPRRF TR R pigeen:
dysregul ati on of PPARdel taactivity. ***SEQUENCE
LI ST %Cﬁl DU wel iR BN ADRIE A ction tube and mixed. Sample were

applied to the QIAquick column and centrifuged for 30 seconds at 13000 rpm. 750 ul PE

buffer were added to the column to wash cDNA. An additional centrifugation step at

maximum speed followed which completely dried the column. To elute DNA, 50 — 80 ul
EB buffer (10 mM Tris-Cl, pH: 8.5) were added to the center of the membrane and the

sample was centrifuged for one minute at 13000 rpm.



<120> PDK4 a s Marker for PPAR nodul ation <130> 22518
<160> 7 <170> Patentln version 3.2 <210> 1 <211> 3499
WE2023M9MA <213> Mus nuscul us <220> <221> pyr UREL/EP2005/003265
Dehydr ogenase Ki nase i soenzyne 4 (PDK4) <222> (1)
(3499) <223> representative cDNA (conpl ete cds)

E}Sﬁg%? %%%&%%ggvﬁ%&eck@oy LA gel efeBiro@IREsid MBS hidim

' D <400> ‘1 "ccacgcgt cc gaacccttca
brewlggtainiggagcacccggg accct gggac cacaacgcac 60
ttgctccctc tcgaccgecge tcctgacccg cagccctcgec caaccctacg

gat t
e o B e S Sk 988 pefty of the
Agbeuzsdgt VA yigs det@na@eg Gagegasyieg tbe gbroshace abgéoaréageé ¢80 nm

S
5 igég%gﬁ%%ﬁggﬁﬁ&m;ccatgaagc agctgctgga ctttggttca
gaaaat gcct gtgaaagaac 300 gtcctttgct tttctgcggce

aagagctgcc cgtccgcecctg gccaat atcc tgaaggagat 360
t gadAtecohgentritigacay ctlctlagtigs fdmewst clagtmldg tigsd 2§Dy (idydsDNA

B R S U S
tttgtagaca cgctggtcaa agttcgaaac agacatcata atgtggtccc

540 tacaat ggct caaggcatcc tggagtataa agacacctgc
acagt ggacc ccgttaccaa 600 tcaaaatctt cagtattttt

t agac tt .tf.ac ac cgcatttcta ctcggatgct 660
18'46%2? @ﬂBégﬁ ca tattcagtga ctcaaagacg ggaaacccaa
gccacattgg 720 aagtatcgac ccaaactgtg -atgtggtagc

10 agt agiis ssap wgapgtatntddgisags EGAaaipt T8kigfaogotrobige.
gaccagtatt atctaacatc gccagaatta aacctcacac aagtcaatgg

{ cacad IO AR A0 LG MR ARt it ATP: GTP,

CPRUIRS Y8M A0 IHH TSGR TAL LBRPABR - ACCTPCENLO) 968 UTP (Bio-15-

UTP, ENZO). RT was performed by T7 enzyme mix for 4 hours at 37°C. Transcription

products were purified with RNeasy kit from Qiagen following the same procedure as for
15 RNA extraction, without any DNAse treatment of the samples.

Fragmentation of IVT products

15 ug RNA from IVT were fragmented in 200 mM Tris-Acetate, pH 8.1, 500 mM
KOAc, 150 mM MgOAc for 35 minutes at 95°C in a small volume (20 to 30 pl).

20 Chip Handling (cf DNA Micro-array Protocols V3-200.1. M Wilhelm-Seiler, U
Certa)

A pre-treatment solution was first applied on Genechip (6.25 ul Acetylated BSA (20
pg/ul), 12.5 pl salmon sperm DNA (10 pg/ul), 125 ul 2x MES Hyb buffer, 106.25 pl

H,0). Genechip were incubated for 15 min at 40°C with a rotation of 60 rpm in a

25 rotisserie.

Samples were prepared for hybridization as follows: mix 15 ug fragmented RNA

with 2.5 ul control stock mix which contains BioB, BioC, BioD, Cre (internal references),



cttgacccca gtagaggcca ctgtcgtctt gggaaaagaa gaccttacaa
tcaagatttc 1020 tgaccgagga ggcggtgttc ctctgaggat

WO a@bgeseyc ctctttagtt acacgtactc 1080 cact gct BCHEP2005/003265
acacctgtga tggacaattc ccggaatgec cctttggctg gttttggtta
1140 tggcttgcca atttctcgtc tctacgccaa gtattttcaa

2B EIP- B A5 o Rl o g s s

ng%?f%ﬂ oY 925}9 CF WitcPo 233U ERABG FithbASREAdnight 4agaC Yith
ctccgaagc 1320 tgatgactgg tgtatcccaa gcagggaacc

rgfadg@a JJogamgigseyis- agct ggcagt 1380 gt gaagcgga
t gacgcctga cattttacgg gatcaaagtg ggtctgtggc attgctgcett

144%&%&9 AR Ond@HAdaGEdrEd AALEACE BACRABRCRACHRshed with 6 SSPE
acacaaaacc aagcaagcaa 1500 aacacaaaca cgagtacaaa

5 & ingaded ig tht Jagligatherg23cpltdBS-tW mphdtugfac werg apsBed to the chip
gagaagt c cagggact cca ata acaggtgtcc tgcttctcct
W%%g‘@%&?@%a%%gﬁ %agg?@i%?‘g%%%gé@fpdﬁ c caaatactga
aaagaagtct gcctctgagt tacagctctt 1680 tctcaacaag
t ac 3gagink twag pegfotrhed by Gicubatagahipsotigodiedoliawiggsggtiorfor 15

1740 gctgccagcc aaataaattg gtgtttagtg aacattttce
mynytest REd8 25 Stan Gudisn 91@@@*@@?%%%%%3-% @g%{f@&é(&ﬁ” (1 mg/ml).
tgtgtgtaaa tgtacattgt ataggtatta gtgtgctcta 1860

gaaagga639oIRAIARIA A E AABBCAFays WasHHGAHE 6k STHINGE EJ@nutes in
gcattgcagc 1920 ctatgtgcaa acccagagga aaagtatctc

10 thefleidigscaions ind agitat witt the agplificatio8@okutipat H5tHl gx Stain Buffer, 99
Sackrares SoeaglSect 1oL qouton, rcpennc | SR ARER o
Ilgguabta%%g%{ 3(%1[%31%?(@9&%°é 98 éo%@ﬂ?ﬂ&ﬁ& LotBba%2h @bt Washing I the

gaaaccca agagaaa ggattctcat acttagaact , _
fRAd0¢ $tetom wihao g R: ggccrggartaaaafcxetm@tbaéq%awé pljeegerytrin solution

GAF 25058 ke 0  AT7, 0 LR B 8595 Byenerin

15 th tl0eC 3kl b@Esha gttgccaatt gtcttcagag tgtgaaaatt
D RS0 I
Solutions:

12x MES stock : 70.4 g MES free acid monohydrate, 193.3 g MES sodium salt, adjust
pH to 6.6, ad 1000 ml with tridest H,O

20  2x MES-Hyb Buffer : 8.3 ml 12x MES stock, 17.7 ml 5M NaCl, 4 ml 0.5M EDTA, 0.1 ml
' 10% Tween 20, 19.9 ml tridest H,O

MES-Wash Buffer:  83.3 ml 12x MES stock, 5.2 ml 5M NaCl, 1 ml 10% Tween 20, ad

1000 ml with tridest H,O
6x SSPE Tween : 300 ml 20x SSPE, 1 ml 10% Tween 20, ad 1000ml tridest H,O
25  2x Stain Buffer : 41.7 ml 12x MES stock, 92.5 ml 5M Na(Cl, 2.5 ml 10% Tween 20,

113.3 ml tridest H,O



ttgaagtatc tttcgtgaga gtagtatgga agtaaaacgt tctcatatca
ggaggat gt c 2400 atttgtgaag catggggaca tcatgaacta
wQ@t@angiegtg t gaggcttgg gaggct gaag 2460 ggt aaggBCT/EP2005/003265
agcgggaggc catccatgta ggagagagaa ttaaaacgag gagcgaggga
2520 agcaat ggag agagggaagc aagaaaggaa ccagaaggct
ggc ?Ea%%ﬁlgg{:is tg@fﬁ)frﬁ&?%h% A9 6L ARECH ARAIBRFHE brovided on Gene
ctgtgcc ct ggggagg gadggggatg aactggtaga 264
Chip spdiveage &ogt A trixe ttctgtgggt ctccctctta ctagacaagg
tgaaatgata 2700 attcgtgtca aattaatgtg aaattttttt
cctgcattgt aatattatga ggcctgagtc 2760 gcagttgagt
ttgaaatttg tatttaattt cacagtgacc tagagctaag gtgctcccgg
2820 tfggﬁgqaat aggagccaca agtattttct ttctttcttt
Ghip Deta Yagctttcttt 2880 ctttctttet ttctttettt
ctttctttcc ttcecttecctt ccttecttce ttectteett 2940

cct . . o . .
5t ?:?dgtl %Vtg% atan 2 oécfﬁlfti% RE&GA SbGkatd (Bisihedrhfatie RIcBEN THiplidates were

tttt ttt ttgt
R ALK NG IR A LT A———
tg%ogﬁf&%aﬁt&ﬂ@a Lgah GRS RERARA Bel L1386 Bbid AkaOIAabEbLAAL for the

) tgtatagttg ttttqgttgct gatgtttcca ttgaaatttc
aa@‘wsvg@gh geng pYehsat BB ggatimarerase ¢i lre@f%é@nge Factor and

dg%g%?%{ i e%clii‘ 096@1bA Wedtbhaft LARE tndsPRAMAI reRI4k genes that were

gcg taaagtaata”gagaaaagct ttagggtct'c aatagtgtca

10 moodustgd haahsgodied comppuvadn at agccttcc ctattattta

t gaacccat g ggagacttta aactcttgta 3360 gat agat gct

aaat gcccag gcccacttaa cttattaatg tgtgaattac atttatgttt

3420 ttagtttata tgcaaagaat tgtgataatt ttataataaa

tatttttatt ataaaaaaaa 3480aaaaaaaaaa aaaaaaaaa 3499

Regults 2 <211> 3449 <212> DNA <213> Mis muscui us <220>

<221> Pyruvat Dehydrogenase Ki nase i soenzyne 4

( PDKy 4)vel selective PPAR delta biomarker gene was identified from Affymetrix micro-
g
array experiments (see Fig.1):. PDK4 (Pyruvate Dehydrogenase Isoenzyme 4) (SEQ. ID
15 NO: 2). This marker gene allows to differentiate PPAR alpha from PPAR delta activities.

The tested ligands were a PPARalpha agonist (A: 2-[4-(4-Chlorobenzoyl)-
phenoxy]-2-methylpropanoic acid (fenofibric acid)), a PPARdelta agonist (C: [rac]-(4-
{Cyclopentyl-[4-methyl-2-(4-trifluoromethyl-penyl)-thiazol-5-yl] -methylsulfanyl}-
naphtalen-1-yloxy}-acetic) and a PPARdelta-alpha co-agonist (B: {2-Methyl-4- [4-

20 Methyl-2-(4-trifluoromethyl-phenyl)-thiazol-5-ylmethylsulfanyl]-phenoxy}-acetic acid).

As shown in Table 1 and Fig. 1 the response of the identified marker gene PDK4
elicit by the PPARdelta agonist (C) and PPARdelta-alpha co-agonist (B) is larger than the
response elicited by the PPARalpha specific ligand (A).

1

Symbol

< /m ®

o | Contro

pyruvate dehydrogenase kinase,

. 0| 330 | 595 6.06
isoenzyme 4

PDK4

[y

Table 1: PDK4 gene expression fold changes in C2C12 mouse muscle cells induced
25 by PPAR ligands: A 300 uM, B 100 nM, C 500 nM measured by Affymetrix micro-arrays.
(A: 2-[4-(4-Chlorobenzoyl)-phenoxy]-2-methylpropanoic acid (fenofibric acid) is a



<222> (1)..(3449) <223> representative cDNA (NM_
013743, as of 25.03.2004) for gene under Uni Gene ID

wonosA%eH31 7 <400> 2 gagcacccgg gaccct ggga ccacReEr/Ra05/003265
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cttgctccct ctcgaccgcg ctcctgaccc 60 gcagccctcg
ccaaccctac ggatcctaac caccgccagc ctaggtgggc gtcaggatga
120 aggcagcccg cttcgtgatg cgc gcca gctcgcet gag

%gu* };g%gﬂg’néé gg%&{?’l ét ég\g%gﬁg@ %&@@gb@?ﬁé ﬁt iﬁnyl )-thiazol-5-

i gltgﬁghtg%%f&m]a @@ﬂtgaz@ua gidiea RPARJA Gt dplid dogpohist, Cclrgd ¢d-
gc ccgcect aat at a

e R Ly S s R S

952et6g0tyloxhgedgic tggtP At dattc egogay) cct gat ggat  tt ggt ggagt

420 tccat gagaa gagcccagaa gaccagaaag ccctgtcaga

gtttgtagac acgctggtca 480 aagttcgaaa cagacat cat

aat gtggtcc ctacaat ggc tcaaggcatc ctggagtata 540

aagacacctg cacagtggac cccgttacca atcaaaatct tcagtatttt

ttagaccggt 600 tttacatgaa ccgcatttct actcggatgc

tcat gaatca gcacatcctc atattcagtg 660 actcaaagac
accqoandgticabaRt g gaagtatcga cccaaactgt gatgtggtag

720 cagtagtcca agatgccttt gagtgtgcaa agatgctctg

c9 ac»};ﬁg El?{ur}n L§ @é%&o&&%&&fé cagarilh A8360MCASNRA synthesis and

caagtcaa aaatttcc aggccaacca atccacattg 840

- pgnﬁ@gmewenetp@ef@a@eshs descsibebimtiyampletlt cgaact ctt caagaat

gccat gaggg 900 ccacggtcga gcat caagaa aaccgtcctt

§c§§%§000§ gg%agaggcc actgtcgtct 960 tgggaaaaga

& aagattt ctgaccgagg aggcggtgtt cctctgagga
1020t t act gaccg cctctttagt tacacgtact ccactgctc

aac aPrinyt gaiat geya desgned TBCh OSHGEeRHBEI RIS b(bgf’m PE Applied

%s stt&g.gt)ise@t)ﬂ GoiN e Dreddet i@t &diont Medisg CeierialfdOeach primer

t t fct tat a
a% PP EI00) KA ?egﬁ ouaree Sl aiae) ¢ pame
tcagaaaaggt frandddge 60%tand arddayice alpeax@ory structures as galrpms or
primer dimers. Additionally the length of the amplicon was controlled as shorter
amplicons amplify more efficiently than longer ones and are more tolerant of reaction

conditions (usually ~100 bp). Primers were dissolved in DEPC treated water (Ambion) to
a 100 WM concentrated solution and stored at —20 °C.

GENE |acC OLIGO NAME |FORWARD PRIMER SEQ!OLIGO NAME  |REVERSE PRIMER SIEDQ
S12 |Y11682 |mSi2_98F TGAACCAGATGCACCGCITAG| 6 |mSi2 416R  |TTCTTCITTTGCACGTGGCC | 7

PDK4 |BC026134 |mPDK4-1_1632F |TTCAGIGTTTCCCCGCCAT 4 |mPDK4-1_1978R|TCCCAACATGCACAATCCITG

Table 2: Forward and reverse primers of gene S12 (internal reference) and PDK4.

gPCR using Corbett RG3000 and ABI 7000

RT-PCR was performed with the Quantitech SYBR Green kit from Qiagen
according to the manufacturer’s manual. Each component were added to 96 well plate: 25
pl master mix, 0.16 pl of each primer (100 uM stock solution), 22.7 Wl H,O and 2 ul
cDNA. ’

The fluorescent dye SYBR green I binds the minor groove of double stranded DNA
and allows measurement of DNA quantity at every cycle. The program consists of three
different steps: initial denaturation of template and heat-activation of the Taq DNA
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ccttcaaaca ttatcagatg agctccgaag ctgatgactg gtgtatccca
agcagggaac 1320 cgaagaacct ggcgaaggag aagctggcag

WO giogaseyyg at gacgcctg acattttacg 1380 ggat caaBQr/EP2005/003265
gggtct gt gg cattgctgct tcgtgag;gg gtgtggactc tagtttccgc
1440 aaaacaacgc aacacaaaacC cadgcaagca aaacacaaac

R

aredagyy Pl eigaions flacreldehgoapadijonpandfigalaheltiog gaeltiggcurve 55

atactqg 1620. aaaagaadt C bt

o BT R By b L ganget raeChgRRL SR AROEE Bhccrimination
bayetapgatdfit andybgepedfic egplifjcdmgorrodacts feraner igreg)t t agt

1740 gaacattttc agtgtttccc cgccatgcaa agcttggcgce

cttgggagaa atgtgtgtaa 1800 atgtacattg tataggtatt

a?:?t?ctct agaaaggaca ggat ggaagg aat caaagca 1860

ctttatcgag cttgtggctg agcatfgcag cctatgtgca aacccaga
Ré@@ﬁgﬁﬁ?€8“4§20uﬁﬂgf%%é@%%Pégctccagta ?cgtgcagct 9999

ttttatgttt gcactcaaaa agccagtgcc 1980 ttctggctgg

t gCTlgagREve fagotifiatiah ighdsahah ahoretaive gaoesstornofthatirgggene

2 .
vt goRlet e A BB b ARG RPAR S Bh G ABAAALs he point vhere
flbaretcbagaies thavechabackgaymaliupgessencernables aesupategnd reproducible
q‘%%’?%%"?}q‘?f g%gé %9}%1%9.@5&1 e lraadnbefbChhiRR AR 4RAAHE6S6@nce is

| aa_ct acat t. ctctacactc taacattaac
reachedetssalled o xatue éth@leararg{a{t@@ bshreenzs @alp@ fi]é(? gl'é@%of the number of

ilﬂl%% hgggc?gég ést gcia@ﬂagfahg tH‘e: dxPan&ital p{iﬁteto(f ﬂ%@&@plﬁﬁaﬁ@l dagigion.

_ ttctcatat ¢ aggaggat gt .cat tt
Trsiog dua L R A L P Ra T B B e g b any imiting
cfigaggeh daansgginadirirdetgcayghg e a caergehgto@pard to the ct value

aga at t aaaacga —
o A58 R R Da A P e A Py 9 AN ol =
CGRGECE BAGECleaaggaatigod irt treged: wnlaBBO ol gefydgample= Clreerence of
w%%%g%%%%%& gaactggtag atttgaaagc agtatggctt cttctgtggg

plé

The theoretical PCR reaction is expressed through the formula N = Ng* 2" (N:
number of amplified molecules, No: initial number of molecules, n: number of
amplification cycles) where the base 2 represents the optimal efficiency (one doubling
every cycle). This equation allows to illustrate differential expression in mRNA copy

number instead of ct values: the exponential value with the theoretical efficiency, 2 A ° is
taken.

As internal reference for quantitative studies the ribosomal protein S12 gene
expression was used. It is expressed constitutively and at the same level in all samples.
Setting of fluorescence threshold is determined by the light cycler software. The obtained
ct values (duplicates for one sample, two samples per condition) were exported into

Microsoft Excel and analyzed as described above.

Results

The novel selective PPAR delta biomarker gene (SEQ. ID. NO: 2) identified from
Affymetrix micro-array experiments (see Fig.1) was confirmed by gPCR (quantitative

polymerase chain reaction).
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tctccctctt actagacaag gtgaaatgat aattcgtgtc aaattaatgt
gaaatttttt 2700 tcctgcattg taatattatg aggcct gagt

weowanticghg tttgaaattt gtatttaatt 2760 tcacagtPEI/EP2005/003265
ctagagctaa ggtgctcccg gttgtggqaa taggagccac aagtattttc
2820 tttetttctt tcgttctttc tttctttett tetttectttce

tttettt A :

B e e
ph@@k%ﬁ-tmﬂhglpmpmm acid (fenofibyi¢ acid))t 2 PPARdeltaagonigedt:rac]-(4-

aga :
o B e e e R SRR
ngﬂgﬂ@gﬁ?ﬂéxgﬁ}téﬁatarﬂgwat tfﬁtﬁditc?@a{al};@tamor@m@c' s (Bydd-lathdcd-[4-
agcic ; t o
Ve P R P e T A AR AR PP o -acetic acd
aﬁﬁ&@l—ﬂ%edtqfltégﬂ;ﬁet’t?l—?@-ngﬂ]a;ﬂ@g(@Mﬂt&gﬁgﬂﬁ:&h@be@}ﬂ)ﬁkdﬁamlﬁ'
a c aat a t gt gt

i aropos i daasekedygoagact 1t asactctigt

agat agat gc taaatgccca ggcccactta 3360 acttattaat

gt ghgataiviraircEille angd Fig  tagtespatse af teanadianganediyet digited by

3 : ;
eSS B8 b SR B BRI b
rd3ponmeaticibaeitydihe PPARaipHsi spacific ligodrizyme 4 (PDK4) <222>

(1) ..(412)<223> protein sequence (070571, as of

25032004 —ef—genre—under—nt-Cene—t+Drvm—235547 <400
3 Met Lys Ala Ala Arg Phe Val Met|Arg|Ser |Ala Ser Ser
Leu Ser ser 1 5 10 15 Ala ser geuj Vgl |Pro /Arg G u Va
@ u Leu Phe Ser Arg Tyr Sef o 20g25 30 |Ser Pto Leu

Ser Met Lys G n Leu Leu Asp SISy Sey ey AsOAl G A

- | 1 Ar T Dl Al Dl 1 A 0
ot —Set—rneAra e [CeuU g an
Q P ?S%ogﬁinﬁ%ﬂ?ﬁe’ 5 6@DK4 | 1 | 1.77 | 11.06 | 499 | 8.63

Table 3: PDK4 gene expression fold changes in C2C12 mouse muscle cells induced
by PPAR ligands in C2C12: A 300 pM, B 100 nM, C 500 nM, D 500nM as measured by
qPCR. (A: 2-[4-(4-Chlorobenzoyl)-phenoxy]-2-methylpropanoic acid (fenofibric acid) is
a PPARalpha agonist, B: {2-Methyl-4-[4-Methyl-2-(4-trifluoromethyl-phenyl)-thiazol-5-
ylmethylsulfanyl]-phenoxy}-acetic acid is a PPARdelta co-agonist, C: [rac]-(4-
{Cydlopentyl-[4-methyl-2-(4-trifluoromethyl-penyl)-thiazol-5-yl] -methylsulfanyl}-
naphtalen-1-yloxy}-acetic is a PPARdelta agonist, D: (2-Methyl-4-{Methyl- [4-methyl-2-
(4-trifluoromethyl-phenyl)-thiazol-5-ylmethyl] - amino}-phenoxy)-acetic acid is a
PPARdelta-alpha co-agonist)
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Leu Ala Asn lie Leu Lys G u lie Asp He Leu Pro Asp
Arg Leu Val 65 70 75 80 Asn Thr Pro Ser Val G n Leu

woa0sy43er Trp Tyr lie G n Ser Leu 85 90 95 RETI/ERMP5/003265

Leu Val Glu Phe Hs Glu Lys.ser Pro Glu Asp G n Lys
Ala 100 105 110 Leu Ser du Phé val Asp Thr Leu Val
Lys Val Arg Asn Arg Hi s Hi Sc 15 120 125 Asn Val Val
Pro Thr Met Ala Gn Ay I|i aSGIuTyr Lys Asp Thr
130 135 140 Cys Thr Val Asp Pro Val Thr Asn G n Asn
1.LeUPTEK 8 ad yionkhker feulefsimibdty RABARASE at60itAr g Phe Tyr

Met Asn Arg | i e ser Thr Arg Met Leu Met Asn G n Hi

2 psr BKS o e St B s PR R URR Y AR o

Asn Cys Asp Val Val Al a Val Val G n Asp Ala Phe 195

3, 200PDEB ach markerfordiagrigsingvedistase invplving gysapgulatipn of PP ARdelta
LeuaC hr Ser Pro A u 210 215 220 Leu Asn Leu Thr G n

Val Gy Lys Phe Pro Ay G n Pro lie H s 225 230

235 240 lie Val Tyr Val Pro Ser H's Leu Hs H's Mt

4. euAPheth@l of desectiRger AsniREN2HS e PRARJeHE ing BokTa

Thr_Val R 60 265 270
LeuCOIrHPnf’n%qVqt&E% ﬂl%n%\%% ﬁ%[ 1&%83?81{% Lys G lu
Asp Leu Thr 275 280 285 lie Lys lie Ser Asp

5G yAGhgthy@ hederding énclairg 4lcomprisingabp sEpE égfsrrsgen%hg mRNA

Leu Phe T a Pro Thr Pro Val

Met %68@%51 %gﬂ%@%}g tl‘iese{? asgntfgrlg Asn Ala Pro Leu

Al a Gly Phe Gy Tyr Gﬁ Leu Pro lie 325 330 335 _Ser

6Ar gAlreethdy of Attarnmylmg ethhiea EheoongoymRsimpdilajks A?Pégdelta activity

Tyr Se 50 Met ser Ay Tyr Ay Thr Asp Al a
e! BOQF%QH‘%%H ys Ala Leu Ser 355 360 365 Ser Gl u
Ser Val G lu Lys Leu Pro Val Phe Asn Lys Ser Al a Phe
Lys aB 74xpasieg gathosi te thrgtestromppendard ser G lu Al a Asp
Asp "Trp Cys lie Pro ser Arg 385 390 395 400 Au Pro

LySBfS{{l T@M fhe BN A MpkNSiohgsvebePIYRE. 405 410 <210>

7. A method according to claim 6 comprising determining the mRNA expression level

of PDK4 relative to a control.

8. A method for monitoring treatment of patients suffering from a disease associated

with dysregulation of PPA Rdelta activity, comprising the steps of

a) purifying RNA from muscle cells isolated from ISatients treated with a
modulator of PPARdelta activity and

b) measuring the mRNA expression of PDK4.

9. A method according to claim 8 comprising determining the mRNA expression level

of PDK4 relative to a control.
10. Compounds identified by the methods of any one of the claims 4 to 9.

11. Use of compounds identified by a method of any one of the claims 4 to 9 for the
preparation of a medicament for the treatment of a disease involving dysregulation
of PPARdelta activity.
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<212> DNA <213> Mus nuscul us <220> <221> PDK4 forward
primer <222> (1) ..(19) <400> 4 ttcagtgttt ccccgccat

WA 0088903 5 <211> 21 <212> DNA <213> MIS nmuscUPCFEERDEH003265
<221> PDK4 reverse prinmer <22 > (1) ..(21)<400> 5
tcccaacatg cacaatcctt g 21 <2 85 6 <211> 21 <212> DNA

1 ul.us <220> <22 S

1Ly PRSI Bet e Rl SRR ML Fi ot
<Zlﬂﬁn istildlia ndilyisg f2proltdn «Qir8ssidviJEvaios ELIKys <220>
<221> SI2 reverse primer <222> (1)..(20) <400> 7

t R LAY acgglaa%gt 0995592 comprising the step of determining the protein

expression level of PDK4 relative to a control.

14. A method of determining whether a test compound modulates PPARdelta activity

in a host comprising
a) exposing the host to the test compound and
b) quantifying the protein expression level of PDK4.

15. A method according to claim 14 comprising determining the protein expression

level of PDK4 relative to a control.

16. A method for monitoring treatment of patients suffering from a disease associated

with dysregulation of PPARdelta activity, comprising the steps of

a) purifying protein from muscle cell isolated from patients treated with a
modulator of PPARdelta activity and

b) measuring the protein expression of PDK4.

17. A method according to claim 16 comprising determining the protein expression
level of PDK4 relative to a control.

18. Compounds identified by a method according to any one of the claims 12 to 17.

19. Use of compounds identified by a method according to any one of the claims 12 to
17 for the preparation of a medicament for the treatment of a disease involving

dysregulation of PPARdelta activity.
20. Use of PDK4 as biomarker for determining PPARdelta activity.
21.  Use of PDK4 as biomarker for determining PPARdelta activity in muscle.

22. Use of PDK4 as a marker for diagnosing a disease involving dysregulation of
PPARdelta activity.

%%



