METHODS FOR COVPARI NG RELATI VE FLUX RATES OF TWO OR

MORE Bl OLOG CAL MOLECULES IN VI VO THROUGH A SI NGLE
WEROFQEEE2 [ 0001] This invention was made w th PCT/US2004/021063

Gover nnent support under Grant (Contract) Nos. R

1- Al 43866-01 | and R 1- Al 43866-0 | Al awarded by the

Nati onal Institutes of Health. The Governnent has

certain rights to this invention. Related Application

[0002] This application clains priority to U S.

METBTHODS FOR COMPABRING RELATH BEHLEBX RAFESIOF TWO OR MORE
ABIOBOGIPAL MEEHEIUKES INAIVD THROUGH A SYRGLEHPROTOCOL
[0003] This invention relates to techni ques for
nmeasuri ng and conparing relative nolecular flux rates

[00012; the ﬁmv&f’uoﬂ' WdsSh&ldwith %@&ﬁm‘aﬁt & Bﬂ%ﬁfij Gran (Contract) Nos.
l ecules 1n living systens. Mre par cu ar
RO1-AHB86@61 AbandRAMAIIBR66601 Adciwandest ey tha N altlsnﬁldnﬁrthab ef Health. The
er.to one or i ssues or individuals, and
GOVGEW&P?%?@HE‘%@?H’(&%“Y&H“@EUI ar flux rates of two or
nor e bi ol ogi cal nol ecules relevant to disease or to
Relatbd A pplisgés of drug therapi es on disease, even if the
brol ogrcal nol ecul es are of different chem cal
cl asses. Background [0004] In the field of drug

[00024evel odmisapphinetion deimseriprity ted/.8. Reoyisienah Patent Application Serial
or functional biochem cal
Numge%g@rﬁg% 8@"1 ﬂ'é}éﬁeéhoth;e hypot hesi zed phenot ypi c
consequences of hypot hesi zed gene or protein targets
Fieldafifnentivandi dat e drugs. Because of rapid technol ogic
advances in the tools for identifying candidate

argets_and drugs jn rece years, in particular the
(0003 c ofa%fewmﬂ% r@%ﬁs t%fepﬁwﬂmfo’ga%ﬂar@g@ﬁa cpmgtdRgAciative
moleé%lfﬁlerﬁ{eﬁ b BRhh¥iop Hlfi%%xﬁ'a &,Js o'f ﬂL(ﬁ’(gén?al 91{?1 é?l(fésqg%flwng systems.
(1.e t y e clen

. €., erapeutic targets
More qnartichlaallyolt irelhtes hetetlatiques i ddrhugshtﬂmgmgtbpeﬂlab@terdem“tén’tg one or more

ays .for neratln andi date ch i ol ogi cal

tssuef AL PURAOLS APd SRP b O RO IS HENCR P Fotes 88 AT Fgre biological
moleéu@é%l rSlelsht 8 Bi¥bAR LS 1d ﬂ‘)@fe{“f%@tg 'OE le'u%rthet,r%ﬁ%oﬁ @ﬁgésgaé\%ﬁ iP@s biological

beconme the single greatest c enge 1 n
moleaidsserophdififereahchatisdalassss. There are too rrany targets

and too many | ead conpounds for pharmaceuti cal
Back gni es to pursue all of themfully. Accordingly,
——g-ﬁ-’:@—overv\hel m ng nunber of candidate therapeutic

targets and | ead conpoundsnust be filtered, to

[0004g! i ni nah ehd MR Bealmlg\a@vabpﬁlgw ahd Qli’s@g{/é}?ttﬁére%ﬁ b¥er DohpSecognized
drug devel oprrent aﬁr ocess. present, however, there

need for Anetion {agkess qoax{gﬂléate ﬁheglmpo{h@m@g@ pbfmotyplc consequences
of hyﬁ&ﬁ@s%ﬁ régne or protein targets and of candidate drugs. Because of rapid technologic

advances in the tools for identifying candidate targets and drugs in recent years, in particular the
development of highly efficient genoxﬁic and proteomic tools for identifying potential targets of
therapy (i.e., “therapeutic targets™) and highly efficient combinatorial chemistry and high-
throughput screening assays for generating candidate chemical or biological therapeutic leads,
the need for phenotypic screening tools to eliminate ineffective or toxic candidates has become
the single greatest challenge in drug development and discovery. There are too many targets and
too many lead compounds for 4pharmaceutical companies to pursue all of them fully.

Accordingly, this overwhelming number of candidate therapeutic targets and lead compounds



tool s avail abl e for phenotypic characterization or
toxicity assessnent. This deficiency represents a

W@ 20050885nap i n the pharmaceutical i ndustry's PCT/US2004/021063
repertoire of tools. [0005] The capacity for vertica
integration of tests used at different steps in the
drug devel opnent and di scovery process, ranging from
pre-clinical studies in animals to human approval
trials, such as FDA Phase 11 trials, wuld also

1

must be filteedetoclummisrigingtictipnar esiceandidales eshpathe §mgﬁé§?lgpment
h t
o] 5 RO e BB UEEBIE A7 ol srcnin

tools a0&iMbe fos phénodyio slsax&aaﬁzalnen et toatrmityl astessment. s didiciemny represents
of a drug's action as it advances %prough t he

a serioge.gan Whe pharmaseutisal infesirysy reped®irf A4PoSi ni t ati ons have
hel d back the devel opment of high-throughput universal

[0005)5C' €€ nhﬁgcagﬁa Py EfichOht OH 'oF RitsRisOE MedTFERbt steps 1n the drug
phenotype contrast toO genotypes. The reason fo

develophieﬁt zgmlmlsczaveﬂyqiroctdse ranging froint pro#cllmpelrmdlml anfroals to luman

i.n bi oI IS n

approvehisash st a3 T pebieats s wow Sisorti S Fp sl bRl S prmaceutical
compaﬂfélse%%t@ $hat B5Y BB ub&S BARE s RbANRYS fd}nf é%'ail)ievels of a drug's

assenbl ed systens (i.e., fluxes or kinetics of
develupmeatpnoe@)s wotlld slbovg bomparéansacrosciach tpyekaniddntemsd yalidatign of a

he concentratipns cul es (suych as inmunoassay,

drug’ S@? ﬁ Wapﬁqségﬁougﬁg}ﬁ%vg&?pmﬁgtn‘%ﬂ‘f %%/ prot eomi cs and

ot her conventi onal hi gh-throughput nethods) are highly

[0006]?dV ancgebhnicabBAfatonsdaRo hedeack te depasph m@% fhedridthput
| uxes are not as advanced. The absence of tec ques

universaisceening prcwgdwm & anegsuninglipehesnieg] pherady pRSy 1 @@Frafmtg/ genotypes.
The re%?%g%ﬁgg% % P rﬁglgc}t R %er%llgefpopgraglﬁgﬁ%ﬁc%?% (gg lf ﬁl%?h@ﬁotype) in biology

is not fhendasenthaprdaeiatih @d@ldﬂﬁﬁ@b’lﬁes ﬁ]belyﬁéxhﬁrfﬁﬁv tf moleafiles through
nol ecul es through conpl ex netabolic pathways under|
metabekiepatbyvays ip fally a%p@b&éégstews@ee thexes axkinglics of molecules). Although

escarS GRAIARRIH Bl b GO b nc M Bl hfuponsey,
standaﬁ‘@alylﬁezulcﬁémist@pg@eﬁhwpmwnnbmd olifes @ysventionaldsgh-throughput
clinical chems , I mmunoassays, and genom cs/

methogg)gtre blﬁhbsadvan@damseeg@latepbmmsfeﬁ PRENISE majeay thixes are not as
advan{%d’] %ﬁ%& seflkd Sﬁ[ec?mf i&g}jf Eés 15% ﬁ‘fo‘f’ec‘ufér {}Etﬁ%h\é@ﬁmculaﬂy for

I on pic m snapshot's
high-throahislitngultipée cbnowmeit (mﬁbledularlﬂnx méastemehtst dllys deﬁmency represents a

e SRR S e Bt e
pathw%' Meﬂﬁglegs%numﬁrﬁﬁ%ﬁ% E%hmrgﬂﬁﬁ?ﬁeoﬁeﬁ%%ﬁ%l% etal.;

netics nust ol ve t use of Isotopic tracers
Helleristeirr, alobvo Ret Metrd2088haitedrin G, tinfine (seesr andBurmddel | er st e| n
and Neese, Am Physiol 1999, cited in full, infra;

10007} e cLoRiLiepRRPR RO e o P e WP

immuﬁ@etss@"s?&@"éenoﬁﬁ’c%y‘proteomlcs, are all static measurements. Molecular kinetics

differs from static tests in the same way that motion pictures differ from snapshots, by including
the dimension of time. A completely different set of tools is required for measuring the dynamic
flow of molecules than for static measurements of molecules. Measurement techniques for

molecular kinetics must involve the use of isotopic tracers, to introduce the dimension of time



it is present) and thereby allows nol ecul ar kinetics
to be determ ned. [0008] I|sotopic |abeling techniques
waone/083spt cal | y been restricted to nol ecul ar fPURUSEDEE21063
(kinetics) of a single nolecule or a single
bi ochem cal class of nolecule at a tine. Each | abel ed
substrate adm nistered is generally restricted to a
singl e chenical class of organic nol ecule. By way of
~ exanpl e, a | abeled am no acid, such as H 1 eucine or
(see, .| Hsllersteincand Nogesejidred PhosibbIR99, citqdrintfellrinfya; Xdllerstein, Annu Rev
. B 8o B bl o9 B IEPT 12 rsen, e
it is pres&Htfiand by aR6WOMBECalP Rineticy 16 bR Uetcififed! | Y OF
reliably | abeled fromamno acids. Simlarly, |abels
for measuring DNA and RNA kinetics do not allow
[0008k net i dsoienie gﬁbelmmeghmqwsﬂm@@piq@ﬂwtbe¢rnls¢,str@mql tomdecular flux rates
. I e f |l ecul es.. For.this.reason rnevi,ous ..
(cinetfEsP38F Snfle piPh G WS S hisePeRical B3R s SNSRSs time. Bach labelea
substraffadiiinisietsd s pensrallyelestticied 6@ |sﬁ1‘f@w éHenfitdlélab@bLSrgMic molecule. By
nul tiple biological nolecules of different classes,
way of gxanplB. alabeled painerasih suth as ‘EbBytinepr e-lyisine; eantbigegiven to label a

ot 0 RGBSR e s o
moledulesqbgyilipils, Dltﬂns ?ﬁstlhemylﬂ&eﬁ)pﬁlﬁgﬁt MMltSl)y &f re%zlﬂ? llb%)eIHd from amino
netic target. ee, e.g., erstein nu Rev
acids‘gﬁiﬁraiiaﬂzveﬁ ?lg @réﬁ??eiH’é%QI‘g% apd RNA Kinetigsadoenat gllow kumstier |
measitpRiERY of il R0 RIR AR URLAH A AM R B
c romdiff ce

ass but eren types or tissues eCh
kinetia labelipamessmerhatiskee Hohpravided informatidn dtenatdaiveaholedidar flux rates

e of cell yersus._t rate of another type of cel

of muﬁ%ﬁa bl,oﬁq polsepies Of/éllr}ges@t sl BT qugh 2sng1s bTokSehr i ous
cancers) is frequently useful in evaluating _

[0009) Ner ape e, i¢{sfthé BshbiahtichsYr ¢omBhriing 2 B A uFar Hux rates
prognosis. Accordingly, there exists a need to analyze

that issmostduliopmativerregarding diochemical ednssquehcen(phémpitypes) afssdrag or genetic
of._bi ol ogi cal, nol,ecul es. con rent in sinpl e )

targetp(SeR! e BEOTE ATAEE Nith 2010y P binapufs Shalls. thege s, however, a

need 109 dnly2e Blo¥idledil TRINE tHel Bimel IR bhf o WiBerth@RB thls or tissues
existing in different cell types or tissues In a

becaupg gpomparisog hpieenthenste. of puphitarajion bf bhetypawEnell versus the rate of

anotnb300Phe 1 31 sl Sl DR s Fo B R reanenty
usefulciarpalibtits ﬂabﬁpéﬁicaéfﬁu@[yrmla%&g & dibdadX dfagh&Ss & prbyfdsRY

nore bi ol ogi cal nol ecul es by adm ni stering )
Accordingly; pleere gbists adiepd teeanalyiza and eompiye doteqwlar fixeratensof multiple classes

. g ' i.cal nol | es _are.frhomthe sane
or iR AL PR B WL 506 H BB B e Fortpore, her
existstayiees t@iirtalyys bismolbculés Rt ghe QiROTAIB exibify T\WRIfGENt cell types or
npre bi ol ogi cal nol ecul es are fromdifferent

tissueping: highitbronghnui swager.

Brevious '
se

Summary of the Invention

[0010] In order to meet these needs, the present application is directed to a method of
measuring and comparing the relative molecular flux rates of two or more biological molecules
by administering isotope-labeled water. In one embodiment, the two or more biological

molecules are from the same biochemical class yet are derived from different cell types or



[0011] The inventor has discovered that
i sot ope-1 abel ed water is a universal |abel for
wore@ssicsy t he bi osynthetic rates of essenti al PET/ES®0Y021063

maj or cl ass of biological nolecule, including

pol ynucl eoti des, proteins, |ipids, carbohydrates,

gl ycosam nogl ycans, ceram des, glycoli pids,

prot eogl ycans, and ot hers. Mbreover, isotope-|abel ed

wat er has several previously unrecogni zed advant ages
tissuea.s Inpariotlizs lemdbe Himvent ythe 590 ot reprei hiclogidahmolextles ae fras diffekent
bi had 'ﬂlstrat|on constancy of levels and long half-life
lochprgicahelasstly  absence of . tissue conpartments or pools,

ease of long-term adm ni stration even for weeks or

[0011]0Nt hS ThaRtveaki ha§ altdveted thit i8tbpd-labkred v&ax&h@ ganfve&m label for
cells to animals (e.g., rodents) to humans. Further,

measurgngrhe bisisyriietigwates of asseatéallysprent m@mﬂays effftfological molecule,

incluiy BN RO e et PO B R s e Biiplo oGl prrgmices
glycohﬁlﬁb gﬂbt@gglyf:aﬁfs sHdGtheleV RoreuvRA lisabisk-IAbsle@ viRlief has Q34 previously
dition, nmeasuring and conparing the relative
umecaﬁrladﬁ@anmgwsmdﬁ@@ deliverywelielenmedingoixirgmeease of administration,
constélﬁg%?wv%?s ﬁdggﬁ -ﬁfétiﬁmdcgr aﬁseIlé) rm r?g\?e o bﬁ%&ée%ts or pools, ease

sue or In Co 1'SOon

of longitemh edmidiaetioa I‘evéﬂ fox Weaksﬁolﬁﬁorﬁﬁsi aad @bplﬁbabﬂity fAIEEHhE systems
Measuri ng_ and conparln% t he relatlve nol ecul ar fl ux

from geflsdq apmals)(s- g TofEHE) 1B icad adyanegsgn mass

5 ST PIRER S LG s v

as an effed¢tive streehing technolegy forairlig é&etbpsxm smdaldibyovree;s ear chers
in control theory of conplex met abol i ¢ networks -

[0012& ngi i gﬂ gﬂqhﬁgltl G e:z?sﬂlg go )néﬁxylng Iﬂ?,nge rt]&gg]éolf:q\ﬂar flux rates of two or
more biRbdédl %leéd%’&t rbwid&y §uBRadtft iBhat gy ﬂfoﬂ?ﬁ {i%Ge BF 1n‘3i4§5‘ua1 in

provi des path ognonDnlc Information regarding the state
comp@lﬁsoal to mqarsmmgta sngle maledulardhmoate, of lonk bidldgicdl mdlexglec eikasuring and

o R e Wk Bt LSS e
relatlJSﬁsﬁi;ﬁ %bﬁifﬂen Q6! 13S10 ichIgNEle FRESIA R MrmedTR! ge ®H|;@Bistributions"

ki nétics associated wth di seases and condi ti
or "canityet apbmqh@reé' cwdingnssed be stseanhers emebntok thcotyyofo:fomplex metabolic

e FRTPOUR S . SR BB B BT gDt e

isolatfo@liat istteh BhetbManfERhaE @levénh Hfbv[cﬁa% %ﬁthegn&ﬂ&n@ Enfm@ﬁa@lon
blologlcal nol ecul es, even when t nol ecul es are of

regarding therséaie ofh epmplgk bmﬁg@@gl net@/orl@ a&e the lisdageadboreorganism. The
capack}g %1 flét #D Ia,g c!}' §.pncr 1 10 rret h g\yg’?ﬁcﬁr[ qn%?rgp fZlf)gg ggglf%fent biological

moledﬁl&s&l@b@&ndﬁ@@%ﬂkﬁ%ﬂxﬂ@l@&ﬂﬂ k’inétic@ gD cifcd WP Hist40sA1d doRditions,
particular, the present application is directed to a

therapgutip ealnevunﬂeta@tmﬁmgar&mx%npﬁwmgom aeong 9thess. In addition,

admlm}eﬁrg%lsg{opg :I%Béﬂ%das\%%gr cov%mblx\ét) Rith m)eras? lﬁ)nlggl g Igﬁﬁ)]armg relative molecular

flux refie§ bE1eNGr mberviciakicel molsases, BvéiﬂwhéiﬂlhE infiledulesiire af different
adm nisterin |sotopelabeled
chemical classes, is readily adaptable to high-throughput screening methods for comparing

ﬂ-qw

relative molecular flux rates of multiple classes of molecules measured through a single protocol.



water to an individual for a period of time sufficient
for the | abel to be incorporated into two or nore
whewbosgesnl nol ecules to formtwo or nore PCT/US2004/021063
I sot ope-1 abel ed bi ol ogi cal nol ecul es; b) obtaining one
or nore biological sanples froma tissue or
i ndi vi dual, wherein the one or nore biol ogical sanples
contain two or nore of the isotope-I|abel ed biol ogi ca
nol ecul es; c¢) neasuring the incorporation of the | abe
[0013] n t he It partionlaruhepiesait applicatiomis|dacoied S0 h medladdsfimemsuring and

compgcﬁqgg rml C e pkﬁmég%?§&jﬂt\&g %f‘ ?x{g)%l: gg;hcgéléaéf?cilgfgl Is el?lcludlng when
the mrerg&glg% Fgé){&?tgzlthgxznéa %lgéj'%dr iﬁlzagl ol%'xgigl'.gf g;‘gaaz g&ﬁmlstermngalsotope—
labeledevaerdo rmyndmldadlnﬁon ) @emdeof thye sufficeotfoptizthbelrebh ﬂntotp‘orated into
two ogg{?&%n iz :gg%ipa}plecluﬁ:t; orogqlr: rf gs%r&?p%t lSﬁeﬁ?%%l@W gpolecules b)
obtaifthg bid 6%6&%161%% XD sanﬁﬂes'ferﬁ ap8hel R RR@Vid¥al, WhErein the one or more

i ndivid human. [0015] Adm ni stration of
biologisaltsapples abmamdwmenormﬁt}besm@pﬂ-lahcledn b;olcpglcacl Imlﬂglll&‘.!. ¢) measuring

e o BB P 85 P R B P b it . ot
flux rht%é?bptﬂiﬁ bi@@%baﬁ%&@élﬁés andldy@intgaidg %@ﬁble@ﬁ‘lapflui FAIE Jﬁﬁe biological
del abel i n 0 occur rior to obtaining a biological

moleadgsip enalwe{molxﬁqlaﬂwﬁ mnbcrelnabﬂ@i yaest , the bi ol ogi cal
nol ecul es may be of different blochenical cl asses. In

0017l RO U108 DAY L B cpae

meth&kofl adinipiesativn inthdligsorally) prehtetillyl Siicurfbadly Rittavastularly (e.g.,
bi ol ogi cal nol ecul e may be a single nplecule with a

intravgaeyshier igtraastariaty), of guepsriteneally; di gmbau duglyppy be ahympe

obt ai ned pre-nortem or post- m)rtem Met hods of

[0015]Pt @i n 'Alﬂnlﬁlsjﬂjaﬂ!)@ Ef fé@{gpé-gegit@iglﬁ rﬁﬂ%& @&fﬂé cdWinfB¥s Fﬂee'i Qﬁgle dose, or in

rncl udi ng any I'ssue sanp
multipleydosest e méthm:(bmay ltrldhgieahdoa'idnlﬂmcgiat siep bf discortmifrigeadministration of
[ [ ti ssue bj ops

isotoéﬁr-]lcgéig%?v ngfigcgwgg{gﬁgm?%;)h n? H éJPlf é I?l%glj_lg]to occur, prior to thammg a

biol egg&g_kgtion of a |label into two or nore biol ogica
100%0 ecu es may be detected by nethods such as liquid

scintillation counting, NVR and mass spectronetry.
[0016] ncor pdn ahé embodinest tthgp@ologivel moleayleahrag beef deffeettdiochemical

class%;ﬁié%@?rfngg{d&?xﬁgﬁg%@ gqi?xlécg cr:rg!@kggﬁﬁe gls%ﬁ% 1ocl?emlcal class

but d&i\QHQEJnQ aifrepdilt %Ell}' Irﬁmgrwnﬁﬁesd a8 yafafbthe: RETHoaRMNY, a biological
modi fied, or chemcally derivatized prior to analysis.

molequd®may berh@lngé@mo}mul@nmﬂnm@“med@ﬁum ol ogi cal nol ecul e
may be determ ned by

[0017] The biological sample may be obtained pre-mortem or post-mortem. Methods of
obtaining a biological sample may occur by any method, including any method of obtaining a
tissue sample and any method of obtaining a biological fluid sample, including blood draw, urine

collection, tissue biopsy, or other methods known in the art.

[0018] Incorporation of a label into two or more biological molecules may be detected by
methods such as liquid scintillation counting, NMR, and mass spectrometry. Incorporation of

1sotope labels may also be detected after chemically converting biological molecules into more



calculating the isotope enrichnent or |abeling pattern
by mass isotoponer distribution analysis (MDA), and
W@pEbP33ee2 precur sor- product or exponenti al decBgT/US2004/021063

equations to determ ne the nolecular flux rates of the

two or nore biological nolecules. [0020] The relative

nmol ecul ar flux rates of the biological nolecules are

conpared. The conpari son nay be by a ratio, graphical

rel ati onship, or other conparison nmethods known in the
easilyatetectablidddlecBes| Byi examplepthedudlegicalayoleeulamagriei degraded, chemically

.Issofnqeues a ecific.nolecule within a )
modxﬁqﬁggghegﬁag Vg E&? aysihcati on such as an

organ or subcellular organelle In one enbodi ment, a
[00199)I rst kI'h@'lé?ﬁé;%&Hnn@th@&ﬂHf% Hl&ogi%ﬂ HbREIPNG ry%cae?er&%art@

i ol ogi cal nolecule is cellular protein. I'n another

calculehb@mermtope enrichment dyilabeding patternblyanass ésotepopre déstmbutn analysis

oA PSR or RSt o ProneRia facky spliardh dRgpine the
moledhTERTRIXTRIZS of thetivb Bt mdrObioWgtel niticats! € 1's cel [ ular
protein and a second blologlcal nol ecule is

m t ochondri al DNA. Het anot her enbodi ment, a first
[0020p; o ogﬂ&lﬁlrelﬁ%‘fee@gleéu]?% weiraiessd the @9mlcabmolqgug¢@ @rd epgnpared. The

comeH:ﬁn%%ﬁﬁ o A geitl?])l glglbc %1 fé{?iltlgﬁséﬁi g?ﬁmegg?rﬁk%%ﬁl methods known in the

art. enbodi ment, the first biological nolecule is adipose
tissue acyl gl yceride, the second biol ogical nolecule
s cellular. p teyg and_a.third biolqgical nolecule
82

l0021h s cel [Eipiegicahmolepesmry bran srigesise af molseples apgcifis molecule

withif h SBME andf oS %éi% Fle Gocakiby §ﬁch d%aa!ﬁq{rgﬁrc'or QB?élRl’lar or%anelle In one
adi pose tissue, een, I ntestines, Hheart un

emboginasit,at fixst @oh:gdsl mbleeakns ced uter\DNA anﬂlacseebndehld)lx;glcatmolecule is

ot her .tissue body. not her aspect, a.first
cellolf plsit o angtieb cnPatimenp s S biclap dneBednds e i goecand
biolo élefﬁélleﬁﬂé % GXff¥Ar DN, 3nfl 'drth?@f)lol’@éa@ﬁo@&uleah hilfpid. In yet another
i ol ogi cal molecule I’s mtochondrial cardioliprn an
embotlineent excfmstibintvigealimelecalens tabiieopaote sl anDiAecdmd lyleloglcal molecule is
a first biol nDIec le is

mitocRGRATT PNy <GB0 SRR R DI PRGEA Fao e s adipose issue
acyl- ?&e@fdb RQg )ﬁ%@co@%mlbéﬁcéﬂ%ol@&ﬁ& hiay vehAd dRBfar pRtdih b tellular DNA.

I ol ogi cal nolecule is anyloid-beta protein,”a secon
In a feyithsir @glb@élmemnh@ﬁtsebloéogm nmlecDigAs adipobs tissud aeylwucatle the second
a.fourth bi

biolofE350lr Gt & 1t Biok b a4 P bosSe ptpiginds £ BefiBar prva,

enbodi ment, a first biological nolecule is

[00222ny | Oi a*rieeﬁaogmtsample BayFbE Asde Huch 89hmsdle, TRt Pah@ehs brain,
neuron DNA, and _athird bi ol ogi cal mol ecul e i's

adipopg dysygyl Sp&emmtesmnesmartalumf ki iPresigiecionads, breast synoyium, blood

cells, 18} 8{hglgh%sﬁls Sﬂhg B{)jc!l I:n 8{%}' % ciPh B rbﬁiég Qgg cﬁecuée 1S protein and a

neuro
seconﬁllxixblogba:laholﬂﬂile GBUhRNIAS I 2ofutiiéd variiién, 2ofet Blofogival Molecule is

mltoc?li)r?cllr?a Icgr?lllohrlr)?xl a?n%utlhg selc%n amlo?gctu?eclg rrnel?orc(l)lglllddrlal DNA. In yet another
variation, a first biological molecule is skin keratin and a second biological molecule is skin
keratinocyte DNA. In yet another embodiment, a first biological molecule is amyloid-beta
protein, a second biological molecule is neuron DNA, a third biological molecule is microglia
DNA, and a fourth biological molecule is galactocerebroside. In a further embodiment, a first

biological molecule is amyloid-beta protein, a second biological molecule is neuron DNA, and a



In anot her enbodi nent, a first biological nolecule is
anyl oid precursor protein, a second bi ol ogi cal

wOorRi08osdes2 i s neuron DNA, and a third bi ol ogi caPCT/US2004/021063
nol ecule is mcroglia DNA. [0023] Biol ogical nolecul es
may al so be specific nolecules within a class of
nol ecul es. I n one enbodi nent, a first biological
nol ecule is triglyceride and a second bi ol ogi cal

tird b BEIceplsT PR BN o) oA o FSRBROREL A ChAgice

molecu@é' 8%@&\‘1"??&&0? pitein Sijé?:laoﬁ(f bm{%%a? mdléc\i?erls ndos 'EJJA a third

ostate tissue on t1ssue, endonetri al
blologltalsmlecule ks micrdpliaddNAL arsbwﬁzunhdnqdogmaltmelsudse isogalastdnerebroside.
tissue capabl e of. somatic he bi ol o
In anotgrsgoh i 5 bl RIEOISH SEEM grechtgt Bikiein. agegond
blOlOglEéﬁg’?&'éC ﬁsenetil'rcgl BRIACahd MﬁPMbﬁ)%ldWMlo%u]eSQhﬁér%Qha DNA.
etect si mil 't aneousl y. 25] In anot her
aspect, the invention includes nethods of detecting,
[0023] pr ogn d%lplqg;camelmnles ony ragwthwppmﬁg modenudng vothin aglasgefmolecules.

inane oS o RRE P BB  ER R PRS00 motese

lsfatryta\eﬁi ahd BPtichally ah@ i@ mayeapiekes in a first popul ation
of tissues or individual's that |ack the disease or

condition are neasured and conpared. The rel ative
[0024] np| ecuThe bilogical semple way b eblaiisd Sromerawipg Hpuigs suph as muscle,

liver, a??egg.ﬁﬁ'ssﬁé pr{}sr%%e \%/’Igsg%a?osl&‘f) fid,at én?igm%{c{la? Bgsugr KD rb?ecfist tAssue, adipose

€5 0Or are nmeasure
tissue, @f bfher 8awe chsiblessoivatic ERivahi Viee lm)logmal ﬁaﬁmﬂé may tbatoe énclude tumor
between the first and the second pop tloqf %¥
cells of bastaria The tup ar metsbiplosisat meleculss sgm%éso g h%fﬁ?lt ected
ogressi on of the disease or condition.
s1multsk{é§ r 'at ively, the relative nolecular flux rates of a
popul ati on of one or nore tissues or individuals my
[0025]be neammﬂleampectomeeinmtian inokades matiprds of idétfeeail@;prognosing, or

time [ 0026] not her ect, the inventi
momtqrmg ﬂg@%@]ﬁg& SCRRGI0L EP? blon m %‘berﬂfé??fﬁ nngres of individuals or in

1nd1v1dﬁ%[§' el BB LD RORCARE B8 tRE &ftvd HindRadRINicd Aledul@Nn a first

ne or nore tissues of individuals or in
populaltmd iof itisanek sr indheduadd thet leck theldiseaseanr cohdidion ategseastredwnd

o TS PuSL OB ESL, TRLESH S popul e PLSLSENS . con
popula@lfoh%&' ofilc‘.:j Bt Rl t?srsh&%r anﬁ@i@fﬁﬁ’l'é. ek mlasithddf ﬁﬂ@:ﬁﬁ%a{%@t e gifiference

he relative nmolecular flux rates before and after
betweaardtﬂm mélgtiveanblsnulasflohetesibgbmednithe Girsand thesacand nopulations is then

nitor the progression o eas
denritBANGRER o g Pt o R R NG REPRF cf ponaiion
Alternb@V @9, tRE rdatRRRHOIBEII AT raRB &f @ hoplafor! 6551 nfire tissues or
i ndi Vi dual s may be measured and conpared at,  two or

individnsdsemy bé sreasired indecompjagbattwar arpre didfepins times.
interstitial pul monary fibrosis (I PF) may be

[0()26]dI agnoge another aspect, the invention includes methods of detecting, prognosing, or
monitoring the progression of a disease or condition in one or more tissues of individuals or in
individuals. The relative molecular flux rates of two or more biological molecules in a
population of tissue or individuals are measured and compared before and after administering a
compound. A difference between the relative molecular flux rates before and after

administration is then identified and used to detect, prognose, or monitor the progression of the



prognosed, or nonitored by conparing the relative
nol ecul ar flux rates of lung collagen and | ung
WO piwsobdesst DNA in a popul ati on of one or nor ePCT/US2004/021063
i ndi vi dual s di agnosed with IPF to a test popul ati on of
non- di seased humans. Alternatively, the relative
nmol ecul ar flux rates of a popul ation of one or nore -
ti ssues or individuals diagnosed with, or suspected of
having, | PF nmay be nmeasured and conpared at two or
diseasd™or cdnditfohe rAdtemativelys the[rolaied madecalaoflhe rateelirppepulation of one or
hyperli pi.dem a may be di agnosed r osed, or .. .
more teEipStop AR VIgYals GRAY e MSPIE ap F%‘?‘P%‘Sg %g‘iwe"c‘ﬁﬂ mpregdiffgrent times.
rates of two or nore of plasma apolipoprotein B
10027t 1 91 YEEG6h eesnplBNAfNiRlal PilfidnaTbr6i9(1BF) £ag beldigosed,
popul ati on of ‘one or nore individuals diagnosed with
progndrgdanimiitiesd by canparingshe reigsive adlennlarifuxaates of hag collagen and

e SR S0 BB A A S B R g o
populdiSh ¥ n¥R-disehee Hhifans. Wkendtitsdy Ghe efdativennpleailal fubratndf a

one or nore of triglycerides, phospholipids, .
populatival of ohe pomoremiskues ordhdiviskialsidingnesadawith,pr suspspigh f heing, IPF may

of ope or nore, i.ndividual .- d wth famlia
be meﬁ?ﬁ#ﬁ{@&%‘ﬁ AV RS élffg}et%gggl%g'opul ation.

Alternatively, the relative nolecular flux rates of a .
[oozs];o pul apis@RodEr @Renpds, hypéripidestamay dbe diagdoseddpralsosed,yor monitored

e nmeasured and conpared at two or nDreIgifferenI B
by compareng the edlatiye mplegulat fiwy rafss,of fiup o TRt Ripsmaagqlipgprotein B,

. . bi.qlogi CITTCIN id ¥k ABGr fdke HRFAMEHI

mgly%apgr,%%b@%hoﬁgidg,cﬁdghf)%s%{oggn n%p ?%hog obul irn. ??ed_u.ced > ]

diagn6t vithatiypertipideeniacs b wat pepulation. the aduiypn yssatjon, familial combined
)r ognosed, _ or._ nonitored b aring.the relative

co i
hypertipidgmia mey be Q;@gp(éqegsprggnopg%ror Qure papipg dhprelative molecular
: i AS D i . and/
flux rélltn e ?}g%ojgﬁfggnaglgggp%f)ﬂg?é 6fCtHngf:eﬁ’&%T PosPRélipids, cholesterol, and/or |

reduced ce[ ul ar inmmune )
cholegeiol yadrinm gopulatibe sf ogEpopruhereiindividaals dihgoosedrwitinfantiial combined
rel ati ve nol ecul

, . Tl L f.T . B [
el Tt St ST 00 Bl W e
populdfd ¥Bdde} n{xcﬁg fti?ﬁlé 6F RIAFL i RPPUNEY b8 headite@addédri®red at two or more

vari ation, Irst nolecule may be a protein, other
differtitaimgsl asma i mmunogl obul in, derived fromT or B cells.

Al'ternatively, the relative nolecular flux rates of a
opul ati on..Qf. gne or. nmore ti.ssyes ar_i,ndj,vi
100290 e et ot e ol By S el ge AP B I B BLE BONA and the

seconjd HiR8gicAARkcit isafl)lﬁéiﬁé fﬂl‘ﬁhuﬂc%létﬂﬂiho Redacdd defitilar immune activation

i ol ogi cal nmolecule is dermal coll agen and the second

may i dibggised Iprogiioseskiloe miositersd hulcovipagRg He rERBYORgIctlapHyx rates of T
or 23y AR SPRER €D, LB e e EOPBRINPRLAR dagnsed

with R66E ceBLRS {thfuh® agtivRAektod iepoplila®ig. @rredustion in the relative
i ndi viduals with a photoaging phenotype (ski

moleoulamfluxergje efol’ ar Begkd DNA identifies the progressmn(of ré:dnuced cellular immune
activation in the second population. In a further variation, the first molecule may be a protein,
other than plasma immunoglobulin, derived from T or B cells. Alternatively, the relative
molecular flux rates of a population of one or more tissues or individuals may be measured and

compared at two or more different times.



popul ation. Alteration in the dermal coll agen
nol ecul ar flux rate relative to the dernmal elastin
woriososdesr flux rate in the test popul ation i deet/U$10e$021063
al tered photoaging in the popul ati on under eval uati on.
Alternatively, the relative nolecular flux rates of a
popul ation of one or nore tissues or individuals my
be neasured and conpared at two or nore different
times. [0031] The invention also includes nethods of .
[0030Het er mima Agthehwargdtionca fiyst biolegicah ercdqnails iscleomaipoilagbnbwd the
asur.in nd, conpari.ng t.he | ecul ar flux rates of
seconq RioTagjg! gpoieis SRBne SHstin. RBviaesine By be diagnpsed. prognosed, or
monitORA By RbirPArihgtHREEMHIPE moRukP AR B ofAd LAl c%tll‘ﬁgéM defifial elastin in
conmpound 'to the sane popul ation or to a secon
a popiatier efi dnger ofore inelivduale withtai pheteegingphenatypé (sl wrinkdes) to a test

popu g3 A BB b RS BBk it e i IS st
molecPARP AR kAtO th b &k pasUThiidSidEtfiedRltered PRG0S MBI L Rpulafion under
t he second popul ation of one or nore tissSues or

evalugtign; Viltgmnatiyely sthdir¢lpdvemeolscilar fliveratesi oftai populatios ofi bse or more tissues

. . f the,fiyst population before and after
or indly il B B Plsaus o BBt v BF pope et ey ot
popul ati on and the second popul ati on neasures the

[0031Ff f ect THehmestial alsdiinchides aReiets 6f ddefiining the &Fe8Sy ¢¥a therapeutic
i ndi viduals in need of the conpound. [0032] The

compq tneATuERg and crppases themelsqulapfluy etes ofithe fiye enmore biological

- : m ; d
ol P REA B SERRUR o EEPRL 0 Hiy o
same popullaipnaaio avdoend pepulatiortofimpewr aidre tissuks oN@ddAdA, 8nd measuring

T M AR OGO —
popnI81 s TUSEISEYSHURCONT S O ESATITE 9o

7 conparing t ux rates
tissuepomindiyiduals. Foléferdnes in thetréletipomoleatilapfiuatdtey of the first population

admi ni stration.of the conmpound.. A difference in_the
before, aéﬁﬁﬁ% @&We&r%ran?%ﬁﬁewgg ordretwera ’f[a% Pt 2ppeatigeangthe second
popul@eﬂ.?l BédsBes ﬂ@'@ffé’lgﬁfiﬁgé OthOfhet %uﬁ@g%ﬂ't‘ ggti%rﬁgss&riﬁ&ivfdﬁgls in need of

ef fectiveness o e conpound’in tissu
the compgdimd.dual s i n need of the conpound. [0033] A
tunoricidal or tunmor static effect of a

henot her apeut i ¢ ,agenf ,nA e.deternmned b asurin .
00326 182 o A6 R o B e et & e g BefBeacytoratherapeuti
comp&ifld| byl ragasiiipd ﬁi&oﬁ%ﬁ?'tﬁé&h@fec%uﬁ fatdshsr tﬁ@{dvgc; !r)]x‘g?ore biological

nol ecul ar flux rates of the protein and

molecglea iye Pepulatitinafona oy moretssues o individuelsih erwt diithe pempound,

. t, e t has a tunori.ci dal effect.. However, .if
adimis AT b O B, 20 nOPRiiGh R st ividuals, and
measufrin@and bempaicHt afolédulbt Tuktr&eObr thBewd bPhRIrEbiold¥cal molecules in the
chenut herapeutic agent has a tunor static effect

populgtiongifter adrainisétatien af thecompaent, A difference in ¢he ekativagolesular flux
rates oiﬁlgat lfbg)?r%aﬁlﬁg %féﬁ@ %Iﬁh %%é%?%lijrggrattﬂ)%%f %{eecorl]l%ou(rjlld \l{IIlC%ISl?I‘gg the
effectiveness of the compound in tissues or individuals in need of the compound.

[0033] A tumoricidal or tumor static effect of a chemotherapeutic agent may be
determined by measuring and comparing the relative molecular flux rates of cellular protein and

cellular DNA. If the relative molecular flux rates of the protein and DNA do not change in



static effect of a chenotherapeutic agent may be
determ ned by neasuring and conparing the relative
woriososdess flux rates of cellular protein and P€l/U81084/021063
DNA in treated and untreated popul ations, or in a
singl e popul ation before and after treatnment with the
chenot herapeutic agent. [0034] A therapeutic effect of
an androgen or other anabolic therapy nay be
_ determined in one or nore tissues or individuals wth
individualg treatedywith the elientophedapsmtic egant, the sgemt das b yunomividal effect.

Howe%?rgifétﬁl?]glfg:le\ée n@'rlg ?%l;\l%\{” {h%llﬁﬁé[isa %l?esrg(g {nrggel‘s ra]lfex lrthaesnrlééﬁzln?lar flux rate of

the prbfeird kheChehdeher ;feuﬁ@@géﬁ?h@s‘%ﬁuﬁ{or Stafik Qﬁ%étf(éfg?‘? \;:gfl% %1@?10’( dead, but

muscl e proteinor nuscle DNA increases
are cogtinyog éo synthagiae pratejinyathougk theyraee notdlividang).hEke tumoricidal or tumor
. apeutic effect.in the wasting .or. . frailty, disease |
satic {16 308 WhlahoRetepritic et ey BF peBinibtd b Biesrukineiror somearing the
relativeméletvist flbdratds of e@ldlinpréiesfaRieceQllad DMK Hffre 1B arill Rfreated
be determined in a |like manner. [0035] In another

populgfignscer in g single perailation befdre end afterdregtrhent withethe shenoatherapeutic
receptor nodul ator (SERM in breast cancer therapy nay

be determned in one or nore tissues or individuals by
measuring and conparing the relative nol ecul ar fl ux

[0034] at es of thempemicyeffept o dndiogeflor oA akiboRE BRI ha} be determined
. cell DNA and breagt stromal tissue protein or.liégci )

In oneRF Moye dissues of indpadyals with payasting erigaiity disspse asfdisonder by comparing

the re BRVERIYecRR hP}? dréd O%E%%lfé%)gﬁg 8%&15%1% DAt thfaD{e\olAfoqdipose tissue

~decreases relative to the no ar synthesi's ra
triglycehide bHehs mosdcnlansynthésissrate gfitivd miuscle prdtéiniod nilet1e ON A& $ncreases
.the SERM has a. t her.gpeutic effect against breast cell
relativ S PERA P TS GGHOP e EHEPEGSaRE PabgRPRkie SBpeln SiuStng or
frailtyl discBS< GQBYVrIS A ﬂ&%yag@&icdéﬁfe%'i Bt gfé)wtﬂ hOfiorftin T &ting or frailty
. tissues or individuals by neasuring and conparing 2 Re
disease o dispader may etsolbardefekmined an edikeinannere col | agen and
breast or endonetrial cell DNA synthesis. An increase

s R e AL Sl SR SR 8
(SE BréaNt aded theRfly GRdyets: (?etérﬁmf?ﬁéi‘ﬂﬁ%g: or flok€fisuld <t)1f igﬁividuals by

SERM agai nst osteoporosis relative to Its poten
measugiilg apd eompiring the oelativeansiecwar Bwdmtastafinsmmanyepitheliad kell DNA or

. th [ .fect of. d .
NG TN R TR ——
synthdsls3até@F tiy mhmgiayy EpiteBalRéll MRS Wr Eﬁ&orﬁ&ﬁaﬁé&'ﬁ@ﬁk&%ﬁ:ﬂ&s relative to

relative nolecular flux rates of brain anyl oid-
the mqlpglarsynihesiprase oty besiast stosal tiswe ppoteinairdipichuiokecules, the SERM has

R TN S e A S
protein relative to

[0036] A therapeutic effect of a SERM in osteoporosis may be determined in one or more

agent.

tissues or individuals by measuring and comparing the relative molecular flux rates of bone
collagen and breast or endometrial cell DNA synthesis. An increase in the molecular flux rate of
bone collagen relative to the molecular flux rate of breast or endothelial DNA synthesis indicates
a therapeutic effect of the SERM against osteoporosis relative to its potential adverse effects on

breast or endometrial cancer risk.
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the nol ecular flux rate of the CSF reference nol ecul e
(e.g., a constitutive lipid in the CSF) indicates a
wao hesapssst i c ef fect of the conmpound agai nst Al REEUS®NL/E21063

di sease. Alternatively, a therapeutic effect of a

conpound in Al zheiner's disease may be determned in

one or nore tissues or individuals by neasuring and

conparing the relative nolecular flux rates of Ab

protein and/or anyloid precursor protein (APP), neuron
[0037PNA,  ardiherapeuiiy effict of DdAnpcundrih Adaicteler s 4isetss nay be determined in

I ndi vidual s or, to tissues or individuals wthout
one oqjmg@éssgue(q orénd1v1d@5§qtbyépe§sgnn@{d| qgﬁrg}awg tl;ehr@laﬁﬁp g&ﬁcg}ar flux rates

of bra r} %%afé Ereécg E%Eg%r%gtn? 6Pk ﬂ oﬂrg(%xéo“?' p%g't%fn 391daa refe?ehnce ]nrolecule in the

€ Nneas erence I n

cerebxb@lﬁmfil' Une %()JSPf RABcrehseTR R MRble@ar MBPrat\@reA AWProtein relative to
mcroglia DNA and gal actocerebroside (or any

the meleeamthnt mitssof the CSdfreferanca mplecaks@d. 14 ewgtitutive hp1d in the CSF)

. .. 1ndiyi dual n appropriate L, mal

indiccig tésr@?eweeﬁfegbhfptﬁ PR ePinS1 Al T8ase Altematively, o

therapei§¢ affgdilof & cBhfpBaid Bf AlzREmersBaREAR rﬁ&abé‘éétepﬁhﬁ&ﬁh%é 0% more
di sease. [0038] A therapeutic effect 'of a conmpound in

tissues) eumdmdlhadmbmme@mnmgymd eonipargngtha eclative molecyar flwr mtes of AP protein

i ssue i ndi vj du b I n nd.co I ng, t he
andlof B BT, IR ORI LR MR GCORA. AGYPE i SRALS AP tohizgated
tlssue%ndi’\ﬁ&’lﬁél’i o tRGIRGE ilﬁl@\fl@&dléjﬁqtﬁ&httd?feras@@ %' Rcditrols™). Optionally,
rrag to untreated tissues or individual$ or to
the mp]egsl

worat¢ ptigalactecsrebraside{eiiberdirsinas plasinapmay also be measured. A

dlffergtfpgrflta &fq@q%(qr%%l e %F%tog%{g%é}?{pegrlg%}bNgt r%?crggha DNA, and
galac’ﬂoeér@&lo@id%' & ﬁxy%ﬁ{b%atlb% ﬁl%fe%g)klh'& d%%a?élﬂ‘fs@ﬁe & ih@vidual (e.g., an
Iary acrdic proteln and/ or (gI1 al
appropaatc mnmémgmhll oﬁ@semso)t\dnam)conm,amdl tQ@Ob’EOlHHEhQﬂtESdB. thérapeutic effect of
di ff erence |41|]'zﬁhe fl Eéﬁqﬂr fluxes) of one or nore of
the compauge agiRst MERGBGT 5 4B, gal act ocer ebr osi de,

interl eukin-6, interleukin-12, GFAP, and Sl OOB (or any

[0038§0NDi N iRAHeiEERR: bf b BorBpélindaa 98eroldfiSMBatRn may be determined in
I ndividual (e.g., an appropriate ani mal nodel of

one Odn@eea@@yewmendwmbr@dn@@ummosnPMgéhet welatixe molecular flux rates

N e

tissues @ RANAGudl$ oPBAUsk@Bi0p ity diAs Wﬁh@ﬁtrﬂlﬁge (iR Gé&tﬂﬂs”?of)@tlonally,
tissues or individuals by neasuring and conparing

the mplepular fhex migseefifng or Mok intlamenatery m@ﬁemsusn@tw@temlmﬁﬁnd/or
e D B ol G 28 b} Ao it

proteing fiay lalobe)meaSubdf fedigflorpcd i thd Bluk|(oxfhies) & dﬂé&)‘i}n@é of neuron
ker at i noc%t e DNA 1land/or skin keratin in a dis
DNA micso@liagpNiys gplprteeeipbrogide, integlpuldn s iben %@-%.Gﬁa‘hl’ and S100B (or

any cg%gﬁllatl&ﬁs ol r%gf’}éﬁ %1 dﬂ%%%fl ' ﬂ]é%rr ?rgdl(f(ziuglo(g&?ahzapbwgh&%tagﬁnal model of

erapeutic compoun
disease) when compared to controls indicates a therapeutic effect of the compound against

neuroinflammation.

[0039] A therapeutic effect of a compound in psoriasis may be determined in one or more
tissues or individuals by measuring and comparing the relative molecular flux rates of
keratinocyte DNA and skin keratin to untreated tissues or individuals or to tissues or individuals

without disease (i.e., “controls”). A difference in the flux (or fluxes) of keratinocyte DNA
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psoriasis. [0040] A therapeutic effect of a conpound
in liver disease (e.g., liver fibrosis, cirrhosis,
W@ewsm3366Xi city due to exposure to a chenical BPCT/US2004/021063

m croorgani sm or other disease) nay be determned in
one or nore tissues or individuals by neasuring and
conparing the relative nolecular flux rates of tota
liver cell DNA or hepatocyte DNA and liver collagen to
untreated tissues or individuals or to tissues or

and/o1 skil kérdinairsa disedsod tisulie ve aslevifnal €e.g., 4 approptiat pnindal model of

dlf erence | f or fluxes).of total |iver
diseasphyhgh CERIEO I8 SBTBRARGIRGIeT § (NGFAPEIT SEtER of fheigoFiPoBRC agpinst
psoriasisSsue or individual (e.g., an appropriate anina

nmodel of disease) when conpared to controls indicates

a therapeutic effect of the conpound against |iver )
[0040}i seasé thpﬁ@dqt}c oAfectof a c(amgjlmgém ligeratisease (ecg., laver ﬁbrosis cirrhosis,

may be determ ned in.one or.

acute FRROT R 47 X SE S el ot iR P orhg: R sEe Shay be
detenﬁﬁ%ff GHoR orfthébe tisgiedor Hdiaaes Peheadurigland @Nﬁp&nﬂ’g ihe ¥8lative

DNA. tionally, the relative nolecul ar
molequar dkix gated ohotal divesestl léNémrrhépataq:y’t@ BINA mxd\ll*aqrrd:otlag@de untreated

tlssuewnga%d%agi g%%%%éu%g og g}%ﬁ seg L& gl L‘ ?ﬁ”bjx difference
in theQTuxt(bfTﬂﬁxe@.Pdﬂlfoﬁﬂ livad ceﬂ@NA%e@ﬁﬂc}It@ INA ﬁ@d hvé'ﬂ‘déllﬂébﬁrin a diseased

npared to untreated tissues or_individuals indicates
tlssueem I%Ylidu%ir(&ge@éﬁpﬁfo@flﬂfé @ningil magle] eftipraspiohamepompared to controls

1nd1c£%sstﬁ§1§1 end%ft’%?{;fttﬁkg P?&%ﬁ«% nstél\geﬁ%]lﬁsﬁ gi It inotnhgfflaﬁx

increase in flux of tunor cell DNA when conpared to
[00410int r eatAarhrti-aiegenar effectiofd ctuaposnd metiydset deserarined in one or more

antj-an genic effect of the conmpqund and
tissues QR sdrd %@? by wepsiing opd coapaedhe rlative ra%l@i:@afs%mf Fatespf

endoté%l#‘% caip uxfuﬁoiig?tcgﬂ bl\ﬂ& Q‘F){lbn% H2lafvd A% gﬁfar flux rates of other

ct on tunor en conpare
tissuetemtiothalid dell DA @ad tissue mNA( |nmhyal:beﬂnea$dradammh as liver endothelial cell

DNa 30 i e T bRufca depredab h s ot Rimesasiowe Bl et PRA and
tumoLHISN Al Wikn eﬂar% lﬁ&gatE&‘ ﬂ?sﬁle§&l 151(]%%93105@5@1%&? langiogenic

to other tissue endot heli al DNA and ot her tissue
effectoifithe conapoualtthat passesses wayn«mim(hlteﬁiem M derrease in the flux of tumor

endotfJ i SRR g o St S SR M bR et 4 pohen compared
to untreMdMisIH or TRYivIIRaIRBRE I &hnnt DRATIHeh REFRBCLAREPARPAR and a

the relative nolecular flux rates of cellular proteins
tumongtatiodttest hf)ﬂné icomipo®A A decrease|ie thei fhxuef tumor envdothedigbedll'DNA and a

t nol e m t ocho
tack gt gk S tamon et} BYP, PhrormietRh G wiliral 20 opindiyiuals
indicdt€s ARILARICoeRcchvRE bitdeatl bf &fect bt iddsi@ells. A difference in the flux (or
fluxes) of tumor endothelial cell DNA and tumor cell DNA when compared to other tissue
endothelial cell DNA and other tissue DNA is an alternative way of determining an anti-

angiogenic effect of the compound.

[0042] The response of muscle tissue to aerobic exercise in an individual may be
measured by measuring and comparing the relative molecular flux rates of cellular proteins and

mitochondrial DNA in muscle tissue. An increase in the molecular flux rate of mitochondrial
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aerobic fitness. [0043] The cause of a change in
protei n expression based on either transcriptional
w@oovsosdesnr transl ational control may be i dentPET/E82004021063
measuri ng and conparing the relative nol ecul ar fl ux
rates of a protein and an nRNA encodi ng the protein at
two or nore tinepoints. An increase in the nol ecul ar
flux rate of the protein relative to the nRNA
identifies a change in translational control, whereas
DNA aelatiwbtoecetinlad protaiasmdndividualsl sabjetted o aeaxdkic ekertcise identifies increased
tein relative to the nRNA identifies a change in
aerObfqgmgﬁl ptional control. [0044] The cause of a change
in total nmass or protein expression in an individua
[0043’]'33’ be Fiieahdd df%dch %eni%ﬂ)%‘t%i Tp?é%ﬁoﬁ %H&@rdnrgth’épﬁ"anscn tional control
relative nolecular fTux rate of total cellular ?1
or transiatmnat eoritxgl sray biliAdentifieddy oreasunng andmopipaning theAmlatlve molecular

ncrease . i.n t ul ar..fl ux f nRNA rel.ative
fux S pF A BB ot B A PRion iSRRI AYT PT Blore imepoifts. An
incredst 3 8fethMleb Qi Msk faReofARY &t&ﬁ 1QateRAD UL RN I RItifBSS change in

or protein expression, l e no change or a decrease
translptionah eontedlewhereas 4 stable pad@r@fsed orodgculae flux rate ofrfRiifprotein relative to
X hape of total cellular

VE | | fl
emgmilc!fe "eﬁ(é}éa%ggoghtz%gg{ﬁﬁo EF‘I’ %Lyi sion as the cause

of a change in total mass or protein expression.

[0044]0045] Phetdaasergreibhafgddinapal fnnsdr ;ﬂoﬂéirﬁbdpﬁs‘s@l@h 1@9@ fidividual may be
may be identified by neasuring and conparing
ldentlﬁ@rl SY imeasuing 3odrcomparipg thegslagive moleculsr dluggate éi’lf tota cellular RNA and
t ti m
total ggﬁuﬁﬁ‘gi é\b Eh'(@mf Ihé%] tlrﬁéﬁbgl#t? nqu%&Eebs gﬁfth% &P&ﬁ nl?xs ltége of mRNA

relative ®ethe nd)lmhm flak irate o6 DINYD ﬁieﬁtlﬁemﬁmstmﬁm thé cause of a change in
i ndi vidual s, and conparing the rel ative, npl ecul ar f| ux
total MgESLr REPLEIXPTSREOBr Wl R0 29EBY 2 decrense dt thearolpplanix rate of total

cellul! ./Q '1%1 eqe%e ﬁogb%lfaﬁﬂ%? fefte fqtoH1 %elﬁﬁmﬁl(lgdidentiﬁes a change in cell
nol ecul ar ux rates between t e two ations
divisiod enthef daese @f & dhanggpimubiat nmsm@qxrbtﬁnoéxptd?semhj ol ogi cal

agent. [0046] Alternati veI y, a therapeuti C property of
bi ol ogi_cal ent na entified b sur
10045} oy A Gier s PLoBBIL P § PIAACTGR! GBS G ey Measuring and
comp@tifg M hdlectTR! MEUARS of 'Pwé‘ oPRBH Biblo@ftaPinof eQ Fn atk Ipopula‘uon of

tissues or i1ndividuals, admnistering the ogl ca
one oagwnt tissues breingivpdviabst admmlmrdlgihabml(vgmgﬂ apent rtceh ad:q(md population of

mol ecul ar f tates of the I re ol o
one o Broge s trdivitafioat comraring s iR F Salc @ iR ates of the two or
more %@dlb@bﬂtrﬁélﬁ&leﬁn%é &y EatioRs.t AT FORRE ﬁ%é@rﬁﬁﬁb@ﬁlolecular flux
| ux rates before and ‘after the biol ogical agen

rates h@mvieml thedmedpopuletions idenfifiestaliberapaticipropsriypd thebiofogidabagent.
bi ol ogi cal agent. 13[0047] The blologlcal agent -may be

[004(ﬁny bi oAR&h&ﬁJel}%g?ﬂ]etrapeLBSp e 9’r0f n%lo‘ioglcaﬂ gntcrraxlelly be identified by

measuring and comparing the molecular flux rates of two or more biological molecules in a

population of one or more tissues or individuals, administering the biological agent to the
population, and comparing the relative molecular flux rates of the two or more biological
molecules before and after the biological agent is administered. A difference in the compared
molecular flux rates before and after the biological agent is administered identifies a therapeutic

property of the biological agent.
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sanpl es contai ning the biological nolecules may be
tissue cultures, or nmay be obtained from experi nental
w@nios@s®sonr humans. | n one variation, at |eastPOnESwWN4/021063
the biological nolecules is DNA. In another variation,
at | east one of the biological nolecules is a protein.
[0048] Toxic effects of a biological agent may be
determ ned by neasuring and conparing the nol ecul ar
flux rates of two or nore biological nolecules in a
[0047]i r st [Kipdicibgioal apbntanay be anyobielogicabagent.ofhe one or more biological
sarpleD N B b e e e bt BB es 375 e Bbfbined from
experitién eyl d%’tﬁhl? or Bdaf®as ld)?]é U%iéiﬂﬁil, £QER% Bhé"%ﬁl@ ‘Bidl@%i@ﬁl In¥élecules is
nmol ecul ar flux rates of the two or nore biologita
DNAmih enethersvariatio et bastamd of dialogmal wolepulests a mrotele
first population. A difference in the conpared

o048 o Bt SheRnPriah el ey ke firBiBy pLaca g e
compBtiRg BHgikéleciatiemMix raldd @f 8lo 6 MmBFdBIblogRlaY moleRiles 1:£4 fi€ bSpulation of

of a biological agent nmay be determ ned by measuring ]
one opmre ssuas pmigdividualsphdroimisigrinfg thy biokegieal egentwa s¢cond pepulation of

bi ol ogi cal I I ' | ati on_of e _QqQr,. nor :
one of piped HistEs of e fiiuafia rd mEariPRY B4 popingbE i hlecutar fhux
rates 80@Btwd Or hivee Piogicl hidlecuRB Gh fRASITId ARt ok 0HRPATA the first
the relative nolecular flux rates of the two or nore

populgtien.ofi differenes indhe eamprsedmeleghlar Hpx satesslptvaensibe dirstgepulation and
' in. : | t
te sBofi PLSISRSS LA GATRRLALOTR! Aot fate vt o=

agent identifies a toxic effect of the biol ogica
[004990ent . A&bftiveRgxoxic effécecodfa biblogicabagdnt atay be (deteehined by measuring
hem cal, entity, d d dj date, d | ead, . .
and cgmipRgRHiccRplegii U aies BhK? BFMeRR plogiahielerules sLapopulation of
e . - e 0k . ]
one LS i LRSS, e ATRER L e popaon.
measusas and cugnpanohg dienelativa gandldvalardluveaateaof theuwo paese biological

mole{y Sy o anfof et 1 PRBRBRIGT A FeRsan S St Lo coutar Huo rates
befor€%h& %Wi(lisﬁﬁd%ﬁh@ﬁio o? §%<ent ﬁ%ﬁhﬂﬁéé& ﬁﬁd@&'féctpgf the biological

xenobiotic (or conbinatio enobi otics or m xtures
agentof xenobiotics) to a second popul ation of one or nore
tissues or individuals, and neasuring and conparing

_the relative.nol ecul ar, fl.ux rates of the.t I pore :
100555} ogi Foae BB thetohorin bovef oS A gty spiise) Bt offBlr oy candidate,
drug le@d! d6iofdgical aRt@R WhahiReaméntal hERi@NT8od Addifie:, ERBRaEehemical, or
nol ecul ar flux rates between the first popul ati on and
re

cosmetie 05 cewhihatiopadranixbnes thereof)frmaysbedateriineddyf measuving ahé comparing
the m)é) ergz)l%gak @%‘r(g?tlg%é‘s t%v%ncg'lr&)arte b ogoltzal)ﬁ?o gcpullgstiln% 1r(s)trporgui(attilélrr1 ®F one or more

tissues or individuals (such as experimental animals or humans), administering the xenobiotic (or
combination of xenobiotics or mixtures of xenobiotics) to a second population of one or more
tissues or individuals, and measuring and comparing the relative molecular flux rates of the two
or more biological molecules in the second population compared to the first population. A
difference in the compared molecular flux rates between the first population and the second
population identifies a toxic effect of the xenobiotic (or combination of xenobiotics or mixtures

of xenobiotics).
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14[ 0051] Alternatively, toxic effects of a xenobiotic
may be determ ned by neasuring and conparing the
woredososdesr fl ux rates of two or nore bi ol ogi caPCT/US2004/021063

nol ecul es in a popul ation of one or nore tissues or
i ndi vi dual s, adm nistering the xenobiotic (or
conbi nation of xenobiotics or m xtures of xenobiotics)
to the popul ation, and neasuring and conparing the
rel ative nolecular flux rates of the two or nore

[0051hi ol ogiAlaimatvkly tdxéseffetoofa xendbiafit eraydendetrminedtbyaneasuring and

A.di fference inh the c ar ed l.ecul ay flux rates .
compgiftfhe TglA Sy B BiroR L PREPE PP BALmRleRS? Bt # Boruation of one or
more ¢S6H2E BAdRAd RS, éﬁﬂﬁﬁ#teﬁﬁg:ﬁhe %ndﬂi&‘ﬁd};’(;o‘? %oﬁg%na%iﬂ% of xenobiotics or

. Xeniobiotics) identifies a toxic effect o
mixtuxesradlyienobicti¢sp to thepopwlatiogasd ofeastgimgindtconmparing thextiatiesmolecular

of xgnobiotics). 052] I n additjon, t hads . )
o 1§ P8 B0 ks e gL molies bt e s bafigpe A diffrence
in theldBRIpARAHbIEcUI A BB Bites bRfOrERAPAr Almidisat Al FSh@fero¥Btic (or
or nore biological nolecules are neasured and conpared
combinatign pf xerrobjnbigs bamixsnres bf wendolmoticsd identifies aitsxioeffect of the xenobiotic
indi viduals. A.drug or drug.candi date or drug | ead or
(or coppeBa Bt Zemofietiel §r Bixeifel BE BRI taBE Nt or
al ready- approved drug (or any conbinations or mxtures
[0052] her eofl) additigh, e methods BREIOE HRediH Rty k¥ usell tO1#Rn fy one or more
more tissues or individuals, and the relative
therapgytie gaigeis- Thesoleghlas flyx ratercofitie o5 mare biolegieal sepleculles are measured

' |_at.j to th
BB ST OB, SRR s
candidaié ecdiugrledd apnemadhemidu iitg or bitdoditdl SkeaR dlraddyosppadidd drug (or

t he, second popul ation_identifies a therapeutic target.
any compm8iong G dRIXREES/ FS‘?Pf)tlﬁéWﬁ%f%ﬁ@om Bepwation gfeneion megstissues or

individBal¥SEY thOrel ARR LY @R TallD BF%% ?‘3’5 %.P gjfbtég ﬁ@g@i&? o1Viles in the

measuri ng and conparing two or

seconthpopulatiers aterromphiedsd theafist piputationf Aodi€fefunceii ®etbmparesd molecular
ring a drug aor drug _candi date

or jndividuals, adm.nist ) C
flux rgfes eq&\@elp glga'lr&po&gwtleﬂ éﬂq? @gﬁf:@p@moyu]@pon 1denfifies a therapeutic target.
al ready- approved drug or biol ogical agent (or

[0053F0NDi N1iPRFively, HethdthGd &i&%s@@imérefrpmﬁg Be BQ&fH"tloET{lén(ﬁ@y one or more
and e nol ecul ar

I measuring and conparing the relati
theraffentix targete by ofeasuringtand compamnetvyi @ mgiedadlogihranleesles in a first

bef ore and after adm nistration of the drug or drug
populgSer B gfors Py Bh v PR BHLETEA TRG B ohiEsdidate or drug
t e ! .
lead o¥RERGHbRIcal bty bﬁﬁl?é‘adp%?ﬁfo%ed‘Hﬁl]gaﬁglbl%l?r%‘téﬁlodgseﬁtt dqog%lﬁfﬁn ions or

. identifies a drug targe [ 005 cl ose
mixtuesrtb¢raof) tethe popitlation apd atdasuring dnidgontpariog ghepeatative molecular flux

hods. A plurality of dis es and di sorders.
raes (EbY R0 o o HhRatsatimS eobls BPRmarilgt adhigranion o the drug or drug
candi€éAdi dialgeead. I BIFfr@RE I tHRRBIPRRATEGECRR fll Bfes before and after
al ready-approved drugs or bi ol ogi cal agents including

admirggiatiop adantisies @ Asigdarget.xt ur es t hereof ), xenobi oti cs,
and therapeutic targets may be screened.

[0054] All methods disclosed herein are easily adaptable to high-throughput methods. A
plurality of diseases and disorders, therapeutic compounds (including drugs, drug candidates,
drug leads, new chemical entities, already-approved drugs or biological agents including any

combinations or mixtures thereof), xenobiotics, and therapeutic targets may be screened.
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15[ 0055] The invention also includes kits for
anal yzi ng, neasuring, and/or conparing the relative
woredososdesr fl ux rates of two or nore bi ol ogi caPCT/US2004/021063
nol ecul es. I n one aspect, the kits include
i sot ope-1 abel ed water, and one or nore tools for
adm ni stering isotope-|abeled water to a tissue or
i ndi vidual. In another aspect, the kits include
chem cal .conmpounds or reagents for, separating, .
[0055]par t i atheynprationyasegnclydes;kits fog a0aty zHigo Msgsustig, arsl/ercaampsring the
. 4 | . .
relativy ERBCHE MR K8 o R Fore BAVToutl il B E s B ki include
isotopd-Ri0bledl white, andveetdraoralkeods fonatimieserimnisowpeddteled water to a tissue

. ..perturbed | ecul es, said isotopjcally perturbed .
or indiyidugle Jn égotggrrﬁpm fils ks mchyde ﬁiﬂ?@wg cpnRounds ppsagents fog separating,

o . ¥ : .
Pt B e R o o RERAL PR IAL rd it may also
includpan instrimaentrfot edlectsg asangle fifoacaretidbydwednypl i ng

techni ques known in the art and are anal yzed usi ng

appropii ate anal yti.cal ,taols.. 057] .The inventian. .
ouse13) B it edionatiodprats s uet B el el O i drgepically
perturb¥dirioleifesHoniPsing G Radrt WableSSHORRS The ¥ricallSerturbed

i nvention al so provides one or nore ther tzilgeutl c"agents
molecileeare ipfedudtsad dhealabélomsmetpedst deatribeddiceainc The isptapidaily phurbed

t hods,.of {.he present .inveniion..Brief scription aof
molecqiis g Sl Ried T eI leqhaley kohindhe fi a8 af arply=8f vsing
appropriafei@ftiydbeen exchange from i sotopel abel ed wat er

into selected free am no acids. Two NEAA s (al ani ne,

gl ycine) and an EAA (Il eucine) are shown bY way of i
[0057]ex anp! Eie invemionelsorrioyidgcisolepisally peragbed melachleriagaled with one or

. [ .S presented in Figure 2B. Abbreviations:
mmore [%‘ﬁf)a%@ggésog%eﬁase; PEP- CK, phosphoenol pyruvat e

car boxyki nase; TCAC, tricarboxylic acid cycle; STHMV
[0058]ser i neTlecinvaltioarabdoopratiden@michyimdre dnsipiuits agertd [deificdCnd at least
..depicts O | abeling, of free am no aci.ds by H O for
partially: Gyagacteriggd by, dhe racthpdrpfahe presgykmventieni ct s t he
i ncorporation of hydrogen isotopes, in this case

Briefﬂgﬁ[_g%@o’jﬁftﬁ@m:g@&er into the deoxyribose (dR) of DNA.
epicts enrichnents of in body water

of representative human subjects who drank 50-100 L
[0059]dai | y FXGURESIA-Reddpicts fatbwals of lateded hydmogepteachange from isotope-

labelecg{;v%{%g rgﬁg 5 Ig&gigg% a@ﬁ%}/aé:%t eI‘rwoi I%ERtAasb ka an%/é? rgly%irpe ralllc? gn EAA
(leucine) are shown, by way of example. Alanine and glycine are presented in Figure 2A.
Leucine is presented in Figure 2B. Abbreviations: TA, transaminase; PEP-CK, phosphoenol-
pyruvate carboxykinase; TCAC, tricarboxylic acid cycle; STHM, serine tetrahydrofolate methyl
transferase. FIGURE 1C depicts '*0-labeling of free amino acids by H,'®O for protein

synthesis.

[0060] FIGURE 2 depicts the incorporation of hydrogen isotopes, in this case deuterium
from water into the deoxyribose (dR) of DNA.
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[0062] FIGURE 4 depicts (a) conparison of ntDNA to
nucl ear DNA synthesis in cardiac and hind-linmb nuscle
w@boosesht - stabl e fenale rats (nean S.D.); f frPeUSINEI21063
repl acenent and (b) Left, synthesis of mtochondri al
(m) phospholipids in hindlinb nuscle of rats, and
ef fect of exercise training (voluntary wheel running).
Ani mal s received for eight days. CL, cardiolipin; PC,
phosphati dyl - chol i ne; PE, phosphati dyl - et hanol am ne; P
[00614 0. 05 KI&URE 3cd:armcrtsa¢nrwbm§:ntsl§1féH§O i bodyewatet ofveprbayR&tive human

ML YRR R R AT NG —

pool @ﬂwdyfv@dtatls gﬂabrea)tvelsa p&umffvve%ky £ cadh Rﬂgé’& e-enri ched

fraction isolated fromfour different | pose depots

é] perimetrial, inguinal, mesenteric, and
[006 etr opéFIﬁIéREal ermts @bnompdtrls@n of HRDNsmw mtrA&abDQ‘fA syrthesis in

cardi a%% h1@ h{nr Orflgsc‘lee vHeéghte'sé ha %91%1'1% kal(t Wat e E ), f,qi%acitlﬁgal
1 (&imi:lht aid (8) O ifh
repla et vve?g L ggﬁf,zyél ;ﬁisrodﬂimg&l;%gﬂﬁgg tn8 ph@ssjﬂloﬁpﬂg it BRdBRY muscle of

g,
rats, qnéseﬁggt qf\p@pgmse[tmgng (ol lef?@bpm@ng) tAmmalaracsived 31,0 for eight

days. & oﬁtQ ro l neasd |p egs %ﬁtr& gﬁfe"zeu ?ﬁy&%%&@ﬂ?ne' P <0.05 versus

contraidaqsosmgldﬁmtdat{dnlwwvmmm ﬁﬁ@@ﬂ@hﬂ@klsﬁ@faﬁfr&ma)
pal mtate synthesis (marker of de novo |ipogenesis ‘or

100637 Li nACTRE S Hepicit he sivanlmbepusprsrisiieal gf debproliforation ates in the
maun‘é%ﬁ%%}‘&fenﬁ%%ieﬂéc;’iloh i QiALd £8m ljoﬁr &ﬁ%ﬁ%ﬂt Q&gosterlﬁggsf(ﬁeéjmemal

of triglyceri synthesis are s
mgumﬂmeSmMQemEbﬁHopmtmhaMf comr@aned 7)@1)1d @Ulobqa ¥4 mice. Animals

o 3 B Ao T B SR st el o L
the stir® of LD %ﬂﬁ?ﬁm&&&@ﬁio & h—@[‘%a? thg gb{b aky&gﬁﬁz”é 3006 g and

turnover in normal (C57br/6 m ce
35.7 £ B9\, sespedtivaky  ski n mouse, " a nouse nodel of
psoriasis) as indicated by EM enrichnments of al anine

0064, % R BB B SoR SeRSM v i

and cHi@tfold hﬁ@ﬁﬂécﬁsﬂﬁ'ﬂﬁa@éﬂﬂ?%@hﬁo !:11'FfePéHt BaipBLss %ﬂ?ﬁigﬁﬁ]aﬁﬁnd mesenteric)
depicted in Fig i)g shows, keratin turnove

for TG gn@,p@lmlm @nﬂ@pis(ﬂmeéqeee cuovedimmgendss drdd¥1.) aml ﬁohedlfferent

Y T A
proliféra{ion 66| paﬁbﬁ)ﬁﬁe%ﬂ@&l@ o€ trﬁglﬂ"&h@l& %ﬁﬁé/s‘iﬁar YhARY.€In 0;(25*@1 tf<) de novo

novo .  DNA synt hesi s{i i n normal m ce) an
lipogengsis 1sn§h@@m( fingpandl e @dlp@_ﬂm prgyfﬂrzmpgx ig sidwiDNE)e effects of food-

restric e b PR i RO oo B M bR Bt

bot h nouse
[0065] FIGURE 7 depicts skin keratin turnover in normal (C57b1/6 mice) and flaky skin

mice (FSM or “flaky skin mouse,” a mouse model of psoriasis) as indicated by EM1 enrichments
of alanine in keratin in the two different mouse species measured simultaneously and measured

simultaneously with keratinocyte DNA synthesis in both mouse species as depicted in Fig. 8. As
Fig. 7 shows, keratin turnover is much more rapid (steep curve on the left) in the mouse model of

psoriasis than keratin turnover (shallower curve on the right) in the normal mouse.
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species (skin keratin turnover depicted in Fig. 7).
[0067] FI GURE 9 depicts the sinultaneous neasurenent
w@booseBiesprol i feration in tunmor cells, col onoCRECEES20841021063
bone marrow cells after exposure to increasing doses
of CGenezar (gentitabine) in male balb/C nu/nu mce. As
Fig. 9 shows, increasing doses of Geminhibits tunor
and bone marrow cell proliferation but exerts
relatively little effect on colon cell proliferation
[0066} Gem mdyf 8alepiciskeratinoeyte éirhever (dnnaa DNACcsymthesis) in normal

(csmBEF B A8 B bR AR TR b 3PS kR wmover
was nfgasiired %rﬁiﬁ‘x@ﬂtll_?' {rhoth hoBsd $pe6ied hh@vith Rk il epatindlrda?8? AHdth mouse
hydr oxyurea (HU) on tunor and bone marrow cells in

speciep dslan kerghin urooysr/depictedde Fig4/dr oxyurea is a wel | known
i nhi bitor of DNA synthesis and is a widely prescribed

henot [ . Fig. 10 shows of.h nd.
[0067£|U dec ?;gg;gjggﬁtge P ﬁ%?@% PR ART SIS n?eﬁsggﬁlgn%gﬁt?:regwr@gﬁaﬁon in tumor
cells, eslonddynas; atbdie @@t tolB dfier &:3)dstie-t8 brélisfilp®Io86k of Gemzar

contro] mce. [0069] FlIGURE depicts the in vivo o
(gemaiighing) i gple bplbde np/nymeice.; Ap Kig. Srshows ineteqaing dospenf Gew inhibits

tumorGAA LR Fhardv ééﬂg{rgl?ﬁt Bn %gts&cértg frer:%gl?\gél& Liﬁf%tefilgfec? 5]% ‘é(flfm cell

.|nh|b|tor of m ubul e "di sasse Fee
proliférgtiers(@érh may hawvel e stilnaltoriPaffedt on)coltapicgleprolifarrsiph anthe dower

SW 573 human | ung cancer cells, panel b) depicts
exPe“ﬁ‘EﬁE‘?ZdBBfﬁg marrow cel |'s, and panel c¢) depicts nouse
colon cells (colonocytes). Al three cell types were

[0068]rEaS U FYGHARE #D defibls¥he BSVi¥d Qﬂutﬁﬁ%@f{ ceegllﬁflyfri']fega‘?ﬂoh, Aive to control

_ colonocyte proliferation were in
animagfiy o€ GeayanddwdroxyareadHU) by tyact artdebomle mvrsave eedlstinfigmale balb/C nu/nu

. | ] | f 110c t. [.0070] ,FI GURE. 12 .
TR e A AL X
chemdtBerbpéhtidialgef) QWik a1 0 $hBts Htsth CRENGTE MO REreh &R proliferation in

Sprague Dawl ey rats. Cardiolipin and nt DNA were

bone wamewcels andhiuhtoanelisuslagive @xsatinerdmpiistered Abinalugite no
changes were observed in nmice having exercised for

our -m.ce that ne.sedentary.durin hat .
ones{ 240 WSIEURETHENE 55 e M e R BRI o venicte
controty] of iRk@RIngtdo s 1a8xed, 4 iRtk L6t @créofube Apatichdly, on three cell

bi ogenesis. 18[0071] FIA }RE 13 depicts the fractiodnal
R

types Withinyaidednige. Raned potapistniransalaptedspias 7 ulumsarolung eanoer cells, panel b)

e 5y, ORISR bl ] ST SRLAE, RP L8,

three aillnypé¢sanee usdagure@xorcuaselyti AeFig\ll RBsigs) tQotdefin@8<olonocyte
wer. e obse_rv%d in mce that exercised for four weeks

proliferation were1phibited, in adpse-depgadant mpanaery byigaclitael whersas bone marrow

cell proliferation was not.

[0070] FIGURE 12 depicts fractional synthesis of cardiolipin and nﬁDNA in the
mitochondrial red gastrocnemius of female Sprague Dawley rats. Cardiolipin and mtDNA were
measured simultaneously. Ex = exercise. Although no changes were observed in mice having
exercised for four weeks versus mice that were sedentary during that same time period,

cardiolipin was shown to be equivalent to mtDNA as a biomarker of mitochondrial biogenesis.
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time period, phosphatidylcholine was shown to be
equi valent to cardiolipin as a bi omarker of
woraososssszir i al bi ogenesis. [0072] FI GURE 14 depiT'US2004/021063

tunor endothelial cell proliferation, |iver
endothelial cell proliferation, tunor cel
proliferation, and total liver cell proliferation.

Measurenments were conducted sinultaneously. See
Exanpl e 15, infra for details. [0073] FIGURE 15
[0071}epi ct FIGIABE @3tdepiats thé frectiomel dyngiresisiof esrdidlipin hrrd

to two doses_ of carb t hI0|de
phosplyaaiehoier i 1 Te Paqlnalhsaltpgp el Siage Bw{%f ri§s g)éfdlohpm and
phospﬂg %ho‘hnk %&@ﬁégﬁe&?&ﬁhltﬁe\é%ly 33)1 @f(éijcfsé ehﬁhb&é}l no changes were

ve to ve contr Tot liver
obserwd)hlrn‘nee tak exervinad foe dourvedtks vershs mmecbhmlvgerwsetdania'ry/éuring that same

col |.agen synt sas i C [ nf.ra.
time pegigdy 0@?@1&@‘@8 %WP%;&@ ?%EFG“HVPf\?&tO&éW%‘&éH as a biomarker of
mltocﬁgﬁrﬁﬁgi%ehﬁlsr esponse to two doses of CCl4 and to

vehicl e control. Measurenents were conducted

si mul t aneousl y with total Iiver cell ' proliferation
[0072}hs depiKIGIIRE d4HepictsiBmos enplothelia] epll prhbifesatidmativerengothelial cell

proliggggﬁ?ﬂggﬁ%gdgﬂgprggge?gwgl %:ug(g\}r Eai?egr <:‘,e l\é%r)ljr ol agﬁv'feasurements were
condichelsBAGRshebIR! Ské BERdmpielb, infalfbd @italsl on, had no
effect on liver collagen syntheS|s relatlve to vehicle

contr ol 0075] FIGURE 17 depicts C57BL/6 nouse |iver
[00734e] | prlﬂd YRE J5idsnicts € £1B/§ totaldbfen cell prodifipitensinyrasnosse to two doses

o cah g rABICEL T4 e SRRl FrP oyl T MR b con,

OWS 1 nc rver

incred$68 evtaldpen dehproliforation relagivatd wehidle canrvlr Tbeal livérecell proliferation
| owest dose of griseofulvin had an observabl e effect
was nggasyIed émbl@mr:ow? Vith &ivet Goblagen sypghesis 35 depjeted 49 Fign 485 igfra.

was measured concurrently with liver cell

[00743r ol i f IURE 163!%% @%?6 ((l)lﬁlh oll]a? iyin res onse 10 two doses of

rlseo vin ha agen synthesr s
CCly and toh\&:hdrbs esmttods Medsurelatas nete cximdm:t):d sﬂEﬂ"s&hd’.{Eﬂy with total liver cell

CRI P HE. | NVENTLON [ 007
prolifEalgn g ARRIcIsT b toks ot Prte SR B hgef Briyficizn d65or e
1ncreé'§@{i foa ﬂla&é&%’nﬂégﬁ%v}f&eag il 18wedse BE ?bg théh increased total liver cell
ecul es quently In a variety of brfochem car

prolifetaties gmd notaffeeybn Avaicojhgenpyothesiskelathierts tvehicle control.
I sot ope-1| abel ed water, a universal pr ecur sor, is

dm ni t tis r 19in IVId
1007551 0 B TR Bl Gl pishye ds3rotsetiion afer eriseofulvin
admifiBr oA (1691 0 edndiof.5% Beiays) $for all grdips AF{d @7 8Réws increased liver
chem cal cl asses may be ‘det erm ned si nul t aneousl y and

cell prolifenatios,iin gld@sqzrdme@d@it mannemeri@tmeﬂ toTenthels.qlibe Iqvonrdgse of
gnse?}ﬂﬁréxg é a(g es\%fxfgg e e ﬁ@@{ ST \éer celn prorflfer% or\llyI leer éE‘Haan synthesis was

measured concurrently with liver cell proliferation. Unlike CCly (Fig. 16, supra), griseofulvin

had no effect on liver collagen synthesis at the doses tested (data not shown).
DETAILED DESCRIPTION OF THE INVENTION

[0076] Applicants have discovered a method of measuring the relative molecular flux
rates of different biological molecules, frequently in a variety of biochemical classes, through a

single protocol. First, isotope-labeled water, a universal precursor, is administered to a tissue or
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conventional techniques of nolecul ar biol ogy
(i ncludi ng reconbi nant techni ques), m crobiol ogy, cell
Whe@bo8pss2 bi ochemi stry and i mmunol ogy, whi ch aP&T/ukb1004/621063
the skill of the art. Such techni ques are expl ai ned
fully in the literature, such as, Mol ecular Coning: A
Laboratory Manual, second edition (Sanbrook et al.,
1989) Cold Spring Harbor Press; digonucleotide
Synthesis (M. Gait, ed., 1984); Methods in Ml ecul ar
individual. othe, mblecama R 126s jof Ged br Boed ighppikal mblecaled eyen if the molecules
are ow;r%fg%?l? ({c%ﬂqgeﬁ!,sléllas eé*le gpggefgq,Ts)égx t%g:%g]slgggcr}from a single protocol.
Introduction to Cell and Ti ssue Culture { J.P. Mather
1998) Pl enum Press; Cell and Ti ssue
L erferit TERARIS ory Procedures (A DoyI e, J.B
Griffiths, and D.G Newell, eds., 1993-8) J. Wley and
[007Fons; NBtelpsaidice of Emzmmhbiyyer(timwiélrﬁnml@ ewdess btherwise indicated,

f EX |
conveg QE@%@W@&&Q (ol ZhRE Bigj g e P bt et csaicrobiology,
cell bﬁﬁbé}s b(&h%lSM}l'ah& ’imﬁﬂﬂoMgljj wﬁ@h %wi@lﬁﬁ the s'k% 6t ihe art. Such

Current Protocols in | ecul ar Bi ol ogE ) Ausubel et
techniues a@cbgplanmngul}y nﬂtbezhtermrel?emc}lrpér Molkec@on |Gﬂorﬁegczﬂ iLabgratory

Mamfamjﬁﬁﬁ%} gi}l a!](S eé gﬁg@@%‘& fdr o Fﬁ%ILOT%h‘QrSF%, d}zgonucleotzde

SyntiB&z@(MCD Gait] ¢t M3isagul/amolf A geRp Al Bz%Yog@’nHuﬁﬁﬂé Pr&@%:elz Biology: A
Mass i sot oponer distribution analysis at

Laboasorehasg (58, Gellis, shalo98) boaseaiaRises mmabiel! Culre (R 1

Flresh?l%{ff ggﬁ:ég’? ?’[ﬁ}g‘{ﬂé"’%éﬁ @%ﬂ%@z @%@g&?ﬁggéﬁﬁ}g 'a.t% P%]ﬁoberts

1998§Plchtv@rPresse Ceflil dpiclisie C18mrd: Tyibora 69 ﬂ’ﬁa&eefuaésl (A. Doyle J.B. Griffiths,
avai |l abl e assag} kits_and reagents w || |g%pl cally be

and Iy Ge NeweBotddi- A§91-6) FrallipaandSens: déathorsdn Byl (Academic Press,
Inc.); Y %ﬁ@ﬁoﬁéﬁ%{g | negﬂr‘? 97?9114}151!9%@;\4 rW%ﬁ RR&C‘[}? Hi8didil §3S); Gene

erw s ter notations and

TrangehBéctes f@f]wannmlzhﬁ Jalnql. Mngl]Q&ﬂd MPe Calos) &lsi I‘IBB'VI)d EWlrrent
to have th com‘mg‘ﬂy understood b

Protagisi Siateqi TP O My AbSes S GEnd S PERE VRS oDperase Chain
Reach et lt&fsrrq g%)t Cue R PR Yeo ? wg%ﬁggﬁﬁ' O8Fgan et al., eds.,

arg defined hergi or clarity an
1991y; Shertdiromcolamad MokeularBiokgp (Wilky anﬂ: Rombel H90)E amhMass isotopomer

dzstrz{l;gtgq?rlén hs?s:zlztg ogzeaql}gf gpgrggzlfclf Z\q o ns 4 ;gﬁrgtgr?tpéconszderanons by

Hell<388R 84 Neeéeg@% ﬁo@j}ﬁoﬁ M6t BEaR tnol g)zﬁzbt SONE 6851 @291999).

procedur es descri referenced 20herein are
Furthgeneregproyedmedsl emploping tandhesmiallycavaitabit yssapiite yediraagémgwill typically

be usg SR R rapar s Coriet MpISHER tBIcet PRBUTEDRELal ysi <

at eight years: theoretical, analytic and experi nment al
II. Copsfisigbad i ons by Hel | erstein and Neese {AM

[0078] Unless otherwise defined, all terms of art, notations and other scientific
terminology used herein are intended to have the meanings commonly understood by those of -
skill in the art to which this invention pertains. In some cases, terms with commonly understood
meanings are defined herein for clarity and/or for ready reference, and the inclusion of such
definitions herein should not necessarily be construed to represent a substantial difference over

what is generally understood in the art. The techniques and procedures described or referenced
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Physi ol 276 {Endocrinol Metab. 39) El 146-E1162,

1999). As appropriate, procedures involving the use of
weowesssal |y avail abl e kits and reagents are PEnEsmnd/§21063

carried out in accordance with manufacturer defined

protocol s and/ or paraneters unl ess otherw se noted.

[0079] "Mbolecular flux rate" refers to the rate of

synt hesi s or production and breakdown or renoval of a

bi ol ogi cal nol ecul e. "Ml ecular flux" therefore is

hereinsaté @ﬂwmuswm hﬁdetrheod mwdnnhmlgx rehpiosted @ising do@dntiohal methodology
nol ecul es. OSOL ‘| sot oponers” refer to isotopic
as

by those gkiled inghe g}ﬁquc ,tfﬁraﬁxam% Meps fsotepameg | disixibutegn analysis at eight
years.ct?}gmgﬁl" A ' f%l'gndaegcg r%%&[be%fd?%oky bg ?l%{lgtrstem and Neese (Am J

ereoc nmeric cause O

Physz@llﬂﬁ’ﬁt(Ethri)ml Meafb @‘S()alﬁbll% -EH6RHI 999§ZHANHﬁ3mpda1€J-bIBb&dures involving
81] "Isotopol agqgues" refer to isotopic hanpl ogues or
the usma? gRImgFet B@é’@é@bqf kids anghipagenifoae igengrally eardipd qut igggeordance with

man R o R PR SR AR P s B b S gectom o

| sot opol ogues are defined by the|r i sot opi c
[0079F onpos i“Modmplar ek edte’ efgaththesate @;ﬁ syroheses dragoduction qué breakdown

or renfe A AR wTbulE YRR Al e St with the low
mtoahéeﬁtqmacpobﬁ@mﬁbfecﬂessotoporrers) which differ by the
| ocation of the isotopes on the nolecule {e.g.,, CH

NHD and CH DNH are the same isotopol ogue but are
[0080i ff er & }ﬁptqume ) aefier t)isotppigdsomersrsperics thap baneridentical elemental

comph S 515 e 3o 800 shARE QRIcEASBIBPish AR Blyse ofisotopic

substmﬁibhOﬂjr@xaﬁﬁpreQ&{ ,NINCHANEEB &nd GHSDNBEr NBy i ncl ude

mol ecul es of different i sot opi ¢ conpositions, unlike

an i sot opol ogue {e. CH NHD, CH NH, CH NH are part
[0081bf t he “Tsatepolngues’irs t;p]@qi@plcmg)mcdtpgles of foedesplar species that have

identip SRS Jhgwcg}rf‘?@ﬁ%#tﬁq?@ LSBT isSoPRapriepb (o CEONHL v
CH, N85 ﬁﬁ%%xm?@ abuye). ¥ yégatoﬁ(%ﬁl@g ﬁl'e'dgﬁﬁéd Egﬂféﬁﬁ?&l)ﬁic "WBposition,

spectroneters

therefofeQda0R HFRIPOIcRE hﬁ@mlqﬁéeﬁa m@im%@mﬁﬁ&@ﬁmqﬁ@ﬁﬁmane An
nom nal mass. Thus, the isotopol ogues CH NH and

isotopglqene is nsyaky pemptisedws @ f@mdy af r,sompsq lﬁﬁ@mswe@pametsé Wthh differ by

o of LB R O ) EPRLRATR, e

1sot01ﬁ>@d%u€ Pt &L Wﬁeﬁq%t&?&ﬁ&s r et he same ness

sotoponers. Each nmass |sotoponEr is therefore
yplcally conposed of nore than one isotopol ogue and
[0082has nordashisatopamesgters toeasfomilprnd istitepit tronieonithhieareugrruped on the
ues

basis Bf %%Pﬁlgtmgsescrg ?1311 rso?qplbcis&tr%;%gﬂ%rns A ass iesotopomgr may include
molecules of different isotopic compositions, unlike an isotopologue (e.g., CH3NHD, CH3NH2,
CH315NH2 are part of the same mass isotopomer but are different isotopologues). In operational

terms, a mass isotopomer is a family of isotopologues that are not resolved by a mass
spectrometer. For quadrupole mass spectrometers, this typically means that mass isotopomers

are families of isotopologues that share a nominal mass. Thus, the isotopologues CH;NH, and

CH,NHD differ in nominal mass and are distinguished as being different mass isotopomers, but

the isotopologues CH,NHD, CH,DNH,, "CH,NH,, and CH, "NH, are all of the same nominal
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i sot opol ogues are not resol ved using quadrupol e mass
spectroneters and may not be resol ved even using nass
W@ p®snsBAEt ers that produce hi gher nass resol uPCDOS2084021063
that cal culations frommass spectronetric data nust be
performed on the abundances of nass isotoponers rather
t han i sot opol ogues. The nass isotoponer |owest in nmass
is represented as M; for npbst organic nolecules, this
is the species containing all C, H , N, etc. Qher
mass amd Berics arcoihe NS naseisdiopdmagL Eable thabyisbiopbmerBsberefore typically
differences fromM (M, M, etc.). For a given mass .. . .
comppssedi o penre than; g 15qienplogis 2pd havaiors than gne pxast maess Lhe distinction
A o |. A . .
bemégl-lflggt(?bcﬁ%%lg??#% %fg\%seﬁsgtg%)%}g%rrsrzs{)gﬁhg rng Brnagpge P&YustH1Yindividual
isotopmil aduies grei ol eghplvefl D6iAZ lquiddvhpde nent spEctrometesd drelrmiy not be resolved
refers to a histo amé)f; tﬂe abundances  of tgge mass, .
even UsIRg B3ShHIReStropetarspitarefuse hghghmpssyissplption, sp dhah salewations from
s B e R Y AR ather than
isotopeetanTheramss isstopapeniewesttih enaso strepriesentaids Mgdbomosterganic
is 100% The preferred form for applications involving
molequiashitis isithe/speoieb yentsinidpme vEéy H,i 0,pri¥pec.t Odier adass isotopomers are

... fractjonal . abun ce, ere the fraction_that each .

aisinglyB6cL 57 B masn QHBSo1o6" FHB Mo (5. Mp i nERs & 8veiogass isotopomer,
t J e tern. s t I, Mes .

e RS et oF 610,86 B0 SHIRBIE 50 b RRTBHA IR vey e

“positiexedd iNotdoers eee hov distingbBhed)appl i es only to the

abundance pattern of isotopes in an elenment. [0084] An
"individual" is a vertebrate, preferably a

[0083}pr e pr Mass 39tQpomeR RAYGIN” TefryB Ly 2 histagrasm 6f ﬂ@gq%gggalnbes of the mass
isotopBRh&ES b £ mol&hf. St rE&ti@ﬁBﬂyfTHxleﬁ)%glé@i ig E%eﬁa{tg&g% Igﬁ?%eéllt éeall?tive abundances

synthesized in a tissue or
whererall efihke @abumiancesfaze nommadized @shataff thomestdbaadars uels Bstopomer; the

most gﬁ%ﬁ%&%gﬁ% 38% .Se%‘%q%éﬂ]. ot or %%gicgql;%}issjgyfégipg probability
analy S8V hovitivef, 'i%’g?@glgion %%?tﬁnta%tf@ghry&[ WhelditRl ﬁ%tﬁ?ll tlgat each species

nol ecul es specitic no eS wth specifi
contribitea ¢¢ theabtal etandams ipnseddspedebns), Thedbrnasoripe paftérn is sometimes

used %&rq%r%%fﬁ ?{%&égl}:g l@%%eg@%?fkm'g&&@{ggﬁlg% ?y tgg fosrl%ee(r: itefrincapplies only to
the alRANTEPaftBinl SH8sRH%R%h RYelpehd Poprotein). [0086] As
used herein, an individual "at risk™ is an individual

who is considered nore likely to devel op a disease
[0084t at e okn Gindlvjdiab) is givertbrate apreferatdy aamammali, wiodeipiefardy a human.
is not at risk. An 22individual "at risk" may or may

ot havg. =t abl t indicative of .the disease ..
008 e PRl Rkl PR e EPeblerdhothdfed RS in
tissuedbrspdigiarel. d@‘bﬁﬂé%bdl endleabaney RIbI00 af ddads b€ niol@aledBdtich as, but not
. . nethods (e.g., therapeutic intervention) described
limiteqdp othg set'ofitota] egliulag prateins; geremicdPNA, mitochondrial DNA, messenger RNA,
or ribosomal RNA. Alternatively, biological molecules may be specific molecules with specific
structural features or sequences, such as specific proteins (for example, apolipoprotein) or

specific polynucleotide sequences (for example, a polynucleotide encoding apolipoprotein).

[0086] As used herein, an individual “at risk” is an individual who is considered more

likely to develop a disease state or a physiological state than an individual who is not at risk. An
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i ndi vi dual has one or nore so-called risk factors. An
i ndi vi dual having one or nore of these risk factors
whawsastssgher probability of devel opi ng one orPE@DUS2004/021063
di sease(s) or physiological condition(s) than an
i ndi vidual without these risk factor(s). These risk
factors can include, but are not limted to, history
of fam |y nenbers devel opi ng one or nore diseases,
rel ated conditions, or pathol ogies, history of
individnel\iiaonsk”dh&e esmay agehave dxt,ec(:table Qymﬁ't(ﬁﬁsdmﬂfc@ﬁﬁd’l@ﬁh@ flisease or
ecu dlsea enetic (i ereditary) . .
physiplggicalicanditisn gncf' B0 BT Pem?éfﬁtdaaplaeyﬁé %@p@bfé[ctmsq prior to the

b
e REORES R e DA PISSHRL AP M o

1nd1vxoluald)ay ga@or ﬁipm:sof-caileé mkr]ﬁloﬁ&s oAnllﬁdlt/mlnel- havirey (ﬁfé dt@i(ﬁ'é of these risk
[0088] "Partially

factor Bt 31&1?& Piobraliy offeielopioasno P PR RS Gher B sislaical |
condlﬁQﬁ'(@);i}gﬂnpﬁﬁ g?lfmgg%ﬂt | ngusthgéer | %lpﬁ&toﬂkj’” ’lr"lgsee ?1%’192&%5}9 Can include, but
are ng@dimiteddd, histbgr of 1hm1hyem1wbansgdmh)pmg o & rhoreldixghsea) related
ol ecules from.a m re.of gne or nore biolpgica
condifigng B pBOIoBRBAYFOn LTS HIRER 886 £ espdt tnr?ﬁgnmf precursor
pRRY r LGS
dlSeaﬁf)so a??%% %ﬁ%?g?%%%ﬁggmg@%%?%gp refgggﬁ%% eparatlng

one specific protein or. peptide fromall other
[00878i ol ogi“dsetopedbeled @@ter’hmaludﬁs(wamelabeled wéthoomerop meore specific heavy

I rml ecul es. 0901 A "hi.ol g
isotonl O AR ByaltF S afien’ SRe Bmabieh o0 P BB Sater incuce
Zybo;ﬁQcyaﬂwamonhe definition enconpasses bl ood and ot her
l'iquid sanpl es of biological origin, that are
accessibl e froman individual through sanpling by

[0088}; ni el PyrtiaHy R¥ripengrefranto metheds.of 1appviace of ergeomponents of a
13 { 2
mlxtdfé gf‘ o rlJng?lg% r‘@ég ?ﬁ%@ﬁhﬁg “part ngj ﬁnﬁ‘gﬁl apr!)t%m or peptide

refers:hosemm?mg bneobr mbf@lblbboglcﬂhﬁoléelﬁlbmfrbh@m@l‘rﬁ& dfiegt beledre biological
npl es that have been mani pulated in any way after
Hmkﬁékﬁr procurenent, such as by treatnent with reagents,
sol ubilization, or enrichment for certain conponents,
[OOSQUCh aS‘IM’Qﬁ]?” ?@fe&rtolg ¥t o%@(:bﬁi; Sund'f} a%ﬂét e of corPgounds For
bi ol ogi cal Sanpl e’ SO e conpas es a clinical
examplstcﬁsdatnga proteip Ioapc;mde’érdfe's tdsaplrating @ne fpacifit protem or peptide from
dlt% sye . Ies and al so iPcIudes cel.l s |n cult
othés ol Geipa oleaie Sha A ber PRy Sraere alpeisapoleciles
" Bi ol ogi cal fluid' includes but is not limted to
[0090§r i ne, &*‘E@H}gldaﬂﬁﬁﬁlﬁé" éricBnphdsel shy @GR obthited ’froﬁf"é hé’ﬁe or
[acrimal fluid, inflammatory exudates, synOV|aI [urd
indivigyale dde deﬁnﬁl}ogrmcmnpasses blood and other 11qu1d samples of blologlcal origin, that

are accessible from an individual through sampling by minimally invasive or non-invasive
approaches (e.g., urine collection, blood drawing, needle aspiration, and other procedures
involving minimal risk, discomfort or effort). The definition also includes samples that have
been manipulated in any way after their procurement, such as by treatment with reagents,
solubilization, or enrichment for certain components, such as proteins or polynucleotides. The
term “biological sample™ also encompasses a clinical sample such as serum, plasma, other
biological fluid, or tissue samples, and also includes cells in culture, cell supernatants and cell

lysates.
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other infected fluid, cerebrospinal fluid, sweat,
pul nonary secretions (sputun), semnal fluid, feces,
wd0s8/033682 est i nal secretions, or other biol ogiPEl/US2004/021063

fluid. [0092] "Chem cal entity" includes any nol ecul e,

chem cal, or conpound, whether new or known, that is

adm nistered to a living systemfor the purpose of

screening it for biological or biochem cal activity

toward the goal of discovering potential therapeutic
[0091agent s “Bilslogisal dtuid!t ingludesislit deue dinvitedito weink dedsd, imterstitial fluid,

coverjng toxic effects (industrial che

edem?bﬂgkdr salyas'achimphilud Jatammatry 5y qtqw@@ovglglﬁ%f Absgessapmpyema or
other hﬁ@ct%I d K& c%@@%s{? %all?fu'ﬂcg sL’v%Qtdgﬁllnﬁ{nar}ﬁgeU&nSﬁ@%Pg@%‘g?%eginal fluid,

are herein as chem¢ enti'ties or
feces, rhilecmtdstisaltshattianse obeathagpielogicabflwid. as pot enti aI
t herapeutic agents (drugs). "Drug agents" or "agents

ly h
o O e LeEd Mt chalasetl bl
or kn&W, ithat 195drﬁin§§téi‘gd £A4 1iViag "s%témtf&%e 9@% lcpdeffrfzdt for biological or

approved under testing as pot en I al er apeut’ c
biochemeat ath1tbl§0\aarldrhhmgpaﬂ o€ dispavieting patgetial th¢ropoifc agemts drugs or drug

candi%{tgsg(ir"d o eé5§ qr gng(bvgﬂipg (?)ﬁ% tszec?%:ﬁgﬁlf i\fﬁ?dﬁ{:@f g{sgé/e%gpides, herbicides,
food ﬁd@iﬂ@léb@ineﬁ@bﬁdﬁklﬂ(@}it have been approved for
therapeutlc use as drugs in human beings or aninmals in

t he Unlted States or ot her %TISdICtIOHS In the
[0093¢ ont ext'Deg lepds” or edmgrcandideipy'j asp hereiedefimedras chemical entities or

blologlgélrn%’lgé/u] Bgt%ggelgé E?al ﬁ?@&s%ﬁelgcfa&l glep {19 o%%g @ﬁuggs) “Drug

(\

ran in catlon m an I ndi

agentt’B@‘t"agerfwbr ‘pnipandy” at&ti’seﬁ&ﬁtbﬁﬂﬁn@bbl@ﬂﬁﬁsiﬂ aﬁkﬁd@bﬁbe any
Usi.ng Esorl asis and, f| uoxeti ne as an exanp t he
comppgtipn gsmatter; (g, sheraisak entity enpiplagica] fa@wrbwét tsadmergstered approved

or undrf e o Py P REC Bl oh AN Er s RLICHIAL o

effects on biomarkers of psoriasis (e.g., keratinocyte
[0094pr ol i f eKabivanlrags” loetlatawn diyg bhars sJr, “atrez&hrt-zippgoved drugs” refers to

agentgéor I 3| So&pnm%igﬁfs |8]l:'I zgf Lk qu)? fqﬁqrgotpett dalbr% teelqoqq)p?%?eg for therapeutic use
as drdR M Bima? BEnSEG dniAls 'il?fﬂellﬁﬁt%d @t ed Y dﬁh&é%l@cgnar In the context of

anti-psoriatic effect for an rea prove
the preseant irviestiax drgtean “dliaady-@pprosyd de@O @teand Bidolgdgivia) approval for an

e el B e e 55 TRR U T s i,

| Usmgay?s‘ohﬁéﬁ hﬁ&ﬂﬁ&ceﬁn@ a@ir?é’)@ﬂ{ﬂlé/ %he ﬁl@%@?@f‘ﬂﬂe PraaBet 1Hi}entt1‘8ﬁ Iaﬂow one to
fects | es of biological factors include

test ﬂameetme; a dnumapwvccbby theddd A dand gibényjotisdietions) founﬂrméahnetht of
conbi, nant rotel J at ed

deprein, P bt P Bk RO Ry o AT BUAEI S PRy o keratin

synthédi§SireaMhg! 56 asteNRh ﬂuoiéiﬁeti@&ﬂﬁndpﬂaﬁb@ﬁét%‘oprdv%d by FDA or other
synonynous w th "bi ol ogl cal
jurisdictions.” In this manner, one can find new uses (in this example, anti-psoriatic effects) for

an already-approved drug (in this example, fluoxetine).

[0095] “Biological factor” refers to a compound or compounds made by living organisms
having biological or physiological activities (e.g., preventive, therapeutic and/or toxic effects).
Examples of biological factors include, but are not limited to, vaccines, polyclonal or

monoclonal antibodies, recombinant proteins, isolated proteins, soluble receptors, gene therapy
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factor." [0096] "Conpound"” neans, in the context of
the present invention, any new chem cal entity,
W@ h@sisms2 entity, drug | ead, drug candi date, drCmUSIHOUER1063

agent, therapeutic agent, agent, known drug, known

drug agent, already-approved drug, biologic, or

bi ol ogi cal factor. [0097] By "therapeutic target" is

neant a site (e.g., a nolecule within one or nore

nmet abol i ¢ pat hway s) within or on the body that «
productg dhadithedikeorsiwsed haraighthetternmiiplogics” isrfaAgugneys with “biological

physiology that are associated with a nedi cal disease
factor.or " condi tion. In many cases, a therapeutic target is

unknown and the methods of the present invention allow
[0096]‘c or thec@hshmueméany, iPfhe cofiteRDsfthe presa énmtention, amgabw chemical

for exanple by adm nistering one or nore conpoun

entity, shetnizalientity, drvgilopd.cirag C@dl@%wpleg éwgoagea% Crerigiis aagat, agen,
i vi dual and e
novn b R o B Bl 00T Ftefe Rk
of the Invention [0098] The i nvent or has di scovered
[0097]t hat | Bot@exeatkelanttViatnesant & site (erg. wemehlculp ve thim gm or more
for essentially all biological nolecul ﬁstﬁ 0@
metabphe PRI NGITEN e RF Do, et iedBies, oS bt § F{Gutrebanges in
physmigg' fhBPAY 'agsldéi g:d Wi uéa &qaﬁer s éa§951°&ﬁlditﬂﬂe|lﬁ%a\f@tcﬁ§est Htherapeutic

i SSue or ore results in
target iSw@khpahahi me méthodmbfdhepiwtrﬁlmvannbm alhow tf@rg}h@ élscovery of one or
nol ecul es of the tis indi.vidual., The rel u£d¥

more {eraperticaiargefsy kor F&?‘BE € IP’IS}‘}PQg BRG PLT P ETOTRIMBE uf% gtissue or
indiviﬁ?ér(ﬁof Ig I}{g‘pﬂ@%ﬁgf t?sgﬁ’es(b? MRAvadals ARd BxeMRingchakitds i @lolecular flux

I St I ol ogi cal nolecules is provided in
rates afdbhere filtyalepdribed,ghfrhi ocheni cal processes that can be
measured are provided in Table 2. [0099] The present

appl jcati LS t bs directed to a nethod of measuring
0L 5 Met g gl | ative nolecular flux rates of two
or nore biological nolecules in an individual by a)

[0098?dm ni ghRhhREtdr 18 GBcverddahatdsmapelabeled avatdrigla unitemhl precursor for
period of time sufficient for the label to b

essenmuymlbmnmm malesulencssprcisiia Biferpghemica st wathegzed in
tlssueé%cﬂ}r}dfwgﬁaés {%%duc%ﬁ%%gﬁ)gie g:ﬁ)eegl ca?élongg%gz:sg oﬁﬁhﬁ?&ﬂaﬁﬁlerefore

es are of
result§I uf tfh@ﬁ &H@dﬁ sfdbotepelabels intd biodiyiedl maigsmme)f ¢lne thyspe or individual.
bi ol ogi ca nples from.a tissue orgllggkglw

The rﬂh@v@mnlqcnl@r Birogn afonatiplecrogPcal masAUFuBas Bhingpspredend
compésedgggg I%)tlel}? thit QbORG %tiﬁk @bl@*o%kc%gbﬂ%ﬁ:'cuﬁg selﬁH{rlﬂéd in Table 1.

he i ncorporation o In the two

Exangﬂesfﬂilbﬁ)dhbmidagpmaéssmhmhéﬁ rhensued erepreidedié Table 2.

rml ecul ar flux rates of the biol ogical nolecul es;
[0099] 9 "lglgenlgggehp appthgg’uorrrloils usld?rrectfeld a Enaettheo% oquetars]gring and comparing
the relative molecular flux rates of two or more biological molecules in an individual by a)
administering isotope-labeled water to an individual for a period of time sufficient for the label
to be incorporated into two or more biological molecules to form two or more isotope-labeled
biological molecules, even if the two or more biological molecules are of different chemical
classes; b) obtaining one or more biological samples from a tissue or individual, wherein the one
or more biological samples contain two or more of the isotope-labeled biological molecules; c)

measuring the incorporation of the label in the two or more biological molecules to determine the
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bi ol ogi cal nol ecul es to anal yze the rel ative nol ecul ar
flux rates. A Adm nistering isotope-|labeled water to
W@r®508368Dr e ti ssues or individuals (1) Theor yPCF/US20p4/021063
or O isotope-label ed water incorporation [00100]
availability is probably never limting for
bi osynthetic reactions in a cell (because represents
close to 70% of the content of cells, or > 35 Ml ar
concentration), but hydrogen and oxygen atons fro

moleculas Akuirpigs ef medmlﬁglé#emlp ¢ 9nd d) spapRarng dhe m@}%ular r flux rates of the

blologlgeﬁ\é)ﬂlﬂg_f%i Nﬁﬂgﬂg’%{ﬁ%%&@& @ﬁ#%&%&t t yRa;:i dCO -

synthesis). [00101] As a consequence, isotope |abels
A. A diindterihf isobep eflabeled fwaltbr toron@-drandepisshehet individnds
I's Incorporated into biological nolecules as part of
synthetic pathway, [ or at.i on can occur
U0 leagbol Hheionty @ isonwerebdeb bt iaepaatos
(i.e., rapldly exchangeabl e, not requiring enzyne
[001 OOE at al yzs \faﬂﬁ&'h'tyoﬁil}o&bly' e BhARlgSoPBR5JHtRAR rehctBns in a cell
rapi d?y exchangeabl €, requi rlgﬁg“senzyrre cat al ysi s).
(becausadyigbreprmmsplmato Wvowf treraontent of eeblscorpoa’ Madarsoncentration), but

ivcrock b TR S e PR BLA D S0 b svonea
1nb1os91'ithé’t1 aﬁurl ng wel | -defined enzyne-catal yzed steps

In the bi osynthetic reaction sequence, and are not
| abi | e excha eable with solvent water in the tissu

e.g,: BndOp t+AARBRHUE Ho@nra-Bor SdlaliHa G QH (fadty ac;dos(ynthesm)
[001015 xanpl E a E&ese&eﬁcg Q%bq(gpqubgé bﬁ) dt‘?x:i1 ﬁle][}gfrp S¥EN3p %e'fg?tloﬁe-labeled

nsolu I ONn n con e OW Nng

water if @fokpoited &6 bivlgcal mdlétuledy paa o€ Eyrdhmthgxth\myer $bidrapkn
specific enzymatic reactl ons: C.I and C6, .in the

incorperRH e SALRGRIEIY IWOURASHIEG ablé%m‘é%fé@lwﬁ appRleqle e, rapidive
exchan%?agbl%gxé{tp rﬁﬂ%&r%gﬁn g@{eﬁcﬁcﬁ‘gf B%ﬁl&b ﬁcgﬁlg ’poélﬁoﬁ e not rapidly

ose- ate'react|
exchar@e@alé,ﬁdqlﬁnﬂg enzym&@t@yys)e Oxdyd e ;nderp'bration occurs in stable posmons.
phosphat e/ di hydroxyacet one- phosphate reacti on; C— 5, in

t he 3-phos I rate / ceral d de- hos .
[00102] gl gp g &%g@gﬁép{goyp BESEDS %@%bﬁgﬁ%ﬁ & mto C-H bonds in
biologlcEPhbicafits glﬁ?t&c&&ﬂ]@lg r\fl;e?gci]ae?ﬁ]gcrl e%@ﬁ@%tﬁ{/%@ﬁ@ﬂ& iR he biosynthetic

oxygen atons' from wat coval en
reactlomrsequqmoe anddrd mitdatiled exdhangaable-widhsdlheenp M&rllmﬁw tiskuey once present

| b th t het
in the PBHFS Prsf groductmgiecdyS ik SKHERFOF ot Fiends G ERERt Hhigt
excharldd&b18Hh ?&Hﬂl@n Vﬁ%oﬁﬁ‘ﬂt hash sefle $8UdviAde (AR ﬂ?)@.i’tioﬂg ekdhahges with body

I'sot ope- | abel ed water was present in cellular water.
water during reversal of specific enzymatic reactions: C-1 and C-6, 1n the oxaloacetate /

succinate sequence in the Krebs’ cycle and in the lactate / pyruvate reaction; C-2, in the glucose-
6-phosphate / fructose-6-phosphate reaction; C-3 and C-4, in the glyceraldehyde-3-
phosphate/dihydroxyacetone-phosphate reaction; C-5, in the 3-phosphoglycerate /
glyceraldehyde-3-phosphate and glucose-6-phosphate / fructose-6-phosphate reactions (Katz
1976).

{00103} Labeled hydrogen or oxygen atoms from water that are covalently incorporated

into specific non-labile positions of a molecule thereby reveals the molecule’s “biosynthetic
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[00104] The I abile hydrogens (non-coval ently
associ ated or present in exchangeabl e coval ent bonds)
WO pooshe®se2 bi ol ogi cal nol ecul es do not reveal tPEI/US2004/021063
nol ecul e' s biosynthetic history. Labile hydrogen atons
can be easily renoved by incubation with unlabell ed
water (H2 ) (i.e., by reversal of the sane
non- enzymati ¢ exchange reactions through which Hor H
was incorporated in the first place), however: 2H O ,
history2 HOQ., C@CHORGHEm onRi gEBSHDMOMOmoleeple was synthesized during the period

. G yceral dehyde- 3- phosphat.e .3 ycer al dehyde- 3- phosphat e
that lsqtm%%efgg'a T 9GR8 ﬁ%‘ﬁﬁ@?ﬁﬂ%‘t%ﬁﬁ'al |y contam nating
hydrogen | abel that does not reflect biosynthetic

[()01()43i St Orphe 1Bbile hyRird gk (RH-Evalinily associatedyitphatnttn exchangeable
xchange react’ions, can easjily be renoved in practice, .
covalebiybands)ib dlhdse hiokbgiral maeleeudgs denint syseldheimglequirdy bigpynthetic history.

. Anal ytic, nethods are avail . ' ,
vt ol e B 55 AP bR AR v 140 i
by revasSIBE the ¥atheltionl gy matic Bhacts @actiots through whicl “H or “H was

scintillation counting for H nass spectronetry or NWR
incorpeyatest in derciansyplpes), BOWEYSY:. For further di scussions on

the theory of isotope-I|abel ed water incorporation,
see, for exan‘?h% Jufigpe 1968, incorporated herein by
f'hcorpor at

reference. (2 nc i onof isotopes from
I sot ope-| abel e t I nto biol ogi cal nolecul es _
CHOAHSHEHOD S pt Qpe- CHOOHOBECHDIHNIPt ered via

191 ope- | abel ed EraRRRYM-Sighsddan
Glyce%?({sb?:lgg%?%ﬁgéﬁshgfesot ope- | abel \(ggry\%art er HZ\drri r?ihstqr ation, or
fter singl | 5 hi2frtiak HYBrd2kn label that does not reflect
[0010ﬁ50t opg‘-S F%Bgﬁeggel{v%t ]éét@xlgg)#? %Imét r ailar[lg .h9/| rndéc%na% nuous ]?O e
biosyiitB@ictigotyabel is theopioested diainoh sy nihitiioexchasgr wpeidnanedsily be
water is adninistered to an individ for a period of
removiefl il Pragtige B wmebatign patiHaatyral 3hundaneg H29- const ant wat er
~enrichnents over tine in the individual. For
[00106P" ! .n%?m?yﬁ IR ard ARALKIE fEh&dsutife QRAdtHRIVely the incorporation of
m nistered for a period of sufficient duration to 3
" labeledtigiimgen atoatsaamybistpgicel molecwes (eat.ilsmmid scigtillatipngoygtingsfor "H; mass
in humanps,  1-2 weeks jn,rodepts) .. 2 01Q08]..1n
spectrams e NVHB SRCORuRAoT TbBNDOVRESF NI AR g hepeory of
isotopRITAb? | 5eboRERRELR 0oL SHpIE STulBASII68 indbgotdiel herein b
180t0p§ m n%ds?étre{e%, B@ﬁe or m)ré) ti,ms%, and t hen thg@exposure y

referehce.i sot ope- | abel ed water is disconti nued and wash- out
i sot ope-1| abel ed water fromthe body water pool is

of
(25l k)lég?\‘\-ﬁ%atﬁgﬁ ?)f %%rg)ge;' efr}e#%gg?a%refe% uQJte)ﬁl%blﬁpi?)wg%l WYecules

[00107] Isotope-labeled water may be administered via continuous isotope-labeled water
administration, discontinuous isotope-labeled water administration, or after single or multiple
administration of isotope-labeled water administration. In continuous isotope-labeled water
administration, isotope-labeled water is administered to an individual for a period of time
sufficient to maintain relatively constant water enrichments over time in the individual. For
continuous methods, labeled water is optimally administered for a period of sufficient duration to

achieve a steady state concentration (e.g., 3-8 weeks in humans, 1-2 weeks in rodents).
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optimally adm ni stered for a period of sufficient
duration to achi eve detectable |evels in biological
woriososdess. [ 00109] | sotope-1 abel ed wat er nay PET/US2004/021063
adm ni stered to an individual or tissue in various
ways known in the art. For exanple, isotope-I|abeled
water is admnistered orally, parenterally,
subcut aneously, intravascularly (e.g., intraarterially
or intravenously), or intraperitoneally. Several
[00108pmer dn discemimoesisatoge-dabeledwaittradulnenisiratddny di amount of isotope-

L LT E N NCNC L TN L T

[
i SESBIR B5 AL SA80 o GPBILARES 6Rim  oy ver

pool lalaklb\ycd to awenisi Thetimg caofrse d)fale]z_ﬂshngj may thapsednomtored sWaeer is
optimtsﬁglacllrg grl éif Cr%n[it)egﬁtd oggfoléﬁgﬁeaf) hﬁk}l&@gq%pgye gtlél:tegle levelis in
biologidlindleddésed. For human admi nistration, 50 L is

adm ni stered. Biol ogical Ml ecules [00110] | sot ope

els fromisotope | abel ed water are incorporated
[00109ht o vilsatepe-iabeled Watﬂr maddne@dmlmﬂe@ddbes individhalgir tigsheiin various

S e e
subctﬁ@idﬁﬁhlﬁﬁn@mlﬂaﬁy @rg;) ifirfterially ot i@l enthusly), W tfipfitoneally.

aﬁwl I popr ot ei n, ngno al obgl ins, collagen, elastin,
Severahgpupmersial pyurcese) sz@ pad Hp @sarf ayailables inghing Isetepine.dMiamisburg

OH, aIID)jhlll‘}:oc on rlé:ﬂ Opﬁk&ﬁ]@ (63?“% éﬂAJr ar ﬁ%igbqg]gélg%gﬁsw labeled water

that 1.<r adnoiaisreaéd EdNAangd faoafaboutRINK1% td #bots 26%cmt idepehds upon the analytic
ynt heS| s conponents (such as, cholesterol, cholesterol
sensﬁgg{yeq the instgwmertysedto measprethe isofppic gadent of the biological molecules. For

oral aﬁﬁffﬂl%éff)ﬁr 14 o ng ﬂ%ggg@g e §S adrﬂﬂn}’s?é}?@ a?laar&ﬁ?mstratlon, 50

pr ot eogl ycans, nati ons or ners
mL Hi(elstadmlmgtetmll rml ecul es may be those of the tissue or
| ndi vi dual , or of an organi smcontained within the

[ e.0 |dual such as bacteria. Sone
@ﬂégﬁflw ?f’&ff Simti ng exanpl es of bi ol ogi cal
nol ecul es are depicted in Table 1. 28TABLE 1:
[00116]<erm| 3otop 1919@1& ﬁﬁhﬂ ﬁ@to{%rabé/}@a %te!}/ta}eeﬁ%@&a%éd%ﬁ%ﬁaly all

Be Measured by the thods of the Invention C ass
blolomdrmle@l@ yntbesiaettindetissvaor ndiyidual Granseles afdgological molecules
include, i bgtl S ggt‘ hmi%ed to, proteins (such as specific proteins, total cellular proteins,
apolipoprotein, immunoglobulins, collagen, elastin, and keratin), polynucleotides (such as
specific DNA or RNA sequences, total cellular DNA, genomic DNA, mitochondrial DNA, total
cellular RNA, messenger RNA, ribosomal RNA, transfer RNA), lipids and lipid synthesis
components (such as cholesterol, cholesterol ester, triglycerides, fatty acids, and acyl-
glycerides), carbohydrates, glycosaminoglycans, proteoglycans, and combinations or polymers
thereof. The biological molecules may be those of the tissue or individual, or of an organism

contained within the tissue or individual, such as bacteria. Some exemplary, non-limiting

examples of biological molecules are depicted in Table 1.
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Phosphol i pids Cardiolipin Fatty acids Palmtate

Arachi donic acid Sterols Chol esterol
WEsH0s08psR t est ost erone G ucocorti coi ds Cer anm PEBUS2004/021063
Sphi ngonyel i n Gal act ocer ebrosi de | D Carbohvdrates and
derivatives Mnosacchari des (d ucose Gal actose Am no
- Gal act osam ne Pol ysacchari des d ycogen

sugars N-Acetyl

Bil e acids

A ycoproteins Sialic acid dycolipids

Gal act ocer ebrosi des @ ycosani nogl ycans Hyal uronic acid

Chondroitin-sul fate Heparan-sulfate H') Proteins,

peptides and am' no acids Structural
upe

ethods

rot s AIb

Myosi ret
I nsuli

Class

1) Lipids and derivatives

Acylglycerides
Fatty acids
Sterols
Ceramides

II) Carbohydrates and derivatives

Monosaccharides

Amino sugars
Polysaccharides
Glycoproteins
Glycolipids
Glycosaminoglycans

III) Proteins, peptides and amino acids

Structural proteins

Secreted proteins

Secreted or excreted peptides
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Triglycerides
Phospholipids
Cardiolipin
Palmitate
Arachidonic acid
Cholesterol

Bile acids
Estrogen, testosterone
Glucocorticoids
Sphingomyelin
Galactocerebroside

Glucose

Galactose
N-Acetyl-Galactosamine
Glycogen

Sialic acid
Galactocerebrosides
Hyaluronic acid
Chondroitin-sulfate
Heparan-sulfate

Collagen

Myosin

Albumin
Apolipoprotein B
Insulin
Immunoglobulins
Prostate-specific antigen
Fibrinogen
Interleukin-2

N-terminal collagen telopeptides

Glutathione

prot ei ns Col | agen

ich MBleSher Bt Rates



Fi bri nogen Interleukin-2 Secreted or excreted peptides
N-term nal collagen tel opeptides 4 utathione
wWQ2wgnsdsnol i nes Menbrane proteins Preadi pocyt BCT/E81004/621063
H stoconpatibility antigens T-cell receptors Mdified
am no aci'ds Hydroxyproline 3-Mthyl-histidine
Intracellular proteins Creatine Enzynmes Cytochronme C
oxi dase Transporters @ut-4 Transcription factors
PPAR-g V) Nucl eic acids - Deoxyribonucl eoti des
Genomi ¢ DNA M tochondrial DNA ViPysidinotingsact eri al DNA -
Ril\ﬂmnbmh@pttoit&ins Messenger RNA RiPvemlipoelyteRhi&or-1Fr ee
nucl eosi des/ nucl eoti des Deoxyadéfigtotaapddtality tahM%@ncgl ne
Adenosi ne-tri phosphate - Purine @g4] ﬁy@tmsdl ne bases

OniddifieafifiRtciis - Metabolic pr ppdliases Uric
acid - digonucleotides ALU seque 8‘1 lﬁls%&eguam di ne
Intracellular proteins Creatine
e Enzymes Cytochrome C oxidase
o Transporters Glut-4
» Transcription factors PPAR~y

1V) Nucleic acids

— Deoxyribonucleotides Genomic DNA
Mitochondrial DNA
Viral or bacterial DNA
— Ribonucleotides Messenger RNA
: Ribosomal RNA
— Free nucleosides/nucleotides Deoxyadenosine
Deoxythymidine
Adenosine-triphosphate
— Purine and pyrimidine bases Cytidine
Adenine
~ Metabolic products of bases Uric acid
— Oligonucleotides ALU sequences

8-oxo0-guanidine
Methyl-deoxycytosine
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Met hyl - deoxycyt osi ne 30TABLE 2: Exanpl es of
Bi ochem cal Processes that Can Be Measured (and
wWRe008033852 Di seases) to Screen for Actions in BroI/osi004021063

Systens Process Disease |) DNA replication (cell
di vi si on) Hepatocytes Hepatitis; hepatic necrosis
Lynmphocytes (including antigen-specific AlDS,
vacci nation T-cells) Spermatocytes Male infertility
Col onocytes Col on cancer and colitis Mammary
epi TABLIEAR: cBxdmpks efBiochamical Pmawsﬁhaﬁﬂw Bedlpagured
Ne ph (s d Rieles aiy Distastes) toSaréel fozlActions in BiajegigalSystems
cancer; BPH Tunor cells Cancer, |eukenm a Vascul ar
snoot h nusclpgeegk! s At heroscl erosi s M t ochoDibease

1 PRWRDNESid [ visigh} ochondri al di seases Pancreatic

apetes Bone MahawPhGRREnEGbsise! | s
|
ly{eis gﬁnc@giqguaﬁlﬁﬁgb%@etc#ﬂ&gfygzlggép‘?a%_nc o{"ﬁa ial cells

(v enesis Il) Fibrogenesis e..deposi tion
@%ﬁ%éb €8 agen synt hesi s Li ver?\%q F’g pl rr.hosis
Colegoayddsl agen synt hesi s Pul non nfan?fng"P iH%i ac
Mehinzagy epithelinhendliss Heart f ai | uBeeasespreicol | agen
Ryl némizas cBdnal fi brosi s Der malNepbiotaxgen synt hesi s
Bokafagithelial Belie col | agen synt Resstate GeicenBRbsi s;

Pagst calsDi sease Cancer, leukemia
Vascular smooth muscle cells Atherosclerosis
Mitochondria Metabolic fitness; mitochondrial diseases
Pancreatic B-cells Type 2 diabetes
Bone marrow progenitor cells Bone marrow failure
Keratinocytes Psoriasis
Endometrial cells Endometrial cancer
Endothelial cells Angiogenesis
II) Fibrogenesis and bone deposition
Liver collagen synthesis Liver fibrosis; cirrhosis
Lung collagen synthesis Pulmonary fibrosis
Cardiac collagen synthesis Heart failure
Renal collagen synthesis Renal fibrosis
Dermal collagen synthesis Scleroderma
Bone collagen synthesis Osteoporosis; Paget’s Disease
Cartilage collagen synthesis Osteoarthritis
III) Lipid synthesis and breakdown
Adipose tissue triglycerides Obesity; Lipodystrophy
Serum cholesterol Hyperlipidemia
Brain myelination and demyelination Multiple Sclerosis
Mitochondrial phospholipids Metabolic fitness
Sterols Gall bladder disease; dyslipidemia; hormonal
disorders
1V) Tissue glycosaminoglycans
Synovial fluid hyaluronic acid Osteoarthritis; rheumatoid arthritis
Synovial fluid chondroitin-sulfate Osteoarthritis; rheumatoid arthritis
Cartilage hyaluronic acid and chondroitin-  Osteoarthritis; rheumatoid arthritis
sulfate
Tumor hyaluronic acid Metastatic potential
V) Protein synthesis (zeneral)
Immunoglobulins Multiple myeloma; vaccination
Albumin Malnutrition
Apolipoprotein B or E Hyperlipidemia
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Cartilage coll agen synthesis Osteoarthritis Il1) Lipid
synthesi s and breakdown Adi pose tissue triglycerides
wW@@si083652 Li podyst rophy Serum chol est er ol PCT/US2004/021063
Hyperli pi dem a Brain nyelination and demnyel i nation

Mul tiple Sclerosis Mtochondrial phospholi pids

Metabolic fitness Sterols Gall bl adder disease;

dysl i pi dem a; hornonal disorders 1V) Tissue

gl ycosam nogl ycans Synovial fluid hyaluronic acid
Mbdckombdini tis; rheumatoi d artFeilti s Synovial fluid
smplaé}g@ilti n-sul f at e Ost eoart hrPdoriasisr heumat oi d

s, | s Cartil age hyal uroni cAphkaheaizdligdasndroi tin-
@‘ tgﬁéltao Steink Neumat oi d artﬂl‘fé&ﬂoﬁs gidtdsat e Tunor
g@ BAT ¢ tastatic pot g htﬁ’é otein
Yhesi s eral) Innunoglob ns tlple nmyel ona;
plags fl?fﬁg}ﬁnlﬁﬂ?ﬁ n Malnutriti E’[ﬁ E

rotein B or
Hgiperateips denmi a 31Muscl e nyosi n @ég%%e keratin
Hasmcomatsblmwr@iem% Al zhei mer' ragp @oRj ral or
HBanogobial proteins |nfectious 4ng@#ses | nsulin
Misednes es mel [ itus | nterl euki nsGanelregptagiRhnes
tipfihggamat i on Hair proteins Hir €ldtiisgilisvialetness

VI) Saarpristnesity proteins Transpl antati on Henogl obin
g% 5 Sé ones Gene regul ati Piabetes mellitus

Galacto-cerebrosides Multiple Sclerqsis ’
Advanced glycosylation products Diabetic complications
Tissue glycogen Insulin resistance
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Fi brinogen Cotting disorders VI) Carbohydrate
synthesis Bl ood gl ucose Di abetes nellitus
W@0080835xer ebr osi des Mul ti pl e Scl erosi s AdvanP€rus2004/021063
gl ycosyl ati on products D abetic conplications Tissue
gl ycogen Insulin resistance 32Proteins as Bi ol ogi cal
Mol ecul es [00111] In one enbodi nent, isotope |abels
fromisotope-| abel ed water may be incorporated into
proteins. The hydrogen atons on C-H bonds are the
hydr og@retensomssBiotogical Mpleqslass t hat are useful for
nmeasuring protein synthesis fromsince the OH and N-H
onds .of pepti des and ' re [ [
0111301 ot 18 amE KRR SR oA forp BPAL AT RS
incorp&atddQhtolréteRRNdhe BYEHEEN MbinkoUIC-Hisondy aiehths hgdrogen atoms on amino
proteins fromfree amno acids as descri bed %B%e. ﬁdgb ds of
acids thanosusefid doyoeisying pereln SErhesiviomnHaOrsingg therd aad onds o
..duri,ng specifig..enz - yzed . I j 213,
peptidfgnd S A kB S REKTE 3 D" A sy AP El Rl of “-label from
21,0 iktd @€ br NOH Gohtidewedss withopt thieaynthbsisiofipratdinofranifibs amino acids as

after adm nistration therefore a t hat .the protejn .
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_hRc ir (1RG0 ARhEeally, Be Athihé 86N derivative
eXPOS‘g}gotl'gbg*%%rggldmg?gﬁ%ﬁﬁ enter int gﬁ‘f:%.jge am no_aci ds
used nhust thretainedll the BrHbghds b mstrenicye 2llgotdntipBy pentpminpting N-H and O-
metabolism but H or H cannot enter into am no acids

Hbondfpat are present in peptide bonds or that are bound to
transfer RNA. Free essential am no acids nay

| hICOT PORAtdreR afniiUhkéin by AERANRY VRiA¢nporardyintedteeamino acids. “H
Hmllmto tﬁfgﬁ_cﬁggr gon CH boﬁ%lz throggh rapi dly reversib|e )
or *H froamisatoperibieled wasercen gnter {9 fa¢ ammp, acigsda the cell through the reactions

. .nhon-gessential. ani ne..acsds_contai n. . .
L e
peptidHonli{ 6F BAOLIE bEURPO R fPRRIA et edtegiidanifeadfs may incorporate a

~enrichment values per nolecule fromin newy . .
singleﬁ;g!dlt?ggiaz?ﬁ ﬁpno‘f@ynﬁltgmm@}h@ aw@;:ﬁ?ﬁ-@yﬁhﬁ t}glzg}gamdly reversible

S | o cioas Fbud [ 638 &hti inb A0fa5s €OntINY 19 number of
 transaggRHOTTFRGHOBS Yl dy Tree O
metabolically exchangeable C-H bonds, of course, and are therefore expected to exhibit higher

isotopic enrichment values per molecule from 21,0 in newly synthesized proteins (Figure 1A-
B).

[00113] One of skill in the art will recognize that labeled hydrogen atoms from body water
may be incorporated into other amino acids via other biochemical pathways. For example, it is
known in the art that hydrogen atoms from water may be incorporated into glutamate via
synthesis of the precursor a-ketoglutarate in the citric acid cycle. Glutamate, in turn, is known to
be the biochemical precursor for glutamine, proline, and arginine. By way of another example,
hydrogen atoms from body water may be incorporated into post-translationally modified amino

acids, such as the methyl group in 3-methyl-histidine, the hydroxyl group in hydroxyproline or
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may be incorporated into other am no acids via other
bi ochem cal pathways. For exanple, it is known in the
W@ea0s0ksas2 hydr ogen atons from water nmay be i ncCRCPUSHDER1063
into glutamate via synthesis of the precursor
~a-ketoglutarate in the citric acid cycle. d utanate,
inturn, is known to be the biochem cal precursor for
gl utam ne, proline, and arginine. By way of another
exanpl e, hydrogen atons from body water nmay be
hydroxpkysinpcngtashers.nOéhep emina acihsyinthesismathiwaysact Kriowch tarthose of skill in
themeids’ such as the nethyl group in 3-nethyl-histidine,
‘he hydroxyl group in hydroxyproline or
33hydr oxyl ysi ne, and others. OQher amno acid
[00118Y Nt he Ox3/gp@bloney(El, £09 nlepals bednddipsiated fint®kinliho héids théough
art. [00114] Oxygen atons (Ho O nmy al sobe
enzymereasalyardieactionst %%@ﬁaﬁw@@m&emwbmq inteAberearbentydicyagiddnoiety of

. ' . , hange into th .
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also bepReozpqratgd intp apang aqdsfrom  Kpahrouch enzyxmg easelyzadowectiony (including
) . ¢ . e ‘

hydroR SR by Ry BRI DueP b AR ARIY o BRI

hydr oxyl ysi ne or other post-translationally nodified
[0011&ki no &b’idctggen agd@x&@n Ibtyedis ﬁ?mriscgmpk-labylgé mvalteilmgiy_Saléd sincorporated
. i sot ope-| abel e ter .may a e incorporated into
into g SAG e s ISR riodioaiont nia o o e e post-

lhtibraN@o8 ' i ' ,r@(g,i b GRbUSA -
trans o8RAGOIRAY alrbd¥s iRASAL 1aBASH ﬁ&dlreg?{ o ¢ g%ﬁ ?ﬁét&%ﬁ%osymhetlc

may al ready include |abel ed hydrogen
pathwy ppyorth @pbtetranstatinaglangstifieation o Inpasttherreareidanénm,thé post-translational

. ification. | not her. enbodi nent, the ) .
maodiff38bh it Rorralh RIS G GV Ebysf o PBigEen from metabolic
derivdtiveein®elvel i 8@dTbe eRUNASH labeRH g&?{ivog@iliqs Roth e Qvafthérpénger before or

met abol i c derivatives involved in the free exchang

after poshispesintiopak mdifisationovieredy, methylatiomihytienybeiboy shosphorylation,
preny%efgii)ﬁ{/ﬁuggﬁ%% tc[l%?%%%ﬁ!ﬁ%?%tg ’1((;1'2) &%@t@%v&{ fcgﬁ’{rgﬁsqational

modifiga¢iopd)at i on, sul fation, carboxylation, acetylation or

ot her known post-transl ational nodifications). [00116]

: }ﬁ-gdr ogen and ox&gen | abel s fromisotope-|abel ed water
[0011fhy  pe Hydeasep apd osveandebslsfiom dsoienediebelpd prated ey beritcorporated into

: el ns: ] Lcted. in, Tabl e am no.
amind AT UG 5 090, HERLE! R0 ToEhte |, ThEaRT i,
peptidesraat praxiastised yn Thble 1iasomerty éxthellsrymhE ifiope labels may be
. i ncorporated jnto, any am no acid, peptide, or protein.
Incorpept Bt 2w 25id, BERSIdSgRIdEPteNd| ecul es

Polynucleotides as Biological Molecules

[00117] Isotope labels from isotope-labeled water may also be incorporated into
polynucleotides. (See, e.g., Figure 2). Polynucleotides may be, but are not limited to,
deoxyribonucleic acids (DNA), and ribonucleic acids (RNA), including messenger RNA
(mRNA), ribosomal RNA (rRNA), transfer RNA (tRNA), and viral RNA. The polynucleotides
may be from any source, including genomic DNA, mitochondrial DNA, and tissue RNA.

Genomic DNA and nuclear DNA are used interchangeably herein.
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[00117] Isotope | abels fromi sotope-I|abel ed water may
al so be incorporated into pol ynucl eotides. (See, e.g.,
wWo-2@anss362) . Pol ynucl eoti des may be, but are noPCT/U8100€021063
to, deoxyribonucleic acids (DNA), and ribonucleic
acids (RNA), including nmessenger RNA (nmRNA), ribosomal
RNA (rRNA), transfer RNA (tRNA), and viral RNA. The
pol ynucl eoti des may be from any source, including
genom ¢ DNA, mtochondrial DNA, and tissue RNA
[00118¢nom cIHoN&dergstn atomhsear CHNBomtsef pobaiutiebtdes poigamidogides, and

herein. 34[00118] The hydrogen atons on CH bonds of .
nucleﬁs%?maicg**&%% goLe 8FVHE%E% de measiyg palysreleetidssyathesis from
isotoptlab81ed Waker PR W: 284 SndfP0 H'pﬁ r i
=0 O%H;I ynucl eotri de synt hesi s f%%?n&?ggcoﬁ%lge? agéglpg)éyn\x/g%egpqe precursors.
The peesentrofd&-laheldn §bHebondanfipolymeiedtides npcleysids| aat indbeotide or

recursors. The. presence of H1lahe] in CH honds of
mucleie HiFE 0 AL SO RRE B et st bpisdorg means tht th
polyridRbEASWAEs REIRSIFES AlidngHhiSferiodOTAR %é%x%@ of P&gel‘ﬁ? sent may be

adm ni stration therefore neans that The pol ynucl eoti de
deterguned eyperiteenitalisd od assumgd tbhsed quehé oumbditef lakeding sitexfin a polynucleotide
Ornullabei\ i ng present may be determ ned experinentally, or

as€Ued based on the number of |abeli ng sites in a
pol ynucl eoti de or nucl eosi de. [00119] Hydrogen atons

[00119] om b adiytirv@inedtori®roREbI I CRtEGha BélineBipdrdtédEiRio free nucleosides or
nucl eosi des pol ynucl eotides. H'or Hfrom

: r

polynuglsptigys. |%B}éﬁ% fropeiseiope-labeled veatertann satenthesemplesules through the
£ NI ok | of internediary netabolism

reacn%@%‘le ﬂéﬁ@ éf g‘l%)(l‘ﬂ I'n the art will recognize that

| abel ed hydrogen atons from body water may be

[00120hcor p Dt eftbkilhindhet evill pezognize thaoiabeled hydiogbe sonedFom body water
nucl eosj.des via yari ous, bi ochem cal pathways. For

may lge;igfzﬁ,}pgr,atﬁ 19’& cﬁge,:r B9 l(egpge,s, Jéqlqygqmlpﬁ@,r nyelgosides via various
. . | k ‘ PUL i

b & o Al PR P 2 el Bl tate are
knowkipogumr sorecimsine ﬁmk.e@axﬂbamyb%hqzsphdtahﬂc:] a@arthta,g&); eXirsls care known

and ribose phosphate,. and their synthesis pat S, .
preculiRE i IFS o SUPLBPS B Py Q s asp Pt eoH dhets sygthess
pathw9 ldd knddy Eﬁ:@uﬁﬁ)ﬁ@lp@ynﬂ@wotﬁi nﬁ’i@siF.nco_r porated into

pol ynucl eot1 des, nucleotides, of nucleosides through

enzyme- cat al yzed bi g;cherri cal reactions, including
[00121hose 1G%izen atprvEL  O) yapyralsat teriscdrponatedeytogiofmubleotides, .
I peorporated. into nucl eotides, by, pxi dative reacti.ons,,.
nuclepfi, GG S oy e ps b Bioeidp e goRs g neige those
listed@bbeat OxedarmaefromUeh, Ay hRrb BBEAC@HQ(%&U&@ i RudEGH e By oxidative

and other oxidized bases or nucleotides).
reactions, including non-enzymatic oxidation reactions (including oxidative damage, such as

formation of 8-oxo-guanine and other oxidized bases or nucleotides).

[00122] Hydrogen and oxygen labels from isotope-labeled water may be incorporated into
a nucleic acid or a component thereof, such as those depicted in Table 1. The nucleic acids and
nucleic acid components listed in Table 1 are merely exemplary; the isotope labels may be

incorporated into any nucleic acid or nucleic acid component.
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[00122] Hydrogen and oxygen | abels from

i sot ope-1 abel ed water may be incorporated into a
woe@sesmsaci d or a conponent thereof, such as P¢DES2004/021063

depicted in Table . The nucleic acids and nucleic acid

conponents listed in Table 1 are nerely exenplary; the

i sotope | abels may be incorporated into any nucleic

acid or nucleic acid conponent. 35Lipids and Lipid

Constituentsas Biological Mlecules [00123] |sotope

| abdlipidstamh Lipid Cprstitabres ad BielogicahMplesnles be

incorporated into fatty acids, the glycerol noi ety of

|
o2 58 BB R 8 LT o
acids, ﬂl&%l?&g&rrﬁ&e@r@ akyISglf@kbl¥ ginth@g(Bud abtidied ’(wtna@plglycendes

to chol esterol -esters, bile acids, ste

phosphalipidmesd cargiolipindrbalestgrol pad Hadguvativensinslnding @u'aﬁ“tt limited to

BT SEECT PR TR T

water, which is a precursor for the sugar-nvoiety of

[oo1zﬂsr ebr Cohfies I(piay; budi aaglydalipids ahd kémebiosides, can also be labeled from
acet yl gal act gsami ne, N—acetylglucosanl e-su

isotopgilabslaconeier adich is arpaecwe IRTIAG RIZAEMPIEY 8?8‘?05‘?6%(1%]1(’1%’ but
not lll’{lﬁ Of @PREade Oég.léc?c% %1 o ind TR Fa8d, $Richdonic acid, and

corporat nto g yéosan1n cans and
glucufhiy £eUbyiéae)s. For exanpl e, isotopes from
i sot ope-| abel ed water may al so be incorporated into

th
002Rhcery w&‘é'ﬁ?g&ﬁﬁmeﬂ&ﬁg B nE B b BRI S

1 &ty cahd! CRsaithABlea Rdiopes from isotope-labeled water may
glyco lggésémﬁact san1ne galactosg |du$bn|c aC|d? anDng

also betilirsgratefl o 263 suggminoigties, il ding YearselyaglucasapyngaN
t J b | ed t b

acctylghlap PR B PORpT o a0 BEN 00 RS SE R & nlbtossfydoma -

acety%ﬁciobﬁhﬂx% Qﬂ&t&depilddro%ﬁ! deYRtamens dt}he&sé)ed in Table 1 are
rely exenplary; the isotope |abels may be

i ncorporated into any lipird or_ |ipid_ derivative.
[00126%r bohyHirdzogen M@XMG‘Wﬁffﬁﬁ’e‘S@éPﬂP&ﬁ@@é&a‘%f@ay be incorporated into

lipid grelml@ gﬁﬁ%g'gb%ugﬁ g%ﬁﬁ%si %%bgtz& P51t i PTHS 1B ahdt Pgﬂl derivatives listed

T afe mere y exenp

in Ta!;l'éq 4r8 Alepd1 ckaRghs; RYsdiepd labels payydiedncdrpdrated lm)fcolanp ligid or hpld
or lipid derivative. [00128] |sotope |abels from

derivatévst ope- | abel ed water may al so be incorporated into
carbohydrates-or carbohydrate derivatives. These

i ncl ud ecmggf,ﬁgl%b ﬂfdi e‘gt?btmfﬂﬁlté‘ PePParis s %%Ioéi'cm M8Bcules

to, gl ucose -an am no sugars (such as
N- Acet yl - Galactosan1ne)

[00127]) The lipids and lipid derivatives listed in Table 1 are merely exemplary; the

isotope labels may be incorporated into any lipid or lipid derivative.

[00128] Isotope labels from isotope-'labeled water may also be incorporated into
carbohydrates or carbohydrate derivatives. These include monosaccharides (including, but not
limited to, glucose and galactose), amino sugars (such as N-Acetyl-Galactosamine),
polysaccharides (such as glycogen), glycoproteins (such as sialic acid) glycolipids (such as
galactocerebrosides), glycosaminoglycans (such as hyaluronic acid, chondroitin-sulfate, and

heparan-sulfate) by biochemical pathways known in the art.
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pol ysaccharides (such as gl ycogen), glycoproteins
(such as sialic acid) glycolipids (such as

wW@20080336Er ebr osi des), gl ycosam nogl ycans ( SucPCHBS2004/021063
hyal uroni ¢ acid, chondroitin-sulfate, and

hepar an- sul f at e) by bi ochem cal pathways known in the

art. 36[00129] Hydrogen and oxygen | abels from

i sot ope-1 abel ed water nay be incorporated into any

car bohydrate or carbohydrate derivative, such as those
[00129}epi ct HetdiageTahd exygemhabelsdran Bgemmrlebfded wateh ey deancorporated into

any caf s Bperberbirte AR S B R AL he
carbolf)@?ﬁ@ BY 4rBbiSy dR4te @é‘{'imm@ﬁﬁé@mdﬁwlé/ Bbte\/rﬁere[yo&bﬁ@)]aﬂ';l‘the isotope

regoing 1s nerely exenE ary. |lsotope | abels may be
labels intydrepioc@penitddrint aapcatohidraiermswarbohpirets desivating. ecul e.

B. Oot ai ni ng one or nore biological sanples from one

tlssues or_indivi :

[0013@{ ol og| Bgforgg?fﬁg éssm%\rreg' 340?1 ?Jid g Poé%}% e%?géﬁgﬁgfpomed into any
other kitiiny bidUsdlical Aiectlte or nore bi ol ogi cal sanples may be

obt ai ned,” for exanple, by blood draw, urine

coIIectlon bi opsy, or other nethods known in the ar
B. The one o@bﬁ@P@gblnﬁlﬂé‘gF‘&&’l biglggicpbsamples ?f@“bﬁ’éeﬁ‘?mn%? Ssues or

bi ol ogi caindfividnals. Bi ol ogi cal sanples may al so be

obtai ned from specific organs or tissues, such as
[0013@}isc| e Oreioranqre diblegied] saiplosare ghtanechiremithe Berye or individual. The

endo fal  ti s r
one o pER it 3K bR B8R bed 8 S colletion
b10ps§ &rlother SGRo BXnbWAGH tHeeir. STHRNonleiob hidet BRllogied] lsamplth eay be one or
ne or nore biological sanples may be obtai ned

more broéogmltfbmdso rBiplogicahwmplen may %lﬁ@@? ebipingd fos sresificeyeds or tissues,
such :i(l)sgr'é}x%f{l]ee 31’vex?, Egﬁn?lﬁésg nal %&/sta'?eaﬁ%shg eln}ﬂi) Eﬁiai Ju?s%e 06100(1 s in, and breast

0gi cal” sanpl e usi ng stand
tlssueb'T}féflﬁﬂb%ﬁbl éﬁﬁiﬂl@ﬂﬁy bBﬁWﬂl 4 $petife gimhp of @it 3&th Ihﬁmmreells or
or nore biol ogical sanples together Iudetvvoo

fibrobtast sells. T heypner RIE b@h@@@al SPPp eé;p@me@ taalpq IHP 6111%53,%9\1] post-
morteng. n‘gfo (l)gel%l%gle Efesorg @E@@%@BE@ ql}na o? &?AI Tt u &ﬁied Oé isolated,

ternative

from @ BibReital semplauding standird bmghaaicalsmaqhbés krarveh mrthd: hnér
bi ol ogi cal nol ecul e may be obtained froma second
bi ol ogi cal sanple. Two .or re Iecu

no bi o] 09 1 1
(0015 b D e B andrs Binlasich SBBIeS (e e d¥o b Ppgspiologica
mole&ﬂesa Ilp r%&%é&aﬁdal‘? ?c%uf@ movl ufes nli’alyoéquitﬁﬁéd HQllneiﬁéihgé biological

of d ent C em cal” cl asses. For

sampX amnd:rﬁatna:lj ions bidlogitad gmcdedulemnb}e bebbtainggd fivan aifixgdiological sample,
cellula

teins of a tissue i ndi vi
and @@%ﬁ@O&ﬂ%@ﬁi @}q{%ﬂulen\gp}é[g%plga (} 8@’ @%%8“‘? 5 oﬁ&ca&saxgple $wo or more
blolotgicﬁffﬁ%leg{lles may be obtained from each biological sample.

[00133]} In a preferred embodiment, the biological molecules may also be of different
chemical classes. For example, a first biological molecule may be mixed cellular proteins of a
tissue or individual, while the second biological molecule may be genomic DNA of a tissue or
individual. The two or more biological molecules may also be specific molecules within different
chemical classes. As another example, a first biological molecule may be a specific protein with
a specific amino acid sequence, and a second biological molecule may be a polynucleotide with a

specific nucleic acid sequence.
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i ndi vidual. The two or nore biological nolecules my
al so be specific nolecules within different chem cal
W@ b@sme®s2 As anot her exanple, a first biol ogi ceCT/US2004/021063
nol ecul e nay be a specific protein with a specific
am no acid sequence, and a second bi ol ogi cal nol ecul e
may be a pol ynucleotide with a specific nucleic acid
sequence. 37[00134] The frequency of bi ol ogi cal
sanpling can vary depending on different factors. Such
[00138hct or The diehuehey of biolmieal sahplingdanedryt depehhmgrmtdlfféreﬁn‘ factors.

s e B B 25 520 Sl Ol Rl e

safetﬁ&fgmﬁbﬁﬁé’ %&@&ulé}qi\ﬁicﬂd{e‘é‘ of flﬁ'ﬂlmglﬁiﬂ rhéle¥@ss (Sjlet{'lé Efoqi?glém tholecule

hal f-1i1fe of a therapeutic agent or biol og
from whishtit wiOdkt38d, aidghdhaf- bﬁ: ol thﬁﬁb@ltlglagsntml)bldbgmalt&ent
purified partially, or opti onal l'y, isol ated, by

[0013%?2;23.&1110 rl])ag?é) g&hé‘{lélg tlfsgg? n% e((j ﬁ‘gi%%l ud; a:]g' or gptlonally, isolated, by
conveR6hd ﬁ)ﬁﬁﬂ&:&lohlrﬂéthgdﬁhélﬁﬂiﬁg %Eglﬂ&@%ufeﬁf’du@ chiehRfdgzathy (HPLC), fast

extraction, thin layer chronatography, gas
perfomﬁhwgrcbmyatogephw éﬁr)dphm@é pxtracgin/ thin lay¢reshromatography,

gas c}ﬁglgl%{?g{apﬁﬂ, %ﬁ %{ég‘rggph 0 Os\ll\én Iar&é?ﬁ cﬁﬁ Sreses%lfa 6(|Prg%1iejg1é)fit E_nown o those skilled

in then® ecul es may be hydrol yzed or otherw se degraded to
formsnmall er nol ecul es. Hydrol ysis nethods include any
t hod_kno in the art |nclud|ng, but not limted
[0013p}, o h &k fRoiper ergmhogipatsthe bindegieal malecylasyryobs aydsylyaetor otherwise

degragé'ucplﬁl}ﬁfﬂl §1§lallé} 619&1}1@% SH#_(@%J?EEIS ﬂ?et}fb%l@txﬁcglg(ger I &ﬁg(‘f kdwn in the art,

ease degradation ysis or ron nay
includieg, buhoetdinsitedeab} ¢temited hpdelysis (afichers apidr li}fdimi:l&ils)Zmd blochemlcal

nd/ i sol ation of the b ol o ical] .nol ecul es. . The
hydrof{i (Gihi8 PepiSeRase S RBloass esEsHPER dydrolyisisicr degradation may be

cond&fed%h%@&]eh aﬁéoéwlﬁ'fﬂ%qno@ &myﬂgﬁcilf%%h% BibiddibA Ad1QRes. The

met hods 1 ncl udi ng 'hi gh performance
biologital ond eadpsatdoymé -t Brtialasurifipds booptivnaky,lisajated, by conventional

ronma F as chro hy, gel
purifiie %ﬁ%ﬂﬁ@ﬁ@gM%&gﬁWt KK cHepRgibiastly (HPLO), fast
P R A T 0, 2 R Gt EPRARApRARS, andror
any othecwethodaof S@pal@flng hhermsaitanfi/@r biisb¢mical ¢dmapctmmds kmowmtoethose skilled
1 the bi.ol ogi cal nol ecul es [00137] Isotopic enrichnent in
In theyrty) ogi cal nol ecul es can be determ ned by various
nmet hods such as mass spectronetry, including but not

C. limted tDetgding tHeIHBSIPOF AR o TAE SsoPIRTbERLIHY tw
(GC-MB), bis ghg%n{@gduggﬁass spectronetry, GC-i sot%BEm""’

rati o-conmbusti on- M5, GCi sot ope
[00137] Isotopic enrichment in biological molecules can be determined by various

methods such as mass spectrometry, including but not limited to gas chromatography-mass
spectrometry (GC-MS), isotope-ratio mass spectrometry, GC-isotope ratio-combustion-MS, GC-
isotope ratio-pyrrolysis-MS, liquid chromatography-MS, electrospray ionization-MS, matrix
assisted laser desorption-time of flight-MS, Fourier-transform-ion-cyclotron-resonance-MS,

cycloidal-MS, nuclear magnetic resonance (NMR), or liquid scintillation counting.

[00138] Incorporation of isotope labels into biological molecules may be measured

directly. Alternatively, incorporation of isotope labels may be determined by measuring the
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ratio-pyrrolysis-Ms, liquid chromatography- M5,
el ectrospray ionization-MS, nmatrix assisted | aser
waele®snpisson-ti nme of flight-Ms, PCT/US2004/021063

Fourier-transformion-cycl otron-resonance- V5,

cycl oi dal - M5, nucl ear magnetic resonance (NWR), or

liquid scintillation counting. [00138] Incorporation

of isotope |abels into biological nolecules nay be

nmeasured directly. Alternatively, incorporation of
incorposaion @ idotdpeIld)eﬂﬁaiyltd)med&hmtahqﬁeaﬂeﬁyatma,slmdmigsis pwducts, or

degracﬁ]@pg%g({ ug rsg)t :b?({li%glpq} dole tcﬁ@% l(’ﬁlggllya | nt ¥ %gra%%ﬁon products may

optlonQHQ b@%ﬁé&éﬂ RﬂBWi'Eé &tﬁéﬁ‘ ph¥ial ﬂﬁifﬁ:@hoﬁ'@} R6Mli6S by -ﬂi'f"known separation
drol ysis or degradat | &n products may opt i onal

methode §$abﬂeexsotbpe-llahdedgubsttalt@rar@mmlrparatqﬂmtd blohlgmahnmﬂecules comprising

one on Bk gpetS ol By S BE FerB 0 B et SRR ol RuftR e rates can be

deterntih&d thﬁaéuﬂﬁgl Ser kRS ifORRE | hrﬁbﬁﬁlsol'@&oﬁfc J(Bﬁfeﬁt mﬂ&%ﬁe& or rate of
pat mays of Interest. In this manner , he nol ecul ar

changé¢ pfiisotopicesonteah amﬁomfemmnﬁb@tatgﬁtﬂﬂaaghculng forsxample by using mass

speci fi.c ti intervals ot nte
spectrgxngﬁ'&( scg;se:agpgrag‘faﬁlgmx}gg@r g}e cfege&nbrbq 1on @g&k{eerﬂg{eng %?x rates within
the onB @k hRimetibbhepitAweR GidnieRisg by ues of ArlytRoeaERhRuldYion methods

usi ng nmass spect rometry (di scussed supra), allow ng
knowx Bythe g8. det ermi nation of the nolecular flux rates

wi thin the one or rmre nmet abol i ¢ pat hways of interest,

[0013% use s%tctpgg%%gs]t ﬁllcbé(g %&E&Lﬁéé rlﬁﬁy E?g{:lg%?% gi?;ﬂmanéd?lsly. For

example) aanadsespemmyndm mst msed te detadt thoivas of hioldgival modstnles and/or
t t b to detect th of
compEBII Bl SR WG S Fe B OEIAE AL (o efrgBtion, purtfcation, or
1solat1§h%¥h{e%f‘&81éﬁﬂ Biolopﬂctaﬂ%fecﬁlgﬁu' ring the physical
paration, purifTication, or isolation of the
d| ffer ent b| ol ogi cal nol ecul es. Mass Spectronetry

[ 004 Spedthmmetgpect romet ers convert bi ol ogi cal
nol ecul es, and/or conmponents thereof, into rapidly

Vi ng aseous and r at on the basis
oorafY N3RS A SRR IS g5 AR v,
rapidly %Riv‘i’r&e@s@éush&%t e@ﬁ%hﬁeﬁbh%ihé}ﬁ oh @SbasRof 1R ﬁlﬁﬁmﬁl%e ratlos The
may thus be used to neasure the isotopic enrichnent

distribpaionef 1ﬁ@ppesmra$o¢@od@guemf ioos|axdon fragnany, ngenibrabé ysed to measure
S.S S meters ingl ation neans and a
the isqfRRE ARSI DG S hBE o dPe B PRl | e ol rans

anal yzers are known in the art. These include, but are

[00140pt | | Gehedlly,anasyBpettionteted s chide aR dbniZA10%, means and a mass analyzer.
el ectrostatic anal yzers, quadrupoles, ion traps, tine

A nungler f digferentignes aﬁmaw@mkvzeré@ae ko wythe prin Thegerinclude, but are not
limite@ @@,lrﬁgg%'éﬁc sécfbr%ggﬁérg,rblech%ai% al{%z%rﬁﬁg'drﬁﬂﬁ@f ] t’?aps, time of

flight mass analyzers, and Fourier transform analyzers. In addition, two or more mass analyzers

may be coupled (MS/MS) first to separate precursor ions, then to separate and measure gas phase

fragment ions.

[00142] Mass spectrometers may also include a number of different ionization methods.
These include, but are not limited to, gas phase ionization sources such as electron impact,

chemical ionization, and field ionization, as well as desorption sources, such as field desorption,
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may be coupled (M5/MS) first to separate precursor
ions, then to separate and neasure gas phase fragnent
WO ows/033660142] Mass spectroneters may al so i nCPCMESA04/021063
nunber of different ionization nmethods. These incl ude,
but are not limted to, gas phase ionization sources
such as electron inpact, chem cal ionization, and
field ionization, as well as desorption sources, such
as field desorption, 39fast atom bonbardment, matrix ,
fast atpss bembardmgst matis assjstaddager derorzptidndinnizatieh, and furfaee enhanced laser
nced .|l aser desorption/ ionization. [00143] In

deso etng? atio
TR {98 s s spectronmeters nay be coupled to
separati on nmeans such as gas chromat ography (GC) and

[00148] gh péh baditeAGhadsisfebu@dnicte: OfRY B8 coRbYd (d'!?e;pgatioﬁ theans such as gas
gaschr omat ogr aphy nmass-spectronmetry (GC/ Ms), capillary

chromgipgraphy (Glokand higtsparfrmeatedirug phrametagoanbly dHPHO) e bt gas-
chongag%%?@}%.gﬁrs}egﬁ%ﬁagﬁ{%%Sﬁgé%lp?@% Ic wgic’néglgm? ajggst chromatograph are

coupled divemlyag tigphyss(speotrai@BtetBptiRaRY abiag a§arepfaol TR ARG S
fromthe sa as_mxture and the seéeparated

. |
applicapmdhe E@%Chgg@gﬁogfﬁpké (Caherlumasepaintes sample yoaponentstfhen the sample
3 th
T RN N .

spectnonletszul es, rather than small inorganic gases) is used
to neasure mass i sotopomer abundances of organic
abel ed i sotope incorporation from

| ecul ragen-
foo140E o} ogﬁ%&gﬂg&&& Qffer; rgass spgtomsrimegdalitics ghag analyze ons of
o T S T
abundancesiof organicubktcdes, iy dtogen-labele@dsmopenigcéPOradbh from isotope-labeled

Radi t I sqQt.opes be observed using a liquid .
water SRR o RO AP En P e s dornirk of bbbt eme foaortied into the
organ®ythbletad ifidink RBtdpbMbeled WiRbGALSrH.PY a liquid

scintillation detector. The detector converts the

radiation into an el ectrical signal, which is

alpruid\Setetilingon Counting . t he nunber of radi oactive

i sotopes in a biological nolecule may be neasur ed.

0146 0 [ the radi oi Sot ope- i.chment
1001456 2O RahibaB SR N o0 il 35 08 AL SR llige ppapter.
Radiobgtivel isatbpessutints TH amiteadiatidh taf iy atleted 89 uBRintillal6n detector.

radi o-i sotope is H [00147] In another enbodi nent, the

The dgfeeippeprvarts e radigtien ing anelrgtpasianat. vdieols amplifisd Accordingly, the
numb@affirh@bdtivRYEdib eggr? a gfokl)(?g?%a'.l %qécflu}/e hay ?a tfngg?l&%c{] d

subsequent 'y  nea I quid scinti

[00146] In one embodiment, the radioisotope-enrichment value in a biological sample may

be measured directly by liquid scintillation. In a further embodiment, the radio-isotope is *H.

[00147] In another embodiment, the biological molecules or components thereof may be
partially purified, or optionally isolated, and subsequently measured by liquid scintillation

counting.
Determining Molecular Flux Rates

[00148) Molecular flux rates may be calculated by combinatorial analysis, by hand or via

an algorithm. Variations of Mass Isotopomer Distribution Analysis (MIDA) combinatorial
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counting. Determ ning Ml ecular Flux Rates [00148]
Mol ecul ar flux rates nay be cal cul ated by
weeovbiosgasnr i al anal ysis, by hand or via an al geeT/ukm04/021063
Vari ations of Mass |sotoponer Distribution Analysis
(M DA) conbinatorial 40al gorithmare discussed in a
nunber of different sources known to one skilled in
the art. Specifically, the MDA cal cul ati on net hods
are the subject of U S. Patent No. 5, 336, 686,
algorithwo arepdisatses inereintbeb pf differrme smeces Kmewied baelskilled in the art.
s B BHDBLSTAIo oL G5 BB RA TR a5 .
) | . . .
e g e Thednet o TR A b T PG b Neese
(199D as veddoascCluinkescet ab f(E99%hcad K etlaharand tVastersaf (1962 ) all of which are
i mpl enent | the method. i s.publicly available from
herebﬁ?@@é@%@ﬁed[&gfﬁg@ﬁér’r@f"éleﬂt,“%tyni versity of California,
Ber kel ey. [00150] A precursor-product relationship is

[00149D€en afplai@ition kO theldbEve-Eifdd refetdiRed, 2RR1IaNEN SEHWAE implRfienting the
i sotopic enrichnment is conpared to asynptotic (i.e.,

metheghigiptalicly gyailablefrommrpiesror Mare Hlgllkisteit, iUni yasitinett Galfomia, Berkeley.
bi ol ogi cal nolecules (e.g., biosynthesis rates) are

| cul r - ct equation For. t he .
10019F C0, 24 BitchiBIRUAGHERAbAREO tico SBPL' £ e fittintOisfabeling
method; diedipetopicrencibhmait is Sorapdreddois@elptotid (1 & emkkinll béssible) enrichment
andkg%naneters of biological nolecules are cal cul ated from

HbReAmelrs gbkiglpeialimolcshles (4 polispyntises rmicakare @glaulated from
. precu%%?—@%hﬁgﬁ%{igns( K qr i dipéoﬁ{iﬁlgdtu% Zﬂbe‘ﬁﬁ% GRS ﬂi@;‘é’t& o&’ ﬁlac’:line in

rm ned by application o e conti nuous
isotoperencichisent-ip caldulatedfand thel kanet{c-pardnhetérs off biologitet medlécules are

ctional synthesis = product enrichnentZasynptotic
Calcuﬁegﬁﬂ@aﬁp%w halifleemt cAEORS = time of | abel

adm ni stration of contacting in the system studi ed.

[0015190152]Thel fActighdl ¥yniRESSKEARD Jrdidto ?g@%ﬁ@&ﬁ%&ha}?(bmle%nined by

_bé cal cul ated based on an eXponent or ot her ki net
appligiion pf theropatin@s 188]ing, predurson-ptatifict drmGharrpar i ng two or
nore nol ecular flux rates of two or nore biologica
mol ecul es | The nol ecular flux rates of two or

&aﬁ‘g’;—%hu

ko= .
nore bi ®l | ecul es are conpared. The conparison

al lows for the analysis of dynam c relationships
bethsre fi —dirddiehanynidesb e @kddict enrichment/asymptotic precursor enrichment

and  t=time of label administration of contacting in the system studied.

[00152] Similarly, breakdown rate constants (kq) may be calculated based on an

exponential or other kinetic decay curve:
[00153] kg = [-In f}/t
D. Comparing two or more molecular flux rates of two or more biological molecules

[00154] The molecular flux rates of two or more biological molecules are compared. The
comparison allows for the analysis of dynamic relationships between different biological

molecules to be determined.
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nol ecul es to be determ ned. 4 1[00155] The
rel ati onshi p between nol ecular flux rates of different
wher@bosgesnl nol ecul es provides significantly nmeCEUS2004/021063
informati on than is provided by a single nolecular
flux rate. Determning the nolecular flux rate of a
single biological nolecule in a tissue or individua
only provides information about the nonm nal nol ecul ar
flux rate of a biological nolecule. Conparing the.
[00155)e| at | Vke rebdtiooshipbetesr maleaniar fhiswatesef diferspi higdogical molecules

.conte to a mal ecul ar_ f,l ux rate, r I
providgg amieatsR Rerafitefin (ot e bRk fted Ba R Rofecular flux rate.
DeterfalndSS®e nitfleddl 2 fRlireRlof BRIl hidRgidalinoRicate iwaaisherortiltdividual only
nol ecul ar flux rate of one class of nolecules (e.qg.

provides utfeinasioniaboyirtbpueminshaolepuler s rate Ak biokegiend meeleulg. Comparing
e oS Py S Pl 5 b A o

examplBadHpafing tHGeRfiGPMoldcana kluk yates oftdndrawlasgsesibBsiologival molecules
rate in the context of the tissue or individual i.s

indicates syhettEs thsamplegulenBuy wteef ape diass eEmolgcules (52 Broddng s
ecihfic.hi i ' i ical 1

ool AR BT SRS 55,00 SR MIELE 63, i

DNA)TGF 64lylasdinglé tholacalae flak raia s easreg) thelpropmirenslity ofthe molecular flux

_related to the change, in nplecul ar flux rate of
ratc i EPREEXEALIBIOURPT HOIGAIN 5 pio S PIRTER hssielalish mpflecular flux rates

of spegﬁiceo(iblllogfgﬁf %g#écél(ﬁ:lg% fglst};x@ LR BlobMEFicABARNYSTRE} bOfsed to analyze

1ol ogl Inetics associ ated wi t’h diseases, )
whethdt 8 ohalge $n theandedilanyx mteerfape bidlegica mpaende isrelateddathe change in
and toxicity o ﬁg;ological or. chem cal agents, anopng

molecaias dhux rateofpag iplogicainglefWe ol ecul ar flux rates of

two or nore biological nolecules my be used to

[0015i6ge nti f%n?pagk&?&ﬁﬁoleeﬁlﬁpﬂ@@faes%smws&ﬁ@eu&meﬁmfbic_»logical
cannot beidentified nerely by measuring and conparing

moledulekinetdsrrasoctteityith discasos,alisordars, foonditipns, shesdpeatie cogpeund

bi ol ogi.cal. nol.ecul e.. Sim | ar hanges j,n t . .
TR AR P RN (-
mole P fitixSrhied bf A &f méreltisiogREUhblec@eShty BE ulddoadirtidy a disease,

agent may be determ ned. [00157] The conparison of |
disordsn) @rwhdition wiichr canast beegeridied e ply iysheasunye ad,comparing the
nom BB SR P EDa A0 e el 5o Ben e S, Bnees i e

relatiPOmMBeLBs fliRYatGe ML S RthdntiniStratddn ¢f a thérapéutik agent or biological
graphi cal rel ationship. DI SEASE DETECTI ON [ 00158] The

agentgoaspls éelemmwhescul ar fl ux rates may be used to detect,
prognose, or nonitor the progression of a disease,

[0015#3?1 olr ;jm e c%énpgﬁ%nc(?ﬂ m&RAHA ﬁ%atmeazfcxompﬁhed by any comparison '
methods known in the art. For example, the molecular flux rates of the two or more biological

molecules may be expressed in a ratio, or in a graphical relationship.
DISEASE DETECTION

[00158] The compared molecular flux rates may be used to detect, prognose, or monitor
the progression of a disease, disorder, or medical condition. Exemplary, but non-limiting
examples of biochemical processes that can be measured and relevant diseases are provided in

Table 2. A difference in the compared molecular flux rates of two or more biological molecules
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exanpl es of biochem cal processes that can be neasured
and rel evant di seases are provided in Table 2. A
walrdobmsmpre in the conpared nol ecul ar fl ux ratBCT/U820041621063

or nore biol ogi cal nol ecul es 42between a popul ati on of

tissues or individuals that does not have the di sease

or disorder and a second popul ation that does have the

di sease or disorder nmay be used to detect, prognose,

or nonitor the progression of the disease. For
betweetvapqplutation of Gssies of mtlividrakathatrdoes not hyye thendigeape or disorder and a

di d b
NN T T R T S
monlto‘?fthé M&gre%ﬁbﬁ 85@e dfaskef ok @ b, ifstivial peffdnaRilabsis may be

trssues or individuals that have interstitial
dlagnoped mmgloyed‘ bbmosgitered hyl compang thedifferance bsiweandhé repared

moleCI‘L}B{ é@g ?aéqréo(if |11ﬂB%| (%. g%t %ﬁ%%b%%ﬁ?}gﬁbeg&eeeﬁco%e op P‘foqg'ﬁ@'u‘ég or

individIRSRH 1B9e iflerdtithdl pdinforRep Hbsis@id Ohe hiostissneor individuals that do
I ndividuals at two or nore tines may be used to

not. Aderretivelypthogiierencedn comnined malerulas figraiss phiweer mepg biological

molecglle% gﬁ%glggl %g]%u ﬁ%?ﬂ’_%/ sgléésg qug&é]vi%ug@& @hﬁ or 11 gﬁegttr?%ﬂ;ﬁac}%’e used to

detect/ b agr thénitor fil R6grebsidmef the divesse. of apol i popr ot ei n
gﬁ ?ﬁb ycerl des, phospholipids, or cholesterol in one
or nore tissues or indivyidyals t hat

[0015%y per | Hiyperdipidsmigraray Also @P hpeseds BiogReety o eRi{ATE sy gomparing
the relﬁlDYé mgfecﬂﬁ% flu}( P t%? apo r9 Bf %ﬁm‘x bPESRBS tri yéelﬁﬁes, phospholipids,

ux rate I popr ot e Brelative t
or choldstegblia®dhe demorqotlmsacpﬁmlmcﬂwuﬁslals dhat hlvd bmedtmdemaymﬁ @ne or more

used t o di nose, ..or nmonit f
tissucd oINS 5T VAP rEeoe i e RoEta g e of
apohp%?%t%§g1%?aglgg 2(5’%{ edglflg&f H&%hbl?;?ﬂ& Qk BhéleferdY Hah S uSed © diagnose,

ively, the djfference
prognbse, opmpaitexdiamilia cuﬂnhmeﬂ hypertipidesia. i oae)gam;g«p,éhe measurement may

comp:@rgpUI I nglkptglgs%epg glt«;{s]lglt% rbggﬁclgi &yt %Sm Jae Fri%ﬁvely, the
differ%fc%% géﬁlb%? Bfoldcifir MR SAtkS B Qﬁﬁgl@ pobﬂ@d&p&f tissues or individuals at two
ternattve a state of reduced i mpaired cel | ul ar

or mordimes tay die asechotdetept; PTIRnoss; aF mopmagmtihp y;rqgg,ssm’g of the hyperlipidemia.
di agnosed, prognosed or nonitored by conparlng t he

rel ative, nol ecul ar ates_of
[0016,9f0t ei t"xﬁla("weiér qlfxﬁﬁéﬂwgg%gnu? al-{rr?g ¢ pr ot 8| n% (ﬁgtma from-
humo?ﬁciﬁlﬁﬁﬁlﬁ infhytHealide n@ﬁecﬁpﬁﬁghbsda’\k‘}r ixohiesred By chinparingthe relative
rel atlvetothe %asmalm“runoglobulln no| ecul ar | ux

molequdardtixrrdies af Tor Ml BN Acaripyotemg i dcplassha WEpngieRias (proteins). A
decreﬂetlg:flﬁt J}'%{‘/ gl Vllflf%ﬁé q?% lfﬂ fil&era{eeéltatlggfb%@blag [Prél A unoglobulin

erence 1 n conp ul ar
moleddlaPhfelaRSinditatas Sjeoidicallp fydubed ¢e®1lillzmﬁmh1uns aﬁwaﬂon or function in the

i ndividuals at two or _nore tines nm %ﬁ
test pdpulaiéen. @H@‘ga@@@ the diffgignee i qopgg)aﬁngrg gqj u)fﬁateg in a single
pOpuISa{lgltl% [t eUGELidhIs' TR bEMlofeftihél Bhy bETRAIth Metect, prognose, or

monitor the progression of a state of reduced or impaired cellular immunity.

[00161] In addition, photoaging (skin wrinkles) may be diagnosed, prognosed, or
monitored by comparing the relative molecular flux rates of dermal collagen and dermal elastin

or dermal lipids. An alteration in the dermal collagen molecular flux rate relative to the elastin
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[00161] In addition, photoaging (skin winkles) may be
di agnosed, prognosed, or nonitored by conparing the
w0 2008033662 ol ecul ar flux rates of dermal col | apEenUs2Vd4/021063
dermal elastin or dermal lipids. An alteration in the
dermal collagen nolecular flux rate relative to the
el astin 43or |ipid nolecular flux rate indicates an
altered rate of photoaging in the second popul ati on,
e.g., a reduced ratio of collagen:elastin synthesis
or lipideneligeuambivsiatrindiskteh amaltevedyeitenof pliogdngieg ia thé second population, e.g.,
hot oaqi in the .indiyidual or skin |qcation., .
a reduReq IO G e elavtin Gy RPET L IRE Fansilinb 2R BRI ARERing high rate of
photohdiH irf BeSfdiviAudl sk 18cORY AMehRRVEL, HeBHEIn@ in compared
indrviduals at two or nore tines may be used to
molecytar dloix rates bymsisgle populatien ofgisstdser prdiyidaslsiabtwamdr more times may be
dtTE?TI{}lG THERAPEUTI& AiEENTS {SCOVP NDS) [00162] The
used tQAFTECt PINERQSS, OpMOPHRL WA BIREFESINB&ht s (i.e., conpounds)
may be tested using the nmethods described herein. A
' TESTING THERAPEUTICEAGENTS (COMPEUNDE) fl ux rates of two

or nore biol ogical nol ecul es between a popul ation to

a_therapeutic agent has been adm nistered and a

whi ch ]
[00162hnt ¢ olThe gHestasness of Hipmstiiopganiicihei compowtds)may be tested using the
f ' ess: . [ ' [ SSuMes or
BRSNS B SRR BRSO 5P v
biological nidlerudasdetweentawopuiitiah to/whivhlaaherapeuticl dggnt ik ®8erPddministered

two qQr nore biological nplecules in a popul ation .

and a gente] unireatedmogplation Kleptitics it meeagyen therpifectigangss of a therapeutic agent
o e h o i . : _
Gt S ORI SRR, PR B Rt
moleculae fluxeatte df {yaper otediologiod bodculésdnagmptilation Heforsantbafter a

be.an em cal .conmpound, or._conposition, ofr. biological
therape5i¢ Bent R gr U HEoi (OPFAE SRGR e die PR G e
theragific 88t BR tisddebbf BEialFSDERER LRI it gAOUNd or
‘ conposition disclosed in, for exa e, the 13th

Edition of The Merck | ndex(a U.S. publicati on,
[00168hi t ehdixskapSitist dgents nyhe, anyShgmicahcompmindtoe gomposition, by biological

reference in iLts entirety. . tated abqve, .
factory R E TRy el JbfreBCeabt il BieGrafoidiiiodie, ppechemical
comp&xAIGH compotitioh disblos e inl £ eRBANE] 198 ab 1ANiHBREE BBo Merck Index (a U.S.
sol ubl e receptors, or vaccines. [00164] In one

publicafigppVhitehpuse Btatien,df.J o BiSé) ninpdrpgratedthemein ibyirefatenoe in its entirety. As

t tati ffect, of chenot.her.apeuti c agent. dur,in
sated G Rlenfie Bhor il Gine ek PRI IDg TRB S PR which faclude
monotlehaltantibodied, e6lubRreddptoss, oabagimk. cel I ul ar protein and

cellular DNA. The difference in relative nol ecul ar

fl'ux rates between a test Aoopul_a,ti on that has received
[0016dhe chénpreesamie: Ritaetherbol deirmining 8 femeticidalnultamposiatic effect of a

chem(%tﬁ%ran%%lﬂ%raggﬁt' d\ﬁlﬁg%ﬁ&ﬁ?th%:%ﬁ}z ﬁ% S%gdie%é?ﬁ%c‘eﬁ b?'fcohﬂ)%ring the relative

peut c-agen
molecular flux rates of cellular protein and cellular DNA. The difference in relative molecular

flux rates between a test population that has received the chemotherapeutic agent and a control
population that has not, measures the effectiveness of the chemotherapeutic agent in tissues or
individuals in need of the chemotherapeutic agent. By way of example, if the relative rate of
DNA synthesis to protein synthesis was reduced after administration of the chemotherapeutic
agent or in populatjons treated with the chemotherapeutic agent compared to untreated

populations, the chemotherapeutic agent could be concluded to have a tumoristatic effect.
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i ndi vidual s in need of the chenotherapeutic agent. By
way of exanple, if the relative rate of DNA synthesis
WO 20051083662 N synt hesi s was reduced after adm ni BCT/EHS$10041021063

of the chenot herapeutic agent or in popul ations

treated with the chenot herapeutic agent conpared to

untreat ed popul ati ons, the chenot herapeut.i c agent

could be concluded to have a tunoristatic effect.

44A ternatively, if the relative rate of DNA synthesis
Alternbtvedy,Gf thie iclativd faesoSDNAngyhthesls shprotein bynthasirrembiined about the same

adm ni stration _of the chenotherapeutig¢c agent or i
after afpRipERIOn RS the DEmOtheFRREHIE REDE PoRORORBIHPBL Fr ey the
chemo‘fﬁé}%geruﬁg a%é?lt EH&@%@H &g uﬂ?&%d%ﬁﬂﬁon& & chemotherapeutic agent could be
cherot her

peuti c agent coul e concluded to have a
conclidedos hoiediathmetitilat effedt.t Atteratiivedy,ythe differatice fireredative nholecular flux

relative nolecular flux rates,.|. ul at.ian of one ..
sy oS S S or e B G OB e P Brion ot
chemdHifh Rt B Headire SR ADLIALART S hefitirafmhac b

[ 00165] The cidal or static effects of an antibiotic,
[00165ky anZhogidakinstdiis effecisofiamentithgticmay anadegoushybedetermined by

.antibiotic.instead of. a,chepot herapeut| c,agent - B Vi
adminiiieriig fngbiol ipiiead ol SR RRPE T sty By WY ol pipRieif he
relative rRie f DN By iBSdi St StelrBsyHRSls dfab esdvaedrhfidrsidiihibeationfof said

_said antibiotic or, in the population treated wth A
antibietid of, tnthe pppulptorcwegted with said anibietie eemparpd faunitsated populations,

...sai.d.antihbiotic,coul c . ' A
s TSy R P RISl QGRS by n i
tissueb Belindividialss . ByBYcid4l? thahcant therkiliing of te thigetedrigfeofioustoeganism by the

_targeted infectious organi sm by the antibjotic. _%y )
antibioide. By Cstatied’ iprmeant the ibiiHemek grawthner @Pb%t“l‘?né’i” proliferation or
oo 9 524 MO LIS RN, 6 ARG RTpOIticfus oo s
a bacteliem| thte aid tots “bacgaivciial’ is applizdad éia antibidtive lLikdvesd, dtenterm

"bacteriocjidal" is appli Lo the antibjotic.. . ) )
“bactqriqetafic’s applies &0 @Ig}hwtmq% g]&t grﬂp}agng:ttqr}_a? ggm} jox Zepligation or proliferation
I pjotics that inhibit bacterial growth or
Orreprepcplérg'ti on or proliferation or reproduction. [00166]
I n anot her enbodi nent, one or nore benefici al
[00166her apdn biathefdhemdimedt, @ ambreyercficinl dreamutineffects of an androgen

in ongypapiRaisTss of sy g v Bp AR RO oL Rallanbe
deten?l&%d.”%l HfleRte il HE rMB1P luRYsE b?nﬂ%&f& Bdleiflor PNAA relative to the

ative to the nmolecular flux rate of "adi pose tissue
moledulardluxaeteiofedipeserissne figlygstilabétvicen @ papuletion tpewhich the androgen has

e R A PO A R D R R RPL B &b tered emiis
or meaSi§8S fht beSeRial IRSGPELES cffB@. PERATLIGEI! the effaBRiétih Gelative molecular
effect. Alternatively, the difference in relative

flux ratsh betwean a pbplatien efSorser wesh tissupppindividialdrefengand pfter

admirrxtlts)trraﬁi(}nl otan %rsxdr%[gerll qu%laélulréjs%?sl e%fegt?\f/e%res?s. a&ﬁj in%freta% in the molecular flux rate

of the muscle protein or DNA relative to the molecular flux rate of the adipose tissue triglyceride
after therapy identifies a beneficial therapeutic effect of the androgen in the wasting disease or
disorder of frailty. A beneficial therapeutic effect of otﬁer muscle anabolic factors, such as
growth hormone, in a wasting disease or disorder of frailty may be identified in the same

manner, by administering the growth hormone instead of the androgen.
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adm ni stration of an androgen neasures its
effectiveness. An increase in the nolecular flux rate
w@booskasenuscl e protein or DNA relative to the PoI/E82048021063

flux rate of the adi pose tissue triglyceride after

therapy identifies a beneficial therapeutic effect of

the androgen in the wasting di sease or disorder of

frailty. A beneficial therapeutic effect of other

nmuscl e anabolic factors, such as growth hornone, in a
[0016TRst i nThenfestasie discloded herdidrmaf alke e hided toRdentify one or more beneficial

identified in_the same manner, by adm n| ster

th
therapgpiigefieatopirbirdectivg FEERESD freceRier modnlsSE !E){Eg?P t:m@ifen or
t h ' .
N A7 Dt g e

may ‘tﬁ:&ﬂ@mﬁ" ed &y esdasagrethe eﬂeqmeahohaduﬁ Btvoratds SEMMmmaryepithelial cell
apoxi fen or ral oxifen. exanpl.e, benefi ci. al
DNA ﬁméweaiséﬁfue&r@tﬁfr@&fém naa PPPHateR tesssm&dmduals to which the

SERM BF e%éu% aﬁﬁlgr?f?t}(‘,re?gztoggﬁ&? tl;)m 'aﬁn?rnadr?‘i'/id{e}%ﬁ? 519 ﬁ1 ‘fvﬁiDml‘lé’ $ERM has

not bdanadmﬁm!;te&due\ prsobielapicab molécplednay be anfammary epithelat calhDNA and a
1(‘5) t1 es .or i ndi |duals toq\ﬁé\c# t he SERM has been

second BiAleiesl EReIEFHls gk Ped PRSIz PR TR GPe O mphe g perTagensitive cells

in thetbﬁ’edét” P dstiBg %%ﬁﬁﬁ/e%ns RagBe M ffbﬁéﬁﬁfiﬁe a IPB%;% i?i:broblasts,

bi ol ogi cal nD ecul e may be a mammary epithelia .
stromaingllarendathebal rlls bif athagicnsdpithelia calls Ad’@mdwela, ﬂﬂcduf&mnce in
ne .or Mmor.e..es ﬂé en-insensitive ce

relatlYehrgaglA lggrsﬁux rAles né gtprog\jlgﬂorf QTN é.aeﬁ or %Vl%léa?s li)er}ore and after

admiri§tion fo theeSIRIH i@ent FTbs PRSKenefitiRY BBap&itR effekl. O@kcrease in the
cells, endothelial cells or other non-epithelial

moleaydar|flix ratetof ﬂmnmmayy enitheliali DN Arrelatige torthe alodgqulas flux rate of the
breas{TRelE ope oG rHERI AR s BRI AR e B ot i SR peainst

breasfdantdie SERM i denti fi es the benefici aI t herapeutic
effect A decrease in the nolecular flux rate of the
y epithelial DNA relative to the nolecul ar fl ux
[0016.81n e ofA benefiiabhsrapenticefiech p%%«rmm%ﬁregumrw a therapeutlc agent given

to mcg%%érgﬂng Ra 5% E?gg@t%&g gkr“] %lg%rer‘}y Flgé%t}f&'&af faﬁ ¥1 B %dentified by

comphiigg ﬁ:peﬂhil@e mbleesitr fifix fesof@micichondrx| DN%] 09 bardlohpm to genomic
t her apeut ic agent given tqQ increase aerobjc capaci
DNA(Or Pivekes|lulr pEntefes }rymu%fé%wa? Pf ®ReRrlptian ofihng orragprwdmduals to
l;
o ET4181 51 ROTRREOA 165808 Gy LA o i
agentbh¥\notrbesn xéddinigétried] Altepradtveythe benaficat It}&:rapeaﬁcl effedt neay be

.. _.popul ation, of one or |nd1V|duaIsto WhIChth
identifigH by CpmBAAR e AIRTHALBIESE 1P SPYBIAH ORI SRE BF mgFoingividuals to the

same 'IﬂH’lﬁdhil%YﬁogHﬁ{lfls B&omfh\ﬂeh §drﬂ9§ﬂ$mx@?ﬁ %nt.b?\?ﬂncrease in the
adm ni ster Al'ternatively, benet | ci

moletuhmrsapthesis nat@fdfenusc}wmttbxélondimitor tardiblipin ochpawilavglar kenthesis rate

of thqrrrﬁ{ﬁe u%q?{gpécl; bﬁ\lﬁr ﬁréx%?xeld%eﬁulgrog 0 e‘rilrtlsI 18&:nt1c%f 1es ari)enefgcwmﬂerapeutlc effect

of the exercise regimen or therapeutic agent on fitness.

[00169] In addition, a beneficial therapeutic effect of a hormonal or other therapeutic
agent in Alzheimer’s disease may be identified by comparing the relative molecular flux rates of
cerebrospinal fluid or blood amyloid-beta protein (a marker of fibrillogenesis in the brain) and

cerebrospinal fluid or blood 25-hydroxycholesterol (a marker of general brain cell repair and
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same individual or individuals before and after
adm ni stering the agent. An increase in the nol ecul ar
w@the®sss rates of nuscle mtochondrial or cardi/obiops/or1063

to the nol ecul ar synthesis rate of the nuscle genom c

DNA or m xed cellular proteins identifies a beneficial

therapeutic effect of the exercise reginen or

t herapeutic agent on fitness. [00169] In addition, a

- beneficial therapeutic effect of a hornonal or other
turnovdreimppoful stioagEvhe bﬂnﬂeﬁh&ivﬁfﬁfalssbdfm‘é%ﬂ& aftePadnkifiistration of a

identified by conp &mthe rel ative nol ecul ar fl ux

hormengpl gg other %F@BF%%HGHEI qroRtevebh tha brpelieial therapewia eifect may be

a5 BB PSR IERSELE BB o

mdlvﬂaalk afteddngiaisanton of thé horewdnlal meqslherr thaﬁﬁelﬁﬁtagém(w Alhelimer's disease
pul at of one or nore individuals before and

patlen§$ &’e‘?’h% %ngqog@]i Q@ othsr therapshitig ﬁ&qnt &as patihsen administered. A decrease
§

xﬂ@%@ﬂ%ﬁl%m@%y]ﬁd b@tJ 2@5{56 el 1VEE Eﬁ%@%%gérrﬁ]ué( rate of the 25-

hydrcuy (ehelestetodmdemaﬁm)dt bemtlﬁalal thetapentid effedt of the honmbdmail boothef therapeutic
re |nﬁé¥|duals after adm nistration of the

agm“ﬁgwﬁﬂﬁ% G S KEF2 ¥ her apeuti ¢ agent to Al zheimer's

di sease patients to whomthe hornonal or other
[00170her apeﬂfehﬁvéi‘ﬁ@ﬁ lsBascIRs nResds A TdntiiRg & @hem?eutic roperty of a

decrease in the nolecular flux rate of” amnyl ol %
blologw@taeﬁmt ridieaelatiee molechler fhwt wates erthlommqrab@lagicai wl&bies are
i dent { fies a

1

f
determq ﬁlgfl ég{)g@ﬂi«?x} (gté(%ne S TOze, tigsues arindiv $ a%sttﬁ éi\lhlch a biological agent has

been &d‘tﬁih?sft)ﬁbl& hfd 2pepilatemed et o ABREHSRES &r HHFRRAR to WHh/BE biological
The invention also includes nethods of identifying a

agenthas pefifegn @dmp}l@;p@d{ ¥ differgnes il thg rddativeagelaeularmihux rates identifies a

of.. t or
therafs B prokn S B oalent ot ElorRienill o S Reicrpmsyovgpay be
1dent1ﬁ6& b9 lconhsing thesuseculdr fluxdhtés diabspulfioMdfene dr more individuals to the
bi ol ogi cal agent has been adm ni stered and a

same pepptien Berfowfanér@@eb?drmrsaemgéhmwnbr Thm@iempaum Eyopesty may be an

050 .05y SR80 L, SR S68e o

blologldaﬂrsambleaﬁayﬂbé hésspeultine, prdape Edd)mdﬁaltnlit@ Hal 0 eﬁgbﬁlﬂbntal animal or a
nt. Alternatively, t he therapeutl c pr Eerty may.

humapiq DRV gt IBW B ApaFhertcal KE biphrgieal campp rrcgtlnv@sntlnn écnown in the
o 9Bk, Sy R0 L oo
dlsclo'ﬁbcént, farexpmple, thepl2dpBditiyn oA Fhddeadk ][wﬂélxt @dd)seplﬂﬂlcatlon Whitehouse

. praper of. an al ready:-ap ved drug (
Staticly Ng). 7 insommApied harkis 51 s esgicedn 1 Sﬂ‘%ﬂe@’ oy “mgthed may be used to
i be an
smemii%gg?gg%?gHﬁﬁﬁ@EQQnBB@%tﬂﬂ%éhﬂ&%#ug agents may be any
chem cal or biol ogical conpound or conposition known
[00171h t he Taxic effactsopfalgenagentspmichdéng Wotoginakbageats, miaprialse e determined

by thd QoY of O T2 SSOURRYNd or conposi i on

Multiple concurrent measurements used for screening functions

[00172] Because of the great breadth of measurements that are possible using isotope-
labeled water, screening for unexpected or unidentified actions of drugs or general protein targets

is possible. Examples include the effects of statins (3-hydroxy-3-methylglutaryl coenzyme A
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di sclosed in, for exanple, the 12th Edition of The
Merck I ndex(a U. S. publication, Witehouse Station,
WwWORW5/0339) , i ncorporated herein by reference PCI/USR04/021063
entirety. The nethod may be used to screen a plurality
of drug agents in a high-throughput manner. [00171]
Toxi c effects of drug agents, including biological
agents, may al so be deternined by the nethods of the
present invention. Miltiple concurrent nmeasurenents
reduaiase dnlfibitorsy ore braimgyélimert andylsidf O SyinfidsisBadaus eolidgeh Rinetics relative to

great breadth_ of surenents that, are possible using .
cholqs%@éps% S8t 8l tazenes Lo s Hyazobidingdiopgken ealompancreatic or other
i i i . . | Y .
ol OHLER FESS Bt 0 Salhelc GRIERLLRERLE g e
ratess&ffdcgsmf a(lﬁfdmyodiﬁabk?,geﬁts lﬁ;étvhyé ghmstcﬂ'p‘gahe hxhﬁﬁwys)@nﬁmljscledmikt)ochondrial
47r edyct ase iphhibitors) o rajn nmyelin or amyl gid- .
DNAQr fapfaalin gynt el é@@ﬁp?aeﬁléﬁ%tglglygpla@q Qegepgmic DNA synthesis.

Asa ?E@rﬁ%&ﬁ%ﬁhg%ﬂ&gﬁﬁ cSncuiehBnbsufimd of A VMRS 0F af agent or target on

hi azol i di nedi one) 'on col on, pancreatic or other c
numeyees patlevatsiconcureendy, ineluding\beaih mnyetingtose boné ¢iliagen tutiover,

S Bl TEo 5 B B LS e b o
spacd Iyahltbhieaeid A JRbAdbRInSul iR ROMHEd fhndNBaR WA B@ggﬁ%ﬁbﬁh—beta

b
synthesis relative to adi pose tissue triglyceri
produgéigoniperrmpingenesisaslifsration of prpstete, dreastoramiomeplls, dermal collagen

r h ncur rent neasurenent of ..the.effects of.an
syt B RN bR heolTeF Bt A Bpltetiin Feiiegtefaton and
deathl, iEmudbglEbllirpdyntHEYe] ddisdsk BbsueRAPIG &Rl sFaMRsiS HADBMGEdown, muscle

chondrocyte proliferation, vascular smboth nuscle cell

myelisy ynfhesis and Sreakdoves meitdchpndsipd hiogergsis, shdimaspather molecular flux rates
o= DAL 1000 B PO ORISRy B Gyeupidaal o ond

rea € P
sper mat ogenesi s, proliferation of prostate, breast or

Highethirounglynitlof mleéiplesimalthh@e fedicaiFmt) meativetenisal
keratin synthesis or keratinocyte proliferation,

[0017B]cel | Theohbthedadiselosedndrekealld tﬂd’@ﬂtg%}i 18RuYé Molecular flux rates in
synt hesi s, adipgse tissue triglyceride synthesis and

hundpsids gk thewprndgat animalpfer periody of Weekssoranenthd, datemsanf the simplicity of

j h ' i LS he l ecul ar ..
et 08 B0 DAEREP DY O oo
labelatweenisnch 40°HH©. ATHicazitinhes fpps Raghs iseghirdd yome Mbeting protocol.
of multiple simyltaneous (concurrent) neasurenents

If theraplequdar fhperatfstoh SHe oBMSE Rglkagicabmelasules pesvrletarainad hyymass
oo, iy KEyOBLEG e Sp oty bR ATaOGRSHD v

analylsiscaad salcolatiohef fivoptésyi t y of the protocol. Each ani nal
(or human subject) is sinply allowed to drink water

[001%@ n|t g:,]ghgeg'li:g ggllélg)ld?i tﬁ%&g %Jg;dqs %ag%gﬁaequp hﬁj&t(&%&%@%f \?vatfe? administration
differs from previous labeling techniques, which have required labor-intensive or invasive or
continuous administration protocols (e.g., intravenous or repeated oral or intraperitoneal dosing)
to maintain stability in the precursor-pool isotope enrichment and which also have required
administration of multiple different tracers, if multiple fluxes of molecules from different classes
are to be measured. This capacity for high throughput is key to drug development and discovery,

where extremely large numbers of candidate drugs or genes need to be evaluated by the trial-
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If the nolecular flux rates of two or nore biol ogica
nol ecul es are determ ned by mass spectronetry, the
woredohosBesny be conpl etel y aut omat ed (aut osanpl BC/US2004/021063
conput eri zed data anal ysis and cal cul ation of fl ux
rates). [00174] The high volune that is nade easy with
the i sotope-| abeled water adm nistration differs from
previ ous | abeling techni ques, which have required
| abor-i ntensive or invasive or continuous )
and-erstmeihat angt donsequentes ovimsulfiple gnoleqularfhixantss gs epd-points have to be
repeated oral or intraperitoneal dosing) to nmaintain
measugq%geoi lity in the precursor-pool isotope enrichment and
whi ch al so have required adm nistration of nmultiple
Capagfyf fovatiatd Toagaksm, d1bwijidviolvihg tdxlicitiesorothenapenticl aetions
fromdifferent classes are to be neasured. This
mo”ﬁapam Mhn Blolbiiedl prdliedés i brel inplsatbinttto pdfergal toxic or therapeutic
evel opnent and discovery, where extrenely | arge
actions ofiteadglatsf drogheli gtaceard rvgg;sslgw Q) aypdee. nEgge §]@V\6}§ evolvmg processes

cén begr\égxlgg(g (gﬁ% g{eﬂgﬁ R%fi a%]ﬁbét: :%qgoéﬁ%%%?l]qﬁ%?%t gl{slﬁw other kinetic

techmﬁﬁé?s P s ebrNE of M RtrétBa sareahl simplirig oif bitmimsteniad lsaﬂope-labeled
l"'ong g-term sl ow y evol vj

h
water Zuch @mélq(bmmklmwt% &ﬂgbiagé:lr?alg; g%g"’ré?t‘le%ﬁgﬁlieé out with
minin B304 BBl ol By M btjar o0, e 3

Such JIBRBEev®I yroeusabmhagcanrbmﬁaﬁ'em&mnlulde kmemc:t Qﬁ\eﬂctﬂg& smooth
nmet hods of adm _ni stering isotope-]a wat er,, . unl i

musclgchlds, Ixnpiocy st beaiRoREEEenisy fisgieirart ondi oL o' cEfs, and
bone ﬁtesgggc(ﬁgg %ggn%tg%hllg ity of administering

such as in drinking water. EbO
I abel i ng studi es have been carried out with m ni nal
Kits effort for 3-6 nonths in experinental animls and

hunan subj ects (see, e.g., Figure 3). Such slowy

T R N —
vivo. kT'h@ iefts P?ﬁdlﬁd&qﬁ‘é@pe-ldbél%ﬂ Syaeri(pationey .09 i) ahd HE";O isotope-

stem cel and bone and tissue collagen, and_nman
labelat Watesor a@ml{xmmbqreqﬂ)aandnn eraferon qmlmlmé%tsm@gn% gompounds

kIlOV\FTlH% ur | n ﬁg?l})%fazonpar 1#3'81 ngl'lplgo ué% (?Léc\clagﬂl ?6%1116@ Md)"oq ‘chemicals

neceﬁ(szﬁ?rt@i bﬁﬂd{rﬁe[ 1i%6uBhihplanfhitdnid satdptdaReivete f@tcombitataial analysis,
ibi nation thereof), and in preferred enbodi nents,
and 1nsthleIMIm$Ifocm¢mfl§hﬂjl§t known in the art for separating,

purifying, or isolating biological nolecules, and/or
em c S t I t
oot E e ST K B AP BIRURRER s (5. mesurin
cup, Adtale¥SdySinges, pipettes, IV tubing), may optionally be provided in the kit. Similarly,

instruments for obtaining samples from the subject (e.g., specimen cups, needles, syringes, and

tissue sampling devices) may also be optionally provided.
EXAMPLES

[00178] The following non-limiting examples further illustrate the invention disclosed

herein:
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and instructions for use of the kit. [00177] Oher kit
conponents, such as tools for adm nistration of water
W@ eng/o33eaeasuri ng cup, needles, syringes, piperCEES2004/021063

tubing), may optionally be provided in the kit.

Simlarly, instruments for obtaining sanples fromthe

subj ect (e.g., specimen cups, needles, syringes, and

ti ssue sanpling devices) may also be optionally

provi ded. EXAMPLES [00178] The follow ng non-limting
EXAMPMBER!: €S RatiotoT®NA] prigtinayatlicsis in gvemingdissaésscl osed

herein: 49EXAVPLE 1: Ratio of DNA: protein synthesis
[0017 9}1{‘_ gr OY%enxﬁti%) (3 ﬁ@?ﬁcorﬁ&&l&ﬂﬂg\ﬁﬁﬂﬁéﬁﬁo@lﬁk protein in muscle, liver or

I ncorporation frominto, . protein i scl.e,

other tisswesrevralsovirtheritissun grawiiels dif &0 ﬁ)ﬂ@fﬁ%ﬁqa ﬁ%ég?% f H1ls) or

i s.dye to hype ' j £ . I istinction i
hypertigpbS {Erobfh £ Gl Pl oL ARG SEHFEAE S dstinetion s key

to evaRidfhg bRt fachRyy geatd ﬁ)othéfhxht&rvdhﬁdsrismsiignﬁi fosaltepthetmass of any
] evaluating gromh factors, genes or other . .. .
tissue.j PG poiein ayighesissrates ate weisufiddoneeeniidy agpnigigpring labeled water

I - [ LGall d
R e R PR o S e
detecting the incorporation of the isotope |abel in
EXAMPEINA dRstipofDNiAn sprofpinbpitliests iRtumer els primicppayganigms during
synt hesi shethothérapy.cel I's or m croorgani sns during
chenot herapy. [00180] The ratio of DNA: protein
[00186] Net i qhe kROVTTIA! Preteiini kigetianin Iricteriactucing motibietia plyemotherapy
reveal s whether the antibiotjc agent.js working.in .
reveals adether diecatibiotig agent e*wpqlmfggm@elyalcge}lcda manoer dglghng ce?ls) orina

bacteri ost at | N hSi: i .
e BB TR B PP g gy, ok, s o
DNAP bﬂitﬁih rklﬂ@fhﬁ@in: elct&giom daritg) chemadherapyorevbadsriftded degh has been induced or

] :
growth)\ég %eéq lltaétgg (Eq,lm%igia t | \gpggﬁvg'?s%:ﬁgl E‘éf %ﬁ@%&é&?@?ﬁ%&s rates are
measyied gopcuts gﬂtl}glr)f %%lh@)g%%@)gdl%&éd FhRRr ARPSMER AR RbIpRRItION of the

! . . wat er and detecting the
isotope1gkeel pethatDNIA anfi ptdteins.sot ope | abel in the DNA and
proteins. EXAMPLE 3: Ratio of mtochondrial DNA to

cellular praotein, ' hesi s. .
xRN Bk P ST o TR B SR e o
i ndependesintBesiskte® i c growt h of tissues can be very

i nportant, for exanple, in the trainin
[0018%K)isc| e Ths agevisgiice ogp;péiioéh(y@_rial biogenesis Iin@epér?ie%? Qfs seorr?gtic growth of

tissues can be very important, for example, in the training response of muscle to aerobic exercise.

The ratio of mtDNA synthesis to cellular protein or genomic DNA synthesis reveals growth-
independent mitochondrial biogenesis and turnover, and represents a biomarker of aerobic
fitness. Synthesis rates of mtDNA and cellular proteins or genomic DNA are measured
concurrently by administering labeled water and deteéting the incorporation of the isotope label

in the mtDNA and cellular proteins or genomic DNA (for example, see Figures 1 and 2).

[00182] Sprague-Dawley rats (wt 210-350 g) from Simonsen were housed in wire cages, 3
per cage with a 12 hour light/dark cycle. All procedures were approved by the UC Berkeley
Office of Laboratory Animal Care. Purina rat chow was provided ad libitum. There were 2

groups of rats, a young male growing group (2-4 months of age at the beginning of studies) and
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The ratio of m DNA synthesis to cellular protein or
genom ¢ DNA synthesis reveal s grow hi ndependent
worRaososssszdr i al bi ogenesi s and turnover, and r epCEESUWH021063
a bi omarker of aerobic fitness. Synthesis rates of
nt DNA and cel lul ar proteins or genomic DNA are
nmeasured concurrently by adm nistering | abel ed water
and detecting the incorporation of the isotope |abel
in the ntDNA and cel |l ul ar proteins or genonm c DNA (for
an oldex avepghe;stabdefeRialrugrosp (8-40thoghs of @8d)8 ThitiBhaeegape-rBewtights from the

rafs (w 210- 350 sen re housed in
young 3} grobb yaS appipirutliy i O sl sl giereda pee yeiebls igen the older,
welghﬂﬁtﬁﬁﬁ‘%ﬂb&ﬁwﬁﬁéﬁméﬁﬁfa{é\lfﬁz53 the UC Berkeley Ofice of
~~ Laboratory Ani Care. Pufina rat chow was provided
ad.libitum There were 2 groups of rats, a young male
[00183} owi ngHzf? tabplin@puptorolstin sodshtsagesisted pﬁen begal nntrapgritoneal priming

oo 20 R B0y, 1 B0 LRy e

rats (el d)Efoy 8208 FaAl 2908 URS MBS 2FRI %vmmimdaé GbaeB i1 I13ut &1Rrt) based on
initial averagrg body wei ghts fromthe ol

estimafied @¥6 body peie ﬁwptemfgll@wmachmmumgf @% Ha@mﬁ}e ddinking

N, 4 odent nsi.sted of
water.QTh?Q‘? én‘i’ﬂ: aper | ?b nealdnf)]jr%ll %Wagerb‘g 3 célots%naf aocofvgla}mﬁél(%e that
produmts&fﬁcﬁétﬁ Ieﬁi‘iéiﬁﬁénts iﬂlﬁoiylhth%ha gradnsts oPirterest(ahd A48 n¥Rown toxicities.
N ven to the rats 3 for a 2259 rat, 2% of 135ni
H,0 bj0%: 00%) Wéﬁplirﬁhw perapersipllysrom (Cambridga lsofonsa édrdover, MA).

Bt 6 | owed by
Dnnkmgm nldgﬁ?g a{tﬁ?%nﬁ?c{% %%v ﬁ\é%f%?féom?% E&F&glg%t er. The 4%
enrichment of H2O in drinking water was chosen as a
[00184bnvenBen¢ ntooey drldatardiac@ued and hintilimbantscén(oi3gh sanplss from

i,n bi osynthetic duct i ntere t and has no known
indivifih) SRR e oo Ao O AT SERETiSe s gpmples were

h f i
B S RS LSy W i
centriﬁgphglx Natclean DNA QIBXA) Bmimnmatwmwaiarﬂﬂnmd ¢hzymdtitabgpy treatment

it IO URCA S QoL LSOk bl e

chain M&@ﬁ&f—‘ (FERPoASWEE b cBIUIRGBPhAEs AN r&MHAQ SRRRE b RAyas

t he hormgenate were then isolated by density gradient
obtaingd fitom §.3dhdg efmusdletissue faphitcasmeniaht afomtRNA Aatdtion invadividual
enoved enzymatically by treatnent with DNAse. Absence
NDNA cont am nation in nuscle sanples was confirned
by pol ynerase chain reaction (PCR) followed by gel

[00188] ect r Bphe hRsios: nmzqmwtsh@dlatsal Bf' uSd 6 QIENINOIMAA (Qiagen) using
obtained fromO0.3 t%% muscl e ti ssue for

technigraesswiel bkawn mthﬁﬁmNM wig alsp isolaiet] froencardiaminpsgls hindlimb

muscle and platelets using the Qiagen Kit (Qiagen) after isolation of the mitochondrial fraction

anima

from the tissue. MtDNA and nDNA were hydrolyzed enzymatically to free
deoxyribonucleosides. A LC18 SPE column (Supelco, Bellefone,PA) was used to separate dA
from the other deoxyribonucleosides. The column was washed with 100% methanol (2ml) and
water (2ml). The hydrolyzed DNA sample was then added to the column and nucleosides other
than dA were eluted with an H,O wash (5ml). The dA was then eluted with 50% methanol (1ml).

[00186] The deoxyribose (dR) moiety of dA was analyzed by GC/MS, after conversion to

its pentane-tetraacetate derivative. The isotopic enrichment of dR was determined by GC/MS
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[ 00185] Bone marrow nDNA was isol ated by use of a
Q anmp colum (Q agen) using techniques well known in
W hadsmsies2 M DNA was al so i sol ated from car di acPeE81004/021063
hi ndl i mb nuscle and platelets using the Q agen Kit
(Q agen) after isolation of the mtochondrial fraction
fromthe tissue. M DNA and nDNA were hydrol yzed
enzymatically to free deoxyri bonucl eosides. A L 8 SPE
col um (Supel co, Bell efone, PA) was used to separate dA
analyRis§mvz P4 atdH2d6, tpoosyntingovMiand d41 thasses,egpectively)n Tiese is no exchange

I M X A
deox%k‘éﬁs)@ %Dﬂ%oﬁr@@&e&?@ﬁoﬁ%fe@s@é&t% Wit ANehbt \Qaé"%l%ll}iz)ed contains

The dA was then eluted with 50% net hanol

only {he@iReBpicTh aotithe bpsd hutien, (of Ryrimbdenxyribénuwtieosilss, a0 ddbegk extorporation

. GC/MS, . af.ter conversion ta its pentane-tgtraacetate

into ¢ po b VidFise S PE SRR R G ET g BLtor
determ ned by GO M5 5lanal ysis (mz 245 and 246,

[0018BPr esathlabdedRatiial APRAGRRe) A2 SRREAHY ¥ analk26d EorlchirrBly in each
exchange between solvent water or other sanple nmatrix

run tqesa g thedeprydnneg ehmgesures! isofopic rptimenrismeintds suypplehnjseted

' . e | osi.des. - The derj.valiv
(abudlae ¥ en Bt DG B eRRR L P Blep e B P i Bpmames of the
parerd 340 joa(in/DP45)0ersal Eietaticl 6DNY | iodyslue BE) deis.(2(UaRI6)). A
. incorporation into the base noiety via base sal‘vactlzje
lineagyeeraizign of hegatio yerswiylo abindarcer was @iculgterh ag dpscribed supra. The
repreb T % R bl ARMRRARE R 2B RREE £ MRS, pagicular My
abundepefdecadenlaiomed sucaasabmdbhmgek ¢n safples.on anount of

sanpl e i njected (abundance sensitivity). This

‘ pendence..can be characterized by plotting th

[001&3 undan @CB'PH"’IQ sEnthesisrtes ok gelisopere r?)a@u]ﬁ@) bYAse é’g thegygeursor-product
. I 3 u H o + 1 r

i b, bR ARSI Ak o iy

turnedaivertisstie dan bsustd sis ninmasurs wpthe. tribheecuegnr ead chment iforethe cells of

. t hen used to.calcul ate the natural .abundance ratio

interdh. “UhgeE Sahfion & Gufiauin behe Porl X B R GRS pRes aid also

repreSREHE fRABHONARGRS chRnBAML6S asshRSBht é:Je?}QEéIP&%olecul% roduced
synthesis rates of cells were cal cul ated by use of t }e)

mustbe delaneasrbym erlLetmeletule destotied). Abe thpdrenbatd;onstaptr (k) and half-life (t

The .s0t gpi hment of letel or
12) gy R BB L e e v el detreobdrope. Rhegenselprincipl
behi¥BB6 Hathe@fatit 161 the PeecRfBEPFoUREL rBRtibAIMERtthiiQhe LB piinti®hment of a

of interest. Under conditions of steady-state in the

prodyss geriwidexclugivelyr faemiammedursoy podlewillsappenach diesisotopic enrichment of the

r . he fractional replacenment rate (i.e.,
prec‘gg"gl?%%ﬁg&“?ﬂé ghea gro)%a%gﬁong?u Pe&ul e produced nust be
bal anced by a cell or nolecule destroyed). The

[0018%p! aceBEdyt walenSLMénrchineaRdvdt@ideatiré®selially. The steady state body

*H,0 enrichments attained in rats maintained on 4% 2,0 in drinking water were approximately

3.0% and were stable over time in individual animals.

[00190] Young male rats were studied first, as a model of mitochondrial biogenesis that
included somatic growth. Body weights from young male rats increased by more than 50% over
the duration of 2H,O labeling. Enrichments of bone marrow nDNA remained stable at 9.5-

10.0% through 11 weeks of labeling. Enrichments of cardiac and hindlimb mtDNA increased
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1/2) of ntDNA after |abeling were cal cul ated as
descri bed, supra. The central principle behind the
woredohessi cs of the precursor-product rel ati onBEi/psS1084/021063

that the isotopic enrichnent of a product derived
exclusively froma precursor pool wll approach the
i sotopic enrichnent of the precursor pool, with the
shape of an exponential curve. [00189] Body water
enrichments were neasured serially. The steady state

from §.0%y3.6% o teret Fradttonblsydthiesis (B to mrddNA dione Hindlind%ndRardiac

e R AR Rt AT i
after flaﬁz&léé‘%&’ @ab'éhHQW?tﬁ HFO?ntl botBisSud¥CREh 1R valid 9%}/ llin ﬁlluscle

bi ogenesi s that uded sonatic growt h.
appeaflngmm@tmgamboet‘ﬂ%s i ncreased by nore than 50% over
the duration of labeling. Enrichnents of bone marrow

00sRENA 1 S BBl B SR ek aceat

mtDNAD %pﬁ%&m@nﬁﬁﬂ deiudht B ﬁmﬁf%ﬁé’ 860 btubliRd ofdeRGhdiPRedtable female rats.
synthesis (f) of t from hindli nb and cardi ac

Body weightsover sine wiere selatdvelpstabletin these apmatsx asmdped:tyd,zmnls Oﬁ&y a10%

‘ increa\?\% ?ﬂ&%o ;L%gsl%%éé/ ntdh o'nt%ﬁxgars)faw}t/ g elmlﬁlﬁlva S were sqable and

not diffurent Romnpentrgngalt atp) msm vidre %Jgﬂ%d #1280gh[ WEkDLES Z'H&O labeling.
rder to distjinguish between m synthesis fel at

In cardige mugelgeth S@E synbestf (R 0V e pevalies Stwaeksl efb éiuﬂ)ahbelafg was
greated H&WSG@OQ‘@ gftmt rqr?ats 6% d Ok rMS@slcf%hﬁnﬂ?I Vgﬁlyge)ﬂgeglg B’Yaé sjmpjlar in

Ime were re
magnmlltteste samamgls)wtbﬁsoeaymheiledxdepﬂﬂdbntwﬂ growith:orion ae@asstrated by this

the 9 elin eri od. Bone marrow dA
meanseyﬁ* Eﬁﬁgmst%}m’gsg @éﬂ%@é}slé’v%t Brie)-4%cPer gy i Jardipemusele.oivter correcting
forsBp Y EBAYTEIPG 8 nTLSRARS BN APl D K UA S i

musclsymtﬂh@s vas gloaut 02086 dwy\bomfsteﬁt withadrkslifelof Ba®MahysTor MEDNA.
greater than somatic gromh (ca. 10%. In skeletal
rruscle 5 Welsvvas S|mlar ' rragmtudeto )

not dermnstrat ed by this neans. The rate const ant of

[00192) Nt heghs ﬁ%@o@b%h&lsﬂo%nw;\ dRY rﬂtDN%afnCEaﬁﬁaM%l%ﬁdhmb muscle

After correctlnag or somatic growth (10% over

were couanesgd intvriglestably female xfatsadilgbwraslynmeps tesE DN eompared to

connf A B 2 %00 ey g 8 P pincims

muscletisies (Eig N fSvtd) 8Bdlstal MusBis EDR AL éyﬁxﬁ&é&s%s%?%%r itude (ca
neasurfemgent [00192] The fractlonalmgént hesi s of ngﬁ%n (

5% after d waelmAhamwhale body: sematicgrawth (o8

muscle nDNA synthesis (ca 10%) was of similar magnitude as somatic growth. The observation

ah ghese animals, whereas cardiac

that mtDNA synthesis is greater than nDNA synthesis in these tissues is important because these
results are consistent with mtDNA replication independent of cell division. If mtDNA synthesis
is corrected for new myocyte proliferation (nDNA synthesis), the half-life of mtDNA in non-
growing tissue can be estimated, as was done based on somatic growth (see above). Calculated
half-life in cardiac muscle was ca. 350 days (replacement rate constant 0.2% d!) and in skeletal

muscle was about 700 days (replacement rate constant 0.1% d™).
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were conpared in weight stable female rats. Hi gher
synthesis rates of nt DNA conpared to genom c DNA, by
wab@man3®siol d after 6-9 weeks, were observed i PCDUB1904/021063

cardiac and hindlinb nuscle tissues (Fig. 5. O note,

skel etal muscle nDNA synthesis was of | ower magnitude

(ca 5% after 9 weeks) than whol e body somatic growth

(ca 109 in these animals, whereas cardiac nmuscl e nDNA

synthesis (ca 10% was of simlar nmagnitude as somatic
[00193F owt h. Tiike rdssley soafiranelatiodly sloNAngesish&ss 6f hifdlimb and cardiac

reater .than nDNA synthesis in these tissues is

mUSCEgerPa%}Nféﬁ% nyygRd Rl Thedemprd (] ¢-s replascmgnisin dhaghsengetaf somatic
Li . . i o .

v} R S5 BBk st BRARETop BF nfiBNA B0 TA W nthkdis in both cardiac
and slpriethl hescd (g 4§ nEdMatiyarowesoft)ssud feeotnsted fdriab&utg&‘O"/&bDNﬂ)NA

in ngr ow ng, ti.ssue. can._be estimated, as was done
syntheis Qﬁlleg@%@gb@é—flgwmﬁ%é%wanfévésablecatsemg&fl@atween 12-24 months
for o L s B 15 55 c st Jof AXE ifoghopydria added
duringrgsotth ofiissuebout 700 days (repl acenent rate constant

0.1%d ). 53[00193] The results confirmrelatively

| nthesis rates of hindlinb_and cardi ac scl e,

EXAMIED [ Refisige o sypfhssmateia) linose Bssuernsph-glserides and
in the abggjiiem @fDNQTE?htlfésﬁfiﬁMlmr soRRTicHRGMEst 0 occur,
based on conparison of ntDNA to nDNA synthesis in both

... cardiac_and skeletal nuscle (Fig 4). Somatic growth of ]
[0019¢] ssue Thecbisnts of an srterpion GUbedyfcomposition gredvakiated bytthe relative

o PR 8 LR s B e o

other BbIBAtiEtissues Biirhulxitdryof mhdchs profin aed DNA dy@theSi8With suppression of
m tochondri a added during growh of tissues. EXAI\/PII_)E

adipoge tisue Higlyrerdgsighesiam forexpmpleatailecista heapheialeherapenis effect for
- gl i i : s h .
oS5 KGR L SR AL SR PO S OGRS S50 e ity

Synthesdserf\adiposotissaa tripdyberidenmmisirbietnady BNAVial sumb B tifyied i@ measured
tive synthesis rate of acyl-glycerides in_adi pose

I
concryyeaily by aduiinglerpg |ahelgd aatguand deigtting e arernaration ¢ithe isotope label
in adig%%qmgé@?{'tgﬁ'cgﬁée%%tﬁ ﬁrtﬁéih'wl[ﬁu\?ﬂ s@{mat Ghé&, Protein

esi s w suppr essi on adi posée tissue
triglyceride synthesis, for exanple, reflects a

[00195¢nef i dicat webleoldpfeutale G57fbégjtmice (Jaakmentsabs BahHatbor, MI) were

. .;apndrogens or r J . pant owt h hornone_in tie .
aiviegy ofe L Bregs iy TGN | 1ot EHUSHE BT o UADIE] este (ob/ob, leptin
treatell rowby@snep;?ﬁd ok re&AbRl Bbgmogﬂ% Al nSOdRE b PR idually in

are measuréd concurrently by ‘adm ni stering
hangipg mare cages atettgivdn fivgg achessitmeatepoiThe light aytletvwres dnsfioéromeon to

mid&gﬁﬁ%%?@ﬁ%ﬁ%&ﬁré Igv%g z% l*a.cﬁke_tg lv%rceeﬁ'gnq %Spu?i?lgd Porrg"}u ail \?Vltﬁ r1 g

“dustless” pellets used for the ad lib fed animals and 45 mg for the food restricted ob/ob mice

(Bio Serv, Frenchtown, NJ). Mice were given 3 days to acclimate to the environment, during
which time some weight loss was observed. After the acclimation period, food restriction or

leptin treatment was begun and food intake and body weights were measured periodically.

[00196] The food intake of the ob-r group was restricted to 2.8 grams per day. To avoid
the possible confounding effects of meal feeding in ob-r we administered their food in a

continuous manner. Hanging wire cages were attached to automatic pellet dispensers
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[00195] Four week old, female, C57/bl6j mce (Jackson
Labs Bar Harbor, M) were divided into four groups:
WE2005083852 controls (con), ad |ibitumfed C57/ bP@J/US2004/021063

(ob/ob), leptin treated ob/ob (ob-1ep) and food

restricted ob/ob (ob-r). Al mce were housed

individually in hanging wire cages and given free

access to water. The light cycle was on from noon to

m dni ght and nean tenperature was 73 F. Diets were
(Coulbpwm Iastpumérfts, dlehtowniPA) which debivsred ess45 pg) petietevese2B minutes

for t d li.b.f nipal.s and. 45 fqr, the food
contipBlel s B potirg bTEE TaaeoSEFdom beben Sieymarionisythe it f labeling
with i gi ven 3 days to acclimate to the environnent,

during which tinme sone weight | oss was observed. After

the acclimtion period, food restriction or leptin
[001%7] eat n¥Ph-lepamich e@qweémwrfn@d@ptmﬂt aldosanfi2 jkgiday @eangm ’s“housand Oaks

I 0Q196]1 .Th k
O (R e A RN R
subcma»ﬁébﬁ’sly hehepamp lﬂkl@ve&i&ﬂi eetFhiubEs BfisRA! S 10Hti 5 uﬁﬁﬂ'sﬁ@cutaneously
-t we admnistered their food in a continuous

ata r%ﬁﬁ@?ﬁ rhpgsdiowy ptia teatent alse degant adaysPrioo taathe brginning of labeling
with Rgl0. et di spensers 54(Coul bourn Instruments, Allentown
) which delivered one 45 g pellet every 23 m nutes
conti nuously for the period of study. Food restriction
[00198gan Mni:awer@mjmted with Pig, G {deuternéd Wvatee) dtaglows tdackiete

9 d | ept t d
approISoly 24 ST PR GRS CTRRY. (kp nopa i iingayeter was then
replac%ld%ﬁEh Whidt e | 't(94%ui]?0( A#I%(Z txggt'ir&nt k 190 fh %t &¥ood intake o body

I mpl ant ed subcut aneous punp del1ver
weighto ﬂ"wentyew dayk lﬁtslicmnng)thel stgut 0ﬁ12Hz0 ddiminigtration, mice were fasted for four

h subc %Ig{? at a rate of ?f{n g} hour. Leptin
oursy ?Iéea 0 ?f%%@%glbw vig Qeqr eu%@qenﬁ?}/h@mmble urine
wascbgg@édaghg\ggrgbﬁng [00198] Mce were injected with HO
(deuterated water) at a dose to achi eve approxi mately
2% enrichnment in the body water pool. The nornal
d Blead measumareantsvas t hen repl aced with water enriched
to 4% H O H Otreatnent had no inpact on food intake

0055 POl TR R K3 L YRS 8] bl

Plasnayigsilineindd€slindstdys ivedd hatfnRd 3 sy SRS reltaLﬁfélo ‘fé@arch (St. Charles,
heart puncture. \Wen possible, urine was collected at

Jthe same time. Bl ood measurenents [00199] Pl asma
gl ucose was neasured with a YSI (Yell ow Springs, OH)

a%cﬁbo.af@ ?ik.%é%eparation and isolation of adipocytes

[00200] Fat pads were isolated and dissected according to the following procedure. The
inguinal fat pad was defined as the discreet subcutaneous fat pad beginning at the base of the
hind legs and extending up to the rib and back to the spine. The perimetrial fat pad was
identified and dissected from the ovary and uterus. Mesenteric adipose was removed by
stretching the intestine out and gently pulling the fat and lymph tissue away. Retroperitoneal fat
pads were located behind the kidneys and extended down toward the top of the perimetrial pad,
the upper limit of the uterus was used as a boundary. For inguinal and retroperitoneal pads, the

left and right sides were pooled for analysis.
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Plasma insulin and | eptin assays were perforned by
assay services at Linco research (St. Charles, MJ).
W@E\d0p033851 | ssue preparation and isolation of aPkPUSIN€621063

[ 00200] Fat pads were isolated and di ssected according

to the foll ow ng procedure. The inguinal fat pad was

defined as the discreet subcutaneous fat pad begi nning

at the base of the hind |l egs and extending up to the

rib and back to the spine. The perinetrial fat pad was
[00201dlent | TB@@ raarebval celiewére dsoldtedfrotehokial Yind fbnitir U8 bone was cut and

Mesenteri ¢ adi pose was renoved by stretching the

the cengrextpded Wit Bélﬁm%ﬁl Ssth Solyin (RBSS  msimg @ A6ygayse needle. Bone

BN B4y AR 8055l 06 80P M8 ghORRLT 4, i

Q., Cedue, Ipell\lntam rH. AleepBd, MiskR, IipPeel, Ki ﬁﬁehrdmﬁ S.h&hali{ B, 4d WeBerstein, M.

oun For i ngui nal ‘and ret roperi t oneal
K. (2@334" ?ﬁ@c ggﬂé‘%l%ﬂt si des were pool ed for
anal ysis. 55[00201] Bone marrow cells were isol ated

om t i
00250 e T, BORE R B BS with ol
in prg WEIgHEyd beniyr ésokBiogad geature edlﬂpecyt&n&wozrdmg m/ﬂu@fﬂéﬂMS)f Rodbell

(Rodl%eﬁggé Ie(?g@t.le gioli Sé’#peng Efﬁg}%}%ﬁfk padggv%\rl\%ylpgp%cp Spn minced finely in
a glads@Rsh With a Mz%?biade LThe Eﬁﬁc“eh ’tlsskﬁe’wzigcﬂMc@H in 3 §1L oﬁilﬁ'Ss aRd 300 pL of
and Hellerstein, M (20 Anal® Bi ochem 2
1% Type Ilmﬂygenpm’mqﬂunmhwas mi df a?isswaglmulsesabau 39 for up to 90
with calciumi

minofel? SiBbef SRR DBRER pishette W b SR FeFredo Blues. Samples

were ﬂfeﬁ%pdlh BIQB(IOprrhI%r 'FBtnﬁﬁﬁ’tle céadhghfiod ﬁ@ﬂ%h'ﬁue%ay@ﬂsgﬁ e tube, with
.. Biol. Chem 239, 375-380). The pads were wei ghe

clear ﬂlﬁ@rpﬂﬁhﬁ&m ap PReqUg adipogytgIcarteiningsiaciionhn thernaiddie emdmlunon below

s PSS AT A PAARET e T RS0 B8 o s

careﬁ]ll}swn&)vw&ohﬂ!he gitiéld fRictiGy arddfroA¢h. SabRQusitibicRScopic analysis
| es. were m xed by gentle pi ppeting wth a cut
revea&ﬁdgg@tttbls Pvepsel sid netrommictelRapmevesallioanal veprudgs somppnents (see
rpmfor mnutes. Centrifugation results in three
dlscu?%é}gfs in the tube, with clear lipid on the top, an
opague adi pocyte containing fraction in the mddle and
a BN udolaivnhelddaieriviiation fomadpekd edllsof cel lul ar debris
and stromal -vascul ar cells. The adi pose cell fraction

s car, v fromthe mddle ction_and
002685, ey ﬁ@f&%ﬁ Sy %aéw&%swes thawed gavi §v00 pb raspigetted in
duph&aﬁé t® Et@ﬁfé‘iﬁ’t‘: vx@iél‘leﬂ pERITPH ED& é’)déﬁ{?ﬁﬂ?zeﬂl e dry weight of the sample

tromal - vascul ar” co onents (see Cussli 0
was determmed and then the samples were dlgested and DNA isolated usmg Quiagen DNeasy

tissue kits. The yield of DNA from each sample was determined with a Pharmacia Biotec

Genequant II spectrophotometer.

[00204] Ten to 25pg of DNA was hydrolyzed to individual ribonucleic acids and isolated
deoxyadenosine reduced and acetylated. The resulting pentose-tetraacetate (PTA) derivative in
ethyl acetate was injected into the GC/MS for measurement of isotope enrichments of the

deoxyribose moiety of DNA.
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DNA i solation and derivitization from adi pose cells

[ 00203] The frozen slurry of adi pocytes was thawed and
wWO00208681. was pipetted in duplicate into sterPCEUS064/021063

wei ghed Eppendorf tubes and |yophilized. The dry

wei ght of the sanple was determ ned and then the

sanpl es were di gested and DNA isol ated usi ng Qui agen

DNeasy tissue kits. The yield of DNA from each sanple

was determ ned with a Phar maC| a Bi otec Genequant 1|

Lize ye gnady [ pH>Q 0 25ny of DNA was

hydrolyzed to |nd|V|duaI ri bonucl ei ¢ aci ds and

[00205 Zg Iu|a %’a@'ggse[ o e [ ga?grg ?oq](og% ﬂ%%é’db% 1grgmti|;|1811agenase

eri va In

Betweent 1 ho %eéfqi;ﬁ‘d was rdnﬁb\%ﬁtaﬁﬁi flopérointdaes @Bﬂﬂ\ﬁepﬁaﬂe containing 0.01 %
measur enent of isotope enrichnents of the deox r|bose

betahydmxﬁvmem Bhia solptipe piag eXtraciad with 4 ml chlpapipsmswater (il alhe

b 528 SR 0 BRI RS B b o s

metharloliB Htwsagmermuﬁch)am §5% € daedv inin. d&xtty%ﬁhheﬂhgbesmmwere separated
cont ai ni n’g 0. 01 % bet ahydr oxyt ol uene. Thi s S tg} %

from glygerobRy Falcheytragtion vaithihe amdsfication that gfex rather %ﬁ%ﬂCI was used

for the AGYEo0Y ?{1 e ﬁﬁegﬁgeo% ﬁﬁé{g%@ﬂtaﬁmg ﬁ:ﬁhe%lklbfﬂ'bfngsr ﬁ\@ﬁ RPBhMBEd and the

ranse atron met hanol i ¢
glycerc(leﬁVﬁite&ltd glychol &I-adﬁe’iaté)bf' aricubftion with Eeﬂtbwby;drcﬂemﬁqlgaie 2:1, as

|
deseribgd el apBFS (ANTRI Mool FHEaR, S 200 SELVEIReE. M-AARED Am J Physiol
265, Ekf@@(a%'flﬂgghaé@%n Lhififle B0y dclieme 9?95%'&3 RA8esnceABfted under nitrogen

agueous se containfng"free gl ycerol was then
andmjbgrte@thréatlyedtoathelGGﬂMSgl ycerol converted to glycerol
tri-acetate by incubation with acetic

[0020@ E|2|y |d rz:}gf)eefnﬁr LIK}FII'} in g@"e\gger \%gr%%éaglgr%g i iaﬁ\v?\‘gliomoeﬁhyﬁne derivitized -
from p}ia%gr% b M@s!cﬁbe@ﬁﬁletaiﬁéléeva%% (Nebbe Roassile oBt@| Teag, D.,

atty acid-nethyl esters was concentrated under

AntelopFt, Logdd., Mistl, hi detebdK dilekreni, §.»iShels R-randdiyllvsteipod286(2001)

enr,i c ody water were nmeasured in
A”alBl’%‘th %nﬁa@ lllé/% gne derivitized from pl asma sanpl es as
described in detail elsewhere (Neese, R A, Siler, S
Qze/Ms anblysd?. ., Antelo, F., Lee, D., Msell, L., Patel,
K-, Tehrani, S., Shah, P., and Hellerstein, M K
01) Anal Biochem 298, 189-195.)

VB
wozovﬁoozmw@aé? R S oI MRS A BT B Ao, CA) were
used ftgﬁrgéa{sﬁﬂﬁg 1S0 ?op?c SlBmetSot YRLErol-triacetate fattyacid -methylesters and

tetrabromoethylene. Glycerol-triacetate was analyzed using a DB-225 fused silica column,
monitoring m/z 159 and 160 (parent My and M;), or m/z 159, 160 and 161 (Mo, M; and My).

Methane chemical ionization (CI) was used with selected ion monitoring. Fatty acid-methyl

esters composition was analyzed by flame ionization detection and for ?H-enrichment by
GC/MS. Tetrabromoacetylene was analyzed using a DB-225 fused silica column, monitoring
m/z 265 and 266 (parent Mp and M; masses). Standard curves of known 11,0 enrichment were

run before and after each group of samples to calculate isotope enrichment.

[00208] PTA samples were analyzed for incorporation of deuterium on a HP model 5973
MS with a 6890 GC and auto-sampler (Agilent, Palo Alto, CA). Methane CI was used with a
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used for neasuring isotopic enrichnments of
gl ycerol -triacetate fattyacid -nethylesters and
wo edosakisenoet hyl ene. d ycerol -triacetate was aPel/ygmwa4/021063
using a DB-225 fused silica colum, nonitoring nlz 159
and 160 (parent andM), or nfz 159, 160 and 161 (M,
and M2). Methane chem cal ionization (Cl) was used
with selected ion nonitoring. Fatty acid-nethyl esters
conposition was anal yzed by flanme ionization detection
30m RBR@26@ohirhrennder betected foy rBiHitdRing Dftni/a 24 H-2Y6 Gepick@nmgwis M, and M,
apal.yze Si a DB- 225 ed silica colum
maSSfi%g ﬁN%‘&F*}q ﬁEufffragC% 68PERHA @Ségi(%ﬁwé?ﬂwgﬁ neagred sqneurrently and the
cxces PN UiciRee Bl e AP0} SAPISS AL By e ) Qlfercnce
(subtrectranodfitberM; 4b00ED8¢ niedhirebimphe snexeichedstahdezd frofmthe M, abundance in
i ncQrporation o }\gAeuteri umon a HP nodel 5973 MS with
the sazppico&08e MARP v QNG samplesoyere Age piswtitanespisly andiused toappresent a
com 8P fedrlco t ' i ]
° pjsgge}lgct ed i omﬁ?ﬁ? ﬂgﬁé?‘ Sﬁéﬁggﬁ@%&ﬁ%{g@g@eﬁﬁ% %ceﬂ
replacementand masses). Natural abundance, (unenriched) dA
sanpl es were neasured concurrently and the excess
abundance in the adi pose PTA sanples were
atcorated by difference (subtraction of the abundance
nmeasured in the unenriched standard fromthe abundance
| TG Heraepl e) . Bone marrow DNA sanpl es were run
si mul taneously and used to represent a conpletely or
ar-c letely turned over tissue for calculatin

100208 ac | REIPCEENTRISES Bevly wathesizahdwing tealadgling P@i@?"?’*@ calculated
L TR e —
estimge deumaximap poabyotptotiel eaticlmeitiip TGrglydest r Thedlgiopship between body
water 354 ik el A ek rErmes gy Berrofcirmied eranehoamistoral
analy 98 IARS B RO AM bR aﬁlsﬂ%sigﬁgl'q@ran dAshifeRent of 100% replaced

enri chnment” has been determ ne ough conbi natori
TG peoiatfjesileng-teams Hh ©detmpioge Thel glyteobmoiety ofunayliglgiesiddd Mdrporates 2H

from fid éx;ba{é éﬁ?ﬁg@gﬁﬁ?ytgﬁgfmé 8&‘%@{5@? g?ﬁﬁfggf‘yﬁzg O S0of ek Hiange). With n=d,
the asf@ptoliicypdRletsiad, ERERRRAl @Idgfl(s :Ela!‘é:ﬁf&'fed' tgtbg Fﬂgg—t}-{?.éﬁﬁﬁf@ 3%519x +

ydrogens in its CH bon ., n=
0.000&xelran g epvalnnteasuredibodyreatasgmishotent; agd Myes odlculated as (m/z 159)/(m/z

[ t..1S cul.ated to be = -7.4625x2 + 3.3519x +
159 + 30500 Sttpd of PG Bneadyubosizty BeR FolEwRedont |
and is calculated as (mz 159)/(m z
Fractional synthesis (f)= EM1/ A,”.

Estimate of net lipolysis

[00210] Under steady-state conditions, where the whole-body pool of TG is relatively
constant, TG synthesis must be balanced by TG breakdown, i.e., lipolysis. TG synthesis,
measured in this manner, can be used to estimate lipolysis, however, if there is non random
breakdown of adipose TG (i.e. last in first out).several cycles of TG synthesis and breakdown
could have occurred for any newly synthesized TG molecule present. For this reason we term

this measurement net lipolysis. Moreover, the animals studied here were gaining fat mass, so
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159 +160). The fraction of TG which is newy
synthesized is then calculated as: Fractional
waymshesss (f)= EM/ . Estimate of net |ipol ysPGI/US2004/021063

[00210] Under steady-state conditions, where the

whol e- body pool of TGis relatively constant, TG

synthesi s nmust be bal anced by TG breakdown, i.e.,

lipolysis. TG synthesis, neasured in this nanner, can

be used to estimate |ipolysis, however, if there is
that a comrectianfio thebchmake tvpood fizadi ippsedEGettimate lipalysisirate$ fromtlabel
. out,).several cycles of TG synthesis and breakdown
mcorperaHPlanﬁa%ﬂB@e‘érred for any newly synthesized TG

nol ecul e present. For this reason we termthis
Neﬂﬁg&'jﬁ@@ﬂ‘@ siifthedizedl ¥@laSeundie@ver, the animals
Sstudied here were gaining fat mass, so 58that a

correction for the change in pool size is required to,
[0021Kst i nelingh¢ Faselof hesleptin eated wipelinpdich HE aetpised Was A negative value

. asurenment.s.~Net.. L. pol ysis 7,16 S [ - .
(. DRRE T ORARED TG0 et iced 1 e JURMAT A E B ose P sty thg e
lipolygﬁﬁﬁg,i n which TG retai ned was a negative value (i.e.,
body fat was lost) TG synthesis rateis added to the
quantity of TG lost to yield the net lipolysis rate.
[00212] DNL (fraction of total and fraction of newy
synt hesi zed TG [00213] M DA was used to neasure
racti | 600 ' f mﬂ,ﬁﬂ'zgﬁ%@- S
“mné]escri%@g“(supr%]?%tg?%ﬂaﬁg%ﬁ)n%fﬁent ; . 5{%%%86,
herein incorporated by reference inits entirety. H
[00213]abel | MIDWawasssed to feedned fradtiomab BINE Uffon palehitateafzein @dipose TG, as

. neasur e M DAl & the fracti of .stored.
desorifed ofly A0 Uoh PHED JRc i 0tn B P Ry et s
entirety@PALO MbeRLE Walluselili s val ue does not represent the

proportion of DNL in newy synthesized fatty acid

stored, however, to the _extent that pre-existing fat .
[00214)s pr edhnealcutpigd fagtionah BANIDREasured lbb]&IBArféBﬁeé@éﬁﬂle fraction of

Lt he re-existin G i . .
s B L ST B AL SR v
does 100 fepestntahe ppoitttd dIMINWD it héwly 8imthésitddafatty acid ewlrad, however, to the

st%/nt hesi zed. The ratio of DNL-f to TG f reveals the o
extenttthater¢-gxistindfat isrnsesenin Thah sy shprr BNLS 1fF sepdd represepieither pre-existing

S S A
correchiph fhahé pRgorifon of TG Biaf B.néwdy syafl¥sizedt The rdtload DNE-f 36 ¥G-f

f measured di rect'll\}i.
reveals the true fraction from D

in new fat storage. If the fractional DNL contribution is 35%
and the fractional TG synthesis is 70% the true fractional DNL in newly synthesized TG is

0.35/0.7 or 50%, rather than the 35% f measured directly.

[00215] Absolute palmitate DNL was calculated by multiplying fractional DNL by 0.8
times the weight of the fat pad (the estimated fraction of TG in adipose tissue) then by the
percent palmitate present (measured by flame ionization detection). This value represents the

absolute amount (grams) of palmitate synthesized during the labeling period.

Adipose cell proliferation (adipogenesis)
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[ 00215] Absolute palmtate DNL was cal cul ated by
mul tiplying fractional DNL by 0.8 tinmes the wei ght of

wo b@shzespad (the estimated fraction of TG in BCi/psme4/021063
tissue) then by the percent palmtate present
(nmeasured by flane ionization detection). This val ue
represents the absolute anount (granms) of palmtate
synt hesi zed during the | abeling period. Adipose cell

roliferati on adi po zeneS| s) 59[00216] Fracti onal
[00216] posidaghiang! aippsercell arolderation waasadenlaed as th EMeirmdipese DNA

diwde@gﬂ, Emﬁﬁ% S usg/ggﬁer e oﬂogg?%?rlg Nﬁ‘ew va euré—lgg s the A

value 1add;poseDl§MA81ﬁ¢mbImabmrﬁ)vﬂaﬂrsm nelyscoatpieteigatplyiced after 7 days in

Iet aced after
mice. é@?@ LWFF&%Sé"%ﬁlCEgiteéltﬁYa‘PEﬁ‘?PWnMeth%PynﬂgyntheSIS by
d aI synthesis by the total nunber of cells.
1he“n%g§ﬂﬁ%§ 5% 17] Figures 5 and 6 show the results
indicating that three separate netabolic pathways (de
mteswlis | pogenesi s, adi pogenesis, and triglyceride
synthesis) wer e measured concurrently in the same

def i d
i RS —
(de no¥dKpdgensdis, bilipBgdrasis Cadtbleéedt Shitess) Q&re'rﬁﬁsﬁﬂ%d QBncurrently in

t hese aspects of ad] pose tissue netabolism EXAWP
the samq gigpeEBienh Jeaptis defipien¢ysandseplpcement llrstblenpfrdﬁll ﬂlmeataﬂmv\ays similarly,

oI, kB PRt B4 54 bbb L3 S

metabglisagr essi ve repl acenent of lung by scar tissue
(collagen). The inflanmatory or fibrogenic signals for

gen dep03|t| on by pul nonary fibroblasts are ‘
EXAMEE 3 Lvhs cplieseoguntibis vanhrablashpyoltferstian GRYA synthesis) in
di ffer bﬁﬂwwn@ﬁeﬁfﬂlﬁlﬁbrvblﬂﬁséﬂ fge nunber of
activated fibroblasts vs. a normal nunber of

[00218] nt r i AYFdw Higease pbmhytpézesim Pregiessive teplbbmentof 1y sy scar tissue

: : the rat f
e S G RE BB ot sSPBA bo B inSnar
fibroblhdtoaetinREGwiRr Thé %ﬁl&@édn@ﬂs adNDemy LR PE! Shy tin?épbfét%eﬁ Bndividuals

rati o (coll agen: i ndi cate hypersynthetic
with a fargs mnbes € acta/atqdvﬁhrablaﬁs Wé- tammg}nm jofiingrinsi¢allysnérer

ryper SRR A APELSL TRtk 53K SRR E5uRabe L o ne
conagemgﬁmeasl frloaMELOrenhd satdsyof Ay ﬁwrsblagﬂpmlfe%%h@BNw&ﬁﬁhems) from

and detecti ng the incorporation of the |sotog
H,0. g ratipyenllagea: INA) would indicate hypersynthetic fibro lasts a low ratio with

high absolute values for each parameter would indicate generalized activation of fibroblasts.

Both collagen and DNA synthesis are measured concurrently by administering labeled water and

detecting the incorporation of the isotope label in collagen and DNA.

EXAMPLE 6:  Ratio of protein to mRNA and mRNA to DNA synthesis rates in a tissue.

[00219] The relative molecular flux rates of protein to mRNA synthesis reflects whether
translational vs. transcriptional control is responsible for changes in the expression of a protein
by atissue. Similarly, the relative rates of RNA to DNA synthesis by a tissue distinguishes
between transcriptional effects vs. cell division as the mechanism responsible for a change in

total mass or expression of a protein in a tissue. These rates (protein, nRNA, DNA) are
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EXAMPLE 6: Ratio of protein to nRNA and nRNA to DNA

synthesis rates in a tissue. [00219] The relative
worpdososdeszr fl ux rates of protein to mMRNA synt hBGT/BS2004/021063

refl ects whether translational vs. transcriptiona

control is responsible for changes in the expression

of a protein by a tissue. Simlarly, the relative

rates of RNA to DNA synthesis by a tissue

di sti ngui shes between transcriptional effects vs. cel
measufidWopt@endly Hyhentinislesing Sabeled spmersindldetecting thedheorperation of the

total mass or expression of a protein in a tissue.
isotopq hbs}lemrm?tégh(‘m DNANA, DNA) are 60neasur ed

concurrently by administering |abeled water and

EXAI\g ' nQ( @ of, ﬂ‘;@&%@é %%@Eﬂc%\fm glgﬁrg fﬂ@b&felﬂsrhssembled by

trlglycer andfatty aci d i nput |ntoI|poprote|ns

[0022@:?;"}0 d %@H'yo Ie%/yg ée)l}sﬁtg%yl_g}gfelﬂg ﬁi{)éaﬂ{cles nﬁthe liver

underlhés‘iﬁimﬁ%ﬁﬁﬁ bf lﬁﬁ)eﬂﬁﬁ&’enﬁlﬁﬁﬁﬁ ithe It getifoit lpypd)hmdmrmtheraples Hepatic
the target for hypolipidenc therapies.

VLDIawemblyanlVQﬂ the synthesisafiwe vrsal dJasses @@@F$§%¢%& %Fsteml

choleﬁt?rpg?ig%&%g@egg eﬁb‘g}’qﬁﬁ‘?&ﬁ‘gﬁ’f&‘gﬁn@%@ %m@ﬁ‘z@sr iwolve more than

one bkbﬁﬂﬁ&ic\/;ﬁ&l\ifafy\/(e]gv,eyﬂﬁwﬁs vhfatty acid doil asylrglieride npxaetﬁnmy the
synt hesi s of acid a

asse. @ﬁmgg(cqar#lq and phe p Ozfynmenpl@og E@&%ﬁ@%t\%‘af fatty acid moieties in the
synth%os &pcﬂgiest%ﬁ% telssé b?ﬁea Vatie Mﬁﬁﬁrﬁaﬁq{ aligidedlibyappehncto be due to

ies 1nt chol esterol -eSters
alterafibd frﬁhﬁetenvperthwaysem this listinTie fwme:allecbfadehalab’shmﬁelarc hypertension

it LTS S8 DNYE,50 Ut e
carbo cﬂgfe-lﬁ@ﬁ:'ealﬂ é&[l{gf&ﬁﬁsmﬁ&ﬂ c'h@ﬁ%g Ph piteesTitAglybéridéusnthesis,

excessi ve etion of forns, such as
fatty aoad bpmyeﬂ;rsaberem@abﬁdnglypmdeas ﬁrmm Biye prediucsion rates of all of these

compapehEemsastsed Fanrasin By Himipig iR BhESE biter ofjtediiy the
inco Jrgl%iﬁgf iRe 1%@?@3&&f irPdach Qfﬂfehﬁélﬁ%i@ﬁlrfﬁ@l@&ﬂbéS are

sured concurrently by adm nistering |abel ed water
and detecting the incorporation of the isotope |abel
EXAMPEESh oDetioxo bipogangsis spniriution texdiposaiet gccgualgerrected for new

novo | i pogdipesé wriglpeeridelsynthesist o -adi pose fat accrual
corrected for new adi pose triglyceride synthesis.
[0022[1@0221]T}Bt©n&mmt1bn ol drndvodipogenassu®NL)pugadegsingus synthesis of
i.s of n W fa

new 489 BERR{ah & BYTRHE DGy post s RPel i Aty ks BRESlon offay
amdski fkg)?égﬁ%ttg :ag(%§ ?letlgﬂlcglf 1ﬁ§1/;125| %Nygg?/é%safg{g)ﬁg ﬁ‘ﬁ;a?ﬂgrglélﬁtrlrgllﬁ?g gl o(;]besny)
The dpey@es respasitiiyJor de novo lipogenesis, and therefore the drug treatment indicated,
differ for the endogenous vs. dietary forms of body fat accrual. Direct measurement of the de
novo lipogenesis fractional contribution to adipose triglycerides does not reveal the true
proportional contribution because the total triglyceride deposition rate must be known. For
example, if the measured value reveals that 5% of adipose palmitate derived from the de novo
pathway, this might represent 100% of newly synthesized palmitate (if only 5% of the total TG
in the tissue was new) or 5% of newly synthesized palmitate (if 100% of the total TG in the

tissue were new). Correcting the de novo lipogenic contribution for the replacement fraction of
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The enzynes responsi ble for de novo |ipogenesis, and
therefore the drug treatnent indicated, differ for the
wepwogswsus vs. dietary fornms of body fat accrBel/UsS2004/021063
D rect neasurenent of the de novo |ipogenesis
fractional contribution to adi pose triglycerides does
not reveal the true proportional contribution because
the total triglyceride deposition rate nust be known.
For exanple, if the nmeasured val ue reveals that 5% of
triglyceeld@ arsthe piasue (1.81, ealcelativgeitie Fationofliees fitty acMGypEsivaynew triglyceride
this_m ght represent 100% of new y synthesized .
synthsis) allews ealeylationohthetme contplntion fxam iy denqvesynthssisto new stored

s e s e AR B e e st nggiched in e

data, ibfi@. de novo | i pogenic contribution for the repl acenent
fraction of 61triglyceride in the tissue (i.e.,

al cul ag i the ratio of new fatty. acid nt hesis to.
[00228E,, {1 %F@%ewb&étssvﬁf@ﬁ%@md %&ﬁé‘s‘é%'?%f%/{ﬂaaﬁ? gfteigincluded
weight tEtHﬁihg}pﬁE g?gi;%ﬂtﬂi% bbaP MabdiBdde< QQY(glrﬁ%f %&%&% of ﬁl?eé:BSl‘ﬁ or

store hese measurenments are perforne
inflampgatonyraoaditions wsthiti the pusvewhs Beneaiths; @odd igentiraldteelth,invrmalescreening

taborgigry Resst (Ehe sty Ao e comanece Dloe LoPR, Ry FeGedeatittibility to give
inforntddeddinkdrit Y Ek€lnsioR cHRAh REnsiNQHYT pFRst hidtOf nfetdfdlic Whsdker (diabetes,

_absence of infectious or inflammtory conditions
obesityj hyperipidrinip) exotbersorgamsystensdisepse ivgeriadudy, hag) eth.); use of

e GRS
pheny®i¥ SadréePdilBEe RS A8 ensEXEIHEE S5bnd, b§tﬁfgeg}3,‘b‘i’ Bl SbehcBftives);

prior history of metabolic disordef (diabetes,
inabilp és givy infhymet ¢anpérde A tajal of 1Dsubgectendend thesttedy. diwegaps of
liver, Kkidne un tC.). f di,catiqQns w
healtty syt 31or6 Bted: E9p f atiding SR Bir Fras ired)t Brothr 2 ta=10) took
the ZHIOLPS RERs. WRIAALA WbjetRtWithSa raBBE DY b&y fat, FHi KA ﬁfios, and

agents, androgens, anabolic agents, estrogens, or oral
bloodgagiahdditemeasnearnents inathis|initigl suoveyi shady, witbrthethtens 0f exitoduging

v S PR BT HN% N T AR B

groupVte isle (RGN 2 calisiudd of téméR) Bb@PKeidhewhs MehfirePatiBEKSinning of the
We included subjects with a range of body fat,

studyyihiers everp 213 yeekst iBody campontioonanmeatiotd pebieslssiicalimpedance
analy}if s e S 30 ¥ et sl R o SRhimons were

measutad BYeieeSTE GefrdrileH 68pitaPOlnit 4 Uaboraro®es. \well etudies dh@ Procedures received
2 consisted often nen. B

. group.1l, while %reouF ] ] ody
prior gpprejial figaxsthed i Bedgleytand {C BayFranrisep epmpHieastondjuman Research,
Vit 3n RS | 9@71? i bl was mneasured by
and sx&)ﬂj%dg? géé}t%r%an%lnrrpe gﬁggé%g%bae?ysi gﬁgﬁﬂat%ﬁ% begi nni ng and
end of the H O labeling study. Blood concentrations
WEHg0 labeling protocol

[00223] The 2H,0 was administered orally. The initial priming dose was carried out in the
General Clinical Research Center (GCRC) of SF General Hospital. Subjects received a total of
350-400 mL of H,O in the GCRC, given as divided doses over the course of 18-21 hours (70
mL of 70% *H,0, given every 3-4 hours), to achieve about 1.0% enrichment in the body water

pool. The H,0 was purchased from Isotec, Inc. (Miamisburgh, OH) and dispensed in sterile
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measured by the SF General Hospital dinical

| aboratories. Al studies and procedures received
w@eiosw3mppr oval fromthe UC Berkel ey and UC SaPCT/US2004/021063

Franci sco Committees on Hunan Research, and subjects

gave witten infornmed consent before participating.

| abel i ng protocol [00223] The was adm nistered orally.

The initial primng dose was carried out in t he

General Cinical_ Research Cente SF CGen

containeg sprtyeats thep bpakcibmi-ed dPiee a0 tb@@élm@fa %chmé dars, tbepl 36:50 mL

iy o B B 3 G BB R4 3 e

plateau b@d}éﬁ}l}[)eétﬁlchbﬂﬂfs (1.869%.60% see ﬂbﬁlem) withih 15€7 &C}dyn widsesubjects and was
The H O was ucasedfo | sot ec n
well-tol@rMenggb@p@Hecegq)d : 22} ! n1 @ﬁqﬂo&@ﬁéOmL of 70% “H;0) in
L 00k 50 nmL of 70%three
plastic Vt(%iglgrfe%@lgﬁ glg{/esét%r?kigh g’é%;rgfr{ggﬁgbn 35-50 L twi ce-a-day for
t he remai nder of the 8-10 week | abeling protocol. This
[00224]pr ot oCoinphaivicevidsoutpaticpt *4,6xintdlo dyasich@lked throhgleweekly visits (for
h|n 5-7 days in nost subjects

urine a"é‘ﬁah%%"q W‘itasﬁgaf é%’a‘ of iy ngtCQ“? ived the as
i ndi vidual aliquots (35-50r,of 70% H O in plastic

@bﬁé&zon WAbd) WEer schysIEsSshd mo&ge» mRfnob@ey ator. [ 00224]

Conpl iance with outpatient H O intake was checked
through weekly visits (for urine and saliva
[00225]col | eBlapon pr triee samples weta collecisdayeckiyin albsibigotipand frozen in

L .
ctoset S5 AR BR800 TS L mononcts cion

remove@Qifleg 6éteifuprelh. yBlodd aldnosytbs wededselmdd bs QA" ellsdyosed
cont ai ners. Bl ood was collected in Ficoll- Hypaque
1mmunc§mgy)ptle)heaalﬁd t he nononucl ear fraction renoved, after

cent ri fugatl on. Bl ood nonocytes were isolated as CD14

Tl D PSR ror Y PR P aR SRl Pkcrion

fractl on [00226] Adi pose tissue aspiration biopsies
[00226er e Adifose trmdleasplmhbuﬁ)smsl svee erfdrded at wieeks imdrﬂgof ’H,0

intake, {yfqg% re%%@cde cﬁ;éqn reh%?sgygereiwe%eﬁ*{( E?‘R%é%lgg TI‘-’QmeHdL}T Chu, J. Kim,

D. Cesdlzr R'Af‘?tt)l?llio Anfelo A I G¥WHALRS, 134, Wc@@@ﬁﬁd I\/P'HEHMstem Measurement in
l'erstein. Measuremenf in vi e of proliferation

vivo ofpaﬂé“srabbn sitevwfislombweover edllsdysihQ labdlingalf |tlntgde@b<ynb®e mmety of

O Xy NS T T -

sample@ htL e??lé‘g%gt;i— &?gﬂ;{}@% régri%@?)glfnloéksﬁ 'fémora!l P@gl&{ ?Iéiggj fafel& Iﬂgﬁnlﬂreglon
(mid-back). For the fat aspiration procedure, hdocame toplcal anesthetlc (1%, W1th epinephrine
1:100,000) was used. Subcutaneous fat was aspirated with a 14-gauge needle into a 3 cc syringe
and then placed in sterile tubes over ice for processing (on the same day). Tissue samples were
minced with a sharp blade then treated with type 2 collagenase (Worthington, Lakewood NJ).
One mL of a 2 units/pL solution was added to each adipose saxnplé and allowed to incubate for 1
hr at 37°C. The cell suspension was then poured slowly over a 350 pm mesh filter (Spectrum
Laboratories, Rancho Dominguez CA). Adipose cells in the filtrate were then collected and

processed for lipid isolation and microscopic analysis.
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(m d-back). For the fat aspiration procedure,

| i docai ne topical anesthetic (1% wth epinephrine :
w8085 mas used. Subcut aneous fat was aspir aP€rUszoD41021063

a 14-gauge needle into a 3 cc syringe and then pl aced

in sterile tubes over ice for processing (on the sane

day). Tissue sanples were mnced with a sharp bl ade

then treated with type 2 coll agenase (Wort hi ngton,

Lakewood NJ). One nL of a 2 units/nL solution was

adobédatidnofersadbdditespfos massaspptieorsettic akblyyesd t o i ncubat e

for 1 hr at C. The cell suspension was then poured

slimg ovfr ff350 ﬁ: mesh filter (Spectrum
Labo : Dom nguez CA). Adipose cells in
the filtrate were then coll ected and processed for

[0022'7! pi d iT3ahetifledRerePladea3s Rohfes A0A gﬂssrss@ﬁﬂk%t(mme Kontes,
net abolites for mass spectronetric anal yses

Vinelad, §iJy wathd| mbrmethartod yhlamfdsn (D Opar) griuyburei! dampgesous, then

centﬁf\%r ﬁﬁ‘? lge%%g\%tplégteﬁ(\)/nﬁgﬁ; (ﬂ %sa% ﬁtei V\Et% ?m‘L %Toroform :water (1:1).
e alfiidons PRAseGils i RbhRleahd ﬂiE:)hdeT fa@iRAL tedisbdte RGO tion with

then centrifuged to renove protein. This solution was

3N methapalictREL (PigmazAldricBhatHo0€ derOnairer F a(tt:v at)d mathgl esters were

spnc USRS B0ASE RoF LAERIT il o bR i B A in 7
NaCl &k gsat B tHel aqhéo@tphﬁﬁ Cl"lflequ&ﬁlsfﬁhﬁse df)@ldiﬁingl Gled gRRERY bvas then
rs.were separated fromglycerol b

lyophé;?frs and thsrelygerel coneriedde gly@aqo Hiragqiale meelbatpcm With acetic

! used for the aqueous phase. The
anhy aqug)gégi phase\"g@znt aining free glycerol was then

| yophi lized and the glycerol converted to glycerol
t BodpdBOat e by incubation with acetic
anhydri de-pyridine, 2:1 (32). Body HO [00228]

rich n S 1. o ter were neasured fr pl asma, or
00225} "R Sortere oot el ieat PR BATOUBAGRI. A 15-20
L saMiphd wid feact@@ hr%r%@a@@e[t@d ae 49 d?ﬁ}?gsg Mé dl]—géeacgtylene The

acetyl ene gas was then transferr a sy
acetylen¢ gastwaeb them Uamﬁer&th\&mlaa eyrin@e anidanhj ecteah a0 An agac_‘h@tb’nl GC vial

in carbon, te cubated at roo
conta B LBA pitainp i Sotopblet S ik BB et s sateapiire Tor 2 hours
to prod€LRFahoAIteih8ndVaSy iR broAliheZ®5s Hﬂlﬁﬁllmmq- 05 ﬂL 10% cyclohexene in
cycl ohexene in carbon tetrachloride. The

carbon &iiagbion e Theseabroomweiant, sgnajdnobshogtrostams from lubyH,0, was
then a'ﬁ@lyZed\QfGrd?ﬁ&_ anal yzed by GO/ M5. GC/ M5 anal yses

GC/MS analyses

TG-glycerol, fatty acids and H,O

[00229] Model 5970 and 5971 GC/MS or 5973 instruments (Hewlett-Packard Inc., Palo

Alto, CA) were used for measuring isotopic enrichments of glycerol, fatty acids and H,O.

[00230] Glycerol-triacetate was analyzed using a DB-225 fused silica column, monitoring
m/z 159 and 160 (parent My and M), or m/z 159, 160 and 161 (M, to M, and M;). Methane
chemical jonization was used with selected ion monitoring. Fatty acid methyl esters were

analyzed for composition by flame ionization detection and for *H enrichment by GC/MS, as
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TG gl ycerol, fatty acids and [ 00229] Mdel 5970 and
5971 GC/Ms or 5973 instrunents (Hew ett-Packard Inc.,
w@2a008/08465D, CA) were used for neasuring i Sot opPCI/US2004/021063

enrichments of glycerol, fatty acids and H2 . [00230]
G ycerol -triacetate was anal yzed usi ng a DB-225 fused
silica colum, nonitoring mz 159 and 160 (parent M
andM ), or mz 159, 160 and 161 (Mto and M). Methane
chem cal ionization was used with selected ion

described glsewhenedHeFerstein, MiKl, MeGiyistiaserrS Keempfan@l Kletd, KoMy, J. S.

e TR P e ShL GGtk otk e
lipogeresBlih Blumbfd Mhind\dtabife isobpesl) ¢B1 HARSST: 1831-4R290pier. C
Kletke, KWJ.”S. Reid, K Milligan, N S

Hel  erstein, and C H Shackleton. Measurenment of de
[00231hovo Hestrabromdethang evae ghalyzad usingenBBeidSriysest silidaecolumn, monitoring

[ in_| 874 - 991).. 231
i 26300 B R A T i 3P ob 8RS hgmer. sandos
curves 9t kh@an evidhifient Wert fufl befide MlTafl? eacgkodP 6f saMpladi@Nalculate isotope
masses of the 79Br79Br81Br [ parent-QAc] i sotoponer).

enrichmgndndar d curves of known enrichnent were run before

and after each group of sanples to calcul ate isotope

enr ¥ ytic procedures [00232] For all

G(:/%g%hal ,i\&eﬁ{ﬁ% ed sanpl es were

abundance- mat ched wi th basel i ne (unenriched) sanpl es.
[00232The alfomdH & MBaptyses edrivkxsi sahpleswiire Abwraacesmbtehed with

. Wi thi - 2% of theoretical nmass isotoponer ratios,, as
basehn\évI églae:ngﬁéﬁi) éP%BIR/Fre?Ee f(ﬂmggg%c,e rg_ageA_ls,eg &as %}at which, gavpyvalues within 1-
2% of S Rtical MasdMoRlpdmePratioS s descri¥ed &lse IR 8, S. Q.Si

00 Tehr a{%i ,malfq". Shall)%?}eanad M SK. scIlrlelel ersrggﬁ.(ﬁg%%é}r}cgéﬁ r? Siler, D.

Cesar, FhaAntsia B). d et slotMjsell g sRatel p®.cTehoanes B.i Shahpad M ekkeHellaftein.

Advan SRS S8 el B e PN S an co
prolifeR@dR] AME FASLAHADIBE S8 200EY. DARSHaRRRUIACH: MANE] SasBiRt

for which sanples fell within this abundance range
abundapegseachisived theseercutrey havalsl andffor which samplea feduwihindhis abundance

: tisSti | 0023 . [ b
range Vo468 r@PRARTS: R R AIPUOG: 7ol ances were

taken to be p<0.05. Sources of variability in the
easvicehmalseser e assessed by using random effects
nodel s. These included random person effects (that

refl ect between-person varjability), random depot
(002334 1 o (XOHP CAPRATERER WEE BOANQ Wt Stigitically significant differences were

taken t6 8P Bk0.09" YGRRALs YA arBbiA M D heh§EEAYAL were assessed by using random

effects models. These included random person effects (that reflect between-person variability),

random depot effects within each person (that reflect depot-to-depot variation) and residual
week-to-week effects (that reflect week-to-week variability within each depot for each subject).
These models also included a fixed week effect to account for systematic change over time.
Correlations between adipose TG kinetic parameters and standard (non-kinetic) parameters were
also analyzed, using regression models. Pearson correlation and Spearman rank correlation
coefficients were calculated for fractional TG synthesis, absolute TG synthesis, DNL and
lipolysis vs plasma insulin, glucose, and triglyceride concentrations, percent body fat, total body

fat, and waist:hip ratio.
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week-to-week effects (that reflect week-to-week
variability within each depot for each subject). These
worp@es3est so i ncl uded a fixed week effect to apCDUS1004/021063

for systematic change over tinme. Correlations between

adi pose TG ki netic paraneters and standard

(non-kinetic) paraneters were al so anal yzed, using
regressi on nodels. Pearson correlation and Spearnman

rank correlation coefficients were cal cul ated for
Resulés i onal TG synthesis, absolute TG synthesis, DNL

and |ipolysis vs plasma insulin, glucose, and

trations, percent body fat, total
518§ it ﬁéaflé"‘%r(]’glnhlp rati o. 65Results Adlpose ti ssue
TG turnover [00234] The synthesis and repl acenent
[00234]r at esTlgf syattiepis and tapiaemeniGaws o€ adiposeitissee TGomRE Rasured from the

incorpopration O Hinto TG gl ycerol | ncorporation into
incorporpitpRyp %1 in40 Torglyesacl dnswepating inte JF’s%lY6$r0 inggeagegd over the course

of 9 we%?g%dcggﬁél sﬁﬂtﬁéshfﬁ]&laétz oN330.§5 glij Fér% \(v%é( éé 5%3 3 depots

depots’s
sampled(ahﬁ R1O4P.2a1(1 @22%) aﬂaiésweéksacﬁramahl relﬁpdze&m&més dsfaztdﬁﬁbse TG
e ran e .of 0.0030-0. 0045

di T t
were in ﬁ‘ﬁda 4 oy %gr(i:ﬁ“%éi "} iBdiRaneTBletivelK FoRESteAt valges sahp&.r@dlpose

TGOfar'[)@n@fzog_ng@d 200- 250d [ 00235] Adi pose TG synthesis
rate appeared to i ncrease somewhat nore slowy between

weeks 5 to 9 than during the first 5 weeks of | abe
[00235}adni nAélpow TGsynthesis tate applopred te increashamnéwhat picrpslowdy between

weeks 53t ggt Mo m;th%J &kst é)wefegf, V\gﬁsaB% eaé?n?@gtg%t{%ﬁgéo &]%elsu%%f: %ggatched for
blopsmsaeﬂ tofh 236 mﬁtsl?«/as 0.230eT 04884 vk Hpind 0. 85K+ 0503‘7 (Qlkﬁ For gluteal
0. 042 and 0.205 0.099, respectively, for thig

depot, 0g 5} a4 ;628 @m Q2364 8 K2 crespaofively gfes iflapth and Rk :*50 Oé2 a@dso 205
0.099, ré#’n&ﬁ%@’ o 910 %3 %e%?va \getsg\{v/eé? rsrlfog%{}'t camggh%a@gn week 5 values

(p<0.05%al cul at ed to be .80 0.98 kg (n=l 8), with a range
between 0.5 to 4.4 kg. The average rate of adi pose TG
synt hesi s Biassum ng .t he subcut aneous depots sanpl ed

[00236]her ¢ Hacstotad pmeurtipt adippse b sypthesizehang retpinedrayergye weeks was

e85 P50, P ABERIE Ry B0 5% P f4gcpggc o

adipose AiG %ﬂmmt(mﬁmmgahel stingyantads db@bﬁ%mpleBeﬁfﬁt&e rég€Ratative of total
cts were in zero fat bal ance_ at the whol e- body

body faf Sé‘?/‘é’l"’e) 18 fsredpe abplifl-& kmpetiuednahes PR ddy conposi tion

over the 9-week | abeling period), net lipolysis equals
[00237]"€1  Lipolysis rate could also be calculated, based on TG synthesis and body fat

balance. Because these subjects were in zero fat balance at the whole-body level (weight stable
and no change in body composition over the 9-week labeling period), net lipolysis equals net
synthesis, or replacement, of adipose TG. The net lipolysis rate was calculated from the average
value of k in the three depots sampled for each subject, multiplied times the whole-body fat pool
size (average ca. 15 kg in tilese subjects). These values were about 50-60 g TG/day, or ca. 0.4-
0.6 mg TG/kg body weight/min.
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synthesis, or replacenent, of adi pose TG The net
lipolysis rate was cal cul ated fromthe average val ue
W@B00R/0838521 he t hree depots sanpl ed for each subPE&DUS2004/021063
multiplied tinmes the whol e-body fat pool t size
(average ca. kg in these subjects). These val ues were
about 50-60 g TG day, or ca. 0.4- 0.6 g TG kg body
wei ght/ m n. 66Contribution fromDNL to adi pose tissue
I ncorporation_i nto TG FA increased in a
pad)NEro adiposedisiBehbeeks 0 to 9. Fracti onal
DINL (fDNL) reached an average of 0.0200.01.2 in
glute 0~ \0:
10023813 0 clogRtatRTRORG P A A Rafin alon g Bt g Hweifwecks
to 9. Fract@lal DYL @EDNE) r&achﬁcékrﬁa\@r:kge@ﬂ (Hl?@&[)ni)g 2 ih[gmteaAa‘htL(agﬂ),

0400. 025 | fat 410.
o3t oo 53 S B9 Sador 0
labeling, Vﬁercg;\yvéa&to? f(? ﬁabteﬁﬁg,fm bﬂﬁes%er@@' (Q%@ 055511{ El%{eal"ﬁ'f’ (n=98),

eposite correcting f G gl ycerol
0. 041&(35@&4 imeﬂsax&)fat (k6) énda(h®4ld1®a)24an thigh &lt(lﬁ-)?ﬁ fWhen ¢ikected for the

ted TG pal mtat‘%was relati

Sractiongyf enaP T e SARONY EPRS G ARSI 107 A PGP Ly besi), the
fraction &dhtdbh ﬁ‘);ﬁgfchg PN vl dehsiikad 3074 %alhﬂ‘ate\/\h%l&laﬁvely constant over

appeare on their own characteristic curve
time ant aweng rdppws whithiomestsndinidunle svifh an avietagiervaligeif about 20%. Individuals

i.ndivi dyal. over. ti nd_for e s te
appeara i 9567 s UR SPsATRT AL B Y R Cese i ooty g cach
individGRdGEY 188 bnd for@ll, deﬁd)tglt@s{e@neous) measur enent of adi pose
tissue TG synthesis, net lipolysis (TG breakdown), and
contribution fromthe DNL pat hway i ntegrated qver | ong

[00239ber i odde @ppmp@}@de(spnb_ed inlis ple,ﬁ;],q)pﬁgs))nqwq%ﬁgﬂ sxmultaneous)
measur%gglét ofa glpg ?sgg ﬁﬁ{%gﬁ,ilgertm BB@S' @tbréaﬁ&i@}gﬁ %d Iagﬁi%utlon

from th'eWD@ﬁﬁﬂvM? dnt%ﬁl‘aﬁ:d@ﬁ?@f leag E‘beﬁ@&k of timm@ e, v@fek:pmanbnth@)l in human
advant ages over alternative nethods for estimating
subjectaymmm@r Orcaes pepationt sxake LdIFABNEAIES 15 SimRlgneasy to comply with and

T R
methodVifbiosskiandng dyndmiogenatipsse tissuatoaipeneass in surhanst esponse
to aerobic exercise (see above). Mtochondri al
bi onol ecul es i ncl ude not only mt DNA but al so nmenbranes
rich in phospholipids, in particular a nolecule
relatively unique to mtochondria - cardiolipin (CL).

EXAMB]?E bm eaiREEf BEQBRERTSsObn ﬁﬁkdcﬁbﬁﬂnm GRARNPHS DN Bynthesis
tocpgndria requires coordinated

[00240] Mitochondrial biogenesis in muscle occurs in response to aerobic exercise (see

| above). Mitochondrial biomolecules include not only mtDNA but also membranes rich in
phospholipids, in particular a molecule relatively unique to mitochondria — cardiolipin (CL).
The integrated biogenesis of cellular organelles such as mitochondria requires coordinated
synthesis of mtDNA, mitochondrial cardiolipin and mitochondrial proteins. CL contains 3
glycerol moieties and is therefore ideal for the application of 2H,0 labeling of the glycerol
moiety of acylglycerides. The initiation of an exercise regimen in rats results in stimulation of
mitochondrial CL as well as mtDNA synthesis and the two parameters correlate well.

Accordingly, measurement of mitochondrial CL synthesis may be useful (as a more sensitive
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synthesis of ntDNA, mitochondrial cardiolipin and
m tochondrial proteins. CL contains 3 glycerol
worisnsws2 and is therefore ideal for the appliPel/Us0041021063

H O |l abeling of the glycerol noiety of acylglycerides.

The initiation of an exercise reginen in rats results

in stimulation of mtochondrial CL as well as nt DNA

synthesis and the two paranmeters correlate well.

Accordingly, nmeasurenment of mitochondrial CL synthesis
approach thaymltiéNAé éh agsefsaenhofasredie baining siusFuprsgvaans. Thaifinding of

parallel ch?réggars ﬁ%ﬂgtoc]?ﬁglerpfﬁgghg %{}P 9 bl %&%eéxg §ﬁfx i nséhngntgy itself.
The ﬁndm?o"fﬁ‘am.&?efdcé‘ beiHech e t%%sﬂlfeﬂ 3y htiietsd Fa@RGVARM SugdethBE need to
by itself. The finding of a dissonance between

re-evaluate the resmdt arga dnpkedr a peiv isanse of this adingu(The m@@c@é@r fhagates of
oA o G SR a8 Rl o i
isotope laﬂﬂéa%t&%drﬂdt&@hg REDNA axﬁ-mﬁbﬁldﬁﬁﬁﬁmE Gy GRU3E Hpdcabinkity.

(i.e., sinultaneously) by adm nistering isotope

| abel ed water and detecting nmt DNA and m tochondrial CL
[00241] py mgyfs%) g@pﬂbﬂét ery ale SpyagDasleerats wers rapdanpy gsgigned into

con o S PN e L83 TBIGEOARALY 555, 0l 0
caged individuallyth wire beomgaagespmd fADAMHISMdice Aaexds were bolused with

nd|V|duaII in wre botto cages and fed N- O3M
99% ”Hzoorpéw elmﬁhmﬁ 8\fJaYePTERy| i, Sae fﬂﬁf g@%t%lae@% @lmreﬁ%%watsr-
After4we%ﬁ%/ k?éls\zx% Sakhik Eé&%dare@ F%&B%ﬁ%%é&ﬂ 19166&1{%

wa wee ma

s were sacrificed
collected. erocgmtlna) mmnsulatedrfmm treshainsdud Wmaﬁffmnealmehﬂréugasdn The

) tochondrja were isaolated fr fre
mitochondsja b S GG FH1G SSFGHEe RS ok B1eh Rt gspholipid
(cardlohpﬁ%D%lRMMﬂJ%Ia{l@ﬁHﬁ’&lﬁl@ hﬁlﬁdﬁlsz HW ﬂ&@u&ﬁb@%ss@ﬁ bddgtviter 2H,0

phosphol i pi cardiolipin and
enrichmerph G:Bphdiplnl yh@ pMSphajdymhally@wsre Rbasyred osnsurpdly using the methods

bo
of the pres bR R RS TR TP ot B OB AR A Bdte AP pregavery
concmeng%i a%ﬂqﬁﬁle%slw% g Ethb&‘é’@ﬁhé BresElfSAvenklBA as 8d4BFiBed,
di ol I pin and were al so nmeasured concurrently

supra. (i.e., Si mJItaneoust) usi ng the nmethods of the

present invention as described, supra. [00242] Fi gures
and how

onaea) 2 SRR 5 Bl BB P VRS, P

blogenesxéiﬂﬂlLﬂh@SrﬁhBNAd)(:hﬁlikﬂipnlﬂ &nd Eh@!sphiti’dy&&tml\ﬁlet it 12 shows that
cardioli pi n, when conpared to nt DNA synthesi s,

cardiolipiaqgvhensioamaraddomatDRi swnthests, sraguiialens o wwér?ér@dwaarker of

mltochongrhagﬁbq%aﬁészsyl S(?h@] rII~"1 slée: %h%lvvgg#;hqg@ %ﬂgﬁ%%)(lahol ne 1s equwalent to

cardiolipifledtaivabiratngbatt dlﬂ&hre@Mmrhzhkﬁ@ atd e ke ﬂ&emilﬁlrlgSﬁftcbﬂhonmal

det erm ning m taochondri al
biogenesis. The methods allow for two or more simultaneous measurements of these biomarkers
to determine mitochondrial biogenesis. Changes in one biomarker, relative to another or both of
the other biomarkers, may provide useful information for diagnosing metabolic diseases or
conditions involving changes in mitochondrial biogenesis or for measuring therapeutic activity

of compounds tested for stimulating or inhibiting mitochondrial biogenesis.
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bi ogenesis. The nethods allow for two or nore
si mul t aneous neasurenents of these biomarkers to
wa@ledsnsdose nit ochondri al bi ogenesi s. Changes i PCDI82004/021063
bi omarker, relative to another or both of the other
bi omarkers, may provide useful information for
di agnosi ng net abol i c di seases or conditions involving
changes in mtochondrial biogenesis or for neasuring
t herapeutic act|V|ty of conpounds tested for
EXAM@IP%BM TrrgUINAyai plagma dmmunoghbmdinsanthssisgenesi s.
8EXAVMPLE 10: T cell DNA vs. plasma i mmunogl obul in
l00243§ynt h£13§e Iplgpirampnersistesead the umaAral i w@nwssmram@rcmt discrete

arms OEHI h%?ﬂjcge??néﬁgts%ﬁr ?Rr ?oﬁ‘%'%} is Eﬁg | e& g}égrtg/?}lgxg?rté r8§}feratlon

of T lyﬁtphbcl}aésl the lardbp Eyﬂthésﬁdﬂahﬁﬁodiés (Tmhﬂﬂb@l@ﬁtﬂi b |}B91ymphocytes It
latter ynt hesi s of anti bodies (imunoglo i ns) (¥1
na

iso e@mg%@ﬁ which pgn of ﬂ)@nmmws SYSPID i3 ePtivRiSR TEINCSSP

dlseasegt%té gglé' ?ta‘lé{%u %r?tmd r ea?%gporhfé RB4 ga?essog" Oqlla (measured
from Ttdedl IDNAI syhihiesit) mnhdf Egstrﬁibstsfrat&'s ofplhsing ﬁﬁl&&kglcﬂﬂhﬁi flﬂfﬁesents a

measuqe,?:f ﬁ%‘g‘f %m%glt gxgrgl::%)sq__ctﬂggtgoge ,ﬁég% gﬁg;’r ﬁﬂaxt g?es%ff Tpceﬁsi)nll\?A and
1mmun% TuliHs & xﬁrléﬁgg{ ?lc hARR gy ﬁ%sﬁ%ﬁ{tﬁ%ouﬁ?ﬁbi@drﬁﬁwt&fné 1£oli§pe labeled

tes of I'ns”‘are neasur e
water andldctmh@ﬂ"lcyll ONA apd ammlhogubldms Iby)mdsy spettioniestye Anfigen-specific

T-cels R gy RR R S mepRERd GerPedaReYgon. Spci i ¢

T-cell's and/ or imunogl obulins are al so neasured as
EXAMISE i beNahmvey eﬁWﬁlEeand MAJOTRE Y iaf Qéﬂ Fdlif@.latﬁﬁ'ds bone

and endopgjd, ﬁlbr&ﬂmovﬂf ﬁ‘tahﬂr@oﬁi o) qgﬁ‘fhg treatment
br eakdo itk Td1d {ﬁ% gelpr&lﬁo LRSS &(gﬁﬁ%}g%

treat nen ogen rece ulators

N TR RO -

“womer€hddlth, Theeffebt of bsirapbn aifer getatly dorf differeat ﬁ‘@shé% hb®REver, and the
different tissues, however, and the riskrbene

risk:bepefftdalaace i aahmﬂwedw# Homan depands amﬂme Qmmgrae@@s Estrogen

tends 1§ Hﬁ?&?@gra??%%t? A o %%ﬁeg)él gl%leltl eem ﬁ-bal cells (thereby

1ncreasmgi®5ﬂietbf bizhsteahdes a(ldl brrigbyarcedvdki rogudihSkrehledovhi Sfsvhe collagen
er and uterine cancer) while reducing breakdown of

(therebg;@ cH tpggé]ﬁ of psﬁ@}p@@plsﬁ é@@g«p&ﬁﬁ)ly reduging theyproliferation of brain
oy Bl TP B 0 RIS DB B

designed &tkt co;fpoﬁé ﬁlh&leﬂprolﬁ‘m@nﬁ@aﬁle)l butsitihvilatel oy éavb @nclespehdd other
ose t ceII prolif ratlve action but

t
actlonsst cat So‘?’O‘f éRFQ hae geabRiblic health and comamersid tiliyo e means of
screenifif $6} tRe Whgl &Bﬁﬂnﬁﬁ)\’l%f g&tﬁﬂfs v&ﬁm ECaryPRL EREAN A the processes

comrercial utility.
noted (replication of mammary epltheha and endometnal cell DNA, kinetics of bone collagen

and brain amyloid-beta) are measured concurrently (i.e., simultaneously) as described herein.

EXAMPLE 12: Dermal collagen vs. elastin synthesis and breakdown in skin photo-aging

[00245] Skin wrinkles are increased by exposure to sunlight. This area represents a very
large commercial field in cosmetic and drug research. The biochemistry of skin wrinkles (photo-

aging) is well characterized, and consists of reduced dermal-layer collagen (due to reduced
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screening for the optimal conbi nation of actions would
clearly be useful. Al the processes noted
W@ e@plosasat i on of manmary epithelia and endonmet PCHUSME4/021063

DNA, kinetics of bone collagen and brain anyl oi d- bet a)

are measured concurrently (i.e., simultaneously) as

descri bed herein. EXAMPLE 12: Dermal coll agen vs.

el astin synthesis and breakdown in skin photo-aging

[00245] Skin wrinkles are increased by exposure to
synthmiﬂriddhtrcas?éﬁibseakde\an) ayriacended efastig by othar geteuxm(ﬁae @ iakreased

fiel tic and drug.research, . The ocheni stry
synthesfs) »d&hﬁ EhRY eggal(caﬂage@ay% fhss1s g [’Wékq‘o"k‘}h’é’rcké‘fléqul%sé'& synthesis

i B o e P PO ne Yo Aol Rt na

hlgh-ﬂarmlghpmadaMeam animalr moddiefe. gy latidéess sndusiu)eantldmnmns e8gsitleses of these

nt hes The ratio of der synt hes or
mole QS RBAUE BTG G5 SRUgREnesy BY AR SteRs bpeled water and
comp&ﬁﬁé e teltith MBkbuldPAke atdlof B@%Q%@llﬁ%ﬂ an@lelds @S Bx Ahss spectrometry.
anti-winkle treatnents in a h oughput mahner
ani mal nodels (e.g., hairless nnuse) and humans.
EXAMPMHh &3 sKefatithtwnovey (preteny varkeratinseyteprdifecationg®iN4) in
(i.e., sipsdrimsiseously) by adm nistering | abel ed water
and conparing the relative nolecular flux rates of
[00246kr mal coPdoaigein isacbnenas t:lmtmh:y rd?lf&ﬁSnt&timaier ¢hakicterized by dry, well-

) E.13: Ker.atin urnov (protejn) vs.
CIrcmREé?'Z% ﬁ&awe“ﬁﬁlag P ? I9RAPT Y2098 si2p% it ¥atiesdn seyerity from

r‘§§?2€%dze3@%"*9%?""%?9L%°?%eaﬁr¥§e§%.5{?%%‘ed§.“@‘59ﬁ§?hng i o
exfohatmi iTihg cpageub eskrama, phiathe dscloscaling harusaditiamlly beén attributed to

oGBS LS Lomene or e letlone, "l
sharpB (ﬁ:ﬂﬂréaﬁ?&i Qﬁxtl&lsw }!t)r%nﬁf: ol @lcimie er}:ﬁﬁnﬁﬁiﬁg }?lﬁesbor e‘plaques

unknown, but the thick scaling has tfadition
covered Wiltlhlmrtslé@pum.g thinkrsglasrydnispiedus anslighdl lopalesdent sémut soahas

Eryn i SOt R SesoriBls RETRRY Sy bE1<Ecistt fabgpy. The entir

cutanédus GUHAdSs B/ AAITRERH SvilhAHY s%ﬁle@rwﬁkﬂ%gﬁatﬁqﬁﬁf)ﬁéjm‘é& b8 obscured
over | appi ng thick silvery mcaceols or slight

or absgplalienarlend shengral dabibity. andraynded domhaspitalizetien. aS| s
(exfoliative psoriatic dermatitis) nay be refractory

th . Th f ' d
1002475, e ¥t o1 B B DR AE Bt £F
archit®@yred Seﬁ)mpk&r@ﬁhﬁfm agsefRtd id skinayd foeadhd Mafde ?ﬁftéi'n component of

.. depbility and a need for hospltallzatlon 100247]
epid eR@ﬁaﬁaﬁ?ﬁ cglisolghe gpiflerpnip progyeedaughier sellsswhigle migrate toward the skin
surfadd! afiih u\f’féﬂegm ?cgﬁmﬂtlé‘éﬁtp{or ;rnslﬁleandslgi/(?&?d tqhg r %c‘esréscells

ar e exp es skin an maj Or prote

ultimatelyptie fortnim the phag laviesed flakativee@htbisskid surfiRe,ahé sedtiiintorneum. In

roduce daughter cells which migrate toward the skin
health%r human sk?n 1t Takes on average about four w%eks from the synthesis of new keratin until

it is sloughed off at the skin surface. Psoriasis is characteristically marked by hyperproliferation
of the epidermis; transit time of epidermal keratin and keratinocyte may therefore take a few

days rather than several weeks.

[00248] Keratin provides an accessible marker of skin turnover. Keratin turnover can be

monitored by two methods. In one, whole epidermis is isolated from a skin sample using a
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surface, maturing until they contain little but

keratins KI and KIO and |ipid. These cells ultimately
waele@s0sasnt ng t he many | ayered protective out erPGRIUS2004/021063

surface, the stratumcorneum In healthy human skin it

t akes on average about four weeks fromthe synthesis

of new keratin until it is sloughed off at the skin

surface Psoriasis is char act eristi caI Iy marked by

I|ferat|o of t |derm ansit ti .
simple Q%‘?‘ ?W@PB&, P ﬁW@? iy ei”ﬁﬁ)‘ é‘F matag'[?%“ve are
appliecdPtolth d}gﬁ)ﬁ&f&&taﬂﬁ fihd Mﬁ’ﬁ&@hﬁﬁ@ glkﬁxe it RARY S8BT laer at a

provi des an accessi bl e nmarker of i n turnover
time. Ikdbebedikerdtinrbeginsito eppeabguinidyiin mhett dwddrmms uwnmddnmsﬂratlon of

deuteref WefenBul ket ol Bt il Wheka G 2oy [ROF APPSR B the surfoce
of nomh @i /skBS mitnitbred LHRARI Ry Azlaéas@ 36 el S @pfications are

applied to the skin"surface and the out ernost
required do réack ithrepundedzing living parideredf the spidginais impenmadskia. t i me.
Label ed keratin begins to appear gui ckly in whol e
deute at

002497 " (DB aRBRE RGBSkl s R Lo e R Troction

from oﬂi@ppﬂi’tﬁnﬁin th® 6kifi U Tha §@n®probeduid votiel] si both Wivlé &i@étmis and
y tape strips. At |least 30 sequential tape

tape St@mﬂol Higshithe ﬁ@nﬁﬁ%arﬁ é&f@aqt%hmtadngb saihbuffrs cgnf@@nmgﬂﬁ@n X-100. This
dlssoldfg%éjgxg?eﬁ earlfa rfc}]eglfngfr 8’{;%%;&8#{]1%&)1?(3 n%%h %%Lt@%n sotlublhzed by

boﬂmgaawdﬂum dl(ﬁdebﬂtsalfhthe Aﬂﬁﬁbﬁgh haif Isatdol wmposaidfkchtins (w1th a sh ghtly
roteins in the _skin. same procedure wor ks we

dlfferegdtwcm@; Baig b¢ra‘glps[ﬁrg ngmlqba%dﬁyrthggnetmc} and do pt contammate the
Samplﬁﬁ.a'W}t&aﬁ&fﬁl\gﬁ%#rl@ﬁh gafe @d\ﬁl&@g 8l Emﬁtl'é E)&falcﬁgﬁlt ai ni ng

riton hi's | ss fVes es entra epi der mal
protei ns except keratins. Keratins are then
[002503 ol ubiNomed nbye piven dagerated satirudm o deldgite Hatefrad@iterium

eSS 220 CORERRE B (BT (T i,
psonﬁ%HQéI|M@W$ﬁ§&gﬁ Ep@% }%ﬂgac‘ﬂ%ﬁ Rbrabifl %Iﬁm/%ﬁ% Zugf Eﬁ)r days. A

sanpl es keratins are pro
sunllaltdmmuastlorfrpbsnfdwmm DOCE is [s@sﬁﬁlﬁ&pldmmaﬂﬂ{eranmeytg |pwsl1feratlon (Fig. 8).

Kerati fidh st (P Diepd KEBHaBofk it o BuBhAC gk Figefmere measured

concur?éntlyl%i/e Cﬁﬁ{u‘ltﬁﬁéousl% a’kB{e pathlfel Chales M E&atl@&xﬂﬂ%rhtﬁﬁic?te kinetics
with hyperproliferative skin, approach f

conﬁrmélnialnymrnrghﬁrwgp state prasent within tbaylssueA simlar cont r ast
of normal vs. FSN mice is seen in epidernal
keratinocyte proliferation (Fig. 8). Keratin
measurenents (Fig. 7) and keratinocyte de novo DNA

EXANRTIIGS | Sotpr e Aogling 2 SRR HEragRe Hefwi i Hiferedsues
[00251§te 21? tel ]gls-&st@ﬁ{/aﬂn ri]ﬁl IﬁlSCF %gr]{ irg@altétgg SIMgtan 519353} \]:vﬁ %E)}l-\érenall cell lung
carcinoma cells (SW1573) cells in matrigel. Mice were labeled with ?H,0 and treated with
increasing doses of gemcitabine (Gem), administered every other day (as shown in Fig. 9). After
5 days, tumor, colon and bone marrow were removed using techniques well known in the art,
and as described, supra. Cell proliferation was measured as described, supra. The data indicate
that cell proliferation was inhibited in tumor and bone marrow cells in a dose-response manner,

whereas colonocytes exhibited little inhibition. De novo DNA synthesis from all three cell types
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EXAMPLE 14: Conparing actions of chenotherapeutic
agents in different tissues [00251] Male bal b/ C nu/nu
WOorR@se/08#ssE | npl ant ed subcut aneously w t h non- sPel/US1e4/021063

| ung carcinoma cells (SW 573) cells in matrigel. Mce
were | abeled with and treated wth increasing doses of
genti tabine (Gem, adm nistered every other day (as
shown in Fig. 9). After 5 days, tunor, colon and bone
marrow were renoved using techniques well known in the

was measuredeuhcasentsesingtbd meshipis @f thegirésept imvertema tBrieflywheavy water

measur.ed as described,. supJ, The dat.a i ndj cat.e..t.hat
CHA08 By AR G1er s O I RS (1%, Hal 1 (YRR PR Bt isolated,
i B$éh IR HAE d FHoSS&IR iety of puri
hydr"@g%ﬁ%%%‘gﬁé‘?ﬁ 4 g’iﬁtglg‘ol§rﬁ e oﬁ(.)wl?)e nou 0 DAY Of purine
and pyitnidivesdNs fsmosasaketl by igaechromhtographi ¢ mpsswepsciremsiy €dC/MS) as

desribRh e el er RS a5 ISR 8 he b BPE i e oo
l'iving organisns (8% in drinking water). DNA is

[00252F0! at @EmalWAIYC YRR hiteWep@iniiNante@ BbcilumbersiyWith approximately
I'hcorporation into the deoxyribose (dR) noiety of

106 EMIFT mousemapynarytattinemd ells i mattiselr dymeys yags allowed to reach ca.1500

ch hy ./ NAce
i’ i3 P ekt el i FRRE AL iR 2 R gemrr
(gemdRbHR\R G 07500 Mgk shydiekyurgy @IUY eGan washdmidfiefsdlevery other day;
Femal e bal b/ C nu/nu m ce were I nplanted subcutan oudc,lcé/11

HU dgify; land pprtenlispineedaylys dd teaar ofo doy's HERFRS MPre BRGS0 AR

N

show&(%@i s Ifl%loéhu@é/dk Ihéﬁhctidbﬂ5 imddqu:»rgh‘femikmgg bothi tabi mad lone marrow cells,
or 5 roxyurea (HU) . m .

relativeeloslls edmisistergd Hhy OpHel Syaﬁw ,solﬁre?% AP Q?V‘%\gﬁ@% Srithesis from both cell

typeszﬁggir{x;egals‘?r@g lrc}é ?‘ﬁé’?g ﬁ.e@,%nﬁl&aréo@%ﬁngﬂ@@é ShefRIAB of BEFEnt

ron was neasutr’ed as descri bed,
inventivpb@destiibedjatipraar e depicted in Fig. 10. As Fig. 10
shows, Gem and HU caused reductions in cell

onnB47Lt S0 e B TP B SR ekt 510
cells/\%géiéﬁnﬂég@ect@wﬁﬂ‘@ry%o%ENﬂﬁéieiﬁxélf £ 1apé1ad @il HLOP8s24 hours.

ured concurrently (i.e., simultaneously) usi nq .
Both tvhleiclel Hdorsv] sblutibe opetbamrcrdnmpbot Ebhanskpaghitase] dieck (dissolved in 1:1

. .[00253] N i e ] t ith hi .
viv saifBon bRt ctemeptpy S Het diGisader. peienf o P dnpil wih
steril¥QUMVMEHO¥b e BREERd ShlRAPES) aTehor 361 dndlrhe thaviokhcd e fvere

24 hours.” Both vehicle (1:1°[v/v] solution of
remog¢chasing leckmgptsorel Bknovamin theait padiredesetibadk syt-ssol ved
in 1:1 v/v solution of ethanol xrenmephor EL) were

.l uted,:.6 rior to i i .t [ ' .
1002841cr'; T eColSnoqfiesthbabReabl B AR SheRITdhgpteld from animals and
washe@With RNV PRéphae BigrakEddlise (BBS), cut open, and incubated in PBS containing
collagenase type2 (72mg/mL) and DNase (10 pg/mL) at 37°C, gently shaken for 40 minutes.

After incubation, tissue was gently scraped and cells were collected by centrifugation at 800 x g
for 5 minutes at 4°C. The pellet was homogenously suspended in 45% percoll in 1.6% JMEM
medium. The suspension was applied on top of a 5 mL cushion of 45%(v/v) percoll in a 75%
percoll gradient and centrifuged at 350 x g for 30 minutes at room temperature. Colonocytes

were collected and washed twice with PBS. Debris was then separated from the cell suspension
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renoved using techniques well known in the art and as
descri bed, supra. [00254] Col onocytes were renoved as

w0 200508852 The col on was renoved from ani mal s apdI/ve®hee21063
with 0.1 M Phosphate Buffered Saline (PBS), cut open,
and i ncubated in PBS containing collagenase type2
(72mg/ L) and DNase (10 ng/nL) at 37 , gently shaken
for 40 m nutes. After incubation, tissue was gently

. scraped and cells _were collecte y centrifugation at
using agigmup itero Desoyp RN A sypihesitiromipdl thice|cell types was measured

concr T E0 N BUSROTA 0 DT 90 el DB s,

supra. Fis il depiofs thELus) Apshiosal, badlitaxe] @bYtegandnhibitoryadicetyin a dose-
and centrifuged 350 g for 30 nminytes at_room
depend@%ﬁmw,w&%w f?@@w@ niestes. b3l haddiile onpele et apone marrow

cells, tWice with PBS. Debris was then separated fromthe
cell suspension 72using a 35 mmfilter. De novo DNA
synthesis fromall three cell types was neasured

EXAMRIGE 461 e@pinpagingaangiogenedis amd tsmie\ckll pokifgrathen imedifforknt tissues
of the present invention as described, supra. Fig.

[00255 epi ctBhetrhathodsflthespredent stvenmtion wha appdied to englogendsisare applicable

to both AB{nal B BB CUBicaL R Fe PILILS PBrVAG R Br apd Gipre accurate
technid}6: SVRIaBHE O dofvit Skl Bro- ARITARE oD ARUIrBGLRRTh S real

and tissue cell proliferation in different tissues
efficacy (ORGb featth drugstisvoneryaindmimse pdemeer climead tiertprenhkettings.
applied to angi ogenesis are applicable to both ani mal

t udi and human clini.cal. tri.als. Th t hods,, provide
o256, 1o Bhe R o AR Re et f R s ot B GBS
prolifefafien 2@t Bridothefihl qe@it@bliferdtioRn rvaas/qamﬁeartgﬂ 2PN @ Iseadly Walfer ((H,0)
and their_real efficacy in both early rug di scover
&

labeling jigebpigue. Yavawclissues (apindigated) svgrerdigestedowit gléagepngm}g/mL) into

. The I f i Sis.in a.ti i . :
asingld {8 GRAERsRln, HIROBRARRIS Heft Sulch &P b LRl ERSGR Sertifugation,
followedby FACS| (5ér€ih@ bh uvlentia a8 @D 1 jceHivbyellge of the heavy
wat er apel | ng t echni que. arious tissues as
( HO Pabel hni Var | i (

i ndi cat ed) were digested wth collagenase (I ng/ .
[00257I nt o SMererigrefieadin 9@%@% PhngiegrasTh R MearErd i 13,0@; and tumor

senos . B e AL RPN AR SHRRHED, A bW Rbcing i
’H,0, meividyal ahibBREFEre Maerificepemidftiotatumor tishie dndiivet tissuefvere harvested
from U SBGRHR. TG GG HeF ey SRUp UG GPaoihelishgels (e, do
rovo INE3OHIRE e L 08 O MR Bk e
concurkamtlyr(i.¢.i sismbanvendyhasing teavethodsof theeprssome irventien as delseribed,

supra. gﬁﬂggk%gﬁgﬂ?}# %'g:errp.‘fa t%? III(l) %1gt lllg,gt{xe greollilfesrat?c?ndratteucr)rfpt{nnor endothelial cells is

shown to be significantly higher than the rate of proliferation of liver endothelial cells.

Similarly, the rate of proliferation of tumor cells was greater than the rate for liver cells (Fig. 14).
The skilled artisan will realize that this technique can be used to identify angiogenesis inhibitors
(i.e., anti-angiogenic compounds). For example, if one or more compounds were directly
administered to the tumor xenographs of Balb/Nu mice, then the methods of the present
invention would detect an inhibition of tumor endothelial cell proliferation relative to liver

endothelial cell proliferation and, potentially a reduction in tumor cell proliferation relative to
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novo DNA synthesis) as well as liver cells and |iver
endot helial cells were neasured concurrently (i.e
wa@pomlsmareousl y) using the nethods of the preseet/US2004/021063
i nvention as described, supra. Fig. depicts the
results. In Fig. 14, the proliferation rate of tunor
endothelial cells is shown to be significantly higher
than the rate of proliferation of |liver endotheli al
cells. Simlarly, the rate of proliferation of tunor
liver c@lebi@lfmrg(ﬂﬁmgmgehbﬁamsﬂmﬁtingﬁﬁ tﬁmpr tdll/g‘owd‘lél |Adtefriaitiyely, if the
The skjlled artisan w.l ahat thi,s -cally. th
one ortr@zfﬁ ﬁpraa%m@érbawg@g% FOe9erRie ﬁfﬁ“f“y ‘ﬁ?{@. Bustgsed systemically, then

rates oT ﬂﬂh&" Jn%ﬁ fidr- c@ll rHEE a8 S PHERH R HRERY @E‘Hj ﬁ)ohfé:rﬁﬁon would both
'fone OF hore conpounds were direct|

changcﬂ(im mzcmlldsdmdease) tuil that therratie noghtaphsinomclBaiged Niheratie, of rates of
e et hods

t t
o e, L0, L et ATHERLL B0 S0 O S
deterrrﬁﬁécﬁS}‘ Hl@lﬁ&&lﬁ&é’@égﬁ?&%@& bg lah%&bgé‘&lslls for @bbiigr ati on and,

potenrtially a re tion in Tufor cell proliferation
relative to 73liver cell proliferation (if

EXAMRBEEckfe ndimpadng liven ¢eligproliferation (DN 4| syngfresis) apd liver fibrogenesis
Al t er nat i(vadlagenisynthlesislone or nore conpounds havi ng
anti-angi ogenic activity were adm ni stered

[00258]yst emi cdbiug indused livatdissasd istan imporard oatlmeloif divercfelliire and is the

proliferation a liver,endot hel | al rol.i fera
single it SO0 CENS P LG WENreB o i edkeh) NEEHS (i feature
of hep'éﬁ)tcélﬂllgl] éﬁ{l{ry &s WRaRABGE tnechitfsh aw&pﬂfmsﬁé‘E]@@ ebrging as an

t unor eratlon and liver cell proliferation
1mportmngbibm'ehtan demg mducadﬂamg diseasendhe hﬁzamgeespagsmtetb@ﬂnmwwm and

T RN e R R S—

prohfér% oA BQ §1§ﬁi§?en%£1htéﬁ{ ndridar Hﬁﬁﬂ@gﬁé 8p d;(e@fblnl:éi@x%hver cell pool size,

synthesis) [00258] Drug induced |iver disease is an
therebyrqompleamlng ﬁ@lsexmfdamag@ and preventimgalateciien by étalédadi@ histological

o ause of dr thdr fromt.
methadg. Paly B g eI et [ bRy shr i P obfhentonal
featurbé"bﬂ‘i\)ér EEay bR me Appdrb®t (62X lefevhRE rM‘TII $ ﬂibcpﬁﬁi@pﬂilﬁ%@ eticS.
al so enmerging as an 1nportant elenment in drug induced

|iver disease. The_hepatic response to both necrosis

[00258hd ap(SﬁY I amice weee inisciedprorekb with ), mbdig gt of CCly or

weic S5t L B AR BT, TSV b or
admiriétedtioh @gd CAPpaanamasingtie nettrids ofthe ppeseht iavaion as described,

t her ehy corrpensat| ng for toxic da e .and }prev ntj. n o
suprad §CdctigRficaylysperaens ¢oth paliderabee al Dok dessadh dkhsgﬁo 100% new
o WS RS GOR R Pt oty Lo o

. becone apparent (e.g., elevated LFT's, necrosis,
[002604 br oS ilsveitcollégen[sgﬂth5£$ wa¥/hensured mcerrbmtj)e(d Be dinﬁ)ltaneously) with de

novo \IA)?\IeK lsy)l/nthesm n the sam e k@c 4[treate%%JQ/Lm1c% %rollagen was purified from 10 mg of
fresh total liver homogenate ds follows: using a Polytron homogenizer, collagen was isolated
from soft tissue by homogenizing in 0.5 mL 100 mM NaOH. Under these conditions, collagen
remains insoluble while most other proteins are readily dissolved. After centrifugation at 7,000 x
g for 10 minutes at 4° C, the supernatant was discarded. The pellet was washed briefly with 2
mL H,0 and solubilized in reducing Laemmli sample buffer (Bio-Rad, Hercules, CA) after
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vehicle for up to 4 weeks Cell proliferation was

nmeasured at 2, 7, 14, 1 and 28 days of adm nistration
W@nwsQ8Ig51 r eat nent usi ng the nmethods of the prEGENS2004/021063

i nvention as described, supra. CCl4 significantly

increased cell proliferation at both doses (Fig. 5).

Close to 00% new cells were denonstrated to be present

after 4 weeks of repeated CCU dosing. [00260] Li ver

col | agen synthesis was neasured concurrently (i

boilingForBi ntimnes UShe Jissuil vdd misenind wais Biva-factiohasd by SB %GBa sing
CCU-treated SJV mc

standarf ARG QORI ST ST E CARS TP ar SR VLA cBlilen band

! g&g& 114 RH Svhs \WREiséE b RE efsn $@nibrane after
cones;%ogé%g 18 Iﬁ]&ﬁ gfﬁ@f"n"gﬁ ien gg 5 E I?/I NaOH. Uilderrmtghese
stainingdmihémbmsa mﬁi(l:@cgmssileéﬂmi ns i nsol ubl e whil e nost

ot her prot eins are readily dissolved. After

centri ation
100261 e il Mg bpEd el o B B 2 B opd efilpgefiSere
hydrolgie'd%' tYanYh% Ryith 6N HOH 16 Gbaibiat 1 TR C.i K dx%b_l,tsﬁtlem gekcadrivdiand the N, o-
(Bi o- Rad Her cul es, CA) after 74boi Io fg
penatﬂmmbeazyhdeuvwe wasgem@@dlby@ddmp@‘f iP; %Blerce) at 100° C for 1 hour.

i ze-fracti ted
The h)i?ié(&yll] gEﬂ]]lgsof%ga 1m\3/\5vr s, furtt rs eé(#}}ean ?cfm%%l 1m1dazole/ acetic

y transferre
anhydﬁ’dﬂat Oy Bkypralife ﬂraél&ﬂallyﬁkg@ 6n BDBRISOGCeshmngisttingtetnipe 00°C
al pha mononer_of collagen was exci sed ffﬁgﬁﬁ%é?fg
increasieg U0'G hgimierdB0h eitiseleeted ioft MPREOTITL 3wi th
Coonassi e blue. [00261] Acetone precipitated total

iver \/ f
oS BB ROt s, o
molecHiebRin@rdsshtialigl uhigae i coﬂlagmatﬂdcaumbﬁrﬂm [facdgtotal hthn\motwag

hydro]g(gqrj}g E:at o bé@gg%::ndg&%ﬁ% epic o 8&(5’{)&8%“?{81"&52 e% eﬁlll?y GC/MS
as des%d_@t{dé r% eFraWuMbl gﬁtﬂéﬁfs dftb HhZalig hoARAlng CUINYEAted gnimals was

I'ne was” anal yzed on a DB225 GC col um,
calculétt:aﬁfo imumoiﬂ&n@niomydmspm@n@ﬁfommtal diverimotei esing the methods

| ect.ed t n
oSS B T O TS B 58, O i 15 1
togeﬂn@? R8s POl R w thdQigMPi QRHES] RBlifgatRRRObe ét)both doses

gue to collagen. Because of this fact, total live
of ccm wlheneas hgnhfmwscaﬂagemasmmbwsjecrquvrad onlycptabshighest Apse of CCl4 thereby

enri chnent of dr rol.ine term d
providji g srsetye tScgEe Bl RAER S G e RO piDetherSBE e toxicity:
normal and CCU-treated aninals was cal culated fromH

[00263]COT P Qfeﬁtpir@l'i‘fefﬁbﬁ ahd e61y R ERIthesss (hiraovdrpivale dlsovasessed
protein using the methods of the present jinvent

concutkentl (isacymulgneansis g midefss SH/6 Hd Pelvhed Eapefilgin. Oriscofulvin
e Dok U PR 8 B it
admifl§8Ra griseofulvin in their chow (1% w/w) for 5 days. After 5 days of treatment cell
proliferation (measured as described, supra) in C57BL/6 mice showed increased proliferation
relative to controls (Fig. 17). Specifically, administration of griseofulvin at levels below the no
observable effect level (NOEL) showed pronounced effects and dose responsiveness after 5 days
(Fig. 17). Collagen turnover was also measured as described, supra, and no increase in collagen

turnover was detected at the doses of griseofulvin given to the C57BL/6 mice (data not shown).
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of CCU, whereas significant collagen synthesis
occurred only at the highest dose of CCl4 thereby
w@e@giosichy a sensitive technique able to distiPguiusivos/021063

between two biomarkers of liver toxicity. [00263] Cel

proliferation and col |l agen synthesis (turnover) were

al so assessed concurrently (i.e., sinmultaneously) in

mce (C57BL/6 and Bal b/c) fed griseoful vin.

Giseofulvin is recognized as a hepatotoxin, inducing
EXAMILE pF:0l Comparingm Bsyhthesisrysther biMif Hrofis to neuronal cell

.adm ni steered ?ri seof ul vin in their chow ;ll%vv/vv) for 5
prohfg{ﬂ;g)_n, Rrieroghsl epll projiferation, andier myplin pynthesier at i on

(nmeasured as described, supra) in C57BL/6 m ce showed

yncrea ”§ [ ' I is . .
2 € e I SERL D) S o o R SRerbl ftuging various
brain prevehssuoklag amlytvid-betaqApP prowdih eangflbidGiredueste lprdtBFEAPP), and the C-
wnnhEESMEd pronounced effects and dose responsiveness

régmgntcpjfsPlz. ﬁngaddgxp}l, it @d}hp@@g ithat gt}wp @@formgclaag@anges in neuron
. A S€.in
ol oA S 8] P AR LEES Gy s o
preserjrineatibm how for the nodonrreitg(i. €5 siblul@netue P mesktk @m@Rof all of these

shown). 75EXAMPLE 17: Conparing Ab synthesis or other
COmP‘Eﬂe&FSrf}f Brielen betﬁ REPOBFHS th@@ﬂO% Q> fon §xpaple, pyHuate whether a
Sk cpehat nf £8%d / | b Sssoct
compfiyge il baeag) b 5Bkl ogd OFARY BB TATHIGR, Boncioca
with Addmeufcdexioity, arothendewmgdegenematise disedses @r @hditioas.such as

anyl oi d-beta (Ab) protein, anyloid precursor protein

( . and the Ctermnal, fragment of APP. In addition,
i ofetin ‘ﬁc-t@%ebl%!lg@éﬁmﬁéctors, such as changes in

neuron proliferation, neuroinflammation, and nmyelin

[00268] net i Bict sre’h&ifidet WA ¥RAN 116 i @AM 208 APPEANA EBIE R obtained.
i nvention allow for the concurrent

i.e.,
Secretgd (P is guigasdgd remgneusaeprebusl spinal fbné (GISerdoaipoRenteiss are

. [ nts therepf to, for. . .
extracld b d@ARUAR Shochitie GRRRADE MoVt hircl PirapEpjuifasd, Resulting
materief fsiegeleingediro o iieexehdt baffe\ehd PaEHi&d BY 10aeBhAngE cA®matography

associ ated with AD, neurotoxicity, or other )
-~ and thep size gejuvien and/rreersekrhase ehrometagraphynJhe idsokigt ofipyrified protein
: i ' teins [00265] Mce are
1scon§g{ge” i}é}éf IL{]ag%l(P r%?rr?p[{ki(’)['ssue is extracted and APP and

CTF are obtained. Secreted APP is extracted from nouse

[00266Jer ebr al Bpichalenfs!foi Ab(ASF,)andICTH @&k perfBiiddedsities@itRd, supra.
insoluble material is

extracted L.n ne al ffer, ;
MOIecPEﬁé@‘é 6?te%l’%?c§ ‘qu’ E&Pré) : ﬁ’é‘PgFg Argsalaaed axdesgrbedagunrat er i al
i s exchanged into an ion exchange buffer, and purified

blola8Bn SX FIRIHRIEM BN MRS RHAARYandS thxb D8 %ind 26 r 85 oM uronal cell
Of reverse

_anc phase chromat ogr apny.
prolifgsafrarf j ed protein is confirmed by ELI SA and western
bl ot .
[00267] Remove Papain vial from fridge. Add 3 mL HibernateA (BrainBits, LLC,

Springfield, IL) and place in 37°C shaker. Remove DNAse aliquot from -20° freezer and allow
to thaw in ice. Euthanize mouse using CO,, withdraw blood by cardiac puncture, centrifuge
blood at 3000 rpm for 10 min and remove plasma. Remove brain, wash in 5 mL HibernateA and
dissect out hippocampus, cut into 0.5mm slices and transfer to 2 ml HibernateA in trypsinizing

flask. Add 3 mL Papain solution and 200 pL of DNAse to trypsinizing flask. Digest at 37°C for
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[00266] Enrichnents for Ab, APP, and CTF are perforned

as described, supra. Mol ecular flux rates for Ab, APP,
w@ees5QII6sar e cal cul ated as described, supra. |BOI/ES10041021063

of Hi ppocanpal Neurons and Tetanus toxin staining for

measuring neuronal cell proliferation [00267] Renove

Papain vial fromfridge. Add 3 L Hi bernateA

(BrainBits, LLC, Springfield, IL) and place in 37 C

shaker. Renpve DNAse aliq ot fr g)freezer and
30 min. gl Tﬂ'@ﬁfﬁl’ct@ 16mdveanical fbe, ‘FEG %ﬁ% T u”s‘PWgaW TOmfvE srpermatant.

Add 2 msd ﬁﬂ%ﬂpﬁel& A4l AfePiP 9%5%&@%5&%9@0\}% @Qﬁn@fsm%%o&relg fire-
m’n and renove plasma. Renove brain
pohshed’@;hédnb&ﬂlm‘steﬁr Ppet. d&lkﬂemt setiletfoh? ppo aadrpa&fen:tbc supergatant to
5mmslices and transfer to 2 m Hi bernateA in

anOﬂlerﬂﬁVﬂsWﬂ‘% fpef | ask. Add 3 nmlL Papain sol ution and 200

nmL of DNAse to trypsinizing flask. Digest at 37 C for

7630 I ] &fll subpeRSioncent ri fuge at
[00268]1500 ﬁéé}m t%@r@n§%stg§n&“r;§%vﬁ@§uper nal%ggnt Add 2 L

Hi bernateA start tinmer for 3 mn, and triturate 10X
. [00269]over Cemtrifugesit h3POxgtar mjn ind @pmvwhmn@pmn Fepspend in 10 mL cell

B {8 TR A TR L R T —

Repeat above step twice to obtain 6m cel | suspensi on

[00270][ 0026ﬁks1§§aidrmf5m of 3% pM0xgallieliydd sofutioanthcubaeweR T for 1 hour.
ernatant. Resuspend in 10 nL cell  di ssociation

Add 5 i PRbgrmatp Ao aeaifuge o6 | MOKE Toh iR AR ETRVe SaBRRERlo Wash 1x
m
wit sy RSB TRY . PRRC Bl B0k PRI BSOS

hour. Add nL Hi bernateA and centrifuge at 1500xg for 3

[00271]7i N aRdsdspemia S50 e HildrzneA. Rambva SO fobntgative eontetle Add 5 puL
and centrifuge at 1500xg for 3 mn and renove
1TTC ts5ifeph aclhsuspefsiop(11100RBktiepend i n 550 u Hi ber nat eA.

Renove 50 nL for negative control. Add 5 nL rTTC to

0027272, P 8 BTGP0 (100 S P08 Bt 1500
for 3 mid, B8 RALEA sub§RAthhtl ll&@u@knéﬁpm ADHikerAiteA. and renove
stper nat ant.  Resuspend in 200 Hi ber nat eA. [00273]

Add 2.5ul anti-TTC antibody to the stai ned sanp
[00273] nc u bmd@ X9 agG-I4K antibody tqthe staingd sasapl, vh:ugatﬁﬁ“or *§0-45 min at RT.

e H BB GE0DS S8Rl 9005 il Bt

ResuspbPan/sto @nggﬁam’éAnL goat - anti - nouse- ALEXA 488 to 50 mL
In H bernateA (1:10 dilution).

[00274] Dilute 5 pL goat-anti-mouse-ALEXA 488 to 50 pL in HibernateA (1:10 dilution).

Add 5 pL diluted antibody to stained sample and 0.5 pL to the negative control. Incubate at RT
for 15-30 min.

[00275] Wash 2x with 5mL HibernateA by centrifuging at 1500xg for 3 min and remove
supernatant. Resuspend stained sample in 1mL and negative control in 250 pl HibernateA. Add

1:500 PI to sample and sort.

[00276] - DNA synthesis is measured as described, supra.
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Add 5 nL diluted antibody to stained sanple and 0.5 nL

to the negative control. Incubate at RT for 15-30 mn.
WO 0@23B5I653ash 2x with 5nl Hi bernat eA by centriPCUSZP0H021063
500xg for 3 mn and renove supernatant. Resuspend
stained sanple in InL and negative control in 250 ni
H bernateA. Add :500 PI to sanple and sort. [00276]
DNA synthesis is neasured as descri bed, supra.
77|so| at| ng . rgl | a f or the msasu emant of

ementof dammationm Alzhel

andotﬁé?%ﬁlalgf

assocCl at ed

| abel ed with for an approprlate perlod Mce are
[002774nest Ndidezacilaheldd pathf taOdonat appmbpiate perowl. MRBSre anesthetized and

pertusql B30 8 S BB TR s ierton P p P g, Emdgigely harvested
and pléc@& Bn R iaRAIPPIIS SBAR hrk Q{engémeéd"éﬂd%a@n 8¢ 25 nhiflutes at 37° C in

baffl e flasks containing 30 nLs of PBS suppl enent ed
baffle flaski conto@ing 3Nnks of BBIsupplemymed mith@. @& %@NA(S@,SIEZS %mdypsm 0.8

% gluc\%se%%ngﬁgl 19 EIDS@Q s ent%‘?ﬁg ?1?] ask Hk t i a&(ﬁ m(is of ice cold

media 4P DMERNHAMWEY O sdipiSmdiR) w1tﬁ'ld ‘}9 FBS? dan@ 'bldc%& onTéeS Sti&sue is then
I's then triturated repeatedl ette

trituratgdrapeatgrlly witlsa 4@ mly pigettaensila lélsmesfsagmmwe dmeclated The resulting
matene{rﬁ% #{g%‘eﬁ] e@?l}lfotru ?l’a l\l(Rg é’f&(él‘ nme%ér:%% %\qasé ll'lr %dl%,na]fl runona
discontihssig petdoll @uadi@e i€ older Brefio®d hon-Belhflglalebtis. r enove
non- ceIIuIar debris. [00278] The resulting cells are
ain mnth the macrophage specific markers F4/80 a
[00278311 eflie%éang Fells agg Hain Mthﬁh@@ﬁsteéha(gomxyclﬁamairlfqﬁ%ﬁ4/80 and

CD1 mwmam %rgﬁ%ﬁsur JR'(PRA) vaﬁhxhenq§+155éd %9%&1;% ' ﬁﬁ?xklgﬁvely, cells

th ot her ace or”intrace rs
can be tzhelddewitls etthet cellssmrfacerocintgdellalan mankers Ot tal besused ed Sorbmicroglia

e oS ALD o B S o
fixing ﬁieﬁplnklﬁ"ﬁ ool TR ie@ﬂl&ﬁeﬁ canHidd Ber Rl ﬂglsl)l%wﬂﬁﬁ}ﬁaﬁgggh cytes that

enter the brain fromthe circulatory system
enter tigNAxagymomdlss cirdubatonyagstemd as descri bed, supra.

| sol ati ng and neasuring nyelin [00280] A set of 2-nmL

iCro rifyge tubes are e Brains are
100279871 IR S LB bR o T he

pre-wei ghed m crocentrifuge tubes. The m crocentrifuge

tIsslasnaiel Weisahias nghhn. The net weight is the brain
wei ght. The brain is put onto an ice-cool ed gl ass

[00280] A set of 2-mL microcentrifuge tubes are weighed. Brains are collected from the
mice and put it into the pre-weighed microcentrifuge tubes. The microcentrifuge tubes are
weighed again. The net weight is the brain weight. The brain is put onto an ice-cooled glass
plate, and 10 crystals of BHT are added. A razor blade is used to mince the brain for 1 minute.
A spatula is used to put the minced brain back into the microcentrifuge tubes. The brain is
minced well with a spatula. A portion of the minced brain is put into 13x100 mm glass tubes
with PTFE screw caps ensuring the tissue is at the bottom of the tube. The rest of the brain is
stored in the microcentrifuge tubes at -20 °C. 2 mL of chloroform-methanol 2:1 (v/v) with BHT

is added into the glass tubes and the tubes are vortexed ensuring that all of the tissues are soaked
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plate, and crystals of BHT are added. A razor blade is
used to mnce the brain for 1 mnute. A spatula is
wWQs@d/083m5put the mnced brain back into the  PCT/US2004/021063

m crocentrifuge tubes. The brain is mnced well with a
spatula. A portion of the mnced brain is put into

13x100mm gl ass tubes with PTFE screw caps ensuring the

tissue is at the bottom of the tube. The rest of the

brain is stored in the mcrocentrifuge tubes at -20 C

in thezolvenbfLet Istapd Gftoatmeors tiéraprsatul: it a(datlvireai The BHPE arstaken off the glass

added .into the. gl d.the tubes are vortexe
tobes 1B Fytef e ighe 25 DHEREF Rt Rkt aedt o v The
superﬁﬁhﬂ’ce{ﬁﬁ)rid exfthctSf BPeurdd int8 R-HhPARe BERYAlLnk Th@sdRKsidue is
. area. The caps are taken off the glass tubes. The
discandgthes are centrifuged at 2000 RCF for minutes at room

tenperature. The supernatant (lipid extracts) is

ur ed i CEew ¢a vials and the solid
0028E 7 G, 40Dttt v R o BBE G oo BB eIty
69.15%6026.60%:4, 28%pisaiddédintehb anat sepaia€iba tanks 1 h before adding the TLC
69. 15% 26. 60% 4. 26% is added into the TLC separation

plates; kR mL Bipplde isruseditpdipat29 mé. ofitabeesetuesidastandand on lanes 1, 10, 19 of

i b S . 0 | rebr.osi de

WhalBR S PR PR Orleh LR SBEACEBS G gt o st 100

L ofdfpid exEraptsaditivo edghbofaS 1880 Aark). WaiPhRBULE pldtes look visually
used to spot 100 nL of lipid extracts on two

dry. "Hea Bhb platerpre daeslopedon ithe dexpleping\ianks. Bach tankholdsltwp glates, facing

' l. Jhe. | ates are.devel gped in the
cach B N SHRU i B0 il 1 8 S § ERIPL RS, i mec
platesaiz@blopf Weit 15 hdnues foy thd plhtekesdr026 Jodihd etysialsfads plithfto a tank

|ates tq be fully _devel gped. After TLC pl ates

specidliyased for iagine VARQTL1Bs tanlsis pWong banthloakosed ey 80 4 Theiried TLC

a5 3y 2t Gy RO Y A0
spots df toeal cétebrgsidatsemdardearpitiatchad tivd thediofeahplRl. The TLC plate images are

%Eual i ze the po,i,s of .I'ipids containing double bonds.
scanngghBY &,560Puist- 1Bt slice 88l dbelisrigd ostomuaielingrhoximad draagfered to 2 12 x

75 midi o&zg)@%g]ag tBAPLESof eof;tllhﬁi-rﬁétﬁ 1i2.“ia%%ﬁf1$cfe @p}é BHT and

scanne a conputer. ca gel 7is"co
vortexedt d.ehstand ghtilrsgidackttiandThe widahe isgrbutel iatol? 13x 106 niscrew cap tube.

.. sposabl e, gl ass, tube. of chl. or.of or mr met hanol 2:1
The sp BBR isdiferiir 1Rk o S BRianoRo el Fandenits esnbs &l the tube

: : | ' rYNe] 1
N R T T —.
from thethkating blockHGid albvadde doalné codnieniptbewend .5 ing H20end 8 mL hexane

e NG g4 Db TG LURES L PYL, 00,8 NEQUDLGEK 20,
oo B 1ok skt GOVRL STRECUS e o
rotor ofthe douand Ovidk spesduac and ghe-ro@r s badeinced endset b6 Gy ¥acuum until the
tubes %rréeérg'ry I100 pL of acetic anhydride-pyridine 2:1 (v/v) is added to the GC vials and the
vials are covered and allowed to stand for 1 h at room temperature. The vials are then blown
down under N2 until dry. 100 pL ethyl acetate is added and the vials are vortexed. The mixture
is transferred to GC inserts and the vials are capped with a cramper. The samples are run on the

GC/MS and galactocerebroside enrichments are determined as described, supra.
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gl ucose and nethyl gal actose) are transferred to C
vials. The GC vials are put into a fitted rotor of the
waowan3ibe2 10 speedvac and the rotor is bal anceRPCHO08€021063

at 60 C. Vacuumuntil the tubes are dry. 100 nL of

aceti c anhydride-pyridine 2:1 (v/v) is added to the GC

vials and the vials are covered and all owed to stand

for 1h at roomtenperature. The vials are then bl own

down under N2 until dry. O nL ethyl acetate is added
[00282)nd t hallpublicitians patentsexebpaterit epphiocatiomscited hereim sifedieraby

incorp%q%&e%ghgfegé{cg Il% H]%Htﬁerﬁgﬁe\{% ﬁgé%&%ug%)%aﬁgﬁge \émax}lg extert a8 Meach individual
icB 2 PAIBRIC bR O a8 Bl @ifioh SRIBHIesi fRARY S&! Ridedlyasdicated to be so

pubhcdesé?i bed, ﬁg{mr 5.951%9[ 00282] ﬂ%\l lI publ i cati ons, yp,at ents, i

incorparatddat referermpp Althaugloths feicgeins fwsreatipn hasbdsadegryibed in some detail

in orated .by re ence in I tire for.all ..
by el B O E R B ot b R Bl ity opave
to thod2Wlokdifdry QRil1 IRAhEAE in BEht BAERNEacARNEL o€ &ié BFveldrethat certain changes
specifically and individually indicated to be so

and mpdifioatioms maydepyadectheretmeishourdeprstiamiromehe spisigendmgope of the
Lnvention has been described in sone detail by way of

appﬂﬁ#&‘ﬁ@??ation and exanpl e for purposes of clarity of
understanding, it is readily apparent to those of
ordinary skill in the art in [ight of the teachings of
this invention that certain changes and nodifications
may be made thereto w thout departing fromthe spirit
and scope of the appended clains. 80l claim . A
nmet hod of analyzing the relative nolecular flux rates
of two or nore biological nolecules in one or nore
tissues or individuals, conprising: (a) adm nistering
i sot ope | abel ed water to one or nore tissues or
i ndividuals for a period of time sufficient for said
| abel to be incorporated in vivo into two or nore
bi ol ogi cal nolecules to formtwo or nore
i sot ope- | abel ed bi ol ogi cal nol ecul es; (b) obtaining
one or nore biological sanples fromsaid one or nore
tissues or individuals, wherein said one or nore
bi ol ogi cal sanpl es together conprise said two or nore
i sot ope- | abel ed bi ol ogi cal nol ecul es; (c) neasuring
the content, rate of incorporation and/or pattern or
rate of change in content and/or pattern of isotope
| abel ing of said two or nore biological nolecules to
determ ne nol ecular flux rates of said two or nore
bi ol ogi cal nol ecul es; and
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(d) conmparing the nolecular flux rates of said two or
nore bi ol ogical nolecules to analyze the rel ative
woredososdesr flux rates of said two or nore bi ol PQI/TS1004/021063
nol ecul es. 2. The nethod of claim1 wherein said
i sotope | abeled water is 3. The nmethod of claiml
wherein said i sotope | abel ed water i s adm ni stered
orally, parenterally, subcutaneously, intravascularly,
or intraperitoneally. 4. The nethod of claim 3 wherein
said i sotope | abeled water is administered orally. 5.
The nethod of claim1 wherein the individual is a
_human. 6. The nmethod of claim1 conprising the
Iclaiggdi ti onal step of di scontinuing said adm nistering
erformn c) and (d).

step (a) prior to p 0 steps (b), ). .
1.  gfiznetppd OEemqlengﬁleéﬂaWﬁ molgkﬁ\él WX Egspiiwve (op glosg piological
I e [ d [ i cal classes. 8. The
mdec%ts Erggllleo(?r I@{ngitﬁgﬂeqfkgﬁﬁﬁﬁégicgﬁ&gg?tn pe- | abel ed wat er
is adm nistered in a single dose. 9. The nethod of
@) ai adndinistezingiisotdgedalsaded watst toadniean nadre sissuds baindivaédhals for a
wat er | a ghosen rom_cont j nucius adm ni st rglti an, .
i nt EEPE ok Himesy qﬁqrglfqréla}dolﬁl’)e do h@ Ineomesated 1n vivo into two or more
adminj i [ : L hap: .
The. ol Eigh BReAE o RihioRb Br HREC IR HtSaipOfical folecules;
is obtained pre-nortem 11. The method of claim 10
() er ebtainig ahetvr okawe bivddgicd sphples omaid enecbringorp itissiws or

cl o P ARG, ERmeRipid Sied e Sl eicd Semp It SR faBbrise aid
obt ajwdest rhére MsstepélldbBrRH bidlbdtal raleculde net hod of claim

1, wherein said biological sanple is collected
Egst-norpen1 14. The method of claim1, wherein said .
asWeasyEng thecopient, irpte (ofi inserrozation angd/os gatiera of sd¢ epehange in

enrig ' ' ' by
s R b gt 4118 HBE BB i B0
~appl yblegulps RXCdetamingdnholduattr Mix exRTRaditab of @3y biological
equations to determ ne the nolecular flux rates of

sai dmplgeulss; apdr e bi ol ogi cal nol ecul es. 15. The net hod
of claim1l further conprising the additional step of

&) MG RpdrhgGROUBIdchIAP flux rates of said two or more biological molecules to

analyze the relative molecular flux rates of said two or more biological

molecules.
2. The method of claim 1 wherein said isotope labeled water is *H,O.
3. The method of claim 1 wherein said isotope labeled water is administered orally,

parenterally, subcutaneously, intravascularly, or intraperitoneally.

4. The method of claim 3 wherein said isotope labeled water is administered orally.
5. . The method of claim 1 wherein the individual is a human.
6. The method of claim 1 comprising the additional step of discontinuing said administering

step (a) prior to performing steps (b), (c) and (d).
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sai d biol ogical nolecules prior to measuring step (c).
16. The nethod of claim 15, wherein the chemcally
W@ w3esI6sng step conpri ses degradi ng sai d bi ol BQi/U81004/021063
nol ecul es. 17. The nethod of claim 15, wherein the
chem cally converting step conprises chemcally
nodi fyi ng or derivatizing said biological nolecules.
The nmethod of claim, wherein said conparing step (d)
conprises nmeasuring a ratio or graphical relationship
7.  ofThs aiethotnd fetdimal whergia sartsislogRalolettiles BRI IFAN G Ent biochemical
claim1l wherein step (c) conprises detecting said two
classegr nore bi ol ogi cal nol ecul es by Iiquid scintillation
counting, NMR, or nass spectronetry. 20. The nethod of
chrai r & .: St : ' ' ai . or .
B O SR R RL RS TS af G P single
dose. The met hod of claim 1 wherein said two or nore
bi ol ogi cal nol ecul es conprises a first biologica
ecul.e a second. bj ol ogj cal .nol ecul e and said

% fi .%tneg};ﬂdzor}%ﬂadwo’gw Pt adpindstiatomhsaih inbsler vaia dy plepsen from
contin%?hﬁacﬁhi%ﬁsﬁﬁti&ﬁ!int@ﬁhxﬁ@h@ a‘an%iﬁﬁsﬁ‘atgfn? gfgﬁ% dog€adnli tﬁ'ﬁé{% o4 multiple

clai mwherein said biologic e I's obtain
dose admamisiraitongr oup chosen from nuscle, |iver, adrena

tissue, prostate tissue, colon tissue, endonetri al

ti ' .breast tissue,, adi pose.tissue, colon,

t0. | el 8ol At Mol Bl e lablitind i .
wherein said DNA and said protein are neasured

11.  sTheidedvdafelam DAvhelia saEtbisldgiohl sahpldis WBRIRUDHYRGSH draw, urine
hi ol ogi cal sanple conprises tunor cells. 25. Thé

collecHeR, B @1PEYc| ai m wher ei n sai d bi ol ogi cal sanpl e
conprises bacteria. 26. The nmethod of claimwherein

2. SSSTRIRSITR skt LE O Dy o i

individwild protein is a cellular protein and said DNA is
genom ¢ DNA. 28. The nethod of claim 21 wherein said

fifst i,d biol agi cal . nol ec. N di ti

13 T ieferaedlsid biiir Sulbiloeisad sampie 4t coltsried aoe-mertem.
either protein or DNA. 29. The nethod of claim 28

14. T Uhé hRthodWFicking whefelH $aih Re PR GRlp (BPinSatEScatifdifilothe isotope

. .said second S
enrichment of said two or more biological molecules by mass isotopomer distribution analysis

(MIDA) and applying precursor-product or exponential decay equations to determine the

molecular flux rates of said two or more biological molecules.

15. The method of claim 1 further comprising the additional step of chemically converting

said biological molecules prior to measuring step (c).

16.  The method of claim 15, wherein the chemically converting step comprises degrading

said biological molecules.

17. The method of claim 15, wherein the chemically converting step comprises chemically

modifying or derivatizing said biological molecules.

18.  The method of claim 1, wherein said comparing step (d) comprises measuring a ratio or

graphical relationship of said molecular flux rates.
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bi ol ogi cal nolecule is a protein and said third
bi ol ogi cal nolecule is DNA. 30. The nethod of claim1l
wob@sessssai d one or nore biol ogical sanpl es iBCT/US2004/021063
obtained from somatic tissue. 83. The nethod of claim
30 wherein said somatic tissue is chosen from nuscl e,
liver, adrenal tissue, prostate tissue, colon tissue,
endonetrial tissue, skin, adipose tissue, breast
ti ssue, colon, |ynphoid tissue, and brain. 32. The
19. rTéIﬂi&Oﬂeth(ﬁd of daim Wwhesimstsp(a) compseshletdcting sad twobemokebiological
is lung coll.a n and said ond bi ol ogi cal nol ecul e
moleguges g siatiation conptines SV HES B ai m
wherein said flrst blologlcal nol ecule is a protein
20. a'ﬂﬁ%ﬁé’tﬁo@ 6£QREh Po AneRiFabp (B L&aptiSes Rttt said tvo &hx%ore biological
nmet hod of clarm 1 wherein sald first sald I ol ogi cal
molecmi¢sdnyuinessi spectRidetgnd sai d second bi ol ogi cal nol ecul e
is DNA. 35. The nethod of claim1l wherein the two or

e bi ol ogj cal lL,ecul es.are chos n ro .
L T BB OO S TR 534 GaCRO RO ppepios comprissafirs
blologiaal 1861e6i18 land 236toRh BiR&Eied Fholesll€sind R filftSaiatiflegicall molecule is
| aim 35 wherein said one or nore biological sanples

DNA; @d§hld§éwlfdr9@rﬂ biplogicabmalegnlgdvia p@teinThe met hod of
cI ai mwherein said first biological nolecule is

%%&ho:ﬁrgf 8%%1 Q} thefe% ya?tg Ho%egé%lﬁ] g‘/ﬂﬁn@%gﬁ ?/tﬁ%iﬁ@&j from the group

o ogica e rs a

chosdnr fr@th ystlegdver3iirendd esste] frostarftissleq colonhissiel endomiettial tissue, skin,
first bj ol ogical rml ecule is, mtochondrial cardiolipin

breash Hspug.Adipase B, ¢hlom dynekaid HsuecNdedIpig. ni t ochondri al
DNA. 39. The nethod of claim 21 wherein said first

23. b'ﬂ}&ﬂétﬁ oﬁahﬁﬁé? %zh'efeugfa‘?@blN% 9&1&’ ﬁa&%ﬁ%qred

ogical nolecule iIs asnma | nmunog obu 40. The
simuhmteboglyof cl aim 21 wherein said first biological
nol ecul e i s dernal collagen and said second biologica

I t Th t hod I
2.\ nbiaBed BESR 8 Ve BT H iolGRifL CRTB e FOmoRrs REPREFH
and sai d second biol ogi cal nolecule is keratinocyte

25. DNfhe fiéthodofEaBRd 1 Sheftdt 864 bidtbgitHl 9&HHIE icBAprisds bacteria.
nmoni toring the progression of a di sease, dlsorder or

condition in one or nore tissues of individuals or in
26. i nbhesneibaf of claspgd iwdierrgn said protein is a cellular protein and said DNA is

mitochondrial DNA.

27.  The method of claim 21 wherein said protein is a cellular protein and said DNA is

- genomic DNA.

28.  The method of claim 21 wherein said first said biological molecule is adipose tissue acyl-

glyceride and said second biological molecule is either protein or DNA.

29.  The method of claim 28 further including a third biological molecule wherein said second

biological molecule is a protein and said third biological molecule is DNA.

30.  The method of claim 1 wherein said one or more biological samples is obtained from

somatic tissue.

83



84a) neasuring and conparing the relative nol ecul ar
flux rates of the two or nore biological nolecules in
W@2d05/03¥65popul ati on of one or nore tissues or PCT/US2004/021063
i ndi vidual s according to the nethod of claim1,
wherein said first popul ation conprises tissues or
i ndi vi dual s | acking sai d di sease, disorder, or
condition; b) neasuring and conparing the relative
nol ecul ar flux rates of said two or nore biol ogical
31. nrdrhecméthsd ofclains 3@ eherepogid sinasic tisfuein shegenfome muscle, liver, adrenal
tissues.or

i dual
tissucy BToSTATR ioHG CRIGR e eAan R, ware-sRins AEpaReiisaIe pfesst tissue, colon,

lymp SheRsueNafhdinfl i st and said second popul ations to
etect, prognose, or nonitor the progression of said

di sease, disorder, or condition. 4 . A nethod of i
32. diBhgnosthedof grioyAbwhargin said firsh biobegieny mobesuls isdunssenillogen and said

secor e Rh el SR it DR e ar 1 inc 1 aces. of

the two or nore biological nolecules in a first

33. PORHY Béthed oDElaiN2] VherBii Said fifs bRSogial iniléctldigal fFotein and said
according to the nethod of claim1, wherein said first

seconsbo piglegi¢ad modesl is §aBNA; ssues or i ndivi dual s | acki ng

sald interstitial pulnonary fibrosis, and wherein said

e%etﬁgﬁ Bf 8?9%?%@1%94111 g%k&%{l ?ﬁ b%l 'éélstﬁolleb’lgg is mRNA and said

co agen and ast r|ng an
secomﬁfmbglcagmbleeulﬁmtbm.ar flux rates of said two or nore
bi ol ogi cal nol ecules in a second popul ation of one or

s T RS B SR LS B e o
apohg&tﬂ:gfeﬁﬁﬁ ﬁié[&&eﬁ@ésl ARSBhSRdS, 'cﬁ&l@@éx%ﬁtan%leﬁ%l Gater

rmning a difference between the nol ecul ar
rates in said first and sai d second popul at i ons to

36. di Hipostbod pf dlgine 38 whereimeaid ppe or ineredrielggisaksaniplestis chosen from liver
d|n rstitial pulnmonary fibrosis. 44. A nethod of :
an lﬁ %fgnosi ng, prognosing, or nonitoring the progression
of hyperlipidem a, conprising: 85a) neasuring and
37. COTRamkhgd bb laii® D& etteddin fdid first dicdsgied] nidleculas gdyced]mioiety of
bi ol ogi cal nolecules in a first population of one or
triglyepyide andsspifbsecond bwmgwaMM@u&dééfﬁfwld woiahy ofsighisgrids.

38. - The method of claim 21 wherein said first biological molecule is mitochondrial

cardiolipin and said second biological molecule is mitochondrial DNA.

39.  The method of claim 21 wherein said first biological molecule is B cell DNA and said

second biological molecule is plasma immunoglobulin.

40.  The method of claim 21 wherein said first biological molecule is dermal collagen and

said second biological molecule is dermal elastin.

41.  The method of claim 21 wherein said first biological molecule is skin keratin and said

second biological molecule is keratinocyte DNA.

42. A method of detecting, prognosing, or monitoring the progression of a disease, disorder,

or condition in one or more tissues of individuals or in individuals, comprising:
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claim1, wherein said first popul ati on conprises
ti ssues or individuals w thout hyperlipidema, and
wohk@sessssai d two or nore biological nol ecul esP@r/ES2004/021063
chosen from apol i poprotein B, triglycerides,
phosphol i pi ds, chol esterol; b) neasuring and conparing
the nol ecular flux rates of said two or nore
bi ol ogi cal nolecules in a second popul ati on of one or
nore tissues or individuals according to the nethod of
clai measuritigend icomparing theselotivaunolectlaoflegrae ofithd BoubaRore
. care chpsen fro ol ipopratein B, triglyceri.des, )
biologieal BiE s Wi HishBonuldtion st onis feymose tistes orindigioals according to the
meth6d bf EARNEOVRIENRER firSiSHopRlaBioH 8mpfisddtisEls@% ildividRldacking said
. first and said second popul ations, to diagnose,
diseags, dipaesiea, orgenditiont or t he progression of
hyperli pi dem a. 45. A nethod of diagnosing,

pnag 1.NG.. QO nitorhng .t he prpgression,of i1 al
e oty o0 cPRP bR b %ebifs RORAP R RuSlan Rl more
biologieapaslenges e sEObREpUpRLatioh Wf oh@beSofd tidshéd dridiPiduliBa8eording to
. biological nolecules in a first popul ation of one or
claimk;28d i ssues or individuals according to the method of
claim1, wherein said first popul ati on conprises
i ss s . . : .
nyBor oy i QUHAR Relt el o gl o BEITGEG first and said
secoridi mipokptiond tondeteet; upre gnase porapatitop iy wrogiessidh af¢hididisease, disorder, or
i ol ogi cal nol ecul e chosen fromtriglycerides,
Bsphol i pi ds, chol esterol, and chol esterol ester; b)
nmeasuri ng and conparing the nol ecular flux rates of
43. S thelh¥A FAidBRbSInE) RbAWsER! ofBbEEH égr@rﬁﬁgﬁ%ﬁimerﬂiﬁa}
popul ation of one or nore tissues or I ndiVviduals
pulmegrssy fidrasis, cemptigingret hod of claim 1; and c) determ ning
a difference between the nolecular flux rates in said

st AR 0R BB i LIRS Bgmor btogcn
mole€flésiinneftstyepaltioR 086 G breSbiks DR HRIAIRAR HERLAIAL to 1?]12 method of

. A methaod of diagnosing, prognosing, or nonitoring t
claimpk, grherain paid fistt popywationseprepsises issues pmindiyidveds lackingsrid interstitial

o D GBS 0 TR B ol

and fibréblass DNpopul ati on of one or nore tissues or

i ndi vi dual s according to the nethod of claim1l,

mﬁgrein said first or second popul ati on_conpri ses S

t | sheasusngiand conpyestham ar iy anteeal wed o eirmore biological
mo}e%g% sggériij\ﬁ%g Jﬁﬂﬁﬁ%ﬁ@&l b Al oP ﬁn%\%gﬁaqggccording to the method
of claim 1, wherein said two or more biological molecules comprise lung collagen and fibroblast

DNA; and

con

¢) determining a difference between the molecular flux rates in said first and said

second populations to diagnose, prognose, or monitor the progression of interstitial pulmonary

fibrosis.

44. A method of diagnosing, prognosing, or monitoring the progression of hyperlipidemia,

comprising:
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pl asma i mmunogl obul i n; b) nmeasuring and conparing the

nmol ecul ar flux rates of said two or nore biol ogi cal
wori0s08d66s i n a second popul ati on of one or NOPET/US2004/021063

ti ssues or individuals according to the nmethod of

claim1l1; and c) determning a difference between the

conpared nol ecular flux rates in said first and said

second popul ati ons, to diagnose, prognose or nonitor

the progression of inpaired cellular inmmune activation

wiae riapgsusing @pd eersparing themolecylar flupiitesiof the twvapr motedbiological

te.r ti .Q t J nogl ehyl i.n_nol ecu
ol 53 8l EGn R T PO A L 5Ll e et o
claimfli, vhtreOguid fitst populaesH ddmRRed Hiupy AARBS KA Withdue B8 Epidemia,
cellular immne activation in said second popul ation.

and whereipsaidtwoer Bprehialgaissl melecyeversbpsay, fram apdifopmt¢ing,
. [ Ski n ' es), conprising: a) neasuring
““ﬂygﬂgkg3%8§?Pﬁgh¥h%%%%ﬁggu|ar flux rates of the two or
nore biol ogical nolecules in a first popul ati on of one
oib) nmessuting andsomparingtthy indleghkr 8oL @4tes 60saldtvid6r Bk baslogical
c?:fl claim1l, wherein said first, popul ation conprises
molequlesdp a secandipraniphon af Qe griwese tisenss ok indbyiduginencortingiy the method
f clafiR9, WhGeh! QiR i ' | &8 L 6rotei
ore dermal coll agergj%llnl)g&ggﬁor%gg E@Inggltg +‘ir§]9§ %?C%éﬁlﬁ%]g&éﬁas rotein B,
triglycapidps iphnsphohipidspdhedastesol; 4ddux rates of said two or nore
bi ol ogi cal nolecules in a second popul ati on of one or
more,tissues of.individual s, accqrding.to the nethod of .
b dArTRE A fergre b S e e bl in oR Beiies said
secon@pBpulBidiR| 16 alabAGRNDRBALAES Bbnif: A8 prdgredilfn of Kyperlipidemi
dg?t%r mning a gi fferr)e%é bet vvelzeln rt hebc%%par%(d) @per ipidemia.
mol ecular flux rates in said first and said second
45.  pdypurthor of diagposing gresnesingrasgreieriog thopriogmssion of familial combined
[ wWherein an alteration in the dermnal
hWPm@Q@%%%gHQ%%Pégglar flux rate relative to the derma
el astin nolecular 87flux rate of said second
papuhedsuring andpangatingahs motkchiat S PABYbBthE 8o or more biological
identifjies altered photoaging in said second
molecylss ip adirsporulgtionofenarsandge tigwes prindivigualheccording to the method of
- qf LVEE eraneuyt|.c ent., 1.co I .$1Ng; ¢a):1: .
clim . LB GREAS Bopdat A ARENES Sy B8 Hipa fREBIpRIRE el combinea
hypertipidetnisn and wierein siidtvagoaadre biological molecules are apolipoprotein B and a

biological molecule chosen from triglycerides, phospholipids, cholesterol, and cholesterol ester:

2

b) measuring and comparing the molecular flux rates of said two or more biological
molecules in a second population of one or more tissues or individuals according to the method

of claim 1; and

¢) determining a difference between the molecular flux rates in said first and said

second populations, to diagnose, prognose, or monitor the progression of familial combined

hyperlipidemia in said second population.

46. A method of diagnosing, prognosing, or monitoring the progression of impaired cellular

immune activation, comprising:
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nol ecules in a first popul ation of one or nore tissues
or individuals according to the nethod of claim1,
wob@sessssai d one or nore tissues or individuaPGI/v§2004/021063
said first population are in need of said therapeutic
agent; b) adm nistering said therapeutic agent to a
second popul ation of one or nore tissues or
i ndi vi dual s, wherein said one or nore tissues or
i ndi vi dual s of said second population are in néed of
sa) dmtdsariag end comparitigtthe aoikcalar flam sated dslghamlo COmpRY Biokgical
the nol ecular, flux_ rates of said two
moleoei#eé%a izt popplatien PEQNG of IIF HiSes ehaldb\eé%ﬁlsﬂ%qceﬁilleﬁ toghg method of
r I
claim 3 AP S PRAESr Qleohd BUAANA SnBFSal (108 Sind DR Wit
impairadl cetlulaaimmbnexactbvhtion et whersinsaiddbiblogiil motwhlai; Teell DNA and
sai d second.popul ati on neasures the effectiveness of
pkwm@éW&ﬂPﬁ@PE&@ﬁtic agent in tissues or individuals in
need of said therapeutic agent. 49. A nethod of
de) EnpAsiting ahdSordpdrfifplthd/ fidfzlaP fluR rét@@&?ﬁ%&oﬁﬁ&@tbmologlcal
conprising’ a) neasuring and conparing the nolecular
moledullesyin pate@nd populagon wbongrormpore tissush oyindividwalé accordisg forthe method
£ olad @p ul ation of one or nore tissues or individuals
ote ng to the nethod of claim1, wherein said one
or nore tissues or individuals of said first
Pep Udedérnffing aaliffere Nt tRéensthé BorhpatdBfdlddular FHR Rites M said first and
adm ni stering said therapeutic agent to the
said smdmgpp]@ﬁonsaﬁmd@gnqq;ﬁ,agggnqsg opm@NEeNha praggessier of impaired cellular
1mmulﬁg &f\}é{tlgﬁ theILan 5 &gasg ﬁ]%l”ldcél [ mQRe Slap hg% 9&% ?eeﬂtlve to the
Fecares Vs sal uIa I'on of “onhe oOr nore tissues or

plasrriaﬁﬂ]!rrlﬂndgblbﬁhﬂﬁﬁﬂh'odlalﬁ @uk Paté esaid®ideond populhtédneompabay oishid first
a_ difference in the conpared nplecular flux rates in

populatien idsnfifiesithe progesssiea 05%11‘1% sflubag snpune agtivagjon Hesaid second
popm 3§[ apeutic agent neasures the effectiveness of said
erapeutlc agent in tissues or individuals in need of
sald t herapeutic agent. 8850. A nethod of determ ning
47.  a A owthodeif dégnosing, pagriosings oranefifoenig phbtoaging (skin wrinkles),
chenot her apeutic agent, conprising: a) neasuring and
COMPRgHBari ng the nmolecular flux rates of the two or nore
bi ol ogi cal nolecules in a first popul ati on of one or
M emkhsh HEHENQ eoﬂnﬁmx§ e flobecBfE Audirts 5O0thE Rfo Hﬁﬁia&dblefoglcal
claim1, erein sald two or nore biological nolecules
molegnles gred Fiest aoplp:iamreoﬁprarm mmd: tissuas oDNdividuats achendaigto the
noce t i ndi vi dual.s of sa

metlwgﬁgfg,?rfel &25\/&?]@1]} .ﬁm#] ﬁésg PQRU %tbﬂnocompnses glssues or 1nd1v1c{uafs without

detectable photoaging and wherein said two or more biological molecules are dermal

collagen and dermal elastin;

b) measuring and comparing the molecular flux rates of said two or more biological
molecules in a second population of one or more tissues or individuals according to the
method of claim 1, wherein said two or more biological molecules are dermal collagen and

dermal elastin; and .

c) determining a difference between the compared molecular flux rates in said first
and said second populations to diagnose, prognose or monitor photoaging, wherein an

alteration in the dermal collagen molecular flux rate relative to the dermal elastin molecular
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chenot herapeuti c agent; b) adm nistering said
chenot herapeutic agent to a second popul ati on of one
W@r00s08351 i ssues or individuals; wherein sai d PCEUS2004/021063

nore tissues or individuals of said second popul ation

are in need of said chenotherapeutic agent; and c)

nmeasuring and conparing the nolecular flux rates of

said cellular protein and cellular DNA in said second

popul ati on according to the method of claim1, wherein
flux fattofhidf seEaiGR pulhtibh @omphrad it/ said bkt @updatid identifidsetered

bet ween the first popul ation and second popul ati on
photqagingan saigd S?‘Eﬂ%‘rﬂo@}lgﬁpn effect in the case of about

equal effects on DNA and protein fluxes, or a

t
4. RO B e Bl g I RReARE B P ne N Phachl cBRpRSRE

tissues or individuals in need of sald

C he rmd&dsm‘iﬂg)amt compgiagtthe mblecklanBtch cdesadf thietver o moregialogical

nmoricidal qr .tunpristatic effect. qf . .
moleclfa o HER RUBHIFHR Ssor sk inToes Aindiy Sspsgpiding tdbe method of
claim Ci éi’éin”sﬁlcf &% Jmh&% lt'l'Sﬁfes bt H981J1éﬁ£§ofgald 1%t poulRlon"RE f need of
bi ol ogi cal nolecules in a population of sald one or

said thepapeude agamt;e ti ssues or individuals according to the
nmet hod of claim 1, wherein said two or nore bi ol ogi caI

ecul.es. are cel] ul ar..protein and
Wb RierE s B o8 10 88p Brilodiin, & e 7 Br, thssues or
individ@as vifersinlsald Ohe BPdeS B4Raes drandigRIvhls Jf kaid d8dont Popiilafien are in need
sai d chenot her apeutl c agent to said individuals or
of sai¢h ystApgutiongentigddc) measuring and conparing the
nol ecul ar flux rates of said two or nore biol ogical

gelﬁg%u aflg an ?%r?paggr%%]?@[o RRLRE ABR ?atgsra (I)f(}gfde thd SO Bblogical

I'VI IOI’]O

moleddfstie sait kedoap @Upﬂﬂﬁﬁ@g@frﬁnetdi nttet @sgues or individuahoaccoidited to the
or tunorjstatic effect t he chenpt herapeutic a

methesbof cletmel, Awredn aéeffeé?rrﬁeﬁn Hy cgnmaaea# meeC R T g cen said fist
populgtflm?'ﬂldaégd %‘cgﬁd B'rﬁ%a?&)% i at 41e n'e%%f%gﬂ thera%%urtig agent in

npari ng two or
tlssuebbﬁhﬂgmmwﬂs mniee«t uf md ﬂiar@eﬁmcr@enpopul ation of one or
nDre i nfectious organisns in said tissues or
dIVId accor di o .the ne of claiml

al
49, | Aumeihed 95 Pereiia i TR RS PBID g e Sfershopt pel Cqpprising

protein and DNA from said one or nore infectious

oL aRLAABingAAd Mﬁaﬁiﬂf@ tﬁé‘hﬁiﬂ&ﬁ&r Plux TRESOL thS BME ST ﬁ’ﬁ)re biological

i ndividuals of said first population require said
molecatgsiibagopulation of one or more tissues or individuals according to the method of claim
1, wherein said one or more tissues or individuals of said first population are in need of said

therapeutic agent;
b) administering said therapeutic agent to the population; and

¢) measuring and comparing the molecular flux rates of said two or more biological
molecules in said population of one or more tissues or individuals according to the method of
claim 1, wherein a difference in the compared molecular flux rates in the population before and
after administering the therapeutic agent measures the effectiveness of said therapeutic agent in

tissues or individuals in need of said therapeutic agent.
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b) adm nistering said antibiotic to a second
popul ation of one or nore infectious organisns in said
wao e@s0swsnr i ndi vi dual s, wherein said one or nRCEUS2004/021063
tissues or individuals of said second popul ation are
in need of said antibiotic; and c) neasuring and
conparing the nolecular flux rates of said two or nore
bi ol ogi cal nol ecules in said second popul ati on of
i nfectious organisns in one or nore tissues or
50. i Adhythdd af detedsiningiatgmbrcidhkortembsistatié eff¢caiofin themoterdpeutic
determning a difference between the relative
agent, POMPEISINGF f| ux rates of said two or nore biol ogical
nol ecules in the first and second popul ati on of
[
cF} dEkisaHing SRR o OIS N Rl fhe Rl Bfblebiotsical
molecales iimlalfirsipoptlatiorcofdrear mat tissueant indivaduats abeoiding to the method of

. thera C risi | and arijn
claim B ERILAT MO RO LI E AP GG A s BTGP 5T eid Cellular DNA,
and wHBlCELHiESnd & Iﬁoﬂqusue@bf Hﬂnﬁﬁuaﬁi‘@f Qid IR Eoﬁdﬂﬁtﬁﬁltdr@ lifpeed of said
organisns 1 n said tissues or individuals according t
chemdtherapmtticogentf cl ai m 1, wherein said two or nore
biological nDIecuIes are protein and DNA fron1said
ai d Ong

B RP Ph3R0 AB B0 O P SRR Srom ormor

tissue§ SHiﬁU{ﬁd&eﬁﬁ dv}féfdiﬂl Bli@bh&or MbrerihIndy ditikdilidgals of shid second population
antibiotic to said popul ation, wherein said one or

are inmeedof said chesnatheraprutic pgenil andof  sai d popul ation are in
need of said antibiotic; and 90c) measuring and

gp | BEas aflé 'E{Sﬁi ca uﬁ it g3he Ho?%ufa?'ﬂﬁ s §1a§a_gl Xl?ﬂ&}f priREPand

in said popul ation ect’l ous
cellular ONA isrsaid secaal gbpalation hcsvadiag té #eurahat of dalinv],duisirsin the
accord|ngtothe nethod of claiml to determne he )
differgpcgdp the relatiye moleopiag flux satesbgtyeem girgtgoeu aggn a.l;&{ second population

reveafagﬁa Cﬁr]ﬁ\%nefdal SRR ] thE e f Bﬂgdt%gﬁéitdfﬁc@ %Fld ?)\?\‘/:I)t?lﬁ ﬂauxes, ora

en 1nh one or nore tissues or IVI

tumonigistid dff@w in nhe aadetof gebatee affects on dINA ik protedspot ssidgienmherapeutic
neasurlng nparl t he nol ecul ar qux rates of

agentyih §sys Opind e Sdpélﬁﬁfggfé&rde FRSMALRATRRCTR 2gET 1 st
popul ati on of one or nore tissues or individuals

51. g?%ﬁigmo@%ftd@temﬁuﬂ?é Hﬁﬂ)rﬁfda‘? bAtuRokiskite efit&t ofal dHehbiRtapeutic

gi cal nolecul®e 1s nuscle protein or nuscle DNA
agentacmaing:second sai d bi ol ogi cal nolecule is adi pose
tissue triglyceride and mherein said one or nore

t| sues or ﬁl vi dual s | I St o&&gl gtl QN are . logical

di? g%@séldm\%naf‘ CQIEP?Prfgr‘BF 1 Sy, SR OiPE Sy &F more biolog
molecules in a population of said one or more or more tissues or individuals according to the
method of claim 1, wherein said two or more biological molecules are cellular protein and
cellular DNA, and wherein said one or more tissues or individuals are in need of said

chemotherapeutic agent;
b) administering said chemotherapeutic agent to said individuals or population; and

¢) measuring and comparing the molecular flux rates of said two or more biological

molecules in said population of one or more tissues or individuals after administration of said
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b) adm ni stering said androgen to a second popul ati on
of one or nore tissues or individuals, wherein said
W@n®s508368Dr e ti ssues or individuals of said sepOntisS2004/021063
popul ati on are di agnosed with said frailty or wasting
di sorder; and c) neasuring and conparing the relative
nol ecul ar flux rates of said first and second
bi ol ogi cal nol ecules in said second popul ation of said
one or nore tissues or individuals according to the
chemo@thpenttf agehffordelermaecthe junsterictdationiungoristaticfefferestake
between the rel ative nolecular flux rates of said
chempthesgpetiriageat-d second popul ations to identify a
therapeutic effect of said androgen. 55. A nethod of

52, | %Hltemaa' me&nhnﬁﬁgggfgm & @;t c%?lfectoc%f AnABBHE I R e

nore tissues or I'Vi a wasting or
fral Ity di sease or disor der, conprising: a) measuring
arnal maasminigragdk:bmpanixhgma inerledular{luxattes obthettive or mr@biological

i cal. nol.ecules in ul ati.on of ..d on
molegjes i ad et BAAIOB O PRPVTAAREoROR R ARG B PHCI e R dndividuals
accorﬁfng% M Methdl 8F Blaltn 3 aévﬂerfeinrsifd tWooerl%r@ %hol@@hﬁ%l@cdl@s are protein
cle protein or nmuscle DNA and sai d second
and DBV Aoy szl onobemoteinfetians greamsms sudwhencingiaytend aranore tissues or

sai d ane_or es or individuals of
mdw@ﬁ‘?]a\gg &@ﬁt p(?ﬁulﬁf‘)‘%n mq&&ﬁa@g&“b\fi?ﬁ said frailty or
wasti ng dlsorder b) adm ni stering said androgen to

thy E&Bﬁhﬁéﬂn&gnsalcﬁﬁiﬂlb‘?&k)toﬁ% fp’d)@u&ﬁdn eP5RB61 MaretifiRctious
relative nolecular flux rates of said first and second

orgarjisrag mgﬁiat,ihmssm @ dnﬂh@glup]ﬁ ‘éfhfFmeﬁéMD&th Hre Hswied Phigdpaduals of said
seconr%lcﬁoggﬁltngg%{ n n%e&l Mﬁ)r(gﬁ J.Rp increase in the

TORFar Sard Aiscl e protein or nuscle
DNA relative to the nnlecular flux rate of said

adi)p arasirinpsand donipgtiyg theimdedulardhixdraes plikad i towo axftae biological
adm ni stration of said therapeutlc agent identifjies a
moleggs isaish segont perwlation of FHECtioNs PERFBISIISIN PRE OWRSTS tigugsyor individuals

acco,{djd%nt%,ﬁ?(y{l}fﬁﬁl%a%gc%m@gﬁgder 56. A net hod of

a therapéutic effect of a growh factor or
anabolic agent in a wasting or frailty disease or

di d;)o determintmgpdiferange befyvene deueiatige mmtbcukmﬂax ira:tgs ¢ffsaid two or more

ar. flu tes.of t nor e..bj
biologgp DRI GIS H GeriHand Sesghi 2oPURIY OBl GO R Bpnisyps o determine a
cldal%ﬁt%’d@%ﬂe&df@&ia\éhfi'bﬁehé according to the method of
aim1 wherein a first said biological nolecule

is muscle protein or nuscle DNA and a second said
53. bi Alnoyhedho! detdroduing aicidahdi paiseeifbct elian antibipticcdiring dherapy,
adn1n|ster|ng said growh factor or anabolic agent to
COMPYIS™E ond popul ati on of one or

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a population of one or more infectious organisms in said tissues or individuals
according to the method of claim 1, wherein said two or more biological molecules are protein
and DNA from said infectious organisms and wherein said one or more tissues or individuals of

said first population require said antibiotic;

b) administering said antibiotic to said population, wherein said one or more tissues or

individuals of said population are in need of said antibiotic; and
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nore tissues or individuals; and c) neasuring and
conparing the nolecular flux rates of said first and
W@ ewsensBebi ol ogi cal nol ecul es in said second popi/E$10041021063
of said one or nore tissues or individuals according
to the nmethod of claim1l and wherein an increase in
the nol ecular flux rate of said nuscle protein or
nmuscle DNA relative to the nolecular flux rate of said
adi pose tissue triglyceride in said second popul ation
C @hpaeatrihg aﬁdiboinf)zhmg thp apidcatar dlox rates df faiid 3wa or more biological
beneficial therap c. effect. of . sai romh factor or
molecieain soie pagelation ol m#@tlwaz%?rﬂﬁ@sraaﬁ Ik 323} P OINQKE AISEUES O individuals
accor&’ilné @5 ﬂ{%rmetﬂ%d gﬁf]% 'ﬂd B&enifld fHe Q5B BPsth% &N oi“ E‘ﬁd antibiotic.
refFative nol ecu 'ux rates of said two or
bi ol ogi cal nolecules in said first and second
54. pdpuoetiodof édemtif)iidgntthélylpaltiCI@éfeatmfwmia@dﬂfgbnm omf orgadre tissues or
wt h . factor or b a 57. A.nmet hod of
indiviR iR ey e ae S P eSs ROTSsUeR FomBHTBEY of o
growth factor or anabolic agent in a wasting or

f i eXsudihg QA8 BoRpariiiSBkE &flecule® TRk irSte NG the kwHBARISd Bidlogical
and coqparlng the nolecular flux rates of two or nore

molegyiles ip gifusti popplation oéeng er morgdissuestor onliviflualaperosding &y the method of

i Ty S8 G i 1 BSGREAefor fEDROY s sesona
said HiMSFic@l hsle& gt is '&ﬁﬁ)dﬁ siche tpicaide, amd dhé%ﬁps!%ﬁﬂ one or more tissues or
bi o ?lcal nol ecul e i s adi pose tissue triglyceride;

b
individyats of 82 brsh gopulpdonyrrsiagnpesch with epid RBY AT Wastipe disoxder;

the popul ation;” and c¢) measuring and corrparl ng the

e&(ﬂhﬁﬁ térin'gxsaf %?o B 158l %:ofnh :gﬁf) uldtion ?&ﬁ’:%q more tissues or

oglca n sai
1nd1vmldmsnwh¢remtsaxdmrxefor$mrel tlgmsx\bhmﬂmduﬂs dftsafisebaid popabtioh are
accor t he met hoa of . cl al m 1, wherein an

diagnpsgd, wi éal‘il %‘a’flﬁ’eorﬁﬁs%% isprders @y at e of said rnuscle
proteln or nmuscle DNA relative to the nol ecul ar flux

I @) enRhsutidl And bMPAEngd 1he SLIRtITe ﬂlgiebﬁﬂ%r ﬂ&’;?rdté& o?%blﬁ ﬁrst and second
popul ation"after admmnistration of said growmh factor

biologicalanelbailexinagilsecomieprpulation ofisdié neé drnate tidvessapdudivicluals
ffect, of said.growth factor or anabolic agent in the
accora}é’gﬁf’hlfrﬁ?tﬁ?‘ag}c%??nm@i @E@se or disorder. 58. A method
of identifying a beneficial therapeutic effect of a

s &f) eaétbi@nRig s AFBRNEEEANEE theRelblivl RblebHrRMx tlesr@aiE!first and
cancer therapy, conprising: a) neasuring and conparing

said sependrpsipelatipag tofidenti attb@alaﬁﬁltlt: Efectvd said androgemwi ol ogi cal
nol ecules in a first population of said one or nore

55. © 'A? RictodUr 1&&Q’Tylhg g%e%aﬁe%?g %ﬂ%&%f bR aflé}%ggﬁ in o%% or more tissues or

individuals with a wasting or frailty disease or disorder, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a population of said one or more tissues or individuals according to the method of
claim 1, wherein said first biological molecule is muscle protein or muscle DNA and said second
biological molecule is adipose tissue triglyceride, and wherein said one or more tissues or

individuals of said population are diagnosed with said frailty or wasting disorder;

b) administering said androgen to the population; and

91



of claim1, wherein first biological nolecule is
mamary epithelial cell DNA or endonetrial cell DNA
w@eehs3e3d6s2 second bi ol ogi cal nol ecul e i s protei PCOUSIODN21063

fromestrogen-insensitive cells in the breast, wherein
said estrogen-insensitive cells are chosen from

adi pose, fibroblasts, stromal cells, endothelial cells

or other non-epithelial cells, and wherein said one or
nore tissues or individuals of said first popul ation

acp HeRgring el vrhparingahselabeasdleculdr farkates of edid figst and second
sald SERMto a _secaond popul ation_of said one or

biologi¢) salesulss in ﬁ%}fixppalelav@l aGgREHRS 19 (b mstiieo! GHaimcly avherein an increase
in thegncﬁg'é{ﬁ:ﬁ \élcu‘alfﬁ\%s%le rot%ﬂ'l & ﬁ%&?{ﬂN&oﬁ}Qﬁ@E 'té)ﬁ)eg'ﬁ(ﬁecular flux
nose WI ncer; neasuring an

rate oﬁﬂi‘@adhpﬂ@ ttsb& mﬂy&én&@lﬂnaicbpnﬁthlohlaﬂm adnhiesstrafiors of <hid therapeutic
noy e bi o)l ogi cal nplecules.in said sec

agent yb‘iﬁﬁ‘t}f &t # dherapeudigictfeehnd said angogen g easting p ?lﬂw disgpsg or disorder.
according to the method of cla|n11 wherei n a decrease

56. | '2} {n@ﬁxoﬁ%&“ fRetifind & Wherh uﬁc ‘éffe JYBRTEaYof B érﬁ%bh@!agent ina
ce fy en tr|a DNA relative t

wastinger finailty disease d‘rldwmdeo,twnqﬁnsmt d pr ot ein or DNA fr om
estrogen insensitive cells in sai d second population

gpared 93to,said fi tﬁfﬁ@ %]ontldetlf es 1 al

S R PH%F‘%}BB%‘{‘} S i o Tes o e P %fd’é‘i’fﬁ?f" ogic

mole&ile%eiﬁta fﬁﬁ"jﬁ) ﬁlat1519 of AidBAnSHe tise@sRtor individuals according to the method
beneficial therapeutic effect of a selective estrogen

of claprad et oherain alfmt@md(@ﬂng@cah molspela é myspheprioteimer mp§cle DNA and a
r the nol ecul
seconf S BBl e fIBE e A3 BPBRGIIR) "ol ecul es 1 n

a populatlon of said one or nore tissues or

| i adraiinistetingoaid gowth faotot beambblioagedt tccd sécond population of one or
wherein said first biological nolecule is mamary
mOfeé‘éWPFlé}’ individuals; apiA or endonetrial cell DNA and said

second bi ol ogi cal nolecule is protein or DNA from

a ? r ng%ﬁn?ig %{rﬂg E{)ﬁl@éﬂ'ﬁ)g‘?’!ﬁe Inﬁ)lécﬂl:% Zﬂ%f(%t@?éf sa ﬂ‘f?lﬁgapﬁ g{and biological

pose, st romal endot
moleauieh intshidrsecumdgioptilatibn af saidbhesomahotehtissimseastdividnals accordmg to the

erei.n sai ne. or .nore t.issues, or, i pdividu
methég?éﬁ?ln ‘EWEEFFE& JujRCISASE 18 .%nakeswlavﬁ% raig %@%{d muscle protein or
muscRANRA! relable AL RoidQilldr PG ae Of SHRWHE g)%sé hﬁué ?r'.i ceride in said second

- popul at1on of tissues or individuals; asurln
populatidn campaed togsaichBrst poadation ideltdes IaéJﬁnéﬂmuad thaa}mltlofeffect of said

dtvvoo nore bj ol ogi cal ul.es in
rowleiaglot 1 APl t5enbinaes BeS e A Eoat Bs PRPHT 0 ¢ he
nmet hod of claim 1, wherein a decrease in the nol ecul ar
fldyX déteinSinRiy aSdffrelBPeHvEeLk él8fiveinokehlar BNArs of said two or more

biological molecules in said first and second populations to identify a therapeutic effect of said

growth factor or anabolic agent.

57. A method of identifying a beneficial therapeutic effect of a growth factor or anabolic

agent in a wasting or frailty disease or disorder, comprising:

a) measuring and comparing the molecular flux rates of two or more biological

molecules in a population of said one or more tissues or individuals according to the method of
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endonmetrial cell DNA relative to the nol ecul ar fl ux
rate of said protein or DNA from estrogeni nsensitive
wW@edosm33i6m2 t he breast in said popul ati on after PCT/US2004/021063

adm nistration of said SERMidentifies a . beneficial
therapeutic effect of said SERM agai nst breast cancer.
60. A nethod of identifying a beneficial therapeutic
effect of a selective estrogen receptor nodul ator
(SERM in osteoporosis therapy, conprising: a)

claim rmwhetmnguchﬁrtt dmrpgmalngoltchée isoheseld protdin oxmousdeBNXK and said

Wo or bi i cal es in a first
Seconﬁig%%lpg’tc?]o‘ﬁo “]§é$ %AJB%% t’é?ueﬁBgJé’c?n sues or individuals
according to the nmethod of claim1, wherein said first

b b?l é?i%lﬁﬁten |s§i@l L SwibSfaQeN& aﬁﬁb&l?@%%n@fbdthé ?b}ﬁlﬁﬁﬁp Agk

bi ol ogi cal e I's mnmary epitheli al DNA or
endorretrl_al ceII DNA, and wherein said one or nore )
t £k sueasunng mmmmgh@ﬁmk‘aulm flux satepofraidafirss and seeond biological

molecRleRdH SRE GoRublortist b Etiation oF s BB Grof G bdtic agent

accordih$ /8% nthoéd6lf amﬁuﬁlvﬂmreﬂﬂ@ﬁ BldReas iR MoleuldFI& rate of said muscle
tissues or individuals are di agnosed with

protein ot awsele 83V A relative ©4by metegular fliy ratn of eaydrp@\lpbmlssmmglycende in
said pFRion BugteEid B ot el S BBt s iPritges beneicia
therapeific BffedTRf Saitl icfSItBTadibr dri@lhbdliblalest iAGROWHItHG dr Frailfiedisease or

met hod of claim1l1l, wherein an increase in the

disorde| ecul ar flux rate of bone coll agen relative to the
nol ecul ar flux rate of said mammary epithelial cell

58. DMng{ho %@9&%{1 dﬁ’% a BgﬂelﬁcBN@e} e Qf ¢ of ?gelp&gfgle%éé%ﬂ receptor

conpare to sal I rst population | ent|
moduborg SERM) inthhenstga@uér therepy, eompeaikingai d SERM agai nst
osteoporosis. 61. A nethod of identifying a benefi ci al

t her apeut.i c fect o estro nrece
mBy R FGrng %E‘azmml’?{“@s‘g% EFFB]%‘F “%‘H%}F%\ e By Y ren‘adoglcal
moleé‘t‘ﬂesqﬁ A& ;ﬁ@uﬁﬁgn epm@@sﬁm rﬁ&% tfgahe%w luﬁﬁwﬁhéigf a{c%}cﬁﬁ%ﬁi the method

two or nore biological nolecules in a popu
of clalm Iswhcretm ﬁrstrblniogwal mskods iomainnuiry epitielis] @tldaNAi axgndometrial

cel DA, e potg dieiPeep Chelortle Somplkisr NG 3 gstcessgrfasensiive cels

in the!br&sO WHeRdin gﬁh %&% 11§seH§HV@5éﬂsea?é E%Eﬁ abnt&liposPNibrBblasts,
endonet ri al , and wherein said one or nore

stroma} @ﬁg,@dgthehaiqu; duether non-epithelia oplls, and wiheweiresaid one or more tissues
. di. osged.w.t h_ost 0r 0Si s adm ni terlng said
or indRH 5 il i mORARRGHS S insdd sRTsPet bcellas or
i ndi vidual s; and c) neasuring and conparing the
r @) aidnﬁﬁisf@ix@%ﬁidéﬂEﬂle alsadodd pRbulfibsl of ¥4id Bfie HMh6re tissues or

individuals, wherein said one or more tissues or individuals of said second population are

diagnosed with breast cancer; and

¢) measuring and comparing the relative molecular flux rates of said two or more
biological molecules in said second population of said one or more tissues or individuals
according to the method of claim 1, wherein a decrease in the molecular flux rate of said
mammary epithelial cell DNA or mammary endometrial cell DNA relative to the molecular flux

rate of said protein or DNA from estrogen-insensitive cells in said second population compared
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bi ol ogi cal nolecules in said population after
adm ni stration of said SERM according to the nethod of
W@ b@sn33b52 wherei n an increase in the nol ecul arPET/U%2004/021063

rate of bone collagen relative to the nol ecular flux

rate of said mammary epithelial cell DNA or

endonetrial cell DNA in the popul ation after

adm ni stration of said SERMidentifies a beneficial

therapeutic effect of said SERM agai nst osteoporosis.
to saidfrst foprtativacidendtifissasiehefidalttharagfultie effevtasteanl SERM against breast

therapeutic agent in treating Al zheiner's disease,
canC€eonpri si ng: a) neasuring and conparing the nol ecul ar

flux rates of the two or nore biological nolecules in

o i .
59. ﬁk dl{lm\%tﬁlgg g?giég@g’éﬁ%? ?]Egnetﬁgﬁtl eraﬁgﬁtﬁco%ﬂf&? UP? s@éctwe estrogen receptor
modulaterr(SERM)dh drdast sincérithérapgy, calprsingcul e i s br al n

anyl oi d- bet a protein and said second bi ol ogi ca

ecule.is ai n 25-hydr oxychol.est er ol d where
T8) Reharig o fump i e B mRlchS e ER kiikef the B B Hatd Batogical
molec@légﬁ‘ Qiﬁﬁulﬁhéﬁ‘oﬂaﬁ‘@ﬁé@rm&e @i'sﬁt%@%?m@iwﬂﬁ&l’é é/chHﬁﬁéto%e method of
said first popul ation are diagnosed with Al zheiner's

claimdi whersin sai fies rhmlpgtcelrmalgcuianmamglaapemhehalaxga MNArandometrial

ccll DRGSR w0 bR 0 Bicp Bl & i TSR Pomegtgagensipsensiive cells

in thecwéa@t aRsheh Fh adipadel, Bbiobrs@osned celld, BnddtEIRl B&IS and other non-
di sease or i ndi vi dual s are di agnosed with Al zheiner's

eplthqimah@eélg@ e@s; and adherdin gaid ete evmprs tissues drdndividaalglofpaid first
nore bi ol ogi cal nolecules in
populra 10 S Just %%89 ey p%{x grteSMaﬁ) r; 9

sai ron of ’one or nore tissues or

i ndi vi dual s according to the nethod of claim1,

Wb &infinBtedingrsaRISSERM tb e said sopuladionfolf tixsuesabeindividwils and
brai n anyl oi d- bet a protei nrelative to t he nol ecul ar

qux rate of said 25- h xycholester in said_second
pG UREISUHRE @Bﬁi—ﬁoarpg%pqg& %}lmlrp%lpcu‘;@' xarta}eé ,9? said two or more

biolo% E%'?ﬁdléélﬁés ift sgﬁﬁﬁﬂlﬁh@ﬁ of tl?s%ﬁ@soti (il]lglcﬁgl‘s%‘ééoa?@ggggg rg%t.hod of claim

rapeutic agent In treatin el mer's
1, whéreired demreasé 1m’élasmulem{lprtﬂlﬁ retfefoeﬁ c4iil neamerasryadpithelial cell DNA or

t her i of Al helner S di e,
endorpelipf SeBitA 18R e e el b S rsRiof R0 Ptk LRV dfom estrogen-
msenélhb@(cé'll@tlﬁ ﬁleotfrezislﬂﬁl staYH)}?cﬁfuléﬁ%h &b} Pt sealioNDf SFHSERM flentifies a

a popul ation of one nore tissues or I ndividuals
benefwial thegapregtit effettef et SERM hgaihstibmeat; canher ei n sai d f| r st
biological nol ecul e is brain anyl oi d-beta protein and

2 g" Wﬁ?ﬁfg et gDQP%? @Fnefnf?h, ﬁ}mpgél%efggﬁ% 8P a selegtive fistragen receptor

moduldt@x‘S(BERI\@f il osteoporosis therapy, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a first population of said one or more tissues or individuals according to the method
of claim 1, wherein said first biological molecule is bone collagen and said second biological
molecule is mammary epithelial cell DNA or endometrial cell DNA, and wherein said one or

more tissues or individuals of said first population are diagnosed with osteoporosis;

b) administering said SERM to a second population of said one or more tissues or

individuals, wherein said one or more tissues or individuals are diagnosed with osteoporosis; and
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obtained froma patient diagnosed with Al zheiner's
di sease or individuals of said popul ation are
walr@gnsessrd with Al zheimer' s di sease; b) adm ni BCEUSI904/021063
said therapeutic agent to said popul ation of said one
or nore tissues or individuals; and c) neasuring and
conparing the nolecular flux rates of said two or nore
bi ol ogi cal nol ecules in said popul ati on of said one or
nore tissues or individuals after adm nistration of
se) dndusurimpnanddongianep thdwelaaiyy nedemiaiflug rates bheaidrétvood more
. of .claim, .wherein decrease.in, the nol ecul ar flux.
biologieal Folfeules iR 57oAnd AYPURHO R SHOLAG WTRPTF SFSHEP OB iniyiduals
accordifl td Tk MG of ddith 1, 3Herddh aft Hcfbado i ME HRVINGDR R LB bone
I'n"sald popul ation after admnistration of said
collagth eslapettd ithe molentlar fhentatd oEmicmbenefy epitielialheetldpiAt drendometrial

LG S ERY A TIE EO KE T ——

therapeBEPOMSE oPEaidUERIE addisist Ustebor8gs.0bi ¢ exercise in an
i ndi vidual, conprising: a) neasuring and conparing the

mol ecul ar flux rates of the two or nore biol ogical
61. mdl methbé of icntfyingwbensiiciabtheraphaiit effect Pha salactivaiesiregen receptor

he r. more biolqaical nolecules are cellul ar
modulgl (S ERAB RGP Rt AEFL: CBRATIIE wher ei n t he
bi ol ogi cal sanpl e conprises nmuscle tissue; b)

s upj medsufifg bitcimhiritigdbé@olceuRe ik ratesofahe tveeor @pre biological
measuri ng and conparing the nol ecul ar flux rates of
molecylgs dn f REPWALIeIYIsalt AIecyieYF tisples ey idnatoacgpising 19 themethod of

claim gﬂeg@g,ghf;ai&hgk mi&o%ch AebenTiNonk leléggﬁ%ﬁla %d%c@gi fhological

I'sSsue to s aerobl c exercl erein t
moleduledis agintahryspithtleal celiDIN A esendosetrial céls DN, and dviwdnedn eaid one or
an increase in the nmolecular flux rate of said |,
more HpugE Aoididialsrafaridgropplafien ars dipgnosgs W PHFORITOSIS at e
of said cellular proteins identifies increased aerobic
f 'b? nﬁﬁlgxms@:rmg%aﬁgém thsang)%gﬁlb{iaﬂ 8t ntRH %8sk or individuals;
altered expréssion of a protein in a tissue or
and individual, conprising: a) nmeasuring and conparing the
mol ecular flux rate of the two or nore biol ogical
nol ecul es. according.to,claimil at first ti int,
Wb r DTS TR 44 S B inegpE e Sieaneata it oL R g or more
biolo@EAEd1BcAAn 3TAPIPRaTBh 8FH RnfMSLs DI SAIB Bt REsdin)to the
- heasuring and conparing the nolecular flux rate of ,
methahofctlaimol ,ovhensin en ricotasg ircthie molecular flux rate of bone collagen relative to the
molecular flux rate of said mammary epithelial cell DNA or endometrial cell DNA in the
population after administration of said SERM identifies a beneficial therapeutic effect of said

SERM against osteoporosis.

62. A method of measuring the effectiveness of a therapeutic agent in treating Alzheimer’s

disease, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a first population of one or more tissues or individuals according to the method of
claim 1, wherein said first biological molecule is brain amyloid-beta protein and said second

biological molecule is brain 25-hydroxycholesterol, and wherein said one or more tissues are
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nol ecul es according to claim1 at a second ti nmepoi nt
to identify the cause of altered expression of said
WEe@EM33852 wherei n an increase in the nol ecul arPET/U%2004/021063
rate of the protein relative to the nRNA identifies a
change in translational control, and wherein an
increase in the nolecular flux rate of the protein
relative to the nRNA identifies a change in
transcriptional control. 66. A nethod of identifying
obtainkd GrofPA paicdt didghadved 96thi Alzheiinel's dRemse or inplivithealnof said first population
_expression, conprising: 97a) measuring and conparing
are diagnesedoyvidk dzheimersdipeas® of the two or nore biol ogical
nol ecul es according to claim1 at a first tinepoint,

fein el , : ]

A P PRl 0 BB ) SRR e mor s o
indiviﬂil&ﬁ% ahi Mhemsigl said opaot mgret tissuasoire obthined filouxa patieat dfagnosed with

said two or more. bjological l.ecul es accardi ng t
Alzhegmerisiseash OAnguilAls S HagesH WD AGRRTIT s IRECoRbe of

a change in total nmass or protein expression, wherein

ag} | NEAsBAR aﬁ@coﬁdﬁé‘%ilnggh@ﬁl‘éie%ﬁlaf hux rdtéd 6 safd 56 Br ABhbiological

relative to sal ular flux rate of said DNA
moleculbsin 54id sscond popdriign dbmeas mdre tiswgs er imdivaduslargerding to the

metha R FIA MLt A PR ) e PR L iyl amyloid-beta

proteifi $lhtiv o tHEMND1dclag HluX Saté Bf SAd J5- H9lRRYEIMIestdrobin said&eeind
the total cellular DNA identifies a change in cell

population einaparedstotsaisl fiatpapulstion idensifigs a benefisiad thergpsytip pifect of said
rotein, expressi 67., A.net hod of identifying a

thera}{éﬂ@? apatiin ffe"’g‘ﬁ‘ép‘g Vaxoid Sgl%eﬁ%ei'ogi cal agent,
conprising: a) measuring and conparing the nol ecul ar

63. flAmnetiiies nethsirligy theeffedtiveness obha tepapentit agmit datleeting of
a first population of one or nmore tissues or

Alzheimen’s Higerse sCORMEBHW ng to the method of claim; b)

adm ni stering said biological agent to a second
DB Sy i B Sy i PR 20
mole@déstin taypolatiom vLork almgi tdbuesol arliNidsals according etbenwthod of claim
1, whgroegﬁJ :%:a?(i Iﬁ% C}:gglggircgll rplgleglﬁe Eshberairrrle a%rr?y%ild%cetas ]li)r%iterljgl %ﬁd :E:.I\alll?c? ge%iorrlld
biological molecule is brain 25-hydroxycholesterol, and wherein said one or more tissues are
obtained from a patient diagnosed with Alzheimer's disease or individuals of said population are

diagnosed with Alzheimer’s disease;

b) administering said therapeutic agent to said population of said one or more tissues or

individuals; and

¢) measuring and comparing the molecular flux rates of said two or more biological
molecules in said population of said one or more tissues or individuals after administration of
said hormone or other therapy according to the method of claim 1, wherein a decrease in the
molecular flux rate of said brain amyloid-beta protein relative to the molecular flux rate of said
25-hydroxycholesterol in said population after administration of said therapeutic agent identifies

a beneficial therapeutic effect of said therapeutic agent in treating Alzheimer’s disease.
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the conpared nol ecul ar flux rates between said first
popul ation and said second popul ation identifies a
W hesapssst i c property of the biological agent.PGBUSM04/021063

nmet hod of identifying a therapeutic property of a

bi ol ogi cal agent, conprising: a) nmeasuring and

conparing the nolecular flux rates of the two or nore

bi ol ogi cal nolecules in a popul ati on of one or nore

ti ssues or individuals according to the nmethod of
64. CAghdthod Qﬁmeraﬁﬁh? lagépohsepfsmisdletisshoni atbiagentisd in an individual,

sai d popul ation of one or nore tissues or individuals;
comprgig:ic) mneasuring and conparing the nol ecular fl ux

rates of said two or nore biological nolecules in said

pap , . .

e Akl Bld @B, MARDREYACIEL (AR R QIR 1 biologica
molectlic§ fioediag td the tniehabofrdaiedl , vdieesin kheer twiol anmara begdogicel molecules are

sai d popul ati on before an fter adm nistratian of .
cellulag grofeitp ongtoshonsgiahPNATEYk Whsrei the Piolheiial fimele comprises muscle
tissuePr operty of the biological agent. 69. The nethod of
claim 67, wherein the biological sanple is a tissue
culture. 70. The nethod of claim 67, wherein the
i blisubjéutig the iadividupldo aenobicaixeretiepnl . . The net hod of
claim67, wherein the individual is a human. 72. The

thod of clajm67,. wherei e 0 f ' : .
of) (st B FRrsriph 15 G B R Rhe Sl o Ui drlBictogica
molecfile8 B3 Rding W6 Bleghéthéd of @&t 1,0 detefmBRitke tesporse of i@ muscle tissue to
~_ biologi caF nol ecules is a protein. 74. A nethod of )
said aerobisemerepeavhsirein dhg biglogicahiaginie)peraprises antssleitissug, and wherein an
. hi gh;thr ou nner. . r.di ng:
nr B BB 55 el DN RO olecutar
of said eetiutargirbtefilsSdetifies hicedasdl eedbiagarss. conpri sing: a)
neasuri ng and conparing the nol ecular flux rates of

the two or  npore biol ogical l ecules.in first, )
65. p@p‘@Pﬁ‘Pd@ﬁl@tléﬂ@@PCﬁ‘bSFé’ftaRg@gé’é,PrSFSl?rh | 4PTgtEL} i a tissue or

SRETHE-YofeTol glo ] . the method of claim; b) adm nistering
mdmggﬁﬁﬁéﬁ%!lgr?%%%qcal agent to a second popul ati on of one or
nore tissues or biological nolecules; and

a) measuring and comparing the molecular flux rate of the two or more biological

molecules according to claim 1 at a first timepoint, wherein said two or more biological

molecules are a protein and an mRNA molecule encoding said protein;

b) measuring and comparing the molecular flux rate of said two or more biological
molecules according to claim 1 at a second timepoint to identify the cause of altered expression

of said protein,

wherein an increase in the molecular flux rate of the protein relative to the

mRNA identifies a change in translational control, and

wherein an increase in the molecular flux rate of the protein relative to the

mRNA identifies a change in transcriptional control.

66. A method of identifying the cause of a change in total mass or protein expression,

comprising:
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c) neasuring and conparing the nol ecular flux rates of

said two or nore biological nolecules in said second
w@oalosdsson of one or nore tissues or indivi duBCBUS2004/021063

according to the nmethod of claim, wherein a

difference in the conpared nol ecular flux rates of

said first 99bi ol ogical nolecule relative to said

second bi ol ogical nolecule in said second popul ati on

conpared to said first population identifies a toxic

efd) efifeastiring ahd cbmphiigy tha magmidr flukGate Af iRt thatbrafiore biological
determning a_toxic effect of one or npre conpounds,

molegigRrcrending toglaimebat afimstimereiRto Hpaieimyid o eroneiEielpeical
moledl 18t Fott?.steﬂﬁl# BN N9, E Eotm%{m?f Agixggl ol ecul es in
a populati one ofr [

on o nor e ssues ’or i ndividual s
according to the nethod of claim; b) adm nistering
s &i)dmeasning and cemparimythe dsléala dhut rpepifisaititen or atvde biological

mole ?sia%%b@?r@?{gdﬁ&qgénﬁgatg %g(? ! em?n;%litgtggli 4 ti{t}kﬂé é:lragsteeosf aocfhange in total
massBPE‘fgtélﬁie%eésfiérEr adm ni stration of said one or nore

cofmrpounds according to the nethod of claim1l, wherein
a difference in the conpared nolecular flux rates of
said first bildreigianahcreask et sdié moddcatar lxtrate ofsald ssRNAdelative to

., biol qgi cal lecu 1N, .sal opul at.i on hefore d .
said p Bt 5 rffCot i Dy s ferhioR g B Hitibange in total
mass lofl Brtftéih eRsredsid4hg ef fect of said one or nore

conpounds. 77. A nmethod of identifying a therapeutic

target, conprising: a) me.asu.ring]gand conparing the
nol ecul ar  f | 'Whereiataedecispse insaidipolepulanilex wieoeiahe taial cellular mRNA

P ol PR DO RSB PL By v

as thachts®1084 efanpe irtoeal Afiasyor grodnPguedidbnt 0 a second
popul ati on of one or nore tissues or biological

nol ecul es; .¢) neasurjng and conparing.the nol ecular
67. 1) Agethadsf igntdymg thgRs i RBIaPeRY of 8 SidlagicHEeR FaRprising:
sai d second popul ation of one or nore tissues or

i ngi W ' thrd [ . :

i B Ring RO 1 e g b o LR LT o g biologica

molecudeem adiirssipildtion ofioneor wotw tdsugyi ar ahdimluels ab@sding ts thednethod of

lai sgcond popul ation relative to said first popul ation

clall} Hentifies a therapeutic target. 78. A nethod of
identifying a therapeutic target, conprising:

b) administering said biological agent to a second population of one or more tissues or

individuals; and

c) measuring and comparing the molecular flux rates of said two or more biological
molecules in said second population according to the method of claim 1, wherein a difference in
the compared molecular flux rates between said first population and said second population

identifies a therapeutic property of the biological agent.
63. A method of identifying a therapeutic property of a biological agent, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological

molecules in a population of one or more tissues or individuals according to the method of claim
1;
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according to the nethod of claim; b) admnistering
one or nore conpounds to said popul ation; and c)
nmeasuring and conparing the nolecular flux rates of
said two or nore biological nolecules in the
popul ati on of one or nore tissues or individuals after
adiyl sdrsinistringsatefl bisekkabaRndlo sEid Populiipg Wi e 8CeeFdistles or
. to the nmethod of claim1l, wherein a difference of the
1an%@ﬁ$a¥@U nol ecul ar flux rates of said two or nore
biological nol ecul es in said popul ati on before and
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moledme};sn shidpopulatiow afaradngnitineionadfahididolopicelcage s actbiding to the
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biological agentused t o nmeasure and conpare the relative
nmol ecul ar flux rates of said two or nore biol ogical
ecu sai d ti,ssue or,.indjvjdual..80, The kit of
69. (R He/Eod ot TR, cURBRR Lo RO BRIsH] PG iR
|solat|ng sai d one or nore biological nolecules from
70. UrThRenethed6f cl§in 67 Sitlefoin the. indiRRIVAI #s aRfexpdrithdhtdi%nimal.
further conprising a tool for adm nistration of
precursor nol ecules. 82. The kit of claim 79, further

71, cdmsmathedo %“rlalifhﬂ riheesin thegpdivisiuabistamgnaa. sanpl e f r om

t he subject. . An isotopically-perturbed nol ecul e

g .
L RN
DNAsaid nol ecule is chosen fromprotein, lipid, nucleic

aci d, glycosaninoglycan proteoglycan por phyrin, and
boh ules
¢ e méltﬂ (fl ote clalm wherem at least one of said two or more biological molecules is

a protein.

74. A method of screening a plurality of biological agents in a high-throughput manner

according to the method of claim 67.

-

75. A method of determining one or more toxic effects of a biological agent, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a first population of one or more tissues or individuals according to the method of

claim 1;

b) administering said biological agent to a second population of one or more tissues or

biological molecules; and

c) measuring and comparing the molecular flux rates of said two or more biological
molecules in said second population of one or more tissues or individuals according to the

method of claim 1, wherein a difference in the compared molecular flux rates of said first
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biological molecule relative to said second biological molecule in said second population

compared to said first population identifies a toxic effect of said biological agent.
76. A method of determining a toxic effect of one or more compounds, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a population of one or more tissues or individuals according to the method of claim
IH

b) administering said one or more compounds to said population; and

¢) measuring and comparing the molecular flux rates of said two or more biological
molecules in said population after administration of said one or more compounds according to
the method of claim 1, wherein a difference in the compared molecular flux rates of said first
biological molecule relative to said second biological molecule in said population before and
after administration of said one or more compounds identifies a toxic effect of said one or more

compounds.
77. A method of identifying a therapeutic target, comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a first population of one or more tissues or individuals according to the method of

claim 1;

b) administering one or more compounds to a second population of one or more tissues

or biological molecules;

¢) measuring and comparing the molecular flux rates of said two or more biological
molecules in said second population of one or more tissues or individuals according to the
method of claim 1, wherein a difference of the compared molecular flux rates of said two or

more biological molecules in said second population relative to said first population identifies a

therapeutic target.

78. A method of identifying a therapeutic target, comprising:
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a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a population of one or more tissues or individuals according to the method of claim
1; '

b) administering one or more compounds to said population; and

¢) measuring and comparing the molecular flux rates of said two or more biological
molecules in the population of one or more tissues or individuals after administration of said one
or more compounds according to the method of claim 1, wherein a difference of the compared
molecular flux rates of said two or more biological molecules in said population before and after

administration of said one or more compounds identifies a therapeutic target.

79. A kit for measuring and comparing the relative molecular flux rates of two or more

biological molecules in one or more tissues or individuals, comprising:

a) labeled water; and

b) one or more tools for administering the labeled water to a tissue or individual,
wherein the kit is used to measure and compare the relative molecular flux rates of said two or

more biological molecules in said tissue or individual.

80.  The kit of claim 79, further comprising chemical compounds for isolating said one or

more biological molecules from urine, bone, or muscle.
81.  The kit of claim 79, further comprising a tool for administration of precursor molecules.

82.  The kit of claim 79, further comprising an instrument for collecting a sample from the

subject.

83.  Anisotopically-perturbed molecule generated by the method according to claim 1.

84.  The isotopically-perturbed molecule of claim 83, wherein said molecule is chosen from
protein, lipid, nucleic acid, glycosaminoglycan, proteoglycan, porphyrin, and carbohydrate

molecules.
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