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RELATIVE FLUX RATES OF TWO OR MORE BIOLOGICAL

MOLECULES IN VIVO THROUGH A SINGLE PROTOCOL [0001] This
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Related Application [0002] This application claims priority to U.S.

Provisional Patent Application Serial Number 60/484,626 filed July 3,
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different classes of biological molecules in living systems. More

particularly, it relates to techniques of administering isotope-labeled water
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[0004] In the field of drug development and discovery, there has been a
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molecules relevant to disease or to the effects of drug therapies on disease, even if the biological

molecuies are of different chemical classes.

Backeround

[6004] In the field of drug development and discovery, there has been a long-recognized
need for functional biochemical markers to validate the hypothesized phenotypic consequences
of hypothesized gene 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 genorhic and proteomic tools for identifying potential targets of
therapy (i.c., “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 ‘phannaceutical companies to pursue all of them fully.

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



WO 2005/033652 PCT/US2004/021063 must be filtered, to eliminate
ineffective or toxic candidates early in the drug development process. At
present, however, there are no commercially available, high- throughput
veoraeningsstools available for phenotypic characterization optoigityo4/621063
assessment. This deficiency represents a serious gap in the
pharmaceutical industry's repertoire of tools. [0005} The capacity for
vertical integration of tests used at different steps in the drug
development and discovery process, ranging from pre-clinical studies in
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high-throughput, multiple concurrent molecular flux measurements. This deficiency represents a
fundamental problem because the altered flow of molecules through complex metabolic
pathways underlies essentially all diseases. (See, for example, Stephanopoulos et al.;

Hellerstein, Annu Rev Nutr. 2003 cited in full, infra; Kaczer and Burns).

[0007] Conventional concentration-based assays such as clinical chemistry,
immunoassays, and genomiés/ proteomics, 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 dimenston of time



molecular kinetics must involve the use of isotopic tracers, to introduce the
dimension of time 2 WO 2005/033652 PCTIUS2004/021063 (see, e.qg,
Helerst@iniaitd Neese, Am JPhysiol 1999, cited in full, infra; hretfeustemo21063
Annu Rev Nutr. 2003). Isotope labeling creates an asymmetry in time (the
label at first is not present, then it is present) and thereby allows
molecular kinetics to be determined. 100081 Isotopic labeling techniques

~ have typically been restricted to molecular flux rates (kinetics) of a single
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frequently useful in evaluating therapeutic efficacy of a drug’or disease

ia0nosis or pragnosis. ,Accordingly, there exists a ne t%‘ analyze and
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different celi'types or tissues in a high-throughput manner. 3 8 mmary oF ’
#sed v alsagnalyze biomolecules from the same class but from different cell types or tissues
because a comparison between the rate of proliferation of one type of cell versus the rate of
another typs of cell (e.g., tumor cells versus endothelial cells in various cancers) is frequently
useful in evaluating therapeutic efficacy of a dmg or dissase diagnesis or prognosis.
Accordmgly, there exists a need to analyze and compare molecular fhux rates of multiple classes
of biological molecules concurrently in a simple, high-throughput manner. Furthermore, there

exasts a need to analyze biomolecules from the same class but existing in different cell types or
tissues in a high-throughput manner.

[ON)



The present invention relates to a method of analyzing the relative
molecular flux rates of two or more biological molecules in one or more
tissues or biological samples, comprising: (a) measuring the content, rate
of incorporation and/or pattern or rate of change in content and/or pattern
of isotope labeling of two or more biological molecules in one or more
samples obtained from said one or more tissues or biological samples
wherein said one or more tissues or biological samples has been
Sugamanysed g lsgensiomabeled water for a period of time sufficient for said
label to be incorporated into said two or more biological molecules to form

two or more isotope labeled biological molecules to determine molecular
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biological molecules by administering isotope-labeled water. In one embodiment, the two

or more biological molecules are from the same biochemical class vet are derived from

different celi types or



spectrometry and biochemical isolation protocols now allow the high
throughput required for use as an effective screening technology for drug
development and discovery. [0012] In addition, measuring and comparing
e ?%‘]gﬁw%olecular flux rates of two or more biological m8fet/{fgt4/021063
provides substantial information about a tissue or individual in
comparison to measuring a single molecular flux rate of one biological
molecule. Measuring and comparing the relative molecular flux rates of
two or more biological molecules allows dynamic relationships between
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isolation, that is often the most informative or even provides pathognomonic information
regarding the state of a complex biochemical network, like the living cell or organism. The
capacity to determine the dynamic relationships between or among fluxes of different biological
molecules allows measurement of molecular kinetics associated with diseases and conditions,
therapeutic compound treatment, and toxicity of compounds, among others. In addition,
administering isotope-labeled water combined with measuring and comparing relative molecular
flux rates of two or more biological molecules, even when the molecules are of different
chemical classes, is readily adaptable to high-throughput screening methods for comparing

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



molecules to analyze their relative molecular flux rates. [0014]

Isotope-labeled water may be 2H20, and may be administered by any

acceptable method of administration including orally, parenterally,

SHECHEREHA3ly, intravascularly (e.g., intravenously or intraaffeHE34ER1063

intraperitoneally. The individual may be a human. [0015] Administration of

isotope-labeled water may be continuous, in a single dose, or in multiple

doses. The method may include the additional step of discontinuing

administration of isotope-labeled water and waiting a period of time for
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[0016] In one embodiment, the biological molecules may be of different biochemical
classes. In another embodiment, the biological molecules may be of the same biochemical class
but derived from different cell types or tissues. In yet another embodiment, a biological

molecule may be a single molecule with a defined structure.

{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 biclogical fluid sample, including blood draw, urine

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

10018] 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

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



art. [0021] Biological molecules may be an entire class of molecules, a
specific molecule within a class, and/or from a specific location such as

an organ or subcellular organelle. In one embodiment, a first biological

MAEENE ¥ Tellular DNA and a second biological molecule id o 021063

protein. In another embodiment, a first biological molecule is protein, a

second biological molecule is cellular DNA, and a third biological

molecule is a lipid. In yet another embodiment, a first biological molecule

is cellular protein and a second biological molecule is mitochondrial DNA.
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bioclogical molecule is cellular protein, and a third biological molecule is cellular DNA.

190221 The biological sample may be tissue, such as muscle, liver, pancreas, brain,
adipose tissue, spleen, intestines, heart, lung, skin, prostate, gonads, breast, synovium, blood
cells, or other tissues of the body. In another aspect, a first biological molecule is protein and a
second biological molecule is mRNA. In a further variation, a first biological molecule is
mitochondrial cardiolipin and the second molecule is mitochondrial 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 one embodiment, a first biological molecule is triglyceride and a second
biological molecule is fatty acid, and optionally, the tissue may be liver.
0024] The hiological sample may be obtained from growing tissues such
i é?%?ﬁffﬁ/er, adrenal tissue, prostate tissue, colon tissue’ enbcaatrEpe’
tissue, skin, breast tissue, adipose tissue, or other tissue capable of
somatic growth. The biological sample may be or include tumor cells or
bacteria. The two or more biological molecules may be isolated and/or
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Smﬂgg};gﬁgg;‘ion is then identified and used to detect, prognose, or monitor
the progression of the 7 WO 2005/033652 PCTTI1S2004/021063 disease

r.condition. Alternatively, e.rela%\f/)em le ularfllg raje of a population
OB5h e or (MR SRS RE s S s Htee] SeiaeCo Bogir ape o
mduwedigmicreditfessint tifiredisc2Q0R ZbAE am éxamplemintetistitial guhtiormals or in

mc{{?g@}g%@%@ %YVQ%QAQQ%% Eaag%m%dm%&mgﬂ{gQa%gfe@ape%riﬂq first

tive molecular flux rates of lung collagen and
population of tissues or individuals that lack the disease or condition are measured and

compared. The relative molecular flux rates of the two or more biological molecules in a second
p'opulaﬁon of one or more tissues or individuals are measured and compared. A difference
between the relative molecular flux rates between the first and the second populations is then
identified and used to detect, prognose, or monitor the progression of the disease or condition.
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.

10026} In 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 ina
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 menitor the progression of the



lung fibroblast DNA in a population of one or more individuals diagnosed
with IPF to a test population of non-diseased humans. Alternatively, the
relative molecular flux rates of a population of one or more tissues or
RS Sagnosed with, or suspected of having, IPF may® bE fidg&liza?
and compared at two or more different times. 100281 As another
example, hyperlipidemia may be diagnosed, prognosed, or monitored. by
comparing the relative molecular flux rates of two or more of plasma
apolipoprotein B, triglycerides, phospholipids, and cholesterol in a_
disepepratietitishorfetomatbieind ralane mralsraedwitatenpet msedateRef qgue or
molalRePHatian:dme e vesienadamilabaemiinedohyReslinitesiaimes.

may be diagnosed, prognosed, or monitored by comparing the relative

lecular flux rates of apoli otein B and.,one o re of.triglycerides,
U inepet e e b S G et
proguadredndivicueddgiegnpabd: Wit rdatiniahoanbin daxhyise dificanislzgen and

1m%%%ﬁ88§¥ ' R-iég%%%ﬁié{%}{’oqq&é%ﬁm&éﬂ%%ﬁaléisfhiégﬁ% Ofif IPF to a test

opulation of one or more tissues or individuals may be measured and

poredrripans e Sivererdhureangiffo Hemalives, heolaivmmademriariier rates of a
poﬁ(ﬂﬂ% Adirhialagisrkmolesyiguis slapizBosell VA Ava Bk Hhe -8R aReing, TPF may

biological molecule is plasma inunuyngQglobulin. Reduced cellular immune

be meavERO ACH NP BE T A5 A¥S 8H P SHIESE! BPFonitored by comparing the

relative molecular flux rates of T or B cell DNA to plasma .
10628 unoglaiudirstier sxpoplitabivredipstrens: wrorbddiisioseds riksResk AT rrfomtored
by Rgmpmlé%g SRR DIBMREREIMALOT 10 A JESIPOREIMION. AFeEuGHeRIB,

e relative molecular flux rate of T or B cell DNA identifies the

trigiysgesiproarheiinidedad AbpksTaiRh iha PSRHRs PH oA & EeEHdividuals

didRARHRtSM Hiefiyithesyasiatien pthalfihmplecuieharaydei sopratedinl combined
other than plasma jmmunqglobulin, derived from Eor B cel
a

er, s. .
PP AT h R SRR T BTRBLRSF Rk PAYRLOBhoS SRR PG Frdatiye molecular

one or

flupprestigspelmpiodiiidtald meybaaeaSuigda@rides phrpatetipdtyvbaesterol, and/or
more different times.. 8.\W /033652 PC 2 021063, 100301 - a

Chﬂ%e%ltﬁiﬁgr&l %?rvlgriaa?%)ﬁl l %1%;%%%%%@5%%{15&%%5 éégéﬁnn%;sl gollé%en and the me_

hypedipidtbioltsgidasimoedaiiens Abemaielbisine ristoagirigiay b rates of a
poglﬁ%&dm{%r&%gﬁ@gss‘%s MoniRksetnneeMRaLRgiRe selpiNe eIBaHAS or more

Tlux rates of dermal collagen to dermal elastin in
different times.

16629} In a still further variation, a first biological molecule is T or B cell DNA and the
second biological molecule is plasma immunoglobulin. Reduced celiular immune activation
may be diagnosed, prognosed, or monitored by comparing the relative molecular flux rates of T
or B cell DNA to plasma immunoglobulins in a population of one or more individuals diagnosed
with reduced cellular immune activation to a test population. A reduction in the relative
molecular flux rate of T or B cell DNA identifies the progression of reduced 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.



a population of one or more individuals with a photoaging phenotype (skin
wrinkles) to a test population. Alteration in the dermal collagen molecular
flux rate relative to the dermal elastin molecular flux rate in the test
BéhtikGrtidentifies altered photoaging in the population ungEF/US2004/021063
evaluation. 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. 100311 The invention also includes methods

of determining the efficacy of a therapeutic compound by measuring and

[0038Inparindradiibra varatix  isbop nsicahmeeents s Bistogicallagen and the
secBHlem NI Aditst RAPUIRHANIARREPRIKE MR YD & AdTUNISIES NG IDE o

compound to the same population or to a second population of one or

O eSS GBS HAIRAG LY e teraked dhwgatss alcdmpalring arn Mclestibelastin in

a pipaladdas Détb ertwiore inlivievaiolgica bielesie pHBhe A8k RERMIAHAH a test
Oagltﬁlro%drmrtgsgtr.ationﬁft ec m%?und or jn the second p%ﬁ)ulation of oneor
PO e icdUias Ot ATRY A YIRS O PR RN TGS rerflssmal elastin

mofatebofiukeafrst fopesatiopulbédordennidiafitdeadministsationofihgopulation under
FMPRURE QLBSh ‘?ﬂbﬁt}? g(,%t R tion. and the.second . population .

e measures ?he éffgﬁivenesas of rt%% t %Imq[%ﬁﬁ%ﬁggoefr?tlfﬁ%ggt&%ogf) ne o more tissues

or JpiNiiady sy he Sepefungrband piyoRaTer 20032) Ther¢riBiatio ss.includes
methods of determining the efficacy of a therapeutic compound by

[003Hasuringihndneendpariiig thetuel gataitur detem R HIGHWETRYABIQ©: therapeutic

0logical molecules in a population of one or, more tissues or individuals, .
o R R e T D Bt Barecu e bilogicd
m%@ﬁ@aﬁ@mfbﬁmﬁﬂﬁmﬁe risgliebtoy mmpmmaladaﬁdism_é@ﬂ_rmmpdmd fo the
saif PRI B eleH i iR R LIS M0 A iHars Bllolial Moleguies

nd.

in the population after administration of the compou ifference In the. e

andoimvarinplat talemir fhite SbEmEisopi At orotrcineogind afedecules in the same

popélatisisifeliamahiiecoMAaNNL ARSI ES NG SHRAIVENR33BL B  ne or more

q<Som Qun.d_%ﬁssn%ggigg{r individuals in need of the compound. 100331 A
“RUFh SRR BPtEmio P SSHR S PO FEhe MotrRrap Ris e by aopulation

beftetermixfed sipinéastinng fthd conppasithgr thewetative MealgeHan ibesal®s second

e T

theorPRg®2ED041021063 individuals treated with the chemotherapeutic
agent, the agent has a tumoricidal effect.

[0032] The invention also includes methods of determining the efficacy of a therapeutic
compound by measuring and comparing the molecular flux rates of the two or more biological
molecules in a population of one or more tissues or individuals in need of the compound,
administering the compound to the same population of one or more tissues or individuals, and
measuring and comparing the molecular flux rates of the two or more biological molecules in the
population after administration of the compound. A difference in the relative molecular flux
rates of the population before and after administration of the compound measures 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



However, if the molecular flux rate of the DNA is altered more than the
molecular flux rate of the protein, the chemotherapeutic agent has a

tumor static effect (i.e., the cells are not dead, but are continuing to
SAUSIEBrotein, although they are not dividing). The tumobfcidas ¥p+621063
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 in treated and untreated populations, or in a
single population before and after treatment with the chemotherapeutic
iﬂ@ge%rvelmmﬁ Kith&ra peurietedfeptwicaazanndhsaers hathemansbatiteffect.

HeRRIRRMMRL PSRt Tinast: M%wmgaﬂéﬁayﬁ&gfﬂmﬁé%@iéc AR rate of

wasting or frailty disease or disorder by comparing the relative molecular

the, Q§Pf%§h8f08ﬁ1?8ﬂ‘?{6%f‘d}8°&%f{%iﬁl%rﬂrﬁﬁé%{é@é@&%@%ﬁ@flmg&misgu@ead, but
arérigyerinle dfsihessilepuiRinsuninegts tRleAl Hie RIGRS PIHCIIRSBYEELR twmor
s’ta%léle Q:?r%a}is%% rel tl\a(ee'gg.gd%potse tlsaaue triglyceride, the androgen has a
therapeutic enect In TAR WHSHFT OPH difty TSB! by drgaserdne and comparing the
reigisrapeltivleffiut oftes gfoniibihoprehe indasiiastingros froibtdisgasailbied

PO B e B G e e I B peutic

aspect, a therapedtic effect of a selective estrogen rece
ageERM) in breast cancer therapy may be determined in one or more
tissues or individuals by measuring and comparing the relative molecular

[0684] rates ofiamapary effifeifatcaltiRih of candenstial Geth NG AR determined

: st stromal tissue protein or lipid synthesis, If the molecular synthesis
R AeE SR P cB SN der O comparing
the|sdptizis enotetalivéine rates nfoitoulansyitesiivatenafdhaiiaastsiteNalipose tissue
wlBRUEROIeINALIRIGMAISEHISE e FRRW AR A lherapeutic effact .

against br_easﬁt: cell proliferation. 106361 %Qgﬁ‘é%gap%rﬁgfé"e elg?%cgea%’f s
relsliEo A EBRS HissH e & ghtemdin dbriand et ins rdhtxapaesertiediiiduabsabng or
frallBassing @keAMPAInGRIelaliN 1P ARSI LR ne or frailty
d.golla%e%ang breast or endometrial cell DNA synthesis. An increase’in the

PRTR AP /e Bl EonRE @ dke o R5Re molecular flux rate of
breast or endothelial DNA synthesis indicates a therapeutic effect of the

[O&FRM agaitestnosientsorebis lspstio sfepatbntielativesseogfieetscptor modulator

(Sggﬁggg%g%%%%g%%&%ﬂ?%ﬂ% é&e%%c%o&%]n%%%%c%e tissues or individuals by

measuring and comparing the relative molectilar flux rates of mammary epithelial cell DNA or
endometrial cell DNA and breast stromatl tissue protein or lipid synthesis. If the molecular
synthesis rate of the mammary epithelial cell DNA or endometrial cell DNA decreases relative to
the molecular synthesis rate of the breast stromal tissue protein or lipid molecules, the SERM has

a therapeutic effect against breast cell proliferation.

16036} A therapeutic effect of a SERM in osteoporosis may be determined in one or more
tissues or individuals by measuring and comparing the relative molecular flux rafes 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.

10



[0037] A therapeutic effect of a compound in Alzheimer's disease may be

determined in one or more tissues or individuals by measuring and

c\%mg%grh%tﬁr%ze relative molecular flux rates of brain amyloid-beta}[-%AL@

pro(t)eln 3F amyloid precursor protein and a reference moleculBGH/Hi&104/021063

cerebrospinal fluid (CSF). A decrease in the molecular flux rate of brain

A[3 protein relative to the molecular flux rate of the CSF reference

molecule (e.g., a constitutive lipid in the CSF) indicates a therapeutic

effect of the compound against Alzheimer's disease. Alternatively, a
{08¥apeuticesmsticcdnpaine tmnizndimedightisessadisrpyaonay be determined in

oS eHBIR R OB MAESs TP SHeS PRI AU S MEARYAAG AFecular flux rates

comparing the relative molecular flux rates of A(3 protein and/or amyloid

olfredrgerpifbhsta (APDTORELPEATDIEN! BISEVS I RERNATIN Acterenne aualagule in the
ciSBreSI @QW(@@E N dedisaues AE individuala withauidisease (R in relative to

“controls"). Optionally, the molecular flux rate of galactocerebroside
Eewaifl orpieehiay fdlreisise mdsctrdd. oa adimrsdintss hiniskizithe CSF)

inkBEdlene heaf R QIR LT B AR AR DA PAABMCIRAUSDNA 8t cly, a
alactqce bro%ide or an ponlbinatior,ls thereof) in a diseased tissue or
RN (6580 Arf RSP co ARAY OB RS o SR LB FEnore

tissueonirali itlidatesneibatapenticeiieeiof tibeLampaiondagaiRst rates of AP protein
heimer's disease. [0038 erapeuti ect of a compqund.in
o A RS B8 (oA e BTGB to untreated
ﬁmmvidljatﬁMEMrﬁsgtamdr(inmp&migwﬁlémelaﬁm@lecﬁ@nﬂuk’mt@@tionally,
aRfAeianaNe-fstalR BYCeRINOLARBNRGC I biRSIS (EINGLAAN Ahurea. A
plasma) to untreated “tissues or individuals or to tissues or’in |V|8Iua S
differrange angbadenyi(er fresatdisn: optionalfy)iheToleutdn Dk, raiemgia DNA, and

DA B R R SRSy =

apgRMEitm digearhe’ Hretem areprpl ineastrdemdientrs e fheepsutic effect of

tiBedhbo(ad huxes) af-pamer fagieRf neuron DNA, microglia DNA,
galactocerebroside, interleukin-6, interleukin-12, GFAP, and S100B (or

(B8 FOmDINAANS IaRKE Y B USBASRILIPRSINAMIANAL (£ a0 AL determined in
appropriate animal model of disease) when compared to Contro:
ORiRE dtets Alikerapendicicmde by e eorapod meapaingtthe relative molecular flux rates

olfagewamﬁmmﬁtgagmﬁ@mm%@g@mﬁmgQéégggﬁelpsﬁmpp@&%é}%mamd

may be determined in one or more _tissues or individuals b){LmeasuLlng )
LS RFEOnsEIAGAR e R R TRB g iidiplneishent hskasrltifoca el aRgtionally,
tskindieratinfioxiatse afeadissheson fladivigioals ot saHe 8sof iR divighal snd/or
interleukin-12 and/or glia] fibrillary acidic protein {(GFAP) and/or 3100B (glial calcium signaling
protein) may also be measured. A difference in the flux {or fluxes) of one or more of neuron
DINA, microglia DNA, galactocerebroside, interleukin-6, interleukin-12, GFAP, and S100B (or
any combinations thereof) in a diseased tissue or individual (e.g., an appropriate animal model of

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 unireated tissues or individuals or to tissues or individuals

without disease (i.e., “controls”). A difference in the flux (or fluxes) of keratinocyte DNA

i1



without disease (i.e., "controls”). A difference in the flux (or fluxes) of
keratinocyte DNA Il WO 20051033652 PCTIUS2004/021063 and/or skin
keratin in a diseased tissue or individual (e.g., an appropriate animal
M@d@%@ﬁ?géase) when compared to controls indicates a thEFérﬁ%q}ﬂ%“mm“
effect of the compound against psoriasis. [0040] A therapeutic effect of a
compound in liver disease (e.qg., liver fibrosis, cirrhosis, acute toxicity due
to exposure to a chemical or microorganism, or other disease) may be
determined in one or more tissues or individuals by measuring and
ang/on ke ate irctdiverseddisnd aF mdkvidiek(efiotdl IRRspPREEH ARy rmodel of
difapgtesvietaant ivereRlinarnde Antepied cisalesrondnaividHale Lhinst

to_tissues or individuals without disease (i.e., "controls"). A difference in
PSHREFx (or fluxes) of total liver cell DNA or hepatocyte DNA and liver

collagen in a diseased tissue or individual (e.g., an appropriate animal
[08d8Hel of didchswpeutiersEenigfar eontpudtinlBvéndissres aghbrapitisis, cirrhosis,

aciGLRA R CAMRBHNEAG A BLIVET GISERFSMINEH AP RRLFARGIQGSRIS ve

effect of a compound may be determined in one or more tissues or ]
defSHRRAIAI B P SaEGAeraner seifdiimybihereatatios o runranfgbeadaive
m&kndahelateetbiAanddumRncaiHoMAARTNNRIMMAISFASIMR to untreated

. moleculay, flyx rates of other tissye endothelial cell DNA and tissue DNA
SRS ALY (L APUES ALV CRADER BRI it 150PRISY cdycifference

inEi¥ AluA (detitsaspoiitdhe likereslbDivm or enpdaibatdbdel RN andligaoh a diseased
. cell DNA.when compared to untreated,tissues or.individuals indicates.an
L O Sl LA e R VR (O o
inditatsts Aehsepesisedfictiofibr ofrmpmud egriethietial GethBNA and an

inhibition of an increase in flux of tumor cell DNA when compared to
joeateated tigsuesionindidduatE-inditatempbuantinangivgesieeiest efdhe more

.compound and a . tumoristatic effect of the compound. A decrease in the
O G A B BAT EREOROA SRS R o7 RSP Bl FRIE CPYGFRT S

eriidAclid eplidohparetiorante ddbAtiSSpBsielin dividialse indleatles flux rates of other
S A B sl Ll M o
DNHer S0 e 18 oA tidstrsrensdontibAlvoen Tkmanehofistislbet EDNA and

i cisiBNAlGIANERY AL ARG sl ARgIoNsIicalesh &G giogenic
ef%ggp gfo tlflzgctl:bmpound that possesses a tumoricidal effect. A decrease in the flux of tumor
endothelial cell DNA and an inhibition of an increase in flux of tumor cell DNA when compared
to untreated tissues or individuals indicates an anti-angiogenic effect of the compound and a
tumoristatic effect of the compound. A decrease int the flux of tumor endothelial cell DNA and a
lack of effect on flux of mmor-cell DNA when compared to unireated tissues or individuals
indicates anti-angiogenic activity but a lack of effect on tumor cells. A difference in the {lux (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.

16042} The response of muscle tissue to aerobic exercise in an individual may be
measured by measuring and comparing the refative molecular flux rates of cellular proteins and

mitochondrial DNA in muscle tissue. An increase in the molecular flux rate of mitochondral
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100421 The response of muscle tissue to aerobic exercise in an individual

may be measured by measuring and comparing the relative molecular

f‘lj%zr{alteﬂ%ggc cellular proteins and mitochondrial DNA in muscle tissue. An

iNCréase in'the molecular flux rate of mitochondrial 12 WO 2668/b348t%1063

PCT/US20041021063 DNA relative to cellular proteins in individuals

subjected to aerobic exercise identifies increased aerobic fitness. [0043]

The cause of a change in protein expression based on either

transcriptional control or translational control may be identified by
Dideredehivigtarel ebiareng inddivatne ressitdriomsxobiscas erisqdsmiifies increased
acAMEERIRRNA encoding the protein at two or more timepoints. An

increase in the molecular flux rate of the protein relative to the mRNA
[etﬁ%r“f'es a%@@&%&’;ﬂ%ﬁ%ﬁé‘?ﬁ‘fﬂ ‘ngﬂté%gr@’ Ty Séa*é’%é%rt%%%r%aﬁggal conirol

molecular flux rate of the protein elafive tb' the m identiies a oh nge
orireapalpBerptiomaot orr o [doudict vy sraseiviarhegypaiingote riagseonolecular
ﬁﬂ%@p&wﬁéﬁggﬂ@mmﬁéédn@m@pf%mmw%?émgom An

. comparing the relative molecular flux rate of total cellular RNA and total )
nEIShtRAR BR AT SIrhETE thtri AratHsdade m Rt bmiirsemignge in

traieiRifnal Rty o elgtbreata Hish M oletudlan fidniale- @hDNA IS8 RIHRS protein relative to
the cause of a changeél{n%tota mass or protein
a

t inti
e e e

¥ 0the molecular flux rate of
total cellular mRNA relative to the molecular flux rate of tqtal _ceIIuI_ar DNA
[ORitifies a éhargssrerhengiipiom mescolr®isinesprsmen intorahdiadsal may be

ideniedelp expresaiomdeA4pl-Mihatanauic RIaRSIR: of.2 Bielosical g RNA and
may be identified by measuring and comparing the molecular flux rates of

ol G rRD R BIotb GO SRS LIRSS SIS 1ifsk Fasserstitrisrsierdlrmibrerate of mRNA

reliabues diendildchlaishadminsorngdesdfielagicarpgiontiaia seead a change in
pulation of, one or more tissues or individuals, and comparing the

R R P TR G BT IS5 PR £ B D A AU AL e of tota

Cﬂﬂléapq}]:}lﬂé%i aeistire dif téﬁ@n@@?iﬁ&hﬁmﬁpafedtﬂh otdloidabilixidateses a change in cell

apefprendiclue pepuiations Kenties 8 Beraneuiciperty of the

-biological agent. [0046] Alternatively, a therapeutic property of a

@% gical agent may he identifie(% bg, measuring and comparing the i
[ThblEcular ndxPSTRRB TR BT ThEHE Biotogita aemibate e er b s uring and
conpatngihrentidsudsrdhindividuBiep administerngitabhitdogisahagent topulation of

ng%r more tissues or individuals, administering the biological agent to a second population of
one or more tissues or individuals, and comparing the relative molecular flux rates of the two or
more biological molecules in the two populations. A difference in the compared molecular flux

rates between the two populations identifies a therapeutic property of the biological agent.

[6646] Alternatively, a therapeutic property of a biological agent may 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.

i3



population, and comparing the relative molecular flux rates of the two or
more biological molecules before and after the biological agent is
%%mg)ni_s/g?red. A difference in the compared molecular flux rates before
And arerthe biological agent is administered identifies a the?&ﬁé‘iﬁ%%‘”’"’m“
property of the biological agent. 13 WO 2005/033652

PCT/US2004/021063 [0047] The biological agent may be any biological
agent. The one or more biological samples containing the biological
molecules may be tissue cultures, or may be obtained from experimental

084 fimals or TRinbiglesisrlasany st Weleeknbaseibe BRI €4more biological

saripe culRsiisn DA biblognathen sanialiony aklaasi-anaatihe Biglogicakained from
maqlecules is a%rot in. [0048] Toxic effects of a biologic nt miay e

] | agent may b :
I 55 aliTHE 2L FOEAG ARG Qb LGRS DpRgsules i
Dot miarenbibte gieddtivg | edalasdncafilst popotatid mofewns &y apesritissues
or individuals, administering the biological agent to a second population of

[0643§ OF More fissuas A JpEividHaIs 3RIMESS WG BN RABPAINGINS and

relative molecular flux rates of the two or more biological molecules in the
coRpasRg HemekitBrialseioreTrRerpbiestiohmelamrsnceliipepulation of

on6@Mpared nelesulat fidslialestiatnasi:the firsloperiiaien@Rdedbe! population of

d lation identifies a toxic effect of the biolpgical agent. [0049] .
on T B M AR B PG e G A RSPt fux

¥ toX]
ratgsagsheibgo ancheerhpdrgicptheirmoles utaihfl wxcate paphtatmocongraed to the first

' ical N i e oQr.mare tissues qr individuals,.
B B e e P and
the spaprd iprpieical sdrdinee ioacflaxt ey b eirsivebagerhore biological
molecules before and after administration. A difference in the compared
[ooaoliecular flukaater cbelorcartdoaliel abiplblisdiraligmoOhtiyeobigingicabagetbeasuring
iglentifiesa XiC feclt ohthe iolo{gfli‘%al agent..[0050 OXE ef{ects of a lation of
A ENOTOtICSUCH AS & New chernical entity, arg. (drag CaARITAtes RyfRyPyaton o
orleadpmisioieytsal agbniduats orivinorsteentaihelisniigidafogehamditiveopulation, and
mifigistual ghem ng’ﬂé?éiﬁ%@?n&ié&ﬁﬁ%@HQQ&@%*@%WS@%?J%%%Q@M

be determined %/ measuring and comparing the molecular flux rates o

melrsdEmhster bRt altariBiRetintom & Miskpaisalaibn eroprscdmptnelar flux rates

bfORUBRIIBUINIAMAISARUCHr 8% BXNSEINA IR ABARIS0 %L RUTRAIR.t of the biological
ad{ninistering the xenobiotic (or

agent.
[6650] * Toxic effects of a xenobiotic {such as a new chemical entity, drug, drug candidate,
drug lead, a biological agent, an environmental chemieal, food additive, industrial chemical, or
cosmetic, or combinations or mixtures thereof) may be determined by measuring and comparing
the molecular flux rates of two or more biological molecules in a first population of 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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combination of xenobiotics or mixtures of xenobiotics) to a second
population of one or more tissues or individuals, and measuring and
ngl%%ﬂ}a%ége relative molecular flux rates of the two or more biological
molecties in the second population compared to the first pop‘iﬁ&ﬁ%?ﬁ." /021063
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). 14
WO 2005/033652 PCT/US2004/021063 [0051] Alternatively, toxic effects
18P Y xenobibtEthitly de dutisriiFaby ieakiotsgrandedsinpaineg thercasuring and
compieiti|dreflux caies aikvaaroners higlogicaligRiacHisEina EQEE@RE%&{ of one or

gne.or more Eidss es or individuals, adminis_ter_inlgg the xenobiotic (or
e O 5T VMBI GHEL B A e S BP USHa s fESy et o
mixteten efsemibipticr) totnparingative, reldtivenoiecitacduarate 0 thaWolecular

jologic ecules.hefore and after administration, A difference,
fhi%f ﬁgg(:%oﬁ]l%g\’éb dg}ln %f%]e 81% 195?1 fﬁe 1 sabe%re an. gfmgxa Iﬂigi?HﬁB?Po [géfference

) cular fiux rates before and a
inythpepspnectbndembinBorriet kefwbisticsior mintuies:déxehibbietiosjotic (or

Jepniies artexicwbies @ihaeneRIelc Lok ina] f-xepohiotics or .. .
) mixtures of xenobiotics). [0052] %ﬁggﬁégﬁﬁ%m%gﬁ%% §s§§ ﬁéfﬁé?nxembmm
(ORRYPBILHGRS 16 TRRARIRFGHE BrRERS ohesngietitstargets. The molecular

flux rates of two or more biological molecules are measured and

[086Mpared imaditopothelatetimdd dindwedriereitisssebearsiirtvideaisy AndBiGnore

HefHLHE. cahdid emical entity, or.biplogical agent
oraglready-g%prﬁ%%ﬂ%%(%ﬁ%%%ggﬁ%gt?gﬁlsmcr)?n%%%? ?(égé?fﬂereé;g Slg@re measured

angseraredda adiet pepuitiorrbpone sronciestesusisdivifudividbdisgandrug

cdirgdelativenpalee Wi dates g boigbRale.Riglog 9@1359&9.' 82 d%rug (or

the second population are compared to the first population. A difference

1 TRE UBRNSET S ORGSR RS h iR eesr i Arslasiop ibppnoampihissues or

iﬁéﬁdﬂ%sp@@i?iiﬁﬂaiﬁ@ﬁﬁ%ﬂﬂgﬁmwzﬁiﬁﬂgﬁg@%H?Q@%E%llﬁé@@&ﬁlbﬂe@ﬁ%s in the

s disclosed herein se identify_ one or more

e R e es g hEFesone b hogpesnd motecsar

fiwgrseutetviern Biestirpapuwidtitonahdie: ormat e dissussnodindivid ualirapeutic target.
administering a drug or drug candidate or drug lead or new chemical

{{ms_ﬁ}y or alreadynapRigyeas ﬁf&gdﬁ @iéﬂﬁ@%&gﬁ%@ QY E@féﬁﬂﬁf? one or more
thmlxtures therec%g to thgrpopulc?\tlon, and measuring and C(_)m]parlng the
r

eéiagﬁr\;}%c r%]aé eEsu PR AZuring ana comparing two or more biological molecules in a first

population of one or more tissues or individuals, administering a drug or drug candidate or drug
lead or new chemical entity or already-approved drug or biological agent (or combinations or
mixtures thereof) to the population, and measuring and comparing the relative molecular flux
rates of the two or more biological molecules before and after administration of the drug or drug

candidate or drug lead. A difference in the compared molecular flux rates before and after

administration identifies a drug target.

[0054] All methods disclosed herein are easily adaptable to high-throughput methods. A
plarality 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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rates of the two or more biological molecules before and after

administration of the drug or drug candidate or drug lead. A difference in

&Jpezﬁg%%%ggd molecular flux rates before and after administration _

identifies a drug target. [0054] All methods disclosed hereinpé}g{éség?fifm"“

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), xenobiptics, and )
005 rape R Ty D R AT &7 Y336 ndlr comparin the
relath€ TUS 2R0AIG2 866 D1 (006G InPhebinlentd malsols|ubiesnkitsdent, the kits include
isot GRANGEIRG W REASHI A AP AHBK GBIV RGNS HAY Y RIGHAL S LIS iscue

_of two or more biological molecules. In one aspe its inclu
or indyfdpd- | apanethesraspechibedis Belivsrebesratcpmpminiserirrgeents for separating,

partiSOIQRafARE 60 WAER I RIBSRUPmBNANISHAl R BPRIIGL ASRECHHDR KISy also
include chemical compounds or reagents for separating, partially

incl rﬁﬂ}mm%b?aﬁﬁaﬂsf&%&m %@mﬁ%@ca samples. The kit

may also include an instrument for collecting a sample from an individual.
[ﬁﬂqéabsa; ThR&sRveaniion d@mbﬁa@somgﬁwmmmm&mmmmiﬁmﬁauy
pertSOlARICANIRSIHRSSBIR SR SIS IngR08 %@‘85??3@5!‘% 3%%9:8&?-

The isotopically perturbed molecules are products of the la

molpgaliics Riedisibabithrlhpingusteissiesmnpbpé heitiad Thiolianies B eerturbed
moleelleciedbicsa@ pinapERRIRURS R WM I hesANthatRanalyZet ysing

a%%r%o riate ae%allg%cal tools. 10057] The invention also provides
aPPig bl%ﬁ bc tifb&d molecules labeled with one or more radioactive

isotopes. 100581 The invention also provides one or more therapeutic
063 ents idéhtfietaimn alve astvidsstuliynrabasmtzbedoydeenethiodsiofithene or

moRRERALRYERKGR:Brief Description of the Figures 100591 FIGURES IA-B
depicts pathways of labeled hydrogen exchange from isotope- labeled

ter inta,selected. free amino.acids. Two NEAA's (alanine, lycinﬁq nd
00 . (AT A S oy o S N PA AR A S pbat et
pariprésemediénfidbyeiAnctiedsinilis presatitecinidrigure 2B. Abbreviations:
TA, transaminase; PEP-CK, phosphoenol-
Brief Description of the Fisures

[06655] FIGURES 1A-B depicts pathways of labeled hydrogen exchange from isotope-
labeled water into selected free amino acids. Two NEAA’s (alanine, glycine) and an 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 *O-labeling of free amino acids by Hy'"®0 for protein

synthesis.

[0064] FIGURE 2 depicts the incorporation of hydrogen isotopes, in this case deuterinm
from water into the deoxyribose (dR) of DNA.
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pyruvate carboxykinase; TCAC, tricarboxylic acid cycle; STHM, serine
tetrahydrofolate methyl transferase. FIGURE 1C depicts'80-labeling of

free amino acids by H2180 for protein synthesis. [00601 FIGURE 2
adepigissiimsiacorporation of hydrogen isotopes, in this case Geuietisi®s/oz1063
from water into the deoxyribose (dR) of DNA. 16 WO 2005/033652
PCTIUS20041021063 [00611 FIGURE 3 depicts enrichments of 21120 in
body water of representative human subjects who drank 50-100 mL of
2H20 daily for 10-12 weeks. The data show that the precursor pool of

obely watergigsiable : /s N ol far: lec .
e e a depict m%{%%%%%m koo WA g%?ﬁ%’%%“ﬁ? human

SUBGIRRR iRt eRHIE T SE ISP Wiy herctatid vesslencl hedatrrsaiy 4b@ the precursor
pdolfedtibanatateniatamanrrgdind efvsmthasiaaismigghondrial (mt) '

phospholipids in hindlimb muscle of rats, and effect of exercise training

t ing i [ 2 i ight .CL, ..
oo Sl Cealitts B Rl B bsisin
caplips %Hﬁ%d"l:‘mgtFBP?&‘%?M@?&%@?@%@W@éﬁtﬂg(mmtf)&m.hrﬁdﬁ@ﬁional
rePhREARSISAN BRI KRN ahe OGS R 2 GERIIR R SRV RS D r(rjtuscle of

measurement of cell proliferation rates in the mature a_(iipocytejenrlg e
e ?ﬁ%‘éﬂa SYHBTH Yot bmtaninbed BEpine) ParmmrltiareinsgOiiD for cight
daﬁmwﬂﬁmﬁfygﬁhﬁ@@g@ﬁ@mﬂpﬁi@Rgﬁ;@ﬂgbmc &Htuﬁilﬂé;mi%.OS versus
imals ve . in drin water for ays. Controls
oA, BB G B e R R R st e oo
and 20.8 0.4 g at the end. Ob/ob weighed 26.3 + 0.6 g and 35.7 0.9 g,
[363bectively Preiesigr e sreplances mopansiveb PcsPaselifeatibolises in the

memepaReaitieRbi mictoPREIAeN Rl MEASHISHS IR @Qg%tﬁwaﬁ%@mai,
._different adipose dggots (i%r%?uin and meienteric) for TG and palmitate

Sy e O (A e 6 HE RV SO FEBHe F‘bﬁ\l@)%ﬂ&tf{ﬂbr(aiﬁé)ﬂéﬁic& Animals
receimegatirehtsipdriitkiniiabtingoinaldme e, wghe IR IONQaRHRh + S E.) at
' ' i el a), the effects of triglyceri
e S R R U B R
3%%3&@&9?@Pﬁﬁéﬁfé¥ation is shown. The effects of food- restriction
(pair-feeding) and leptin administration are compared in this manner.

[6064] FIGURE 6 depicts the dynamics of adipose metabolic components in ob/ob mice

and controls measured simultaneously in two different adipose depots (inguinal and mesenteric)
for TG and palmitate synthesis (marker of de novo lipogenesis or DNL) and four different
compartments (perimetrial, inguinal, mesenteric, and retroperitoneal) for adipocyte cell
proliferation. In panel a), the effects of triglyceride synthesis are shown. In panel b), de novo
lipogenesis is shown. In panel c) adipocyte proliferation is shown. The effects of food-

restriction (pair-feeding) and leptin administration are compared in this manner.

[0065] FIGURE 7 depicts skin keratin turnover in normal (C57bl/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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[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 EM 1 enrichments of alanine in keratin in the
wyn20iffesesst mouse species measured simultaneously and poaasmsweto21663
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. 17 WO

[008§)05/ 033%&2}3@@&%&@6&@@&8@%&1@%&% R&/8 ]g}?%gg??ﬂé?/]g) in no;mal
inocyte turnover.(de noyp DNA synthesis) in norma /6 mice
oL R S L S P BAGA P Rk Edpaere rmove
wasmersverd wasuesidy ie dabnouvespbeics bodhaiiosise kpadiesandenitbskimouse

kel gﬂﬁ%&?ﬂﬂdﬂm@@@d OUSE: cies (skin keratin turnover depicted in
SpE:Fig.%7). [0067] FIGURE gﬁdég%%ﬁ%é imultaneous measurement of cell

roliferation in tumor cells, colgnocytes, and bone marrow cells after

0% ¢hosure I AR SIAgPUTS B SPslimsars mesrermsmHef frikmrlifamgiag in tumor
cellaurolonnige:simFighnR shaws,dilty easingmdesaseiaemiiphibis dpmenand

bone marrow ce iferation.but exerts relatively little effect on ¢olon cell.
e R R L AR ek R, R e of Gom vt
tumgriifé letisrmat e delhvprolfspdnmantatissek)i {9 oB & iGiRin totalegilits
prof iR R RIEAR AL oot AiRkErIRN: SalAEI0 LONUBL ANMAIIOlovwer

Gem and hydroxyurea (HU) on tumor and bone marrow cells in female
eXpEEBrEHRESmice. Hydroxyurea is a well known inhibitor of DNA

synthesis and is a widely prescribed chemotherapeutic agent. As Fig. 10
{0068pws, boll GCEREAMIEHiLE eler éaspd oeliitipliferatnnisliame@Eave to control

: tlv, line-administered contral mice. [Q069] . .
s S e e B gl
micge iyidrosgrteas aovelidreanighibsersob Tik| ientbesimidhibitoidsty prescribed
che@&ﬁ@?ﬂ&ﬂﬁccﬂﬁz%{@@ PN Jee 66th BRSSP LAULSIHGEn %%ni%r%)ion in

depicts transp SW1 573 human lung cancer cells, panel b) depicts
bon B B SREsmHBRESHs Sratpamrdnadsrisispaed cutrkmists

(colonocytes). All three cell types were measured concurrently. As Fig. 11
[006Bbws, tuftERFalidepion doyte vprolifbikition werd! imoliitediol flative to vehicle

con%ﬁe, 25%‘%9&@95%‘{@ H&W}DQY}'%U%%%ﬂ%%?%lpc?&%%rﬁ?svavssembiy, on three cell
types Within nude mice. Panel a) depicts transplanted SW1573 human lung cancer cells, panel b)
depicts mouse bone marrow cells, and panel ¢) depicts mouse colon cells (colonocytes). All
three cell types were measured concurrently. As Fig. 11 shows, tumor cell and colonocyte

proliferation were inhibited, in a dose-dependent manner, by paclitaxel whereas bone marrow

cell proliferation was not.

[6070] FIGURE 12 depicts fractional synthesis of cardiolipin and rhtDNA 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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cell proliferation was not. [0070] FIGURE 12 depicts fractional synthesis of
cardiolipin and mtDNA in the mitochondrial red gastrocnemius of female
Sprague Dawley rats. Cardiolipin and mtDNA were measured
shmobisnemisly. Ex = exercise. Although no changes were obeervsmino21063
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. 18 WO 2005/033652
PCT/US2004/021063 [0071] FIGURE 13 depicts the fractional synthesis

[0 fardioliip@psiwsphatdyichalingdnhannitoshangiiabheary of female
Sprague Dawley rats. Cardiolipin and phosphatidylcholine were o

phesehalidadeheline Hassuiashendual bear o fommls cgfay Qrrgeglie feardiolipin and

phéhsendettiiolinice dhahexareisathittiettsive ek vansiis smicelthaigh@kechanges were
sedentary.during that.same time iod, phosphatidylcholine was shawn

oS Y B TS ACH SRS F oL P i s A g ot some

tinf0 P& It biREady bpicts wasshoemndo tiretighivel traliferdkdpidives biomarker of

mifR %QSHPL%%%ngg}gliferation, tumor cell proliferation, and total liver cell
proliferation. Measurements were conducted simultaneously. See

Example 15, infra for details. [0073] FIGURE 15 depicts C57B/6 total liver

(0% protiferSHo L4 doricts Bapeadubeliplel Bl feriemibvideressyal cell
praifekddote hieke criitppblifa dhigh, khdlvablivaotbinastf efich: Meiscraasas were

tatal liver ce|l proliferation.telative {o v i(%le trol. Total liver cell
CO%%%%%%%%% lav@%%uSFéagsﬁzrgé%ﬁ%{ d Ighem%%as ?/rv%%ll!ﬁier collagen synthesis
as depicted in Fig. 16, infra. [0074% FIGURE 16 depicts C57BL/6 liver

[0 lagen syftASEAYdepishideotBifirablnerselloeolessiiprgn essrapse to two doses
of CaNisR keMRRTIHEMEUR \WRIeCAEtIsI@ABIMUKTa0USIYHoS, tial dives eelbCl,

._proliferation.as depicted.in Fig. 15, supra. Fig. 16 sh that only the high .

R b o CHS AT CIRE PR O ra 2 T B on

wiS Glbswhiclirindrersedtotih lixer cellagnokfethtionahdehiveéifebigohdjveia.
collagen synthesis relative to vehicle control. [00751 FIGURE 17 depicts

j06R7 BL/6 mpusetivel calbriolisaion lﬂé‘%gﬂ%f%ﬁiﬂﬁeﬁgmifé%@ﬂ@fb two doses of
q&o. , 0.2 and 0.5% 5 days) p<0.05 for all groups. Fig. 17 shows increased '
Chiletia st ranBa M s D et el R sl caHh el iver cell

prolferiolye st deseted in Fig. 15, supra. Fig. 16 shows that only the high dose of CCly
increased liver collagen synthesis whereas the low dose of CCly, which increased total liver cell

proliferation, had no effect on liver collagen synthesis relative to vehicle control.

[0075] FIGURE 17 depicts C57BL/6 mouse liver cell proliferation after griseofulvin
administration (0.1, 0.2 and 0.5% 5 days) p<0.05 for all groups. Fig. 17 shows increased liver
cell proliferation, in a dose-dependent manner, relative to controls. The lowest dose of
griseofulvin had an observable effect on liver cell proliferation. Liver collagen 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, 1s administered to a tissue or
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griseofulvin had an observable effect on liver cell proliferation. Liver
collagen synthesis was measured concurrently with liver cell proliferation.
Unlike CClI4 (Fig. 16, supra), griseofulvin had no effect on liver collagen
wythesissasihe doses tested (data not shown). DETAILED pCT/082604/021063
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

indPUREIAISAndSRIDINISIRIR 1A BHISRHE Kot DINELRAPRIA3308 e ven if the molecules
PCT/US2004/021063 individual. The molecular flux rates of two or more

arepb i ffrisrhibrovGR Slavshman e AeraBtingd sivplbinnmsi¥spe e asingle protocol.
classes may be determined simultaneously and from a single protocol. 1.

I. GenGrmaleraChenbuem¢®0771 The practice of the present invention will
employ, unless otherwise indicated, conventional techniques of molecular

[o®igjogy (inghydingcireIMINRRLIBCANIGHSRWNICHANINI Ot esS BHhRINRT Yndicated,

biochemjstry and immunolo?y, which are within the skill of the art. Such, X
CoRYERiRRAL S ARIBH RIMLPAIIRT Hakeitmanshoe SeRpmblay RebniarElomisgbiolosy,
celAHiclbgyatdsyhdviasiiednd @aanchalditiomibhmnieradtkiatiad. sl Keold. Sping ~

arbor Press:;, Qli cleotide., Synthesis, (M. ait,.ed.,.1984); Methods -
SR o e sl St e Mooty
MagoweirsornicBitice [forbuook308). A8kl Breiy AaimuPett Oliffenecleotide

Sy@ésiﬂﬁﬁ?ﬁm @@,1@@@?)]%@”&@%9&9&4&%%?&? i?ﬁyﬁagcyﬁpé%(léeﬁ ‘Biology: A

" Mather and P.E, Roberts, 1998) Plenum Press; Céll and Tissue Culiure:
Lapgrpenydvgtehentddirdselias. by i@ o8 )m aadmmis resmetninu el iR 1.
Frdédfiay8d, Wﬂeg G Hens: MeEhRdsd TEAeYOMISEY fr&c@ﬂﬁﬁyﬁa'c Efcmgz Roberts,

.. Handboo xperimental Immunolo D.M. Weir an . .
1ol o B, B R GT AR R IR CRen R Criies,
and ARG Reveellads o d8931D87 W TyreadtS éirotddatwily M degulaldgiolagydtmid Press,

I . X : j eacti .
L B e s O L s Gone
Trapgpr EegorsifopMagnerep bt oidindlite snfMBlofadys(wiitey 25 Sonvent
Prifiidl; @ﬂﬂf%ﬁ&%%ﬂ??@!@%%l% ﬁﬂ@h&%ﬁ%ﬁ% PR Polymerase Chain

theoretical, analytic and experimental considerations by Hellerstein and
Reieliage AsShisi 27 kY (R doRrrt Rieaplssoy mpimnelesy (55, Cobgyn et al., eds,
1991); Short Protocols in Molecular Biology (Wiley and Sons, 1999); and Mass isotopomer

distribution analysis at eight years: theoretical, analytic and experimental considerations by
Hellerstein and Neese (dm J Physiol 276 (Endocrinol Metab. 39) E1146-E1162, 1999).
Furthermore, procedures employing commercially available assay kits and reagents will typically

be used according to manufacturer-defined protocols unless otherwise noted.

II. Definitions

[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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Furthermore, procedures employing commercially available assay kits and
reagents will typically be used according to manufacturer-defined

protocols unless otherwise noted. II. Definitions 100781 Unless otherwise
definedpalbierms of art, notations and other scientific termiralogyuseaioss
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

ner@RLREEESSAYRM Ganstiied M&Hﬁ%ﬁﬁ% arapRsaNahdiffarenesaVkihodology

what is_generally understood in the art. The techniques and procedures

by theseHgEadn Bfttnich o VO aBpisiiargsaeangssenilePrarslysis at eight
yedRERIEDRIRCER ae&@uxew;ledil éxﬁaeﬁ&imdcaadmmmr:w&y Bl&lwﬁ}@ﬁi ?ﬂﬂ%ese (Am J
conv. tl met (0] t eqa | eart, sucn. as, 1or . .
P P o adip procedures involving
the threarBtivahenaltic aildhixkitrimé ntagaon sid oy byrHellensigimendance with

mamﬁg(ﬁgréﬁgéﬂ]ne%gg{&&z & i V%MHQL:M gﬁ?%s%?ﬁemégﬁﬁgt@ 2,1999). As

appropriate, procedures inv g the use of commercially available kits
and reagents are generally carried out in accardance with manufacturer

(003 2kined protdelsis ndrst BiraHats e T ehAumbrst Sorsadypipromd breakdown
or iddoletuibs Blslomtal Hefecalto thiviadelafhyntiiesidoe progipliarvandith the flow

. bregkd(t')w or re ov?l oi a biological molecule. "Molecular flux" therefore

intQ and out o 1 rf cules

IS synonyma&ogvﬁ Rthe how into and out of a pool of molecules. [0080]

"Isotopomers" refer to isotopic isomers or species that have identical

(008 mental “GRINPOEIFGN SRt P EINSIRRMRET AR SBFfiFS Fahevscientipal pjemental
congRiatiashecarse piiatianity sipstiiescHomaxampiadetit3NEhdse of isotopic

CH3NHD.and CH [0 "Isoto " refer to isotopic
SUbEE B T SR ﬁ%ﬁ%@%@aﬁg}%ﬁ tical elemental and
chemical compositions but differ in isotopic content (e.g., CH3NH2 vs.
[0668H3NHD iflthemiognpié mbove jsdsgicpolnglievarerdeflaedabyrivis that have

o AURRIR SMACTO e RIS, S6LSAIPRRIOENE ISR LIIBP EXAT kN, vs.
mass but may not have a unique structure. An i1sotopologue Is usually
Chditprisediotafaeihbofds olepipidegnerarfidofopdre thywisigbpdliffemipysition,
i i0cation b e isorones, o N MOISSUIS Sy GHENHR @8he structure. an
are‘thesame
isotopologue is usually comprised of a family of isotopic isomers (isotopomers) which differ by
the location of the isotopes on the molecule (e.g.,, CH,NHD and CH,DNH, are the same

isotopologue but are different isotopomers).

[0082] “Mass isotopomer™ refers to a family of isotopic isomers that are grouped on the

basis of nominal mass rather than isotopic composition. A mass isotopomer may include
. . . . . . 13
molecules of different isotopic compositions, unlike an isotopologue {e.g., CH;NHD, CH;NH,,
ts . . . .
CH,; NH, 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 quadrupele 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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isotopologue but are different isotopomers). [0082] "Mass isotopomer"
refers to a family of isotopic isomers that are grouped on the basis of
nominal mass rather than isotopic composition. A mass isotopomer may
woluehs/onsadecules of different isotopic compositions, unlike BOT/US2004/021063
isotopologue (e.g., CH3NHD, 13CH3NH2, 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,

mAliEHY RiGRIG D BR RARAL ARG HSSABRMELSh Masiatolies AL ORI Sically

that share a nominal mass. Thus, the isotopologues CH3NH2 and

COBRYSTH DR IPAT ABRITOLPRRLEUCARY B BRIE HAS F RS HRRSE difteiftinction
betwassiisaipplogressdduhathesisopopere fes aHZ M- Rice bb2RINMH individual

.80%3C93NH2 ang‘%@S%%NHZ are all oI the same nominal 21, WO I
B S 6 T T O S TG A BB AP RS PR T S S AL RANRG! el ved
evmondp@mms@g&hmmﬂ%w@mhi@m@em@@pt@lwm pdsddtiohs from
m&%&%ﬂ%&ﬂédﬁgm{%ﬁmmfﬂ%@b%&%Q%&és%%%%ﬁﬁ%lgs rather than

_ distinction betweenﬁlsotopoloques and mass isotopomers is _
iSO BRAGEE B e A6 SB35 HMDRILAII TREtH PoIASE éS TEPECARIISE 60 Mp syt organic
uadrupgole. mass spectrometers be resolved even ysing
e TR Ao mels SRt ne g oo pomers ar
distapnikhtid by fhemummaski§peseofmetrid Jatg, Vst .pBoforgiech amib &otopomer,
undances af.mass. isptopomers rather than, isotopologues. The mass, .
T R S T L A PR PRy Ve e,

“pestlennl sstapisiis th erspetigingrishading all 12C, 1H, 160, 14N, etc. Other
mass isotopomers are distinguished by their mass differences from M.

[0€b3} M2, etepfakDisaiaivRRr PaGSIS SRR 8 hidRRIAGIAR-QHRRBINQR Of the mass
. _isotopes within the oée(#e isaﬁotﬁpecified,and may vary (i.e., .
0B A RBTE S o d oS P e PP 0041 VS Ebelp abundances
whgatteliinf théersutelanbis tog ranmolithitalhin ddtiees: oft thieurasism iR IefopOaIS; the

' Tradition t n.is presented as percent relative -
mcgsrggb%cégﬁ%%to 06}9&?? gé%él‘fggﬁ%%neﬁ RIEREOLS: ! fe dot%s %P,V Rf%grobabﬂlty

naances W ere a L L ances are nor ato
anphysis, AoHsHe iy RERRTS stop dractiothile husimabumbena thsdtogiom ratssach species

co;%%eswagh@rﬁ,fﬁrwemé@g@e@qgétm&vqﬁy&qmg@&g@%@ﬂﬂﬁ&mﬁmes
- however, is_proportion or fractional abundance, where the fraction that

used i plase QEmasy RRIBRRES et b s e ahrisaidv e dorsess sEToRwpliphenly to
théebini&aiape patieniistspmpinefment.

[0084] An “individual” is a vertebrate, preferably a mammal, more preferably a human.

[6085] A “biological molecule” refers to any molecule or molecules synthesized in a
tissue or individual. A biological molecule may refer to a class of molecules, such as, but not
limited to, the set of total cellular proteins, genomic DNA, 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).

{0036} 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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used in place of mass isotopomer pattern, although technically the former

term applies only to the abundance pattern of isotopes in an element.

[0084] An "individual" is a vertebrate, preferably a mammal, more

profmmebiyseshuman. [0085] A "biological molecule” refers toeamyusaaieaziess

or molecules synthesized in a tissue or individual. A biological molecule

may refer to a class of molecules, such as, but not limited to, the set of

total cellular proteins, genomic DNA, mitochondrial DNA, messenger

RNA, or ribosomal RNA. Alternatively, biological molecules may be
in@PRelicANAleeWRT Vit SRR I SRIISRON SRR SHEDAS,

specific proteins (for example, apoli oprotein?ﬁ;r specific polynucleotide
Phggla SIELERIPERa R B mwaa@eﬁvaéhén aﬂ&-&ﬁ@%@%ﬁéﬁa@r to the
tref0086] rAatigie deher einrapauindivieluaktion yiklsCibedadividuat HARO &notes that an
. considered more likely to devel disease state o hysiological st )
o R R G T3 0 R o o o e risk
fapaThessdogaopobaslindifitualomtgiske mayor disaysaE) hopleysiclegitable
coRdBRiRTERdicAla ALING AR AR P RveiRlepiGal-conditipn, and MAV.QR. bt -

may not have displayed detectable disease prior to the treatment

arghatriseiéefd ey higtenapblagelnterrbetiey dlenerbras herawe diserisk; related

cofl@iNieR SN AN o VIEMAhNIHRIR QY (REIR SAEAlIRIHSK FRGIoRSs e of precursor
.individual h ylnﬁég%ﬁ_}%}l ore of these risk factors has a higher probability

AR ERSPTG S ERAEREr A RTTORRN AL SRR (s) than
an individual without these risk factor(s). These risk factors can include,
[088#] are notlsnineetiabelnd topesTifmmilgsetetbebs!eé vath pirmgoo newrspeoiic heavy
isslisiRABeSihSI AR o SONEIIRTGE R HRBRINIST HUSIINU RS EVIRNT FRERSRIude
... 2086, sex, race, diet, presence of precursor disease, genetic (i.e.,
HaBre rﬁ??‘:&hsi@erations, and environmental exposure. [0087]
"Isotope-labeled water" includes water labeled with one or more specific
{0888lvy isotSRretadlyaithdyimgdmofrentomethags mf Speviigexempiesofomponents of a
i ~ : | Q [10088] “Rartially .. 1 .
T T S e e e S
TeFRi 0 TSR BHSISI RTIRP RO s S1aish s drapla, mbEa N erarifyingra biological
mplRigs, or peptide” refers to removing one or more biological molecules
from a mixture of one or more biological molecules.

[6089] “Isolating” refers to separating one compound from a mixture of compounds. For
example, “isolating a protein or peptide” refers to separating one specific protein or peptide from

all other biological molecules in a mixture of one or more biological molecules.

[0090] A “biological sample” encompasses any sample obtained from a tissue or
individual. The definition encompasses blood and other liquid samples of biological 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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[0089] "Isolating” refers to separating one compound from a mixture of
compounds. For example, "isolating a protein or peptide" refers to
separating one specific protein or peptide from all other biological
woleasesénza mixture of one or more biological molecules. QG 2804/621063
"biological sample" encompasses any sample obtained from a tissue or
individual. The definition encompasses blood and other liquid samples of
biological origin, that are accessible from an individual through sampling
by minimally invasive or non-invasive approaches (e.g., urine collection,

[od¥opd drawing, peeslledapiRliRbs R OHIeRIRSERIUESe, BNRIYI RN Anid,
risk, discomfort or effart). The definition also includes samples that have

edefa f%ithArbmdatrimal fpritep larmmatey prodtirenianyial Bhidsapgress, empyema or
otliee atfeand YWilld, leageoipinsoiuhil zataN pai@irshiBabliéak Cailaim), seminal fluid,

GQTIREENS, Syeh a5 roteins o pgludenides. The term “biological
samplé™ also encompasses a clinical samplé such as serum, plasma,

other biological fluid, or tissue samples, and also includes cells in culture,

100B superndtipishareiy’” Behvdes o3 pedsotosiyamealp or compound, whether new
or Rbolvh) 8200484504 retPRAILIBIGipGigRtdiuic: dngiudess B&&Eﬁjﬂgtﬁ iBitERIogical or
.to,urine, blood, inters it'tElI fluid, edema fluid, saliva, lacrimal fluid,
biqahemirAL Y B oarsibe rral P dnav e RientahbsEments agtrty (drugs or drug
cairdidatechfl didg terdd) raspiomtdling reuedty @ dnariabaamilons fefidide) herbicides,

seminal fluid, feces, hile,. intgstinal secretions, or other biological fluid.
fofggé%%%ﬁfegr%ﬁlé}g g%tlatl)l/ ﬁ}n%#ﬂ(fés any molecule, chemical, or compound,

whether new or known, that is administered to a living system for the
1993 hose of Lemeelstly ictorBigiddelss" Brediarindsiaed An hstical eniities or
biglogioaf disleovesingtpatariial heranaliicogents (iigeat dudsscangidatasng
ortd,[u Jead or“uncovericrllsg toxic e fe%:ts é%s{ijia)tchemici\?, esticides,
2BRETHiCId8E™ T8 SATRVES caEmetics. and theike) D083t Dty Télds"
coomptitionanditiet s 'z arddmeiwinetédime diak ghehficaig itities dmivistegitapproved
orBRlEEKER IR RIE R ML ARG AR PRIGIIBLIGHARSHIE A980'S

(drugs). "Drug”agents" or "agents or "compounds” are" use

interchangeably herein and describe any compaosition of matter (e.g.,
O ical o éw%sgiea %Eem)dmatﬂ%eafam?ﬁi&é?@%rrama@éé@s refers to

aganid€i.destingies pofdntiat Hiekanel tergonhartisva lnwpptloesdfetlierapentic use
asadgl?égtin human beings or animals in the United States or other jurisdictions. In the context of
the present invention, the term “already-approved drug” means a drug having approval for an
indication distinct from an indication being tested for by use of the methods disclosed herein.
Using psoriasis and fluoxetine as an example, the methods of the present invention aliow one to
test fluoxetine, a drug approved by the FDA (and other jurisdictions) for the treatment of
depression, for effects on biomarkers of psoriasis (e.g., keratinocyte proliferation or keratin
synthesis); treating psoriasis with fluoxetine is an indication not approved by FDA or other
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 lirnited to, vaccines, polyclonal or

monoclonal antibodies, recombinant proteins, isolated proteins, soluble receptors, gene therapy
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100941 "Known drugs" or "known drug agents" or "already-approved
drugs" refers to agents (i.e., chemical entities or biological factors) that
have been approved for therapeutic use as drugs inhuman beings or
Falsisstee United States or other jurisdictions. In the conpext@>ihgs21063
present invention, the term "already-approved drug” means a drug having
approval for an indication distinct from an indication being tested for by
use of the methods disclosed herein. Using psoriasis and fluoxetine as an
example, the methods of the present invention allow one to test
prod HOXSHNGL 2 HLIRRREA YRALAY dherd ARk Res iyristietiansyiiartislogical
treatment of depression, for effects on biomarkers of psoriasis (e.g.,
factReratinocyte proliferation or keratin synthesis); treating psoriasis with
fluoxetine is an indication not approved by FDA or other jurisdictions. In
[06%6fs mann&tceeal’ firdnsein B iiexti g anspiet BMEopeb pIefshEical
enti,% gﬁgmaz ﬁ%ﬂ)ﬁg,&%@‘i@&’d%}{% (nthisexamplanfeingdria89dgent, agent,

ogical factor” refers to a compound or compounds made by living
knogrgdrigrieonadng BRs g R EREY BRYSISHG RS- o nBiss Yebl 19si e ATHOE,
therapeutic and/or toxic effects). Examples of biological factors include,

[00bwr are noBlmikechpeutiateiresispotpolonsgicfe. gaonoolendt antibodiesr more
recombinant proteins, isolate tei e :
D D SR DO AT b i AR Mnges i
physgsddyahetmrtrestsintethidtb giowdisadissaghrscenditipnbiblopes c 3Gy therapeutic

tar 983%%\&9\%’&}&% MGRES &7 e FQRIRXERIHNG: RIRSE i MR YAV AT WT one or
ew chemical entity, chemical entity, drug lead, drug candidate, drug, ..
o e AGEMCHEASIpAT EHTIIR BAGEHREHEIE EREET RIAGAPERRdRe fswe o
in@ﬁﬁ@ﬁ)ﬁ?@ﬁé@ﬂﬁﬂrﬂf uoLRialogianarhiekgiodl deetarinid® eRfddys in molecular flux
"therapeutic_ target" is meant a site (e.g., a molecule within one or more
ralgs ARG D ?&%ﬁiﬂ%‘r on the body that mediates, or is thought to

mediate, changes in physiology that are associated with a medical
5 IS EIRORYERWRANY cases, a therapeutic target is unknown and
the methods of the present invention allow for the discovery of one or

[o0m8Te therapretisdatgeiss fvcexamblieabisadpeitibtdritgatrrdsor unresal precursor for
compounds to a tissue or individua{ ra t] f 1 Y
Iy & 1%&?!: 0% 5'&389&%& thesized in
esaﬁﬁ}\#@u%iﬁbgargﬁ oggzggﬁﬁi?ﬁfﬁast?‘lsgﬁggsﬁﬁnm ofFegcu ar?}luxlc rates as‘lsyrrlnore
tisfutly adsodbedhalafrintroducing isotope-labeled water to a tissue or individual therefore

results in the incorporation of isotope labels into biological molecules of the tissue or individual.

The relative molecular flux rates of multiple biological molecules may be measured and
compared. An éxemplary, but not limiting list of biological molecules is provided in Table 1.

Examples of biochemical processes that can be measured are provided in Table 2.

[0099] The present application is thus directed to a method of measuring and comparing
the relative molecular flux rates of two or more biological molecules in an individual by a)
administering jsotope-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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[ll. Methods of the Invention [0098] The inventor has discovered that
isotope-labeled water is a universal precursor for essentially all biological
molecules, especially in different chemical classes, synthesized in tissues
sl smdividssals. Introducing isotope-labeled water to a tissueportrinstiviauadoss
therefore results in the incorporation of isotope labels into biological
molecules of the tissue or individual. The relative molecular flux rates of
multiple biological molecules may be measured and compared. An
exemplary, but not limiting list of biological molecules is provided in Table
moldeniE@mpless of iothaoyical puleaseesuiial)campaimeasurettanar flux rates of the
biol %%\éide inHIal:gle 2.I 00%894 Tp% Jrest Qtu?gpt:fcatriﬁgsis thus directed to a
O R S S e RY And CSmparing the Teratve molecular flux rates of
two or m
Al ;-,-;.ﬁ.a;'ef:u-' O £t 2 | KYRHEE 8 OB HHW6 S S fIEIE
label to be incorporated into two or more biological molecules to form two
or gIgre isthepe-lgBniedihielBgidssmeldckitsl even ik thedngion more
biological molecules are of different chemical classes; b) obtaining one or

[oofBeye biolegisal sammplgsifraabaniisatironidividuabivd RIRINIRA ARG W a cell

more biological samples contain two or more of the isotope-labeled .
(beagstoHRAFFRBRSESL ) OBt THE tRISAICRE eiteSim o labefepiation). but

hydPAROETOsE RiAlagisakea Eeolesntaidaiersititothe?L Y @ 2009/R33667 involved
. bPCT 2004/021063 molecular flux rates of the biological molecules;
In D ESRPANAY the molecular flux rates of the biological molecules to

analyze the relative molecular flux rates. A. AdministerinE isotope-labeled

e. g €9orSHorTROEHSNADEHTIRAR (15 HHeBr QOB {fafy a5id synthesis)

100 ‘iSOtOQ%@Qﬁl%ﬂ&ﬁé@!i%%ﬁ@%ﬂﬂ@ﬁr&@@i&qhﬂ%@ommﬂBy(i}isotope-labeléd
probably never, limitjng, for biosglnthetic reactions in a.cell lE)glbecau e H20

watRL i HearpoTafsd 4G BOUREA RIS ForaLh AL SHPReE Rdigpys- Hydrogen
incoporeRtiationkchtin bydregeniandabiygesitiamia framitd20 Eontrpidy

toichiametrically. to many reactions jnvolved .in bi ' S: .
xS O W R AR i
excheigesplelkegis)inf00EP1E Agdsins Shusrridempepida bt s iavihls petiens.

form of H- or O-isotope-labeled water is incorporated into biological
[gomRlecules@spaitint Synbelicipathivays e Hiedsapan cellular water into C-H bonds in

biological molecules only occur during well-defined enzyme-catalyzed steps in the biosynthetic

reaction sequence, and are not Jabile (exchangeable with solvent water in the tissue) once present
in the mature end-product molecules. For example, the C-H bonds on glucose are not
exchangeable in solution. In contrast, each of the following C-H positions exchanges with body
water during reversal of specific enzymatic reactions: C-1 and C-6, in 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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incorporation can occur in two ways: into labile positions in a molecule
(i.e., rapidly exchangeable, not requiring enzyme catalyzed reactions) or
into stable positions (i.e., not rapidly exchangeable, requiring enzyme
oabaly®is)s63xygen incorporation occurs in stable positions. {RQEO2h&GAA6s3
of the hydrogen-incorporating steps from cellular water into C-H bonds in
biological molecules only occur during well-defined enzyme-catalyzed
steps in the biosynthetic reaction sequence, and are not labile
(exchangeable with solvent water in the tissue) once present in the
histwurgegmrﬁg%oﬂﬁm HEQhABIRReHIR aklshRMEs A Qlkag3Be period
afe not exchangeable in solution. In_contrast, each of the following C-H
that sgdamsriabelehuAigE Y RimReaTty FRRPLTASE reversal of specific

enzymatic reactions: C-1 and C-6, in the oxaloacetate / succinate
[00EEUenceThethbilerarbogyoid mmdciy alatiaasreciapsthavaresrahbtipthELgeaple

the glucose: Gahasphate.{fuGleseLaphosRRRIe HRARIRRLE SR did Ristory.
cov%@g‘f%@%ﬁéﬁ%e-giagﬁgg,phate/dihédr_oxyacetone-ﬁhosphate reaction; . .
Labitediyidraben3tpmosphogRrstiatencyritbranmahyben s phasabatisdigter (H:0) Gee.,
by SHEOSeERNASRNRIE diFpciRre S RipsRhRIR AR NS (ath “HOROH was
_~ [00103] Labeled hydrogen or oxygen atoms from water that are covalently
incomragAsestindte iR RBedihoNStTabile positions of a molecule thereby

reveals the molecule's "biosynthetic 26 WO 2005/033652

PCTUUS2004/021@880histd@P0i e, label incorporation signifies that the

molecule was synthesized dysing the period that isotope-labeled water
cHiEHeIBee - e llular Thedehilsthydisgens |
GLOQNARYE eﬁ%{%ﬁg@ated or present @%Q@w%th bonds) in

these biological molecules do not reveal the molecule's biosynthetic

[oditaipbry.l | Iaamled@m@@@mzo ea;ﬁmbsmky beneasiiytiegioviedgby lrel st dnewitht reflect
. unlgbel at 1 i.e. revers - i .

iR e e B e ST TR E SRR IAEa Bl be
rerpiacd Jnipowtveby 2aPeREPHICHOEHODERODIECHOCHOHCHOH-+P

Glyceraldehyde-3-phosphate Glyceraldehyde-3-phosphate [00105) As a
[0GRBPeaUencRpRieniiabiscoe taalineLTgr ysiages tahatithatdpas ubrporation of
) iabreelflec? ggrdrogen atoms into biological molecules (e.g., liquid scintillation counting for *H; mass
spectrometry or NMR spectroscopy for 2H and '0). For farther discussions on the theory of
isotope-labeled water incorporation, see, for example, Jungas 1968, incorporated herein by

reference.

(2) Incorporation of isotopes from isotope-labeled water into biological molecules

[00167] 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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biosynthetic history, but is incorporated via non-synthetic exchange
reactions, can easily be removed in practice by incubation with natural
abundance H20. [00106) Analytic methods are available for measuring

QusbiasimMely the incorporation of labeled hydrogen atoms iptq-Rigiaaisaloss
molecules (e.g., liquid scintillation counting for 3H; mass spectrometry or

NMR spectroscopy for 2H and 180). For further discussions on the theory
of isotope-labeled water incorporation, see, for example, Jungas 1968,
incorporated herein by reference. (2) Incorporation of isotopes front

(0038 pe"aﬁg'8&%5%&3!1%%@8%%99&%%9%'% ewgémlz%gf%%g '3;&%%%1{% S tope-
wat rmay e administered via continuous |sotope-a eled water

labgtheh Wirerasiavasisubamihihon sdadeierahinaie s tiokninist thto theangftere to
isopele i yiple s adiipisialional isRian %ﬂ@ﬁ&%@-lﬁﬁéﬁﬁ%ﬂ%ﬁ%ﬂ%%dy water

In continuous isotope-labeled water administration, isotope-labeled water

Pofd Sadfeddper trar hedimeieaiisrod frdrhslins muethsn i rephiteradaiffater is

opthatiyelnansaatisaloeeaTichamie R iREHDE #dhsRdividiabldRbels in

bi rlonlgrﬁ'uou m]ethods, labeled water is optimally administered for a period
Orefidierittitation to achieve a steady state concentration (e.g., 3-8
weeks in humans, 1-2 weeks in rodents). 27 WO 2005/033652

[0@8% U s20barercrbbgieforatoBIRY bisedmimsiotps footo pulivibvsbartistes in various

wadRIBISH BI08 0D RSP CIDEAE I SQIRRE-1ABDRICA NRR IS MEasEs AN e Rerally,

administered, one or more times, and then the exposure to . ]
SU ey tE Y RS aTAl Bo ety il RGeS SpEpetitepeally.
Sewatbrdronmettiel bockyayafétoaldHalfanesd dennisniel iddheitip BeotIrER qMiamisbure
elabelin hen be monitored. Water is., optimally administered fo
O e T T (e ) G abeled water
thahisledulostfe0 109 Fasetdunl abeit 0. 004 tertorrp e OlhrmidiStpradstopan the analytic

selRAVIELS QL fﬁ%%ﬁﬂé@‘t@m‘é’%e@Qﬂ&%@@oﬂ@n{: il tﬁ@(ﬁ‘im%%al molecules. For
isotope:-labeled wafer is adminjstered orallg, parenterally,

org) pomipistEdigant mtFaihErdraking g et ey br TRt Bvens edminigration, 50
miMrapaltansatiterddeveral commercial sources of 2H20 and H2180 are
available, including Isotec, Inc. (Miamisburg OH, and Cambridge

Isotopes, NG el MA). The isotopic content of isotope labeled
water t é’t%s a ﬂ%%}sltered can range from about 0.001 % to about 20%

depends upon the analytic
[(}8{]1%1 P Isotoge labels ?rom¥sotope labeled water are incorporated into virtually all

biological molecules synthesized in a tissue or individual. Examples of biological molecules
include, but are not limited 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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sensitivity of the instrument used to measure the isotopic content of the
biological molecules. For oral administration, 4% 2H20 in drinking water

is administered. For human administration, 50 mL 2H20 is administered.
Biolagisesivkalecules 1001101 Isotope labels from isotope lapetedsviaian 1063
are incorporated into virtually all biological molecules synthesized in a
tissue or individual. Examples of biological molecules include, but are not
limited 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

SoNn?p(;inen l%@‘séra %;%? Alhc“%g% Rg?f%&i&@i%g?yfm%
acids, and acyl-

proteoglygaps, and comblnatlons or polymers gggﬁ?@f The blologlcal

moleculés may be those of the tissue or indivi an organism

containgaWithindheatgsye or individual, such as bacteria. Some
exemplary, non-limiting~ examples of biological molecules are depicted in
Table 1 A291¥1Qe2d85/033652 PCTIUS2004/8212634c5ABLE 1: Exemplary
Biomolecules for Which Molecular Flux RatekosptiBgiMeasured by the
Methods of the Invention Class Examples Qridipilishand derivatives
Acylglydeatigesidsiglycerides PhospholipidsP&laithielipin Fatty acids
Palmitate Arachidonic acid Sterols CholestershiBliteiacidd Estrogen,
testostebdgyels Cholesterol
Bile acids
Estrogen, testosterone
Glucocorticoids
Ceramides Sphingomyelin
' Galactocerebroside

II) Carbohydrates and derivatives

Monosaccharides Glucose

Galactose
Amino sugars N-Acetyl-Galactosamine
Polysaccharides Glycogen
Glycoproteins Sialic acid
Glycolipids Galactocerebrosides
Glycosaminoglycans Hyaluronic acid

Chondroitin-sulfate
Heparan-sulfate

) Proteins, peptides and amine acids

Structural proteins Collagen
Myosin
Secreted proteins Albumin
Apolipoprotein B
Insulin
Immunoglobulins
Prostate-specific antigen
Fibrinogen
Interleukin-2
Secreted or excreted peptides N-terminal collagen telopeptides
Glutathione
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Glucocorticoids Ceramides Sphingomyelin Galactocerebroside |I)
Carbohydrates and derivatives Monosaccharides Glucose Galactose
Amino sugars N-Acetyl-Galactosamine Polysaccharides Glycogen
valymesueieins Sialic acid Glycolipids Galactocerebrosides pcr/us2004/021663
Glycosaminoglycans Hyaluronic acid Chondroitin-sulfate Heparan-sulfate
I1) Proteins, peptides and amino acids Structural proteins Collagen
Myosin Secreted proteins Aloumin Apolipoprotein B Insulin
Immunoglobulins Prostate-specific antigen Fibrinogen Interleukin-2
Secreted or excreted peptides N-terminal gpHagniglopeptides
Glutathitnecd@diéms2005/033652 PCTIUSERAdi1 Q6@ «Bynidinolines
Membrane proteins Preadipocyte factor-1 Histocompatibility antigens

T-cell receptors

Modified amino acids Hydroxyproline
3-Methyl-histidine
Intracellular proteins Creatine
¢ Enzymes Cytochrome C oxidase
s 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-oxo-guanidine
Methyl-deoxycytosine
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1))

113)

V)

Histocompatibility antigens T-cell receptors Modified amino acids
Hydroxyproline 3-Methyl-histidine Intracellular proteins Creatine
Enzymes Cytochrome C oxidase Transporters Glut-4 Transcription
factoresRRAR-y 1V) Nucleic acids - Deoxyribonucleotides Geangs2ddMA 1063
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 -
Oligonya/BDiries AkkhgAcLENBREh Sl Gracisiaethitelhiyl Bediyoytasine
30 WO 26%5[0386m2 DisdndS 20 34Heai 063A diink n Bibbegivgd Sgstéms
Biochemical Processes that Can Be Measured (and Relevant Diseases)
to Screen for ActineséssBiological Systems Process DiseBigeaBeDNA

re pi¢Atienlicaioni(eslbdivision)
Hepatocytes

Lymphocytes (including antigen-specific
T-cells)

Spermatocytes

Colonocytes

Mammary epithelial cells

Renal tubular cells

Prostate epithelial cells

Tumor cells

Vascular smooth muscle cells
Mitochondria

Pancreatic B-cells

Bone marrow progenitor cells
Keratinocytes

Endometrial cells

Endothelial cells

Fibrogenesis and bone deposition
Liver collagen synthesis

Lung collagen synthesis

Cardiac collagen synthesis

Renal collagen synthesis

Dermal collagen synthesis

Bone collagen synthesis

Cartilage collagen synthesis

Lipid synthesis and breakdown
Adipose tissue triglycerides

Serum cholesterol

Brain myelination and demyelination
Mitochondrial phospholipids
Sterols

Tissue glycosaminoglycans

Synovial fluid hyaluronic acid

Synovial fluid chondrostin-sulfate
Cartilage hyaluronic acid and chondroitin-
sulfate

Tumor hyaluronic acid

Protein synthesis (general)
Immunoglobulins

Albumin

Apolipoprotein B or E

3t

Hepatitis; hepatic necrosis
AIDS; vaccination

Male infertility

Colon cancer and colitis
Breast cancer
Nephrotoxins

Prostate cancer; BPH
Cancer, leukemia
Atherosclerosis
Metabolic fitness; mitochondrial diseases
Type 2 diabetes

Bone marrow failure
Psoriasis

Endometrial cancer
Angiogenesis

Liver fibrosis; cirrhosis
Pulmonary fibrosis

Heart failure

Renal fibrosis

Scleroderma

Osteoporosis; Paget’s Disease
Osteoarthritis

Obesity; Lipodystrophy

Hyperlipidemia

Muttiple Sclerosis

Metabolic fitness

Gall bladder disease; dyslipidemia; hormonal
disorders

Osteoarthritis; rheumatoid arthritis
Osteoarthritis; theumatoid arthritis
Osteoarthritis; rheumatoid arthritis

Metastatic potential
Multiple myeloma; vaccination

Malnutrition
Hyperlipidemia



Hepatocytes Hepatitis; hepatic necrosis Lymphocytes (including
antigen-specific AIDS; vaccination T-cells) Spermatocytes Male infertility
Colonocytes Colon cancer and colitis Mammary epithelial cells Breast
vamcersiesaal tubular cells Nephrotoxins Prostate epithelial eeiaRrasteiees
cancer; BPH Tumor cells Cancer, leukemia Vascular smooth muscle
cells Atherosclerosis Mitochondria Metabolic fithess; mitochondrial
diseases Pancreatic p-cells Type 2 diabetes Bone marrow progenitor
cells Bone marrow failure Keratinocytes Psoriasis Endometrial cells
EM@@M%%ncer Endothelial cells Angjgggnesis 11) Fibrogenesis and
bane gepgsition Liver collagen synthesisgsbegdsfibrosis; cirrhosis Lung
coll £S¥nthesis Pulmonary fibrosis Candizénegliadjesasynthesis Heart
failyr Ranalealiagramynthesis Renal fibsgsisoatimabesllagen synthesis
Se¢lgimderma Bone collagen synthesis OsipperosidliRaget's Disease
Cariilagscanllagesynifiesis Osteoarthritiafldjrniptebsynthesis and
breakdeveifsdipose tissue triglycerides Oliesitisnkipgdystsophy Serum
chalestemapiiyiéslipidenia Brain myelinaiomspiehtiéimyelination Multiple
Salierasigoititochondrial phospholipids Mésgisekeé fitness

Histones Gene regulation
Fibrinogen , Clotting disorders

VI) Carbohydrate synthesis
Blood glucose Diabetes mellitus
Galacto-cerebrosides Multiple Sclerosis
Advanced glycosylation products Diabetic complications
Tissue glycogen Insulin resistance
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Sterols Gall bladder disease; dyslipidemia; hormonal disorders 1V)

Tissue glycosaminoglycans Synovial fluid hyaluronic acid Osteoarthritis;
rheumatoid arthritis Synovial fluid chondroitin-sulfate Osteoarthritis;
eLmaieiskarthritis Cartilage hyaluronic acid and chondroitipet/usz2o04/021063
Osteoarthritis; rheumatoid arthritis sulfate Tumor hyaluronic acid

Metastatic potential V) Protein synthesis (general) Immunoglobulins
Multiple myeloma; vaccination Albumin Malnutrition Apolipoprotein B or

E Hyperlipidemia 31 WO 2005/033652 PCT/US2004/021063 Muscle

myosin Fraily skinkematipRsainsiaiAmyloid-(3 Alzheimer's disease
Viral or bacterial proteins infectious diseases Insulin Diabetes mellitus

Interleukins and cytokines inflammation Hair proteins Hirsutisn). baldness
{Oogﬁocom@t%lﬁiﬁ?){ ;IJ)P(? 5}%%t’ll?8r?gf)laantatio?mom§gIg%ineAnemiasg} )
inchijsionekiGe ppregul TerhyBibgeogenCio fird bisdsdershahy &agpepipata s amino
aci@{yﬂ%%ésu@gﬁ%g Lﬂg&%%ﬁg abates Mellitys sealanio caiabigsislesMultiplonds of

clerosis Advanced glycosylation products Diabetic comﬁllcatlonls
peptides and proteins are labile in aqueous solution. As such, the exchange of "H-label from
15,0 into O-H or N-H bonds occurs without the synthesis of proteins from free amino acids as
described above. C-H bonds undergo incorporation from H,O into free amino acids during
specific enzyme-catalyzed intermediary metabolic reactions (Figure 1). The presence of ?H-label
in C-H bonds of protein-bound amino acids after ’H,0 administration therefore means that the
protein was assembled from amino acids that were in the free form during the period of *H0
eXposure - i.¢., that the protein is newly synthesized. Analytically, the amino acid derivative

used must contain all the C-H bonds but must remove all potentially contaminating N-H and O-
H bonds.

‘ [66112] Hydrogen atoms from body water may be incorporated into free amino acids. ’H
or *H from isotope-labeled water can enter into free amino acids in the cell through the reactions
of intermediary metabolism, but “H or *H cannot enter into amino acids that are present in
peptide bonds or that are bound to transfer RNA. Free essential amino acids may incorporate a
single hydrogen atom from body water into the a-carbon C-H bond, through rapidly reversible

. transamination reactions (Figure 1). Free non-essential amino acids contain a larger number of

metabolically exchangeé.ble C-H bonds, of course, and are therefore expected to exhibit higher

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

[60113] 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 o-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 methy! group in 3-methyl-histidine, the hydroxy} group in hydroxyproline or
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Tissue glycogen Insulin resistance 32 WO 2005/033652
PCT/US2004/021063 Proteins as Biological Molecules 1001111 In one
embodiment, isotope labels from isotope-labeled water may be
MeofaBraisd2into proteins. The hydrogen atoms on C-H bongsgtgi#iR/021063
hydrogen atoms on amino acids that are useful for measuring protein
synthesis from 2H20 since the O-H and N-H bonds of peptides and
proteins are labile in aqueous solution. As such, the exchange of 2H-label
from 2H20 into O-H or N-1I bonds occurs without the synthesis of

hyBFet@InGHEOMIRBAMIDAAGIHMASHESHHRRE RROVRYCAR RARGS WRRSIDSr skill in

h incorporation from H20 into free amino acids during specific
% me-catalyzed intermediary metabolic reactions (Figure 1). The

presence of 2H-label in C-I—gl bonds of protein-bound amino acids after
[08414D admitiseenisamsdFA GRS muyaisothaingrappradiimtwasissarivsdeough

enfiRRR- 2AINRAGHRABAL Were it fiss ok eruing the Reriad.g ﬁ@égm moiety of

exposure - i.e., that the protein is newly synthesized. Analytically,

IR AG SR eFREENg SEE Seiabies neartiers Chigasperal aafitabsted oxygen into
alrl’ﬁtmdﬁmesaﬂ lﬂ@@ﬂﬁ@ﬂ)ﬁ&@!b dﬁ@'@iﬂ@ﬁ@ﬁﬂsﬁﬂiﬂﬁ@a@ﬂ%@%ﬂ%- 1[@]?@%%611 atoms may
Hydrogen atoms from body.water e incorporated into free amino | )
o D AT B Do WGP EAEH s SRROED SffiRgS Gncluding
hyduizpirline, belrthndpghetheotbagtisnsanilimiesnligdiadifng tabiabseidghut 2H
or 3H cannot enter into amino acids that are present in |_oeptide bonds or
[oshaspre bopmeripdmanaier R atie e 6ReRHAL AN IS MYalso be incorporated

._Incorporate a, single hydrogen, atom from body water into the a-carbon
% %

I8 APBSRS AR Tl reltipei modicatintih atorpreaiRiie grtighsast-

trabskei orah pestidosidaminalacidsisdnthi mladgaidrignber ofy saetReleali¥synthetic
ngeable C-H bo f course,.and.are therefore expected to exhibit, .

P aﬁ?ggfsr I)?é%ligochl) RS Si;%%eson g%/‘é’l% es %18 P ?ﬁgf]e%ﬁ?r(gﬁ Fo%n%—glﬁgefﬁ’ﬁ}éww'mns ational

medifftasisiyedpimteiper (i beieithyBiog00 Dx3gc@rarbbis ol inttbeemftonilnetabolic

detREBYRIZAV Rt dabaled: by, gi%ﬂgqu%@?&fﬁ‘%'ﬁ}%gy M%oﬁg%y%{%?, eith‘?fgorefore or

incorporated into other amino acids via other biochemical pathways. _
afigy aRtplemiaiovabeifi o sem bt sy aebeationhydomiatiars phesshowlation,
préngLApRLatachini) SliiamRigoriacaypiasis oiihamseaysalaH@iogidiarate

ir&.ﬁ?e citric acid cycle. Glutamate, in turn, is known to
modi catzonssz.
' {001716] - Hydrogen and oxygen labels from isotope-labeled water may be incorporated into
amino acids, peptides, and proteins, such as those depicted in Table 1. The amino acids,
peptides, and proteins listed in Table I are merely exemplary; the isotope labels may be

incorporated into any amino acid, peptide, or protein.
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 (tRNA), transfer RNA (1RNA), 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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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

RSBy gEIerin 3-methyl-histidine, the hydroxyl group in hydgexypiadne96e3
33 WO 20051033652 PCTIUS2004/021063 hydroxylysine, and others.

Other amino acid synthesis pathways are known to those of skill in the
art. [00114] Oxygen atoms (H2' 80) may also be incorporated into amino
acids through enzyme-catalyzed reactions. For example, oxygen

[oBXFBRNge e A Aol BRI BRI VN0 AGIKR I A AR AN Gng
enzyme catalyzed reactions. Incorporation of la eled oxygen mto amino
nEeEEdE MBI QS I SSREINE IRah bearteddalimsesite s oty Riglsrsid Gyahggie from

iS50 wiser beinograratadintoamine ﬁ%lﬂsﬂfg@ Rb AU precarsors.

enzyme catalyzed reactions (includin hydrtgi)éypro Ine, hydroxylysine or

TR mETsHrss fakslabi by thisifef aplmucirateys mstersilas amdaerieatide or
meygat wbelsstismiaciopgdabiied wakenmainislagibetirearporatess iHothe

ming agigds throu ost-translgtional modifications. In.one,embodiment,
b Pl e R W L ol Sk pF RO G be
deseropiyedetrertueitdbinsyrrtseticdiataday the nontoepobiatrding atiemial a polynucleotide
orpedification. In another embodiment, the post-translational modification
may incorporate labeled hydrogen, oxygen, carbon, or nitrogen from

bolic derivatives involved. in the free exchange labeled hydrogens
f“ﬁﬁ%albody %@Yt PSP BErSTE BrILRES Sav R EReRrAlsh Bt st Brlaeides or

pebapcimidindfibor 1Y fronyatipe; lphdapheratioentararyatione sl @iotgh the
: | |at] ther k t-translational
reGRE0RXYIAH %%%%&)ﬁl%]‘gq&%gs% er known post-translationa

modifications Hydrogen and oxygen labels from isotope-labeled

water may be incorpgrated into amino acids, peptides, and proteins, such
Ui deBRaSd fiiHH e ftvrl m&%&#&%@ag@ﬁﬁa@%ﬁa Ppdefiem body water

mhgted ik hablatddbiiedodialydxartptaithedeaions, labelseeayddsia various
ingorporated into any amino aci eptide, or protein. Polynucleotides as
o B SR e Yo B ot ar
kpAwp HISWW%MMMM@A}&@WQW%@@@@@, Edgeixend)le, are known
p:%&l)@yf%@é% H%ﬁnﬂrg ﬁﬁ@sﬂ%ﬂ%gggdt?ibose phosphate, and their synthesis

pathways, are known precursors of polynucleotide synthesis.

[00121] Oxygen atoms (H,1%0) may also be incorporated into polynucleotides,
nucleotides, or nucleosides through enzyme-catalyzed biochemical reactions, including those
listed above. Oxygen atoms from '*H, may also be incorporated into nucleotides by oxidative
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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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
geonomicsibbA, mitochondrial DNA, and tissue RNA. GenomsiciaNA®@ndioss
nuclear DNA are used interchangeably herein. 34 WO 2005/033652
PCT/US2004/021063 [001181 The hydrogen atoms on C-H bonds of
polynucleotides, polynucleosides, and nucleotide or nucleoside

precursors may be used to measure polynucleotide synthesis from

iSOtOp%@WEﬁmﬁB Eolit BoREs Usdssae-RuEhanaa feom H20 into

polynucleotide precursors. The presence of 2H-label in C-H bonds of

{UO@Z”“C"EQ%‘?QS% é%ﬁ@'se{%%xir? ‘?s%a%%‘_’léb‘é?éﬁ %ig[%gr%%{r] Uriees Eﬁ@ﬁ@%\%&%& fatty

r isotope ed water administration therefore means that the ]
acidsplynpisientitimatety st firdudirejatiset miseddorBu O Lhrslidgs
pho%[ﬁé@?%ﬁi#ﬁrcﬁ&%fmj RRASIRE IME Nl PAiRsSUMAMHRRIAA 0N thfted to

eling sites in a polynucleotide or nucleoside. [001191,
cholgerdgteencils 17l BORVIBEEIORTSY B IAEBT OB e in the axt

nucleosides or polynucleotides. 2H or 3H from isotope-labeled water can
[00ERMEr theseonpleclipidthnahgh theolgadtions cfdhteridrsdianaretstoicnd from
..[001 ne of skill in.the il r, i 1 e daMIRRl &OMEBng, but
150‘%’%8:1‘2‘98]’(%?%%%%%‘”%%’ b% %%%éfﬁgﬁ%%%g}rogggmucleotides, ¢ ) e o
not figrdledticldd; ase il goleoiorasnad\rasrsvisusormainfual g alsyEopppeid, and

giusﬁgmpg%igg(ﬁ@%_aspartate, glutamine, and tetrahydrofolate are known
precursors of purine rings. Carbamyl phosphate and aspartate, for

mple, are known precursor. molecules of pyrimidi s.Ribpse and
[00 se ph §B}?§F§\,¥fa{)nd] Sel %?/anbtnigéeig%ﬁgtrﬁa aﬂ%%‘,gg)rge5 r?g%lv)?ﬂ f)erecursors of

slypaiynicightidessydtheselpnee1 FoDsyaepiatisaiepgs Foa0isehp-dabei gsbwater may

alsdGOIRY Eﬁ‘gtéﬁt)%@qmgﬁ%i&@ﬁes,%ﬁlﬁ@ﬁ%-a@étﬂﬁﬂ@@ﬂfﬁﬁﬁe}|N0Ugh
enzyme-catalyzed biochémical reactions, mcludmgéz?ﬁofse listed above.

aceOykRler s oM TS FAIMRUTEMDARG, A YETIR RUbRIEY A1l AReD Hietaties By -
acIEAtME s8R QRmclosdUding O RCRI abatic thyigiation reactions
(including oxidative damage, such as formation of 8-oxo-guanine and

[qu%kyjr OXidi%F% %agg 3 %H@{%ﬁé%%&%? }n{ 01%8& MXQ&EQ%@? %Qﬁ%gﬁ{borporated into
ahels from ISotope-labeled water may be incorporated into " L
lipid or lipid derivative, such as those depicted in Table 1. The lipids and lipid derivatives listed
in Table 1 are merely exemplary; the isotope labels may be incorporated into any lipid or lipid

derivative.
Carbohydrates and Carbohydrate Derivatives as Biological Molecules

[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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a nucleic acid or a component thereof, such as those depicted in Table 1.
The nucleic acids and nucleic acid components listed in Table | are

merely exemplary; the isotope labels may be incorporated into any
wacleis/@aidor nucleic acid component. 35 WO 2005/033658¢T/us2604/021063
PCT/US2004/021063 Lipids and Lipid Constituents asBioiogical

Molecules [00123] Isotope labels from isotope-labeled water may also be
incorporated into fatty acids, the glycerol moiety of acyl-glycerols
(including but not limited to, triacylglycerides, phospholipids, and

(pofApiolipink, gholesterebana imsigsirativrstipeldingibmbohliibemdorporated into
cholesterol-esters, bile acids,_ steroid h rmones)i)g};,bi%?he?gial pa,&til\é/ays
any eABRRYRTHf B FET e oH dBMNSK TH5as RS SPUEdRpla8 4 Ad
carlRPiasitesrieay aine helatieletidikdin Balepeatabstedyeatenplatyicthdssatope
recursor. for the sugar-moiety of.cerebrosid includi but not limited
labe%’%%%%g}@yg&%eé%&} Pn%?yl\fég%r&/%?u%grsg%e% éys& aﬁgt%%ﬁgl#&{]onic acid,
and glucuronic acid-sulfate). [00125] Isotopes from isotope-labeled water
[00838) also Badrferssdratsdnerdy §REadamrinsaigpalbeds IS BgREgRied 1nto any

othEFAnE¥ABRIP el RIARAS fiem isotope-labeled water may also be
incorporated into the sugar moieties, including N-acetylglucosamine, N-

B acetylgalactofﬁ)fpziﬂiem%gé?ﬁliﬁ? %%x%%%fﬁ%@cﬁ%ﬂﬁl% 16508k or more tissues or

) N-acetylglucois%rg &0 acetylgalactosamine, galactose, iduronic
acid, among o![]herg. f 01261 Hydrogen and oxygen labels from

{odmlﬁpe-labﬁisawmgmwgmﬂmmr&%{m@edimmﬁmdsdewmdm The

. such as thase, depicted in Table 1. The lipids and,lipid derivatives listed in ..
oS B SR R OA O A Lty L i on

bioPEy, J;ip&dh_af tipthode kivadiudn thWQt@am@@me@m@Qone or
m & ?I?loggl%ul\{lﬁleﬁ%?os 1&?&%?&3#83&%}}'Efgjsb%%mgéjﬁfﬂ%%\é‘éﬁih%gﬂﬁor tissues,
Qfea%%qgare merely exer%p ary; the Isatope labels may be incorporated into
suchrnp Hpisttss lipd, @éfﬁ?@liﬁé&“ﬁ)@l@@iel%‘%%@fﬁb@%"g SRSt ROa iR gnd breast
HsWASHNRY BIRLPSNFRPRIAIE diQ s%@&mgw@% eniRasheydratRr cells or

derivatives. These include monosaccharjdes (including, but not limited to,
Fbgpblasker i T SERETOR HAD BSE RS PR R AR RR Rt

morter. Biological molecules may be obtained, and optionally partially purified or isolated,

from the biological sample using standard biochemical methods known in the art.

[66132] The one or more biological samples together include two or more biological
molécules; lFor example, all biological molecﬁles may be obtained from a single biological
sample. Alternatively, one biological molecule may be obtained from a first biological sample,
and another biological molecule may be obtained from a second biological sample. Two or more

biological molecules may be obtained from each biological sample.

100133} In a preferred embodiment, the biclogical 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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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
RedRYSIEHWN in the art. 36 WO 2005/033652 PCT/US2004/024868021063
1001291 Hydrogen and oxygen labels from isotope-labeled water may be
incorporated into any carbohydrate or carbohydrate derivative, such as
those depicted in Table 1. The carbohydrate or carbohydrate derivatives
listed in Table | are merely exemplary; the isotope labels may be

{(}é@@!ﬂr porat%é@@qﬁ@ﬂc%%fmg Iﬁﬁ?s%ﬁﬁﬁg%ﬁ}{%ﬁ-%%%éﬁ’ %n[gi%ege% factors.

/A i
The foregoing is merely. exemplary. Isotope labels m e{?%/corporateg
Sufhr&eiag laﬂlfe%e

KPehaFe BIoh dpiar Rotbe nrds obedintpisnnenlendes, ease and
saﬁéﬁ?@@@ﬁ}?ﬁ?@Biﬁlﬁxf,(ﬂ’zmmﬁﬁﬁémﬁiﬁleﬁﬁglfebg&%#ﬂiébﬂ%%ﬁﬂ%%%@)éi@_{_‘ﬁmlecule
or mare hiologjcal samples are obtained from the tissue aor.individual. The
ff“&hﬁ’%?ﬁﬁb\”@%%mge ﬁ@%@"ﬁfay%%%?&%ﬁm%m@w BESBH
draw, urine collection, biopsy, or other methods known in the art. The one
[0@3fiore bidlegidelogigaipraandss eap Alscdre proiBebiptogidlal fluigtsionally, isolated, by
coRiglagitabaamnltsh PRMAEARAGRIAN ‘%@%@%ﬁ@cﬂ%ﬁ& g;fa#ﬁg YWAPLC), fast

such as muscle, liver, adrenal tissue, prostate tissue, endometrial tissue,
PeRsBEnet iRt AE T RO bRl stk b srchimatography,

gasSpeciiatgsapb0kebiRcauphonsi) B GiEep scfrallastarligs TSNS B@bse skilled
i g}ore biological samples may be obtained pre-mortem or post- mortem.
|

%fgtgical molecules may be obtained, and optionally partially purified or
isolated, from the biological sample using standard biochemical methods

0%kt in the artoomodimatshs belegirel holseiden sambidydoejaredor otherwise
defsded eotymoinnnee hinkedies! HYAISGHIERARIE XANRICA) RIRBHIER wn in the art,
. %ecu{res ma%ibe é?btalggd_fr?ery a single biglogical sample. Alternatively,
R Ko S HROA B Ge EY BESBHAliE $P5Hes arnd idiolyis) Qyhhistehemical
hyarudysin @thelr &iplggidalenipaeue madyabedobiadagehionyarsBenng biglagitah may be
le, . are_Jbiologigal molecyles be obtained from each
GO e
bigingisel meaasndgs also beydiatiffdialht potiGedical aptispelly Ferlakdnbpleyerdisonal
poiflagicaheqlecHlermay RS Mat el Al PR8I 2k Geraphy (HPLC), fast
performance liquid chromatography (FPLC), gas chromatography, gel electrophoresis, and/or
any other methods of separating chemical and/or biochemical compounds known to those skilled
in the art.

C. Detecting the incorporation of the isotope label in the two or more
biological molecules

[00137] Isotopic enrichment in biological molecules can be determined by various
methods such as méss 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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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
exanapiasss i st biological molecule may be a specific proteipaiths@os/021063
specific amino acid sequence, and a second biological molecule may be a
polynucleotide with a specific nucleic acid sequence. 37 WO

2005/033652 PCT/1JS20041021063 [00134] The frequency of biological
sampling can vary depending on different factors. Such factors include,

inchibRIBoARK BIEEE Hbel 0B RAHES PSR QB MAIaRINE S S25R ARE. or
safety of sam|£§!|ér£}%1é molecular flux rates of the biological molecules or the
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a urifi artially, or optianally, isolated, cqnvention .
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action, thi t |
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electrophoresis, and/or other separation met nown to C
chapeghel etqpo Bt AddthBritaLB dhsercebadiogisafonstaoutlssiesing mass

speRB WO IR QA REPLNERYI 30 AEY Adaflatorm S Ral e IROIE6IG ar flux rates within

Hydrolysis methods include any method known in the art, including, but
the, (3 RSB e AR aHS A YRTON CEste S el PTG sk yaksitation methods
knbiaciahsaal hydrolysis (such as peptidase, lipase or nuclease

degradation). Hydrolysis or degradation may be conducted either before

[odBafter puf&%@@é&ﬁ@&q@sﬁgm%ﬁ&miﬁ%}gﬁ%adeﬁedgﬂﬁaum%uﬂy. For

biological molecules also may be partially puritied, or optionally, isolated,

eXEBYReABATCREF RIS ANBR h BtRS LR dFEr iR doRRH pliraisrh Mdarylsgiand/or
coprasa agraphtinftkeludnsvRbsR reRRNGe; liaeishshiramategian) Yurification, or
. %PLCgégaﬁgéhromﬁt gr%g%geﬁlectrophoresis, and/or any other
SOARMSASTS %3?5 ﬁ’g eh Fahdror biochemical compounds known to

those skilled in the art. C. Detecting the incorporation of the isotope label

in thidasoSpeaereeitiiological molecules [00137] Isotopic enrichment in

biological molecules can be determined by various
[60140] Mass spectrometers convert biological molecules, and/or components thereof, into

rapidly moving gaseous ions and separate them on the basis of their mass-to-charge ratios. The
distributions of isotopes or isotopologues of ions, or ion fragments, may thus be used to measure

the isotopic enrichment in two or more biological molecules.

[00141} Generally, mass spectrometers include an ionization means and a mass analyzer.
A number of different types of mass analyzers are known in the art. These include, but are not
limited to, magnetic sector analyzers, electrostatic analyzers, quadrupoles, ion traps, 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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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
ralioxpsredysis-MS, liquid chromatography-MS, electrospraypct/us2604/021063
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
faShiERGHIboIHIRFORLNE haIRROIRAII RS LISAIBREIANELS £0RY:NE QEMiNgT ced taser
by measuring the 38 WO 2005/033652 PCT/US2004/021063
d EB‘FBBZE&HBWBWSotope labels into one or metabolic derivatives, hydrolysis
products, or degradation products of biological molecules. The hydrolysis
[08} 4% gradatiorddibeuctesnaycoptioteadlniyebm ealedddf otimudtignaithers such as gas
hRSU fficat [ ' ratio . Stable
e S S LI

chEARERRYY SRS OfsTorasiat4BEHMB atpapila e ahiensdiom argssianmetpgraph are
colifetaiRetipto b FAlRS AR O IIBIRY RYAPEISWING R SRERITE

time interyals, is to&i?(i content and/or pattern or rate of change of isotopic
PREFRBAT-ARGIAT BATHEIH IR TREN ST Rl o e anls spIP ppRisifigm the sample
ganassuspetttberetyr b compenkaispia)ioalieding! i Aptesanaali oo mass
sofgdnlecular flux rates within the one or more metabolic pathways of
i . : : i

interest, by use of analytic and calculation methods known in the art.

mboo 39] ISOS%%? labels in biological molecules may be detected

{fthtaneo n & NS AR SR LR R Hieradatisipbat geelies ions of
orgatrahtieitas afthialegiemhmblagules areipls cRIRARENSEheI8kotopomer

ab%in ulgzaersl% usIXﬁ.with ut “E)eq%ir‘ijﬂg the %h%s'cal separation, purification, or .
SOIRtion OF T dTere At T Sl O G ORI S o RS S e R BRI 1oRs labeled
wilka $s asprltirdri eostSaddlexndiopgicht motten el aincien SOMPOREAISated into the

Orgggkegj@lmengo%ggﬂge%%&@.Loﬁ%Oand separate them on the basis

of their mass-to-charge ratios. The distributions of isotopes or
isoto olgé%lﬁes of jons, or ion fragments, may thus be used to measure the

isotopl & BARERKILHIR (RE"FFore biological molecules. [00141]

Generally, mass spectrometers include an ionization means and a mass
[08}kil zer. Radioactive isotopes may be observed using a liquid scintillation counter.

Radijoactive isotopes such as H emit radiation that is detected by a liquid scintillation detector.
The detector converts the radiation into an electrical signal, which is amplified. Accordingly, the

number of radioactive isotopes in a biological molecule may be measured.

100146} 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 liguid scintillation

counting.
Determining Molecular Flux Rates

[06148] 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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A number of different types of mass analyzers are known in the art. These
include, but are not limited to, magnetic sector analyzers, electrostatic
analyzers, quadrupoles, ion traps, time of flight mass analyzers, and
Fareiesraasform analyzers. In addition, two or more mass arahyzes4mans3
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,

i R R i
su i rptijon, W . ast
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hetply LG priomgesl ohrefarenog kapeyr eissispectrometry (GCIMS), capillary
columns from a gas chromatograph are coupled directly to the mass
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chemically analyzed in the mass spectrometer. [00144] When GC/MS (or
[OOABF massAspestismiarrdwbeiainashivads shraypelichshet theganitnuous labeling

méRIgaHISso e inamem 3| ARFRRIGIRFEPIIRLEE] [ BRaR &8 Surichment

anli(i topomer abundances of organic molecules, hydrogen-labeled isotope

BB Emas by peiabanltrwra et BRtRthsaisries) fatealculated from
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calgilatithfrom eaperentidkdetimnetirtitsetopes such as 3H emit radiation that
is detected by a liquid scintillation detector. The detector converts the

[ooadigtion intaanRlesiHCahsigns kaiich s RaNetn fee IR bt termined by

nymger oittrhadioactive [ ogopes in a biological mglecule may be measured.
apphication of the continuous labeing, precursor-product formula:

ke = (1,

where f= fractional synthesis = product enrichment/asymptotic precursor enrichment

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

[60152] Similarly, breakdown rate constants (kg) may be calculated based on an

exponential or other kinetic decay curve:
100153} kg = [-In fj/t
D. Comparing twe or more molecular flux rates of two or more biological melecules

[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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[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 3H. [00147] In another
|ipbegdinent the biological molecules or components thereqfdnay1364/021063
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

(00{34PA) coppbinatasiak At QPRRICIILORR Gal ST 2004/ bRASgical molecules

algorithm are discussed in a number. of different soyrces known tq,one
proderetignificanit mersdpieamioniban P B P 1B BT i Tt

DeteHBifGah hRiRalamideat 3865680: htopalatetbhdedinbisveferdndeidual only
The method js further.discussed by Hellegstein and Neese. (199 .
e T CR R S M e

the aciatine reblgdnkofpor ates, byweferep!mi_ﬁﬁshemt@ﬁttpeﬁynmmmpwa@ditiﬁw
exald tﬁ%g%?é%xgﬁg ISISRNEERGRICHIAIARSQHWALE IRRIEMEBINGMA molecules

m y available from Professor Marc Hellerstein, University of
indicatéforiiethedhranejecpbu furalpeé cnrdrss fdnelerulss 6hen By Fethads
profBRSHNT RIS FRNRLRURIaRR!NE: s brdhdherisatopicraneahes et iSlipids or

con;%?red to ,asi/mptotlc (i.e,, maximal possihle enrlchmen%i an?{gg%t&ecum flux
DNk athebte S8 Brag}fe&rlﬁﬁ&%mé%lwé?%ﬁs SROTHPRE) A8
ratéaleidatestdoat i eissiisor jathddatEy latioMnioritetitischtitinuodscular flux rates
ot SRSHI Stod ibRAgiS Rldechie . (RaloRs SHIEAPEIL RGBS

e Kinetic parameters o ca es aré calculated from

whettponehtistciedhy molsation Sufooisd] onsdiviesietanelpamiisislaiks (Répohange in
mo?éemg%m&eﬁﬂﬁmasm&%w application of the continuous

abeling, precursor-product formula: where f = fractional synthesis =

lﬁgnduct enrichment/asir!ﬂgrg otic pr. cursor e gc @“gnt andé :eg O%E%iggl%lﬂ
Y3 HinistrafiGPBIEER SRS I e S 4im Li0died 108152 g‘lm_ narly,
mdiealkdinericoies canstonith@dyastaydrcaisutateitvasgesapanic compound
m:g %@,eﬁ%%g{cﬁwg{ ﬂﬂﬁgé!igag GF @Maﬁﬂ@éﬁgents, among others. Comparing the relative
molecular flux rates of two or more biological molecules may be used to identify a disease,
disorder, or condition which cannot be identified merely by measuring and comparing the
nominal change in molecular flux rate of a single biological molecule. Similarly, changes in the
relative molecular flux rates resulting from administration of a therapeutic agent or biological

agent may be determined.

[00157] The comparison of molecular flux rates may be accomplished 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

[06158} 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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[00153] kd = [-In fl/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
@byekaefsgynamic relationships between different biologicglc-imaiessalesioss
to be determined. 41 WO 2005/033652 PCT/US20041021063 [00155]
The relationship between molecular flux rates of different biological
molecules provides significantly more information than is provided by a
single molecular flux rate. Determining the molecular flux rate of a single
peniRlOgiral mRle e dna UssheyaidRd MauRlon RFMEEE; Rl BAliobder and a
about’the nominal molecular flux rate of a hiological molecule. Com aring
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notCatepeatingith sheediffrensroreeemraneik ralecnlar s atrs Bigiygiekmore biological
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whether a change in the molecular flux ra(%e of one biological molecule is
detpRiRERERGHOTMAALY e RIBRETHIP A LFtE S a&nother biological

molecule. [00156] Comparison of molecular flux rates also allows ] '
[00@59% sure mBypertibiddmiicaiyraletcbe Baznestds rieseriedeer WishiiEsbspgomparing

' theg%%ﬂﬁ JeTS, RONAIRNS LR FRRSLE FOMRPUPGSHPABENS, andiexaly, fhospholipids,
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ogical or chemical agents, among others. Comparing the relatiye

or ehelledeialr NPRTAITEGE KBTI B BiRIs iRat hsrebined R and e e more
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CoRISIECU a?aﬁgf ?g é’§ %%v%%gc@o%nﬁpﬁ%hed t;g)ﬂ/y any co?nﬂpari_son er-na Tv_e ¥ e
difference in compared molecular flux rates in a single population of tissues or individuals at two

or more times may be used to detect, prognose, or monitor the progression of the hyperlipidemia.

[00160] Alternatively, a state of reduced or impaired cellular immunity distinct from
humoral immunity may be diagnosed, prognosed, or monitored by comparing the relative
molecular flux rates of T or B cell DNA or proteins with plasma immunoglobulins (proteins). A
decrease in the T or B cell DNA molecular flux rate relative to the plasma immunoglobulin
molecular flux rate indicates specifically reduced cellular immune activation or function in the
test population. Alternatively, the difference in compared molecular flux rates in a single
population of tissues or individuals at two or more times may be used to detect, prognose, or

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

j001561] 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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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

Woleeuiasdiax rates may be used to detect, prognose, or maiitoGisii® 021063
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 42 WO
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a single population of tissues or individuals at two or more times may be
1091634 to de?%ﬁ?ﬁ?&%&%fé{twm&ﬁiwﬁ%@rﬁ@@amm ¢hEomposition, or biological
fachypleibipisl emiz. af0OLGRAAligEnative hncpstateofady @ﬁbﬁt%a WRaY %gjemical

_cellular immunity distinct from Immoral immunijty may be diagnose
o P SR S8 B B e e - iion of The Merck /ndex (2 US.
publication, Whitehouse Station, N.J., USA), incorporated herein by reference in its entirety. As
stated above, therapeutic agents also include biological factors, examples of which include

monoclonal antibodies, soluble receptors, or vaccines.

[00164] ‘ In one example, a method of determining a tumoricidal or tumor static effect of a
chemotherapeutic agent during chemotherapy may be determined by comparing the relative
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 populations treated with the chemotherapeutic agent compared to untreated

populations, the chemotherapeutic agent could be concluded to have a tumoristatic effect.
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molecular flux rates of T or B cell DNA or proteins with plasma
immunoglobulins (proteins). A decrease in the T or B cell DNA molecular
flux rate relative to the plasma immunoglobulin molecular flux rate
p@icakesspacifically reduced cellular immune activation or fgpgkian sy Hignss
test population- Alternatively, the difference in compared molecular flux
rates in a single population of tissues or individuals at two or more times
may be used to detect, prognose, or monitor the progression of a state of
reduced or impaired cellular immunity. [00161] In addition, photoaging
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ork@itoladifien of The Merck Index (a U.S. publication, Whitehouse Station,

N.J., USA), incorporated herein by reference in its entirety. As

{00166] In another embodiment, one or more beneficial therapeutic effects of an androgen
in one or more tissues or individuals with a wasting disease or disorder of frailty may be
determined. A difference in the molecular flux rate of muscle protein or DNA relative to the
molecular flux rate of adipose tissue triglyceride between a population to which the androgen has
been administered and a population to which the androgen has not been administered identifies
or measures the beneficial therapeutic effect. Alternatively, the difference in relative molecular
flux rates between a population of one or more tissues or individuals before and after
administration of an androgen measures its effectiveness. An increase 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 other 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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stated above, therapeutic agents also include biological factors, examples

of which include monoclonal antibodies, soluble receptors, or vaccines.

[00164] In one example, a method of determining a tumoricidal or tumor

siadisyefieetaf a chemotherapeutic agent during chemothergy ma¥od8210s3

determined by comparing the relative 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

otherapeutic, a et in tls es.or |nd iduals i .
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tissues or individuals. By "tidal" is meant the killing of the targeted

tious organism_by the antibigtic. By "static” is meant the inhibition of
i°§?§ th or r g‘)&ﬁm DI RRRRSS gff%f’ SRR SREST RO T ArETaRF e agent given

to|nfeeﬂmm:mtgamem@y(mﬁeaa)mmﬂﬂaﬂyjﬂﬂaen&fﬁﬁtm;&m@@mﬂﬁmbls identified by
oESTR: IR D e bAGteincidAlis apRlied i e ant

ewl e the term acterlostatlc app |es %a?llnﬂ in to genomlc
DH@@@ﬁg}(gj@@th@m]@ﬁmagmm@cmmﬁmgﬁ ngpq!atlon of one or more individuals to

which the agent has been administered to a population or one or more individuals to which the

agent has not been administered. Alternatively, the beneficial therapeutic effect may be
identified by comparing the molecular flux rates in a population of one or more individuals to the
same individual or individuals before and after administering the agent. An increase in the
molecular synthesis rates of muscle mitochondrial or cardiolipin to the molecular synthesis rate
of the muscle genomic DNA or mixed cellular proteins identifies a beneficial therapeutic effect

of the exercise regimen or therapeutic agent on fitness.

[00165] 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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or reproduction. [001661 In another embodiment, one or more beneficial
therapeutic effects of an androgen in one or more tissues or individuals
with a wasting disease or disorder of frailty may be determined. A
avifereneasissthe molecular flux rate of muscle protein or DNAcelaste440621063
the molecular flux rate of adipose tissue triglyceride between a population
to which the androgen has been administered and a population to which
the androgen has not been administered identifies or measures the
beneficial therapeutic effect. Alternatively, the difference in relative
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individuals before and after administration of an androgen measures its
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agBerginimex alsenhe vardal@ identify one or more beneficial therapeutic
effects of a selective estrogen receptor modulator (SERM), such as

xifen raloxifen. For ex le, bengficial therapeutic effects of a
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s B S ey be

ungessrectd ety ramribeediorpproted SERWdden(ifisl thuegdeheticiaiple. The
bidhaRpetic.Rilas) B desteasnindne Rl GRURRIMPHA Sl Re IAMRA Y nimal or a

epithelial DNA relative to the malecular flux rate of the
uman. Dmg agents may be any chemical or biological compound or composition known in the

art. Drug agents include, but are not limited to, any chemical compound or composition
disclosed in, for example, the 12th Edition of The Merck Index (a U.S. publication, Whitehouse
Station, N.J., USA), incorporated herein by reference in its entirety. The method may be used to

screen a plurality of drug agents in a high-throughput manner.

{00171} Toxic cffects of drug agents, including biological agents, may also be determined
by the methods of the present invention.
Muliiple concurrent measurements used for screening functions

[60172] 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

47



breast tissue proteins or lipids identifies a beneficial preventative effect of
the SERM against breast cancer. [00168] A beneficial therapeutic effect
of an exercise regimen or a therapeutic agent given to increase aerobic

oapasityntkitaess) of elderly, deconditioned patients may be idemtifiaghinyz1063
comparing the relative molecular flux rates of mitochondria) DNA or
cardiolipin to genomic DNA or mixed cellular proteins in muscle tissue of

a population of one or more individuals to which the agent has been
administered to a population or one or more individuals to which the
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pra@&ﬁi{@%%@%aq%g‘wl ; fﬁa,%éﬁ@%%@(ﬁsodﬁ@faﬁtxﬁtr)m@m%ulame}ﬁj %ﬁtﬁlrcoliagen
re. individuals befare and after administration of a_hormonal or other
S R AT Aol o S BRI o G iy o and
ddagtbntifiedioglobnlipangdtieseliplatiticsmatdytarifexytatesiinal pogitldiion muscle
re. dndiyvi inistration of th rmonal or othe
e B R g s

(ses Gahlsr khapsgberbyaglaviHusadocmsaingitintinisfersiliioxpiuesslase in the

molecular flux rate of amyloid beta protein relative to the molecular flux
Highetbfdhghpat by draltipkehaiesiaualdde(ifiena hapeficialthasapeutic effect
of the hormonal or other therapeutic agent against Alzheimer's disease.

105G 0] Th heverthodsaliselased erse bt thestide nfitping va theraplenfiox rates in
mPIaRes b HAshialogicrRhagent: Jhrdedtive.maleaiiahl e rales SfWo R ticity of

more biologic | moleculesare - . )
the protocol. Fach ammal (or human subject) is simply allowed to drink water containing

labeled water, such as “H,Q. This continues for as long as is required by the labeling protocol.
If the molecular flux rates of two or more biological molecules are determined by mass

spectrometry, the method may be completely antomated (autosampled, computerized data

analysis and calculation of flux rates).

100174} The high volume that is made easy with the isotope-labeled water 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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determined in a population of one or more tissues or individuals to which a
biological agent has been administered and a population of one or more
tissues or individuals to which the biological agent has not been
sdminisasest. A difference in the relative molecular flux rategdtaosifies 1063
therapeutic property of the biological agent. Alternatively, the therapeutic
property may be identified by comparing the molecular flux rates in a
population of one or more individuals to the same population before and
after administering the agent. The therapeutic property may be an
andUdisaRVRse drareprEyioia@s aleatipppripeethcing fites, artdipsiugye to be
for example. The biological sample may be a tissue culture, and the
meYRAtual may be an experimental animal or a human. Drug agents may
be any chemical or biological compound or composition known in the art.
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effects of glitazones (e.g., thiazolidinedione) on colon, pancreatic or other
Kkigell proliferation rates relative to adipose triglyceride synthesis or hepatic
glucose synthesis rates; effects of antiretroviral agents (reverse
{06 C”pta @%ﬁ&é%)p?&m&%&'@ f&ltﬂﬁgﬁﬂﬂ{ﬂn@%ﬁi 1 HiolRIar flux rates in
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zaﬂa‘léctl‘w%ﬁ&%% c@r&%ﬁlen M@&%@ﬁb%&g&a@m%&mmmmdaimjmnds
mye.lnatlon, one collagen turnover, .chondrocyte proliferation, vascular .
kngifB trhnER AR Wﬁ?&ﬁf&ﬁ?ﬂéﬁ?ﬁi&gdﬁ%&?@é@&% fapsccules, andfr chemicls

necessary to obtain a tissue sample, automated calculation software for combinatorial analysis,

and mstractions for use of the kit

100177} Other kit components, such as tools for administration of water (e.g., measuring
cup, needles, syringes, pipettes, I'V 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

{60178} The following non-limiting examples further illustrate the invention disclosed

herein:
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space hyaluronic acid and chondroitin sulfate synthesis'and breakdown,
brain amyloid-beta production, spermatogenesis, proliferation of prostate,
breast or colon cells, dermal collagen synthesis, epidermal keratin
symthesis s Keratinocyte proliferation, T-cell proliferation angcdeathes/o21063
immunoglobulin synthesis, adipose tissue triglyceride synthesis and
breakdown, muscle myelin synthesis and breakdown, mitochondrial
biogenesis, and many other molecular flux rates (see Table 1), and
thereby allows broad screening to be a feasible approach.
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00175) Many biological processes that are important to potential toxic or

130&9@?&5@]'{1@ the- BOHs BlgaAESte drugs or genes are very slow to evolve.

These slowly evolving processes can be monitored by methods of
EXAMPISESing Ratopd-taitetbondeitd DDike esthdpkiprotein or genomic DNA

synthesis rates.

[00181] The occurrence of mitochondrial biogenesis independent of somatic growth of
tissues can be very important, for example, in the training response of muscle to acrobic exercise.
The ratio of miDNA 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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techniques. This is because of the extreme ease and simplicity of
administering isotope-labeled water, such as 2H20, in drinking water.
2H20 labeling studies have been carried out with minimal effort for 3-6
wmonthsdssesgperimental animals and human subjects (see, &g Edgid )63
Such slowly evolving processes that can be monitored include kinetics of
vascular smooth muscle cells, lymphocytes, brain constituents, tissue
mitochondria, epithelial stem cells, and bone and tissue collagen, and
many others. Kits [001761 The invention provides kits for measuring and
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further i rate the invention disclosed herein: 49 WO 2005/033652
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growth is due to hyperplasia (addition of new cells) or hypertrophy
wth in_gize of each cell, without additian %ﬁnew cells). This distinction
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incorporation of the isotope label in the DNA and proteins.
centrifugation. Nuclear DNA (nDNA) contamination was removed enzymatically by treatment
with DNAse. Absence of nDNA contamination in muscle samples was confirmed by polymerase
chain reaction (PCR) followed by gel electrophoresis. More than sufficient mDNA was
obtained from 0.3-0.5g of muscle tissue for measurement of mtDNA kinetics in individual

animals.

[00185] Bone marrow nDNA was isolated by use of a Qiamp column (Qiagen) using
techniques well known in the art. MIDNA was also isolated from cardiac muscle, hindlimb
muscle and platelets using the Qiagen Kit (Qiagen) after isolation of the mitochondrial fraction
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 (Zml). The hydrolyzed DNA sample was then added to the column and nucleosides other
than dA were eluted with an H,O wash (Sm}). The dA was then eluted with 50% methanol (Iml).

[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

51



EXAMPLE 2: Ratio of DNA: protein synthesis in tumor cells or
microorganisms during chemotherapy. [00180] The ratio of DNA: protein
kinetics in bacteria during antibiotic chemotherapy reveals whether the
antibivtiozagent is working in a bactericidal manner (killing cetts/os3en4i021063
bacteriostatic manner (preventing cells from growing but not killing them).
Similarly, ratios of DNA: protein kinetics in a tumor during chemotherapy
reveals if cell death has been induced or growth has been halted
(tumoricidal vs. tumoristatic effects). DNA: protein synthesis rates are
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housed in wire cages, 3 per cage with a 12 hour li ht/dark cycle.
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approximately 225 g. [00183] 2H20 labeling protocols in rodents
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represents the fractional replacement rate (i.e., assuming that every cell or molecule produced
must be balanced by a cell or molecule destroyed). The replacement constant (k) and half-life (t
1/2) of mtDNA after 2H,O labeling were calculated as described, supra. The central principle
behind the mathematics of the precursor-product relationship is that the isotopic enrichment of a
product derived exclusively from a precursor pool will approach the isotopic enrichment of the

precursor pool, with the shape of an exponential curve.

[00189] Body water “H,0 enrichments were measured serially. The steady state body
H,0 enrichments attained in rats maintained on 4% H,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 *H,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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rats (e.g., for a 225g rat, 2% of 135m1, or 2.7m1, given in divided doses |
hour apart) based on estimated 60% body weight as water, followed by
administration of 4% 2H20 in the drinking water. The 4% enrichment of
A4poisiadsirIking water was chosen as a convenient dose th&CPESAWsE31063
sufficient enrichments in biosynthetic products of interest and has no
known toxicities. 2H20 (70% and 100%) was purchased commercially
from Cambridge Isotopes (Andover, MA). Drinking was ad-libitum. Rats
were sacrificed by CO2 asphyxiation. [00184] Bone marrow and cardiac
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representing MO and Ml masses, respectively). There is no exchange

bEbwperselveint Hidten G e redI DI REREINS N RYRI 988N rement
atoms in C-H bonds of deoxyribose in DNA or free deoxyribonucleosides.

[ooig derivaiiye NativapFRAYES dre@ANSA mDNA in cardiac and hindlimb muscle

~ were compared in weight stable female rats. Higher synthesis rates of mtDNA compared to

genomic DNA, by about 2-fold after 6-9 weeks, were observed in both cardiac and hindlimb
muscle tissues (Fig. 5). Of note, skeletal muscle nDNA synthesis was of lower magnitude (ca
5% afier 9 weeks) than whole body somatic growth (ca 10%) in these animals, whereas cardiac
muscle nDNA synthesis (ca 10%) was of similar magnitude as somatic growth. The observation
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 miDNA synthesis
is corrected for new myocyte proliferation (nNDNA 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% ah and in skeletal

muscle was about 700 days (replacement rate constant 0.1% d"’).
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only the dR moiety, not the base portion, of purine deoxyribonucleosides,

so label incorporation into the base moiety via base salvage pathways is

not a confounding factor. [001871 Unlabeled (natural abundance) dA
standesassweere analyzed concurrently in each run to establisb#thg2o04/021063
dependence of measured isotopic ratio on amount of sample injected
(abundance sensitivity). This dependence can be characterized by plotting
the abundance of the parent M+0 ion (m/z 245) versus the ratio of M+1 to
M+o0 plus M+1 ions (2461(245+246)). A linear regression of the ratio
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reSS|on line was then used to calcu ate the natural abundance ratio at
mt&ﬁ%ﬁ BERRI AR Mgnaliaiid dise sorsidlatishireesitd dhaslnensa e samatic

g;&amuoaegs 360 BB ra el SYSIRRSIS At e sah gl I&wgm%\fﬂ@&%qrp%m cardiac
ﬁi Ef e priﬁc::rl{#gsor product relatignship as described, su

dRt'or STAHD RIS H@aﬂfﬁam&e@yﬁm o RfaptDNA

sytidssie. CHelhppased ingfdifoefsulNa thevbightpieserses @ﬁg@hmﬁm&@u@l months

ceII of i é reE L{jndeSC onditio sqf stea Xestat in he ooI %C !

fm% miscle, respective rig added
rac ona syn esIS rate also represents rac |ona rep acemen raie

dufing goesUnofrigsthest every cell or molecule produced must be balanced by
a cell or molecule destroyed). The replacement constant (k) and half-life (t

EXANOT R NARIR o Hx%@xigQ?Hﬂ%ﬁ@f@t@@@-ﬂﬁﬁ&%@ﬁﬁﬂé%?ﬁgywﬁ&%s and
The central pnnC| le bi‘%@% the athem tics of the precursor-product
relationship |s?ﬁ% R, Eﬁrﬂéﬁ 5T SO ved

exclusively from a precursor pooI will approach the isotopic enrichment of

[0 &4 recurdbe pertspfianiearesivepatekpemeriiicurecTobeBY bBbdyelative

syM(RSEH 2412 0r QBYICHMERIR IR HRIIMBALaLk SRTANN-ih AR RISV SIAlS ROM tiver or
ﬂ% 420 ennchmen& att& ined in rats maintained on 4% 2 H20 in drinking

LOPRRr &R o RPnoheRusrg B\‘i%‘}f‘é"s?&ﬂ|Q%Yﬂm%*ﬁﬁ%%‘|§}@a§tssm of

adipisa slsufOfibBaENdLnatinals faﬁ&m;ﬁestuﬁladsfﬂshnaﬁcaamﬂﬁ@baﬁm effect for

|toch ndrlal b|o enesis th t |n Iude omatic h. hts
B B el

ot d
o8 Fro?ns?ou%sgarﬁé?g rastgrln%rel:‘allse more an g?) oover Oll# 81; fraﬂty

Sypthe®s abedingsEinieh imehesuddsond pretriovarDNrenseired Stabée @t measured

coRerireR % thinkabd dh Wesks Phlabelings 0k A% AR isotope label
e N B Saee B TGRSR sotope abe

inpeiRpee dssus 507-ghesietidse apd geatsimPE AR Sma5P REBNA from
hindlimb and cardiac
[00195] Four week old, female, C57/b16j mice (Jackson Labs Bar Harbor, MI) were

divided into four groups: C57/bl6j ” controls (con), ad libitum fed C57/b16j P (ob/ob), leptin
treated ob/ob (ob-lep) and food restricted ob/ob (ob-r). All mice were housed individually in
hanging wire cages and given free access to water. The light cycle was on from noon to
midnight and mean temperature was 73° F. Diets were from a purified formula with 1g
“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.

100196} 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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muscle also increased over time. Approximately 40-50% of mtDNA was
newly synthesized after 11 weeks of labeling with 21120 in both tissues,
with the value in hindlimb muscle appearing to plateau at about 45%.
[RalRidsengrder to distinguish between mtDNA synthesis rejaied$etissties3
accrual and mtDNA replacement independent of growth, we also studied
older, weight-stable female rats. Body weights over time were relatively
stable in these animals, as expected, with only a 10% increase over the 9
week labeling period. Bone marrow dA enrichment values were stable and

(Coamdiiiarest-fianaer ARG Makejalsi i s HES WMRI S SARId 9&% ;%%%utes
a. 20%

9 of 2H20 labeling., In cardiac muscle, the mtDNA synthesis (c
CORERYPHHETY & SRE Ut ZHBE bR RS IgPeheeinfi uvsamienite e st @fdabeling
willD¥ayn skeletal muscle, mtDNA synthesis was similar in magnitude to
somatic growth, so synthesis independent of growth was not

[ogeympnstraisg.Ry this. means JRSAISE? %L%tsgfo%ﬁg%g%gé%%%ﬁhb@é%m Oaks

0.4% per day in"cardiac muscle. After correcting for so

CVErg sty st eacenaeis Rampdidridpsiadivlertiiate Ax ivanidited
subRug@ieomIR NAsRmpRRIVG DA oY RSV DT e af) gubcutaneously
daxs f%r rﬁéﬂ\m Com[e)l%rés,on ofmtDNA to nDNA sythésis in muscle’tissue ]
at BakG AL it PRI FRYR THeatRes PlihReRaEAGiAYT BYntHedhs Brsipnpg of labeling
wighhtHR@DNA in cardiac and hindlimb muscle were compared in weight

stable female rats. Higher synthesis rates of mtDNA compared to

(ow?mic DN&M@@%&M@%{@@@M@FA@@ wers b sehveddn aeth.
cardi Fig. 5)

ac and_hindlimb muscle tissues . Of noté, skeletal muscle

DREINRLS R S FETFATERIRIEF RegyMRieiPpek 596 Betana driakiag wét was then
rewm\bmgws;eﬂmﬁﬁwmf%m%mm &b@ﬁg?@ﬂ inaalse Yiﬂg}?a@%% e8li8kke or body
muyscie n synthesis (ca 0) Was imiar magnitude as somatic
T RS R AT T AL AL YU s R Jstd o oo
hoyyntresibdnzidosihtisslivsis impertang hegad s& thesepusaulis Aen possible, urine

wEoDsstent with miPNA keplication independent of cell division. If mtDNA
synthesis is corrected for new myocyte proliferation (nDNA synthesis),

the hg!f-lige of mtDNA in non- growing tissue can be estimated, as was
doneBHEHERH growth (see above). Calculated half-life in cardiac
muscle was ca. 350 days (replacement rate constant 0.2% d"1) and in
[08k&%tal mbksmadecatsonsnoeagayd trishmYSheftleteSoongtaitH). 4u% analyzer.
PigkHa %M‘Ipag@wa% @91_/1%1?1‘3199&{ @; %9@1% services at Linco research (St. Charles

MO.).

2>

Adipose tissue preparation and isolation of adipocytes

[06200] 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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[001931 The results confirm relatively slow synthesis rates of hindlimb and

cardiac muscle mtDNA in normal rats. True turnover (i.e., replacement in

the absence of somatic growth) does seem to occur, based on

campisapsef MIDNA to nDNA synthesis in both cardiac ang-skeleiderio63

muscle (Fig 4). Somatic growth of tissue accounted for about 50% of

MtDNA synthesis. The apparent half-life of mtDNA in weight-stable rats

ranged between 12-24 months for cardiac and hinblimb muscle,

respectively, after correction for new mitochondria added during growth of

issiyes. EXAMPLE 4: Relation am nthesis ra f adiposg tissue
OB, corties iy S 0 SRS R B TR B heians v cutand
the G4 Fhdedifadtslof ks PrimmnedrftidnSobod (HREpositipn 26ee\eineaidd. Bone
miRoWOIAANE uRAUBERIR (I AACEANSRIPRR A BRSG (RRISS o Siler 5.

protein and DNA in muscle and liver or other somatic tissues. Stimulation
Qoffitfsdle PritEIntaret HRA Mitithedsishtith Suplstaasio ot haiBogedBslierstein, M.
KImyeeHsls siniesmdorsexagple, reflects a beneficial therapeutic effect

for agents such as androgens or recombinant growth hormone in patients

obsbyasting ot ially, ARl AdIPARS s WlabGeIIdes RS win calcium
protein an A In Somatic USsues are measured concurren ly By
n ganirighed e rapendelnien ol mirtieradinvgiies ineuroedtdheoittindsgiBpdbell
(Rle&%h,lma@mﬁ)e.ﬂ@mec%mﬁyg@m@mnm?@w it P HBRHinced finely in
tissues, [00195] Four week old, female, C57/bl6] mice (Jackson Labs Bar
2 glaghstish wilhaarzodaded The PG s wesirssi incbmboné i) 2ad 300 uL of
lfﬁjciﬂi'gqud Iiadlﬁ%aiiﬁ}éxbw%@ﬁoﬁpmwapﬂﬁmmd C?xbiéb@tﬁﬁﬁt'@ﬁ)f@ﬂdp t0 90
0qd restricted ob/ob.(oh-r). All mice were housed individually in _hanging
ey o P B e B R TR B WL PR, Semples
wero rencprmidh iftramdion é8 mientgse rEtnte fugidiBrBsubicts tireedafremimathe tube, with
i j . . t ih fed. ani .
O o e o betow
(i A el b e b S e AR plupryeltapon vias
caimﬁeéﬁ@waiﬂ&hlM@a@bﬁaﬁyﬁdn&ﬁsiéﬂeﬁﬁagqaaﬁpﬁi%é@%imglym
res‘tr(ﬁ%on or ll%%gatlcngjlr'% tment wag egun and food intake and body
FeYTRIGhtEAMENE RIAERN 0 R AOTBKIR)Y TS FRRIRIOH AR SRtaah: fsee
digmewsjonyas 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 JAABRSHI BRSNS CAReTes e alfached to automatic pellet
dispensers ‘

[60203} The frozen shurry of adipocytes was thawed and 100-200 uL was pipetted in
duplicate into sterile pre weighed Eppendorf tubes and lyophilized. The dry weight of the sample
was determined and then the samples were digested and DNA isolated using Quiagen DNeasy
tissue kits. The yield of DNA from each sample was determined with a Pharmacia Biotec

Genequant {1 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.

36 ¢



54 WO 2005/033652 PCT/US2004/021063 (Coulboum Instruments,
Allentown PA) which delivered one 45 mg pellet every 23 minutes
continuously for the period of study. Food restriction began 5 days prior to
e staslaidabeling with 2H20. [001971 Ob-lep mice receivegd-EaK¥Ig:/ 021063
leptin at a dose of 2pg/day (Amgen, Thousand Oaks CA) via a 28 day
Alzet mini osmotic pump (Alza Corp. Palo Alto CA) implanted
subcutaneously. The pump delivered a continuous infusion of leptin (0.35
g/l) subcutaneously at a rate of 0.25| per hour. Leptin treatment also

began,vAays PR 19 hs bseianing sijapgling with 2H20. [001981 Mice
we@ﬁﬁmﬁﬁMﬁ at a dose to achieve

approximately 2% enrichment in the. bo ater ppol. The normal drinkin
[00%2ler wa ?ﬁéﬁsrggfé[%ﬁev‘fi% “ﬁé?é‘?%ﬁ?%h%ﬂ”{’&ﬁgo BERbE! 5@' collageise.
Betieanierohddaidijidpastrandeotiintdiearibedy 500 heplwe noplomene &yEl %
berfIRINR 15, S1 0 AR ISR TIRMAIG AR BRI, The

durs, ‘anesthetized with isoflurane and exsanguinated via heart puncture.

aqueytrephpwssisldisorded ovddhediipidEachipmuasdresensa fgfdygincubation with 3N
metRAEBRH M eRRIODARRED ASIFROiF s SamaFIG AR ekt e@tefShere separated

(Yellow Springs, OH) auto analyzer. Plasma insulin and leptjn a §"?\%@ d
ﬁorw&k@ff@}#eﬁﬁfgeft%%%v %%@ééﬁ*&@ﬁ?ﬁ@&%@é&%ﬁéﬁ‘%ﬁiﬁ%@ G} was use
for ﬂaeiagﬁ@mm@l' ep@g@ﬁqﬂmm iselatisininfofitpetyten|OARG0:H Faphittsd and the

were isolated and dissected according,to the followi I re. The ..
IV NS S LTt B R et S S L By e, 21,
desbéigid nlﬂ@fatltfl &hﬁs&mﬁé Ri pHda}S&nﬁ-Mé ﬁdh?giwftd\’{h@ 3 hdvr S Physiol
2650885 4% ¢ %Qghgsg%&%ﬁ?ér@#%%@ﬁw ddentified-and HistaGiagkr nitrogen

from the ovary and uterus. Mesenteric adipose was removed by
andgmisepirdrast s iseSEnd gently pulling the fat and lymph tissue
away. Retroperitoneal fat pads were located behind the kidneys and
[o0e86¢nded davincioiwietthertdodyf Wt perimetsaiupatin thesbpperdimicof derivitized -
the, uterus was used as QK etrgperi
R R
Antelo, F., Lee, D., Misell, L., Patel, K., Tehrani, S., Shah, P., and Hellerstein, M. K. {2001}

Anal Biochem 298, 189-195.).

GC/MS analyvses

- [00207} Model 5970 and 5971 GC/MS or 5973 instruments (Agilent, Palo Alto, CA) were
used for measuring isotopic enrichments of glycerol-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 my/z 159, 160 and 161 (Mp, M; and Mp).
Methane chemical ionization (CI) was used with selected ion monitoring. Fatty acid-methyl
esters composition was analyzed by flame jonization 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 My and M; masses). Standard curves of known 1,0 enrichment were

run before and after each group of samples to calculate isotope enrichment.

{00208} PTA samples were analyzed for incorporation of deuterium on 2 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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55 WO 2005/033652 PCT/uS2004/021063 [00201] Bone marrow cells
were isolated from the hind limb femur. The bone was cut and the center
extruded with Hanks Balanced Salt Solution (HBSS) using a 26-gauge
weenhs/Bmie marrow DNA was then isolated using techniqeeswvsedd/o2:663
known in the art (Neese, R. A,, Siler, S. Q., Cesar, D., Antelo, F., Lee, D.,
Misell, L., Patel, K., Tehrani, S., Shah, P., and Hellerstein, M. K. (2001)
Anal Biochem 298,189-195). [00202] Immediately following dissection, the
fat pads were placed in HBSS with calcium in pre weighed tubes for
304sDBL obMAN IS RERRGYIE HAHARG I E/MBkhofst Radhals the My and M,
%ﬁROdﬁ” M % 964) J. Biol. Chem 239, 375-380). The pads were WE‘IghedD
mapeR) NAUEY ARBaRrea gResEdheh tAarplso PEs A e e phncueradEgad the

exca@MIGERH Jnindbrot HBESEPe300A. ahilpik: TygpeHicalaaaaserence
orthingtan),was added. Tissue wa incubate% t 37 for up to 90 .
e G L S SHSRE e e g b M prgance in
the3annlalt&ons aranios Dreahplesyens atrBitupamdoustdaminsédso represent a
corbRAUSANAR (emlin Ky KRR MCERADRG tibey D sclepbPIdonIne
top, ah opaque adipocyte containing fraction in the middie and a'solution
replERuFthat with a pellet of cellular debris and stromal-vascular cells. The
adipose cell fraction was carefully removed from the middle fraction and
froz€aldlddsmguent microscopic analysis revealed that this protocol did
not completely remove all stromal-vascular components (see discussion).

DNAriselatn:and derivitization from adipose cells [00203] The frozen
slurry of adipocytes was thawed and 100-200 L was pipetted in duplicate

into, sterile.nre weighe endorf tubes angd lyophilized,. The dry weight
Eﬂdgp ?Ae samﬁlg VAS gé)%fﬁg%ew LhE R %ég giﬁﬁgi%g%g&%%@@%%culated
baspim mglmmgmg@utagémimW dssubdlisipf i) dalyDikriearithment to
estBRED BRMRIEMNARSOR i ?%%ﬂ%@%ﬁqﬁq@ﬁé}gfaﬁgﬁ 1 %%?t lr;etween body

spectrophotometer. 2041 Ten to 25g of DNA was hydrolyze
walErADhithe Mo AL ESe: dereechrrridunsns dag besy deteroisibtavgbadrabigatorial

magai(aiee isbhpsaty iRGiPRNOaRIpIFREBIAILAR TAMISHValvE: b Bikv replaced
. cetlate was injected the GC/MS for measurement of isotope 5

T nor(inc%anf_]‘tg a}gngheﬁgx Bl(%% &%«iﬁzpﬂ KiRiety of acylglycendes incorporates “H
from H0 into 4 out of the 5 hydrogens in its C-H bonds (i.e., n=4 or 80% exchange). With n=4,
the asymptotic glycerol M, enrichment (A,) is calculated to be Ay =-7.4625x2 + 3.3519x +
0.0007, where x equals measured body water enrichment, and M is calculated as (m/z 159)/(m/z
159 +160). The fraction of TG which is newly synthesized is then calculated as:

Fractional synthesis (D= 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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56 WO 2005/033652 PCT/US2004/021063 Derivitization and analysis of
TG, FA and H20 [00205] Samples of adipose TG were taken following the
incubation with collagenase. Between 10- 20 pL of lipid was removed and
Worzmnsin3ees2500L heptane containing 0.01 % betahydroxyt®itienezot41ig1663
solution was extracted with 2 ml chloroform: water (1:1). The aqueous
phase was discarded and the lipid fraction was transesterified by
incubation with 3N methanolic HCL (Sigma-Aldrich) at 55 C for 60 min.
Fatty acid methyl esters were separated from glycerol by Folch extraction

thatWithrtbainorificationdbaivaie kiathaedhasdboedlatnigsolystdafer b label
. aquegqus phase. The aqueous phase containing free glycerol was then
QR BAH I TRE iy cerol converted to glycerol tri-acetate by incubation
with acetic anhydride-pyridine, 2:1, as described elsewhere (Hellerstein,
Nitlipalisisse TR sxntkgstrsichhdsecsmviaibos3) Am JPhysiol 265,
E814-820). The phase containing fatty acid-methyl esters was
[poZDI]Ccentraie churaey ofithed epiramehia) eciedit nditly Tdacthind OMd S negative value
. 1002061 2H20 enrichments in bod ter.yvere meas n .
o AR GRSt From e B AT Bt il e e

lipadetaitadsewhere (Neese, R. A., Siler, S. Q., Cesar, D., Antelo, F., Lee, D.,
Misell, L., Patel, K., Tehrani, S., Shah, P., and Hellerstein, M. K. (2001)
Anal Biochem 298, 189-195.). GUMS analyses [00207] Model 5970 and
5971 GUMS or 5973 instruments (Agilent, Palo Alto, CA) were used for

[oaﬁqﬁfu””%ﬁ?}‘q%%&&{ GRENRCANGE R RCAIR YA,

thylesters and tetrabromoethylene. Glycerol-triacetate was analyzed

using a DB-225 fused silica column, monitqri /z 159 and 160 (pare
0037 WA S 1551 (PGt A TEELORE! W e B B R adbose 10, as

deschbedisghignizdiiod CChaasNiseiBaiibésctectbdiianmuonitd inge Eatiye in its

emag'd-ﬁ}gta%be '%ler%v cogggé)sition was analyzed by flame ionization
d&%ctioh and for-2H-enrichment by GC/MS. Tetrabromoacetylene was
analyzed using a DB-225 fused silica column, monitoring m/z 265 an

5and .
(00388 (parertiesisplatia Frgienal D¥maaired R S ReRRFS B 2y fraction of
stoRiarichnreniwermthdsiRaforeranuNIlieneaah gaaup Kk sardplepiaenlquiBtelue

soS3A90e cnrichment, 002081, 814 samples were. angyzed 101 1NSOIPRIRNOR, to e
extent that pre-existing fat is present. That is, “non-DNL” TG could represent either pre-existing
TG or newly synthesized TG from non-DNL pathways. This problem can be solved by
correction for the proportion of TG that is newly synthesized. The ratio of DNL-f t(; TG-f
reveals the true fraction from IjNL in new fat storage. If the fractional DNL coniribution 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. ‘

160215] 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.

Adinose cell proliferation (adipogenesis)
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MS with a 6890 GC and auto-sampler (Agilent, Palo Alto, CA). Methane CI
was used with a 57 WO 2005/033652 PCT/US2004/021063 30m DB-225
column under selected ion monitoring of m/z 245-246 (representing the

WO ansldvbssmnasses). Natural abundance, (unenriched) dA se¢ilgSHWMRR 063
measured concurrently and the excess M, (EMI) abundance in the

adipose PTA samples were calculated by difference (subtraction of the M,
abundance measured in the unenriched standard from the M, abundance
in the sample). Bone marrow DNA samples were run simultaneously and

10021s%d to rdpaeﬁ‘&m! adiyossnieliglyolifreain cam pltdalydd e oRpr, §8sUR I DNA

ractional ad N9RE C lacement culati s TG
dmge%e&s %Eé f'fhe percg‘nt%cl)l?&r%) REWTy & syr%ﬁ%lgéﬁe fhgBrgtimate the A,
Valdabeamg(pe ﬁ@ﬂ%ﬁ@@h@ﬁla@d@ba&&ﬂmm}p weurkoelproplactd afier 7 days in
Lelation iR RS HERAr DG H LD SIRARQPY WRIRIFAY QrgPlmaL
mlcthe maximal %r asymé?otlc enrlcﬁment In TG- glyce %rf] 1%1 ?ﬁl"%ﬁo"ﬁ‘éﬁsﬁn Sis by
the &l rasbtigdyyeliaater and the maximal TG-glycerol enrichment has been
determined through combinatorial analysis (mass isotopomer distribution
andlgsigMIDA) and by measurement of 100% replaced TG pools after
long-term 2H2G labeling. The glycerol moiety of acylglycerides
[ou3ngprioraleg.etd ARG At AR M BHEN SIS, CrbtBOR Suctways

(i.e., n=4 or 80% exchange). With n=4, the asymptotic glycerol M

(de Eﬁ‘f?dﬁ?ﬁ%?ﬁeéﬁ? yALRoAERTSte A1t tslieeride synossowers gstaned qymygyntly in
the VihRrexpeeauals maﬂtteﬁbbﬁdy amahepﬁwﬁbmﬁmuaa@d\énlmwﬁmsaémﬂaﬂy,

[(m/ +160 The fr fTG which is newly synthesized
Sho‘gﬂ then (% c%]T frim? ra?: fgﬁtgf{syn Ficsisy (E]I\gﬂfsﬁ as %‘%"ff’ﬁgﬁsu@

methbdiylgls [Q0210] Under steady-state conditions, where the whole-body
pool of TG is relatively constant, TG synthesis must be balanced by TG

EXRIaRkaosn, iieuntRelysitn kin S1008 1 5h eSS NAPREr s AARRR) in
used to estln]atmiﬁﬁhyssiaté}@mqibmm@g@ @noen random breakdown of
adipose TG (i.e. last in first out).several cycles of TG synthesis and

005 &akdowRticis ul dibrave decnieetido bapsogewdive wrhesizet FGumpbecule tissue
(colPIES5 NrHRAR AR IRARY O BIGERic signals for collagen deposition by pulmonary
fibroblasts are unknown. The pathogenesis and therapy of PIF may differ between individuals
with a large number of activated fibroblasts vs. a normal number of intrinsically more
hypersynthetic fibroblasts. This distinction may be apparent by comparing the rates of lung
collagen synthesis from *H,0 to the rates of lung fibroblast proliferation (DNA synthesis) from
’H,0. A high ratio (collagen:DNA) would indicate hypersynthetic fibroblasts; a low ratio with
high absolute values for each parameter would indicate generalized activation of fibroblasts.
Both collagen and DNA synthesis are measured concnrrently 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.

[06219] 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 a tissue. 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, mRNA, DNA) are
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this measurement net lipolysis. Moreover, the animals studied here were
gaining fat mass, so 58 WO 2005/033652 PCT/US2004/021063 that a
correction for the change in pool size is required to estimate lipolysis rates
wamdabehdtrcorporation measurements: Net lipolysis = TG syrthesinee1063
TG accumulated. [002111 In the case of the leptin treated mice in which

TG retained 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.
100212] DNL (fraction of total and fraction of newly synthesized TG)

002331 MIDA el FHANA RN S PRI SRR of the
me 58?6‘%%8"%8?%?@2’5@%%&%’3%%@ in U.S. Patent Ng@S,BSS,g)%,
isothpedibshizopprieinanioy betareHBin its entirety. 21120 labeling was used.

1002141 The calculated fractional DNL measured by MIDA represents the
EXBMIQET: StotedsTdd thatwasaymniddairedariitpeGhte Ppopratyiosaisgmbled by

the labeling parédikefhis value does not represent the proportion of DNL

in newly synthesized fatty acid stored, however, to the_extent that, .
[00@28)existinghrasee s eht eTYe i depsiy-Braproteinda it pratielst sdheliver
und SRRl OF Mty Riaieaieed thewdres HeRybilbipativaysapldidiepatic

roblem can be solved by correction fL?J e pro%?grgit?ng?f T tl@tci Oge\{él%l

VL gresln YR PR STBNELT 0 TP SR B et el BT
chdieAewi faiatagRctiiie, fohotidraiRiv), scortibutidrhith@b8clvenihtibre more than

fractional TG synthesis is 70% the true fracti i o
on UG TS IO e E00h i s SRR it i the

measure

aslirisipf 1U0PESHexbsaibearpalinidsic DNy af dultssierd e Fitapigmgicties in the
sy RGHODALRNL % A8 dinesidoryeiatiel e falnad (hBRsinagbear to be due to

raction of TG in adipose tissue) then by the percent palmijtate present

n .
aligratemineifisHarn ow e Ssdite s e s (Rt edeiRid e hypertension
(AR RRRbISIamRA) 9 iDalviate @yrithesiaed dLsingptie |alialigrms, such as

period. Adipose cell rol'n:?ration adl oge?ngsis 59 WO 2005/Q336 thesi
Caﬁﬁ@ﬁﬂﬁ@%‘ﬁﬁ&‘fﬁﬁ{&%’*lﬂ emias may reilect changes in rafes of triglycenide synthests,
fatty acid synthesis, or removal of triglycerides from VLDL. The production rates of all of these
components are measured concurrently by administering labeled water and detecting the

incorporation of the isotope label in each of the biclogical molecules.

EXAMPLES: De novo lipogenesis contribution to adipose fat accrual corrected for new
adipoese triglyceride synthesis.

[00221] The contribution from de novo lipogenesis (DNL) or endogenous synthesis of
new fatty acids (such as palmitate by the body) compared to dietary fat intake (ingestion of fatty
acids) represents a key distinction in the physiology of body fat accumulation (e.g., obesity).
The enzymes responsible for 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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1002161 Fractional adipose cell proliferation was calculated as the EM, in

adipose DNA divided by EM, in bone marrow DNA. The bone marrow

DNA is used here to estimate the A, value in adipose DNA since bone

mwerrowealisz are nearly completely replaced after 7 days in raib®s2004/621063

Absolute adipose cell synthesis was calculated by multiplying the

fractional synthesis by the total number of cells. Results [002171 Figures

5 and 6 show the results indicating that three separate metabolic

pathways (de novo lipogenesis, adipogenesis, and triglyceride synthesis)
wigNRES R easiaraseoneUrEsRilaimthe samerexnerime atid-gRindetcienewiglyceride

and replacement influenced alll three,ig)a,thw%)/s sjmilarly, showing for the

synihepifhall RS SUBHANRIREH tBFEBE SPTED B RS tha SHEEN0 ST AL new stored
lipiisRUEhspeinbelicmeRXAbREorhct unarecolageassywihgsishescifibtahiaditated in the
da%ol' eration (DNA synthesis) in pulmonary interstitial fibroblasts (PIF).
1 PIF is a disease characterized by progressive replacement of
lung by scar tissue (collagen). The inflammatory or fibrogenic signals for

[0R3Rhgen dBEHESRICHBGHINFGHSFP iR Bh MR iR RknBNINTHerteria included
weRHNQARe IS 8B GRKa ey Risnakdiies heiweapsindbiguaisctivithoa

. large number of activated fibroblasts vs. a normal number of intrinsicall .
i e TR S T SET AR ere B e B B BTN Srecning
labopampa it (hkensitey pfdiihg conljdgehleyhtihesis, M 2Rty rabéiyofo give
._duna fibroblastpraliferation (DNA svn i) fr 2 . Ahigh rati .
I R A R S SO R A iR tiabetes,
obgdih hlslinidsainey haaspapavaitedswstubvaticdieydnegatizaguse of

meRRIQN2h TBrakiasis. Bk Sedag &H&ngﬁlﬁéﬁﬁ[mﬁﬂéﬁ§%ﬁcs,

concurrently by administering labeled water and detecting the

PhimyEHIe AR TETC AR SO BB I8N At e Eh FIDREEDE KPNAD EETEAGRRHIS);

indHiREOLS BVOiATEN A 3B AsEAR N SIS SYFAAS IR IAHRSIR @dd§SUBWo groups of

[002191 The relative molecular flux rates of protein to mMRNA synthesis
hep L SHOIRHEIEF SPET AR GFRHR A SPRErHR OISt LOTREE 2 TEb AR LTH) ook

theHapas fvibeexpre asibdaf suigoteinitiby mrissolb@inHaiysisheriptivis, and

b B TR L SR S M 8 A e
vaghbitigelin ailbraberitsaeciiestsrpesioniot.alpreteieniang finsuromtrewerratedied in
oréRFECHhi D BYAY DNANREE of ten men. Body weight was measured at the beginning of the
study, then every 2-3 weeks. Body composition was measured by bioelectrical impedance
analysis at the beginning and end of the *H,0 labeling study. Blood concentrations were
measured by the SF General Hospital Clinical laboratories. All studies and procedures received
prior approval from the UC Berkeley and UC San Francisco Comimnittees on Human Research,

and subjects gave written informed consent before participating.

?H,0 labeling protocol

[08223]) 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,0 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 2H,0 was purchased from Isotec, Inc. (Miamisburgh, OH) and dispensed in sterile

62



60 WO 2005/033652 PCT/US20041021063 measured concurrently by
administering labeled water and detecting the incorporation of the isotope
label in protein, MRNA, and DNA. EXAMPLE 7: Rates of, triglyceride and
faibyaeidsieat into lipoproteins assembled by the liver. [00328%0EhR4/021063
assembly of very-low-density-lipoprotein (VLDL) particles in the liver
underlies many forms of hyperlipidemia and is the target for hypolipidemic
therapies. Hepatic VLDL assembly involves the synthesis of several
classes of molecules (ApoB, cholesterol, cholesterol-esters, triglycerides,

contagi_i%pbgﬂj@@&hﬁm&@mm ﬁr?&m?mt?@&&m? Mfﬁ?@}la@ﬂ,%h&n 35-50 mL
. biosynthetjc pathw thesjs, qf fatty acid a cyl-glyceride. .
iR A T A B P ek LR PRk o PR ey e

plateﬁ’q tbt&@témmm_}iéampmsiﬁ .m@j@rlaese.m?:ﬂie\y}swithws?od@h dastetchimstes s)id was
Wen%;fé?a&%ﬁﬁ \é"i‘;%'d%“%sré’J &%@1 0 hypsil h(elﬁifg&;h%eﬁ%sfﬁq 95@ﬁ)d%ieo¥ﬁ1§% 21,0) in

r
alteration in different pathways on this | m talled fami
plastitysiipidehid wpresterediorithoefigseriapobeta lipoproteinemia) is due to
excessive secretion of ApoB. Other forms, such as carbohydrate-induced
joo2byperlipidamigiamayiefleabahandesOnmtatesywal vighearbospinitesly, visits (for
. fattg e}gfjd Sr’)/[f],lth?‘Si , o%remotgal 0 triaqlsyfceridest.from VLDL. The production
unng ARSHHRCOr Tk aé‘or%ﬁéene%lt(s) are mglé%%?ieldn(%ncurrently by
administering labeled water and detectin? the incorporation of the isotope

labeplsdisarbharewisioieaieh sichinag esKrsrPOEEs: De novo

lipogenesis contribution to adipose fat accrual corrected for new adipose
[00228)lyceriddasymithesing 84274 widre cdlnttibitvorkisomaisuigecdipogeoesitn
NL) or endegenous swathesis, of i itat .
) 4 t W dé) 8RY fract
o S S e Pl Bl KR MDY rction

remospstedfeaecaiiizdistn Slordimenecytey sisregsosesbes/ AR Aceela Bation

imkEhOmRRESKEdthe enzymes responsible for de novo lipogenesis, and
therefore the drug treatment indicated, differ for the endogenous vs.

O o o B e e e R 0.0 Y ron
lipag R I A i N R OF:1 Iposetriglycerides does not re ealr
the true proportional contribution because the total triglyceride depositjon

(00226 mustAEnaseRiTuEaPiEtion piepsiemucrassiarsd alecrks e st af 590
intalef, AGiROER piteiiaiederived Harnibe deBaVY® | L. Misell, 8. Turner, A. Chy, J. Kim,

D. Cesar, R. Hoh, F. Antelo, A. Strawford, J.M. McCune, and M. Hellerstein. Measurement in
vivo of proliferation rates of slow turnover cells by H,0 labeling of the deoxyribose moiely of
DNA. Proc Natl Acad Sei USA 99(24):15345-50, 2002). 1n brief, three subcutaneous sites were
sampled at each visit - the gluteal region (buttocks), femoral region (thigh), and flank region
(mid-back). For the fat aspiration procedure, lidocaine topical anesthetic (1%, with 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 NI).
One mL of a 2 units/uL solution was added to each adipose samplé and allowed to incubate for 1
hr at 37°C. The cell suspension was then poured stowly over a 350 um mesh filter (Spectrum
Laboratories, Rancho Domingnez CA). Adipose cells in the filtrate were then collected and

processed for lipid isolation and microscopic analysis.
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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).
®orretingdre de novo lipogenic contribution for the replacergerddraatiames
of 61 WO 2005/033652 PCT/US2004/021063 triglyceride in the tissue
(i.e., calculating the ratio of new fatty acid synthesis to new triglyceride
synthesis) allows calculation of the true contribution from the de novo
synthesis to new stored lipids). These measurements are performed

CONQUUTETSIY AMEISHPRRTPSEIR GRekipicAtet mihe data, infra.

1002221, Healthy subjects were recruited by advertisement. Entrance

critefizanigclc%gﬁ%n g%ighta cslt‘%bility for >3 months, body mass index < 28

kg/mZ; s or inflammatory conditions within the

revious 3 months; good general health, normal screening laboratory

[00%tE (chemisthy prEmiss Bk IS hiB Scpriss Analiglersdiraseiagorn (apity Kontes,
Viﬁelmmsb?nfggmqgﬂpﬂﬁ@%d_ ; &&ﬂa{?mmﬁﬁm ) ﬁl_@gﬁiatﬁﬂ_ ﬁﬁﬂﬂﬁﬁ&ﬁ@ﬁem,%ﬂ

metabqlic disorder (dia s, Qbesity, hyperlipidemia) or._other organ
o R 4SO R R S T CoECi it g wter (1:1).
Thpotertied phetalvalicietsadts] il declpiit GidsioBvwlooketsthigaids divibiitsn with

9 rgi At ns.,.anabolic agents, estrogens, or
S D S T AT
sepagBfebiperabiertoliy Seldy eXiestiprowps tie hedifispdebibatsvetereibar diads %
NI L4008 A0 O weaks L IrhR Eoﬁﬂam% RO AT then
y

for 5 weeks. We included subjects with a range of body fat, waist-to-hi
lyopitiiecdind Brosbdretapprifshdslirermbrtsansasditiarstioey dagstic
ankvidli 869 rignt, af-ingsaylucing variability for adipose tissue kinetic

parameters. Five men and four women were studied in group 1, while

group H%isted of ten men. Body weight was measured at the

beginning of the study, then every 2-3 weeks. Body composition was

sured ioelectrical impedance analysis at the beginning and_end

OGS o000 G SRR S8 Pe TGRSO Ho RS e 1520
nLSknipbneratrtiotiial-G kvicahiabGitdsiesitA b StiadesAnidt psgeediescetylene. The

e (l:eig 9! erio%a roval fr e UC. Berkeley.and,UC San Franci )
aofREEL, BICL AR AL, SRR KRB0 e SRR EUEPER: via

copgrsakt BEfbrenpastivcipating I2rdgdnbeing weotetol at room temperature for 2 hours

to produce tetrabromoethane. Excess bromine was neutralized with 25p1. 10% cyclohexene in
carbon tetrachloride. The tetrabromoethane, containing hydrogen atoms from body H;0, was
then analyzed by GC/MS.

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.

[066230] Glycerol-triacetate was analyzed using a DB-225 fused silica cohumn, monitoring
m/z 159 and 160 (parent Mg and M;), or m/z 159, 160 and 161 (M, to M, and M3). Methane
chemical jonization was used with selected ion monitoring. Fatty acid methy] esters were

analyzed for composition by flame ionization detection and for 2H enrichment by GC/MS, as
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[00223] The 2H20 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 2H20 in the

We R @R as divided doses over the course of 18-21 howstd&anlkeBhes

70% 2H20, given every 3-4 hours), to achieve about 1.0% enrichment in

the body water pool. The 2H20 was purchased from Isotec, Inc.

(Miamisburgh, OH) and dispensed in sterile 62 WO 2005/033652

PCT/US2004/021063 containers. Subjects then took 50 ml, of 70% 2H20
descHB@PARRRA(AK IERRIAZVE KRR, 30:aBiiRe IV CRA AV RRAGMRIRIE . 5.

of the 8-10 week Iabelln%frotocol This protocol achieves near- plateau

Reidy By Bikeate A chinelseins2pdon Fo shasklston irmmszmanhps da g hepatic

lipogdikigeis madanassiveltdaleratogeSuljps Brreaaiverkinesa 11RA ns
individual aliquots (35-50mL of 70% 21120) in plastic vials, which were

(0028'gred in g ssfrigsratar. w%éﬂﬁﬁa%%ggﬁsﬁ% %&g@ﬁ 583195[?% %, papitoring

intake was checked through weekly visits (for urine an va colle

/2 36349 PR o Piars @ﬁ%@ﬁﬁflﬂ?@ 7@8{4&%@4& smyprinRte] doteptescan Ptandard
curvRiQTRkAtaenea HeRdul RRIBENAPEMING SARIS SMERS RIS e ate isotope
eekly in all subjects and frozen in closed containers. Blood was

&ed in Ficoll-Hypaque solution and the mononuclear fraction
removed, after centrlfugatlon Blood monocytes were isolated as CD14+
e analtisguiesisiends. Adipose tissue sampling protocol and
|solat|on of mature adlpocyte -enriched fraction [002261 Adipose tissue

[oezaspuranoermsms/msr@ﬂgg@@rmﬁ&w@ﬁbﬁeéﬁé}e AeARhR0minERke with

Si dure.de ewhere (Ne se R,, L. Misell, S. Turner,
e R SR R R et e vy 1
2% eiriieetialotste momamrsmema rlestvibaof @sewmm@mmés of. stow. Siler, D
CesdHPONRLEENS. PuL 178 aPRIIBR S @%Qﬁ%ﬁy W@ﬁ&”&%&?ﬂ (fé R Rige
Ih brief, three su

Nati Acad 8ci USA 99(24)715345-50,2002 cutaneous
Advapess ipehs saiiedrotPRe-ERehSPRSTORRAT I erivegion o5itbalsntiesisorad cell
prolfﬂ%ﬁﬂlﬂtﬁiﬁ?ﬁ@ﬂﬁemf @9905“5 Goid-hadklyRanihe fahaRRIRICR baseline

, lidgcaine topica nesthetic (1%, with epinephrine _1:100,000)

ocedur
ab“\%&% CRRAH s ‘f%i FYals A fadrshspmalas de gthia deireabitedance
 rangd eersyngdearddhemplasad:ie bienlextuhasover ice for processing (on
the same day). Tissue samples were

Statistical analyses

enti

[00233]) Group comparisons were by ANOVA. Statistically si gnificant differences were
taken to be p<0.05. Sources of variability in the measurements 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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minced with a sharp blade then treated with type 2 collagenase

(Worthington, Lakewood NJ). One mL of a 2 units/L solution was added

to each adipose sample and allowed to incubate for 1 hr at 37C. The cell

suspBReIBRsYas then poured slowly over a 350 pm mesh filtec{Bpestsmmos3

Laboratories, Rancho Dominguez CA). Adipose cells in the filtrate were

then collected and processed for lipid isolation and microscopic analysis.

63 WO 2005/033652 PCT/US2004/021063 Isolation of metabolites for

mass spectrometric analyses TG-glycerol and fatty acids cids [00227]

Tigaugrsamples were placed in Kontes dual glass tissue grinders (Kimble

Kontes, Vineland, NJ) with | mL methanol:chloroform (2:1) and ground

u@ﬁiggggggﬁ%%ﬁmepentrifuged to remove protein. This solution was

extracted with 2 mL chioroform:water (1:1). The aqueous phase was

discarded and the lipid fraction was transesterified, by incubation with 3N
10023 thanclEEH RS THA JRRAREFIF AL B B A TR Trom (he
incorpeteienwérEl mepdtaiddoiroin HyeewmhiynFolcTExsigctioningibateé over the course
of 9 WA t%gslf "T‘fatlc ﬂ:ntlgfté W&tggg f h\%stgg}'bg?_{% I}I? 8%-\5\’% ua%%g ;O\%ft:gke ?rgg‘r\?:%u&e ots

pehase. e aque%lus phase containing frée glycerol was then siyop ilized
samplddnt & dB0etd [ bodvknteBaPgipebso Mricticon reiycrendatitsn ofitkiinestiEG
were ANILILRS: BY ORR-6 04320 B RO INAL2R] PHAA SRUSRIMERE 1322 8hose

water were measured from plasma or urine. A15-20 L sampie was
TG ofarpued 2% #Edacuated GC vial with calcium carbide to produce

acetylene. The acetylene gas was then transferred with a syringe and
[06230)ected indipase S\acymbes GEevipbeasndttiminge4@%4obrominanoreadbaly between

weekEf%ﬁ%fé‘{BE}? ﬁu?ilﬁg {Hg H%@%&kﬁ%@%ﬁ%&%ﬁﬁ%&?&ti&{ %ﬁﬁiér&éi@%cgé%%igﬁed fqr

tetrabromoethane. Excess bromine was neutralized with 25L

biopsigrcib hetheiiaaRoBrtbomaietr bt hio Al S tHakeDadPniost irdhes Tortdhiageluteal

depol)¥dropen atamsdfomaoay H2espwas dhiehanaiyzaddy S5 IND4SHMS05 +

analyses TG-glycerol, fatty acids and H770
0.099, resgectively, t%ry t%jgh. Wee){( 9 values were significantly higher than week 5 values

(p<0.05).

[00236] The total amount of adipose TG synthesized and retained over five weeks was
calculated to be 1.80 = 0.98 kg (n=18), with a range between 0.5 10 4.4 kg. The average rate of
adipose TG synthesis (assuming the subcutaneous depots sampled here are representative of total ._

body fat stores) is therefore about 0.35 kg per week, or 50 g per day.

[00237) Lipblysis 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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[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 H20. [00230] Glycerol-triacetate

wes@sabszed using a DB-225 fused silica column, monitoringmizdb921063

and 160 (parent MO and M), or m/z 159, 160 and 161 (MO to M1 and

M2). Methane chemical ionization was used with selected ion monitoring.

Fatty acid methyl esters were analyzed for composition by flame

ionization detection and for 21-1 enrichment by GC/MS, as 64 WO

2005 105a6R2RBG DNE 20 04102168 @6scribed elsewhere (Hellerstein, M.

K., M. Christiansen, S. Kaempfer, C. Kletke, K. Wu, J. S. Reid, K.
OOZM}'”'ganhNoéoHﬁgﬁ ElS "@Gaﬂq {eEhsahRokisiom MaRHHSMRR HRRAR: weeks 0

novo hepatic_ lipogenesis in humans usi E{)Stable Isotopes. JClin Invest

to9. s“*raomal@é\lh Ligsocher remunpsmodiateWisZdnalsed Bsing 4
0.02 2B 1329 /¥ser SHige-Co)Wnng.028RIOIBG:N ﬂii’gl‘zﬁ5(ﬁﬁd2?,%tﬂ\/ﬂ)v&&}dsl‘dﬂ2}{20

masses of the 79By; [ c] isoto r) nda
bl GBI AL TP Al ST COh bl isalee e
0.04 cdl@2idie tholofe (erf)cind Gt lﬁmmm@t@tﬁm@d Weer{00282¢d-or ik

fractlké))nc é%/l a epnalaf%?lﬁih%%[iglﬂggﬁ??@s%ﬁ g (?BH’QS ge use%l?(ge}glgntheszs), the

selin unenr ) sam ance r was that

fractighvit hoglaien ennathik to ze;eflafcm@@ﬂé%@rﬁ@l@ﬁ@@tb’pwﬂ@iﬂva&}wna@m over

time %&%’\% swWhared NResR.dRiddal Swith a3 leferbre CASRGALOMIRIN, Ondividuals
Lee, L |se K. Patel, S. Tehrani, P. Shah, and M. K. Heller

stejn
appearad 4h BB OThiliFiE ARG G S JIRAVSm Bt AU S it
indiveiithesis rane el ipralifefatiorsidhal Biochem 298: 189-95, 2001.). Only
analytic runs for which baseline abundances achieved these accuracy

100244e1S anghfor whichSanpies Rl mgtBM&%ﬂuw%eﬁ&xweN@fﬁunaneou@

considered acceptable for use in calculations. Statistical ana yses 00233

meaGranprtohidinse HselSynhaeiy et Seahstie AR Seralon) dﬂ?&r@%@"‘“’n

fromYRED dﬁ‘mﬂd@%ﬂé@e@éﬂ SevIers Rinasiabilitye (1. hevaes shrameRisWaean
assessed by using random, effect ?Els Theselncluﬂed ran{jom tv with and
subane ACRHBlHs TR EE S SBRE S A AP Pt G BpLy ithan

relatefédeisaskhisiea digpisoncithat sefledicdopptanics ladtialammaﬂtbmaﬁve

methrgcfslqjéjla elzstimating dynamics of adipose tissue components in humans.

EXAMPLE 9: Effects of aerobic exercise on mitochendrial cardiolipin:DNA synthesis
rates. '

100240} 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 11,0 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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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
adipnseokiaskinetic parameters and standard (non-kinetic) pa@metas/oz1063
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,

approa@ AN ABHRIR) AR 82 W HORRBB36RAB GihihSHd R0 1R eulls: of

Adipose tissue TG turngver [00234] The synthesis and replacement rates

parallelghapgss iprpiechondsal ble b mEuily et st i ariae Py ise it

The findlae@ly e Qisdonneey peratantietove Goglyeat o) nbeda sedoveallthagaist see 0l to

weeks. Fractional synthesis (f) was ca..0.12-0.15.£12-15%) after 5 week
ool B B AR G 0 2o OBy P B
mtDN Aepthoérrdndda <of admezertdconaradintith 6. .ramyewk00039) 0004 Bl slgring

isotope GRS Y QY -CORS IR X ANERRI IR 0L PO 85 b CPIAGHAL,.

200-250d. [00235] Adipose TG synthesis rate appeared to increase

somewhat more slowly between, weeks 5 to 9 than during the first5 .
190243 meie D et ORI VA SR HitCHER PO diggd nt
controlqatheivadsppin sy feviasial BPed0:0et8to(ukbhantidali bgoGpa5 A fivkaB)vere

luteal depot..0. 0.098 and Q. respegctively. for flank,.a
cazed PRI ATRShI betof RGN RE b int o DRl X PR
99% *KigBrto SirancehmymigHayshriorfrserrBicand Sugiaios) ofoRA 2iking verier-

After AREMOLANRRSF LG MPEHAdRAN SRIBIRGH VAL G BRESIWRR:
calculated to be 1.80 t 0.98 kg (n=18), with a range between 0.5 to 4.4 kg.

collectqh MilRshgdriate st splpvetEoraieyhiiiess iaddirmyre Sttt othe
mitochiapeiseaneplad haleatrcEpie 2eatatie nbietrl hashnidnstosas)pisospholipid

. therefore abopt 0 kq.per week 50 er day, [00237].Lipolysis kate
(e B B AR P e e e VD e o
enﬁchﬁaqalmdﬁhépm sudjslsispheidyivhebne Yatbalemoecd icthewdeotb- beidy fleysicthods
of the {,%ggghﬁ@@,ﬂ'& described, supra. Cardiolipin and mtDNA were also measured

concurrently (i.e., simultancously), using the methods of the present invention as described,

supra.

[00242] Figures 12 and 13 show the ratio between three biomarkers of mitochondrial
biogenesis including mt DNA, cardiolipin, and phosphatidylcholine. Fig. 12 shows that
cardiolipin, when compared to mtDNA synthesis, is equivalent to mtDNA as a biomarker of
mitochondrial biogenesis. Similarly, Fig. 13 shows that phosphatidylcholine is equivalent to
cardiolipin, demonstrating that all three biomarkers are useful in determining mitochondrial
biogenesis. The methods allow for two or more simultaneous measurements of these biomarkers
1o 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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and no change in body composition over the 9-week labeling period), net

lipolysis equals net synthesis, or replacement, of adipose TO. The net

lipolysis rate was calculated from the average value of k in the three

depatesasspled for each subject, multiplied times the wholesaodydabpenkss

size (average ca. 15 kg in these subjects). These values were about

50-60 g TG/day, or ca. 0.4- 0.6 mg TG/kg body weight/min. 66 WO

2005/033652 PCT/US2004/021063 Contribution from DNL to adipose

tissue TG [00238] Incorporation into TG-FA increased in a roughly linear
EXASCE betwEarBRKSS. [tadmbiantianagiobillifDMildgached an

average of 0.0200.01.2 in gluteal fat (n=17), 0.0230.016 in flank fat
(00243} 7) and's odbd20 13 mRkigistiae and i) hameerab ywouks of 242G prabeaiintscrete

arnfA e WM@%%M@%{E}Q B eyales pesa L 8990280 &Wﬁgfiferation
fat (n=8), 0.0410.024 in flank fa%(n:G) and 0.0410.024 in thigh fat (h=8).

of TnyraphasHettRulabriRy sHalbash Jratiindis Gormaesieklanyde boangytes. It
is oft ixﬁpbﬁwf: Iﬁ%liﬁkﬁﬂ thikl(ﬁ@;ﬁoblﬁﬂi&thﬁﬂ&)' e H@?teﬁﬁi@tiﬁﬂah@ﬂfwwﬁ%s@@m a
. DNL to ne osited TG-palmitate was relati constant over time
s e R N AL T YPGB Chd 67 iesured
froR(Beel BNVt pkthesp) tatedsiothesnahe i plasnch anaoteslishidias regresents a

: ) i o Ver time a
i A b A WP B anc
1 B?Rﬁf)ﬁléme{ﬁéi},ewe%aﬁ%wt Sty verbpneopsliijosedispise g isotope labeled

wafy BHeRiRciSE TRAYHISIE ﬁ@[ﬁﬁ@ﬁ@l@ﬁuﬁﬁ@ﬁ?@%@p %g&ﬂoﬁﬁ{ﬂryhﬁﬂag@nﬁpmiﬁc
pathway integrated over long periods of time (i.e., weeks or months) in
T'Cﬁﬁ?ﬁ’g °§ﬂl‘8]‘895?§’.g Brlint & P red Bt irAARRSFheavy water is

simple, easy to comply with and relatively inexpensive, this approach has

EXaANIhEeof pracaoamrcpitielin scharddrstmmitdahedihpodifonsstimatinge
dynamics of &8l bserleionimpohdrsinamploidnkets Xrodmitiond Gffeg tgeatment
of aerobic ex&ftlseclsstinnotmesrn EacenionaneinbroasSHERMEY rates.

40] Mj ndrial bipgenesis in,musgle occurs in response to aerobic
e S A o B S BB A RGBSRy R

“ wotngt sl boaltieibeaitestsiof dstrqgeo sifielipidtlyitopdifferdar tsmmaldeiever, and the
risESIAbAR I HRIAYR 19 Qﬁgﬁﬁgp%ﬂxé&@g@%@@égﬂém opposing actions. Estrogen
tends to increase proliferation of mammary epithelial cells and endometrial cells (thereby
increasing risk for breast cancer and uterine cancer) while reducing breakdown of bone collagen
(thereby reducing the risk of osteoporosis) and possibly reducing the proliferation of brain
amyloid-beta protein (thereby reducing the risk of Alzheimer’s Disease). SERMs might be
designed that oppose the cell proliferative action but stimulate or leave nnchanged the other
actions. Those agents would then have great public health and commercial utility. A means of
screening for the optimal combination of actions would clearly be useful. All the processes
noted (replication of mammary epithelia and endometrial 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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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
eabientaesapplication of 2H20 labeling of the glycerol moietywk2004/021063
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 67 WO 2005/033652

sydtfesié! kR dPQ4 Q¢ HO0R3:RIBRAPAET tharPAAY I ASER PrORMORE 0 RiC reased

training status and regimens. The finding of parallel changes in )
synihiehohRfEate LharraelABERa N et Ay Reakd i &t drvERl o5t itsumthesis
midihenfinding reflactissiontneeldec bRgpRidhe iy donessi adSYRENEHGEat@Snts in a

. uld s est the need to, re-evaluate the. result or to look for a new
g R R AR A7 T SRS R P PAISE SFOHSEOREA TYpnS: Syntheses of these
moleitdeh eredried sTiccenneastied. cosiouitenthyufls. b multasiedugligblyd water and

coft I%g#%igﬁtﬁé)ﬁ?ﬁgc%q %@?&@d&%‘?%@%@ﬂhﬁ I\Ilp‘sg\qngg rﬁﬁSS I%:Pectrometry,

ondrial CL by mass spectrometry. 1002411 Brief?yz,l
female Sprague-Dawley rats were randomly assigned into controlégﬁ ]
KB fhkig

)15 eXsEnincmREnqrREdRroteind Y iFaBRP e RIS  Fratise

were caged iRaRdEEIly in wire bottom cages and fed AIN-93M diet.

fod2als were AaliaeC I EA¥h ek AR 0ol aRURMINE BL I LA ATIEY By well-
. sacrifice and maintained on 8% drinking water. After 4 weeks the animals
cirgiapecERediffdaring i gapwet AehnligupceltaeusHiBeY Warsicsdnseyedty from
pné/ﬁm_ egﬁes\e@md@s%d FRd E\%dif:’iﬁmt” $ﬁﬁ%§@&§§t§&ﬁ' B eéia;%ﬁﬁtwum b@&ﬂgﬁg%ﬁﬁl i@Bitis or
e . mitochondria were equ oquoted jnto 2 separate tubes for |ater

e {PABHOR A TGS BHENIED Fe g i R BRE P B R R R A Red to
indtasnhapidesnid e tpraifessdncy watemdth? deenl dhihenatoa dioljpial lesions are

and phosphatidylcholine were measured. concurrently using the methods
S PR e

cowgresl méhwsélapp@@dmléﬁﬂye@em@mgmmw, apsingpehtshimtisorlssof
Eﬁ@%ﬁ&%ﬁ%%ﬁﬁgq&?&im&ﬁﬁﬁé&@fﬁaﬁ%@ 2 o EIOHIERAA AR LS. The entire

show the ratio between th iomarkers of mitochondrial biogenesis
cutfRAteY TReDREE! catdiBTt Aih ProdsaianirbRiiain cHont B malscured
or abselie| Rinawhe QRPN A St hagissisanuivient to mDNA

as a biomarker of
[00247] Keratins are a family of more than 50 structural proteins with a common
architecture. Several keratins are expressed in skin and form the major proteén component of
epidermis. Basal cells of the epidermis produce daughter cells which migrate toward the skin
surface, maturing until they contain little but keratins K1 and K10 and lipid. These cells
ultimately die forming the many layered protective outer skin surface, the stratum corneum. In
healthy human skin it takes on average about four weeks from the synthesis of new keratin until
itis 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.

100248} 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 usinga
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mitochondrial biogenesis. Similarly, Fig. 13 shows that

phosphatidylcholine is equivalent to cardiolipin, demonstrating that all

three biomarkers are useful in determining mitochondrial biogenesis. The

wethosissadkaw for two or more simultaneous measurementsrafitizese4/021063

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
simplhgrapedyitcactritgnt icdmpaondsitps diomstin siatindoddsigiisid aghesive are

apptfég(%c&%%ﬁfﬂmgﬁﬂ%séﬁe SRR 99§fﬁé§§§%?8%l§91§8&é%449§?3g[%6ﬁ2ym ata

. AMPLE 10: T cell DNA vs. plasma immunoglobulin synthesis. 002431
timeT hahedil karatnhanessipstapaon AWk Huienld sridsms speraidmipyaaien of
deutbliserelaarms it hedy sastdalense-sysiam:Ths iasmapirdeiieeledurtace

by activation_and praqliferation of T lymphocytes the latter by synthesis of

of nofHHA) SRR i (RRSBIOST IS5 R BB m o SRdte) SPRCBd aRR sBRUGARRS are
requised o whaidhtpe ot dpigtiming posiisient te-agidatar b mupalesied in a
disease state or by a drug treatment. Comparison of the proliferation rates

(002971 cells gmaasured, JromIrgall Qi}léh%@l@?ﬁi§A§Piﬁ‘§o§¥@t&%§i&£ﬂﬁe§a9fion

lasma imunoglobulins'represents a measure of Cellular:humoral immune

p : ! ! !
fromypdhes pEe PR &6 BED aF BR Sema@Eostdran psks Avalh Quibsth s inidermis and
mpe{itgg;@,%m@mmd éﬁ:hé:(é-@xﬁ&ﬁﬁd:fﬁaeﬁgﬁbglﬂbﬁém&liﬁgﬁlﬂyﬁtﬁ)ﬂiﬁpﬁ0(). This

. eled water tecting T cell DNA and immunoglobulins by S
iR LA AN EBLEIRIE . EXTRP L S TRCBTAE NS SR by
boilimeasuréidraslatizsglibéfhabdrthomptAlliPisiitd chbgrosndof epittisdiGhiklh slightly
. trial cell. proliferati s I} reakdown and.brain
o A i e e
sampiesd UYares lySERIvER foptnyaramErdvecd fey idieimyesyregiateal of

attention as potential therapies to improve women's health. The effects of
[0028rogen ditiengraadyyfeadiferentdssitesihavtavalcanddba dekbrnefit

.halance.in an individyal woman d ds.Jpap these ing actiQns, .
enr O B e T S LR e
psomsstiomsiglavich hyytharéiisraine dasirmppiskdo fill dastiognueveanit ptsrfoer days. A

simfANLERMiIe AU FIRgrIe AdoWR Qf BR RS SONRARA RSECRLISANEIRG R, 8).
risk of osteoporosis) and possibly reducing the [IJ\Irollferatlon of brain
Keratin measurements (Fig. 7) and keratinocyte de novo DNA synthesis (Fig. 8) were measured

concturently (i.e., simultaneously). The parallel changes in keratin and keratinocyte kinetics

confirm the hyperproliferative state present within the tissue.

EXAMPLE 14: Comparing actions of chemotherapeutic agents in different tissues

[00251] Male balb/C nu/mu mice were implanted subcutaneously with non-small cell lung
carcinoma cells (SW1573) cells in matrigel. Mice were labeled with *H,O and treated with
increasing doses of gemcitabine (Gem), administered every other day (as shown in Fig. 9). After
5 days, tumnor, 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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amyloid-beta protein (thereby reducing the risk of Alzheimer's Disease).
SERMSs might be designed that oppose the cell proliferative action but
stimulate or leave unchanged the other actions. Those agents would then
Wwevssgrsasqublic health and commercial utility. A means of pearesring)iors:
the optimal combination of actions would clearly be useful. All the
processes noted (replication of mammary epithelia and endometrial cell
DNA, kinetics of bone collagen and brain amyloid-beta) are measured
concurrently (i.e., simultaneously) as described herein. EXAMPLE 12:

was DRIRALE QUGS RNEy GIASHImSYRIRBSIRAE Preake awenibaKiBRIBIaa Wrater
[00245] Skin wrinkles_are increase osyre to sunli

: 2K S, WY ight. This are
G ABRSHTEo T CERSR L Aol TS ARt ar o Voo R
hydiobiasTRminty afckdtuhinkiasophativragioghdsivwaly thaxaGiR)iredstandpurine
consists of reduced dermal-layer collagen (due to reduced 69 W,

o P T a0 PR Bty A SRR RS

desaitetdnenpascthelabtincontathar protwirals(thecleninerBabb dyeimsicsl) prideration).
ratio of dermal collagen synthesis or breakdown to dermal elastin

[osysythesis poight thesefognielies el eabrincianst pheioayngiiopiestingtely
anti-wrinkle treatments in @ high-throughput manpner in animﬁll m%qels

106EMT haressHoHaEy 3?1’8‘%?%&855? el QPRSI Feach ca.1500

e nmolecules are

mnfheasteNaengers dtidled withsTHultanboemby) Witted thim 528 i pateds
watey.and mparipng.th lative molec fl ; dav-
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HU(gaBreim)denriterbsative palprdliféhadon (ONRY $ivipestiaers Tepous) and cell

pron RIS 2 EATHNPLL QREORIEAr e eTha iRaR SR depiactarizsg. by, dix Fig. 10
well- circumscribed, sﬂvery,_scailng Ioapules and plaques of v%l}]s sizes.

showies MSBIL AR HOMUGHOB RS EE e TRt R e REP ap RRgggnarrow cells,

el SRRRIIPARS AssReified Witbodisakingearhiiis oDexbobdbiNg. shinehedsifernsboth cell
unknown, but the thick scaling has traditionally been attributed
Y G AT BT BSOS h s SR o present

iferation an ncormita mal
invierftiam asakeeeritdpiegtdesions are sharply demarcated, variously pruritic,
ovoid or circinate erythematous papules or plagues covered with

[0(248 lapgingzﬁh@mé\@éye(%@?i@ﬁw@im I&Hﬁbﬂ)gm@%ﬁﬁ@&ﬂw sanlesx 10°
Erythrodermic psoriasis (exfoliative psoriatic, dermatitjs) m e‘g r

colg ErRy R UL AR BERES SISt S EL STl i e ors

BoSicatdsils/Qigavpsaratibtesietisumnbyrbesphechigcnd paclitaxel stock (dissolved in 1:1

viv solution of ethanol:cremephor EL) were diluted 1:6, prior to injection into animals, with

sterile 0.1 M Phosphate Buffered Saline (PBS). Tumor cells and bone marrow cells were

removed using techniques well known in the art and as described, supra.

[00254] Colonocytes were removed as follows: The colon was removed from animals and
washed with 0.1 M Phosphate Buffered Saline (PBS), 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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or absent. It may lead to general debility and a need for hospitalization.
[00247] Keratins are a family of more than 50 structural proteins with a
common architecture. Several keratins are expressed in skin and form
e megoseatein component of epidermis. Basal cells of theepidenis2i1o63
produce daughter cells which migrate toward the skin surface, maturing
until they contain little but keratin Kl and K10 and lipid. These cells
ultimately die forming the many layered protective outer skin surface, the
stratum comeum. In healthy human skin it takes on average about four
usinge8Eino filttne By nhvesiEoi mmhk@xétbmﬂithjté&slbqghedr&fﬁahshﬁcski n
con3iREE oot AIRTSEI IR AL Dy e BallErsion. ofhe,
eplg%r €s transit ime of epidérma eratln and Rera mocy e may thererore’
suptakEig iéwemtham@rlthaﬁ%émIMéml[m anenétmtpmvf&s e dose-

dep@RERFRINE M AKEER I WHDOYBHOKRERINEHROYE CRALSerLCRIREY B irow

two methods. In one, whole epidermis is isolated from a skin sample using
celly 70 WO 2005/033652 PCT/US20041021063 simple proteolytic

treatment; in the second, tape strips with a specially designed adhesive
EXAMPREDliEd 10 dnpshiny suntigessd sind Geteemabpnaifdiatigatiscdidfésent tissues

removed a single layer at a time. Labeled keratin begins to appear quickly
1002530 hole ebig @%ﬁ#@%ﬁéﬁfsﬁmm@mﬁw vehsaapat J@g {0 sagioasnrsiaREssapplicable

to b@@%ﬁﬂ@sﬁf@e@iﬂﬂ'hﬂﬂﬂﬁk&%ﬁiﬂr@;ﬁﬁy Tﬂ@%ﬁ%ﬁ&l%ﬁ)géd@@ﬁ%?&ﬁl Bbre accurate
nor n skin monjtore strips t least seguentia;
teohgu dor SYAGAnS i oyt of PG B o et e 1R e

effieqpidarinith |€aﬁ§am distnvi) 249 ider ativearedvdini casotabteabitingsakes
it easy to isolate the keratin fraction from other proteins in the skin. The

[poSseNe Proagrluke. weskgiveRian heihiwhole ARdeNS, AR HaRR ARG

First, the samples are extracted in a high salt buffer containing Triton

prokiferafipopaie. Kpdogphial &ééamlgﬁsﬁsﬂne‘ﬁ?a@w&r%%@ia&%ee%@ﬁm\w?éer (‘H0)

labé{mgaﬂm&zaf&thvmhﬂmhz&mun&oﬂmg meS@digéﬁt&Ddﬁﬁ)doﬂilaéaﬁ@se (Img/mL) into
A h hair is al OpoO of keratins h S|I ifferent
a sm ure‘)ls%eé’lﬁfl 11 Sl%r% aﬁr?éi r'% l%eﬁ:zeen h%léﬁ) %ﬂ a 1§cen‘qt1fuganon

follomt‘dmﬁa@'ﬂt[@mmmhmm@/@% mmkepaﬁn)s are produced by
this simple extraction. [00250] Normal mice given deuterated water do not

[po2shieve pletaayderienymnerichneftn skt Kool seneraliweaks tumor
xens)gr%phg %leﬁx?& rrla118<;[e xﬁrlearif(:%rgnigp anEteSJ\I szl}ca:gmgn breast tumor cells. After labeling with
HgO, individual animals were sacrificed, and hoth tumor tissue and liver tissue were harvested
from the same animal. The proliferation rates of tumor cells and tumor endothelial cells (i.e., de
novo DNA synthesis) as well as liver cells and liver endothelial cells were measured
concurrently (i.e., simultaneously) using the methods of the present invention as described,
supra. Fig. 14 depicts the results. In Fig. 14, the proliferation rate of tumor 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 direcily
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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psoriasis model with hyperproliferative skin, approach full keratin turnover
in just four days. A similar contrast of normal vs. FSN mice is seen in
epidermal keratinocyte proliferation (Fig. 8). Keratin measurements (Fig.
Wavehkeratnocyte de novo DNA synthesis (Fig. 8) were maasutatho4/021063
concurrently (i.e., simultaneously). The parallel changes in keratin and
keratinocyte kinetics confirm the hyperproliferative state present within

the tissue. EXAMPLE 14: Comparing actions of chemotherapeutic agents

in different tissues [00251] Male balb/C nu/nu mice were implanted

n@%@ﬁ%«%ﬂ?&m wﬁ&gfly%ea@ﬂli@ﬁﬂlmﬂgf&w@m el S VA AEARNRBYISIF the

in matrigel. Mice were labeled wjth 21-120 and treated, with increasin
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dration was measured as describe ,suprafm'?he
tunes bpliglifdifativionvas! iebitebiproliderrsioamd tho e naboreipells iy aot change, as
-r ihi little inhibition. De
e e R R A5 0936057
PCT/US2004/021063 was measured concurrently using the methods_of .
EXAVELE G ingigq\mw TR Ao SR B Drogenesis
living organisii& (8852 20" drinking water). DNA is isolated, hydrolyzed
jogosgpe dNs. apgd derierim JBrerRoaiion g I HeRXirese ERIDNEH the

of purine and pyrimidine dNs is measured by gas chromatography / mass

singlronesrrmp ey dsigwibineg GopribernatkebeNestminisa tpllmark feature
of IRYSRIE thedg;j Ve IR ST sisiCelkaralifaialiaptd 0 2hddo kartaleg as an

. balb/C nu/nu mice were impjanted subcutaneously with approximately .
OB A At L GRS AR e hbiid topgs and
apaioviet tellpadifaatibhD@pharing ihedice chiliceasse rstibiveledblyioh 1241 Riry, cell
treated with eithe 5 I, itahi .
B B S o A AL APIRG B BINRE A poot iz,
thedelily campicosniing fon ierecalamagkifereryarting delystiomiorganeset ispiosigal
m&HQdE.eH)xﬁ’i‘%lﬁﬁ%ﬁ%@Ba!‘fﬁﬁé@%@e%ﬁ&?ﬁe%&%s%iﬁgﬂo%éﬁﬁﬁ-i@ﬁ dat8ABtional

depicted in Fig, 10. As Fig. 10 shows, Gem and HU caused reductions_in

feqtues PERTRIRGHFY BEtARRG Mt (Bén & YAl B ICE s nerapsti A REP RS FEC-)-

administered the control saline solution. De novo DNA synthesis from both
[082P1types Wés micawere ihisoredubxeribill. witlsintLitdicneshd Ui giod CCly or

, vemamgﬁfiotﬁ%vgéﬁ§@ah proliferation was measured at 2, 7, 14, 21 and 28 days of H,0
administration and CCl, treatment using the methods of the present invention as described,
supra. CCly significantly increased cell proliferation at both doses (Fig. 15). Close to 100% new

cells were demonstrated to be present after 4 weeks of repeated CCly dosing.

[0(?260] Liver collagen synthesis was measured concumrently (i.e., simultaneously) with de
novo DNA synthesis in the same CCly-treated SJV mice. Collagen 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 Laemmii sample buffer (Bio-Rad, Hercules, CA) after
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invention as described, supra. [00253] Nude mice were implanted with
human SW1573 lung cancer cells (5 x 106 cells/animal), injected with
varying doses of paclitaxel, and labeled with 2H20 for 24 hours. Both
vehinles(bskspv/v] solution of ethanol:cremephor EL) and packexeksioshke 1063
(dissolved in 1:1 v/v solution of ethanol:cremephor EL) were diluted 1:6,
prior to injection into animals, with sterile 0.1 M Phosphate Buffered

Saline (PBS). Tumor cells and bone marrow cells were removed using
techniques well known in the art and as described, supra. [00254]
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e e T

caldidaioddromarid mroreaeiomede iseartrbag fere sdnldbysr poisBpasipk e methods

of [ REARSeRNESIS H%&ﬁﬁ%ﬁﬂ@uﬁram@?gﬁll'@ge?%ﬁ@&@f@m@ﬁﬁakﬁ% IFigs. 15 and 16
proliferation rate. Endathelial ce tg)rolifer_ tion was gy tified bé/ use,of Bh%h

togﬁsgm&{@p@%e able to show that significant cell proliferation occurred at both doses

of CCly, whereas significant collagen synthesis occurred onty at the highest dose of CCl, thereby

providing a sensitive technique able to distinguish between two biomarkers of liver toxicity. -

[00263] Cell proliferation and collagen synthesis (furnover) were also assessed
concurrently (i.¢., simultaneously) in mice (C57BL/6 and Balb/c) fed griseofulvin. Griseofulvin
is recognized as a hepatotoxin, inducing cell proliferation and porphyria. Mice were
administered griseofulvin in their chow (1% wiw) for 5 days. After 5 days of treatment cell
proliferation (measured as described, supra) in C37BL/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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labeling technique. Various tissues (as indicated) were digested with

collagenase (img/mL) into a single cell suspension. Endothelial cells were

enriched by Percoll gradient centrifugation, followed by FACS (sorting on

wolestinasshCD31 positive cells). [00257] More specifically,ihekinaiian @3

angiogenesis was measured in liver and tumor xenographs. Balb/Nu mice

were transplanted with human breast tumor cells. After labeling with

2H20, individual animals were sacrificed, and both tumor tissue and liver

tissue were harvested from the same animal. The proliferation rates of
EXAmMeT 3els. andoumas andathaliakes s Qtﬁw%aﬂrngOQ'ﬁ';@ d;%‘/x?éﬁﬁ?x{%l &

well as liver cells and liver endothelial cells were measure concurrenfl%/
projiferation, misseglial v elb prokifier ieth oad/or iy limsinthissiention as

described, supra. Fig. 14 depicts the results. In Fig. 14, the proliferation
[00264] of tumblzbeidetiedakeslIGAD) shthanst toehsighidi aanyyrlighanhaind @arious

tate af proliferation af liver e helial.cells. Similarly, the rate, of
b R T iR PP i e iy e -
termapal FhgmsiitlefiAd s dn adiffitien)iz éstthatithishechhiguaceas bekiaechidges in neuron

felTnivi ' is inhibi | ti-angiogenic compapnds). For
P B L SR bl o e

PrefsRtoRsaHen Aloms ot bakmamsRdl thetmpibansetsd tswshthmgntadaitof these
conipeppignmorididates ranintybiian aldeses soeihalial celinialiaration,

reIaLtéiﬁ{de to liver_endothelial cell proliferation and, potentially a reductionin
CORRABI AT BIBARSHTSHITEASY R A S S5h 96 DB sBgointlammation not associated
with@DUSE00402 {06 livenaeddpretifesation: (fangiegenasimis limiting for
tumor cell growth). Alternatively, if the one or more compounds having
anti@piaRenis AciMLWers pdinistered systemically, then rates of
tumor endothelial cell proliferation and liver endothelial cell proliferation
Id both ,change (.. ould. decrease) such that the ratio might remain _
[ﬂo\gﬁc anged. The fgast?(‘(ﬁn(?}érea AR ATHEESH %%ﬁﬁ%‘i%%%&ﬁm obtained.
SegsedditedBHanertighiethore theschanbelapinel Shah@SRor detrinined e
{h6id §l3HNE ABRRBHSHCS A ANQ S APLITOW I EXAMPLE 160 ¢ outs
o Comparing liver gell’prqliferat%%%Dgl\%g?s%?ﬂﬁ%%is %lém?\ll%srﬁfﬁ%ﬁgﬁegsig esulting
maternblg sxcypiad &%y antroeripnge b fas eadiveriidduseniserhingettamatography
- ancitiesaiot byaniniigpnddsdied IR MORLEMMON SAYRR. ALY W Purificd protein

s Byl (oM Tkt Npgross s @ halmark feature

[60266] ' Enrichments for Ab, APP, and CTF are perfoﬁned as described, supra.
Molecular flux rates for Ab, APP, and CTF are caleulated as described, supra.

Isolation of Hippocampal Neurons and Tetanus toxin staining for measuring neuronal cell

prohiferation

[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 m] 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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of hepatocellular injury regardless of the toxic mechanism, Apoptosis is
also emerging as an important element in drug induced liver disease. The
hepatic response to both necrosis and apoptosis is cell proliferation,
eplagngsihe lost cell mass. At low levels of toxic injury, cell parofifenationioss
may be sufficient to maintain normal histologic appearance and liver cell
pool size, thereby compensating for toxic damage and preventing
detection by standard histological methods. Only when the damage
exceeds the liver's ability to repair itself do conventional features of liver
30 mi@XiCiTeconsndppatest g cataifagedt B8 nierdsisy.filmbeisiete jupernatant.
00 SVJ mic re injected. 2x w. ithnd .
At T b Pty B
polistiet] @licanit@Pdags Oipal-Alowddwamistatomsradeusivelprenenaingg to
th present invention as described, supra. CCl4
amths?fg}}%%?ngty i(f%gremg?sed cell proliferation at both doses (Fig. 15). Close to

100% new cells were demonstra%gd t% bF c[gﬂeguesnt as]‘lier{ 4 weeks of
[00268h e ate FERTHARBEAOY8 6] PRIAP SBaGen Synthasis was measured

concurrently (i.e., simultaneously) with de novo DNA synthesis in the

- [0026%me CClantrefapsats J00nader Toriageh wassimensidih Remipad frekfml cell
dissdQRlMEIRIMABaNAIeRS fRlloWS disigaPIdtianihomeRaRid eéntatagsinatant.

was isolated from soft tissue by homogenizing in 0.5 mL 100 mM NaOH.

der these conditions,, cqllagen remains,inso hi t
[‘"’zg teins %???53 f#y%?s%%?%%? %ﬁ%ﬁ‘gggﬁk@%%%i%éﬂ §t0 \%{', Oliggg)i?%gé orﬁ i%for 1 hour
Add MinlitHSbatrdich tind supefngeant T8 aifera radriarkhspee supapianhstjash 1x

with QUSYINIIR Ac ka2 ARL Sl Y BliReOHR seruring larmnlisampig buffer
I0-Rad, Hercules, CA) after 74 WO 2005/033652 PCTIUS2004/021063
boiling for 3 minutes. The djssolved erial was size-fractionated b
(002813 RG2S RN A PBEotio7b SRR LRI Add 5 L
TTaansteredconiaiMisibn andos aalidesn band corresponding to the alpha
monomer of collagen was excised from the resulting membrane after

(0023 ining tlﬂ%x%%{%kﬂrﬁ%&v ith.Geomassisbikg: 002 8AbAGRIN Gentrifuge at 1500xg

récipitated total liver protein and PVDF-bound collagen were hydrolyzed
for yimeanithgpavitre Gune@hnt. cRrsursead i 808 1ihdvesiyserAs were dried and
the N, O- penatflurobenzyl derivative was generated by addition.of PFBBr

[ooFyerce) ahdQ0 Suferil hooknihausdmekaialpebly sioxypedineoassmin at RT.

Wasf}lij th)r(] %&tc}ileSr I}:\gialiul%l?b%rvr\llgtgzk %’tggllﬁlnn}lu%izn% %{ ?f(%ggg for 3 min and remove supernatant.

Resuspend in 500 pl HibernateA.

[00274] Dilute 5 yL goat-anti-mouse-ALEXA 488 to 50 pL in HibernateA (1:10 dilution).

Add 5 pL diluted antibody to stained sample and 0.5 pi, to the negative control. Incubate at RT
for 15-30 min.

[06275) Wash 2x with SmL 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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anhydride. Hydroxyproline was analyzed on a DB225 GC column, starting
temp 100C increasing 10C / min to 220C with selected ion monitoring of
m/z 352,353. [00262] Hydroxyproline is a molecule of interest and is
weaswedas OH-proline, the molecule being essentially uneguarko04/021063
collagen. Because of this fact, total liver protein hydrolysate can be
derivatized and the 2H enrichment of hydroxyproline determined by
GC/MS as described, supra. Fractional synthesis of collagen in normal
and CCI4 treated anrmals was calculated from 213 incorporation into

0 ' Dte megriheflmethais mfAﬁrﬂmmaen&lsease

rolrferatron occurred at botrh doses of CC14, Whereas nrfrcant
(092 dhagon JHHESBUEREN diy P RREEER R of- e e pesghtized and
perfiy@Vidingia msmmephmqmab&mt@c@stmgwgh Betwea@ Mithediately harvested
rkers of liver.jgxic 002 Cell Irfe llagen o
o AL e S, e LA ED A T [ s at 37 Ci
baﬂbr iadkanentash)gitmdes (CBBB w;am&mmmeuogr%m\m 0.25 % trypsin, 0.8

% gﬁteeotutym&fqa%ﬂ'(? i A:Nepaso éﬂﬁggtngrr&r e% 8{1 (yﬁﬂ%qsf’;ﬂg cold

Istere gI’ISGOf vin |nt elirc

ria. Mice were a
e ) DNRMEIARS B Rt R AeTalB ek anice. Tisue i hen
trlm%&ﬁ@iﬁﬁteﬁ%ﬂﬁﬁﬂiﬁ ﬁﬁfﬁﬁﬁe&ﬂ%tm\f%gdé‘ HRARRARERIfREBHAR. The resulting
ntr pecifically, administration of griseofulvin at
st Gb18 DR e r\@oraférf@a%%rwﬁéteﬁ 2P BRSPS A8
disc&ﬁﬁ&ﬂtsmnﬁxdohgmeBQmmwéaaeacﬁﬁer&dmu(ﬂgdé&)s Collagen turnover
was also measured as described, supra, and no increase in collagen

joovgpover wag deteciedaisthe 4563 Rl ﬁ!ﬁ@ﬁi&ﬂfﬂ?fﬂ%@%&@iﬁ%%%@ﬁ%fso and
mice_(data not shown). 75 WO 2005/033652 PCT/US2004/021063

CDHy e e 470 pespfipsaiidshusedPim e qdshenisisrdibvg dethsernatively, cells
can belibdlad oath praifesitiomhaigrpelirbielhpiaiiers v, andioiseaelidr microglia

synthesis 4 e (AD) is thou 0 inv
of “%aé? sfﬁrn(‘:#g ?%’5}\,@%%% mI\?{ﬁ‘g@pro gifs g a%eﬁﬁ%ﬁé ‘&%{S{g{a{ﬂﬁj b than
fixigg tihein imrh YA or dberschmpqoteian(ARM)s aswl thésGlateiniinalifrg dpnentyok that
entce‘ﬁtgbtgtﬂq}%h Re M&tﬁ&w ﬁR}gﬁ{t other factors, such as changes in
rolife

neuron p ration, neuromtlammation, and myelin kinetics is also

00 %i)lved metl‘;l] ods of the present invention allow for the concurrent
00 AN UL AE SSBHEFHER B Bt gaera |

Isoclating and measuring myelin

[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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components or a fraction of the components thereof to, for example,
evaluate whether a compound has therapeutic efficacy in a mouse model
of AD, neuroinflammation not associated with AD, neurotoxicity, or other

Reysoskagesarative diseases or conditions. Isolating and meagifingshiadios3
proteins [00265] Mice are sacrificed and brain tissue is extracted and APP
and CTF are obtained. Secreted APP is extracted from mouse cerebral
spinal fluid (CSF) or brain. Proteins are extracted in neutral buffer,
insoluble material is removed, and proteins precipitated. Resulting

in tRelBHahIS EXchanosd H?‘i@(ﬁi@t%ﬁ%@f%%qgg Baifean %%LHAE@%Q}’%&H off the glass

exchange chromatography and then size exclusion and/or reverse
o LD SR A P AL ARG b U FRESFB R dmFELF e

sufebi@AnafipidesteinsplohQed 6ah EanchmentsfpeApiARRd #RAGE FedtRe is
di?enéggmed as described, supra. Molecular flux rates for Ab, APP, and

are calculated as described, supra. Isolation of Hippocampal
Neurons and Tetanus toxin staining for measuring neuronal cell

10BN keratiohYDoded dexsipirg pelyanm (ghipredpmirtghanaldvatent

ol (BravBitedbOnSEnaliedpha A RIRCE HHtk SHAKE e TLC
rprg:%egD Ase aeltlguot from -20 freezer and allow to thaw in ice.

Re
Plgiss; BIREE Sl e PA b ra BRI F teastie spuiaed prlanes 1, 10, 19 of
thﬁntﬂfﬂ@‘éﬁiﬂiﬁﬁcatgﬁDﬁlﬂHWﬂ@feigﬂm raaan@mmﬁ,v@zol adNApdRe YA to spot 100

brajn..wash in 5 mL HibernateA and dissect, out hippocampus, cut into . .
e e e A P SRE O b ! ek vty
drm(IReflathpiahstion dovel@8d in didDivabepingtypisinZing fiakkoRigess plates, facing
each/ SthiQr K%M(%%RQ%Q&E’@E?IE&% %%994/9%‘%%%&”%,51"%Jé%%%&e%ﬁer TLC

15mL conical tube, centrifuge at 1500xg feo §m|n, and remove
Pladeyesyratanty A de DiFeHipFahealaiks StMmendene enintabirdet it iate 4@k
speRlyluBiDfSIngIR: Rapely fite-walished wilicanirgs-Rastetsieetriiandor ¢

settle for 2 % and transfer the supernatant to_another 15 mL conical

PIYSB Ao A3 ]hRdpsins bR druplirite teshediinsdhreriraingderlsbonds. The
spf0FaslCenttifugdeat ADRM G araBno i vaCHREE YQSHFIBINARNTLC plate images are

B e
75 mm disposable glass tube. 1 ml of chloroform-methanol 2:1 is added with BHT and
vortexed. Let stand until silica settles. The solvent is poured into a 13x100 mm screw cap tube.
The solid residue is discarded. 1 mL of 3 N methanolic HCI is added into the tube and the tube
is capped tightly. The tubes are pﬁt oﬁ .a heétbiock at 80 °C for 2 h The tubes are then removed
from the heating block and allowed to cool to room temperature. 1.5 mL H20 and 3 mL hexane
are added into the tubes and the tubes are vortexed. 1.8 —2 mL of the bottom layer (methyl
glucose and methyl galactose) are transferred to GC vials. The GC vials are put into a fitted
rotor of the Jouan 10.10 speedvac and the rotor is balanced and set at 60 °C. Vacuum until the
tubes are dry. 100 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 cappéd with a cramper. The samples are run on the

GC/MS and galactocerebroside enrichments are determined as described, supra.
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[00270] Resuspend in 5ml of 4% paraformaldehyde solution. Incubate at
RT for 1 hour. Add 5 mL HibernateA and centrifuge at 1500xg for 3 min
and remove supernatant. Wash Ix with 5mL HibemateA and centrifuge at
106wa faE:3:min and remove supernatant. [00271] Resuspesner &t 1063
HibernateA. Remove 50 L for negative control. Add 5L rTTC to 500 L cell
suspension (1: 100 dilution). [00272] Incubate at RT for 1 hour. Wash 2x
with 5 ml, HibemateA, centrifuge at 1500xg for 3 min, and remove
supernatant. Resuspend in 200 L HibemateA. [00273] Add 2.5ul anti-TTC
[003gPody g siRinki Samale, iRy %ﬁ%&m&t@&n%ﬁwﬁ

~with 5 mL HibernateA by_cen'grifu%lng at 1500xg for 3 min and remove = |
incorpoErsd tantelrasG dp SRRAFIEIY Ih BE pRRSAS O BieAPDR Gidestge if each individual
pullRAGH rRatI 3 it 3 Biich SR Spddibemaian {dakudilyionficafdddbe so

. pL diluted antibody to stained sample and 0.5 ItL to the negative control. .
R PRSP 1 AP o ey R PP S PRETP ey det
by centoifiiginapatd 50Dxg:fopid for prapsteeof olzeitgwierdatsiatdResitspmadily apparent
tained sample in.ImL, and negatv i Hibernat .

o H T L ol IR YR IR S B SRR, 8bhin changes
andimedifirati oty by My oiizo0 s/ 08868 2pating Spo0hosmigb®d seratied the
ap}g%ilggggﬂggg( the measurement of neuroinflammation in Alzheimer's

disease and other neural diseases (such as neural inflammation not

associated with Alzheimer's disease) [002771 Mice are labeled with 2H20

for an appropriate period. Mice are anesthetized and perfused with 10

mLs ice cold PBS (tra ns-cardiac perfusion). Brains are immediately

harvested and placed on ice in cold PBS. Brains are then minced and

shaken for 25 minutes at 37 C in baffle flasks containing 30 mLs of PBS

supplemented with 0.05 % DNAse, 0.25 % trypsin, 0.8 % glucose, and

0.16 % EDTA. Subsequently, each flask is neutralized with 30 mLs of ice

cold media (1:1 DMEM:HAM's F10 supplemented with 10 % FBS), and

placed on ice. Tissue is then triturated repeatedly with a 10 mL pipette

until all tissue fragments are dissociated. The resulting material is then

filtered through a 100 micrometer filter, washed in media, and run on a
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discontinuous percoll gradient in order to remove non-cellular debris.
[002781 The resulting cells are stained with the macrophage specific
markers F4/80 and CDI Ib, fixed in 4 %paraformaldehyde (PFA), and then
isolated by FACS. Alternatively, cells can be labeled with other cell
surface or intracellular markers that can be used to sort microglia or
microglial subsets by FACS or MACS. Cells can also be sorted

Claim.‘ mediately rather than fixing them in 4 % PFA. The technique can also

1.

e used to isolate infiltrating leukocytes that enter the brain from the
circulatory system. (00279] DNA synthesis is measured as described,

supra.disglainghandimeasting My sini0rRS0hA SELTE My or more biological

microcentrifuge tubes are weighed. Brains are collected from the mice

molecgifg iBUEiE Rit8 EHe Bishoighiely giret semmidfugentabieseThe 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

ra3bPBRIENE sy phife theBPATTRIOD dilf{denaespatareisiisbaagpin content
pukdhe mingeddrrandhrclubinthermicserenisilign iubes: HRERARNIS one or more

minced well with a spatyla. A portion of the minced brainis putinto =~
15XBG RIS RIBSE Witk PTRR SEsUFeapiahsimgane fylisringaid one or
thedsotiemaf thebivhkeichheiaptef the Brainsmstefeein ¥ope tabeled water for a

microcentrifuge tybes at.-20 C. 2 mL aqf chloroform-methanol 2:1 (v/v) with =~
P oL Aty bR Pa{ssé”ﬁjL?Zé’g15%%’%8%?@8?‘&%‘%&@%8’“&%%9@ biological
thatathotthe tifsuesase soaked 18O 200840386520ical molecules to determine
PEISRORNI0ZIN6 Inhe solvent Let stand 3 at ipom temperature in

a'dark area. The caps are taken oft gf%fi;s ]tfj e& e tibes are

centrifuged at 2000 RCF for 10 minutes at room temperature. The

super : (lipid e [ red.i -mL screw capped vials and |
T O 1 L 0 ! Ao oLl Rotecutes o
(cHlahRo s -reletharoiliertr: (189 1159 680 %74 06 isbaeldgdahmthales.

TLC separation tanks | h before adding the TLC plates. A 20 mL pipette is

used to spot 20 mL of total cerebroside standard on lanes 1, 10, 19 of

2. whamshekesianidagersn ridinimes lahsicdasraampleda 20 mL
pipette is used to spot 100 L of lipid extracts on two neighboring lanes (50
mL/lane). Wait until TLC plates logk visually

3. The méthod of claim 1, wherein said biological molecules are of different biochemical

classes.

4, The method of claim 1, wherein said biological sample is obtained pre- mortem.

5. The method of claim 1, wherein said biological sample is blood, urine or a biopsy.

6. The method of claim 1, wherein said biological sample is collected post-mortem.

7. The method of claim 1, wherein said measuring step (a) includes calculating the isotope

enrichment of said two or more biological molecules by mass isotopomer distribution analysis
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dry. The TLC plates are developed in the developing tanks. Each tank

holds two plates, facing each other. Normally it takes 40-45 minutes for

the plates to be fully developed. After TLC plates develop, wait 15

minutes for the plates to dry. 20 iodine crystals are put into a tank

specially used for iodine vapor. The tank is put on a heatblock set at 80 C.

The dried TLC plates are put in the iodine tank to visualize the spots of
(MlDL&BidS gont 'njn9 double bonds. The Tsérp%g)ts of total cerebroside standard =~

e MardRBY MRHPIREES Vg STes” @Ffét&fat%eﬁwagf@g%@%éanﬁféﬁmm the

moledwua fbompatert Fnetsitica gekishiclettelhantaweaseighing box and

transfered to a 12 x 75 mm disposable glass tube. | mL of

chloroform-methanol 2:1 is added with BHT and vortexed. Let stand until
8. sillde setthed. dhdasulviefitribgoumnadrintocaliSxd0Bional sepenl capntitadly converting
o | ' Is.di } methanolic HCl is added into
said ijt];}%g%z%éqgr(?(jé &t%%%t Hgﬁgﬁgggﬁgﬁ%%ﬁﬂe tubes are put on a heatblock

at 80 C for 2 h. The tubes are then removed from the heating block and
9. aligyedinpag! 5&159%@59&@@@5@&&@ daRand ;%érﬁ'c € @lfading said

_added into the tubes and the tubes are vortexed. 1.8 = 2 mL of the bottom™

biologigal Mpf§P- glucose and methyl galactose) are transferred to GC vials.

The GC vials are put into a fitted rotor of the Jouan 10.10 speedvac and

the rotor is balanced and set at 60 C. Vacuum until the tubes are dry. .
10 10 FsYPAt iy bS5 e PIHI s Sl tepcermaisangomically
modithigg\ialkatecoyered andoalawad g stand for | h at room temperature.

The vials are then blown down under N2 until dry. 100 L ethyl acetate is

added and the vials are vortexed. The mixture is transferred to GC inserts

11, arththewials afeleappedidibia isampetpdiia: sapploscarep RN diRring a ratio or
GCG/M _ar\g\%%)al to eregergo ide,enrichments are determined as described,
graph%%%pr‘ﬁ.% LSS BT U&S004/021063 1002821 Al
publications, patents, and patent applications cited herein are hereby

iNGQrpor. reference in their entirety for. all purposes to,the same .. , .
B S 2 eSO S s
molegpetifichly dndintividnaiyitidicatédRooensss ipeorporetted by reference.
Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it
13. s %ﬁdﬂ}?@@éa?@n‘f‘%*thb%e‘@%ﬁéﬁné@skﬁﬂ incieraesindigistiottiseid two or more

biolotgaghingsokihis iayen iggtltglﬁgﬁ?rtain changes and modifications may be
made thereto without departing from the spirit and scope of the

14, The method of claim 1, wherein said two or more biological molecules comprises a first

biological molecule and a second biological molecule and said first biological molecule is DNA

and said second biological molecule is a protein.
15, The method of claim 14, wherein said biological sample is obtained from the group
chosen from muscle, liver, adrenal tissue, prostate tissue, colon tissue, endometrial tissue, skin,

breast tissue, adipose tissue, colon, lymphoid tissue, and brain.

16.  The method of claim 14, wherein said DNA and said protein are measured

simultancously.
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appended claims. 80 Claims: 1. A method of analyzing the relative
molecular flux rates of two or more biological molecules in one or more
tissues or biological samples, comprising: (a) measuring the content, rate
of incorporation and/or pattern or rate of change in content and/or pattern
of isotope labeling of two or more biological molecules in one or more
samples obtained from said one or more tissues or biological samples

al samples has been

ti |
75 m:ﬁ:g @?ép |so‘f1(1)18e?1 58?%;58%}0}?6? géo %ﬁlWB]Len‘fﬂ@%U?ﬁﬁlré‘ﬁ’t%?eéﬁld

Iabel to be incorporated into said two or more biological molecules to form

t beled biological malecul det lecul
S R, PR Ao ey e

molecular flux rates of said two or more biological molecules to analyze

19. thﬁl@@é%@d@?@g%{iﬂiﬂ% %ﬁ?s% SS (t*,\l%olsoé ecr% é’]‘b e'g?'\?\/éf%]?%?é@&% 18

2. The method of claim 1, Whereln |soto eris

m“OCW@ﬁ?éﬂHHdtof claim 1, wherein said biological molecules are of different

biochemical classes. 4. The method of claim I. wherein said biological

sample is obtained pre- mortem. 5. The method of claim 1, wherein said
20 pidlsgBaiedniblenmbIshd hFTopdoRIBEN 6 Fireinthotbisticiaih id DNA is
cenoMIBEIRIN . said biological sample is collected post-mortem. 7. The method of

claim 1, wherein said measuring step (a) includes calculating the isotope

enrichment of said two or more biological molecules by mass isotopomer

21. le&ﬁi&i[b@ﬁﬁ')é&!ﬁrBl (MLE&H amd:za@@tymgwg%wﬁ@[eet@%ctae{pose tissue acyl-
} gntl?I dec%y (guatlog % etermine the molecular flux rates of said
& Vcaiwo or m BIHAPRIE SUE 1 FENH RS DN further
comprising the additional step of chemlcally converting said biological

%eculeg g{ror to meﬁprlfg E:?p“ %;j%eépﬁﬁr\ﬂd of cI im 8, wherejn

. the chémically converting step comprls %Sﬁic iOMogTeRle Wherein said
seconghblelngliesl molecule is a protein and said third biological molecule is DNA.

25. The method of claim 1, wherein said one or more biological samples is obtained from

somatic tissue,
24, The method of claim 23, wherein said somatic tissue is chosen from muscle, liver,
adrenal tissue, prostate tissue, colon tissue, endometrial tissue, skin, adipose tissue, breast tissue,

colon, lymphoid tissue, and brain.

25. The method of claim 14, wherein said first biological molecule is lung fibroblast DNA

and said second biojogical molecule is fung collagen.

26. The method of claim 1, wherein said first biological molecule is a protein and said second

biological molecule is mRNA.

27. The method of claim 1, wherein said first said biological molecule is mRNA and said

second biological molecule is DNA,
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10. The method of claim 8, wherein the chemically converting step

comprises chemically modifying or derivatizing said biological molecules.

11. The method of claim 1, wherein said comparing step (b) comprises

measuring a ratio or graphical relationship of said molecular flux rates.

12. The method of claim 1, wherein step (a) comprises detecting said two

or more biological molecules by liquid scintillation counting, NMR, or

s spectrometry. 13. The method of claim 12, wherein step (a)

8 e TR DI S NG B MO GBI FOREAIBE By ifacee chosen from
apolirgpectronietryziiderides, pietiyddiafidkaihds wdhereindsaiditweror snere

biological molecules comprises a first biological molecule and a second

biological molecule and said first biological molecule is DNA and said
29.  seldenodiioldgitalanole8ulehis ampreteinnd 5r Therenistiogof claimlddis chosen from
tiver YRSy said biological sample is obtained from the group chosen from

muscle, liver, adrenal tissue, prostate tissue, colon tissue, endometrial

tissue, skin, breast tissue, adipose tissue, colon, lymphoid tissue, and

30.  brair. d6mbhemethaed P,f %F@iﬂ-d@a\’é{hﬁfﬁirbﬁﬂ.@gg%l%%ma@QSpéfi{}géﬂj%rl%oiety of

. measured simultaneously. 82 17. The method of claim 14, wherein sal
wiglygigtsgredisgihspreebhipasiss immlsrwelis 2 fgtymidmwisboodtieneerde.
wherein said biological sample comprises bacteria. 19. The method of
.. claim 14, wherein sajd protein is a cellular protein and said DNA is

Sl mitdenBiiiRg) ONAED. therstibducibt 1ohasbinmeltayRotaimiaghondrial

cardisigiiulanpeoieirand saihHNADIGaNoIE RBNANdL-THE method of claim
1, wherein said first biological molecule is adipose tissue acyl- glyceride
and said second biological molecule is either protein or DNA. 22. The
32, métradofelac2infurthehinelnding akhitdobigiogicabmalecyle WARTSIA and said
Secon%agdolge%g r<13[{_)0ii?ollﬁgicsal ggs%laetlzule i% a Iorot in and said third biological
molecdle is DNA. 23° The méthod gfgc?glun’{“l, wherein said one or more
biological samples is obtained from somatic tissue.

33. The method of claim 1, wherein said first biological molecule is dermal collagen and said

second biological molecuie is dermal elastin.

]

34. The method of claim 14, wherein said first biological molecule is keratinocyte DNA and

said second biological molecule is skin keratin.

35. A method of detecting, prognosing, or monitoring the progression of a disease, disorder,

or condition in one or more tissues or biological samples, comprising:

a) measuring and comparing the relative molecular flux rates of the two or more
biological molecules in a first population of one or more tissues or biological samples
according to the method of claim 1, wherein said first population comprises tissues or

biological samples lacking said disease. disorder, or condition;
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24. The method of claim 23, wherein said somatic tissue is chosen from
muscle, liver, adrenal tissue, prostate tissue, colon tissue, endometrial
tissue, skin, adipose tissue, breast tissue, colon, lymphoid tissue, and
brain. 25. The method of claim 14, wherein said first biological molecule is
lung fibroblast DNA and said second biological molecule is lung collagen.
26. The method of claim 1, wherein said first biological molecule is a

praspincandisaishsecandrhiolngicalimeolesieds,mRNAR &+ The methedof

clajm 1, wherein said first said biological molecule is mMRNA and said

se 6?1‘8%?8?65?&%%]‘%1&6%&1?8%‘%9@9%19% OF REerAEtARE B el bivipgiealsamples
theaborerinmnorg-hiotogigal molecules are chosen from apolipoprotein B,
triglycerides, phospholipids, cholesterol, and cholesterol ester. 29. The

method of claim 28, wherein said one or more biological samples is
chasentéronitiyerdaiiednioos:30cd e methad effulaind, iwheateinsaid st second

biological.molecule is gl | moiety of trigl ide and sai d
i T S ST K

claimng@jtwherein said first biological molecule is mitochondrial cardiolipin

and said second biological molecule is mitochondria] DNA. 32. The

method of claim 14, wherein said first biological molecule is B cell DNA
3 waibodeEdingrsiotagivakmuolegute isplasme imnunogisulivr B8:xTFhel

pulfREHROERLCainy 1 whgrein said first biological molecule is dermal
collagen and’said” second biological molecule is dermal elastin. 34. The

method of claim 14, wherein said first biological molecule is keratinocyte

DNg) andssaid serandhiologicalmelesia is %54&_'6%%‘ rawdé_%rénsﬁlgmgf%gcai

detecting, pro.-nosing, or monitoring the progression of a disease,
disErelsrulst BonBrrPmisHengiiperetissuedisipicto ickisderhpiaw]es according to

conpisings@)IRASUITRG 8 cempRLING therelative mlecllal-lux KaleR ica

of the two or mare_ biolagical molecules in a first population of one or o
mor8TRSE LB BisdHeL aatis e ctertiia 1 renratbEs chaifnvherein said
wheveinsaicdiss P gkl AT Bce PSSO HISBHRS:OMlagen and fibroblast DNA:

b) measuring and comparing the molecular flux rates of said two or more biological
molecules ir: a second population of one or more tissues or samples from individuals
having interstitial pulmonary fibrosis according to the method of claim 1, wherein said

two or more biological molecules comprise lung collagen and fibroblast DNA: and

¢) determining a difference between the molecular flux rates in said first and said second

popuiations to diagnose, prognose, or monitor the progression of interstitial putmonary

fibrosis.

37. A method of diagnosing, prognosing, or monitoring the progression of hyperlipidemia,

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 biological sampies according to
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biological samples lacking said disease, disorder, or condition; 84 b)
measuring and comparing the relative molecular flux rates of said two or
more biological molecules in a second population of one or more tissues
or biological samples according to claim 1; and c) determining a
difference between the molecular flux rates in said first and said second
populations to detect, prognose, or monitor the progression of said

digseasethdibofdeindl , eanretioaidird meihad»f HagnesitgsIOGNNSIBgical

or monitoring the. progression of, interstitial pulmonary fibrosis,

cSHRBRITE LA g RCrE SRS BR e Bl P LR FLAS F e

twiocdegialenbietagicate rialsaufesinpdifisigropitietion g oneier, R holipids,

tissréﬂ?s or t?_iological samples according to the method of claim 1, wherein
cholesterol, . ) . . .

said first population comprises tissues or biological samples from

individuals lacking said interstitial pulmonary fibrosis, and wherein said

twg or gggﬁ%gg%l o]l lecules comprise lung collagen and fibroblast .

DR T S SRR T Wt

movdsigksgicakassiépomdance sécondpopuiationcebohelogmbraitisksdsom

orsamalessam RAkidals, RGNS IR RUMENALYIBIOSIS: o ein said two or
according to the method of claim 1, wherein said two or more’ bio oglca?

mBleEUREY BrAbRSECVRS et abrssraiamimrsBiaspONIa Birid gy detérmining

a difterpoasibetweendhemalegiar flux rates in said first and said second
populations to diagnose, prognose, or monitor the progression of

interstitial pulmonary fibrosis. 37. A method of diagnosing, prognosing, or

meniterng:the; pragressionbefypalividemiayCOMRHESInG: A)dMRasWiNg:d second
and comparing the molecular flux rates of the two or more biological
mEREUREE I Do RIBSABE S WS B isspEs sioBisIdyiealipidemia,
samples according to 85 the method of claim 1, wherein said first

38p_pu!3?§|o(p %%IEB rises tissues or biological samples from individuals

WA ?lyf)’e Q% OAORE G ST S Ry dpeeression of famitial combined

hyperlipidemia, 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 biological samples according to
the method of claim 1, wherein said first population comprises tissues or biological
samples from individuals without familial combined hyperlipidemia, and wherein said
two or more biological molecules are apolipoprotein B and a biological molecule chosen

from triglycerides, phospholipids, cholesterol, and cholestero] ester;

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 biological samples from
individuals with familial combined hyperlipidemia according to the method of claim 1;

and
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biological molecules are chosen from apolipoprotein B, triglycerides,
phospholipids, cholesterol; 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 biological samples from individuals with
hyperlipidemia according to the method of claim 1, wherein said two or
more biological molecules are chosen from apolipoprotein B, triglycerides,

phosphehipits: amichelesterdl-anthehdaterminng fAiferenae:REWEER 4 second

the mql%cular flyx rates in said first and said second populations, to '
R T TGP TREFRIGHSHE PREEHES St HeRsype SRR e pbined
methedipiidingreasiind, secopdsiigdatsinonitoring the progression of familial
combined hyperlipidemia, comprising: a) measuring and comparing the
- molecular flux rates of the two or more biological molecules in a first
39 pbpuititisrod ficige imope tissties, or hiotdgidakshmplesaseardingtirtaecliular
. laim 1,.wherein said first population comprises tissues or
lmndé’:%gg%ggggn(%}éggv&ﬁn individuals without familial combined '

hyperlipidemia, and wherein said two or more biological molecules are

apglipoRitein.Bjand a hig @l&ﬁ“@ cule chosen .from triglycerides o
p%s holipiqég?choles?erolg%o and c%o%]z%ro &S teersz %Stirﬁeeméwsougrﬁg(g#gmobmd
COTPRIRF the Aslarutalefion pates of saitktiuows morebigiogicatples according to

maleciies.ing sgeand weRYiation afene o.mer Osﬁ%%ﬁ&%%ﬁé%}i Ol0QIGAL e o

samples from individuals with familial combine per a according
to tibogethsasr e divrLindiniadscyidersr mminioed dilfeleriverbetwetnathe and

malﬁwlarsﬂj@%@@giam@&J&@&m%ﬁmﬁ%ﬁ%mgﬁylﬁﬂﬁﬂﬁeJ%bulén;

diagnose, prognose, or monitor the progression of familial combine
hyperlipidemia in said second population. 39. A method of diagnosing,

prognesingagrampaitepngiheprageession.of mpaledieelial RuSogical
activ ti(‘)#% comprising: a) measuring and comparing the molecular flux

rafBS BTHYE Bvd Sr RO RS BIBIEGI Al RiofSctfas Hsudirst Biposti resmdpelion
orimbvéitissuestoiniyaelingicallsampiesa66 g taccording to the method of claim 1;

and

¢) determining a difference between the compared molecular flux rates in said first and
said second populations, to diagnose, prognose or monitor the progression of impaired
celiular immune activation wherein a decrease in the T cell DNA molecular fiux rate
relative to the plasma immunoglobulin molecular flux rate in said second population
compared to said first population identifies the progression of reduced cellular immune

activation in said second population.

40. A method of diagnosing, prognosing, or monitoring photoaging (skin wrinkles),

comprising:
a) measuring and comparing the molecuiar flux rates of the two or more biological

molecules in a first population of one or more tissues or biological samples according to

the method of claim 1, wherein said first population comprises tissues or biological
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the method of claim 1, wherein said first or second population comprises
tissues or biological samples from individuals without impaired cellular
immune activation and wherein said biological molecules T cell DNA and
plasma immunoglobulin; 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 biological samples from individuals with impaired

celiipl-acthatinm MG BLRe @f&&&%i%%%%%ﬁl AL 09 Ro or more

determining a difference between the compared molecular flux rates in
sa H’gﬂ@f%}ﬁaogﬁ}a%é’é%ﬁﬁnﬁélpiﬂgﬁ%%% drigrdsEaspragnose or monitor
the progression of impaired cellular immune activation wherein a

deD rease in the T cell DNA molecular flux rate relative to the plasma

immhURGGTEBRMRhISIEREEH0S PSR! eaitr s dabnd bisptiationr Berpasiagical

torsalictfitst inopuatienpisteniifies dhenprogiess R0t sedugad el Watpies from
irr}nm&ij\%guggt&/%t‘i(ag&i:gtaﬁid ﬁﬁgond populatjon. 40. A method of diaghosing,
Prognosing, of monitoring pPhotoadih g CRm wrimRsTetyih plisinge &) wherein said
meeasaringzridotogparingethe-motatiian flex rates Hlthe fo Lismorsd
biological molecules in a first population of one or more tissues or

biological samples according to the method of claim 1, wherein said first
popUkitiohivomp iy tissustvorchitlogivap8kéamplas fromxinadbidualsl first and
wi toagi d.wherein said two or.more. biological
o Al S iRy Sigom an
cotipatag therisieedl apfseratetcot bailuwmermigrechiotbgitaimal elastin
malerules-ing sacd hepuiatiopoh.one. o EHE%%&? R P t)slf;()lo%!%gtlion identifies
samples from individuals with detectable photoaging accor m@% e

méthtd shelansing wreidiscoafiparsdiamore 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

41ekasti ol &ular flux rate of said second pgpulation compared to said
il S{n[:()ﬂé)?bou é)tfi_jo munne a tumoricidal or tumoristatic effect of a chemotherapeutic agent,
comprising:

a) measuring and comparing the molecular fiux rates of the two or more biclogical
molecules in a first population of one or more tissues or biological samples according to
the method of claim I, wherein said two or more biological molecules are cellular protein
and cellular DNA, and wherein said one or more tissues or biological samples of said first

population are in need of said chemotherapeutic agent; and

b) measuring and comparing the molecular flux rates of said cellular protein and cellular
DNA 1n said second population of tissues or biological samples that has been
administered said chemotherapeutic agent according to the method of claim 1, wherein
said one or more tissues or biological samples of said second population are in need of
said chemotherapeutic agent, wherein the difference in the relative molecular flux rates

between the first population and second population reveals a tumoricidal effect in the
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altered photoaging in said second population. 41. A method of
determining a tumoricidal or tumoristatic effect of a chemotherapeutic
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 biological samples according to the method of claim 1,
wherein said two or more biological molecules are cellular protein and

celtdanbDiNbutadanvbresein sarhonener pRasmtissuas @rhiglegisatis amRIEs the case

of said first ulati re.in need of said chemotherapeutic agent; and b .
s e %?ﬁ%%%%%&ﬂ%ﬁﬁﬁﬁ%& e g FIIRSHEIA a)gent in

measuring a
andssetiutabiBIbiAcn saithsecant paputaionishlissues.ar Hietegicahpeutic agent.
samples that has been administered said chemotherapeutic agent
according to the method of claim 1, wherein said one or more tissues or

42bislogidal sdriplesofisaltsecond] gopulation astdeifieedof csaiththerapeutic agent,
)emotherapeutic agent, wherein the difference in the relative molecular

ux rates between the first population and second population reveals a
tumoricidal effect in the 88 case of about equal effects on DNA and

progei Stai int ase. of greater effects.on .

N Tore i roLane Mo O e ot 8L R P R fogica

tisSURIS BBl Ggrear AR SHO s Rividuale imotedidsotsaidiological samples

cheRgtifARAHECRARM ofeafimetnad & dGtermining, 3 MRS IGIdRl Mecyles are

tumoristatic effect of a chemotherapeutic agent, comprising: a) measuring

and TRt HB LB A i Rt exhsTatiesaioone pioreTBiBIogsar biological
mOA%lpl%A&%ﬁ%@'@ﬁi%ﬂdﬁﬁ-ﬂ@tﬁ&%&u&p@eﬁ& mqre tissues or biological
samples according to the method of claim 1, wherein said two or more
biological molecules are cellular protein and cellular DNA, and wherein

sait)ene armosedissupsBiehic ogitalubamples e MAeedf:saide biologicat
chemoth rapeutialﬁgeﬂt;,and ) measuring.and comparing the molecular
fluxTaifes 6t Shid WS P bidIb JIcAIC TR BRSUEIE MUK Boisatisr Gt has been
onednimeredissitsierhitiogicatsamplesthat has deenuadministeradmoristatic
saigfget%$0 J%%‘i%‘e?ﬁii%r? %ctltctaooggttermine the tumoricidal or tumoristatic

effect of the chemot era’g%uhc agent.

coml

43. A method of determining a cidal or static effect of an antibiotic comprising:

a) measuring and comparing the molecular flux rates of the two or more biological
molecules in a first population of one or more infectious organisms in said tissues or
biological samples according to the method of claim 1, wherein said two or more
biological molecules are protein and DNA from said one or more infectious organisms

and wherein said one or more tissues or biological samples of said first population require

said antibiotic;

b) measuring and comparing the molscular flux rates of said two or more biological

molecules in said second popuiation of infectious organisms in one or more tissues or
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43. A method of determining a cidal or static effect of an antibiotic

comprising: a) measuring and comparing the molecular flux rates of the

two or more biological molecules in a first population of one or more
infectious organisms in said tissues or biological samples according to

the method of claim 1, wherein said two or more biological molecules are
protein and DNA from said one or more infectious organisms and wherein
saithlone AMAR-lisstRS: Ok Biologicalsamples afisaififitst LeRURLAR wation of
recgjire said antibiotic; b) measuring and comparing the molecular flux

ra

S O 8416 TS B BFEBISTOY fEaPTBRee s e barh e poputiatioraid one or
of infleatious: ordanisgnsinensQLNALE tssuesepuBibiolegisalsamples
that l‘.ljas been.administered said antibiotic to a second population of one
antinotic; an . . . .
or more infectious organisms according to the method of claim 1, wherein
said one or more tissues or biological samples of said second population
are, i ed of said..antibiqtic: and.¢) determining a difference between the
e R R s S SR o B o
théifilegiardrsésota pobeltivms! safectiqus diganisins fia:tdetesmingsas to
gl o IR Sffee oL gk ARIBIQNE 44, method of determining a tdal
or static effect of an antibiotic during ﬁﬁerapy, comprising: a) measuring
and comparing the molecular flux rates of the two or more biological
44 malpemles naRRuiation efioReRhMare. Ifertiols Aaanisms sald ising:
tissues or biologica%?sgtamples accolrding to the method of clggll% %%r%}lrnnpmm”'
said two or more biological molecules are protein and DNA from said

inf@@ﬁ@a@@;ﬁg@H&ﬁmﬁlﬁﬂ%\%h%{me%éﬁ%& QLRYEHSTUES O BIoI0GICR! a1

samples of said. first population require said antibiotic; and b) measuring
A UBHiSaMhE R AMIERA AP AGK Fafss BF SART IR BHiABTESRIbgIeass or

moieirslikspdNepUaloNETHRIRCHQWS O IIARSS iR, S8 Q08 P&«
tis§u$s or biological samples that has been administered said antibiotic ‘
acCOT AR I HE MERBLPET Ui £ WhdFe Saleietorpiipstisaes by herein
bictdgioat saumplessefsaid popylatbaaiednonesd efspidantibioticuard iR
degg{@ii&%tgg dcidal or static effect of said antibiotic.

b} measuring and comparing the molecular flux rates of said two or more biological
molecules in said population of infectious organisms in said one or more tissues or
‘biological samples that has been administered said antibiotic according to the method of
claim 1, wherein said one or more tissues or biological samples of said population are in

need of said antibiotic, and to determine the cidal or static effect of said antibiotic,
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45.

90 45. 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 biological samples according to the method of claim 1; and 91

b) measuring and comparing the molecular flux rates of said two or more
biological molecules in said second population of one or more tissues or
biological samples that has been administered said biological agent
according to the method of claim 1, wherein a difference in the compared
molecthad flidaatesroh saitt firstiologitat fivote ofile iellatie! tesaicomprising:
second biological molecule in said second population compared to said

first population identifies a toxic effect of said biological agent. 46. A

Mt BF Bt ningpartogicheffot afbnelbrmetes cohtbounds or more biological
COMpRISIRg;A) m%aﬁbﬁgm%%%wm@ﬁmkegy@5s%%£ﬁ%%ﬁ1§fe¢§ccord5m to
two or more biological molecules in a population of one of more tissues or -
bidERAPEAhPRE de@Bfding to the method of claim 1: and b) measuring

and comparing the molecular flux rates of said two or more biological
molecules in said population of tissues or biological samples that has

been administered 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 said one or more compounds have been
administered identifies a toxic effect of said one or more compounds. 47.

A kit for measuring and comparing the relative molecular flux rates of two

or more biological molecules in one or more tissues or biological

samples, comprising: a) labeled water; and b) one or more tools for
administering the labeled water to a tissue or biological samples, 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 biological samples.

92
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46.

47.

48. The kit of claim 47, further comprising chemical compounds for

isolating said one or more biological molecules from urine, bone, or

muscle. 49. The kit of claim 47, further comprising a tool for administration

of precursor molecules. 50. The kit of claim 47, further comprising an
instrument for collecting a sample from the subject. 51. An
isotopically-perturbed molecule generated by the method according to
CBMhehontney %S SRiORIGAIL ReHRedPARKL I8, o SR PLYMET el 22l ogical
molecule is c‘(:;hosen from protein, lipid, nucleic amc?, glycosaminoglycan,
presisghys am segrpsiepria pandatarbdhyidr atamoldicales 05 3ioitg sxlethopl of that has

claigs, kARG Vheain kLG 9 mars Biglogical malgsyles

) cﬁi@ 1, wherein a
independently selected from the group consisting of lipids, carbohydrates,

proteREcSHBpfideomaiFd meled ant wudisie alcrdis! 5L Pidagiesharpbeule relative
claimsd aeebad, Mhierein Saifldsatone-lakeled Watehis Akde08m 8% 93id first

population identifies a toxic effect of said biological agent.
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 biological samples according to the

method of claim 1; and

b) measuring and comparing the molecuniar flux rates of said two or more biological
molecules in said popuiation of tissues or biological samples that has been administered
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 rejative to said second
biological molecule in said population before and after said one or more compounds have

been administered identifies a toxic effect of said one or more compounds.

A kit for measuring and comparing the relative molecular flux rates of two or more

biological molecules in one or more tissues or biological samples, comprising:

a) labeled water; and

b) one or more tools for administering the labeled water to a tissue or biological samples,
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 biological samples.



48.  The kit of claim 47, further comprising chemical compounds for isolating said

one or more biological molecules from urine, bone, or muscle.

49.  The kit of claim 47, further comprising a tool for administration of precursor
molecules.
50.  The kit of claim 47, further comprising an instrument for collecting a sample from

the subject.

51. An isotopically-perturbed molecule generated by the method according to claim
I.

32, The isotopically-perturbed molecule of claim 51, wherein said molecule is chosen
from protein, lipid, nucleic acid, glycosaminoglycan, proteoglycan, porphyrin, and

carbohydrate molecules.

53. The method of claims | and 35, wherein said two or more biological molecules
are independently selected from the group consisting of lipids, carbohydrates, proteins,

peptides, amino acids, and nucleic acids.

54.  The method of claims 1 and 35, wherein said isotope-labeled water is “H.O or
H,'"*0.

93



