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Bi omar ker and Method for Determ ning an Oxi dative

Stress Level Technical Field This Invention relates to
WO 2008/1618Y ker and a method for deternining an BXE/BEAPR/QW4324

stress level in a biological sanple, which enploys

co- f Binmarked apé Miethod dar Deterndnigigr gcOxidatisa St giss Lesel

well as a kit adapted for carrying out such a nethod.

Preferaply the co-factor is tetrahydrobiopterin .
Te°h‘§§%‘k‘§ﬁ n)é of the Invention Oxidative stress

measur enent devi ces and net hods have been descri bed,

This ih@ntRx3eRtS, oianbiu@aﬂ@ %8&&8&10&&:2@&&/&49%% M@iatlve stress level

in & eitoRlet SR Dt Aty o Boror STl P 1o SiFimeters. as
well a2 rardi ypdrRAEAN farhgarryingseutf sueh radnethiod. dreferblphithe co-factor is
tetrahy@asblidpt@inM t h menbrane |ipids, proteins, nucleic acids

and other cellular substrates. It is also known that

free radicals may be derived from environnental
Backgrgund o€ the Inyeptiol generated in mammalian tissues. In

order to protect these tissues as well as biol ogi cal

Ox:idatilréJ 'sg'ﬁssf &%Q&ﬂ%ﬂi%ﬂ? ﬁe%%%ﬂi‘ Hre'iﬁ(ﬁis I?%J s\l%eﬁ deggrtilJ)e%X Ifg‘a&ample in

/y s are eX|st|n e activit )1/
wo 2?9ﬁ |983%e‘80b%P0§é%q - W 1PER16H34 1 a4 %%Pla\?é 73%2r ess has

been defined as "a di sturbance in the

Free Iaafaaeard 'c;%r{l@e; h%cmtcohaﬁag%pau@@ggetr&ts tlrfs commonly known

r, lLeadin 0SS| i ssue amage Sie
that “rlFse Teiraieris e SrieBy eacuieci S TR i Cx RS, yggig acids and
other NesHuMor kubsttadesyi ris 2l5p] kndn sthaa| faeec eadiadls bmayebat dtived from

envirJnQne@l@ﬁ Blird¥0bE nPiyafhfmefAla ﬁlox'ﬁﬁﬁﬁ}%ﬁ‘itan Q{:s;%gbe P bReP % bAdtect these
Ve. S |

as a
tssucs KA ARG SHOE BP T Aadpagty SPioHER f15h IRl acai e gt enzymes
are existipgtthe aetiitytdf shigheistin@uanged by several chfadorsspect r um of
human nedical condi tions including cancer, diabetes,
bstructive | un ease, infl ammat ory bowel dj seas
Oxida?ive atr%scs l’il S?C fln c%ﬁn% 1S6WE)SH$%T‘?‘I tgx’e Pﬁgg%‘ﬁgflgfl an?loxigéflt balance
in faveégérféﬁ afermaer dmﬁmartp msm ftisgugleAunage” \ISledi $br Qaidgtive Stress.

Oxidahtsadrd ARlidxiddhts. arvd1,) Ne \Qrk@ts%ﬁéri <$@e1 Tﬁlﬁsﬁﬁalaﬂ@g Gﬁ{ bBe related to
one obnmgrleou%gxe cgl %Rgrllennss%l]s th bio:l' éo da ve sEress has been

I ver sl ESS e en pr oduct’s
implicgfed; ﬁ%aclw gommen pathyrn s, cekml@h dagfuacfmrt rod ydeadt pad a potential
therapeitict fagefi thr Athiread Ghedqifiah e3fNBumén hyeltien ydoaar®ak horuding cancer,

diabettelge Ab'sglugtipee rlgﬁg’aggeggs g{qagnﬂ%gﬁgxy&%?nﬁ% I fgzgrdhac ischemia,

nucl ei ¢ acid are a nown O\NEVé
glomegdprenhiritis. pg@e%ege&q@rm| t%fﬂioﬁﬁd nﬁ,B{odegenerative disorders
[Halliwelf, fB.carehUlY.Cs ensttdridge, FreeORdtticals on dadlent agd atdkdiadine. 3 ed. 1999,
Oxforf RIS Alerklly ppeggf#fe i) stress (for exanple, by

herapeutic etfec

Some of the end products of the cell/tissue damage, such as 3-nitrotyrosine for the nitration
of proteins, 4-hydroxynonenal for the lipid peroxidation, or 8-hydroxyguanosine for nucleic
acid damage, are already known, however, the detection processes are complicated and not
sufficiently sensitive in order to detect gradual changes of the oxidative stress (for example,

by therapeutic effects).

Therefore, it is an object underlying the present invention to provide for an improved
method for determining an oxidative stress level in a biological sample which method is
highly sensitive and allows for the detection of only slight changes in the oxidative stress

level.
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Therefore, it is an object underlying the present
i nvention to provide for an inproved nethod for
WO HWB/4¥$hi ng an oxidative stress |evel in a bPOVBRAESF04324
sanpl e which nmethod is highly sensitive and allows for
Moreovére itde tie ©bjeontogiroané Yor sl kityhe¢ing hdmged far ratrip;gait dath wenethod.
stress |l evel.Mreover, it is an object to provide for
a kit being adapted for carrying out such a method.
S“’“"S’tﬂh?ér‘geé‘?‘g‘i’ﬁg’ﬁpnventi on The present invention
provi des a bi omarker and nethod for determ ning an
The pRStatahlRiostfr8R8ed £¥RImdrRerfarti RlOBUGS d&tahe MU 6Rdative stress

conpr.i ses neasur the activity of. one ore _nore
teve 15 2 RlologcghsAmplewbidH cempriSes meacuring e Actidlyor 585 orq mre enzymes
whichcenzfmes dependagrdone Ri mozgl sgstustngf eorfactars: yindqp bittadgnied for carrying
out sai@theghod! th & PreddrAsdr edbedibedi MRA o iAo C & tfdRlirdblopterin (BH4).
Moreo:vFe{té rttgeﬂ%c;i{m blo?g}egﬁré{zgrrn%]g lr;slg %et%rf/n :ng(g }\:éﬁ%nl’eﬁ%lpr% rgltg{oﬁ\ﬁ:o{iéeé c%ﬁlcentrations
employigce fupatiiagive aaaptiesli mgthedgsisaht pt ghrapeatagraply.i erfctroscopy, and
mass MBplebtosn &oe NPa%icGlaFIp NBlet@alap My, tHePRSE 0O IHOPYetidAE RS Hlevices as

spectr t i C r p [ e
acserBRE iy 3T by BB Sof" Wo PARIAOBRR Wyl SoiiReipg, gre bom
incorpgffef\BErEIDlY 0SS whi ch appl i cations are both
i ncorporated herein by reference. Brief Description of
. ' ' 1 describes plasma phenyl al ani ne
Bneff:)gﬁ%rfr%%ﬁs%@sﬂgﬁgi abetic mce and healthy controls
(Exanple 1); Figure 2 describes plasma tyrosine
Figure dndesitibas i pdasn0fphednglblenine nomenaadorse af tdbetionticel snd healthy

contrd EFB3ARIpE 1) ; Figure 3 describes plasnma phenyl al ani ne
/tyrosine rati os of diabetic mce and healthymtlzcgntro S

t ] I
Figurq RAfRptees PRSI R Jafosing CRRCER TR oo BRI I ARG ReKRY controls
(Examgld floxi de concentrations in high-grade (d eason score

Figure® 38 He&PHRAISSLD JHewndlade / (Eb8AS QRHSS QF QlidbeticPa®t 8h&€ healthy |

téumars EF? i'cating increased oxidative stress (Exanple

contros V= @'t € 5 descri bes increased tryptophan

Figure dndesotipest ingreased nistlfanige agidfokiGe ecenoantratione in 1ggh-grade (Gleason
score GOBPEIBShrE® tb WA-gFadd 6 Gl 8@ $06 e SE) YrBsthle ndstbahBicating increased
oxidat RIS adic tb)ng impaired activity of tryptophan

SRy R8P # t 0 oxi dative stress (Exanple 2):

Figurqp (lgseritges dagiep sasesypiepham serreaipommimbighrezedt (@easgnsscore > 8)
compar8d Ntb JBw Qi adte (163 RASHAreS 6P postat8) tubidnP &fid@ehtiny impaired activity of

| ow gr ad S ) t,e tunors
T tof’ﬁ?ﬁ’ gg riogﬁlgls%n%% t%&ﬁ%glt(’fg\slt?f%s (gg( %élgpz?’ophan hdydr oxyl ase
FigurejGedasgribssi derfaped SEFoEQYD (EREPRITatiops in high-grade (Gleason score > 8)

compared to low-grade (Gleason score 6) prostate tumors indicating impaired activity of
tryptophan hydroxylase due to oxidative stress (Example 2);

Figure 7 describes increased tryptophan/serotonin ratio in high-grade (Gleason score > 8)
compared to low-grade (Gleason score 6) prostate tumors indicating impaired activity of
tryptophan hydroxylase due to oxidative stress (Example 2);

Figure 8 describes increasing methionine sulfoxide /methionine ratios indicating increasing
oxidative stress during adaptation to high altitudes (Example 3); and

Figure 9 describes increasing phenylalanine / tyrosine ratios under increasing oxidative
stress during adaptation to high altitudes indicating impaired activity of phenylalanine

hydroxylase (Example 3).
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Figure 7 describes increased tryptophan /serotonin
ratio in high-grade (d eason score > 8) conpared to
WO P8 4B8de (A eason score 6) prostate tunors PEHERMEP/ Y324
inmpaired activity of tryptophan hydroxyl ase due to
Descripticntf the Brefersad Elmbedphent2) ; Fi gure 8 descri bes
i ncreasi ng mnet hi oni ne sul foxi de /nmethionine ratios

i ndi c t|n i nc sin xi dati ve stress
accordyf 1 el etnof O i Btk SnitaLoY By Eies a5tV 1g meagureg 1g order to
determgigs ¢he betslatim: sleessi lagel phenylokdgical mamplet Fhus i the erayinesactivity is a
biomaHEHE'%r 1HRC:ERSIvEG1reXd. dald ékeeﬁ%ﬁ@asfe&ufé H&o?&ﬁgttéﬂth@mv%@non that

itudes indicatin
tne gl of A, s, AP, ome R AR ASPEd) ORbE AR bt last one
anti-oxidativeresinponad. Sathoalcorppewndis@diodiefegretd do ah e ragu¢ing cofactor.
t he pr esent i nvention an enzyme activity is nmeasured

The iribvrén gedd eﬁ%mtﬁmg‘ ?lgaﬁxérg%fevgtgdslg\{e? So? o ea/a%ve stregs, i.e. the

Prese‘meoﬁ%\rfk@le fré? ‘taﬁé’a&(l SRSEY e‘n§‘te|a§%5$ °x1dla“P§ °é§t§¥§htainéil‘°’ddati"e

compdu@ids WRicACARr 8édagtihlo cé-fertdr8 VAT dedéral Rakyhée BiEd ilvdkt Wi sufficient

quantRfes tol“ﬁm%@ 7c¥ %Fc%or‘é QHS{I c&94é§'ad:%ﬁﬁ‘£éd %.z?xﬁ&ﬁ@ 9&1& %@h &s determined
t1-oxl

by meaasesﬁrs oqmumiesdeafr&fnﬁ ePeiRPaife  SPPaE Aoy n@arﬁcular the ratio of

substiGfe/paatuet of theenzyue i daernisedaseticorast besdid patid@etifeased enzyme

activitg)n C&Jr@éﬁhﬁ tl) eé(r?' afea&)éﬂ gﬁhét?f\?e StrE&S i%vel' aftd 1tshqlaus a parameter

resen more tree radica , causes 1 ncrease
potentyglivdRtirafivedpr sFTehiiveanisi Al 3% BB REb BRI inteass level
are essential co-factors for several enzynes. The | ack

Prefeertly StHé ﬁ-écﬁicﬂ%t cARE '1;1, 't&%lﬁ(‘lr&tj"(ﬁﬁ&iﬁ @BIfI@C tl‘ﬁé %ictc'ﬁ@ﬂlical function of

causes_a re

CtIVI
B4 23 QUBPRPCY (B DRSO HooB e HUSUEdBr b RECalER pf gomatic rngs
is kmownce r ahe orest. |10 pdaxs cahareSSttm@lrableo mf the biosynthesis of

bloxogf%uﬁ);sﬁbﬁ@h%maﬁgdusﬁp&tarkh(%oxﬁﬁ&ym% | SuletRr BLRet: Mino acids (e.g.
1 O ecrea

ra act |
tyrosine] CAEEBILnS gnd e tins R SR Gaergauey roae! Ml o as the
relevapisenzyipgso-factpmr anet er potentially indicative for
several di seases caused by an increased oxi dative
The er%zg{nr Stﬂylgre\é%lﬂo 65%?:2(%#% ‘i’nh ven <l)'lr(1: Ii n s %311519 CE e edglhorrb ]the group
consising of Bhenyialamiae Widrewiassi éﬁp‘loéile dlilsrsirwém dpgttephan hydroxylase,
glycerylrb\tﬂérv 8fdnbokyighiease X iedlad theRal Ofitidd @RIde| §mithargS(eNOSKNAMEcible nitric

oxide s é’lgg ﬁeSIS%I 511’:1(? ln%}ll on%li] rﬁ‘ﬁfe?,&%@' gﬁt%lage ( E)QF while gh%nylalanine

osyn bi ol og en1ca
hydro%m%@’ypfga@@q ggd@gy]laaq: ﬁreamelfﬂgreéle rae n(l@n dnochemical functions of
the enlzyth @SinR fYionetad s atedls® &néuwnml it ee0dro Tt Bhodm\memed tHae the activity

of anir rbY etm:éeo @niﬁﬁ&oh n&énrri:lke t E %n@g’ e(g h&ler Feld c@ %%J;(E BH4. In

acco r
particvw@ RTEgHef serrp‘?@f%?r&a | @@Haé?&% hY‘?’B?Wl?‘fFemg F@B&Pham hydroxylase

are the enginsds| regpeaftivpljeayd BHaNS te dvgelted yo-&seor. t yr 0Si ne
hydr oxyl ase, tryptophan hydroxyl ase, glyceryl-ether

nopnooxygenase, endothelial nitric oxide synthase
Speciftc&NOSS e fq]llatytrfgorréatq,ﬁothm Cconcentrations (as the relevant substrate/product

ratios) are determined in order to express the enzymes activities:

the activity of phenylalanine hydroxylase is determined by measuring the

phenylalanine/tyrosine ratio,

the activity of tyrosine hydroxylase 1is determined by measuring the
tyrosine/dihydroxyphenylalanine (DOPA) ratio,
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oxi de synthase (i NOS), and neuronal nitric oxide
synt hase (nNOS), whil e phenyl al ani ne hydr oxyl ase and
WO 20§p¢8phan hydroxyl ase are preferred. The naRGI/EP2008/004324
bi ochem cal functions of the enzynes nenti oned above
- the attévigl sbtrigpephan hydiegybast . is | detegiminddd bp enerstigdg tthattrygiephan/5-
hydm;a@}ypva;mnofra@ey ©f these BNZYAR i&@p%}gaicgﬂ BBt of view the

ésence of the reducing co-factor
tryptopagn/SgRt a%ﬁ%ﬁ%%?é& BH6Hi nent s phenylalanlne
hydr oxyl ase or tryptophan hydroxyl ase are the enzynes,

- the £&ﬁrﬁ§CHf|g\l'ﬁleretﬁE}deh@mly§eﬁJb€ 18 SR RMnlirAld P nledSh@hg the 1-alkyl-sn-
Wi ng metabolite concentrations

i cal
glycer%zg%ﬁ'ﬂm 3 Ivan%h"cer rtag%t e/ product ratios) are
determined in order to express the enzynes activities:
- the %&RA@QK | e4ldbdheBhl ﬂh%ﬁﬂb%gh%ﬁgy&f@i@ylga&%r?ﬁned by measuring the
et ed Dy neasuring the phenylal anine /tyrosine
argininee{ ﬁrurﬁnil gatgjttlw ty of tyrosine hydroxylase is
determ ned by nmeasuring the tyrosine/
- the detgr e Haneibyd altaini dxedd DBhse ANDS) 1s dbRriaficdVby Ynddkuring the
. HHE y xyl ase is determ ned by nmeasuring the
argm"%{/)%g{ op e:ﬂaltg&g&ﬁydr oxytryptophan ratio (or from an
anal ytical practical point of viewthe tryptophan
- the ASENiGt 6Mhéuroasli pithe iorYleas)githdsegaNep) is deteemadddi by tyeastiring the
GAl gr nonooxygenase |s determ ned by measuring
argmhg‘%w/lé M{:{{E sngl ycerol / 1- hydr oxyal kyl - sn- gl ycer ol
ratio, - the activity of endothelial nitric oxide
The bislpgichlasenfle NSl is otietinrdriroach ingmmedsprefengply frem a mouse, a rat, a

gulneéaf) | Ridde/ &intihiblsl Bea Hitoh £h. mugh&leaﬁkﬂh\eutaxc&ﬁiﬂm%btih@enuon is

ric. oxi nt has er m
an 1 i PR o D PR o T P A e aghegyfRtiong g the biologica
sampla @t quantiyate amelytioalainethiotrsuch gsi dheomgtogiapbe. $pe@Bjcopy, and mass

spectrgxﬁkﬁp m&eeqnﬁuyéaeaﬁuﬁé n&agbes@egb&utf is qsatrﬁ&hulpepreferred The

s obtained fro

The bi ol usu
chromg gk o5, SPRPERI 00t i BHRUGHE P PR DR 4ney comprise
UV/Vigi I, and AR andmnass pregtrogetry rh%mmmprmqlﬁsﬁ Q@ B t@ui@F, MALDI-

QqQ. mm[ GTOF and MALDIVESR-ITOR. TEesRMaralytiéhl methdak o€ gerlk@Ally known
t E’ﬁ asuremsnt of the netabolite concentrations in
othefs %?)

61°0 og| cal sanple a quantitative analytical nethod
such as chromat ogr aphy, spectroscopy, and mass
Potent$) eEérapa&tcrtﬁrg'esS R Ry&ashed \ah&dr&mg&s sheSaethba @ Eie yivértion include

a broa%%r Et?HmaJc&li}{xrﬁ%eIr%Ef%pConc% cw%hsé% spe irggg%g)@g)()f cancers, diabetes,

obstrueemahngehwm igflamupatozy powmirdisense Geadiac sSﬁB%rmao ﬂ’@mulonephrltls
maculfiitege A efakibs anfEShriQ he rblleddfdi@biye M8bidlefy]Ghe method of the invention

ny T
isff:i:jnvﬁ%ﬁg% %g%c% Jvﬁl‘ala'uﬁh %ﬂ of c;;g&sh%e as@l%gél 1-el gc 2?iue to therapeutic

Based on the above it has also been found out according to the present invention to directly

use BH4 as a (bio)marker for determining the oxidative stress level in a biological sample.

Moreover the invention is also directed to a kit adapted for carrying out the method wherein
the kit comprises a device which device contains one or more wells and one or more inserts
impregnated with at least one internal standard. Such a device is in detail described in WO
2007/003344 and WO 2007/003343 which applications are both incorporated herein by

reference.



10

15

20

to the skilled person. Potential therapeutic targets
to be screened according to the nethod of the
WO 208§/8488n i ncl ude a broad spectrum of human HEHERAP8/004324

condi tions such as various types of cancers, diabetes,
Additioigglyr thet inventiopniy adés elaset,editnfﬂhammr Bowdéttednbeds ep oxidative
stress @@ MinaCbibfg R8N A pl@ tQAET Ul Oonephritis, macul ar

degenerati on and vari ous neurodegeneratlve di sorders.

The nethod of the invention is also useful in
The inglentéost Willcbet drscribeddwidh resngnlgle afe of khelntafereedsembediments employing
phenyﬂﬂ@mﬁ@ h&(!ﬂ‘@f(ﬁ@ﬁﬂﬁé follewh e’ﬁﬁéun@ﬁﬂﬂfg @lﬁclﬁ&ﬁicﬁbﬂ%@ldxﬁsrﬂ 4§ described
in moxt'e g’ega.lp ?ne lIllnd r%ﬁ‘éc accor ?1 tagi e ? entcg:pnrr%/% Ri’lenylalanlne

r ect y use 170 mar
into tyrpngIE StATGENSE P%@ﬁrahé@rebiqptﬁﬂal (BHg)- d@m@alin@amﬂdeoxidatlve stress,

L.e. th&/PreBON@I of et eiffté@BAICAIR, ieSrahly&ObpILEL Being @ p&;t&ittanu oxidant itself
is oxi(ﬁgs%pgrﬁg tﬁtfy’ d«%ﬂgéy Iagg ggt E %e tngg Qhéll\‘ggfr % Hotlggge m‘)present as the

nprises a devic e contal ns one
essenteﬁéwpsfa%ﬂrd%ﬁ &uliicienp ?é“’i“ﬁ‘é eTlteSlaFIﬁﬁf ggffigiert qmt#wat of this co-factor
then t®RG8$ a)l’redlh(fbﬂebﬂ@ima&icaﬁdaﬂd' oSuié phe@i@lalGinéd Shyidfoxylase. Such a

decrea\%ﬁ& @tiyn{jaqﬁqcltibﬁjg i§ {llldy(Qt%pQ)Z/a.Q Qf'f’é%ééseé;tﬁa g)@ﬁﬁ& é/%g:%glfig ratio and

ications ar I ncor

the obseryesg %‘i?l:‘é“%%tbq“c i pRany ?Jalnﬁtf ‘i‘rh%ké?‘(%% tHerms aéldsrﬁkiﬂ"fg é% fxggsine).
to the biomarker for determ ning an oxidative stress
| evel in a biological sanple itself. The invention
will be described with respect to one of the preferred
enbodi nent s enpl oyi ng phenyl al ani ne hydroxyl ase as
foll ows. The underlying biochem cal nechanismis
described ©n nore detail in the follow ng Schene.
P al anine xyl ase converts phenyl al anine into
ty@olli nd'@ n tthe Preslence of tetrahydrobiopterin (BH4).
Unde® increadbd oxydative stress, i.e. the presence of
nore free radicals, tetrahydroa!;pterin bei ng a potent

anti-oxLSé |tself i s oxidi zeqand thus depl eted and,

as a co 5%%@*%@%01‘ i s no¥l onger

essential co-filactor in &% nE oAl

of sufficient |[quanti
nzymajt

present as the
U Nt

nyl aF
activity is
i ncreased phenyl al ani ne /tyrosine
pserved accunul ati on of phenyl al ani ne
rnms and relatlve to tyr05|ne)

L- I mpai r ed

phenylalanlne hydro oxi dative
stress. Even i|f the bed
herein for phénylal anine hydroxyl ase the present
inventiomis not limted to measuring the activity of

phe IaI xyl ase. Quite in
!t NH,

L-Tyrosine

Scheme: Biochemical mechanism of impaired phenylalanine hydroxylase activity caused by

oxidative stress.

Even if the above mechanism is described herein for phenylalanine hydroxylase the present
invention is not limited to measuring the activity of phenylalanine hydroxylase. Quite in

contrast, similar considerations also apply with respect to other enzymes which depend on

5-



10

15

20

25

30

35

40

contrast, simlar considerations also apply with
respect to other enzynes which depend onBH4 or ot her
WO BLEP#HY co-factors. This will become appar eRftT/ERZ§p]/004324

the follow ng exanpl es and the clains attached.
BH4 doxahpl edicbgalvdfactorsydihlis wilk begquee hppargntafrsre vidie efollowing examples
and tHEIARR!dtecHégease characterized by insulin-resistance

of the Iiver and other tissues |ike skeletal mnuscle

and adi pose tissue. The prinmary synptomis an el evated

gl ucose concentration in peripheral blood but
Examgleconpanyi ng findings include (non-enzynatic)

gl ycation of proteins - frequently measured as

gl ycat ed henogl obin - and i ncreasing dysregul ati on of
Diabeteg myellifusdyraidinp sevese petahediy slisegrecchapagt erized lydasylinrsistance of
the liv@f aR@bhep fﬂi)é|§d1&| 10@i Sk@iet@hl?@s[c&t &@11§dip6§'éetis‘éﬁ_§|.uﬂ{ea§rnlﬁﬁry symptom is

ahet es . r c SC r
an e @ EGel o bt e iph 9 Bt M L BUAREY Blaings nctuae
(non-engyYHREC) tghy cAtipm P PERiFIRAI- fEeRTcREY MeasyiedAs gydad dgmyglgbin - and
increabBpr @&eedulaionu o nBdgi cthet anabdic bpHtAway \WMDw té Shibwitleyrange of
tinau hner ' ' t

patnofRiicl LiaGAR | B Stduelfl® o A0 3G Hpg 1P range from
cardiojgetlar rageRleme  Sathh ofASCPRIRTSs ke myAcartitle dnfpeetiqny & stroke  to
nephrolpgieall dnd sevaolpgioalalisxeses anxd egireseat shrugs Soadtecdhomic burden which
is ma%MS% HyYinE HRRRo AL e ddtnd BRI 3kné b@ﬁﬁﬁﬁor?fm the industrial

)1"onol ecul’es such as proteins, lipids and nucleic
countdes 4s (see above). In this exanple plasma sanpl es

derived froma well-established nouse nodel for

One of LADRHLES 1Edrtdrlt ath o@hhhisHR' & ARSdYZ 8dnith e 0 a pronounced
eneti c d;f ect int

. mouse with a honbpzygous e leptin
oxtdalBed e viish IR AIE: SutEs Somef Jo inppiiat A%etSrer Blomotecutes
such aptpaiteinsobiesistand andleichecideveteophvedt Infthisnsw@inpie plasma samples
derivell @ﬁﬁgmees_taﬂn_@?&i ﬁgglye ﬁ@lfml f@fdigﬁetkbﬁledittab t%&ieQI @@r}'cer?laﬁrzed, the

cont ai n si.gni fican el evate onc rations e
ab/aS @B BRE 2 plebranl e G850 SRR IR [RtaQl afliydy eading 1o
vastly imgredsied deqd uptalihiobesityh@nd e develoamieoh of ipsulitheesigtanms.

acid tyrosine were slightly reduced (56.0 7.1 nMvs.

The plSa%'fng 25p'le]s JWL;: (i];altb%Hg %nz als Igr?t reldtsltiéznqéica%?l% ::??evg{ed conc?ntrations

phenyl alfani ne to tyrosi ne concéntraitons Indicative o
of thet prainenagidepticayiataning {82-Hft Bioenl ¥ 218 -He Bydvldx figuese 1) while the
conce@stiorishafSthe Sin@fb faciat dgine wvematlgatly iedbddbaloet i7c1 M vs. 51.5 =

.48 0.19 vs. 0.86 0.14; figure 3). Exanple
25'1”%8%tr§%%ond exanpl e is chosen from an oncol ogi cal

i ndi cation. Prostate cancer ranges anong the nopst
The cfitiequanb o« gilzaglathittead fyrosinaedogsentiationa liedicather of/fhe enzymatic

actiwt%g)g?ﬁerg{l]altglﬁe blgd}o"z‘cly%aﬁg l\];gzﬁ,sghufs,r gi%{ﬁgg%ntﬁzaé?&gfe(f@xu&g dﬁgbetic cohort

the a
(1.48 £ 0.19 vs. 0.86 * 0.14; figure 3).

Example 2

The second example is chosen from an oncological indication. Prostate cancer
ranges among the most frequent causes of death in males, in males over 75 years of
age it is the most [requent cancer cause of death in the US. Although the actual
causal mechanisms of prostate cancer are not well understood, at least some
tumors are hormone-dependent (high testosterone levels increase tumor growth in

these cases), and high-fat diet is described as an additional risk factor.
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causal nechani snms of prostate cancer are not well
under st ood, at |east sone tunors are hornone-dependent

WO 2008/44538% st ost erone | evel s increase tunor gr obEHEP3908/004324
these cases), and high-fat diet is described a s an

Oxidaaivei stresmahasi sfiterf deceor dGarttetd e pddy ess ithasrtaht enldeenprostate

cance@leéﬁflbxbﬁg d CaPiAWealpdnTRLLANM et A EchRcd RSS @to%s .68(6):1777~85)
nce et caysati v

S
or s SaechanBLe G R He BT nd SRR s bl suscepubiniey
(Fleshnen|& BéetaeSandeéreMatastisigiRavs 18A8- 1H99s1 Aitd38ans®r
susceptibili ty (FI eshner & Klotz, Cancer Metastasis

In angt%/agsg%gfgdatjtg stﬁ (f's) tg%ttﬁh?iogo o%ﬁ‘cnuram/ tﬁash OXI %imem%c core of

OXIl C- I S
solid ¢nmer§f(Nowptiny FUﬂbrsJ_(Hﬁé_‘lﬁiLni;&_& %QOB FgbAS{2 hB303)r dhis seems
parad%QQB abalrs# Hud) 6330-bnditlbh s vﬁﬁ@ﬂ&npamradi@mémaet alnldr BYypoxia (e.g.

coronﬁ igﬂ}%gloﬁo%q} tﬂeoréi?’c WI&F al:p(rc:l%\{l?% \r? 1Jn?1 %@&?vealséroess in the
affectp dlfééea mar ked OXI datlve stress in the affect ed
tissue. In this exanple, netabolic biomarkers for

In thiB'¢ %&rﬁ}lg ﬁ%@gl?glicl Qw%el&iepsakorsg{mltft% %§{ cer ?xtl %(ijin?garlaigglgéles were

%43 % {1 ssue concentr I ons varl ous

studi BEF4I58F¢ @gllv\epés%%ﬁﬁg?%r&r?tﬁo%pf dAflougi ¢lgsses of metabolites
were tanpgreaidin p&lieasonits dowegrbde 1G1eh20) saock 6 gh-1Poaded high-grade
(Gleagqq es% £hn >SBCOF1e >§F rost%%g RIRet %ﬁicﬁa%?ﬁﬁﬁm&y influences the

I cant | ces t he i ndividual prognosis
mdlv‘&f‘?b?‘?%’(?lstsa?ﬁffr‘iféjt‘% RCBI 'O of the main findings

in this study was an el evated oxi dative stress |evel

one Mt GN8hH ﬁe@@%gmnsa%e&u% WeioRstiRhed BYidNRELEaTEE level in
centrations of neth neﬁingﬁsul OXi

nv
highe{/Squ%chB SERAES 135 a?rgoa?tra éngrgﬁﬁe(gé:ﬁ,ég?r%sHon%ﬁf methionine
sulfoxide,r(ea@el |$1 48r ypt ophedn 0B nedn, fightt®. €). nivl \the d0fe 3camparison, an

mereeteegmer r@enﬁuﬁe&ecm@%e anesgmz Q?AM‘ figeANs) Qna8e decrease in
S |
TR ORI ORE AL A

of tryptambhagpionefiratinin (ineeased teegpondogly fmeam. el IH9 vs. 999, figure 7)
indicdtid Gal iimgadRdi g@@rﬁﬁde e[BENIE! be tﬂﬁitbidh&xy mdroxylase caused by

deple{io %tf(ggthag &36% o Il'igsaes gr?lég’seeqatpéf c or ]E?{s re ctlon
rahy éro I op Ina s an essent a CoO- ac

this reactlon. Exarrple 3 As a third exanpl e, the
Exampl@pt ati on of 33 heal thy adult human volunteers to

high altitudes during an expedition on the Miztagh Ata

mountain in the Pamr region and the corresponding

As a [Rind examRifat el adapiabion ef afthsadtvondulickuaas yﬁﬂeateers to high
altitudbs StunEOrhaeipedagai Pnatoo Vpanaghd Aby moecheasiihgthe Pamir region

and tﬁ%' g@ltrleyﬁorﬁilﬁgl ] 0 Q?QB@&I rr@ét%goﬂ%’ ﬂf&ghbﬁgl JNXS analyzed. This

I NCreasi n hi oni ne sul f oxi
hypo%tiﬁ|%ﬁﬁiﬁea"(°f)fr’g@|r’ée%)by 1ncreasmg oxidative stress as demonstrated by

drastically increasing ratios of methionine sulfoxide to methionine (figure 8).

In analogy to the animal model used as the first example, an impaired activity of
phenylalanine hydroxylase as measured by significantly increasing phenylalanine/

tyrosine ratios in this human study could also be demonstrated (figure 9).
Industrial Applicability
The present invention provides for an improved method for determining an oxidative stress

level in a biological sample which method is highly sensitive and allows for the detection of

only slight changes in the oxidative stress level. The method comprises the measurement of
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In analogy to the animal nodel used as the first
exa an inmpaired activity of phenylal ani ne
wo ?ﬂ?&’n&?% ase as measured by significantly i ncPEaEP3g/004324
phenyl al ani ne/ tyrosine ratios in this human study
the actity (bf adrzgmee dtpenuiisg ront ed 1€st gue ereBhicing ndifattor dpreferably BH4).
Namelﬁpng] 'el%Z%EJ:I |lév¥,l th&l&%&ﬁé %'ﬂ'tesé N%e @ltlé Bx%s@d’&vdf Qﬁﬁ'effﬂere r2Bicals, causes

_ |%£rov met hod for detern1n|%% an, oxl dative stress
increapes), grldatipry ol pestaby PRL O F EORRPERITEPIG LT SRFRtAl ypo-factors for
several emgymtesy €haladk af lsoﬁﬂsiehb nuardtdtictetf élo¢se an-fa¢toenihenshught a reduced

enzymﬁﬂ@ﬁgﬁﬁty‘ thcHQS Qﬁ(éagalte'dv Q‘hﬁg I @2SdecF48d eﬂ-%e”ﬂtm is a biomarker
for an QR Sront e A QLG EA Bt O PORXTES, a
or and‘é‘ ff dn&’“Sﬁ %t S Feesééf"e r\”é“? BV H T IeFEiqppt several diseases an
dysfur(cpipe$ arabioyma+4) . Nanely, an el evated | evel of

oxi dative stress, i.e. the presence of nore free
Potentgaﬁ?ﬁ&'g‘éesd&ic t, \é etls tolbrégslrﬁ:lﬁease mﬁ?é‘{%‘q‘ aL ! éc? {e}‘éesen ,%g Io’ilthe invention include

a broadgspeeten®rof ffmarswé&call congtiansssuciries viagigrs 8fpes 19f tardeaptdiabetes,
obstruquwmlngl(ﬂ@asé 1hie6 afody BaﬁEIQ{i&atsHQﬁr@xabl ss‘aﬁerald %ﬂ)ﬁfe@dlonephritis

macular éé’ enera orgl %}'ul:l \\/rlcutigus\t’\ifl]éu%?dé enera"tai éj Eh% r ers Lf'ﬁé metﬁod of the invention

s alsq Hé?félagbeef@szﬁi%fh%raét@’eglsar}gém O’Wﬁ%’ﬁ S&rle%\ﬁg tdf‘i‘é to therapeutic

effectsd®h €S tthe hetiodS&uEh2] kitios eas ¢ g and tl@byﬁafeth’dﬂtdkr)e Ih$gh|13ﬂeffic1§nt in a lot
TR jc targets to be screene

Ofmeaccor ?Hgﬁ$g§?E§§Aﬁ%E%%ﬂ%$%%he i nvention include a
broad spectrum of human nedi cal conditions such as
various types of cancers, diabetes, obstructive |ung
di sease, inflanmatory bowel disease, cardiac ischem a
gl omerul onephritis, macul ar degeneration and vari ous
neur odegenerati ve di sorders. The nethod of the
invention is also useful in detecting the gradua
change of oxidative stress e.g. due to therapeutic
effects. Thus, the nethod and the kit for carrying out
the nethod are highly efficient in a lot of nedica
fields, both in diagnosis and therapy.Clains 1. A
nmet hod for determ ning an oxidative stress level in a
bi ol ogi cal sanpl e which conprises neasuring the
activity of one or nore enzynmes whi ch depend on one or
nore reducing co-factors. 2. The nethod according to
claim1, wherein the co-factor is tetrahydrobiopterin.
3. The nethod according to claim1l and/or claim 2,
wherein the activity of the one or nore enzynes is
determ ned by neasuring one or nore netabolite
concentrations. 4. The nethod according to any one of
claims 1 to 3, wherein the enzyne is selected fromthe
group consisting of phenyl al ani ne hydroxyl ase,
tyrosi ne hydroxyl ase, tryptophan hydroxyl ase,
gl yceryl - et her nonooxygenase, endothelial nitric oxide
synt hase (eNOS), inducible nitric oxide synthase
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(i NOS), and neuronal nitric oxide synthase (nNOS). 5.
The nmet hod according to claim4, wherein - the
WO 29814338y of phenyl al ani ne hydroxyl ase i s det R¢HEPRIIS/H324
nmeasuri ng the phenyl al anine/ tyrosine ratio, the
activity of tyrosine hydrClaimse is determ ned by
measur i ng the tyrosine/ di hydr oxyphenyl al ani ne ( DOPA)
1. dgt glreFHOHe ?e[%tglléxgihtg?/ Of té%{)etr gtgfsgnlﬁ(ya%dr ox%xcﬂogical sample which
compripgd rxm@;prxy@ttb@hgﬁviﬂapf | ene or mipge guiyimast yhigh depend on one or more
reducﬁ%&gg&&br@t her nonooxygenase i s determ ned by neasuring
the 1-al kyl -sngl ycerol/ 1-hydroxyal kyl -sn-gl ycer ol

ratio, - the activity of endothelial nitric oxide

2. sTimmaded cerodngite clidmdr wbaeain Bye qeefactar Isrigtrahedrobiopterin.
arginine/citrulline ratio, - the activity of i nducible

3. n’htler tn%th%)élat%gor%}/rrrgggaag I1 1{ §1a%$ tZe dﬁy act vrtltg of the one or
measurin ni ne rne ra o

more eREyOF 1S,de4T RS BAYATHTEYE Qe K TR mmgeecommnw

det er m ned by measurlng the arginine/citrulline ratio.

4. \?}]heTHl%tﬂmtﬂggrdﬂfgggl 1 né Qf ?ﬂ){né’ & Q%f v&l’le@étﬂb‘thg etngyrge is selected

in the sanpelsotalned
from the grpy copsigiirg efbl y from a nouse, a rat, a guinea pig,

phenytalalofe hgdmixpliasqi froghe adydroxglase, 7 tryptophare tHyddo-at:c0) @lyegryl-ether
monoc;xgg o&ﬁloﬂfeliﬁi ﬂitﬁﬁ o]d&eosﬁrthélgge(gﬁb% HH&uJﬁQ%H{r%Tﬁﬂhe synthase

ase antitative analytica
“NOS)pF”é‘flé‘F‘érl?F‘?/l @Hf%?fﬁ?%@i"é}b?ﬁ‘? n@Bébtroscopy, and Mass

spectronetry. 8. The nethod according to claim?7,

5. Wﬁt@m&aemhg%@mm ACUMRFdpses CC, ILS HPSC and
an

- S dSERE | GRECYRAeHy! MO ek méisiring  the
phenypidriDhe /QyOsinktBl, - QqTOF, and l\/ALDl -TQ: TOF. 9. Use of

- tht etmﬂwlr O&I OBIr@§1h@ aﬁy(ﬁo{WéfJéerisf Oldefdehiiedl NHPY alréasurmg the
atlve bi ol ogi cal sanple. 10

eV .
mosnke/fj ¢ohpTP gﬁ%’uaeg. ceA)V\ﬁg%h devi ce conprises one or
- the ﬁgtri‘etwveﬂ trsptanﬂarorbe/dmxym¢ ds jdetesmined] bypmesgariag the tthyripphan/5-
hydroky@8ptophas rhtid,er nal standard, wherein the kit is

- tne SHFRLES ARETARLYDI Ok NE DR AGC AL Y ) o
@Ycer@ki@at‘#WﬁlrS@s&W@éﬂ’ﬂéPﬂ?’n a biol ogi cal sanple V\,hl ch

- the activity of endothelial nitric oxide synthase (eNOS) is determnined by measuring the
arginine/citrulline ratio,

- the activity of inducible nitric oxide synthase (iNOS) is determined by measuring the
arginine/ citrulline ratio, and

- the activity of neuronal nitric oxide synthase (nNOS) is determined by measuring the

arginine/ citrulline ratio.

6. The method according to any one of claims 1 to 5, wherein the biological sample is
obtained from a mammal, preferably from a mouse, a rat, a guinea pig, a dog, a mini-pig, or

a human.

7. The method according to any one of claims 1 to 6, wherein the measurement is
based on a quantitative analytical method, preferably chromatography, spectroscopy, and

mass spectrometry.
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conprises the activity of one or nore enzynes which
depend on one or nore reducing cofactors. 12. The

WO Hlog/nd¥k®er according to claim 11, wherein t hePCHERAIY Y324

is tetrahydrobiopterin. 13. The biomarker according to
8. CTled meethbd aedordorg tolcddim 7, Zyvhendie cbramdthgrapby cathpyisedfGT,HeC, HPLC,

Ufsﬂ@ s‘ﬂécﬁ@gc% § @@rﬁﬂﬁs%s' @V)G\KQ rIﬁsiﬁgNm}'l QH& nHss IgBE&rometry comprises

s MBS RS WSy o MRSz 0

sel ected fromthe group consisting of phenyl al ani ne

9. htygtf %hﬁﬁﬁdrobﬁﬂb%ﬂnﬂ& DY RerYVbAG&erthinyd¥ APBARative stress level in a
I ase, glyceryl -ether nonooxygenase, endotheli al

dr
biolo glﬁi)‘ﬁt ®xi de synthase (eNOS), inducible nitric oxide
synt hase (i NOS), and neuronal nitric oxide synthase

10. \(,\ﬁmmpléingwaemeownfckerewa@ e&hﬁhf& drl@ &InadrvaAls and one or more
ereln - tivit e al.an X se |
inserts 1mPre nat E?h Ie% a égljl'r]lﬁg )é} yr Od Selheerxr aﬁ'xé/ Lﬁl 1ﬁ ad%pted for

Carrww?qt\ﬁh?yn@ﬂoq 999 ﬁé“h?‘ébf enqefgiaimpd -@xpr essed by
measuring the tyrosine /di hydroxyphenyl al ani ne (DOPA)

1. 38l AP I! oL REARR ATV S8R R sompie which
i 4 Ry ) ot BRI

compr FSSF |Uée act“fiweofaaeu GVI ‘f‘?reo?nzéj‘l“?% he "r’R?P r?@nmygma%éeducmg co-
factors.S expressed by the 1-al kyl-sn-glycerol/ 1-

hydr oxyal kyl -sn-gl ycerol ratio, - the activity of

endothelial nitric oxide synthase (eNOS) is expressed
12 pipqpemarpkss aeopstete slamAd” Wheredn the qofactgris tgfralydpbiopterin.

i nduci ble nitric oxide synthase (i NOS) is expressed by

13.  'H& BbShhid %/c@drh{dg' tl)'c[h%nrﬁtérf&/oﬁﬂlgim 1tzh@hé%hi Meta)éu@lfty of the one
neuronal nitric oXide synt aseag IS, ex ressed_ y

or morterFéngPm jﬁl eﬁﬁgyecsﬁdrm PR ISR rBet olite concentrau ns

14. The biomarker according to any one of claims 11 to 13, wherein the enzyme is
selected from the group consisting of

phenylalanine hydroxylase, tyrosine hydroxylase, tryptophan hydroxylase, glyceryl-ether
monooxygenase, endothelial nitric oxide synthase (eNOS), inducible nitric oxide synthase
{(iINOS), and neuronal nitric oxide synthase (nNOS).

15. The biomarker according to claim 14, wherein

- the activity of phenylalanine hydroxylase is expressed by the phenylalanine/tyrosine ratio,

- the activity of tyrosine hydroxylase is expressed by measuring the
tyrosine/dihydroxyphenylalanine (DOPA) ratio,

- the activity of tryptophan hydroxylase is expressed by the tryptophan/5-
hydroxytryptophan ratio,

- the activity of glycerylether monooxygenase is expressed by the 1-alkyl-sn-glycerol/1-
hydroxyalkyl-sn-glycerol ratio,

- the activity of endothelial nitric oxide synthase (eNOS) is expressed by the
arginine/citrulline ratio,

- the activity of inducible nitric oxide synthase (iNOS) is expressed by the arginine/ citrulline

ratio, and

f=35184

- the activity of neuronal nitric oxide synthase (nNOS) is expressed by the arginine/citrulline

ratio.
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