WO 2010/139341PCT/EP2009/003926 New Biomarkers for Assessing Kidney Diseases Technical
Field The present invention relates to new biomarkers for assessing kidney diseases being more
sensitive fokpathnlgacal changes in the kidney, particularly at early stagecafilis@asesorsdamage.
Moreover, the present invention relates to a method for assessing kidney diseases in a mammalian
subject, and to a kit for carrying out the method. Background Art Metabolomics is a comprehensive
quantitative measuremdiewf Rinmatiaiafoelbscssing idnaw Hisgagetematically the key
metabolites, which represent the whole range of pathways of intermediary metabolism. In a systems
biology approach it provides a functional readout of changes determined by genetic blueprint,
regulatiGregheteial Mishdance and modification, and environmental influence. The capability to analyze

arge arys of melgbalies getiacis-hiachs mice) tlaHAROR eleslia i artisupacsoits of
gical events whi

overt biologi e other functional genomics technologies such as transcriptomics and
proteornissnghangtehighigitiiaaline, reshosirhehRBSteitidNa JSE R phRABHH A Bhse.
Thereforg, they. canngt pecessarily rigdiskdrugisfianier laxeoieicah fasnenstonr ditensesiates at the
phenotype Ievel unless functional validation is added. Meta%%@ﬁmi_cs bridges thi%infornﬁgc%nrgap by
depictingift Bastifon A SHEEF RS IRMINFIRAR IO SR SRR ?é‘oﬁfé?‘g‘fée% bi8I8gical filiids and
tissues Q@gx;iﬁgé@ﬁlgﬁgs,wg{hya_the various phenotypic responses. Needless to say, such changes in
the biochemical phenotype are of direct interest to pharmaceutical, biotech and health industries once
appropriate technology allows the cost-efficient mining and integration of this infot 'nation. In general,
phenotypr ékgpbnaaaecaserily predicted by genotype. The gap between genotype and phenotype is
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problem, with complications like ‘kidney failure, cardiovascular disease and péeénature death. CKD can

arise frommdirent rEhsorkARAPBHY niRjoPREIEER {8485 ifiRafdn ST aRiTSRs FBRAMKE type 2,

called dighstic-RERAIGRAIHEN IncFeERRa:thaKe areationb223dbom pesipe atfferiogieh
diabetes, and 94.9% of these suffer, froml%? 2 diabetes, thf?leadingﬁgg se of end stagg renal
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disease BESKD) TR AR HRATETED FPRTITE ISP RS fA2008) “Ghe thitd of the patients
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ESRD in patients with diabetes type 2, most likely due to bett e i nd
coronary ?E’i@écaggf%%ﬁ?ng%ﬁr?%%ﬁr%a o7 s%%lrl\%\eitngl]% igogr%gé gé%r?(})[gg}g%%%\{/]e)%%{ e%%%g}p%lthy and
ESRD (Sexipehisi€il. 288 e thedis:;be siaaalajothfophensnge SRE velgsscieassiméie than
double frgr,g_‘rﬁ%gggntqg%&ge@m 11.8 to 28.3 billion USD. The economic factors have not been as
extensively's ualed in Europe (Massi-Benedetti M & CODE-2 Advisory Board 2002) but in the cost of

diabetes type 2 (CODE-2) study the.impagct of diabetic complications.on t [ reatment
Was'evallﬁé‘t‘@&). Kty figﬁ%eatﬁﬁt %iag%llﬁlelr% v(\)/ﬂhgualpczgr%pf?gﬁ%%@ %a%'?a%?r%g?ér‘%é%bigﬁggsts of
approxinfatedyiGhtR b eanpareditoea patistolith iflowasmsateohiplieaitens Ivaghadrthnual
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leading i esblé"ﬁd%nt medical journal recently concluded a long térm study including almost half a

million acalys teatdenivusgesedithabalnbieehtimitgbcrhRBROMRGEfe 8f tiancatsdrter tiftitthe late
stages of %@aa Q0401333440 GHERPOQUPO3RG & eincerneK Dhisghaughtdo e Hiestiable and

preventag e at earlier stages (Wen CF et al. 2008% an earlier detection would ease diabetes type 2
patients rBavsoiplResoRTisHNCMIBINEANA FFEZEHERA LIS JOETERRERA systems and the
patients themselves. The kidneys have several functions to maintain proper function of the body, e.g.
filtrating Awagemest, pritttspt toximstsURtSrIRaTHOMBERMSIEAN YD rE80ERT Rorishe8? o
maintain {his.pr. i f i i ' qggfg DsingHibkaiesi avercthenglomerular
membrar%%é ﬁ\‘%ﬁ%pggﬁgﬁﬁ%%s%}g ?ggﬁg%e . Awr%g?w\ﬁgglﬁégﬁﬁ filtration rate (GFR) is necessary to
keep up stable and optimal extracellular levels of water and solutes (Boron WF, Boulpaep EL. 2003).
The GFR is calculated from serum creatinine clearance, age, ethnicity and gender and is used to
divide CKD into five stages, where the last one is end-stage renal disease (ESRD) and dialysis or
transplantation is required for survival. It is now well known that the sooner kidney dysfunction is
diagnosed and treated, the greater the odds are of preserving remaining nephrons and thereby
slowing progression down. ConventionalS¥RFKEPSRSRESEEY d#¥idiagnose kidney disease include
GFR, creatinine and albumin. GFR is, after an increase at the very early stage, reduced before any
symptoms show. Disadvantages with the measurement of GFR include high cost and incompatibility

with routine laboratory monitoring. Serum creatinine is as mentioned above the most commonly used
marlkar to caleirilate the CER hiit evetatin C hae hean nronoced ac a more cancitivve markar that can



WO 2010/139341PCT/102009/003926 13 Figure 11 relates to boxplots of the methionine sulfoxide
(MetS0)/methionine (Met) ratio in stage 3-5 of CKD and shows that the stage 5 patients had a highly
significant (pixbh33)drssgase of the ratio compared to stage 3 patients, W%M%g%ﬁﬁg t an
MetS0/Met ratio is a good biomarker of progression of CKD. Figure 12 relates to boxplots of fumarate
in stages 3-5 of CKD and shows that, since there is no fumarate present at early stages, fumarate
works as a qualitative marker. Figure 13 relates to boxplots of alpha-keto-glutarate in stage 3-5 of CKD
in diabetics and non diabetics and shows that the stage 5 diabetic patients had a highly significant
(p"0.01) increase of the ratio compared to stage 3 d@abetic patients. Figure 14 relates to boxplots of
alpha-ketg-glutarate in stage,3-5 of, CKD. Description of the Preferred Embodiments By employing the
specific (sge# c%fr) géﬁna}ﬁéﬁg e ﬁ?eeiﬂég%%l rdfiRig Y8R Sr TR0 e Rl BR c8FtBRossible
to more propeitjoancungliathy assosshiddefadiseasdn” Aksessigihindheransteef lae Mesentizvention

means the di S] t ns nitoring.of the pro, ion of the disease, in particular the
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according%g}%ﬁg %\fym%nagﬁgeggilg %é%’:%a%}gk?%%fggf%g%s%ﬁgfgg?ﬁndg%rﬁ%ﬁ%%cﬁ%ol andfor in
urine, thefiregenidabasstehtiirsticeabiiredegriernt taddit ehiseaskiinjbivlapit thelfuaelabdnges.
WO 2010{139:341PCT/EP2009/003926 14 suitable to assess nephrotoxicity either in animal models or
in phase | clinical trials. In other words, they are also suitable to assess preclinical and clinical
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hormone MRfth B BREMIERETS) nit ABPRTetRANRI BRIk SR KRSy h dFe P BSe (BanFhetadblic
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and at an early stage of the disease. In particular, it allows a more sensitive Qetection tor pathological
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decreaserbie, assagerentof kignew disaase haepmasdesssenailyeand esegliabla Jhis a1
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methods RFBRPkdry Bt aPfriabiife R nsremto Pt 1036t (6 kame Rerisaht least

two acyl@00Rnetlandvatldastiasdbigganie parines akiaRaN§olipgAllous AtROMR Feliablsgiagnosis
of kidne éjise%lgre angu%é)%t;ful of ClND an%éé\l, alre%dy in stages 1-3 but also in stages 4 and 5.
Such a fact ias naither been deschised HASr HEIE JBMOER et e thidr drtprereiats, that
biomarkedseistiables ehinptisesacraticestarprofl tetsubisitatiewithh g peet laarepayRAticKEAction,
more preferably the SDMA/arginine ratio, the citrulline/arginine ratio, the ornithine/arginine ratio, and/or
the methionine sulfoxide/methionine ratio (cf. Figures as attached). The SDMA/arginine ratio relates to
the enzyme proteine arginine Nmethyltransferase (PRMT), the citrulline/arginine ratio relates to nitric
oxide synthase (NOS), the ornithine/arginine ratio relates to arginase, and the methionine

sulfoxide/methionine ratio relates to oxidation by reactive oxygen species (ROS). By measuring in
additinon thece ratinf<e) the diaannctic \ WO 2010/120ARA1PC T/EP200A3/NNRO02A 1A nearformance Nnf the
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Boulpaep EL. 2003). The GFR is calculated from serum creatinine clearance,
age, ethnicity and gender and is used to divide CKD into five stages, where the
last one is end-stage renal disease (ESRD) and dialysis or transplantation is
required for survival. It is now well known that the sooner kidney dysfunction is
diagnosed and treated, the greater the odds are of preserving remaining

nephrons and thereby slowing progression down.

Conventional markers to assess and diagnose kidney disease include GFR,

creatinine and albumin.

GFR is, after an increase at the very early stage, reduced before any symptoms
‘show. Disadvantages with the measurement of GFR include high cost and
incompatibility with routine laboratory monitoring. Serum creatinine is as
~mentioned above the most commonly used marker to calculate the GFR, but
cystatin C has been proposed as a more sensitive marker that can detect even
mild GFR reduction (Herget-Rosenthal S et al. 2007). A disadvantage is that no
reference method or uniform calibration material exist for cystatin C and
further limitations are the effect of thyroid dysfunction, of high glucocorticoid
doses and potentially the presence of cardiovascular diseases on cystatin C
levels. Due to limitations in these single markers, it is not suggested to entirely

rely on GFR estimates to make precise clinical decisions. Other than kidney



Table 3: Biogenic amines (PM) BC code Analyte ADMA Asymmetric dimethylarginine Symmetric
dimethylarginine SDMA total DMA Total dimethylarginine Histamine Histamine MetS0O

Methionine-Syayida ysurenine Kynurenine Hydroxykynurenine Hydroxykys gglat%%slgyérescine
Putrescine Spermidine Sperm d ne Spermine Spermine Serotonin Seroton n atinine Creatinine

Table 4: Phosphatidylcholines (RM) BC code Analyte lysoPC a 014:0 Lysophosphatidylcholine with

acyl residue C14:0 lysoPC a 016:0 Lysophosphatidylcholine with acyl residue 016:0 lysoPC a 016:1
Lysophosphafidylchol ne with acyl residue C16:1 lysoPC a C17:0 Lysophosphatidylchohne with acyl
residue C17:0 lysoPC a C18:0 Lysophosphatidylchat ne.with acyl residue 018:0 lysoPC a 018:1

Lysophosphatidylchaling with acyl residue 018:1 lysoRC.a 018:2 Lysop idylcholine with acyl
s O e B e e e R A0 D0 PR P a3t
Lysophospéeetiziaehiali 68 Rt ay yi ot sidwe 6 20e4d ysorCaidiy @l apsaghobph atidyteh ding witbtacy !
residue Ogﬁxpalp@qgg[ %Q&?'Qi&XSE}PQﬁ?@ %(%:ylgh()(!'ne W{'E[:h I resiéiue 026:?\# S(;E?C a 026:1
Lysophosphatidylcholine Wlt% acyl resi ue% :1?ys<l)1I581a Clg%i/]a?’ysérs)ﬁ%gﬁha é?/f’(}ﬁrcﬁfﬁgr\ﬁitﬂfacyl
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Lysophosghatigychaling wishaek teside CE.0,PG 23 924:0 Phasphatidylcholine with diacyl residue
sum 024:0 WO 2010/139341PCT/EP2009/003926 20 PC as C2 6:0 Phosphat dylcholine with diacyl

residue swm C26:0 PC as C28:1 Phosphatid line with diacyl residye sum.C28:1 PC as C30:0
Phosphat%ﬁ‘é’hnéliﬁgeﬁl ﬁ}gc?/ﬂar%s% l?gl sﬁlr%é/é%?gﬁ Igc\ﬁl 23 gﬁxf P‘f?os%%gﬁay’r%ﬁﬁg itH AR
residue sdns€38:22RE adsG3m0dRhoshitatididiehGIFR (B didtytredide®samn C32:RiRGaa£32:1
Phosphat line with diacyl residue: st 2.1 PC as.C32:2 Phosphatidylcholine with diagyl
residue s%grn%%%%ég%é tg%agg%teéﬁ%%%%%%c 0 %E%vﬁtsk]fréllléﬁ:ﬁl ree uéns%g%b 53 Is%gad@éml
Phgsphatﬁiyﬂihcﬁiﬂ@%iﬂﬂdidéw regiguasurh Gaﬁmm &s.c3412PHogphatidylohoineckdtmdiasy!
residue SYMCALERE s aRheshalehelne Wi AP eRun sum SR C aa Gaka

Phosphatidylcholine with diacyl residue sum C34:4 PC aa C36:0 Phosphati Ine wi ecq}'érélyl
residue sGRSTBBNPCOREOBRLITRAspRBtlgchbintaniaTeliliby restd@sadar CB6:¢ RGRSBHE6:2

size, and therefore measurement of creatinine clearance is usually
implemented. The clearance of creatinine from the body is through glomerular
filtration in the kidheys, but creatinine is also actively secreted from the blood
by the tubules. This rate depends on genetic and biological factors, such as
gender and age and leads to a 15-20% overestimation of the GFR. Therefore,
creatinine is considered an insensitive marker, especially for small and eiderly
people. Also, another weakness of creatinine is that it only detects kidney

damage at later stages.

Albumin is the most abundant plasma protein (Basi S, et al. 2008) and the
structural damage to the kidney can be reflected by elevated urinary albumin
excretion, so called microalbuminuria, 30-300 mg/24 h. Microalbuminuria
develops some years after onset of diabetes and after 15-20 years progresses to
macroalbuminuria, an albumin concentration in urine of more than 300mg/24
h. Presence of albuminuria is a hallmark of diabetic nephropathy and is usually
measured with dipsticks. There are a few weaknesses of albumin as a marker
for kidney damage. First, it was until a couple of years ago believed that urinary’
albumin that was not reabsorbed by the proximal tubular cells was excreted .
intact, but albumin is in fact excreted as a mixture of intact albumin and

albumin-derived peptides that are not detected by the dipstick tests, and yet



Phosphatidylcholine with diacyl residue sum C36:2 PC as C36:3 Phosphatidyicholine with diacyl
residue sum C36:3 PC as C36:4 Phosphatidylcholine with diacyl residue sum C36:4 PC aa C36:5

Phosphatidyggaling 4gsk diacyl residue sum C36:5 PC aa C36:6 Phosphgidyvichaling with diacyl
residue sum C36:6 PC aa C38:0 Phosphatidylcholine with diacyl residue sum C38:0 PC aa C38:1

Phosphatidylcholine with diacyl residue sum C38:1 PC aa C38:3 Phosphatidylcholine with diacyl
residue sum C38:3 PC aa C38:4 Phosphatidylcholine with diacyl residue sum C38:4 PC as C38:5
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residue sum C42:6 PC ae C30:0 Phosphatidylcholine with acyl-alkyl residue sum C30:0 PC ae C30:1
PhosphatfIgtHalicee RReaRsIthkypresiaasienmicB8. fteaswesmemhes pHarayrnsimeantot

acyl-alkyl;kpsi AU A30:¢RE 881634y Rhaskhat dylcholine with acyl-alkyl residue sum C32:1 PC
ae C32:2 Phosphatidyicholine with acyl-alkyl residue sum C32:2 PC ae C34:0 Phosphatidylcholine
with acyl-alkyl residue sum C34:0 PC ae C34:1 Phosphatidylcholine with acyl-alkyl residue sum C34:1

PC ae C3#:2 Phosphatidiahopinanvthiasukalsyl sosidhersiem GakaRaasfa4 3 Bharrhagdycholine
with acyl-alkyl residue sum C%'%4:3 PC ae C36:0 Phosphatidylcholine with acyl-alkyl residue sum C36:0
PC ae Cs%s.fl%%tfgvft% HERHREy AR M A sifigE s s BB tprs i 36 B BiRss pihtidifcholine

with acyl-edgiaesidiekstuneE dbisRE: ap&a6i3 Phasphatidyleholirsowith aglakiod residheisyp C36:3

pc ae C36:4 Phosphatidylcholine with acyl-alkyl residue sum C36;4 PC ae C36:5 Phosphatidylcholine
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residue sbac@38:40P Cag03815 & has phad aydchwoline whibiaoyl alkyitrésiduaisusy @ 38:seAB@8)C38:6
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and, consequently, leads to impaired endothelial function. The accumulation of
ADMA has since decades been believed to contribute to hypertension, immune
defence and features invlolved in CKD, and animal studies have shown that
experimentally induced chronic NOS inhibition causes systemic and
glomerular hypertension, glomerular ischemia, glomerulosclerosis,
tubulointerstitial injury, and proteinuria (Zatz R & Baylis C, 1998). SDMA has
also been observed to significantly increase in patients with CKD, even more

than ADMA.

Also, acylcarnitines have been linked to CKD (Fougue D et al. 2006). An
increase of free écylcarnitines has been observed in serum in CKD patients

because of the decreased excretory function of the damaged kidney.

Furthermore, oxidative stress has been linked to progression of kidney disease
for many years (Loughrey CM. et al. 1994, Ha H et al. 1995). Several studies



Phosphatidylcholine with acyl-alkyl residue sum 040:1 PC ae 040:2 Phosphatidylcholine with acyl-alkyl
residue sum 040:2 PC ae 040:3 Phosphatidylcholine with acyl-alkyl residue sum 040:3 PC ae 040:4

PhosphatidyWghaling vl acyl-alkyl residue sum C40:4 PC ae C40:5 Phof’?ﬁﬁﬁmlﬁmg&% with
acyl-alkyl residue sum C40:5 PC ae 040:6 Phosphatidylcholine with acyl-alky reS|d/ue sum 040:6 PC

-ae 042:0 Phosphatidylcholine with acyl-alkyl residue sum 042:0 PC ae C42:1 Phosphatidylcholine with
acyl-alkyl residue sum 042:1 PC ae C42:2 Phosphatidylcholine with acyl-alkyl residue sum 042:2 PC
ae 042:3 Phosphatidylcholine with acyl-alkyl residue sum 042:3 PC ae C42:4 Phosphatidylcholine with
acyl-alkyl residue sum 042:4 PC ae 042:5 Phosphatdylcholine with acyl-alkyl residue sum 042:5 PC

ae 044:3 Phosphatjdylcholine with.acyl-alkyl residue sum.044:3 PC ae 044:4 Phosphat dylchgline with
oy alky e R e S SR R R GBI Ay e QRS G RS P
ae C44.6rRhwsphatidyichalim? witkcaeyhstkytbre siduepdicat 44 60T alitdbbtSplidamyeiths:(pM) BC
code An 4: r phingomyelin with acyl residue sum 014:1 H) 016:1
Hydroxy:%g|8n8§'olvr%/%_%lr%L ‘glv%& %%F%%e%?g glggc% g‘jlxénl %&Mé@fi ﬁy%ﬁ%%%%h%ﬁgﬁg%%%iir% %ﬁﬁ acyl
residue sandozmml_\t&(@q) mzmmmmﬁinﬁemn whh aoyteebidnesan@22& dliaH) 024:1
FydroxySHBAGRY AR AYLERRIy B AN 02 dnath CL4 R eDMONTUBHININ Andapig sum

014:0 SM 016:0 sphingomyelin with acyl residue sum 016:0 SM phingomyelin wi ac;l/? residue

sum 016ars\D B msth garagklindinatacy pbsdidadion (18BN CLexyEphisgeniyeliRWiEh acyl

residue sy gk MA2012 seggonielin Al Acy EeslidussHILRA0:SM 0243, splipgerRyelin with
acyl residue sum 022:3 SM 024:0 sphingomyelin with acyl residue sum 024:0 SM 024:1 sphingomyelin
with acyl fédriie dinparsabesveo 8. 6ddiingeriielireifitalaciirie sigi sumcomsersmdats in

sphingongyel withragy! 1esidusesum Q2Bik 4T ableebe ProsiagirpainsOMIrBG cade Analyle.d8;HODE
()9-hydroxy-10E,12Z-octadecadienoic acid 135-HODE 13(S)-hydroxy-92,11 E-octadecad eno ¢ acid
14(15)-EFEFESSIA I HD R 81 8519 MIVAAEi R it aEAB I dBiPadis e peth CKD.
12(S)-hydroxy-5Z,8Z,10E,14Z-eicosatetraenoic acid WO 2010/139341PCT/EP2009/003926 22
15S-HETE 15 S)-h%/drox -%%gé,llz,%gE-eic S tet%%enoic_ acid 15(S)- . .
hydroperSXyP82, 821 17 13E-Ero S5 RaBHIR W F8STRHETE TFEY e RENIRE B ST2HRRYE
5(S)-hydiopeioxie 8in 8z, 2hd, Md-icosatetasdoiaacibdiomboxeaerBroRBP cbhBiibagketigne D4
DHA a limited amount of amino acids are excreted with the urine. An impairment of

the conversion of phenylalanine to tyrosine has been observed which leads to

an accumulation of phenylalanine in these patients. Furthermore, the impaired

kidneys affect the production of arginine which has been shown with a decrease

in renal arginine synthesis both in clinical and animal studies. Also, reduced

renal uptake of citrulline and release of taurine, ornithine, alanine, tyrosine

and lysine has been observed to be in patients with advanced CKD. In addition,

the conversion of citrulline to arginine seems to be reduced.

Furthermore, it has been suggested that the trypthophan metabolism plays a
role in the pathogenesis of CKD. The rate limiting enzyme in this pathway in
the kidney is the indoleamine-2,3-dioxygenase (IDO) which convert tryptophan
to N-formyl-kynurenine, which in its turn is catabolized to kynurenine and
thereafter hydroxykynurenine. An increased acitivity of the IDO has been

- observed in previous studies explaining the depletion of tryptophane.

Inflammatory markers such as C-reactive protein, Interleukin 6, Interleukinl8,

Tumor Necrosis Factor (TNF)-alpha have been observed to be increased and



Docosahexaenoic acid PGE2 Prostaglandin E2 8-iso-Prostaglandin F2alpha 8-iso PGF2a PGF2a
,Prostaglandin F2alpha 6-keto-PGF1a 6-keto-Prostaglandin Flalpha PGD2 Prostaglandin D2 AA

Arachidonic weidobaiia+f: Sugars (p,M) BC code Analyte (HNACS-UA)2-biNAG2600/003926
di(N-acetylhexosamine-sulfate-uronic acid)-(N-acetylhexosamine) di-(N-acetylhexosamine-uronic acid)

(HNACc-UA)2 (HNAc-UA)2-5 di(N-acetylhexosamine-uronic acid)-sulfate (UA-HNAcS)2-UA di(uronic
acid-N-acetylhexosamine-sulfate)-uronic acid deoxyhexose dH Glucosone glucosone (=
2-keto-glucose) H1 (Glucose etc.) hexose [glucose etc.] H2 dihexose [maltose, lactose, etc.] H2-dH
dihexose-deoxyhexose H2-dH2 dihexose-dideoxyhéxose H2-1-INAc2

dihexose g erlviBexea paL AbeaaesHINRATH RO SRTHIEO sk R (hiagelypgiarpinic
acid) (= sialyllactose) trihnexose [maltotriose etc.] H2-HNAc3 H2-NAN 3
UA-HN-UAYSRARAUA BBk c¥edif@astayiic@saiaies witd Uionidessice h@dammaumaic
acid-(N-acetylhexose)-uronic acid trihexose-di(N-acetylhexosamine)-(N-acetylneuraminic acid)

trihexose-tri(N-acetylhexosamine) trihexose-tetra(N-acetylhexosamine)
trinexose iomam¥sisetymeRssdriindiagtapiexeée fbtoetiadsdngluds3ipmazempir sevesabiNAc3

H3-HNAcgo! éﬁﬁ&éﬁnaﬁ(é% Hhe\chisdabesaseadi(N-acelyiBexasaming 1972940 A1, US

tetrahexose-di(N-acetylhexosamine)-(N- acetylneuramlnlc acid) tetrahexose-tri(N- acetylhexosamlne)

pentahexag@? &hép s&hat PayefiieseRhmelealan Arg sy sndignigratign tmes, for
pentahexegeriiiy-aeeyliorisarsing) faghkakexose- Maajtoberaqsg pibidtidé heptahesssss

[maltoheptaos ﬁg xose-deQx hexose H-HN

hexose-( ac‘t—{\%yl é%’é %2) (l\ﬁlc‘g ﬁraﬂ}?ﬁ?&lﬁgafl a&%ﬁﬁ%éﬁ%%@%ﬁé%ﬁ&c@fUA
(N-acetylnexespgriegh Alfate-uronic aC|d (N-acetylhexosamine)-disulfate
di(N-acetylhexosamine)-hexose-deoxyhexose (N-acetylhexosamine)-deoxyhexose HNAc(32)
HNAc2-H-dH HNAc-dH WO 2010/139341PCIA,P2009/003926 23 HNAc-H
(N-acetylAdxozamireidiexd seylaarety(héx esamifi@Hdthexoserker proteins used to diagnose

(N-acetylhexosamine d|h N-acetylhexqsamine)-dihexose-dideoxyhexgse
(N-acetyl eéos nm&:nee;afS th xose?ﬁace%xﬁigé n?ﬁle tr‘ﬁexo%le %eox;r/]h(%x e’ riol Em ne

(N- acetyl%a@nﬁﬁ@ﬂhh’@mmeﬁﬂumiyﬂeﬁiw@(m %@Ih@iﬁsd@&%’b’ﬁfé’ﬁaﬁé}wﬁ@lbmdén D-
(N-acetylhg r@glggﬁgjquﬁ ggﬁ%g&e ?n@\érag?t ex0s @g)ﬁgﬂghg |d%)é¥1hexose
(N-acetyl exo amine)-pentahexo acetylhexosamine pent exose- oxy
(N-acetylmamm@)zn@kaﬁexmlacaylHma@samn@;en@ho@ememyh@mse:onmmmg an

N-acetylngxesaetngasy ke MR 2mmunoglobulin domain), Alpha-2u globulin related-
protein {Alpha-2u), also known as lipocalin 2 (LCN2) or neutrophil gelatinase-

associated lipocalin (NGAL} in humans (stored in granules of neutrophils),
Osteopontin (OPN}, also known as secreted phosphoprotein 1 (SPPl, a secreted,
highly acidic and glycosylated phosphoprotein containing an arginine-glycine-
aspartic acid (RGD) cell adhesion motif), Vascular Endothelial Growth Factor
(VEGF, known to promote angiogenesis, increase vascular permeability, serve
as a chemotactic for monocytes, and has a role in diabetes, wound healing,
inflammatory responses, and tissue remodeling (WO 2008116867 Al), N-
acetylmuramoyl-L-alanine amidase precursor, adiponectin, AMBP protein
precursor (alpha-1-microglobulin), C4b-binding protein alpha-chain precursor,
ceruloplasmin precursor, complement C3 precursor, complement component
C9 precursor, compiefnent factor D precursor, alpha-1B- glycoprotein, beta-2-
glycoprotein [ precursor, heparin cofactor II precursor, Chain C region protein,

Leucine-rich -alpha-2-glycoprotein precursor, pigment epithelium-derived



HNAc-H2-dH* HNAc-H2-dH2 HNAc-H3 HNAc-H3-dH HNAc-H3-dH2 HNAc-H4 HNAc-H4-dH
[INAc-H4-dH2 HNAc-H5 HNAc-H5-dH HNAc-H6 HNAc-H-dH HNAcS HNAc-UA
(N‘-acetylhewj(,}@gyz{pnic aqid_ HNAC-UA-HNS-UA N-acetylhexosami%ym%g 1003926
acid-(hexosamine-sulfate)-uronic acid HNAc-UA-HNS-UA(S) N-acetylhexosamine-uronic
acid-(hexosamine-sulfate)-uronic acid-sulfate HNS-UA N-uronosylhexosamine-sulfate HN-UA
N-uronosylhexosamine H-P hexose-pentose Neu5Gc-HNAc-H3 (N-glycolyineuraminic .~
acid)-(N-acetylhexosamine)-trihexose pentose [ribose etc.] Pentose (Ribose etc.) Phospho-H
phosphohexose, hexose-6-phosphate UA uronic acigl UA-HN uronic acid-hexosamine UA-HNAc uronic

acid-(N-agg%\élhrexozse%gnl;_rée UAiE'é\In'—Afg_%e E%g'&c_: e}g:jdéﬁlg-acegylpexosamin?-sulfate uronic . .
acid-(N-acatyihexdsamine)-urBhic acid Gronic acliN & Mt s A iraT iFoRR G et Mation

UA-HNA i fiatipaHRk orUR Sib UditHNAEB AE B &#6nk2icid-(N-acetylhexosamine)-(uronic
acid-disulfate) UA-HNAc-UA-HNACc(S2) uronic acid-(N-acetylhexosamine)-uronic
acid-(Nacetylhexosamine-disulfate) UA-HNS uronic acid-(hexosamine-sulfate) UA-HNS-UA uronic
acid-(hexésHagieressuitdedoutonic anid galhigrasidh( Hietusatmire Gioulfate)asfodias biomarkers
acid-(Nac SRS rQRIC 8¢ - -JA- U sHNALAL32) urgnic, . .
acid-hexogdrr?ine-(u ri(;@z]?(:g ggi0%3:’2ﬁ%%@%ﬁ%ﬁ%ﬁﬁﬁ%ﬁ@%@%ﬁ% rIE)‘Tﬁ(T‘(t::1 n
acid-(N-aé@ythbessasorautenie asray- prestissivee iratkersadorethenpromketiaN @R ELOMBR341 24

Table 8: Bilg A6l {EMLB®5adeANaMeLAGN LA CREMENEROARXSHOLE A5E5BGA,

Deoxycholic Acid GCA Glycocholic Acid GCDCA Glycochenodeoxycholic Acid GDCA
Glycodeo%%lﬁ? ARgtepéd pused for diagnosing and monitoring kidney disease or a

predisposition thereof by detecting von Hippel-Lindau tumor suppressor
(pVHL), CXC chemokine receptor 4 {CXCR4), integrin B-1, Platelet-Derived
Growth Factor Alpha Polypeptide (PDGF-A) , Hypoxia-inducible factor 1 alpha
(HIFla) and/or Transforming growth factor beta (TGFB) in a sample from the
subject (US 2008/0038269 Al). By measuring lactoferrin, myeloperoxidase and
carcinoembryonic antigen (CEA) (JP 9072906 A) and fibronectin (JP 9274036 A)

a kidney discase can also be diagnosed.

Another method described measures the level of conntective tissue growth
factor (CTGF) in a sample to decide precense and progress of kidney fibrosis
and associated renal disorders, in particular complications associated with
diabetes, hyperglycemia, and hypertension. (US 2004/0224360 Al)

In the field of genomics there are also several biomarkers assessed with kidney
disease. One invention include the identification of genes expressed only in celis
of clinical or scientific interest, such as podocytes or proximal tubule cells (CN
1863928 A). The human leukocyte antigen (HLA) genetic markers HLA-A11.
HLA-DR9 and HLA»DQAE*O?»OQ are all predisposing genes for diabetes and
nephropathy (CN 101294215 A). A disintegrin and metalloproteinase with
thromobospondin type 1 motif-4, aggrecanase-1 (ADAMTS4) has been found
useful as a blood biomarker for CKD (WO 2009002451 A2) as well as the genes
Calbindin-D28k, KIM-1, OPN, EGF, Clusterin, VEGF, OAT-K1, Aldolase A,



Glycolithocholic Acid GLCAS Glycolithocholic Acid sulfate GUDCA _GIyCOUrsodeo_xycholic Acid
Lithocholic Acid LCA TCA Taurocholic Acid TCDCA Taurochenodeoxycholic Acid TDCA
Taurodeoxyehgli Agidsk L CA Taurolithocholic Acid TLCAS TaurolithochoB%%Lq sulfate TUDCA

Tauroursodeoxycholic Acid UDCA Ursodeoxycholic Acid Table 9: Metabolites frg?%}oé]ﬁgezrﬁgy

metabolism (JAM) BC code BC code neu Analytes 3-PG 3-PG 3-Phosphoglycerate alpha-KGA
alpha-KGA alpha-Ketoglutaric acid AMP AMP Adenosine-5- monophosphate Arg Arg Arginine Asp
Asp Aspartic acid DHAP + 3-PGA DHAP + 3-PGA Dihydroxyacetonephosphate +
3-Phosphoglyceraldehyde Fum Fum Fumaric acid GIt-6-P Glt-6-P Gluconate-6-phosphate Glu Glu

Glutamic acid Hex Hex H e (e.g. Glucose) Fru-1,6-BP_Hex-BP ose%'sphos hate (e.g.
Fructose-%%%@ﬁgosgiatg))é%%ﬁcq : +’%ﬂu§%'-§21¥ Fr%]'?'G- ex-PHEYskpHoshh&Be geramide
Glucose- Ephosyhatarsfetase J&6ThMERhaBOE FRUeEgsE-6-phosphate) Lac Lac Lactate WO
2010/139341PCT/EP2009/003926 25 Rib-5-P + Ribui-5-P Pent-P Pentosephosphate (e.g.
Ribose-5-phosphate + Ribulose-5-phosphate) PEP PEP Phosphoenolpyruvate Pyr + OAA Pyr + OAA

Pyruvate Rixatoadetate BacBse Bisednic atidrkeysdfo? kielnéy Téisessph(SPr20s 8402 (Al).
Erythroses4- gﬁtps ) r inyention is al [rected to a kit adapted for carrying out the
method w elrpela]r% the I%ﬁ’c%?n%%ggg gy&iéav{/%ghlazs\%%eglé%%t%ﬁg}o?% cr)lre%cg%e\?\}g?s %5;8 &Br more
inserts inmsiEghsed pretein dieh Bherpresstdtanddre . cpidhedi ale vigdsisan tetaikeoes cribedinalVO

2007/00334443d O A AQO03 R4 3y i%@@é&%glb?t}%ﬂ@gﬁporgﬁ (ﬁg{ﬁin by reference. The

following examples further clarify the present invention without being‘inten it hgrsocope in any

way. ExafiiEsSethpamseninal stsels ppidbdahedisditieranistijad vikiepicievisehgeowni also
comparingdirbaiigneRtEoRathy-la RiRer-chiepic iHWﬂl%ﬁé?%iﬁ@?ﬁéa{é@f%ﬂl?éi%%é g%aﬁ rs,

diabetics with CKD stage 3-5 (the official stages 1-3 were all included in‘'what is called’s erein)

and non dRIRSTEREVIF RIS Rt & B- & nRBRRsqsiopasd Piksatdass esambe faetepdctial - Were
collected %M@ﬁi@@ﬂi{@rgiami%ldﬁsm@ﬁaq%@ﬂm@tﬁwE%%\%%@H%ﬁ@ﬁ@ﬁl{mi%aﬁeeawo

metabolites from plasma and 300 from urine including the classes

2010/139341 DOMIPIEBEE 2B SRIMGEL JEIEib G MERRTES6RRAIMIFRE, A¥lcarshaaael
phosphatjshdebielsleaqiedusig MoD-and gligesadsididesxspbiRgamyeiits gicdsapords e acids
and ener%i/ m%taggolhs,m intermediaries (as aefinﬁg i?bove) in tf%%g%resence of isotopjcally labeled
internal stARbaTdS &RT RIS ARG TR ERREGn B AP THAL SCENS AT Py RHET ntibhe
reaction rtininkosngeMdiRig) lirsibg afStieX@H0d @ Hanlwithdlebkasiy @nizaioneAdditionallys 160
fatty acida)v%eﬁaqyeang%%i farllsgiasma %SC'MS{'\&Q"' Th(T:l datase& were analyzed with unsupervised
principal componean analysis E’Pfﬁ? ana %%rbé)rV|seedepa§ tiaPleas 533Pe°§38| &Wﬂﬁ{ i arlalyafs
(PLS-DApushegdviadgenivier doftjyarn(l ifthEeshnalogiesponse gene (hsp 70), is activated
following ischemic injury of the kidney.

Other methods described in the prior art for assessing kidney disease comprise
measuring-a protease activity in urinie by using two or more substrates and
analyzing the patterné of the protease activity against the substrates (WO
2008001840 A1) or measuring catalytic iron in humans (US 2007238760 Al).

Even if there are several suggested biomarkers for assessing kidney disease, the
ones described and in particular the ones being in clinical use today are not
sufficiently sensitive and are only detected at late stages of the disease. Thus,
there is a still a marked medical need for more sensitive markers for
pathological changes in the kidney, particularly at early stage of disease or

damage.



Analysis P/U and U: Analysis was made both of patients where plasma and urine was available (i.e.
57; "Analysis P/U") and also using only the plasma samples (i.e. 76; "Analysis P"), thus showing that a
marker coulgyyapfeasagombination with plasma and urine, but could alsplaegmgasiiigdsin only
plasma. Different comparisons were made to evaluate biomarkers for CKD, but also to see if a
difference between diabetic nephropathy and other kidney diseases could be distinguished. Therefore,
comparisons were made between lower and higher stages of CKD in all patients, but also separately
in diabetics and non-diabetics. Definition of terms: (1) Up- and down regulation: An up-regulation
means an increase in the concentration of a metabafite, e.g. an increase in the rate of at which this

hlochemigal GG 0S A s 0 AR ST age D ARG ALY ol ddlguigaulaton
it's the other way around. (2) t-test: The t-test is a statistical hypothesis test and the one used is the
one integhstenl iasgd fandimcteoriaEtaiabatin pasigpite o Bekrjovanaplerppaidiabie isnef dbermines

1 the meqn Jat A B501R s eanily silereat alvan, W QL2010 39 3IRGTIEPRIN8I03326 27
the standard deviation and the number of samples, e.g. to find out If there is a real difference between

the mean¥ldsleriges) Brenabaliftsrént predisd 98)detegtislizheticvarrhisanatbiowdbiity eAdistaining a
result at leggtas,axkameiaLKeANe halyveswreivallyiabaecyad, agsyping tatthe: Nl fyrashesis

(the hypothesié of no change or effect) is true. The p-value is always positive and the smaller the value
the towerdRE BréBELREYZRaT H 58 ahiHiRrScAfrense. Wﬁ%&%ﬁgﬁe&%rﬁ@@eﬁ%@s erel
hypothesig Bitthe a9 lslvehtigish means that only 5 % of the time the change is a chance occurrence.
This is the level set in our tables. (4) Log-fold change: Log-fold change is defined as the difference
between the average log transformed concentrations in each condition. This is a way of describing

how muchrhigieer of leMeratheveatuersitrere srobl-espRISHHe another drasexaiiRe adef-deld
change of O.§i "equiv%!ent" to an e%ﬁ)ﬂ.% fold c}E\an e increase gompared to the contrql
(healthier gt ﬁé‘?.’llgﬁrtﬁ £ AT RYSGEEP-0'3 idPEqETAENPTo Qe (¥3) RP RRHH 3400 |d
change ingteasengnkpdred tdiheasentrohic dentaskertoldrehange: ofdri3dtiodhi flipeakeldpesaldts: The
results of the above.de%ﬁgb%c;éneasuremenﬁ ar. summarilz in the Lctxllcggigré%Tables 0-27. Tables

ed
10-18 refer'fo the " Iﬁlalysm Hehd ?55%% 8ly7 ?éfeeratB¥heS %%Iysis the’tab easnf.‘ﬁgep-values

were obtdipsdmaitythehstandaket t- st inp| om exatedyinditte dviabke ivieav IS olwaien | Asposjiivesagiold
represents_an UR- lati ft labolite | higher sta d vice versa. Abbreviations are: D,
diabetic; %f),lﬁo%)f(ﬁ%geaﬁg&%f ggly%%%%ﬁngss Q%shgga?gg% %%S%Eﬁc\;é }Ea%r%fﬁﬁeéﬁy S@%pﬁng}(})rﬁg}glin;
TFA, totatifgrgacitl kﬁﬁﬁeﬁréémyaadd%tpdﬁ\rﬂio@phuﬁﬁﬂbh@lfg@e;I@we@rgamiﬁasimapjbﬂigeﬁic
amine; V&%@%@é@%%%ﬂﬁ’@%@%@ﬁ%%@ %%%ﬂly&'iso?BX&J@&%#%&B@'&%@&E@%@#& and
significantly up- and down-regulated metabolites compared in stage 4 and 3 of CKI). Metabolite Class
Plasma/ biegicplgameBifold change (Stage4/Stage3) C5-DC(C6-0H) AC P 5.65E-05 0.57 ADMA BN
U 1.70E-04 -0.44 Cit/Arg RATIO P 2.20E-04 0.16 Phe AA P 0.0005 0.10 Serotonin BN U 0.0009 -0.44
total DMA BN U 0.0011 -032 Cit AA P 0.0013 0.19 C4 AC U 0.0018 -0.31 PC aa C42:4 PC P 0.0029
0.08 C182 /451 B 4P 16180 MR esURSIsElInS 129 PTRSenLb. BOEEN69D diiF ARSBLOTD5 -0.32

C4:1-DC(E£3eACtH01APed8% tions on metabolomics as it could give insight in the
biochemical changes occurring in the kidney during the course of disease and
offer several novel and potentially better biomarkers. In fact, the kidney is a
particularly metabolically active organ where metabolites are being excreted or
absorbed again depending on their function in the body. Therefore, it would be
a significant improvement to have metabolic biomarkers for kidney disease,
which would also give more information about the function of the kidney and
the biochemical reactions therein. The inventors found that a more
comprehensive picture of all involved pathways and mechanisms is given when
using a panel of metabolites that are altered with progressing kidney disease

rather than employing only single-markers as in the prior art.



C9 AC P 0.0138 0.26 CS-OH (C3-DC-M) AC U 0.0138 -0.18 Met-SO BN P 0.0140 0.15 C9 AC U
0.0140 -0.30 PC ac C32:1 PC P 0.0143 0.08 C5:1iBC AC U 0.0147 -0.29 C2 AC P 0.0154 0.13
CreatinirgieiNt E8¢0162 -0.22 dH SU U 0.0164 -0.33 Orn/Arg RATIO P 0.0172 0.10 Ketoglutaric acid
DA P 0.0214 0.31 His AA U 0.0217 -0.28 Mn AA P 0.0253 0.06 PC ae C32.2 PC P 0.0277 0.07 PC ae
C44:6 PC P 0.0299 0.09 Orn AA P 0.0306 0.10 C10 AC U 0.0311 -0.20 C10:1 AC U 0.0325 -0.20

CreatinineBiHe018388:8ul disclosure, as defined in the claims attached, provides for
new bilomarkers (i.e. a new biomarker set] suitable for assessing kidney
ciiseases which are more sensitive for pathological changes in the kidney,
partcularly at early stage of disease or damage. Moreover, the present
disclosure also provides for a method for assessing kidney diseases in a

marnmalian subject, as well as a kit adapted to carry out the method.

In a first aspect, there is provided a metabolic bomarker set for assessing kidney disease comprising at

least two amino acids, at least two acylcarnitines and at least two biogenic amines.

In a second aspect, there is provided a method for assessing kidney disease in 2 mammalian subject which
comprises measuring in a biological sample, preferably blood and/or ufine obtained from the subject, the -

amount of at least two amino acids, of at least twe acylcarnitines and of at least two Mogenic amines

In a third aspect, there is provided a kit adapted to carry out the method as defined above comprising a
device which device comprises one or more wells and one or more inserts impregnated with at least one

mternal standard.

Brief Description of the Figures

In the annex of the specification reference is made to the following Figufes i-
14. These demonstrate examples according to the invention of the increase or

decrease of 2 metabolic biomarker in progressing kidnev disease.

Figure 1 relates.to symmetric dimethylarginine (SDMA) in stages 3-5 of CKD in
- diabetics and non diabetics and shows that the stage 5 patients had a highly
significant {p<<0.01) increase of the ratio compared to stage 3 and stage 4

patients, which suggests that SDMA is a good biomarker of progression of CKD,



PC aa C30:2 PC P 0.0338 0.06 CS AC U 0.0340 -0.26 Ser AA U 0.0342 -0.19 SM (OH) C16:1 SM P
0.0354 0.07 His AA P 0.0362 0.05 cis-C18:1w7,EFA P 0.0368 0.09 SM C16:0 SM P 0.0369 0.05 115
SU U 0.0369 -0.25 SOMA BN P 0.0388 0.14 \/\}8)82010/139341PCT/EP2009/003926 29 cis-C18:1w9
FFA P 0.0412 0.11 SM C16:1 SM P 0.0441 0.05 C5:1 AC U 0.0443 -0.16 C8:1 AC P 0.0450 0.22 Trp
M U 0.0465 -0.21 5M (OH) C14:1 SM P 0.0492 0.07 Met AA U 0.0493 -0.29 Table 11: Highly sign

ficantly F’i@ﬁ@rﬁfi?@mbéél&oaﬂ%dQWM@%ﬁ@dﬂn%@g@&t@somp@@D iR 586G 68tk BEAGSé of CKD.
Metabolite Class Plasma/ Urine p- value log-fold ¢ iange (Stage5/Stage4) Creatinine BN P
stage 5 patients had a highly significant 01} intrease of the ratio

compared to stage 3 and stage 4 patients.

Figure 3 relates to boxplots of the SDMA/arginine ratio in stages 3-5 of CKD in
diabetics and non diabetics and shows that the stage 5 patients had a highly
significant (p<<0.01) increase of the ratioc compared to stage 3 and stage
4patients, which suggests that also an SDMA/arginine ratio is a good:
biomarker of progression of CKD. The ratio is indicative of SDMA/Arg being a
good predictive marker and mirrors an increased activity of protein arginine N-

methyltransferase 11.



3.41E-05 0.35 SDMA BN P 8.22E-05 0.26 SDMA/Arg RATIO P 0.0001 0.34 total DMA BN P 0.0001
0.27 C5-DC(C6-0H) AC P 0.0004 0.30 Cit/Arg RATIO P 0.0006 0.20 CO AC P 0.0006 -0.22 PC ae
C38:3 PC PP fdshg Orn AA U 0.0018 0.89 Pro AA U 0.0028 0.50 SM{RH)ehdséM P 0.0038
-0.12 PC aa C36:3 PC P 0.0040 -0.14 Trp AA P 0.0055 -0.22 C3 AC P 0.0055 -0.22 PC aa C36:4 PC
P 0.0076 -0.14 Tyr AA P 0.0077 -0.19 SM C22:3 SM P 0.0080 -0.12 C9 AC P 0.0086 0.24 SM C20:2
SM P 0.0097 -0.18 C9:0 TFA P
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Figure 4 relates to boxplots of the SDMA/arginine ratio in stages 3-5 of CKD

and shows that the stage 5 patients had a highly significant (p<<0.01) increase

of the ratio compared to stage 3 and stage 4 patients. SDMA is a good predictive

marker and mirrors an increased activity of protein arginine N-

methyltransferase II.

Figure 5 relates to boxplots of the acylcarnitine ghatarylcarnitine stages 3-5 of
CKD in diabetics and non diabetics and shows that glutarylcarnitine has

elevated levels at later stages of CKD.
Figure 6 shows boxplots of glutarylcarnitine in stages 3-5 of CKD.

Figure 7 relates to boxplots of the citrulline/arginine ratio in stages 3-5 of CKD
in diabetics and non diabetics and shows that the stage 5 patients had a highly
significant {p<<0.01} increase of the ratio compared to stage 3 patients, and the

ratio is indicative of an altered enzyme activity in the urea cycle.

Figure 8 relates to boxplots of the citrulline/arginine ratio in stages 3-5 of CKD.

Figure 9 relates to boxplots of the ornithine/arginine ratio in stages 3-5 of CKD
in diabetics and non diabetics and shows that the stage 5 patients had a highly
significant (p<<0.01)} increase of the ratio compared to stage 3 patients only in

the non diabetics which indicates that this biomarker would be important for a

differential diagnose between different kinds of kidney disease.

Figure 10 relates to boxplots of the methionine sulfoxide/methionine ratio in
stage 3-5 of CKD in diabetics and non diabetics and shows that this oxidative
stress marker is highly significantly (p<<0.01) increased in stage 5 patients

compared to stage 3 patients.



0.0099 0.40 C2 AC P 0.0104 -0.16 PC aa C34:3 PC P 0.0114 -0.20 PC aa C34:4 PC U 0.0114 -0.19
SM C18:1 SM P 0.0115 -0.14 Val AA P 0.0121 0.52 PC aa C38:3 PC U 0.0125 -0.11 Xle AA P 0.0131

0.50 Glucoseye%id/ 3439136 0.35 PC aa C38:4 PC P 0.0143 -0.12 GUDEABAR S0 -0.68 PC aa
C32:2 PC U 0.0164 -0.15 Spermine BN P 0.0186 1.78 PC ae C38:2 PC P 0.0238 -0.10 Gly AAP
0,0239 0.29 SM C18:0 SNI P 0.0243 -0.11 WO 2010/139341PCT/EP2009/003926 30 PC aa C38:5
PC P 0.0246 -0.11 PC ae C40:4 PC P 0.0251 -0.10 Phe AA P 0.0259 -031
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Figure 11 relates to boxplots of the methionine sulfoxide {(MetSO)/methionine

{Met) ratio in stage 3-5 of CKD and shows that the stage 5 patients had a highly

significant (p<<0.01) increase of the ratio compared to stage 3 patients, which

suggests that an MetSO/Met ratio is a good biomarker of progression of CKD.

Figure 12 relates to boxplots of fumarate in stages 3-5 of CKD and shows that,
since there is no fumarate present at early stages, fumarate works as a

gualitative marker.

Figure 13 relates to boxplots of alpha-keto-glutarate in stage 3-5 of CKD in
diabetics and non diabetics and shows that the stage 5 diabetic patients had a
highly significant (p<<0.01) increase of the ratio compared to stage 3 diabetic

patients.
Figure 14 relates to boxplots of alpha-keto-glutarate in stage 3-5 of CKD.
Description of the Preferred Embodiments

By employing the specific (set of) biomarkers and the method according to the
present invention it has become possible to more properly and reliably assess
kidney disease. “Assessing” in the sense of the present invention means the
diagnosis of the onset and monitoring of the progression of the disease, in
particular the detection and marking of the disease at the different stages. The
present invention makes it possible to predict and diagnose kidney disease in
an improved manner and at an early stage of the disease and allows a more
sensitive detection for pathological changes in the kidney. In fact, the
biomarkers according to the invention are easily detectable in biological
samples, in particular in blood and/or in wurine, their level is consistently

related to the degree of kidney disease/injury and their level changes.

Moreover, assessing should also include the fact that these markers are



UA (1) SU U 0.0280 0.35 PC aa C40:4 PC U 0.0290 -0.13 CO AC U 0.0292 -0.31 Tyr/Phe RATIO U
0.0296 -0.11 PC aa C32:3 PC P 0.0315 -0.12 PC ae C38:4 PC U 0.0322 -0.09 cis-C18:3w6 TFA P
0.0326 -0.15WRE26m/89648 PC P 0.0354 -0.08 (HNAC-UA)2 SU U 0.0362 B 285 R5GH0:3 PC U

0.0376 -0.09 H-dH SU U 0.0384 0.33 lle PA P 0.0400 1.08 leu AA U 0.0402 0.62 lysoPC a C16:1 PC
P 0.0403 -0.14 PC ae C32:1 PC P 0.0424 -0.09 PC aa C34:2 PC P 0.0424 -0.10 C18:1 AC P 0.0436
0.92 C10-DC AC P 0.0446 0.38 C5:1-DC AC P 0.0471 0.19
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suitable to assess nephrotoxicity either in animal models or in phase I clinical
trials. In other words, they are also suitable to assess preclinical and clinical
nephrotoxicity, i.e. also at a very early stage of the development of

pharmaceuticals, namely in animal models or in phase I clinical trials.

In general, a biomarker is a valuable tool due to the possibility to distinguish
two or more biological states from one another, working as an indicator of a
normal bioclogical process, a pathogenic process or as a reaction to a
pharmaceutical intervention. A metabolite is a low molecular compound
(<1kDa), smaller than most proteins, DNA and other macromolecules. Small
changes in activity of proteins result in big changes in the biochemical
reactions and their metabolites (=metabolic biomarker, looking at the body's
metabolism), whose concentrations, fluxes and transport mechanisms are
sensitive to diseases and drug intervention. This enables getting an individual
profile of physiological and pathophysiological substances, reflectling both
genetics and enviromental factors like nutrition, physical activity, gut microbal
and medication. Thus, a metabolic biomarker gives more comprehensive
information than for example a protein or hormone which are biomarkers, but

not metabolic biomarkers.

In view thereof, the term metabolic biomarker as used herein is defined to be a
compound suitable as an indicator of the state of kidney disease, in particular
of CKD, being a metabolite or metabolic compound occurring during metabolic
processes in the mammalian body. The term metabolic biomarker is mtended to

also comprise a product/ substrate ratio with respect to an enzymatic reaction.

The metabolic biomarker (set) measured according to the present invention
mandatorilly comprises the following classes of metabolites (i.e. analytes): at
least two amino acids, at least two acylcarnitines and at least two biogenic
amines. The definitions of these classes are known to the skilled person,

however, preferred members of these classes are summarized in Tables 1-3



cis-C22:1w9 TEA P 0.0495 0.12 Table 12: Highly significantly and significantly up- and
down-regulated metabolites compared at stage 5 and stage 3 of CKD. Metabolite Class Plasma/ Urine

p-value log-fald shangs{Stage5/Stage3) C5-DC(C6-0H) AC P 2.77E-09 @ SSesalinisas8N p
3.20E-08 0.51 Cit/Arg RATIO p 5.24E-08 0.37 SDMA BN P 7.89E-08 0.41 total DMA BN P 7.32E-07
0.32 Ketoglutaric acid OA P 1.91E-06 0.38 Pro AA U 3.08E-06 0.85 SDMA/Arg RATIO P 6.60E-06
0.51 0 AC P 733E-06 0.50 Cit AA P 433E-05 0.28 Trp AA P 0.0002 -0.27 Dopamin BN U 0.0002 -1.06
ADMA BN U 0.0003 -0.73 C6:1 AC P 0.0004 1.18 C10:1 AC U 0.0005 -0.55 Tyr/Phe RATIO P 0.0007
-0.15 Serotonin 15

hereinbelow. Moreover, biogenic amines are understood as a group of naturally
occuring biclogically active compounds derived by enzymatic decarboxylation of
the natural amino acids. A biogenic substance is a substance provided by life
processes, and the biogenic amines contain an amine group. Most of them act
as neurotransmitters, but there are also some active in regulating for example

blood pressure and body temperature.

It has surprisingly been found that measuring a set of biomarkers comprising
these classes of metabolites allows to predict and diagnose kidney disease in an
improved manner and at an early stage of the disease. In particular, it allows a
more sensitive detection for pathological changes in the kidney. If one class of
metabolites of this group is omitted or if the number thereof is decreased the
assessment of kidney disease becomes less sensitive and less reliable. This
particularly applies for the early stages of the disease being not reliably
detectable according to known methods using known biomarkers at all. In fact,
the measurement of at least two amino acids, at least two acylcarnitines and at
least two biogenic amines at the same time allows a more reliable diagnosis of
kidney disease, and in particular of CKD and DN, already in stages 1-3 but also
inn stages 4 and 5. Such a fact has neither been described in nor made obvious

from the prior art.

Preferably, the biomarker set further comprises a ratio of a product/substrate
with respect to an enzymatic reaction, more preferably the SDMA/arginine
ratio, the citrulline/arginine ratio, the ornithine/arginine ratio, and/or the
methionine sulfoxide/methionine ratio (cf. Figures as attached). The
SDMA/arginine ratio relates to the enzyme proteine arginine N-
methyltransferase (PRMT), the citrulline/arginine ratio relates to nitric oxide
synthase (NOS), the ornithine/arginine ratio relates to arginase, and the
methionine sulfoxide/ methionine ratio relates to oxidation by reactive oxygen

species {ROS). By measuring in addition these ratio{s] the diagnostic



BN U 0.0008 -0.76 C5:1 AC U 0.0008 -0.38 Cit AA U 0.0014 0.66 CO AC P 0.0017 -0.21 C5:1-DC AC
P 0.0024 037 31 C4 AC U 0.0026 0.50 SM C20:2 SM P 0.0027 -0.17 C5-0H (C3-DC-M) AC U 0.0027
-0.29 lysoPGyva e0is3436 P 0.0027 -0.16 SM 02:3 SM P 0.0029 -0.14 PGeag/fadbidased 0.0035 -0.22
PC aa C34:3 PC P 0.0044 -0.17 Lactate OA P 0.0049 -0.16 lysoPC a C14:0 PC P 0.0062 -0.31 PC aa
C36:4 PC P 0.0066 -0.14 total DMA BN U 0.0077 -0.36 lysoPC a C16:1 PC P 0.0079 -0.18 Glucosone
SU U 0.0081 0.31 Orn/Arg RATIO P 0.0082
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performance of the biomarker set and the method according to the invention

can be further improved.

More preferably, the biomarker set according to the invention further comprises
one or more metabolites selected from the group of polyamines,
phosphatidylcholines, reducing mono- and oligosaccharides (sugars},
sphingomyelins, eicosanoids, bile acids and energy metabolism intermediates.
Preferred examples of theses classes are given in Tables 4-9 hereinbelow. Again,
by measuring in addition metabolites of theses classes the diagnostic
performance of the biomarker set and the method according to the mvention

can be further improved.

A particularly preferable biomarker set is the one wherein the amino acids are
selected from Cit, Phe, Asn, Trp, His, Orn, Tyr, Met, Ala, Arg, Thr, Lys, Gin, Ser,
Val, Glu, and Pro, the acylcarnitines are selected from CO, C35-DC(C6-OH),
C5:1-DC, €8, C9, C10, C10:1, C14:1, and C18:1, the biogenic amines are
selected from MetSO, creatinine, SDMA, ADMA, total DMA, and serotonin, and
the ratios are selected from the SDMA/arginine ratio, the citrulline/arginine
ratio, the ornithine/arginine ratio, and/or the methionine sulfoxide/methionine

ratio.

As mentioned above, the disease to be assessed is kidney disease. Preferably it

is chronic kidney disease (CKD}, more preferably diabetic nephropathy (DN).

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. The biological
sample preferably is a blood or urine sample, however, any other
biological sample known to the skilled person which allows the
measurements according to the present invention is also suitable. Thus,
the method according to the invention is an in vitro method. For the

measurement of the metabolite concentrations in the biological sample a



0.13 UA (1) SU U 0.0083 0.33 C8 AC P 0.0122 0.49 dH SU u 0.0143 -0.49 P SU u 0.0152 -0.39 C8:1
AC P 0.0159 0.31 Pro AAP 0.0172 0.13 PC aa C32:1 PC U 0.0176 1.60 CO AC U 0.0185 -0.47

C4:1-DC(CHybHGo4h/Q:9436 -0.51 Spermine BN U 0.0209 1.01 lysoPC a GRGiARgndehigl2 -0.15 PC
aa C38:5PC P 0.0212 -0.11 TDCA BA P 0.0220 0.55 PC aa C38:4 PC P 0.0231 -0.12 SM C24:0 SM

U 0.0236 1.38 HNAc-H6 SU U 0.0245 0.70 PC ae C38:0 PC P 0.0248 -0.11 Met-SO BN P 0.0249 0.15
PC aa C34:1 PC U 0.0255
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quantitative analytical method such as chromatography, spectroscopy, and
mass spectrometry is employed, while fnass spectrometry is particularly
preferred. The chromatography may comprise GC, LC, HPLC, and UPLC;
spectroscopy may comprise UV/Vis, IR, and NMR; and mass spectrometry
may comprise ESI-QqQ, ESI-QqTOF, MALDI-QqQ, MALDI-QgTOF, and
MALDI-TOF-TOF. Preferred is the use of FIA- and HPLC-tandem mass
spectrometry. These analytical methods are generally known to the skilled

person.

For measuring the metabolite amounts targeted metabolomics is used to
quantify the metabolites in the biological sample including the analyte classes
of amino acids, biocgenic amines, polyamines, acylcarnitines,
phosphatidylcholines, reducing mono- and oligosaccharides, sphingomyelins,
eicosanoids, bile acids and energy metabolism intermediaries. Under energy
metabolism intermediaries it should be understood phosphorylated sugars,
mono-, di-, and ftrivalent organic acids, and nuclectides. However, it is
necessary according to the invention that among the measured metabolites at
least the analyte classes of amino acids, acylcarnitines and biogenic amines are
contained. The quantification is done using in the presence of isotopically
labeled internal standards and determined by the methods as described above.
A list of analytes including their abbreviations (BC codes) being suitable as
metabolites to be measured according to the invention is indicated in the

following Tables.

Table 1: Amino acids {pM)

BC code Analyte
Ala Alanine
Arg Arginine
Asn Asparagine
Asp Aspariate
Cit Citrulline
Gin Glutamine
Glu Glutamate
Gly Glycine
His Histidine




1.50 PC aa C36:6 PC P 0.0261 -0.14 C5:1-DC AC U 0.0288 -0.40 SRA C20:2 SM u 0.0295 1.20 SM
C24:1 SM U 0.0301 1.45 lysoPC a C16:0 PC P 0.0310 -0.09 C9 AC U 0.0344 -0.35 GCA BA P 0.0360
0.28 SOMARBH 41943364 -0.27 Val AA U 0.0371 0.35 H5-HNACc3 SU U 0434069 &70hssef C a C18:1
PC P 0.0419 -0.09 cis-C18:1w7 FFA P 0.0422 0.11 HNAc SU U 0.0422 -0.31 cis-C22:1w9 TEA P
0.0449 0.11 Tyr AAP 0.0471 -0.14 SM C22:3 SM U 0.0493 1.31 WO
2010/139341PCT/E1'2009/003926 32 Table 13: Highly significantly and significantly up- and
down-regulated metabolites compared in diabetics at stage 4 and stage 3 of CKD. Metabolite Class
Plasma/ Urine p-value log-fold change (D4/03) Cit/r§¢g RATIO P

lle Isoleucing
Leu Leucine

Lys Lysine
Met Methionine
Orn Ornithine
Phe Phenylalanine
Pro Proline

Ser Sering

Thr Threonine
Trp Tryptophane
Tyr Tyrosing

Val Valine

Table 2: Acylcarnitine {(uM)

BC code Analyte
Co Carnitine {free)
C2 Acetyicarniting
Cc3 Propionylcarnitine
C3:1 Propenoylcamitine
C3-DC Malonylcarnitine
C3-DC-M Methyimalonylcarnitine
C3-OH Hydroxypropionylcarnitine
C4 Butyrylcarniting / Isobutyrylcarnitine
C4:1 Butenoyicarnitine

C4:1-DC (C10)

Fumarylcamitine {Decanoylcarniting)

C4-OH

3-Hydroxybutyrylcarnitine

C5

isovalerylcarnitine / 2-Methylbutyrylcarnitine / Valerylcarnitine

C5:1

Tiglylcarnitine / 3-Methyl-crotonylcarnitine

C5:1-DC (C11)

Glutacenyicamitine / Mesaconylcarnitine {Undecanoylcarnitine )

C5-DC (C6-0H)

Glutarylcarnitine

Ch5-M-DC Methylglutarylcarnitine

C5-0OH 3-Hydroxyisovalerylcarnitine / 3-Hydroxy-2-methylbutyry!
Ce Hexanoylcamitine [Caproyicarniting]

CB:1 Hexenoylicarnitine

CB-OH Hydroxyhexanoylcarnitine {Hydroxycaproylcarnitine]
c7 Heptanoylcarnitine [Enanthylcarnitine]

C7-DC Pimelyicarnitine

C8 Octanoylcarnitine [Capryiylcarnitine]

C8:1 Ocienoylcarnitine

C8-DC Octanedioyicarnitine [Suberylcarnitine]

Co Nonanoylcarnitine [Pelargonyicarniting]

€10 (C4:1-DC)

Decanoylcarnitine [Caprylcarnitine] (Fumarylcarmitine)

C10:1

Decenoylcarnitine

C1i0:2

Decadienoylicarnitine

C10-DC

Decaneadioyicarniting [Sebacyicarnitine}

C11 (C5.4-DC)

Undecanoyicarnitine {Glutaconylcarnitine / Mesaconyicarnitine)

Ci12

Dodecanoylcarnitine [Laurylcarniting]

C121 Dodecenoylcarniiine

C12-DC Dodecanedioyicarnitine

Ct4 Tetradecanoylicarnitine [Myristyicarnitine]
C14:1 Tetradecenoylcamnitine [Myristoleylcarnitine]




0.0046 018 ADMA BN U 0.0048 -035 C5-DC(C6-0H) AC P 0.0079 0.49 C4 AC U 0.0084 -0.35 C4:1
AC P 0.0097 0.30 Serotonin BN U 0.0178 -037 cis-C17:2w6 TFA P 0.0205 -0.23 PC aa C42:4 PC P
0.0227 0.09 $aty26vd 144949254 -0.39 Cit AA P 0.0288 0.18 total DMA BN U, 0,3299.50, 2.0 £is-C22:3w3
FFA P 0.0326 -0.18 cis-C22:6w3 (131-1A) TFA P 0.0407 0.11 Ser AA U 0.0435 -0.20 cis-C22.5w3
TEA P 0.0499 0.10 Table 14: Highly significantly and significantly up- and down-regulated metabolites
compared in diabetics at stage 5 and stage 4 of CKD. Metabolite Class Plasma/ Urine p-value log-fold
change (D5/D4) Creatinine BN P 5.30E-06 0.48 C5-DC(C6-0H) AC P 0.0002 0.42 UA (1) SU P 0.0009
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C14:1-0OH 3-Hydroxytetradecenoylcarnitine [3-Hydroxymyristoleyicarnitine]
C14:2 Tetradecadienoylcarnitine

C14:2-0H 3-Hydroxytetradecadienoylcamitine

C14-0OH 3-Hydroxytetradecanoylcarnitine [Hydroxymyristylcarnitine]

C186 Hexadecanoyicarnitine [Palmitoylcarnitine)

C16:1 Hexadecenoylcarnitine [Palmitoieyicarnitine]

C16:1-0H 3-Hydroxyhexadecenoylcarmiting [3-Hydroxypatmitoleylcarnitine)
C16:2 Hexadecadienoylcamitine

C16:2-OH J-Hydroxyhexadecadienoylcarnitine

C16-0OH 3-Hydroxyhexadecanolycarniting [3-Hydroxypalmitoylcarnitine]
C18 Octadecanoylcarnitine [Stearylcarniting]

C18:1 Octadecenoyicarnitine [Oleyicaritine]

C18:1-0H 3-Hydroxyoctadecenoyicarnitine [3-Hydroxyoteylearnitine]
c18.2 Octadecadienoylcarnitine [Linoleyicarnitine]

C18:2-0OH 3-Hydroxyoctadecadienoylcarnitine [3-Hydroxylinoleylcarnitine]

Table 3: Biogenic amines (uM)

BC code Analyte
ADMA Asymmetric dimethylarginine
SDMA Symmetric dimethylarginine
total DMA Total dimethylarginine
Histamine Histamine
MetSO Methionine-Sulfoxide
Kynurenine Kynurenine
Hydroxykynurenine Mydroxykynurenine
Putrescine Putrescine
Spermidine Spermidine
Spermine Spermine
Serotonin Serotonin
Creatinine Creatinine

Table 4: Phosphatidylcholines {(uM)

BC code

Analyte

lysoPC a C14:0

Lysophosphatidylcholine with acyl residue C14:0

lysoPC a C16:0

Lysophosphatidylcheline with acyl residue C16:0

lysoPC a C18:1

Lysophosphatidylcholine with acyl residue C186:1

lysoPC a C17:0

Lysophosphatidylchoiine with acy! residue C17:0

lysoPC a C18:0

Lysophosphatidyicholine with acyi residue C18:0

lysoPC a C18:1

Lysophosphatidyichoiing with acyl residue C18:1

lysoPC a C18:2

Lysophosphatidylcholine with acyi residue C18:2

lysoPC a C20:3

Lysophosphatidyicholine with acyl residue C20:3

lysoPC a C20:4

Lysophosphatidylcholine with acyl residue C20:4

lysoPC a C24.0

Lysophosphatidyichotine with acyl residue C24:0

iysoPC a C26:0

Lysophosphatidylcholine with acyl residue C26:0

tysoPC a C26:1

Lysophosphatidylcholine with acyl residue C26:1

fysoPC a C28:0

‘Lysophosphatidylcholine with acy! residue C28:0

tysoPC a C28:1

Lysophosphatidylcholine with acyl residue C28:1

lysoPC a C8.0

Lysophosphatidylcholine with acy! residue C6:0

PCaaC24:0

Phosphatidyicholine with diacyl residue sum C24:0




1.06 C9:0 TFA P 0.0026 0.41 total DMA BN P 0.0026 0.32 CO AC P 0.0034 -0.19 Pro AA U 0.0050
0.64 ADM A BN P 0.0053 0.13 SDMA BN P 0.0076 0.26 Spermine BN U 0.0443 1.51 Gly AA P 0.0127
0.11 Fumarigygsigh§)39849.0160 0.76 Pro AA P 0.0219 0.17 C9 AC P 0.034%:0-28,GliAh P 0.0249
0.07 SDMA/Arg RATIO P 0.0276 0.20 Asn AA P 0.0287 0.14 CO AC U 0.0439 -0.47 WO
2010/139341PCT/EP2009/003926 33 Table 15: Highly significantly and significantly up- and
down-regulated metabolites compared in diabetics at stage 5 and stage 3 of CKD. Metabolite Class
Plasma/ Urine p-value log-fold change (D5/D3) C5-DC(C6-0H) AC P 4.24E-07 0.92 Creati nine BN P
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PC aa C26:0 Phosphatidyicholine with diacy| residue sum C26:0
PC aa C28:1 Phosphatidylcholine with diacy! residue sum C28:1
PC aa C30:0 Phosphatidylcholine with diacy! residue sum C30:0
PC aa C30:2 Phosphatidylcholine with diacy! residue sum C30:2
PC aa C32:0 Phosphatidyicholine with diacy| residue sum C32:0
PC aa C32:1 Phosphatidyicholine with diacy! residue sum C32:1
PC aa £32:2 Phosphatidylcholine with diacy! residue sum C32:2
PC aa C32:3 Phosphatidyicholine with diacy! residue sum C32:3
PC aa C34:1 Phosphatidyicholine with diacy! residue sum C34:1
PC aa C34:2 Phosphatidylcholine with diacy| residue sum C34:2
PC aa C34:3 Phosphatidylcholine with diacy! residue sum C34:3
PC aa C34.4 Phosphatidyicholine with diacy! residue sum C34:4
PC aa C38:0 Phosphatidylcholine with diacy! residue sum C36:0
PC aa C36:1 Phosphatidyicholine with diacy! residue sum C36:1
PC aa C36:2 Phosphatidyicholine with diacy! residue sum C38:2
PC aa C36:3 Phosphatidyicholine with diacy! residue sum C36:3
PC aa C36:4 Phosphatidyicholine with diacy! residue sum C36:4
PC aa C36:5 Phosphatidylcholine with diacy! residue sum C326:5
PC aa C36:8 Phosphatidyicholine with diacyl residue sum C36:6
PC aa C38:0 Phosphatidyicholine with diacy! residue sum C38:0
PC aa C38:1 Phosphatidyicholine with diacyl residue sum C38:1
PC aa C38:3 Phasphatidyicholine with diacyl residue sum C38:3
PC 8a C364 Phosphatidylcholine with diacyl residue sum €38:4
PC aa C38:5 Phosphatidyicholine with diacyt residue sum C38:8
PC aa C38:6 Phosphatidyicholine with diacyl residue sum C38:6
PC aa C40:1 Phosphatidyicholine with diacyl residue sum C40:1
PC aa C40:2 Phosphatlidyicholine with diacy! residue sum C40:2
PC aa C40:3 Phosphatidyicholine with diacy! residue sum C40:3
PC aa C40:4 Phosphatidyicholine with diacyi residue sum C40:4
PC aa C40:5 Phosphatidylcholine with diacyl residue sum C40:5
PC aa C40:6 Phosphatidylcholine with diacy| residue sum C40:8
PC aa C42:0 Phosphatidylcholine with diacy| residue sum C42:0
PC za C42:1 Phosphatidyicholine with diacyl residue sum C42:1
PC aa C42:2 Phosphatidyicholine with diacyl residue sum C42:2
PC aa C42:4 Phosphatidylcholine with diacyl residue sum C42:4
PC aa C42:5 Phosphatidyicholine with diacy| residue sum C42:5
PC asz C42:6 Phosphatidyicholine with diacyl residue sum C42:6
PC ae C30:0 Phosphatidyicholine with acyi-alkyl residue sum C30:0
PC ae C30:1 Phosphatidylcholine with acyl-alkyl residue sum C30:1
PC ae C30:2 Fhosphatidyicholine with acyl-alky! residue sum C30;2
PC ae C32:1 Phosphatidylcholine with acyl-alkyl residue sum C32:1
PC ae C32:2 Phosphatidylcholing with acyl-alkyl residue sum C32:2
PC ae C34:.0 Phosphatidyicholine with acyl-alkyl residue sum C34:0
PC ae C34:1 Phosphatidylcholine with acyl-alkyl residue sum C34:1
PC ae C34:2 Phosphatidyicholine with acyl-alkyl residue sum C34:2
PC ae C34:3 Phaosphatidyicholine with acyl-alkyl residue sum C34:3
PC ae C36:0 Phosphatidyicholine with acyl-alkyl residue sum C36:0
PC ae C36:1 Phosphatidyicholine with acyl-alkyl residue sum C36:1
PC ae C36:2 Phosphatidyicholine with acyl-alkyl residue sum C36:2
PC ae C36:3 Phosphatidyicholine with acyl-alkyt residue sum C36:3
PC ae C364 Phosphatidvicholine with acyl-alky residue sum C36:4
PC ae C38:5 Phosphatidyicholine with acyl-alkyl residue sum C36:5
PC ae C38:0 Phosphatidylcholine with acyl-alkyl residue sum C38:0




8.35E-07 051 Ketoglutaric acid OA P 4.60E-05 0.46 SOMA BN P 0.0004 0.40 total DMA BN P 0.0004
0.27 C9 AC P 0.0005 0.44 TDCA BA P 0.0007 1.02 TCA BA P 0.0008 1.11 C5:1 AC u 0.0009 -0.39
ADMA BN D028 r8346 C10:1 AC u 0.0010 -0.63 Cit/Arg RATIO P 0.0Q16 R+9056e4RA P 0.0020
0.61 Pro AA u 0.0021 0.73 Dopamin BN U 0.0025 -1.28 Pro AA P 0.0028 0.23 Serotonin BN u moo
-0.98 CS-OH (C3-DC-M) AC U 0.0043 -0.31 Cit AA P 0.0043 0.27 CO AC P 0.0087 -0.22 cis-C17:2w6
FFA P
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PC ae C38:1 Phosphatidyicholine with acyl-alky! residue sum C38:1
PC ae C38:2 Phosphatidylcholine with acyl-alky! residue sum C38:2
PC ae C38:3 Phosphatidyicholine with acyl-alkyl residue sum C©38:3
PC ae C38.4 Phaosphatidylcholine with acyl-alkyl residue sum C38:4
PC ae C38:5 Phasphatidylcholine with acyl-alkyl residue sum C38:5
PC ae C38:6 Phosphatidylcholine with acyl-alkyl residue sum C38:6
PC ae C40:0 Phosphatidyicholine with acyl-alkyl residue sum C40:0
PC ae C40:1 Phosphatidylcholine with acyl-alkyl residue sum C40:1
PC ae C40:2 Phosphatidylcholine with acyl-alky! residue sum C40:2
PC ae C40.3 Phosphatidylcholine with acyl-alkyl residue sum C40:3
PC ae C40:4 Phosphatidyicholine with acyl-alkyi residue sum C40:4
PC ae C40:5 Phosphatidyicholine with acyl-alkyi residue sum C40:5
PC ae C40:8 Phosphatidyicholine with acyl-alky! residue sum C40:6
PC ap C42.0 Phosphatidylcholine with acyl-alky! residue sum C42:0
PC ae C42:1 Phosphatidylcholine with acyl-alky! residue sum C42:1
PC ae C42:2 Phosphatidylcholine with acyl-alkyl residue sum C42:2
PC ag C42.3 Phosphatidylcholine with acyl-alkyl residue sum C42:3
PC ae C42:4 Phosphatidylcholine with acyl-alky! residue sum C42:4
PC ae C42:5 Phosphatidylcholine with acyl-alkyl residue sum C42:5
PC ae C44:3 Phosphatidylchotine with agyl-alkyl residue sum C44:3
PC ae C44:4 Phosphatidylcholine with acyl-alkyl residue sum C44:4
PC ae C44:5 Phosphatidylcholine with acyl-alkyl residue sum C44:5
PC ae C44:6 Phosphatidylcholine with acyl-alkyl residue sum C44:6

Table 5: Sphingomyelins (uM)

BC code Anazlyte
SM (CH) C1411 Hydroxysphingomyelin with acy! residue sum C14:1
SM (OH) 161 Hydroxysphingomyelin with acyl residue sum C16:1
SM{OH) C22:1 Hydroxysphingomyelin with acyl residue sum C22:1
SM {OH) C22:2 Hydroxysphingomyeiin with acyl residue sum C22:2
SM (CH) C24:1 Hydroxysphingomyelin with acyl residue sum C24:1
SM C14:0 sphingomyelin with acyl residue sum C14:0
SM C16:0 sphingomyelin with acyl residue sum C16:0
SMC16:1 sphingomyelin with acyl residue sum C16:1
SMC18:0 sphingomyelin with acyl residue sum C18:0
SMC1i8:1 sphingomyelin with acy! residue sum C18:1
SMC20:2 sphingomyelin with acyl residue sum C20:2
Sw C22:3 sphingomyelin with acyl residue sum C22:3
SM C24:0 sphingomyelin with acyl residue sum C24:C
SM C24:1 sphingomyelin with acyl! residue sum C24:1
SM C28:0 sphingemyelin with acyl residue sum C268:0
SM C26:1 sphingomyelin with acyl residue sum C26:1

Table 6: Prostaglandins (nM)

BC code Analyte
95-HODE (£)5-hydroxy-10E 12Z-octadecadienoic acid
135-HODE 13(S)-hydroxy-82 11 E-octadecadienocic acid

14{15)-EpETE (£)14{15}-epoxy-5Z,8Z, 112,17 Z-eicosatetraenoic acid
128-HETE 12{S)-hydroxy-52 87 10E 14Z-eicosatetraenoic acid




0.0145 -0.13 total DMA BN U 0.0152 -0.49 C4 AC u 0.0165 -0.62 Asn AAP 0.0170 0.17 Gin AAP
0.0220 0.09 dH SU U 0.0229 -0.51 C9 AC u 0.0252 -0.45 SDMA/Arg RATIO P 0.0265 0.36 His AAP
0.0334 0.11 p:3ffz38de: P 0.0349 0.29 SDMA BN U 0.0366 -0.42 SM C202.8M, ﬁgg 2-0.12 PC
aa C34:3 PC P 0.0394 -0.15 CO AC U 0.0400 -0.65 C6:0 FFA P 0.0415 -0.07 C4:1-DC(C6) AC U
0.0420 -0.61 GDCA BA P 0.0436 0.41 HNAc SU U 0.0482 -0.41 Tyr/Phe RATIO P 0.0484 -0.11 34
Metabolite
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158-HETE 15(S}-hydroxy-57 827, 11Z, 1 3E-eicosatetraencic acid
158-HpETE 15(8)- hydroperoxy-52 82,112, 13E-eicosatetraenoic acid
LTB4 Leukoiriene B4
5S8-HpETE 5(S)-hydroperoxy-6E,82 112, 14Z-eicosatetraenoic acid
TAB2 Tromboxane B2
LTD4 Leukotriene D4
DHA Docosahexaenoic acid
PGE2 Prostaglandin E2
B-isg PGF2a 8-iso-Prostagiandin F2aipha
PGF2a Prostaglandin F2alpha
6-keto-PGF1a 6-keto-Prostaglandin F1alpha
PGD2 Prostaglandin D2
AA Arachidonic acid

Table 7: Sugars (uM)

BC code

Analyte

(HNACS-UA)2-HNAc

di{N-acetylhexosamine-sulfate-uronic acid)-(N-acetylhexosamine)

{HNAc-UA)2

di-(N-acetylhexosamine-uronic acid)

{HNAC-UA2-S

di{N-acetylhexosamine-uronic acidl-sulfate

(UA-HNACcS}2-UA

di{uronic acid-N-acetylhexosamine-suliate)-uronic acid

dH deoxyhexose

Glucosone glucosene (= 2-keto-glucose)

H1 (Glucose etc.) hexose [glucose eifc.]

H2 dihexose [maltose, lactose, etc.]

H2-dH dihexose-deoxyhexose

H2-dH2 dihexose-dideoxyhexose

H2-HNAc2 dihexcse-di{N-acetylhexosamine)

H2-HNAc3 dihexese-iri(N-acetylhexosamine)

HZ-NANA dihexose-(N-acetyineuraminic acid) (= siaiyliactose)
H3 trihexose [maltotriose eic.]

H3-HNAc2 and UA-HN-UA-HNAc-UA

trihexose-di(N-acetyihexosamine) and uronic acid-hexosamina-
uronic acid-(N-acetythexose)-uronic acid

H3-HNAC2-NANA*

trihexose-di(N-acetylhexosamine)-(N-acetyineuraminic acid)

H3-HNAGS trinexose-tri(N-acetylhexosamine)
H3-HNAc4 trihexose-tetra(N-acetylhexosaming)
H3-HNACS trihexose-penta(N-acetythexosamine)
H4 tetrahexose [maltoietraose eic.]
H4-HNACZ tetrahexose-di(N-acetylhexosamine)
| H4-HNAC2-NANA tetrahexose-di(N-acetylhexosamine)-(N-acetylneuraminic acid)
H4-HNAC3 tefrahexose-ri{N-acetylhexosamineg)
HS pentahexose {maltopentaose etc.]
H5-HNAC3 peniahexose-ri{N-acetylhexosamine)
H6 hexahexose [maltohexaose eic.]
H7 heptahexose [malicheptacse ete.]
H-dH- hexose-deoxyhexose
H-HNAG-NANA hexose-(N-acetylhexosamine)-{N-acetyineuraminic acid)
HNAC N-acetylhexosamine
HNAc(8)-UA {N-acetylhexosamine)-sulfate-uronic acid
HNAC(S2) {N-acetylhexosamine)-disulfate
HNACZ2-H-dH di(N-acetylhexosamine)-hexose-deoxyhexose
HNAc-dH {N-acetylhexosamine)-deoxyhexose




Class Plasma/ Urine p-value log-fold change (NO4/NO3) Phe AA P 0.0008 0.14 Orn/Arg RATIO P
0.0017 0.18 Met-SO BN P 0.0023 0.25 Orn PA P 0.0030 0.18 Creatinine BN P 0.0033 0.35 C5 ACP
0.0036 0.24 &5-Rfal=6:9H) AC P 0.0040 0.68 Asn AA P 0.0044 0.11 AD %P%f 2‘{_‘?%% 0.13 Cit AA
P 0.0057 0.18 total DMA BN u 0.0086 -0.44 C9 AC P 0.0098 0.42 SDMA G101

Creatinine BN u 0.0104 -0.28 H5 SU u 0.0110 -0.56 ADMA BN u 0.0131 -0.62 SM C26:1 SM P 0.0144

0.07 H4 SU U 0.0151
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HNAc-H {N-acetylhexosamine)-hexose
HNAc-H2 (N-acetylhexosamine)-dihexose
HNAc-H2-dH* (N-acetylthexosamine)-dihexose-deoxyhexose
HNAC-H2-dH2 (N-acetylhexosamine)-dihexose-dideoxyhexose
HNAC-H3 (N-acetythexosamine)-trihexose
HNA¢-H3-dH {N-acetylhexosamine)-trihexose-deoxyhexose
HNAg-H3-dH2 {N-acelylhexosamine)-trihexose-dideoxyhexose
HNAc-H4 {N-acetylhexosamine)-tetrahexose
HNAC-H4-dH {N-acetylhexosamine)-tetrahexose-deoxyhexose
HNAc-H4-dH2 {N-acetylhexosamine)- tetrahexose»dmeoxyhexose
HNAG-HS {N-acetylhexosamine)-pentahexose
HNAc-H5-dH (N-acetylhexosamine)-pentahexose-deoxyhexose
HNAc-H8 {N-acetylhexosamine)-hexahexose
HNAc-H-dH {N-acetylhexosamine)-hexese-deoxyhexose
HNACS N-acetylhexosamine-suifate
HNAC-UA {N-acetylhexosamine)-uronic acid
HNAC-UA-HNS-UA N-acetylhexosamine-uronic acsid-(hexosamine-suifate)-uronic acid

N-acetylhexosamine-uronic acid-thexosamine-sulfate)-uronic
HNAc-UA-HNS-UA(S) acid-sulfate
HNS-UA N-uronosylhexosamine-sulfate
HN-UA N-uronosylhexosamine
H-P hexose-pentose
Neu5Ge-HNAG-H3 {N-glycolyineuraminic acid)-(N-acetyihexosamine)-trinexose
Pentose (Ribose etfg.) peniose [ribose eic.]
Phospho-H phosphohexose, hexose-6-phosphate
UA uronic acid
UA-HN uronic acid-hexosamine
UA-HNAc uronic acid-(N-acetylhexosamine)
UA-HNAC.S uronic acid-{N-acetylhexosamine)-sulfate
UA-HNAG-UA uronic acid-(N-acetylhexosamine)-uronic acid
UA-HNAc-UA(S) uronic acid-(N-acetylhexosamine)-(uronic acid-sulfate)
UA-HNACc-UA(SZ) uronic acid-(N-acetylhexosamine}-(uronic acid-disulfate)

uronic acid-(N-acetythexosaminel-uronic acid-(N-
UA-HNAC-UA-HNAC(S2) acetylhexosamine-disulfate)
UA-HNS uronic acid-(hexosamine-sulfate)
UA-HNS-UA uronic acid-(hexosamine-sulfate)-uronic acid

) uronic acid~(hexosamine-6-sulfate}-uronic acid-{N-

UA-HNS-UA-HNAc-UA acetylhexosamine)-urconic acid
UA-HN-UA(S2) uronic acid-hexosamine-(uronic acid-disuliate)

uronic acid-hexosamine-uronic acid-(N-acetylhexosamine)-uronic _
UA-HN-UA-HNAc-UA acid

*} hexose-related measurement
anefact



-0.33 PC ae C44:6 PC P 0.0162 0.14 C14:2 AC U 0.0180 -0.97 C18:1 AC P 0.0182 0.10 Pro AA P
0.0185 0.09 cis-C20:2w6 FFA P 0.0193 0.11 C10 AC P 0.0200 0.23 Cit/Arg RATIO P 0.0204 0.14
Serotonin Biy&,9192360-60 SM C16:1 SM P 0.0243 0.08 Dopamin BN p}.9,0854.-0.44 P SU U
0.0255 -0.47 Ketoglutaric acid OA P 0.0256 0.21 total DMA BN P 0.0262 0.16 cis-C18:2w6 FFA P
0.0263 0.12 PC aa C42:0 PC P 0.0298 0.13 PC ae C32:2 PC P 013308 0.10 Giu AA P 0.0308 0.30
cis-C18:2w6 TFA P 0.0313 0.08 C5:1 AC U 0.0323

24
Table 8: Bile acids (nM)
BC code Analyte

CA Cholic Acid

CDCA Chenodeoxycholic Acid

DCA Deoxycholic Acid

GCA Glycocholic Acid

GCDCA Giycochenodeoxycholic Acid
GDCA Glycodeoxycholic Acid
GLCA Glycolithocholic Acid

GLCAS Glycolithocholic Acid sulfate
GUDCA Glycoursodeoxycholic Acid
LCA Lithocholic Acid

TCA Taurocholic Acid

TCDCA Taurochenodeoxycholic Acid
TDCA Taurodeoxycholic Acid
TLCA Tauroplithocholic Acid

TLCAS Taurolithocholic Acid sulfate
TUDCA Tauroursodeoxycholic Acid
UDCA Ursodeoxycholic Acid

Table 9: Metabolites from energy metabolism {uM)

BC code BC code neu Analytes
3-PG 3-PG 3-Phosphoglycerate
aipha-KGA alpha-KGA alpha-Ketoglutaric acid
AMP AMP Adenosine-5'-

] monophosphate
Arg Arg Arginine
Asp Asp Aspartic acid

A ) Dihydroxyacetonephosphate

DHAP *3-PGA DHAP + 3-PGA + 3-Phosphoglyceraldehyde
Fum 7 Fum Fumaric acid
Gli-6-P Gh-6-P Gluconate-8-phosphate
Glu Gl Glutamic acid
Hex Hex Hexose (e.g Glucose)
Fru-1,6-BP Hex-BP Hexosebisphosphate (e.g.

Fructose-1,8-bisphosphate)

Hexosephosphate (e.g.
Gle-1-P + Gic-6-P + Hex-P Ghicose-1-phosphate +
Fru-8-P Glucose-6-phosphate +

Fructose-8-phosphate)

Lac Lac Lactate




-0.33 HNAc SU U 0.0332 -0.45 cis-C18:1w7 FFA P 0.0337 0.14 SM C16:0 SIVI P 0.0369 0.07 PC ae
C32:1 PC P 0.0376 0.09 CS-OH (C3-DC-M) AC U 0.0383 -0.26 His AA P 0.0391 0.06 Gin AAP
0.0411 0.03 Wi 3pkb/ 444349417 -0.64 PC aa C42:1 PC P 0.0424 0.12 C12 AL 8,0430.:0.34 PC aa
C30:2 PC P 0.0443 0.09 C7-DC AC P 0.0460 0.78 35 C8 AC P 00472 0.79 C9 AC U 0.0482 -0.51 PC
aa C42:4 PC P 0.0489 0.08 Table 17: Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 5 and stage 3 of CKD Metabolite Class Plasma/ Urine
p-value log-fold change (ND5/ND4) C14:2 AC U 0.0001 1.07 Cit/Arg RATIO P
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Pentosephosphate (e.g.
Rib-5-P + Ribul-5-P | Pent-P Ribose-5-phosphate +
Ribulose-5-phosphate)

PEP PEP Phosphoenolpyruvate
Pyr+ OAA Pyr + OAA Pyruvate + Oxaloacetate
Suc Suc Succinic acid

Ery-4-P Totr-P Tetrosephosphate (e.q.

Erythrose-4-phosphate)

Moreover the invention 1s 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
20077003344 and WO 2007 /003343 which applications are both incorporated

herein by reference.

The following examples further clarify the present invention without being

intended to limit the scope in any way.

Examples

Comparisons have been made between different stages of kidney disease, and

also comparing diabetic nephropathy to other chronic kidney diseases.

General information:

Six cohorts, diabetics with CKD stage 3-5 (the official stages 1-3 were all

included in what is called stage 3 herein) and non diabetics with CKD stage 3-
5, of urine (57) and plasma (76) samples, respectively, were collected at
Montpellier University Hospital. Targeted metabolomics was used to quantify

about 320 metabolites from plasma and 300 from urine including the classes



0.0006 0.31 SDMA/Arg RATIO P 0.0011 0.45 PC aa C38:3 PC P 0.0014 -0.18 Phe AA P 0.0024 -0.21
Arg AA U 0.0030 0.43 Asn AA P 0.0033 -0.17 SM C20:2 SM P 0.0039 -0.22 C14:1 AC U 0.0042 0.93
PC aa C38:3BGuih@39848 -0.19 Trp AA P 0.0050 -0.33 PC aa C36:3 PCp-£1306§0d385; SDMA BN P
0.0054 0.27 H1 SU U 0.0058 0.64 PC aa C40:3 PC P 0.0059 -0.15 PC aa C34:3 PC P 0.0060 -0.23
Met AA P 0.0063 -0.24 Tyr AA P 0.0089 -0.31 cis-C18:4w3 TM P 0.0092 -0.92 H2-dH2 SU U 0.0097
0.41Gin AAP
26

amino acids, biogenic amines, pelyamines, acylcarnitines,

phosphatidylcholines, reducing mono- and oligosaccharides, sphingomyelins,

eicosanoids, bile acids and energy metabolism intermediaries {as defined above}

in the presence of isotopically labeled internal standards and determined by

FIA- and HPLC-tandem mass spectrometry with multiple reaction monitoring

(MRM) using a Sciex 4000 QTrap with electrospray ionization. Additionally, 160

fatty acids were quantified in plasma by GC-MS/MS. The datasets were

analyzed with wunsupervised principal components analysis (PCA) and

supervised partial least sguares-discriminant analysis {PLS-DA) using

MarkerView software (Life Technologies).

Analysis P/U and U:

Analysis was made both of patients where plasma and urine was available {i.e.
57; “Analysis P/U”) and also using only the plasma samples {i.e. 76; “Analysis
P”}, thus showing that a marker could work as a combination with plasma and
urine, but could also be measured in only plasma. Different comparisons were
made to evaluate biomarkers for CKD, but also to see if a difference between
diabetic nephropathy and other kidney diseases could be distinguished.
Therefore, comparisons were made between lower and higher stages of CKD in

all patients, but also separately in diabetics and non-diabetics.

Definition of terms:

(1} Up- and down regulation: An up-regulation means an increase in the
concentration of a metabolite, e.g. an increase in the rate of at which this
biochemical reaction occurs due to for example a change in enzymatic activity.

For a down-regulation it’s the other way around.

(2} t-test: The t-test is a statistical hypothesis test and the one used is the one
integrated in the MarkerView software and is applied to every variable in the

table and determines if the mean for each group is significantly different given



0.0100 -0.12 PC ae C44:3 PC P 0.0101 -0.14 SM (OH) C22:2 SM P 0.0101 -0.18 His AA P 0.0102
-0.19 PC ae C40:3 PC P 0.0112 -0.14 Arg PA P 0.0128 -0.19 PC aa C40:5 PC P 0.0130 -0.20 lysoPC

a C16:0 PC B/8.89%4835434} 7 CIO-DC AC U 0.0162 0.77 C3 AC P 0.0163 -g@p]%%léo%é?glgM P 0.0182
-0.18 PC aa C38:5 PC P 0.0184 -0.18 PC aa C32:3 PC P 0.0189 -0.17 12 Aé . 8 46 Orn AA

U 0.0208 1.36 PC aa C32:2 PC P 0.0221 -0.19 PC aa C38:4 PC P 0.0223 -0.19 WO
2010139341PCT/EP2009/003926 36 PC aa C34:4 PC P 0.0235 -0.28 PC aa C42:5 PC P 0.0237 -0.11
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the standard deviation and the number of samples, e.g. to find out if there is a

real difference between the means (averages) of two different groups.

(3} p-value: The p-value is the probability of obtaining a result at least as
extreme as the one that was actually observed, assuming that the null
hypothesis ({the hypothesis of no change or effect) is true. The p-value is always
positive and the smaller the value the lower the probability that it is a change
occurrence. A p-value of 0.05 or less rejects the null hypothesis at the 5%
level, which means that only 5 % of the time the change is a chance occurrence.

This is the level set in our tables.

(4) Log-fold change: Log-fold change is defined as the difference between the
average log transformed concentrations in each condition. This is a way of
describing how much higher or lower the value is in one group compared to
another. For example, a log-fold change of 0.3 is "equivalent” to an exp(.3)=1.34
fold change increase compared to the control (healthier group). Further, a log-
fold change of -0.3 is "equivalent" to a exp(-.3)=0.74=(1/1.34) fold change

increase compared to the control or decrease fold change of 1.34 to the disease.

Results:

The results of the above described measurements are summarized in the
foHdWing Tables 10-27. Tables 10-18 refer to the “Analysis P/U” and Tables 19-
27 refer to the “Analysis P”. In the tables the p-values were obtained with the
standard t-test implemented in the MarkerView Sofware. A positive log fold
represents an up-regulation of the metabolite in the higher stage and vice
versa. Abbreviations are: D, diabetic; ND, non diabetic; AC, acyl carnitine; SU,
sugar; BN, biogenic amine; SM, sphingomyelin; TFA, total fatty acid; FFA, free
fatty acid; PC, phosphatidylcholine; OA, organic acid; BN, biogenic amine;



PC ae C32:1 PC P 0.0246 -0.11 Glu AA U 0.0254 0.74 cis-C16:1w13 TM P 0.0255 -0.38 UA-HNAc-S
SU P 0.0259 -0.52 PC ae C40:4 PC P 0.0269 -0.14 Xle AA U 0.0293 0.81 CO AC P 0.0299 -0.26 total
DMA BN P 03394134 RC aa C40:4 PC P 0.0329 -0.23 Thr AAP 0.033%8%é2§¥09%§63 SM P
0.0333 -0.13 Ala AA P 0.0338 -0.20 Val AA U 0.0343 0.74 PC aa C42:4 P . é3 -0.11 PC ae
C38:2 PC P 0.0354 -0.17 PC aa C36:2 PC P 0.0363 -0.15 PC Be C44:6 PC P 0.0364 -0.20 PC aa
C36:4 PC P 0.0365 -0.15 Glucosone SU U 0.0401 0.49
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“Analvsis P/U”

Table 10: Highly significantly and significantly up- and down-regulated
metabolites compared in stage 4 and 3 of CKD.

Piasma/ log-fold change
Metabolite Class Urine p-vaiue  {Staged/Stage3d)
C5-DCICB-0OH) AC p 5.65E-05 0.57
ADMA BN U 1.70E-04 -0.44
CitfArg RATID P 2.20E-04 0.16
Phe AL P 0.0005 0.16
Serctonin BN u 0.0009 -0.44
total DMA BN u 0.0011 «0.32
Cit AA P 0.0013 0.18
C4 AC U 0.0018 .31
PCaa C42:4 PC P 0.0029 0.08
C1i8:2 AC P 0.0042 0.16
SDMA BN U 0.0056 {127
€10 AC P 0.0085 0.19
Gly AA u 0.0105 .32
Ca:1-DC{Cs) AC U 00110 £.34
for:] AC P 0.0138 0.26
C5-0H (C3-DC-M} AC U 0.0138 -0.18
Met-5C BN P 0.01406 0.15
o AC U 0.0140 -0.30
PCae (32:1 PC P 0.0143 (.08
£5:1-DC AC U 0.0147 0.29
{2 AC P 0.0154 .13
Creatinine BN U 0.0162 -0.22
dH SU U 00164 -0.33
Orn/hrg RATIO P 0,017z .30
Ketoglutaricacid ~ OA P 0.0214 0.31
His Al ) 0.0217 0.28
Asn AA p 0.0253 0.06
PC ae C32:2 2C P 0.0277 0.07
PC ae C44:6 pC p 0.0299 0.09
Orn AA P 0.0306 0.10
Cio AC 3] 0.0311 -0.20
Ci10:1 AC U 0.0325 -0.20
Crestinine BN P 0.0338 0.17
PCaa C30:2 PC p 0.0238 ) 0.06
5 AC 3] 0.0340 -0.26
Ser AA U 0.0342 £.1%
SM (OH) Cl1e:1 SM P 0.0354 0.07
His AA P 0.0362 0.05
cis-C18:iw7 FFA P 0.0368 0.08
Sk C16:0 S P 0.0389 0.05
H5 sU U 0.0369 -0.25
SDMA BN P 0.0388 0.14



cis-C18:3w3 TFA P 0.0439 -0.20 Lys AA U 0.0459 0.58 PC aa C36:1 PC P 00467 -0.11 C4-OH
(C3-DC) AC U 0.0472 0.28 H3 SU U 0.0472 0.51 Table 18: Highly significantly and significantly up-
and down-regidlaleslmgigbolites compared in non diabetics at stage 5 aW?g @@%%}CD
Metabolite Class Plasma/ Urine p-value log-fold change (NDS/NO3) Cit f - 8.89 Cit/Arg
RATIO P 1.26E-05 0.44 Orn/Arg RATIO P 2.63E-05 0.28 SDMA/Arg RATIO P 436E05 0.62 Creatinine
BN P 8.73E-05 0.53 SDMA BN P 0.0001 0.42 C5-DC(C6-0H) AC P 0.0002 0:83 total DMA BN P
0.0002 0.38 C8 AC P 0.0005 1.06 lysoPC a C14:0 PC P 0.0006 -0.78 Pro AA U 0.0006 1.10 Trp AA P

0.0007 -0.41 C9 29
cis-Cl8:1ws FFA P 0.0412 0.11
SMCi6:l SMm e 0.0441 0.05
51 AC U 0.0443 -0.16
€a:1 AC P 0.0450 .22
Trp AA U 0.0465 -0.21
SM {OH) C14:1 5Mm P 0.0492 0.07
Met AR U 0.0453 .29

Table 11: Highly significantly and significantly up- and down-regulated
metabolites compared in stage 5 and stage 4 of CKD.

Plasma/ log-fold change
Metaholite Class Urine pvalue  (StageS/Staged)
Creatinine BN P 3.41E-05 .35
SDMA BN P 8.228-05 0.26
SDMA/Arg RATIO P 0.0001 0.34
total DMA BN P 0.0007 0.27
C5-DC{CE-OH) AC P 0.0004 0.30
Cit/arg RATIO P 0.0006 0.20
ce AC P 0.0006 -0.22
PC e C38:3 PC P 0.0013 -0.12
Orn AA 8] 0.0018 0.29
Pro AA 8] 0.0028 0.50
SM{OH) €22:2 SM P .0038 012
PCaa {3563 PC P 0.0040 -0.14
Trp AR P 0.0055 -0.22
3 AC P 0.0055 .22
PCaa C36:4 PC P 3.0076 -0.14
Tyr AA P 0.0077 .18
SMC22:3 SM P 0.0080 -0.12
e AC P 0.0086 0.24
SMC20:2 S P 0.0097 0.18
C9:0 TFA P 0.0039 ¢.40
c2 AC P 0.0104 0.16
PCaa C34:3 PC P 0.0114 -0.20
PCaa34:4 PC H 0.0114 -0.18
SMCI8:1 M P 0.0135 -0.314
Val AA P 0.0121 0.52
PCas C38:3 PC 8] 0.0125 o011
Xie AA P 0.0131 .50
Glucosone 5U P 0.0136 0.35
PCaa C38:4 PC P 0.0143 -0.12
GUDCA BA P 0.0150 -0.68
PCag{32:2 PC U 0.0164 -0.15
Spermine BN P 0.0186 1.78
PC ae C38:2 PC P 0.0238 -0.10
Gly AA P 0.0239 0.29
SM C18:.0 M P 0.0243 <0.11



AC P 0.0032 0.61 Cit AA P 0.0033 0.29 lysoPC a C16:0 PC P 0.0037 -016 37 PCT/EP2009/003926
H1 SO u 0.0045 0.52 Lys AA u 0.0062 0.80 Tyr/Phe RATIO P 0.0084 -0.19 cis-C18:1w7 FFA P 0.0086
0.22 cis-C18yv ffi45:0.0088 0.27 lysoPC a C20:3 PC P 0.0697 -0.23 AgAA &R, AHLH0 -0.18
Ketoglutaric acid OA P 0.0108 0.29 Met-50 RN P 0.0109 0.20 PC aa C34:4 PCP 0.0131 -0.38 lysoPC
a C20:4 PC P 0.0135 -0.26 Tyr AA P 0.0156 -0.25 MetS0/Met RATIO P 0.0160 0.32 Ala AA P 0.0166
-0.18 Val AA U 0.0175 0.64

30
PCaa C38:5 PC P 0.0246 -0.11
PC ae (40:4 PC P 0.0251 -0.10
Phe AA P 0.6259 -0.11
UA {1} Su u 0.0280 0.35
PC aa C40:4 PC u 0.02580 -0.13
co AC U 0.0292 -0.31
Tyr/Phe RATIO u 0.0296 - <011
PC aa C32:3 PC P 0.0315 -0.12
PC ae {38:4 PC U 0.0322 -0.09
¢is-C18:3wb TFA P 0.0326 -0.15
PC aa C40:3 PC P 0.0354 -0.08
{HNAC-UAJ2 sU U 0.0362 €.28
PC ae C40:3 PC u 0.0376 -0.09
H-dH SuU U 0.0384 0.33
lle AA P 0.0400 1.08
Leu AA U 0.0402 0.62
lysoP( a C16:1 PC P 0.0403 -0.14
PCae C32:1 PC P 0.0424 -0.09
PC aa £34:2 PC P 0.0424 -0.10
181 AC P 0.0436 0.92
C10-DC AC P 0.0446 0.38
C5:1-DC AC P 0.0471 0.19
cis-C22:1ws TFA P 0.0495 0.12

Table 12: Highly significantly and significantly up- and down-regulated
metabolites compared at stage 5 and stage 3 of CKD.

Plasma/ log-foid change
Metabaolite Class Urine pvalue  [Stage5/Stage3)
C5-DCICE-OH) AC p 2.77E-08 0.88
Creatinine BN p 3.20E-08 D0.51
Cit/Arg RATIO P 5.24E-08 0.37
SbMA BN P 7.89E-08 0.41
total DMA BN P 7.32E-07 0.32
Ketoglutarit acid QA P " 1.91E-06 0.38
Pro AA H] 3.08E-06 0.85
SDMA/Arg RATIO P 6.60E-06 D.51
ce AC P 7.93E-06 0.50
Cit AA P 4.83E-05 0.28
Trp AA P 0.6002 -0.27
Dopamin BN U 0.0002 -1.06
ADMA, : BN U 0.0003 -0.73
C6:1 AC P 0.0004 1.18
Ci0:1 AC U 0.0005 -0.55
Tyr/Phe RATIO p 0.0007 0.15
Serotonin BN U 0.0008 0.76
Cs:1 AC U 0.0008 -0.38
Cit AA u 0.0014 0.66
co AC P 0.0017 -0.23
(5:1-DC AC 4 0.0024 0.37



C18:1 AC P 0.0176 0.13 lysoPC a C16:1 PC P 0.0183 -025 SM C20:2 SM u 0.0216 2.12 His AA P
0.0218 -0.13 Gin AA P 0.0230 -0.09 Thr AA P 0.0231 -0.19 Thr AA u 0.0235 0.37 Asp AA P 0.0237
1.16 SM C2%;3 SM/B240252 -0.19 Met AA P 0.0257 -0.16 Dopamin RN . 3,R25R49:83,C16:2 AC P
0.0281 0.32 SN1 C16:0 SM U 0.0294 2.56 PC aa C38:4 PC P 0.0299 -0.20 C5:1-DC AC P 0.0303
0.49 cis-C20:1w9 TEA P 0.0310 0.13 PC aa G38:5 PC P 0.0319 -0.16 Ala AA u 0.0320 0.28 H3 SU u
0.0336 0.41

31
C4 AL u 0.0026 0,50
SM C20:2 SM P 0.0027 -0.17
C5-0H {C3-DC-M) AC U 0.0027 -0.29
lysoPC a C20:3 PC P 0.0027 -0.16
SMC22:3 S P 0.0028 0.14
PCaz C34:4 PC P 0.0035 «0.22
PC as C34:3 B P 0.0044 0.17
Lactate OA P 0.0048 -0.16
lysoPCa (14:0 PC P 0.0062 -0.31
PC aa C36:4 PC [ 0.0066 -0.14
total DMA BN U 0.0077 -0.36
lysoPC a C16:1 PC e 0.0079 -0.18
Giucosone suU U 0.6081 0.31
OrnfArg RATIO P 0.6082 0.13
Ua (1) SuU u 0.0083 0.33
c8 AC P 0.0122 0.4%
dH 5U u 0.0143 -0.45
P SU U 0.0152 -0.39
c8:1 AC P 0.0159 0.31
Pro AA P 0.0172 .13
PCza(32:1 PC u 0.0176 1.60
co AC U 0.0185 0.47
C4:1-DCCE) AC ] 0.0196 -0.51
Spermine BN U 0.0205 1.01
lysoPC a C20:4 PC P 0.0212 -0.15
PC aa £38:5 PC P 0.0212 -0.11
TDCA BA P 0.0220 0.55
#C aa C38:4 PL P 0.0231 -0.12
S C24:0 SN U 0.0236 1.38
HNAL-HE SuU ] 0.0245 0.7¢
PC ae C38:0 L P 0.0248 .11
Met-50 BN P 0.0249 0.15
PLaa C34:1 PL ] 0.0255 1.50
PCaa C36:6 PC P 0.0261 -3.14
€5:1-bC AC U 0.0288 .40
S C20:2 S U 0.0295 1.20
S C24:1 SM U ©.0301 1.45
lysoPC a C16:0 PC P ¢.0310 -0.09
o] AC ] .0344 -0.35
GCa BA P 0.0360 0.28
SDMA BN U 0.0361 0.27
val AL 3] 0.0371 .35
H5-HNAC3 sy 3] 0.0406 0.82
lysoPC a £18:1 PC P 0.0418 -0.0%
cis-C18:1w7 FFA P 0.0422 .11
HiNAC suU U 0.0422 -0.31
cis-C22:1wS TFA P {.0445 0.11
Tyr AA P 0.0471 -0.14
S C22:3 SM U 0.0493 1.31



Glucoso ne SU u 0.0345 0.41 SM C20:2 SM P 0.0356 -0,21 cis-C16:1w7 FFA P 0.0375 0.39
cis-C20:1w9 FFA P 0.0391 0.21 cis-C17:1w9 FFA P 0.0395 0.28 PC aa C36:4 PC P 0.0406 -0.19
Lactate OA 8 948453419 fysoPC a C28:1 PC P 0.0435 -0.28 lysoPC a (181,05, o 9A63 -0.12
cis-C11:1w5 FFA P 0.0495 -0.68 PC ae C38:0 PC P 0.0498 -0.18 WO
2010/139341PCT/EP2009/003926 38 "Analysis V Table 19: Highly significantly and significantly up-
and down-regulated metabolites compared in stage 4 and 3 of CKD. MetaboliteClassp-value log-fold
change (Stage4/Stage3) C5-DC(C6-0H) AC 1.51E-05 0.59 CIt/Arg RATIO 0.0004 0.15 CU AA 0.0019
0.17 C18-2 AC 0.0019 0.16 Phe AA 0.0024 0.08 Cx@ AC 0.0026 0.20 PC aa C42:4 PC 0.0044 0.08

PC ae Cslzz:ﬂ?lg 01%94%{igh1y significantly and significantly up- and down-regulated

metabolites compared in diabetics at stage 4 and stage 3 of CKD,

Plasma/ log-fold change
Metabolite Class Urine  p-value {D4/D3)
Cit/Arg RATIC p 0.0046 0.18
ADMA BN L 0.0048 -0.35
C5-DCIC6-OM) AC P 0.0075 0.49
c4 AC U 0.0084 «0.35
C4:1 AC P 0.0097 0.30
Serotonin BN U 0.0178 0.37
cls-C17:2wd TFA P D.0205 -0.23
PLaa (42:4 PC P 0.0227 0.09
Gly Al U 0.0254 -0.35
Cit Al P 0.0288 0.18
total DMA BN U 0.0299 -0.27
cis-C22:3w3 FFA P 0.0326 -0.18
cis-C22:6w3 (DHA) TFA P 4.0407 0.11
Ser AA U 0.0435 -0.20
cis-C22:5w3 TFA P £8.0499 0.10

Table 14: Highly significantly and significantly up- and down-regulated
metabolites compared in diabetics at stage 5 and stage 4 of CKD.

Plasma/ log-fold change
Metabolite Class Urine pvalue {D5/D4}
Creatinine BN P £.30E-06 048
C5-DC{CE-0H) AC P 0.0002 0.42
uail} su 4 0.0009 1.06
€80 TFA p 0.0026 041
total DMA BN p 0.0026 0.32
o AC P 0.0034 -0.19
Pro AR U 0.0050 0.64
ADMA BN P 0.0053 0.13
SHhMA BN P 0.0076 0.26
Sperming BN U 0.0443 151
Gly AL P 00127 0.11
Fumaric acid OA P {.0160 0.76
Pro AA P {.0218 0.17
9 AC p 4.0247 0.28
Gln AL p 0.0249 0.07
SOMA/Arg RATIO p 0.0276 0.20
Asn AA P 0.0287 0.14
co AC 3] 0.0439 -0.47



0.08 PC ae C32:2 PC 0.0076 0.08 Met-SO BN 0.0088 0.14 PC ae C44:6 PC 0.0103 0.09 SM (OH)
C16:1 SM 0.0105 0.08 PC aa C30:2 PC 0.0128 0.07 Creatinine BN 0.0142 0.17 cis-C18:1w7 FFA
0.0152 0.10%ebifmB3y39;:0155 0.16 SM C16:0 SM 0.0158 0.05 PC ae CAQ:3/B9:Rh0.07 C10:1
AC 0.0205 0.41 C2 AC 0.0210 0.11 C9 AC 0.0216 0.23 Mn AA 0.0218 0.06 cis-C18:1w9 FFA 0.0220
0.12 Ketoglutaric acid OA 0.0220 0.28 cis-C18:1w7 TEA 0.0224 0.07 PC aa C40:1 PC 0.0225 0.19
SM C16:1 SM 0.0252 0.06 C8:1 AC 0.0254 0.23 Orn/Arg RATIO 0.0278 0.09 C18:1 AC 0.0313 0.08
Trp AA 0.0317 -0.08 C14:1 AC
33
Table 15: Highly significantly and significantly up- and down-regulated
metabolites compared in diabetics at stage 5 and stage 3 of CKD.

Plasma/ log-fold change
Metabolite Class Urine p-value {D5/03}
C5-DC{CE-0H) AL 4 4.248-07 0.82
Creatinine 8N P 8.35E07 0.51
Ketoglutaric acid OA P 4,60E-05 0.46
SDMA BN P 0.0004 0.40
total DMA BN p 0.0004 0.27
cs AC P 0.0005 .44
TDCA BA P 0.0007 1.02
TCA BA p 0.0008 111
C&:1 AC U 0.0009 -0.3%
ADMA BN u 0.0009 -0.76
C10:3 AC U 0.0010 -0.63
Cit/Arg RATIO P 0.0016 0.29
GCA BA P 0.0020 0.61
Pro AA U 0.0021 0.73
Dopamin BN U 0.0025 -1.28
Pra AR P 0.0028 .23
Serotonin BN U £.0040 -0.98
C5-0H (C3-DL-MY AC 3] 0.0043 -0.31
Cit AR P 0.0043 0.27
Co AC P 0.0087 -0.22
cis~-C17:2w6 FFA P 0.0145 -0.13
total DMA BN u 00152 -.4%
c4 AL U 0.0165 0.62
Asn AA P 0.0170 0.17
Gin AA p 0.0220 0.09
dH Su U 0.0229 .51
e AC U 0.0252 0.45
"SDMAJArg RATIO P 0.0285 0.36
His AA P 0.0334 0.11
C5:1-DC AC P 0.0345 0.29
SDMA B8N §] 0.0366 -0.42
SM C20:2 SM P 0.0382 -0.12
PL aa C34:3 pC P 0.0394 -0.15
co AC u 0.0400 .85
Ce:0 FFA p 0.0415% -0.07
C4:1-DCICE) AC U 0.0420 -0.63
GDCA BA p 0.0436 0.41
HNAC St U 0.0482 -0.41
Tyr/Phe RATIO F 0.0484 -0.13

Table 16! Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 4 and stage 3 of CKD.



0.0320 0.06 SDMA/Arg RATIO 0.0325 0.19 C8 AC 0.0338 0.38 PC aa C42:0 PC 0.0366 0.08 PC aa
C42:1 PC 0.0381 0.08 SM (OH) C14:1 SM 0.0385 0.07 SM C18:1 SM 0.0400 0.06 SM C26:1 SM
0.0403 0.05+;:48:90/544-0405 0.06 PC ae C30:2 PC 0.0407 0.07 GDC,AP(?@@%%}@ Qﬁ%’s TDCA BA
0.0411 0.80 WO 2010/139341PCT/EP2009/003926 39 PC aa C40:2 PC Q. . % IS AA 0.0439
0.05 PC ae C34:1 PC 0.0477 0.07 PC ae C30:1 PC 0.0481 0.07 Orn AA 0.0493 0.09 Table 20. Highly
significantly and significantly up- and down-regulated metabolites compared in stage 5 and stage 4 of
CKD. Metabolite Class p-value log-fold change (Stage5/Stage4) UA (1) SU 7.28E-09 1.35 Creatinine
BN 2.60E-08 0.39 CS-DC(C6-0H) AC 2.48E-07 0.38%SM (OH) C22:2 SM 7.04E-07 -0.16 SDMA/Arg
RATIO 1.10E-06

Plasma/ log-fold change
Metabolite Class Lirine p-value (NDA/ND3)
Phe AA P 0.0008 .14
Orn/Arg RATIO p 0.0017 £.18
Met-S0 BN P 0.0023 0.25
Orn AA P 0.0030 0.18
Cresfinine BN P 0.0033 0.35
5 AC P 0.0036 0.24
C5-DCCE-OH} AC P 0.0040 0.68
Asn AA P 0.0044 0.11
ADMA BN P 0.0067 0.13
Cit AA P 0.0067 0.18
totat DMA BN U 0.0086 -0.44
g AC P 0.0098 0.42
sDMA BN 3] 0.0101 -0.38
Creatinine BN U 0.0104 -0.28
H5 54 U 0.0110 -0.56
ADMA BN U 0.0131 -0.62
SMC26:1 SM P 0.0144 0.07
H4 5U U 0.0151 -0.33
PC ae C44:6 PC P ¢.0162 0.14
€14:2 AC U {0.0180 -0.97
C18:1 AC P {.0182 0.10
Pro Al P £.0185 .08
¢is-C20:2wh FFA P ¢.0193 0.13
€10 AL P 0.6200 0.23
Cit/Arg RATIO P 0.0204 0.14
Serotonin BN U 0.0216 -0.60
SM C16:1 SMm P 0.0243 0.08
Dopamin BN u 0.0254 -0.44
P 5U U 0.0255 -0.47
Ketoglutaric acid OA P 0.0256 0.21
total DMA BN P 0.0262 0.16
cis-C1B:2wb FrA P 0.0263 0.12
PC aa C42:0 PC P 0.0298 0.13
PCae (32:2 PC P 0.0308 G110
Giu AA P 0.0308 .30
cis-C18:2wk TFA P 0.0313 0.68
31 AC u 0.0323 .33
HNAC SU U 0.0332 (.45
cis-C18:1w? FFA P 0.0337 6.14
SM C16:0 M P 0.0368 0.G67
PCaeC32:1 PC P 0.0376 0.0%
C5-0M {£3-DC-M) AL u 0.0383 -0.26
His AL P 0.0351 0.06
Gin AR P 0.0411 .03
dH SU U 0.0417 .64
PCea C42:1 PC P 0.0424 0.12
Ci2 AC U 0.0430 -3.34
PCaa C30:2 PC p 0.0443 0.08
C7-DC AC P 0.0460 0.78



0.34 Glucosone SU 1.49E-06 1.16 SOMA BN 1.84E-06 0.26 Trp AA 1.45E-05 -0.25 total DMA BN
1.86E-05 0.24 Cit/Arg RATIO 2.07E-05 0.20 PC ae C38:2 PC 2.33E-05 -0.15 CO AC 2.62E-05 -0.23
PC ae C38: 3RG> -0.13 SM (OH) C22:1 SM 4.31E-05 -0.15 C9 '%GTgEg%(%%f é%{’C ae C42:3
PC 0.0001 -0.14 PC ae C38:1 PC 0.0002 -015 PC ae C40:4 PC 0.0002 -0.1 ae :2 PC 0.0002
-0.14 PC ae C36:3 PC 0.0002 -0.12 Tyr AA 0.0003 -0.18 C16 AC 0.0003 -012 PC ae C42:2 PC
0.0004 -0.14 PC ae C42:4 PC 00005 -0.12 Met AA 0.0007 -0.16 Ala AA 0.0008 -0.16 PC ae C32:1 PC
0.0009 -0.10 C3 AC 0.0009 C14:1 AC

35
ca AC p 0.0472 0.79
o AC U 0.0482 -0.51
PC aa (42:4 PC P 0.0489 0.08

Table 17: Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 5 and stage 3 of CKD

Plasma/ log-fold change

Metabolite Class Urine p-value {ND5/ND4)
C14:2 AC u 0.0001 1.07
Cit/Arg RATIO P 0.0006 0.31
SDMA/Arg RATIO P 0.0011 0.45
PC ae C38:3 PC P 0.0014 -0.18
Phe AN P 0.0024 -0.21
Arg AL U 0.0030 0.43
Asn AA P 0.0033 -0.17
SMC20:2 SV P 0.0039 -0.22
Cig:l AC U 0.0042 0.93
P aa C38:3 PC p (.0048 -0.19
Trp AA P 0.0050 -0.33
PC ag C36:3 pC P 0.0050 -0.17
SDMA BN P 00054 027
Hi Su U 0.0058 0.64
PCaa {40:3 PC P 0.0059 .15
PC aa (34:3 PC P 0.0060 -0.23
Met Al P 0.0063 .24
Tyr AL P 0.008% -0.31
cis-C18:4w3 TFA P 0.0092 -0.92
H2-dH2 su U 0.0097 0.41
Gln AA P 0.010C 0.12
PCae C44:3 PC P 0.0101 ~0.14
SM (OH)€22:2 SM p 0.0101 -0.18
His AA P 0.0102 -0.19
PC ae (40:3 PC P 0.0112 -0.14
Arg AR P 0.0128 -0.19
PC aa C40:5 PC P 0.0130 -0.20
lysoPCa C16:0 PC P 0.0133 -0.17
C10-DC AC U 0.0162 0.77
3 AC P 0.0163 -0.30
Shi C18:1 SM P 0.0182 -0.18
PC aa C38:5 PC P 0.0184 0.18
PCaa (32:3 pC P 0.0189 £.17
12 AC U 0.0203 0.46
Orn AA U 0.0208 136
PC aa £32:2 PC P 00221 -0.19

P 0.0223 -0.18

PCaaC38:4 PC



0.0010 -0.11 SM (OH) C16:1 SM 0.0010 -0.11 PC ae C40:3 PC 0.0010 -0.10 PC ae C36:4 PC 0.0013
-0.12 SM C18:1 SM 0.0014 -0.12 PC ae C34:3 PC 0.0015 -0.15 Arg AA 0.0017 -0.13 C23:0 TEA
0.0017 -0.14,SM 4:1 SM 0.0017 -0.11 PC ae C44:4 PC 0.0019 -Q.12.SM C16:1 SM 0.0019
-0.09 40 PC ae (@@%% 0.0024 -0.11 PC ae C44:5 PC 0.0026 -0.11 Pg‘é%e‘%@%?‘f‘ﬁ?fﬁo.oozﬁ -0.10
C21:0 TFA 0.0026 -0.11 C14:2 AC 0.0027 -0.09 lysoPC a C16:0 PC 0.0030 -0.12 SM (OH) C24:1 SM
0.0031 -0.10 PC ae 36:5 PC 0.0033 -0.12 PC ae C42:5 PC 0.0034 -0.09 PC ac C38:4 PC 0.0037
-0.10 lysoPC a C18:2 PC 0.0040 -0.18 PC ae C44:6 PC 0.0044 -0.11 Tyr/Phe RATIO 0.0050

36
PCaa C34:4 PC p 0.0235 .28
PC aa C42:5 PC B 0.0237 .11
PC ae C32:1 PC P 0.0246 .11
Giu AA u 0.0254 0.74
cis-C16:1wl3 TFA P 0.0255 -3.38
UA-HNAC-S SuU p 0.0259 -0.52
PC ae C40:4 PC P 0.0269 -0.14
Xle AL U 3.0293 .81
co AC P 0.0299 -0.26
total DMA 8N P 0.0302 322
PC aa C40:4 PC P 0.0329 0.23
Thr Al P 0.0332 -0.21
SMC22:3 M P 0.0333 -0.13
Ala Al P 0.0338 (.20
Val AL u 0.0343 .74
PCaa C42:4 PC P 0.0353 0.11
PCae C38:2 pC P 0.0354 0.17
PC aa {36:2 pC p 0.0363 -0.15
PC ae C44:6 PC P 0.0364 -0.20
PC aa C36:4 PC P 0.0365 -0.15
Glucosone SuU 3] 0.0201 0.45
cis-C18:3w3 TFA P 0.0439 -03.20
Lys AR U 0.0459 {.58
PCaa C36:1 PC P 0.0467 -0.11
C4-0OH {C3-DC} AC U 0.0472 0.28
H3 s5U U 0.0472 a.51

Table 18: Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 5 and stage 3 of CKD.

Plasma/ log-fold change
Metabolite Ciass Urine p-value {NDS/ND3)
Cit AA u 1.1%£-06 0.89
Cit/arg RATIO P 1.26£-05 c.44
Orn/Arg RATIO P 2.63E-05 ¢.28
SDMA/Arg RATIO 4 4.368-05 0.62
Creatining BN b 8.73E-05 0.53
SDMA BN P 5.0001 0.42
C5-DC{C8-0OH) AC P 0.0002 0.83
total DA BN P £.0002 0.38
c8 AC P £.0005 1.06
lysoPC a C14:0 PC P 0.0006 -0.78
Pro AA U .0006 110
Trp AA P 0.0007 -0.41
co AL P 0.0032 C.61
Cit AA P 0.0033 0,29
lysoPC a C16:0 PC P 0.0037 0,16



-0.10 PC ae C30:1 PC 0.0051 -0.10 lysoPC a C18:0 PC 0.0052 -0.15 C18:1 AC 0.0056 -0.11 PC ae
C40:1 PC 0.0057 -0.11 PC aa C36:2 PC 0.0057 -0.10 PC ae C40:5 PC 0.0057 -0.09 PC aa 36:3 PC
0.0058 -0.1 1yt Y38 0060 -0.15 C18 AC 0.0060 -0.11 PC aa C38:3 BLQ.0063,:0.10 PC aa C34:
PC 0.0066 -0.10 Phe AA 0.0067 -0.09 PC aa C40:2 PC 0.0068 -0.07 PC aa C42:0 PC 0.0070 -0.10
Thr AA 0.0071 -0.13 PC aa C32:3 PC 0.0075 -0.11 PC aa C42:4 PC 0.0077 -0.09 lysoPC a C17:0 PC
0.0078 -0.15 PC ae C40:2 PC 0.0085 -0.09 PC ae C44:3 PC 0.0085 -0.10 PC Be C38:6 PC 0.0088
-0.11 SM C26:0 SM 0.0090 -0.07 trans-C18:1w9 FFA 0.0090 0.19 SM C14:0 SM
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H1 sU \; 0.0045 0.52
Lys Al U 0.0062 .80
Tyr/Phe RATIO P 0.0084 -0.1%
cis-C18:1w7 FFA P 0.00886 0.22
cis-C18:1wh FFA P 0.0088 0.27
tysoPC a C20:3 PC P 0.0097 -0.23
Arg AA P 0.0100 0,18
Ketoglutaric acid OA p 0.0108 0.2%
Met-50 BN P 0.0109 .20
PCaa C34:4 PC P 0.0131 -0.38
lysoPC a C20:4 PC P 0.0135 0.26
Tyr AA P 0.0156 0.25
MetSO/Met RATIO P 0.0160 0.32
Ala © o AA p 0.0166 -0.18
Val AL U 0.0175 0.64
C18:1 AC P 00176 0.13
lsoPC a Cl16:1 PC P 0.0183 -0.25
S C20:2 Shvt 3] 0.0216 2.12
His Al p £.0218 -0.13
Gin Al p 0.0230 -0.09
Thr Al p 0.0231 0.19
Thr AL U 0.0235 0.37
Asp Al P 0.0237 1.16
SMC22:3 SM P .0252 0.19
Met AA P 0.0257 -0.16
Dopamin BN u 0.0268 -0.83
C16:2 AC p 0.0281 0.32
SM C16:0 M U 0.0294 2.56
PCaa C38:4 PC P 0.0299 -0.20
C5:1-bC AC P 0.0303 0.49
cis-C20:1w8g TFA P 8.0310 0.13
PCaa C38:5 PC P 0.03138 -0.16
Alz AL u 0.0320 0.28
H3 sy U 0.0336 0.41
Glucosone SU U 0.0345 0.41
SM C20:2 Sivi P 0.0356 0.21
cis~C16:1w7 FFA P 0.0275 0.39
cis-C20:3w9 EEA P 0.0391 021
cis-C17:1wS FRA P 0.0395 0.28
PCaa C36:4 PC P 0.0406 -0.18
Lactate OA P 0.0407 -0.19
lysoPC a C28:1 PC 4 0.043% -0.28
lysoPC a C18:1 PC P 0.0463 0.12
Cis-Cil:1ws FFA P 0.0495% -0.68
PCae C38:0 PC P 0.0498 -0.18



0.0090 -0.09 SM C24:1 (P) SM 0.0091 -0.07 PC ae C38:5 PC 0.0096 -0.09 PC aa C32-2 PC 0.0100
lysoPC a C20:3 PC 0.0101 -0.15 Lys AA 0.0116 -0.11 C2 AC 0.0118 -0.14 lysoPC a C20:4 PC 0.0131
-0.15 PC aa &48¢hdGe$kP134 -0.09 GIn AA 00144 -0.06 8Me-C18:0 FFA%Q@@@%%H AA 0.0153
-0.10 lysoPC a C14:0 PC 0.0165 -0.24 PC aa C42:1 PC 0.0172 -0.08 PC Be : .0178 -0.09
PC ae C36:1 PC 0.0189 -0.08 WO 2010/139341PCT/EP2009/003926 41 cis-C11:1w5 FFA 0.0193
-0.48 PC ae C30:0 PC 0.0194 -0.10 Fumaric acid OA 0.0198 0.43 cis-C22:1w9 TEA 0.0200 0.11
lysoPC a C28:1 PC 0.0216 -0.19 PC aa C38:1 PC 0.0232 -0.08 SM C24:0 SM 0.0237 -0.07 Val AA
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“Analysis P”

Table 19: Highly significantly and significantly up- and down-regulated
metabolites compared in stage 4 and 3 of CKD.

log-fold change

Metabolite Class  p-value  [Staged/Stage3)
C5-DCICE-0H) AC 1.51E-05 0.59
Cit/Arg RATIC  0.0004 0.15
Cit AA 0.0019 0.17
C18:2 AC 0.0019 0.16
Phe AA 4.0024 0.08
Cig AC ¢.0026 0.20
PCaa42:4 PC 0.0044 0.08
PL ae £32: PC 0.0049 0.08
PL as £32:2 PC 0.007¢6 0.08
Met-50 BN 0.0088 0.14
PC ae C44:6 PC 0.0103 .09
SM{OH) C16:1 M 0.0105 .08
PCaa C30:2 pC 0.0128 o.07
Creatinine 8N 0.0142 0.17
cis-C18:1w7 FFA 0.0152 0.10
SDMA BN 0.0155 0.1
SM 160 SM 0.0158 0.05
PC ae C40:3 ?C 0.0194 0.07
C1o:1 AC 0.0205 0.41
c2 AC 0.0210 0.11
8 AC 0.0216 0.23
Asn AA 0.0218 0.06
cis-C18:1w8 Fra 0.0220 0.12
Ketogiutaric acid OA 0.022¢ 0.28
cis-C18:1w7? TFA 00224 0.07
PC aa C40:1 PC £.0225 .18
SMmiCie:l S 0.0252 .06
8l AC 0.0254 .23
Orn/Arg RATIO  0.027B 0.09
C18:1 AC 0.0313 0.08
Trp AA 00317 -0.08
Cl4:1 AC 0.4320 G.oe
SDMA/Arg - RATIO 0.0325 4.18
ca AC 0.0338 0.38
PCas C42:0 : PC 0.0360 0.08
PCaa C42:1 PC 0.0381 0.08
SM {OH} C14:3 M 0.0385 0.07
M 18l SM 0.0400 0.06
SM 26:1 St 0.0403 0.05
C16:0 TFA  0.0405 006
PC ae C30:2 PC 0.0407 . on7
GDCA BA 0.0410 0.28

TDCA’ BA 0.0411 0.80



0.0254 -0.11 lysoPC a C18:1 PC 0.0263 -0.11 lysoPC a C16:1 PC 0.0272 -0.12 PC aa C40:3 PC
0.0273 -0.07 cis-C17:2w7 TEA 0.0276 -0.13 PC aa C38:4 PC 0.0284 -0.10 cis-C11:1w5 TEA 0.0308
-0.37 SM Cx5®:51 3633120 -0.05 trans-C18:1w9 TFA 0.0332 0.09 cis-Clggayepoiodd a5l -0.12
cis-C18:2w6 TFA 0.0355 -0.07 17Me-C18:0 FFA 0.0355 -0.27 cis-C20:3w6 TEA 0.0390 -0.11
cis-C15:1w5 FFA 0.0402 -0.09 PC ae C40:6 PC 0.0411 -0.08 PC aa C34:3 PC 0.0442 -0.12 C9:0 TEA
0.0469 0.24 PC ae C42:1 PC 0.0469 -0.08 MetSCVNI et RATIO 0.0471 0.11 His AA 0.0472 -0.07 PC
ae C36:0 PC 0.0486 -0.07 PC aa C40:1 PC 0.0489 -0.15 Glu PA 0.0490 -0.26 Table 21: Highly
significantly and significantly up- and down-regulatel® metabolites compared at stage 5 and stage 3 of

CKD. Metabolite Class p-value

PC aa C40:2
His

PC ae C34:1
PCae C30:1
Orn

PC
AA
PC
PC
Al

0.0522
0.6439
0.0477
0.0481
0.0493

0.06
0.05
0.07
0.07
0.08

Table 20. Highly significantly and significantly up- and down-regulated
metabolites compared in stage 5 and stage 4 of CKD.

log-fold change
Metabolite Class  p-value  (Stage5/Staged)}
UA (1} s 7.28E-09 1.35
Creatinine BN 2.60E-08 0.35
C5-DCIC6-OH) AC 2.48E-07 0.38
S (O C22:2 SM 7.04E-07 -0.16
SDMA/SArg RATIQO 1.10E-06 0.34
Glucosone SU 1.49E-06 116
SDMA BN 1.84E-06 0.26
Trp AL 1.45E-05 -0.25
total DMA BN 1.86E-05 0.24
Cit/Arg RATIO  2.07E-05 0.20
PC ae £38:2 PC 2.33E-05 -0.15
co AC 2.62E-05 (.23
PC ae €383 PC 3.58E-05 -0.13
SM{OH}C22:1 SM o 4.31E-05 -0.15
o] AC 0.0001 0.28
PCae C42:3 PC 0.000% -0.14
PC e C38:1 PC 0.0002 -0.15
PC ae C40:4 PC {.0002 -0.12
PCae C34:2 PC 0.0002 -0.14
PCae C36:3 PC - 0.0002 -0.12
Tyr AA 00003 -0.18
£1s AC 0.0603 -0.12
PC ae C42:2 PC 0.0004 -0.14
PC ae C42:4 PC 0.0003 .12
Met AL 0.0007 -0.16
Ala AA 0.0008 0.16
PCae C32:2 PC 0.0008 .10
3 AC 0.0009 .24
C14:1 AL 0.0010 -0.11
SM (OH} (161 M 6.0010 -0.11
PC ae C40:3 PC 0.0010 -0.10
PC ae C36:4 PC 0.0013 .12
SM C18:1 'SM 0.0014 0.12
PCae £34:3 PC 0.0015 0.15
Arg AA 00017 -0.13
C23:0 TEA 0.0017 -0.14
SM{OH)Cl4:1 Sivi 0.0017 .11
PC ae C44:4 PC 0.0019 .12
SM C16:1 M 0.0019 -0.09



log-fold change (Stage5/Stage3) C5-DC(C6-0H) AC 3.78E-13 0.98 Creatinine BN 2.67E-11 0.57
SOMA BN 1.52E-10 0.42 Cit/Arg RATIO 8.77E-10 0.34 SIDMA/Arg RATIO 1.34E-09 0.53 Trp AA
2.93E-09 -0.33 Kawgsiaric acid OA 9.96E-09 0.41 C9 AC 2.75E-08 0.51ptefaddddeBdhd .04E-07 0.30
C7-DC AC 1.37E-06 0.98 Tyr/Phe RATIO 1.61E-06 -0.15 lysoPC a C20:3 PC 2.35E-05 -0.20 CO AC
2.71E-05 -0.22 Cit AA 7.49E-05 0.22 42 lysoPC a C14:0 PC 0.0002 -0.33 lysoPC a C20:4 PC 0.0004
-0.18 Orn/Arg RATIO 0.0008 0.14 SM (OH) C22:1 SM 0.0008 -0.11 lysoPC a C16:0 PC 00011 -0.13
lysoPC a C18:2 PC 0.0012 -0.19 Tyr AA 0.0012 -0.16 PC ae C42:3 PC 0.0013 -0.11 C23:0 TFA

0.0014 40
PC ae C36:2 PC 0.0024 0.11
PC ze C44:5 PC G.0026 -0.11
PCae C32:2 PC 0.0026 -0.10
C21:0 TFA 0.0026 -0.11
Ci4:2 AC 0.0027 -0.09
lysoPC a C16:0 PC 0.0030 0.12
SM (OH) (24:1 SM 0.06031 -0.10
PCae C36:5 PL 0.0033 -0.12
PCae C42:5 PC 0.0034 +(.09
PC ae C38:4 PC 0.0037 .10
lysoPC a C18:2 PC 0.0040 -0.18
PCae C44:6 PC 0.0044 (.11
Tyr/Phe RATIO  0.0050 .16
PCae C30:1 PC 0.0051 -0.10
lysoPC a C18:0 PC 0.0052 -0.15
C18:1 AC 0.0056 -0.11
PCaer C40:1 PC 0.0057 .11
PCaa £36:2 PC D0.0057 -0.18
PLae C40:5 PC 0.0057 0.08
PCaa £36:3 PC 0.0058 .11
C18:2 AC 0.0060 -£.15
Ci8 AC 0.00e0 -£.11
PCaa C38:3 PC 0.0083 -3.10 -
PC aa €34: PC 0.0066 -0.10
Phe AA {.00€7 -.09
PC aa C40:2 PC 0.0068 0.07
PCaa C42:0 PC 0.0079 .10
Thr Al 0.0071 .13
PCaa {323 PC 0.0075 (.11
PCaa C42:4 PC 0.0077 -0.08
lysoPC a C17:0 PC 0.0078 -0.1%
PC ae C40n2 PC 0.0085 -0.09
PCae C44:3 PC 0.0085 -0.10
PC ae C38:6 PC 0.0088 011
SM C26:0 M C.0090 -0.07
trans-C18;1wS FFA G.00%0 0.19
SM {14:0 SM 0.0080 -0.09
S C24:1 (P} SM 0.0091 -0.07
PCae C38:5 PC 0.0096 -0.00
PLaa C32:2 PC 0.0300 .11
WsoPCaC20:3 PG 0.0101 015
Lys AA 00116 0.11
c2 AC 0.0118 .14
lysoPC a C20:4 PC ‘0.0131 .15
PCaa C28:1 PC (L0134 .05
Gln AA 0.0144 -0.086
8Me-L18:0 FFA 0.0145 -0.43
Ser AR 0.0153 -0.10
iysoPC a C14:0 PC 0.0165 -£.24
PCaa C42:1 PC G.0172 -0.08
PC ae C30:2 PC 00178 -0.08

PCae C36:1 pC 0.0188 -0.08



-0.14 SM (OH) C22:2 SM 0.0014 -0.10 Ala. PA 0.0018 -0.13 lysoPC a C18:0 PC 0.0022 -0.14
lysoPC a C18:1 PC 0.0022 -0.14 MetS0/Met RATIO 0.0023 0.25 trans-C18:1w9 FFA 0.0026 0.24
GCA BA 0.0Q48:0164:5ae C44:4 PC 0.0028 -0.09 Val AA 0.0033 -0.12, ¢, Iy O %yl%c 0.0037
-0.11 C5:1-DC AC 0.0043 0.28 PC ae C34:3 PC 0.0045 -0.13 PC ae C38:2 PC 0. 002 10 Arg AA
0.0051 -0.11 C21:0 TFA 0.0055 -0.11 Met AA 0.0061 -0.13 PC ae C36:3 PC 0.0066 -009 lysoPC a
C16:1 PC 0.0070 -0.15 PC ae C38:1 PC 0.0074 -0.10 Lys AA 0.0089 -0.10 Pro AA 0.0097 0.12 PC aa
C34:4 PC 0.0112 -0.17 cis-C17:2w7 TFA

41
cis-C11:1ws FFA 0.0183 -0.48
PC ae C30:0 PC 0.0154 0.18
Fumaric acid 0OA 0.0198 0.43
cis-CZ2:1w9 TFA 0.0200 0.11
lysoPC 5 C28:1 pL 0.0216 0.19
PCaa C38:1 PC 0.0232 -0.08
SM C24:0 M 0.0237 0.07
Val AA 0.0254 0.11
lysoPCa Ci8:1 P 0.0263 -0.11
lysoPC & Cleil PC 0.0272 -0.12
PC aa C4(:3 PC 0.0273 0.07
cis-C17:2w7 TFA 0.0276 -0.13
Pl aa (384 PC 0.0284 -0.10
cis~C11:3ws TFA 0.0308 -0.37
SMC16:0 5M 0.0320 -0.05
trans-C18:1w9 TFA 0.0332 0.08
cis-C17:2w7 EFA 0.0351 .12
cis-C18:2wb TFA 0.0355 -0.07
17Me-C18:0 FFA 0.0355 .27
cis-C20:3wb TFA 0.0390 -0.11
cis-C15:1w5s FFA 0.0402 -0.09
PC ae C40:6 PC 0.0411 -0.08
PCaa C34:3 PC 0.6442 -0.12
C5:0 TFA 0.0469 Q.24
PCae C42:1 PC 0.0468 -0.08
MetSO/Met RATIO 00471 0.11
His AA 0.0472 -0.07
PCae C36:10 PC 0.04586 -0.07
PL aa £40:1 PC 0.0489 -0.15
Glu AA 0.0490 -0.26

Table 21: Highly significantly and significantly up- and down-regulated
metabolites compared at stage 5 and stage 3 of CKD.

log-fold change

Metabolite Class p-valug  (Stage5/5tage3)
C5-DL{CH-0H) AC 3.78E-13 0.98
Creatinine BN 2.67E-11 0.57
SDMA BN  1.52E-10 0.42
Cit/Arg RATIO 8.77E-10 0.34
SDMASArg RATIO  1.34E-08 .53
Trp AA 2.83E-0% -0.33
Ketoglutaric acid OA S9.96E-0% .41
cs AC 2.75E-08 .51
total DMA BN 1.04E-07 .30
C7-BL . AC 1.37E-08 0.53
Tyr/Phe RATIO  1.61E-0B .15
lysaPCa C20:3 PC 2.35E-0% -0.20
Co AC 2.71E-05 -0.22

Cit AA 7.48E-05 0.22



0.0114 -0.13 PC ae C36:5 PC 0.0121 -0.10 TDCA BA 0.0138 0.60 cis-C17:2w9 TFA 0.0139 -0.10
cis-C18:1w7 FFA 0.0142 0.12 cis-C17:2w7 FFA 0.0145 -0.11 Thr AA 0.0152 -0.12 PC ae C42:4 PC
0.0153 -0.07,68, 158 0.39 PC ae C40:1 PC 0.0159 -0.08 lysoPC ég@%’ 0173 -0.19
lysoPC a c1‘%6?§2§%:&<%§£9 -0.12 Met-SO BN 0.0185 0.11 cis-C22:1w9 TI&&-; i / .%(L%(SADMA BN
0.0190 0.08 cis-C15:1w5 TFA 0.0191 -0.09 PC ae C364 PC 0.0192 -0.08 PC ae C34:2 PC 0.0194
-0.08 PC ae C38:3 PC 0.0210 -0.08 Ser AA 0.0218 -0.09 Glu AA 0.0260 0.16 WO
2010/139341PCT/EP2009/003926 43 TCA BA 0.0266 0.58 C3 AC 0.0268 -0.17 PC ae C40:4 PC

42
lysoPC a C14:0 PC 0.0002 -0.33
lysoPC a C20:4 PC 0.0004 -0.18
OrnfArg RATIO 0.0008 0.14
SM{OH) C22:1 SM 4.0008 0,11
iysoPC a C16:0 PC 0.0011 .13
lysoPC a C18:2 pC 0.0012 -0.19
Tyr AA 0.0012 .18
PC ae C42:3 PC 0.0013 .11
£23:0 TFA 0.0014 .34
SM (OH) C22:2 5M 00014 -0.10
Afa Al 0.0018 -0.13
lysoPC a C18:0 PC 0.0022 .14
lysoPCa C18:1 PC 0.0022 0.14
MetSO/Met RATIO  0.0023 6.25
trans-C18:1wd FFA 0.0026 G.24
GCA BA 0.0028 .42
PCae (444 PC 0.0028 -0.09
Val AA 0.0033 -0.12
PCae C42:2 PC 0.0037 -0.11
C5:1-bC AC 0.0043 0.28
PCae £34:3 PC 0.0045 -0.13
PCae C38:2 RrC 0.0047 -0.1¢
Arg AA 0.0051 «0.11
210 TFA 0.0055 -0.11
Met Al 0.0061 -3.13
PC ae C36:3 PC 0.0066 -0.08
lysoPC a C16:1 PC 0.0070 £.15
PC ae C38:1 PL 0.0074 -0.1¢
Lys AA 0.0089 -0.10
Pro AA 0.0097 0.12
PCaz 344 pC 0.0112 047
cis-C17:2w7 TEA 0.0114 -0.13
PCae 365 PC 0.0121 -0.10
TDCA BA 0.0138 0.60
¢is-C17:2wg TFA 0.013% -0.10
cis-C18:3w7 FFA (.0142 G112
cis-C17:2w7 FFA 0.0145 .11
Thr AA 0.0152 -0.12
PCae C42:4 PC 0.0153 -0.07
C8:1 AL 0.0158 .32
PC ae C40:1 PC 00158 -0.08
lysoPC a C28:1 PC 00173 0.19
lysoPCa C17:0 PC 0.0178 -0.12
Met-50 BN 0.0185 g1
cis-C22:1we TFA 0.0187 0.10
ADMA BN 0.0180 0.08
cis-C15:1ws TFA 0.0191 -0.08
PC ae C36:4 PC 0.0192 -0.08
PC ae C34:2 PC 0.0194 -0.08
PC ae C38:3 PC 0.0210 -0.08
Ser AA 0.0218 0.09
Ghu - AA 0.0260 0.16



0.0283 -0.07 cis-C15:1w5 FFA 0.0287 -0.08 cis-C17:2w9 FFA 0.0289 -0.10 PC ae C44:5 PC 0.0291
-0.07 C8 AC 0.0331 0.34 PC aa C36:5 PC 0.0333 -0.13 SM C22:3 SM 0.0342 -0.09 SM (OH) C24:1
SM 0.0385 -Q:8%¢k436340.0413 -0.12 8Me-C18:0 FM 0.0429 -0.36 PC aﬁc@ﬁﬁiﬂ)ﬁﬁ}o%%‘u -0.10
cis-C18:1w9 FFA 0.0443 0.13 Table22.Highlysignificantlyandsignificantlyup-anddown-regulated
metabolites compared in diabetics at stage 4 and stage 3 of CKD. log-fold change Metabolite Class
p-value (174/03) C4:1 AC 0.0063 0.29 Cit/Arg RATIO 0.0074 0.15 PC aa C42:4 PC 0.0084 0.11
C5-DC(C6-0H) AC 0.0114 0.49 Cit AA 0.0134 0.19 cis-C22:6w3 CD HA) TFA 0.0188 0.13 Phe AA
0-0398 0.08 cis-C22:5w3 TFA 0.0438 0.10 GDCA BA 0.0460 0.47 cis-C17:2w6 TFA 0.0471 -0.19 PC
ae C38:4

TCA BA 0.0266 0.58
3 AC 0.0268 0.7
PC ae CAD:4 PC 0.0283 -0.07
cis-C15:1w5 FFA 0.0287 -0.08
cis-C17:2w9 FFA 0.0229 0.10
PC ae C44:5 PC 0.0291 0.07
€8 AC 0.0331 0.34
PC aa C36:5 PC 0.0333 -0.13
SMC22:3 SM 0.0342 0.09
SM (OH) C24:3 SM 0.0385 -0.67
Leu Al 0.0413 -0.12
SMe-C18:0 FFA 0.0429 -0.36
PCae C38:0 L 0.044% -0.10
cis-C18:1w9 Fra 0.04432 0.13

Table 22. Highly significantly and significantly up- and down-regulated
metabolites compared in diabetics at stage 4 and stage 3 of CKD.

log-fold change

Metabolite Class  p-value {D4/D3}
C4:1 AC 0.0063 0.29
Cit/Arg RATIO 0.0074 0.15
PCaa C42:4 PC 0.0084 0.11
C5-DC{CE-OH) AL 0.0114 0.49
Cit AA 0.0134 0.19
cis-C22:6w3 (DHA)  TFA 0.0188 0.13
Phe AA 0.G398 0.08
cis-£22:5w3 TFA 0.0438 0.10
GDCA BA 0.0460 0.47
cis-C17:2wh TFA 0.0471 -0.19
PC ae C38:4 BC 0.0488 0.08
SDMA BN 0.1692 0.14
Creatinine BN ¢.7538 0.03

Table 23: Highly significantly and significantly up- and down-regulated
metabolites compared in diabetics at stage 5 and stage 4 of CKD

: iog-fold change
Metabolite (lass p-vaiue {D5/D4}

Creatinine BN 4.23E-06 0.45
UA (1) SU 3.40E-0% 1.18
SDMASArg RATI)  5.12E-05 .40
o AC 5.01E-05 -0.23
C5-DC{CE-0H) AL 8.10E-05 D.48
Giucosone - 9.48E-05 1.19
SDMA BN 0.0004 0.27
total DMA BN 0.0010 0.26
C3 AC 0.0024 0.27

Trp AA  0.0025 -0.26



PC 0.0488 0.08 SOMA BN 0.1692 0.14 Creatinine BN 0.7538 0.03 Table 23: Highly significantly and
significantly up- and down-regulated metabolites compared in diabetics at stage 5 and stage 4 of CKD
log-fold chargg ;M@iakalite Class p-value (05/04) Creatinine BN 4.23E-06 &pAQ Jddd bddon) 3.40E-05
1.18 SDMA/Arg RATIO 5.12E-05 0.40 CO AC 5.61E-05 -0.23 C5-DC(C6-0H) AC 8.10E-05 0.48
Glucosone SO 9.48E-05 1.19 SOMA BN 0.0004 0.27 total DMA BN 0.0010 0.26 C3 AC 0.0024 -0.27
Trp AA 0.0025 -0.26 WO 2010/139341PCDEP2009/003926 44 SM (OH) C22:2 SM 0.0037 -0.12
C14:1 AC 0.0068 -0.12 17Me-C18:0 FFA 0.0077 -0.50 Tyr AA 0.0100 -0.18 SM (OH) C14:1 SM
0.0115-0.11 C16 AC 0.0121 -0.14 C9 AC 0.0145 0425 Fumaric acid OA 0.0151

SV (OH) C22:2 S 0.0037 -0.12
C14:1 AC 0.0068 -0.12
17Me-C18:0 FFA 0.0077 -0.50
Tyr AA 0.0100 -0.18
SM {OH) C14:1 SM 0.0115 -0.11
€18 AC 0.0121 -0.14
o AC 0.0145 0.25
Fumaric acid OA 0.0151 0.75
SM {OH) C16:1 SM 0.0159 <0.11
trans-C18:1wd TFA 0.0159 D14
S (OH} C22:1 SM 0.0163 -0.10
Tyr/Phe RATIO  0.0187 -0.12
cis-C16:0wl3 TFA 0.0202 0.18
Cit/arg RATIO  0.0206 0.16
C9:0 TFA 0.0224 0.28
trans-C18:1wg FFA 0.0236 0.25
Arg AA 0.0255 -0.14
PCae C42:3 PC 0.0283 -0.11
PCae C42:4 PC 0.02%7 -0.12
PC ae C44:5 PC 0.0315% 011
PC ae C38:2 PC 0.0320 0.10
PC ae C44:4 PC 0.0322 -0.12
Ada AA 0.0323 -0.186
PCae C42:5 PC 0.0332 -0.10
PCae C383 PC 0.0353 -0.09
H1 SU 0.0353 -0.15
PC ag C40:4 PC 0.0361 -0.09
PC ae C42:2 PC 0.0368 -0.11
PCae (34:2 PC 0.0406 -0.10
cis-C17:2w7 TFA 0.0444 -0.15
cis-Ci1:1w5s FFA (.0455 «(0.57
Orn AA 0.0465 -0.12
GUDCA 8A 0.0483 -0.48

Table 24: Highly significantly and significantly up- and down-regulated
metabolites compared in diabetics at stage 5 and stage 3 of CKD

iog-fold change

Metabolite Class p-valug {D5/D3)
C5-DC(CE-0H) AC 2.896-07 0.97
Creatining’ BN 103806 0.52
SDMA BN 5.67E-06 0.41
Ketoglutaric acid OA 1.14E-05 0.46
SDMA/ALE RATIO  3.09E-05 0.51
o AC 711EL5 -0.25
Cit/Arg RATIO  (.0001 0.31
o AC 0.0002 0.38
T Al 0.0004 0.29
total DMA BN 0.0004 0.22
GCA BA 0.0013 0.71

- cis-C17:2w7 FFA 00014 -0.15



0.75 SM (OH) C16:1 SM 0.0159 -0.11 trans-C18:1w9 TFA 0.0159 0.14 SM (OH) C22:1 SM 0.0163
-0.10 Tyr/Phe RATIO 0.0187 -0.12 cis-C16:1w13 TFA 0.0202 0.19 Cit/Arg RATIO 0.0206 0.16 C9:0
TFA 0.0224R @ 8ias34118:1w9 HA 0.0236 0.25 Arg AA 0.0255 -0.14 PG afpddisiohfed.0283 -0.11
PC ae C42:4 PC 0.0297 -0.12 PC ae C44:5 PC 0.0315 -0.11 PC ae C38:2 PC 0.0320 -0.10 PC ae
C44:4 PC 0.0322 -0.12 Ala PA 0.0323 -0.16 PC ae C42:5 PC 0.0332 -0.10 PC ae C38:3 PC 0.0353
-0.09 H1 SU 0.0353 -0.15 PC ae C40:4 PC 0.0361 -0.09 PC ae C42:2 PC 0.0368 -0.11 PC ae C34:2
PC 0.0406 -0.10 cis-C17:2w7 TFA 0.0444 -0.15 cis-C11:1w5 FFA 0.0455 -0.57 Orn AA
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Tyr/Phe RATIC  0.0018 -0.14
cis-C17:2w7 TFA 0.0028 -0.16
cls-C15:1w5s TFA 0.0083 -0.13
cis-C17:2w8 TEA 0.0083 -0.15
C6:0 FFA 0.0085 .07
lysoPC a C20:3 PC 0.012¢8 -0.16
cis-C17:2ws FFA 0.0143 .13
Cc3 AC 0.0146 0.25
cis-C15:1ws FFA 0.0158 0.11
cis-C16:1wl3 TFA 0.0158 0.23
PC ae C34:3 PC 0.0182 -{.14
Cis-C17: 2wk TFA 0.0175 -0.23
Cit AA 0.0180 0.8
PCae CA4:4 pC 0.0221 -0.10
Pro AL 0.0241 0.14
TCA BA 0.0257 1.32
TDCA BA 0.0337 113
PCae C42:3 PC 0.0352 -0.10
C23:0 TEA 0.0378 .14
lysoPC a C14:0 PC 0.0455 -0.24
<81 AC 0.0462 0.24
lysoPC a C18:1 PC 0.0468 -0.14

Table 25: Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 4 and stage 3 of CKD.

iog-fold change

Metabolite Class  p-value (NDA4/ND3) |
C5-DC{CE-OM) AC 0.0005 0.72
Creatinine BN 0.0005 0.38
C1&:2 AC 0.0009 - 0.30
Met-50 BN 0.0009 0.24
C1o AC 0.6024 (.30
o] AC 0.6038 841
OrnfArg RATIO 0.0039 0.16
PCae C44:6 PC 0.0043 0.15
c8 AC 0.0060 0.98
C18:1 AC 0.0078 0.13
totat DMA BN 0.0077 0.18
C10:1 AC 0.0087 0.66
PCan C42:0 PC 0.0104 0.13
PC ae C32:2 PC 0.0117 0.11
125-HETE BA 0.0123 -0.84
PCaaC42:1 PC 0.0138 0.14
cis-Ci8:1w7 TFA 0.0144 0.11
Cit/Arg RATIO  0.0144 .14
SM C26:1 SM 0.0180 0.07
PC ae €32:1 PC 0.0187 0.09
Ketoghutaric acid CA 0.0188 0.21

5 AC 0.0188 0.19



0.0465 -0.12 GUDCA BA 0.0483 -0.48 Table 24: Highly significantly and significantly up- and
down-regulated metabolites compared in diabetics at stage 5 and stage 3 of CKD log-fold change
Metabolite Giagsdoyabig(05/03) C5-DC(C6-0H) AC 2.89E-07 0.97 Creatiing B dedE;06 0.52
SDMA BN 5.67E-06 0.41 Ketoglutaric acid OA 1.14E-05 0.46 SDMA/Arg RATIO 3.09E-05 0.51 CO AC
7.11E-05 -0.25 Cit/Arg RATIO 0.0001 0.31 C9 AC 0.0002 0.38 Trp AA 0.0004 -0.29 total DMA RN
0.0004 0.22 GCA BA 0.0013 0.71 cis-C17:2w7 FFA 0.0014 -0.15 WO
20101139341PCT/EP2009/003926 45 Tyr/Phe RATIO 00018 -0.14 cis-C17:2w7 TEA 0.0028 -0.16
cis-C15:1w5 TEA 0.0083 -0.13 cis-C17:2w9 TEA 04083 -0.15 C6:0 FFA 0.0085 -0.07 lysoPC a C20:3
PC 0.0129 -0.16 cis-C17:2w9 FFA0.0143-0.13 .

0.0197 0.40
SM Cle:0 SM 0.0208 0.07
cis-C20:2wb FFA 0.0212 0.10
Cit Al 0.0229 0.15
cis-C18:1w7 FFA 0.0243 0.15
Orn AA 0.0269 0.14
Asn AA 0.0302 0.08
Lactate OA 0.0306 -0.14
cis-CiB:2wb FFA 0.0313 0.11
PC aa C30:2 PC 0.0313 0.09
SM C16:1 S 0.0320 0.08
MetS0/Met RATIO  0.0325 0.24
Phe AA 0.0340 0.0
SDMA/Arg RATIO  0.0352 0.27
PCaa (42:2 PC 0.0358 .11
SDMA BN 0.0375 G.19
PCaa C38:0 PC 0.03%6 .12
cis-C18:2wb TFA 0.03%6 0.07
CB:1 AC 0.0402 0.37
Tro Al 0.0412 -0.13
ADMA BN 0.0430 0.10
SM {OH} C16:1 SM 0.0491 0.08
Tyr/Phe RATIO  0.0491% -0.08

Table 26: Highly significantly and significantly up- and down-regulated
metabolites compared in non diabetics at stage 5 and stage 3 of CKD.

log-fold change

Metabniite Class  p-value {ND5/ND4)
SM{OH)} C22:2 SM 8.21E-05 0,20
Cit/Arg RATIO 0.0002 0.24
PCae {38:3 PC 0.0002 £.17
PC ae C38:2 PC 0.0003 0,21
PC ae C36:3 PC 0.0005 -6.17
Glucosone sy 0.0005 1.13
"C18:2 AC £.0007 -0.29
C5-DCICH-0H) AC £.0008 0.29
PCae 38:1 PC 0.0012 -0.21
Sk {OH) €221 5M 0.0013 -0.15
Creatinine BN 0.0014 0.30
PC ae CAD:4 PC 0.0016 -0.14
PC ae C34:2 RC 0.0017 -0.17
PC ae C42:3 PC 0.0020 -0.18
SDMA BN 0.0022 0.25
PC aa C38:3 PC 0.0024 0.16
PC aa €36:3 PC 0.0024 -0.15
Trp AA 0.0025 -0.24
Met Al 0.0026 -0.19
PLae C32:1 PC 0.0026 0.12

PCaa(34:3 PC 0.0032 -0.18



C3 AC 0.0146 -0.25 cis-C15:1w5 FFA 0.0158 -0.11 cis-C16:1w13 TEA 0.0158 0.23 PC ae C34:3 PC
0.0162 -0.14 cis-C17:2w6 TFA 0.0175 -0.23 Cit AA 0.0180 0.19 PC ae C44:4 PC 0.0221 -0.10 Pro AA
0.0241 0.14 J5ABA 4257 1.32 TDCA BA 0.0337 1.11 PC ae C42:3 P%QTQE%@% 9 (}Bg ©23:0 TEA
0.0378 -0.14 lysoPC a C14:0 PC 0.0455 -0.24 C8:1 AC 0.0462 0.24 lysoPC a %f 8 0.0468 -0.14
Table 25: Highly significantly and significantly up- and down-regulated metabolites compared in non
diabetics at stage 4 and stage 3 of CKD. Metabolite Class p-value log-fold change (NO4/ND3).
C5-DC(C6-OH) AC 0.0005 0.72 Creatinine BN 0.0005 0.38 C18:2 AC 0.0009 0.30 Met-50 BN 0.0009
0.24 C10 AC 0.0024 0.30 C9 AC 0.0038 0.41 Orn/Ag RATIO 0.0039 0.16 PC ae C44:6

PC aa C40:3 PC 0.0033 .12
PC as (44:3 PC 0.0036 0,16
SM C20:2 S 0.0039 -0.17
s AC 0.8040 0.30
£21:0 TFA 0.0042 -0.15
PCaz C34:4 PC 0.0044 -0.24
PC as C26:2 PC 0.0050 -0.14
PCaaC3z:2 PC 0.0051 .16
SDMA/Arg RATIO 0.0052 0.28
His AA 0.0053 .14
PC aa (C36:2 PL D.0058 (.15
PCae C42:2 PC 0.0058 017
SM C16:1 SM 0.0080 .12
PCaa C40:2 PC 0.0063 <011
PCar C36:4 PC 0.0067 -0.14
PCae (42:4 P 0.0072 -0.13
SM C24:1 S 0.0074 -0.11
Ala AR 0.0077 -0.16
PCaa {342 PC 0.0077 0.12
total DMA BN 0.0084 0.21
SM C18:1 SM 0.0084 -0.15
PCaa £40:3 PC 0.0084 -0.12
PCae C34:3 PC 0.0086 -0.19
PCae C44:6 PC 0.0102 -0.14
PC ae C40:1 PC 0.0106 -0.15
PC aa C36:1 PC .0108 -0.12
PC aa C36:0 PC 0.0108 -0.12
SM {OH]) C24:1 SM 0.0113 013
PC ae C40:2 PC 0.0116 0.13
Gin AA 0.0116 ~0.09
lysoPC a C18:2 PC 0.0129 -0.24
PCae £32:2 PC 0.0133 0,11
Phe Al 0.0135 .13
Cls ) AC 0.0136 .10
PC ae {40:5 PC 0.0137 .12
PCaa (38:4 PC ¢.0140 -0.15
PCae C36:1 PC 00145 .11
PCaa C38:5 PC 0.0158 Q.14
Tyr AA 0.0164 -3.18
PC ae C38:0 PC 00168 .18
C23:0 TFA 00172 -{.16
PCaa (32:3 PC 0.0180 .14
co AL 0.0182 -0.22
lysoPC a C16:0 pPC 0.0184 .15
PC aa C36:6 PC 0.0185 -0.21
lysoPC 2 C18:0 PC 0.0187 -0.19
Glu AA 0.01%1 -(1.34
PCae C38:6 PC 0.0193 0.14
PCae 0384 PC 0.0199 .12
P aa C28:1 PC 0.0218 -0.13
PCaa C36:4 PC 0.0228 -0.13

PCae C36:5 PC 0.0233 -0.13



PC 0.0049 0.15 C8 AC 0.0060 0.98 C18:1 AC 0.0075 0.13 total DMA BN 0.0077 0.19 C10:1 AC
0.0087 0.66 PC aa C42:0 PC 0.0104 0.13 PC ae C32:2 PC 0.0117 0.11 125-HETE BA 0.0123 -0.84
PC aa C42:33RGAHE38P-14 cis-C18:1w7 TEA 0.0144 0.11 Cit/Arg RAT%]OQ%]ZQ@I%}%&gM C26:1 SM
0.0180 0.07 PC ae C32:1 PC 0.0187 0.09 Ketogiutaric acid OA 0.0188 0.21" . f 90.19 WO
2010/139341PCT/EP2009/003926 46 C5:1-DC AC 0.0197 0.40 SM C16:0 SM 0.0208 0.07
cis-C20:2w6 FFA 0.0211 0.10 Cit AA 0.0229 0.15 cis-C18:1w7 FFA 0.0243 0.15 Orn AA 0.0269 0.14
Mn AA 0.0302 0.08 Lactate OA 0.0306 -0.14 cis-C18:2w6
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cis-C18:4w3 TFA 0.023% <0.51
PCaa C42:C PL 0.0246 011
C14:2 AC 0.0255 -0.10
PC ae C40:6 PC 0.0265 .14
SM {OH) C15:1 SM 0.0266 -0.10
PCae C34:] PC 0.0272 -0.10
Arg AA 0.0274 -0.11
C18 AC 0.0275 511
PCae C36:0 PC 0.0281 -0.09
SM C14:0 St 0.0289 .12
PC ag €38:1 PC 0.0251 -0.12
SM C24:0 S 0.0254 £.10
SM C18:0 S 0.0297 0,10
PCae C44:4 PC 0.0208 0,12
SMC26:1 SM 0.0302 -0.0%
Lys AA 0.0303 -0.11
PC ae C38:5 PC 0.0304 -0.11
PCaa C42:4 pC 0.6330 -0.10
lysoPCaCi7:0 pC 0.0332 -0.18
PCaal42:1 PC 0.0344 012
Thr AA 0.0347 £.13
lysoPCa C16:1 pC 0.0368 £.19
PC ae C44:5 PC 0.0384 <11
PCae 30:1 PC 0.0387 ~(1.12
SN C22:3 S 0.03%2 011
SM C26:0 SM (1.0395 -0.09
PC ae C34:0 PC 0.0405 -0.09
PCaa C42:5 PC 0.0440 -(.08
PC ae C30:0 PC 0.0443 -0.10
¢is-C20:3wb TFA 0.0457 <012
lysoPC & £28:1 PC 0.0466 0.28
H4 SuU 0.0486 0.28
€18:.0 TFA 0.0473 -0.08
Asn AA 0.0482 -0.09
Cig:1 AC 0.0482 -0.12
Cis:1 AC 0.0482 -0.10
PCae C42:5 PC 6.0492 -0.08

PCae €30:2 PC 0.0459 -0.11

Table 27:. Highly significantly and significantly up- and down-regufated
metabolites compared in non diabetics at stage 5 and stage 3 of CKD.

log-fold change

Metabolite Class p-value {ND5/ND3)
C5-DC{CE-0OH) AC 1.42E-037 1.00
Creatinine BN 1.67E-06 4.67
Trp AA 2.03E-06 -0.38
Cit/Arg RATIO  2.B5E-06 038
SDMA BN 1.59E-05 0.43
OrnfArg RATIO  2.40E-05 0.22

SDMA/Arg RATIO  2.54E-05 G.55



FFA 0.0313 0.11 PC aa C30:2 PC 0.0313 0.09 SM C16:1 SM 0.0320 0.08 MetS0/Met RATIO 0.0325
0.24 Phe AA 0.0340 0.09 SDMA/Arg RATIO 0.0352 0.27 PC aa C42:2 PC 0.0359 0.11 SOMA BN
0.0375 0.19P62a6/4338iP PC 0.0396 0.12 cis-C18:2w6 TFA 0.0396 0.07#c§/kpAdacdédd82 0.37 Trp AA
0.0412 -0.13 ADMA BN 0.0430 0.10 SM (OH) C16:1 SM 0.0491 0.08 Tyr/Phe RATIO 0.0491 -0.09
Table 26: Highly significantly and significantly up- and down-regulated metabolites compared in non
diabetics at stage 5 and stage 3 of CKD. Metabolite Class p-value log-fold change (ND5/N04) SM
(OH) C22:2 SM 8.21E-05 -0.20 Cit/Arg RATIO 0.0002 0.24 PC ae C38:3 PC 0.0002 -0.17 PC ae 08:2
PC 0.0003 -0.21 PC ae C36:3 PC 0.0005 -0.17 Gluffbsone St) 0.0005 1.13 C18:2 AC 0.0007 -0.29
C5-DC(C6-0H) 9

AC 4.56E-05 0.72
total DMA 8N 6.36E-05 0.40
Ketoglutaric acid 0A 0.0002 .36
PC aa C34:4 pC 0.0003 -0.38
Tyr/Phe RATIO  0.0005 .18
ysoPCa C20:3 e 0.0009 H.24
Cit AA 0.0010 0.27
lysoPCa C14:0 PC 0.0012 -D.44
MetSO/Met RATIO  0.0016 0.32
lysoPC a C20:4 PC 3.0021 -0.24
8 AC 0.0028 0.96
Ala AA 0.0030 -0.16
S £22:3 SM 0.0031 -0.18
5:1-bC AC 0.0034 0.50
Met-50 BN 0.0034 0.18
SM (OH} C22:1 SM 0.0037 -0.16
Tyr AA 0.0042 -0.19
lysoPC a C18:2 pC D.0048 0.21
Met Al 0.0049 -0.15
PC aa C36:6 PC 0.0057 -0.23
PC aa €36:4 PC 0.0057 -0.18
lysoPC a £28:1 BC 0.0057 -0.35
SM {OH) C22:2 St 0.0063 -0.14
PCaa €384 PC 0.0063 -0.18
Arg AA 0.0064 .13
cis-C11:1ws FEA 0.0066 -0.61
lysoPC a C16:0 PC 0.0068 -0.15
PCae C4A0:L PC 0.0075 0.13
PC ae £38:2 PC 0.0078 0.14
PCae C38:1 PC 0.0079 -0.16
P ae £38:0 PC 0.0080 -0.18
Lys AA 0.0051 .13
fysoPCa C16:1 PC 0.0087 0.22
M C20:2 S 0.0104 £.18
Thr AR 00118 .14
ADMA BN 0.0120 0.11
lysoPC a C18:0 rC 0.0126 0.17
His AA 0.0126 .10
PC ae C36:4 PC 0.0126 -0.14
Val AR 0.0153 -0.16
PCae C38:3 PC 0.0167 -0.15
PC ae (384 - PC 0.0172 £.13
PC aa C38:5 PC 0.0176 £.14
C23:0 TFA 0.0150 -0.14
PCae C42:2 PC 0.0191 £.13
Cz21:0 TFA 0.01%4 Q.11
PC ae £42:3 PC 0.0203 .11
125-HETE BA 0.0205 .64
PC aa £34:3 PC 0.0212 .17
Lactate OA 0.0228 0,15
cis-C22:1we TFA 0.0241 013

PCae C36:3 PC 0.0247 -0.12



AC 0.0008 0.29 PC ae C38:1 PC 0.0012 -0.21 SM (OH) C22:1 SM 0.0013 -0.19 Creatinine BN 0.0014
0.30 PC ae C40:4 PC 0.0016 -0.14 PC ae C34:2 PC 0.0017 -0.17 PC ae C42:3 PC 0.0020 -0.18
SOMA BN Ov922:€135HC aa C38:3 PC 0.0024 -0.16 PC aa C36:3 PC 0p@@ddbldoldsbi AA 0.0025
-0.24 Met AA 0.0026 -0.19 PC ae C32:1 PC 0.0026 -0.12 PC.aa C34:3 PC 0.0032 -0.18 47 PC ae
C40:3 PC 0.0033 -0.12 PC ae C44:3 PC 0.0036 -0.16 SM C20:2 SM 0.0039 -0.17 C9 AC 0.0040 0.30
C21:0 TFA 0.0042 -0.15 PC aa C34:4 PC 0.0044 -0.24 PC ae C36:2 PC 0.0050 -0.14 PC aa C32:2
PC 0.0051 -0.16 SDMA/Arg RATIO 0.0052 0.28 His AA
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lysoPC a C18:1 PC 0.0245 -0.14
trans-C18:1w9 FFA 0.0264 0.29
¢is-C18:4w3 TFA 0.0277 -0.558
PC ae C40:4 Bl 04201 -4.11
PC ae C44:3 PC 0.0298 -0.12
PCaa {363 PC 0.0322 -0.13
SM{OH} C24:1 SM 0.033¢% -0.10
0 AC 0.0342 -0.19
PCaa C36:5 PC 0.0366 -0.18
Leu AA 0.0367 0.16
PCae C36:5 PC 0.0376 -0.13
cis-C20:5w3 (EPA) TFA 0.0392 -0.21
cis-C18:iw7 FFA 0.0402 0.17
PC aa C38:3 PC 0.0406 -0.14
Xie Al 0.0413 -0.15
PC ae C42:4 PC 0.0431 -0.09
¢is-C20:3w6 TFA 0.0450 -0.16

Industrial Applicability

The present invention makes it possible to predict and diagnose kidney disease
in an improved manner and at an early stage of the disease and allows a more
sensitive detection for pathological changes in the kidney. In fact, the
biomarkers according to the invention are easily detectable in biological
samples, in particular in blood and/or in urine, their level is consistently
related to the degree of kidney disease/injury and their level changes.
Moreover, the biomarkers accotrding to the invention are also valuable in such a
fundamental way that they may properly assess nephrotoxicity either in animal
models or in phase I clinical trials. In other words, they are also suitable to
assess preclinical and clinical nephrotoxicity, i.e. also at a very early stage of
the development of pharmaceuticals, namely in animal models or in phase I

clinical trials.

Based thereon it is possible to prepare a kit being suitable to be of assistance in
more reliably diagnosing the onset of kidney disease, in particuiér CKD and

DN, and monitoring the progression thereof.



0.0053 -014 PC aa C36:2 PC 0.0058 -0.15 PC ae C42:2 PC 0.0058 -0.17 SM C16:1 SM 0.0060 -0.12
PC aa C40:2 PC 0.0063 -0.11 PC ae C36:4 PC 0.0067 -0.14 PC ae C42:4 PC 0.0073 -0.13 SM C24:1
SM 0.0074 -Q:32MaA4yP.0077 -0.16 PC aa C34:2 PC 0.0077 -0.12 totabpiMéip BN 59684 0.21 SM
C18:1 SM 0.0084 -0.15 PC aa C40:3 PC 0.0094 -0.12 PC ae C34:3 PC 0.0096 -0.19 PC ae C44:6 PC
0.0102 -0.14 PC ae C40:1 PC 0.0106 -0.15 PC aa C36:1 PC 0.0108 -0.12 PC aa C36:0 PC 0.0109
-0.12 SM (01-0 C24:1 SM 0.0113 -0.13 PC ae C40:2 PC 0.0116 -0.13 Gin AA 0.0116 -0.09 lysoPC a

C18:2 PC 0.0129 -0.24 PC ae C32:2 PC 0.0133 -0.11 Phe AA 0.0135-0.13 C16
51
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AC 0.0136 -0.10 PC ae C40:5 PC 0.0137 -0.12 PC aa C38:4 PC 0.0140 -0.15 PC ae C36:1 PC 0.0145
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Amended Claims {Article 34 PCT)

1. A metabolic biomarker set for assessing kidney disease comprising at
least two amino acids, at least two acylcarnitines and at least two biogenic

amines.

2. The biomarker set according to claim 1 further comprising a ratio of a
product/substrate with respect to an enzymatic reaction, preferably the
SDMA/arginine ratio, the citrulline/arginine ratio, the ornithine/arginine ratio,

and/or the methionine sulfoxide/methionine ratio.

3. The biomarker set according to claim 1 and/or claim 2, wherein the
amino acids are selected from Tabie 1, the acylcarnitines are selected from
Table 2, and the biogenic amines are selected from Table 3, as indicated in the

specification, respectively,

4, The biomarker set according to any one of claims 1 to 3 further
comprising one or more metabolites selected from the group of polyamines,
phosphatidylcholines, reducing mono- and oligosaccharides, sphingomyelins,
eicosanoids, bile acids, and phosphorylated sugars, mono-, di-, trivalent

organic acids, and nucleotides.

5. The biomarker set according to any one of claims ! to 4, wherein the
amino acids are selected from Cit, Phe, Asn, Trp, His, Omn, Tyr, Met, Ala, Arg,
Thr, Lys, Gln, Ser, Val, Glu, and Pro, the acylcarnitines are selected from CO,
C5-DCICB-0OH}, C5:1-DC, C8, C9, C10, C10:1, Cl4:1, and C18:1, the biogenic
amines are selected from MetSO, creatinine, SDMA, ADMA, total DMA, and
serotonin, and the ratios are selected from the SDMA/arginine ratio, the
citrulline/arginine ratio, the ornithine/arginine ratio, and/or the methionine

sulfoxide/methionine ratio.
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at least two acylcarnitines and at least two biogenic amines, as a biomarker set

for assessing kidney disease in a blood sample.

7. A method for assessing kidney disease in a mammalian subject which
comprises measuring in a biological sample, preferably blood and/or urine
obtained from the subject, the amount of at least two amino acids, of at least

two acylcarnitines and of at least two biogenic amines.

8. The method according to claim 7 further comprising measuring in the
biological sample the ratio of a product/substrate with respect to an enzymatic
reaction, preferably the SDMA/arginine ratio, the citrulline/arginine ratio, the

ornithine/arginine ratio, and/or the methionine sulfoxide/methionine ratio.

9. The method according to claim 7 and/or claim 8 wherein the amino acids
are selected from Table 1, the acylcarnitines are selected from Table 2, and the
biogenic amines are selected from Table 3, as indicated in the specification,

respectively.

10. The method according to any one of claims 7 to 9 further comprising
measuring in the biological sample the amount of one or more metabolites
selected from the group of polyamines, phosphatidylcholines, reducing mono-
and oligosaccharides, sﬁahingomye}ins, eicosanocids, bile acids and energy

metabolism intermediates.

11. The method according to any one of claims 7 to 10, wherein the amino
acids are selected from Cit, Phe, Asn, Trp, His, Orn, Tyr, Met, Ala, Arg, Thr, Lys,
Gln, Ser, Val, Glu, and Pro, the acylcarnitines are selected from CO, C5-DC(C6-
OH]}, C5:1-DC, C8, C9, C10, C10:1, Cl14:1, and C18:1, the biogenic amines are
selected from MetSO, creatinine, SDMA, ADMA, total DMA, and serotonin, and

the ratios are selected from the SDMA /arginine ratio, the citrulline/arginine
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