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Urinary proteomics

Sample preparation and CE-MS analysis

Sample preparation and CE-MS analysis were performed essentially as described.! Urine
aliquots were thawed and 700 pl mixed with 700 ul of 2 M urea, 10 mM NH4OH containing
0-02 % SDS. Subsequently, samples were ultrafiltered using a Centristat 20 kDa cut-off
centrifugal filter device (Satorius, Goéttingen, Germany) to eliminate high molecular weight
proteins. The obtained filtrate was desalted using a PD 10 gel filtration column (GE
Healthcare Bio Sciences, Uppsala, Sweden) to remove urea, electrolytes and salts as well as
to enrich polypeptides. The samples were lyophilised and stored at 4°C before usage.
Shortly before CE-MS analysis, the samples were re-suspended in 10 uL HPLC-grade H20.
Samples were injected into CE-MS with 2 psi for 99 sec, resulting in injection volumes of
~280 nL.

A P/ACE MDQ capillary electrophoresis system (Beckman Coulter, Fullerton, CA) was
coupled with a Micro-TOF MS (Bruker Daltronic, Bremen, Germany). A solution of 20%
acetonitrile (Sigma-Aldrich, Taufkirchen, Germany) in HPLC-grade water (Roth, Karlsruhe,
Germany) supplemented with 0-94% formic acid (Sigma-Aldrich) was used as running buffer.
For CE-MS analysis, the electrospray ionisation interface from Agilent Technologies (Palo
Alto, CA) was set to a potential of -4-0 to -4-5 kV. Spectra were recorded over an m/z range

of 350-3000 and accumulated every 3 s.

CE-MS data processing

After the CE-MS analysis, mass spectral ion peaks representing identical molecules at
different charge states were deconvoluted into single masses using MosaFinder software.2
Only signals with z>1 observed in a minimum of 3 consecutive spectra with a signal-to-noise

ratio of at least 4 were considered. The resulting peak list characterizes each polypeptide by
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its mass and migration time. Data were calibrated utilising 150 reference mass data points
and 452 reference migration time data points by applying global and local linear regression,
respectively. Reference signals of 29 abundant collagen peptide fragments were used as
internal standards for calibration using local linear regression.® These 29 peptides were
selected, based on their high abundance and lack of association with disease. This
procedure reproducibly addresses both analytical and dilution variances in a single
calibration step and performs better than standardisation based on the urinary creatinine
concentration.3 The obtained peak list characterises each polypeptide by its calibrated
molecular mass [Da], calibrated CE migration time [min] and normalised signal intensity. All
detected peptides are deposited, matched, and annotated in a Microsoft SQL database

allowing further statistical analysis.

Sequencing of peptides

Candidate biomarkers were sequenced using CE-MS/MS or LC-MS/MS analysis, as
described in detail.# MS/MS experiments were using an Ultimate 3000 nano-flow system
(Dionex/LC Packings, USA) or a P/ACE MDQ capillary electrophoresis system (Beckman
Coulter, Fullerton, CA), both connected to an LTQ Orbitrap hybrid mass spectrometer
(Thermo Fisher Scientific, Germany) equipped with a nano-electrospray ion source. The
mass spectrometer is operated in data-dependent mode to automatically switch between MS
and MS/MS acquisition. Survey full-scan MS spectra (from m/z 300—2,000) were acquired in
the Orbitrap. lons were sequentially isolated for fragmentation. Data files were searched
against the UniProt human nonredundant database using Proteome Discoverer 2-4 and the
SEQUEST search engine. Relevant settings were: no fixed modifications, oxidation of
methionine and proline as variable modifications. The minimum precursor mass was set to

790 Da, maximum precursor mass to 6000 Da with a minimum peak count of 10. The high-
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confidence peptides were defined by cross-correlation (Xcorr) >1.9 and rank = 1. Precursor
mass tolerance and fragment mass tolerance were 5 ppm and 0.05 Da, respectively. For
further validation of obtained peptide sequences, the correlation between peptide charge at
the working pH of 2 and CE-migration time was utilised to minimise incorrect sequence
assignment:® calculated CE-migration time of the sequence candidate based on its peptide

sequence (number of basic amino acids) was compared to the experimental migration time.
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Table 1: Use of medications in 778 FLEMENGHO examined in 2005-2010

Medications C-age UPP-age UPP-age-R
(number taking drug [%]) A4 (95% ClI) p value A (95% ClI) p value A4 (95% Cl) p value
Antihypertensive drugs
Any (198 [25-4]) 17-9 (156, 20-1) <0-0001 14-8 (12:6, 16-9) <0-0001 0-92 (-0-33, 2:17) 015
Diuretics (78 [10-0]) 19-4 (16-0, 22-8) <0-0001 17-1 (14-0, 20-2) <0-0001 2-07 (0-35, 3-79) 0-018
BBs (114 [14-7]) 17-5 (14-6, 20-3) <0-0001 14-8 (12-2, 17-4) <0-0001 1-27 (-0-20, 2:75) 0-091
RAS inhibitors including pBs (21 [2:7]) 226 (16-2, 28-9) <0-0001 20-8 (151, 26-5) <0-0001 3-34 (0-22, 6-46) 0-036
RAS inhibitors excluding pBs (45 [5-8]) 177 (13-3, 22-1) <0-0001 13-4 (9-4, 17-4) <0-0001 -0-33 (-2:62, 1-95) 0-78
Vasodilators (38 [4-9]) 18-5 (13:8, 23-3) <0-0001 13:7 (94, 17-9) <0-0001 -0-69 (-3:02, 1-63) 0-56
Monotherapy (41 [5-3]) 12-3 (7-8, 16-9) <0-0001 12-2 (8:0, 16-4) <0-0001 2:65 (0-32, 4-98) 0-026
Combination therapy (157 [20-2]) 19-3 (16-8, 21-8) <0-0001 15-4 (13-1, 17-8) <0-0001 0-47 (-0-86, 1-80) 0-49
Antidiabetic drugs (22 [2-8]) 19-0 (12-8, 25-3) <0-0001 17-6 (120, 23-2) <0-0001 2:86 (-0-17, 5-88) 0-064
NSAID (73 [9-4]) 56 (1-9, 9-2) 0-0028 4-9 (1-7, 8:1) 0-0029 0-60 (-1-19, 2-38) 0-51
Lipid-lowering drugs
Any (110 [14-1]) 17-4 (146, 20-3) <0-0001 14-2 (11-5, 16-8) <0-0001 0-69 (-0-81, 2:18) 0-37
Statins (101 [13-0]) 17-2 (143, 20-2) <0-0001 13:7 (109, 16-4) <0-0001 0-30 (-1.23, 1-84) 0-70
Any combination of the above (298 [38-3]) 14-5 (12-4, 16°5) <0-0001 12:2 (10-3, 14-1) <0-0001 1-00 (-0-10, 2-10) 0-075

Abbreviations: BBs, b-blockers; RAS, renin-angiotensin system; NSAID, non-steroidal anti-inflammatory drugs. RAS inhibitors include angiotensin-conversion inhibitors and angiotensin
receptor blockers with or without BBs. Lipid-lowering drugs include fibrates, ezetimibe, cholestyramine and statins. A4 is the age difference, given with 95% confidence interval, was

obtained by subtracting non-users from users. In all comparisons, 480 participants not taking any of the listed drugs were the reference. Because of combination therapy, numbers are not

additive. C-age and UPP-age refer to chronological age and age as predicted by the UPP. UPP-age-R refers to the residual of the regression of UPP-age on C-age and reflects
accelerated ageing as predicted by the UPP-age, independent of C-age.
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Table 2: Association of 210 sequenced urinary peptides with age in the 2005-2010 FLEMENGHO derivation dataset

Parental proteins identified from the amino-acid sequence

Peptldbe ID Amino-acid sequence B (95% confidence interval) p value
number Accession number Name

08360 TGYTGKMCcESSVNYcE FAT4 (Q6V0I7) protocadherin fat 4 0-34 (0-27, 0-40) 3-49 E-19
LDGAKGDAGPAGPKGEpPG collagen type | alpha 1 chain . . . .

€12851 SPOENGAPG COL1A1 (P02452) gen type 1 alp —0-32 (-0-39, —0-25) 1-34 E-16
ARGNDGARGSDGQPGPp collagen type Ill alpha 1 chain

€17856 GppGTAGFpGSpGAKGEV | COL3A1 (P02461) —0-30 (-0-38, —0-23) 4-05 E-13
GP

e05560 GSpGSpGPDGKTGPPGp COL1A1 (P02452) collagen type | alpha 1 chain —0-29 (-0-36, —0-22) 5-88 E-13
ARGNDGARGSDGQpGpp collagen type Ill alpha 1 chain

€20065 GPPGTAGFPGSpGAKGEV | COL3A1 (P02461) —0-28 (-0-36, —0-21) 9-64 E-12
GpAGSpGSNGApG
ERGEQGPAGSpGFQGLpG collagen type | alpha 1 chain

€19885 pAGppGEAGKpGEQGVPG | COL1A1 (P02452) —0-28 (-0-35, —-0-20) 3-22 E-11
DLGAPGPSG
PpGESGREGAPGAEGSPG collagen type | alpha 1 chain . . . .

€16966 RDGSPGAKGDRGETGP | COL1A1 (P02452) gen type T alp —0-27 (-0-34, —0-20) 4-31 E-11

10072 SLPCTGGPPGENGKRGER | coL3A1 (P02461) collagen type Il alpha 1 chain ~0-26 (~0-34, —0-19) 4-37 E-11

e03016 ApGDRGEPGPpGP COL1A1 (P02452) collagen type | alpha 1 chain —0-27 (-0-35, -0-20) 4-38 E-11

04820 GVNVpSYPGpPGPPG COL19A1 (Q14993) collagen type XIX alpha 1 chain —0-27 (-0-35, —0-20) 6-71 E-11

04945 SpGSPGPDGKTGPpGP COL1A1 (P02452) collagen type | alpha 1 chain —0-27 (-0-34, -0-19) 1-59 E-10
LDGAKGDAGPAGPKGEPG collagen type | alpha 1 chain . . . .

12949 SPGENGAPG COL1A1 (P02452) —0-25 (-0-32, -0-18) 3-27 E-10
ADGQpGAKGEpGDAGAK collagen type | alpha 1 chain . . . .

€12986 GDAGPPGPAGP COL1A1 (P02452) gen type 1 alp —0-25 (-0-32, —0-18) 6:39 E-10
GApGQNGEPGGKGERGA collagen type Il alpha 1 chain _0-25 (—0-32 —0- . N

e13707 bGEKGEGGpPG COL3A1 (P02461) 0-25 (-0-32, -0-18) 3-31 E-09
NTGApGSPGVSGPKGDA collagen type Il alpha 1 chain

e17922 GQpGEKGSpGAQGPPGAP | COL3A1 (P02461) —0-25 (-0-33, —0-18) 4-17 E-09

GPLG
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name
RTGEVGAVGPpGFAGEKG collagen type | alpha 2 chain . . . .
e17212 PSGEAGTAGPPGTpGPQG | COL1AZ (P08123) gen type T alp -0-24 (-0-31, -0:17) 4-86 E-09
e11213 ADCAPSARGEPGDAGAK | coL1A1 (P02452) collagen type | alpha 1 chain ~0-24 (~0-31, —0-16) 7-21 E-09
02286 PpGEAGKpGEQG COL1A1 (P02452) collagen type | alpha 1 chain —0-24 (-0-32, -0:17) 9-31 E-09
IGPpGPAGApGDKGESGP collagen type | alpha 1 chain . . . .
e11415 SGPAGPTG COL1A1 (P02452) gen type [ alp —0-24 (-0-31, -0-16) 9-55 E-09
e11073 gggs\‘/’gApGSKGDTGAKG COL1A1 (P02452) collagen type | alpha 1 chain ~0-24 (~0-32, —0-17) 1-17 E-08
e06441 TGSpGSpGPDGKTGPpGP | COL1A1 (P02452) collagen type | alpha 1 chain —0-22 (-0-29, —-0-15) 1-37 E-08
DGAPGQKGEMGPAGPTG collagen type IV alpha 1 chain
e17983 PRGFpGppGPDGLPGSMG | COL4A1 (P02462) —0-25 (=032, —0-17) 1-38 E-08
PP
SKGESGNKGEpGSAGPQ collagen type | alpha 2 chain
e19745 GPpGpSGEEGKRGPNGEA | COL1A2 (P08123) —0-24 (-0-31, —0-16) 1-39 E-08
GSAGPPGPpG
10987 YOERSPAGSKGESGNKGE | coL1a2 (P08123) collagen type | alpha 2 chain ~0-24 (-0-31, —0-16) 1-50 E-08
e04419 ApGDRGEpGPpGPAG COL1A1 (P02452) collagen type | alpha 1 chain —-0-22 (-0-30, —0-15) 1-65 E-08
06068 NDGApGKNGERGGpGGP | COL3A1 (P02461) collagen type Il alpha 1 chain 0-24 (0-16, 0-32) 2-:09 E-08
e06316 GpPGEAGKpGEQGVpGD COL1A1 (P02452) collagen type | alpha 1 chain —0-23 (-0-31, —-0-16) 3-54 E-08
e06733 AGSEADHEGTHSTKRG FGA (P02671) fibrinogen alpha chain 0-23 (0-16, 0-31) 5-44 E-08
06709 SSpGSPGPDGKTGPRGPA | coL1A1 (P02452) collagen type | alpha 1 chain ~0-22 (-0-29, —0-15) 6-94 E-08
03025 GQDGRpGPpGpPG COL1A1 (P02452) collagen type | alpha 1 chain —-0-22 (-0-30, —0-15) 7-34 E-08
03322 SpGPDGKTGPpGPA COL1A1 (P02452) collagen type | alpha 1 chain —0-22 (-0-29, -0-15) 7-61 E-08
e06617 MpGSpGGpGSDGKpGpPG | COL3A1 (P02461) collagen type Il alpha 1 chain —0-22 (-0-29, —0-15) 1-04 E-07
AAGEpGKAGERGVpGPpG
e17280 AVGPAGKDGEAGAQGPP | COL1A1 (P02452) collagen type | alpha 1 chain —-0-22 (-0-30, -0-15) 1-47 E-07
GP
09891 SEGSPGHpGQPGPPGPPG | o 3a1 (P02461) collagen type Il alpha 1 chain ~0-22 (-0-30, —0-15) 1-92 E-07

ApGP
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name

e04321 PpGEAGKpGEQGVp COL1A1 (P02452) collagen type | alpha 1 chain —0-22 (-0-29, —-0-14) 2:63 E-07
GpAGPPGEKGEPGDDGP .

e13033 S(paAEGPpGPQ COL2A1 (P02458) collagen type Il alpha 1 chain -0-22 (-0-29, —0-14) 3-05 E-07
KGNSGEpGAPGSKGDTG .

e12508 AKGEpG;?VG COL1A1 (P02452) collagen type | alpha 1 chain -0-22 (-0-29, —0-14) 3-26 E-07

07678 Ao PGSPGPDGKTGRRGP | coL1a1 (P02452) collagen type | alpha 1 chain ~0-21 (-0-28, —0-14) 3-89 E-07

e08978 DEAGSEADHEGTHSTKRG | FGA (P02671) fibrinogen alpha chain 0-22 (0-14, 0-29) 4-52 E-07

02667 SpGPDGKTGpPGP COL1A1 (P02452) collagen type | alpha 1 chain -0-22 (-0-29, -0-14) 4-84 E-07
ERGEAGIpGVpGAKGEDG .

e15129 KDGSPGEPPG NG COL3A1 (P02461) collagen type Il alpha 1 chain -0-21 (-0-28, —0-13) 7-19 E-07

e11013 gfgf\fglﬁ\GKpGEQGVPG COL1A1 (P02452) collagen type | alpha 1 chain ~0-22 (-0-29, —0-14) 8-12 E-07
ESGREGAPGAEGSPGRD .

e15778 GSpGAKGDRGETGp COL1A1 (P02452) collagen type | alpha 1 chain —0-21 (-0-28, —0-13) 8:14 E-07
GPpGESGREGAPGAEGS .

17288 GRDGS GAKGDRGETG pp COL1A1 (P02452) collagen type | alpha 1 chain —0-21 (=029, —0-14) 974 E-07

10025 EﬁngGA"GSKGDTGAKG COL1A1 (P02452) collagen type | alpha 1 chain ~0-21 (~0-29, —0-14) 974 E-07

00966 YQTNKAKH CSTB (P04080) cystatin B 0-20 (0-13, 0-27) 1-02 E-06

06961 GLpGTGGPpGENGKPGEp | COL3A1 (P02461) collagen type Il alpha 1 chain —0-21 (-0-28, -0-13) 1-09 E-06

e01399 DGRpGPpGPpG COL1A1 (P02452) collagen type | alpha 1 chain -0-20 (-0-27, -0-13) 1-26 E-06
GPpGADGQPGAKGEpPGD

e17890 AGAKGDAGPPGpAGPAG | COL1A1 (P02452) collagen type | alpha 1 chain -0-21 (-0-28, -0-13) 1-75 E-06
PPGpIG

e05114 SpGSpGPDGKTGPPGp COL1A1 (P02452) collagen type | alpha 1 chain —-0-21 (-0-28, -0-13) 2-01 E-06
ANGApGNDGAKGDAGA .

el1777 GApGgQGAPG P | cCOL1A1 (P02452) collagen type | alpha 1 chain —0-20 (-0-28, —0-13) 2-41 E-06
GARGLpGpPGSNGNPGPP

e17787 GPSGSPGKDGPPGPAGN | COL3A1 (P02461) collagen type Il alpha 1 chain —0-20 (-0-28, -0-13) 2:42 E-06

TGAP
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name

SGPPGRAGEPGLQGPAG

18864 PpGEKGEPGDDGpSGAEG | COL2A1 (P02458) collagen type Il alpha 1 chain —0-20 (-0-27, -0-12) 2-45 E-06
PpGPQG

e04169 PpGEAGKpGEQGVP COL1A1 (P02452) collagen type | alpha 1 chain —0-20 (-0-27, -0-12) 2-52 E-06
GADGQPGAKGEPGDAGA .

e11753 KGDAGPPGP COL1A1 (P02452) collagen type | alpha 1 chain —0-20 (-0-28, —0-13) 2:79 E-06

10277 gﬁggGEAGKPGRPGERG COL1A1 (P02452) collagen type | alpha 1 chain ~0-20 (~0-28, —0-12) 2-79 E-06
ANGApGNDGAKGDAGA .

€11902 GApGgQGApG P COL1A1 (P02452) collagen type | alpha 1 chain —0-20 (-0-28, —0-12) 2-81 E-06

09435 SERSPSGEAGTAGPRGTP | coL1A2 (P08123) collagen type | alpha 2 chain ~0-19 (~0-26, —0-12) 3-00 E-06
GNEGpSGPPGpAGSPGER .

e14204 GAAGgGGPIG;fPG COL11A2 (P13942) collagen type Xl alpha 2 chain —0-20 (-0-28, -0-12) 3-11 E-06
NRGERGSEGSPGHpGQ .

e14315 GPPGpPGApGP pEMP 1 coLsat (P02461) collagen type Il alpha 1 chain -0-19 (-0-26, -0-12) 4-53 E-06
GPAGpPGEKGEPGDDGP .

e12156 SGAEgPPGp COL2A1 (P02458) collagen type Il alpha 1 chain -0-20 (-0-27, -0-12) 4-61 E-06
ERGEAGIpGVpGAKGEDG .

15237 KDGSpGEppG NG COL3A1 (P02461) collagen type Il alpha 1 chain —0-19 (=027, —0-12) 5-61 E-06
PSTTVAPGSFSTAATTSPG . . .

e14015 ASGTTGVITT MUC19 (Q7Z5P9) mucin 19, oligomeric —0-19 (=027, —0-12) 7-24 E-06

08188 Sg‘,E’GApGKNGERGGpGG COL3A1 (P02461) collagen type Il alpha 1 chain ~0-19 (~0-26, —0-11) 7-58 E-06

05259 DGQPGAKGEpGDAGAK COL1A1 (P02452) collagen type | alpha 1 chain —0-19 (-0-27, -0-12) 7-60 E-06
ADGQpGAKGEpGDAGAK

€16548 GDAGPpGPAGPAGPPGPI | COL1A1 (P02452) collagen type | alpha 1 chain -0:19 (-0-26, —0-11) 7-65 E-06
G

10266 NSODGEAGKRGRPGERG | coL1A1 (P02452) collagen type I alpha 1 chain ~0-19 (=0-27, —0-12) 8-10 E-06
LALSGEKGDQGPPGDPGS

€18250 PGSPGPAGPAGPPGYGp | COL4A3 (Q01955) collagen type IV alpha 3 chain -0:19 (-0-27, -0-11) 8-85 E-06
QGEP

e03180 ApGDRGEpGPPGp COL1A1 (P02452) collagen type | alpha 1 chain -0-19 (-0-27, -0-11) 1-05 E-05
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name

e06154 EDGHpGKPGRpGERG COL1A2 (P08123) collagen type | alpha 2 chain —0-19 (-0-26, —0-11) 1-11 E-05
LTGPIGppGPAGAPGDKG .

e13825 ESGPSCF;)E’AGPTG COL1A1 (P02452) collagen type | alpha 1 chain -0-18 (-0-26, —0-11) 1-14 E-05
PpGPAGFAGPPGADGQP

e17946 GAKGEpGDAGAKGDAGP | COL1A1 (P02452) collagen type | alpha 1 chain -0-19 (-0-26, -0-11) 1-47 E-05
PGPAGP

e02311 GpPGPpGPpGPpA COL8A1 (P27658) collagen type VIl alpha 1 chain —0-18 (-0-26, -0-11) 2:26 E-05

07676 (NB'F?GAPGKNGERGGPGGP COL3A1 (P02461) collagen type Il alpha 1 chain ~0-18 (~0-26, —0-11) 2-49 E-05
ERGSpGPAGPKGSpGEAG .

14837 RPGEXGLDG G COL1A1 (P02452) collagen type | alpha 1 chain -0-18 (-0-25, —0-10) 2-64 E-05
NTGApGSpGVSGpKGDAG

e17311 QpGEKGSPGAQGPPGAP | COL3A1 (P02461) collagen type Il alpha 1 chain —-0-19 (-0-26, —0-11) 2-79 E-05
Gp

02933 GppGPDGNKGEpPG COL1A2 (P08123) collagen type | alpha 2 chain -0-18 (-0-25, —0-10) 3-81 E-05

06186 SpGSPGPDGKTGPPGPAG | COL1A1 (P02452) collagen type | alpha 1 chain —0-18 (~0-25, —0-10) 3-99 E-05

10386 g’éﬁgig@pGGKGDAGAP COL3A1 (P02461) collagen type 11l alpha 1 chain ~0-17 (~0-25, —0-10) 4-99 E-05

e05551 VGPpGPPGPpGPpGPPS COL1A1 (P02452) collagen type | alpha 1 chain —0-18 (-0-25, -0-10) 5-59 E-05

03638 SpGSpGPDGKTGPp COL1A1 (P02452) collagen type | alpha 1 chain —-0-17 (-0-25, -0-10) 5-99 E-05

06024 SpGSPGPDGKTGpPGPAG | COL1A1 (P02452) collagen type | alpha 1 chain —0-17 (=0-25, —0-10) 6-47 E-05

07807 SPPGPPGKNGDDGEAGKD | coL1A1 (P02452) collagen type I alpha 1 chain ~0-17 (~0-24, —0-09) 6-49 E-05
ARGNDGARGSDGQpGpP

€20087 GPpGTAGFpGSpGAKGEV | COL3A1 (P02461) collagen type Il alpha 1 chain —0-17 (=0-25, =0-10) 6-94 E-05
GpAGSpGSNGApPG
GPAGAAGARGNDGQPGP

e16540 AGPPGPVGpAGGpGFpGA | COL2A1 (P02458) collagen type Il alpha 1 chain —0-17 (-0-24, —0-09) 7-61 E-05
PG
LTGSpGSpGpDGKTGPPG

€16170 b AGQPDGngP 0GPpG COL1A1 (P02452) collagen type | alpha 1 chain —0-17 (-0-25, —0-09) 8:07 E-05

e11325 ADGQAPGAKGEPGDAGAK | o a1 (P02452) collagen type | alpha 1 chain ~0-17 (~0-25, —0-09) 9-43 E-05

GDAGPPGp
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Peptide ID Parental proteins identified from the amino-acid sequence
b Amino-acid sequence B (95% confidence interval) p value

number Accession number Name

09408 g’gEGEAGKpGRPGERGP COL1A1 (P02452) collagen type I alpha 1 chain ~0-17 (~0-24, —0-09) 9-43 E-05
KGGpGDQGEpGpQGLPGF .

€13792 SOPPOKEGE . T COL9A2 (Q14055) collagen type IX alpha 2 chain —0:17 (~0-25, —0-09) 0-00010

03248 EATEMcTQECc PCDH9 (Q9HC56) protocadherin 9 0:17 (0-09, 0-24) 0-00012
GSVGDPGMEGPMGQRG .

e16785 REGPMGpPRGEAGPPGSG COL17A1 (Q9UMDY9) collagen type XVII alpha 1 chain —0-17 (-0-24, -0-09) 0-00013
NTGAPGSpGVSGpKGDAG

e€18041 QpGEKGSpGAQGppGAPG | COL3A1 (P02461) collagen type lll alpha 1 chain —0-17 (-0-25, —0-09) 0-00013
PLG
PPGAKGQEGAHGAPGAA

e16219 GNPGAPGHVGAPGPSGp | COL22A1 (Q8NFW1) collagen type XXl alpha 1 chain —0-17 (-0-24, —0-09) 0-00014
P

e07132 EpGSpGENGAPGQMGPR | COL1A1 (P02452) collagen type | alpha 1 chain 0-16 (0-09, 0-24) 0-00015

e10771 BESEEQEGEPGDAGAKG COL1A1 (P02452) collagen type | alpha 1 chain ~0-16 (~0-24, —0-09) 0-00015

e02795 GPpGPDGNKGEpPG COL1A2 (P08123) collagen type | alpha 2 chain —0-17 (-0-24, —-0-09) 0-00016

11008 gﬁgEEGKRGPRGDPGTVG COL5A2 (P05997) collagen type V alpha 2 chain ~0-16 (~0-24, —0-09) 0-00016
QGPPGKNGETGPQGPPG

20509 pTGpGGDKGDTGPPGPQ | COL3A1 (P02461) collagen type Il alpha 1 chain —0-17 (-0-24, -0-09) 0-00016
GLQGLPGTGGPPGENGK

e05074 DGHpGKpGRPGERG COL1A2 (P08123) collagen type | alpha 2 chain —0-16 (-0-23, —0-08) 0-00019

e05830 GPpGVPGpPGpGGSPGLP | COL22A1 (Q8NFW1) collagen type XXl alpha 1 chain —0-16 (-0-24, —0-09) 0-00021

e03183 KPWAAQDGPKPG LRRC25 (Q8N386) leucine rich repeat containing 25 —0-15 (-0-23, —0-08) 0-00024

e08463 DEAGSEADHEGTHSTKR | FGA (P02671) fibrinogen alpha chain 0-16 (0-08, 0-24) 0-00025

10573 SPPSEAGKRGEQGVRCDL | coL1a1 (P02452) collagen type I alpha 1 chain ~0-16 (~0-24, —0-09) 0-00025

e00467 DGKTGPpGPA COL1A1 (P02452) collagen type | alpha 1 chain —0-16 (-0-23, —0-08) 0-00026

e04843 GPpGpPGPpGpPGPPS COL1A1 (P02452) collagen type | alpha 1 chain —0-16 (—0-23, —0-08) 0-00026
ADGQpGAKGEPGDAGAK .

e11972 GDAGngPA COL1A1 (P02452) collagen type | alpha 1 chain —0-16 (-0-23, —0-08) 0-00026
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name
e01155 ApGDKGESGPS COL1A1 (P02452) collagen type | alpha 1 chain —0-16 (-0-23, —0-08) 0-00034
GANGApGNDGAKGDAGA .
e€12366 pGApGSpQGApG COL1A1 (P02452) collagen type | alpha 1 chain —0-15 (-0-23, —0-08) 0-00036
10502 EQSQESAF’GGKGDAG“’G COL3A1 (P02461) collagen type Ill alpha 1 chain ~0-16 (~0-23, —0-08) 0-00037
DLADGVSGGEGKGGSDG
e18492 GGSHRKEGEEADAPGVIP | CD99 (P14209) CD99 molecule (Xg blood group) 0-15 (0-07, 0-22) 0-00044
GIVG
e06220 GHPDTLNQGEFKEL S100A9 (P06702) S100 calcium binding protein A9 —-0-15 (-0-23, —0-08) 0-00047
03354 SpGERGETGPPGP COL3A1 (P02461) collagen type Il alpha 1 chain ~0-15 (-0-23, —0-07) 0-00055
LRGGAGpPGPEGGKGAA .
e13472 GPpGPpGpAAGTpG COL3A1 (P02461) collagen type Il alpha 1 chain -0-15 (-0-22, —0-07) 0-00058
KNGETGPQGPPGpTGPG .
e14735 GDKGDTGPpGPQg COL3A1 (P02461) collagen type lll alpha 1 chain -0-15 (-0-22, —0-07) 0-00058
FAEEKAVADTRDQADGSR . .
e18377 ASVDSGSSEEQGGSSRA PIGR (P01833) polymeric immunoglobulin receptor 0-15 (0-07, 0-23) 0-00058
GRPEAQPPPLSSEHKEPV
e18782 AGDAVPGPKDGSAPEVR | VGF (015240) VGF nerve growth factor inducible —0-15 (-0-22, -0-07) 0-00058
GA
608228 SEPGSPGENGAPGAMEP | coL1A1 (P02452) collagen type | alpha 1 chain ~0-15 (-0-23, —0-08) 0-00063
e04947 EpGKAGERGVPGpPG COL1A1 (P02452) collagen type | alpha 1 chain —0-14 (-0-22, -0-07) 0-00066
AGPPGEKGEPGDDGPS :
e12714 gAEGPpGPQ COL2A1 (P02458) collagen type Il alpha 1 chain —-0-15 (-0-23, -0-07) 0-00069
FAGpPGADGQpGAKGEQ .
©16656 GEAGQKGD AG"ApGpQGP COL2A1 (P02458) collagen type Il alpha 1 chain -0-15 (=0-23, —0-07) 0-00081
612235 S NGEPGOKGERGARGE | coL3A1 (P02461) collagen type Il alpha 1 chain ~0-15 (-0-22, —0-07) 0-00083
pG
€02716 | KNDQnTSVSHA BRWD3 (Q6RI45) bromodomain and WD repeat domain ~0-15 (<022, ~0-07) 0-00085
containing 3
e10141 PPGEAGKPGEQGVPGDLG | o) 1a1 (P02452) collagen type I alpha 1 chain ~0-15 (~0-23, —0-07) 0-00085

ApGP
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Parental proteins identified from the amino-acid sequence

Pept'dbe D Amino-acid sequence B (95% confidence interval) p value
number Accession number Name

e11780 gggg‘;ﬁgKGERGApGEK COL3A1 (P02461) collagen type 11l alpha 1 chain ~0-15 (~0-23, —0-07) 0-00085

e06650 EGSpGRDGSpGAKGDRG | COL1A1 (P02452) collagen type | alpha 1 chain —-0-14 (-0-21, —0-06) 0-00086

06584 DOAPGKNGERGGRGGPG | coL3at (P02461) collagen type 11l alpha 1 chain ~0-15 (~0-23, —0-07) 0-00087
ApGPAGSRGAPGPQGPRG .

€13697 DKGETGERG P COL3A1 (P02461) collagen type Il alpha 1 chain -0-15 (-0-22, —0-07) 0-00089

12556 éﬁg‘gﬁggAGKpGRPGER COL1A1 (P02452) collagen type I alpha 1 chain ~0-14 (~0-22, —0-07) 0-00094
EDGKDGSpGEpGANGLpG .

e13253 AAGERGAgG P P COL3A1 (P02461) collagen type Il alpha 1 chain —-0-14 (-0-22, —0-07) 0-00094
RTGEVGAVGPpGFAGEKG .

e16417 PSGEAGTAGPgGTpGP COL1A2 (P08123) collagen type | alpha 2 chain -0-15 (-0-23, —0-07) 0-00095
GPpGESGREGAPGAEGSp

17596 GRDGSPGAKGDRGETGp | COL1A1 (P02452) collagen type | alpha 1 chain ~0-14 (~0-21, —0-07) 0-00096
A

01923 SPGERGETGPp COL3A1 (P02461) collagen type 11l alpha 1 chain ~0-15 (~0-22, —0-07) 0-00098

e01758 ApGDRGEpPGPp COL1A1 (P02452) collagen type | alpha 1 chain —-0-14 (-0-22, -0-07) 0-0010

e00421 DpGKNGDKG COL1A2 (P08123) collagen type | alpha 2 chain -0-15 (-0-22, —0-07) 0-0011

609521 ngggAAGPPGPPGAAGT COL3A1 (P02461) collagen type Il alpha 1 chain ~0-14 (-0-22, —0-07) 0-0012
PPGKNGDDGEAGKPGR .

€13850 G%RGPPGPQ P | COL1A1 (P02452) collagen type | alpha 1 chain -0-13 (=0-21, —0-06) 0-0015

03890 ApGDRGEPGPpGPA COL1A1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-21, —0-06) 0-0017

11002 ACCSPORDGSPGAKGDR | coL1A1 (P02452) collagen type I alpha 1 chain ~0-13 (~0-21, —0-06) 0-0017
EAGRDGNpGNDGppGRD .

e16419 GQPGHKG‘ERGng" COL1A2 (P08123) collagen type | alpha 2 chain -0-13 (=0-21, —0-06) 0-0017

02711 MNIGKPNAKDI EP400 (Q96L91) E1A binding protein P400 0-14 (006, 0-21) 0-0018

15220 LRGGAGPPGPEGGKGAA | o) 3a1 (P02461) collagen type 11l alpha 1 chain ~0-14 (~0-21, —0-06) 0-0018

GpPGpPGAAGTpGLQG
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Peptide ID Parental proteins identified from the amino-acid sequence
b Amino-acid sequence B (95% confidence interval) p value

number Accession number Name

e11536 ES(?F'?C?GEAGKPGR‘)GERG COL1A1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-20, —0-06) 0-0019

e05236 SpGSpGPDGKTGppGP COL1A1 (P02452) collagen type | alpha 1 chain —0-14 (-0-21, —0-06) 0-0020
VQGPpGpAGEEGKRGAR .

e15323 GEPGETngGPpG COL1A1 (P02452) collagen type | alpha 1 chain —0-13 (-0-20, —0-06) 0-0021

e04979 GLpGTGGppGENGKPG COL3A1 (P02461) collagen type Il alpha 1 chain —-0-14 (-0-21, —0-06) 0-0022
ADGQpGAKGEpGDAGAK

16606 GDAGpPGPAGPAGPpGPI | COL1A1 (P02452) collagen type | alpha 1 chain —-0-13 (-0-21, —0-06) 0-0022
G

08755 ECSPORDGSPGAKGDRG 1 coL1a1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-21, —0-06) 0-0023
EEKAVADTRDQADGSRAS

19868 VDSGSSEEQGGSSRALVS | PIGR (P01833) polymeric immunoglobulin receptor 0-13 (0-06, 0-21) 0-0023
TLVPL

e04457 GSpGGpGSDGKpGPpG COL3A1 (P02461) collagen type Il alpha 1 chain —-0-13 (-0-21, —0-06) 0-0024
ERGEAGIpGVpGAKGEDG .

e13816 KDGSpGEppG P COL3A1 (P02461) collagen type lll alpha 1 chain -0-13 (-0-21, —0-06) 0-0025

06922 GPpGFGRpGDpGPPGPPG | COL15A1 (P39059) collagen type XV alpha 1 chain -0-13 (-0-21, —0-06) 0-0027

10326 E‘SESSA"GSKGDTGAKGE COL1A1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-21, —0-06) 0-0029
pPGADGQPGAKGEpPGDA

e17690 GAKGDAGppGPAGPAGPP | COL1A1 (P02452) collagen type | alpha 1 chain —0-13 (-0-21, —0-05) 0-0029
GPIG

04664 KSqAqSTDSSKDP KRT12 (Q99456) keratin 12 0-13 (0-05, 0-21) 0-0032
YGGGSSGGGSSGGGYGG

e15070 GSSSGGHGGSSSGGYGG | KRT10 (P13645) keratin 10 0-13 (0-05, 0-21) 0-0032
GS
GPTGAVGFAGPQGpDGQ

18044 pGVKGEpGEPGQKGDAG | COL5A2 (P05997) collagen type V alpha 2 chain -0-13 (-0-21, —-0-05) 0-0032
SPGP
DKGETGEQGDRGIKGHR

18831 GFSGLQGppGppGSPGEQ | COL1A1 (P02452) collagen type | alpha 1 chain -0-13 (-0-20, —0-05) 0-0040
GP
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Parental proteins identified from the amino-acid sequence

Peptide ID Amino-acid sequence B (95% confidence interval) p value
number Accession number Name
01784 | DGGGSPKGDVDP FXYD2 (P54710) rFeéYugg‘:gai” containing ion transport ~0:12 (~0-20, —0-05) 0-0045
15467 Sggfgg&g?fGPpGRDGQ COL1A2 (P08123) collagen type | alpha 2 chain ~0-12 (~0-20, —0-05) 0-0049
10668 g/ﬂ':,giAGKpGEQGVpGDL COL1A1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-21, —0-05) 0-0050
e05369 DGQpGAKGEpGDAGAK COL1A1 (P02452) collagen type | alpha 1 chain —-0-12 (-0-20, —0-05) 0-0052
05899 OARYPGGGGNGASGGES | pepH7 (060245) protocadherin 7 ~0-13 (~0-20, —0-05) 0-0052
01132 cDDYRLCE MGP (P08493) matrix Gla protein 0-12 (0-04, 0:19) 0-0053
e06309 VGPpGPpGPpGPpGPPSA | COL1A1 (P02452) collagen type | alpha 1 chain -0-12 (-0-20, —0-05) 0-0054
617254 ﬁgggﬁggx@%ﬁg’éﬁg’;g@ COL3A1 (P02461) collagen type Il alpha 1 chain ~0-12 (~0-20, —0-05) 0-0054
e11498 ggﬁgg@gAF’GSKGDTGAK COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-05) 0-0055
10863 SSSESQEGEPGDAGAKG COL1A1 (P02452) collagen type | alpha 1 chain ~0-13 (~0-20, —0-05) 0-0056
12101 ggﬁggﬁégﬁEpGDAGAK COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (-0-20, —0-04) 0-0056
09874 ESESGRPGRPGERGL”GP COL3A1 (P02461) collagen type Ill alpha 1 chain ~0-12 (~0-20, —0-05) 0-0060
e11375 ,TSQQSQKS@KGDAGA‘)G COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-05) 0-0060
e11537 Sg';fgSGEAGKPGRPGE COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0063
10483 ggggPpGKNGDDGEAGKp COL1A1 (P02452) collagen type I alpha 1 chain ~0-12 (~0-19, —0-04) 0-0068
e07225 pPGEAGKpGEQGVPGDLG | COL1A1 (P02452) collagen type | alpha 1 chain —0-12 (-0-20, —0-04) 0-0069
10518 5;5(:’ PGRDGQPGHKGERG | o) 142 (P08123) collagen type | alpha 2 chain ~0-12 (~0-20, —0-04) 0-0070

GEPGITGLPGEKGMAGGH

e17565 GPDGPKGSpGpSGTpGDT | COL5A2 (P05997) collagen type V alpha 2 chain 0-12 (0-04, 0-19) 0-0071

G
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Parental proteins identified from the amino-acid sequence

st::ldbee:,o Amino-acid sequence - B (95% confidence interval) p value
Accession number Name

e11122 ﬁgiggFE,AGKpGEQGVpGD COL1A1 (P02452) collagen type I alpha 1 chain ~0-12 (~0-20, —0-04) 0-0075
e05671 KpGEQGVpGDLGAPGp COL1A1 (P02452) collagen type | alpha 1 chain —0-12 (-0-20, —0-04) 0-0076
10445 ggﬁgEPGA‘)GSKGDTGAK COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0076
e11193 EﬁgﬁsgApGSKGDTGAkG COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0081
05288 FPGQTGPRGEMGQp COL7A1 (Q02388) collagen type VIl alpha 1 chain 0-12 (0-04, 0-20) 0-0084
09449 gﬁgEGAPGKNGERGGpG COL3A1 (P02461) collagen type Ill alpha 1 chain ~0-11 (=0-19, —0-04) 0-0084
02592 DDGEAGKpGRpG COL1A1 (P02452) collagen type | alpha 1 chain —0-11 (-0-19, —0-04) 0-0085
e17047 g%%%igiﬁg’g%%‘g%?e COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0085
10881 ESEESSKGERGAPGEKG COL3A1 (P02461) collagen type Ill alpha 1 chain ~0-12 (-0-19, —0-04) 0-0088
e11452 ggﬁggﬁg’gGEpGDAGAK COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0088
11559 g?gggﬁgPVGPPGPPGpp COL1A1 (P02452) collagen type | alpha 1 chain ~0-11 (~0-19, —0-04) 0-0090
10032 ECSPGRDGSPGAKGDRG | coL1AT (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0091
02858 EAGGGSNSLQNSP FRMD4A (Q9P2Q2) FERM domain containing 4A -0-11 (-0-19, —0-04) 0-0094
07275 E‘\SQPGNDGAKGDAGA"G COL1A1 (P02452) collagen type | alpha 1 chain ~0-12 (~0-20, —0-04) 0-0094
e06839 GEDGHpGKpGRpGERG COL1A2 (P08123) collagen type | alpha 2 chain —0-11 (-0-19, —0-04) 0-0096
e19279 TSPSGQLIPVKNLSENIEIL | PKD1L2 (Q7Z442) polycystic kidney disease 1-like 2 —0-11 (-0-19, —0-04) 0-0099
17095 NKTLIYIL UBAC2 (Q8NBM4) :?g?;i:]i”z'ass°°iated domain-containing 0-11 (0-03, 0-18) 0-011
02105 PIGQEGAPGRPG COL4A2 (P08572) collagen type IV alpha 2 chain ~0-11 (~0-18, —0-03) 0-013
e17751 PPCPAGPSGLSIQGMPCM | ) 1441 (Q05707) collagen type XIV alpha 1 chain ~0-11 (~0-19, —0-03) 0-015

pGEKGEKGDTGLPGPQG
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Peptide ID Parental proteins identified from the amino-acid sequence
b Amino-acid sequence B (95% confidence interval) p value

number Accession number Name

08916 DDGEAGKPGRRGERGPP | coL1A1 (P02452) collagen type | alpha 1 chain ~0-11 (~0-18, —0-03) 0-016
ADGQPGAKGEpGDAGAK .

11850 GDAGPPGpA P COL1A1 (P02452) collagen type | alpha 1 chain —0-10 (-0-18, -0-03) 0-018
AGRpGEVGPpGPpGPAGE

e17505 KGSPGADGPAGAPGTPGP | COL1A1 (P02452) collagen type | alpha 1 chain ~0-10 (-0-18, —0-03) 0-018
QG
EEKAVADTRDQADGSRAS - .

e17599 VDSGSSEEQGGSSRA PIGR (P01833) polymeric immunoglobulin receptor 0-10 (0-03, 0-18) 0-022

00340 cDDYRLc MGP (P08493) matrix Gla protein 0-10 (0-02, 0-17) 0-024

e05353 GPpGKNGDDGEAGKpPG COL1A1 (P02452) collagen type | alpha 1 chain —0-10 (-0-18, —0-02) 0-024

11906 gggggngGERGAPGEK COL3A1 (P02461) collagen type Il alpha 1 chain ~0-10 (-0-18, —0-02) 0-027

e07799 SPPGEAGKPGEQGVPGDL | coL1a1 (P02452) collagen type | alpha 1 chain ~0-10 (=0-17, —0-02) 0-028

12661 Sg';fgg’QGEAGKPGRPGE COL1A1 (P02452) collagen type | alpha 1 chain ~0-10 (~0-17, —0-02) 0-031
GGpGSDGKPGppGSQGE .

€11668 SGQPGPpG PP COL3A1 (P02461) collagen type Il alpha 1 chain -0:10 (-0-17, —0-02) 0-038

06256 | TGLSMDGGGSPKGDVDP | FXYD2 (P54710) rFeéYugg‘:g“a'” containing ion transport ~0:09 (~0:17, —0-02) 0039

10554 ECSPORDGSPGAKGDRG | coL1AT (P02452) collagen type | alpha 1 chain ~0-09 (-0-17, —0-01) 0-044

e00579 EGRQKESV PPP1R3A (Q16821) protein phosphatase 1 regulatory subunit 3A 0-09 (0-01, 0-17) 0-048

e04647 DGPpGRDGQpGHKG COL1A2 (P08123) collagen type | alpha 2 chain —0-09 (-0-17,-0-01) 0-049
GADGQpGAKGEpGDAGA

e16771 KGDAGPPGPAGPAGPPG | COL1A1 (P02452) collagen type | alpha 1 chain ~0-09 (-0-17, —0-01) 0-049
PIG

The derivation study included the baseline data of 559 FLEMENGHO participants. The lower-case letters in the amino-acid sequence identify post-translational modifications: c, disulphide
bridges; m, oxidized methionine; n, deaminated asparagine; p, hydroxylated proline; k, hydroxylated lysine; g, deaminated glutamine. Accession numbers refer to the Uniprot database
(http://www.uniprot.org/uniprot). Association sizes () between urinary peptides and age were expressed per 10-year increment and were adjusted for sex, mean arterial pressure (diastolic

blood pressure plus one third of pulse pressure (the difference between systolic and diastolic blood pressure), body mass index, plasma glucose, y-glutamyltransferase as index of alcohol
intake, current smoking, the total-to-high-density-lipoprotein serum cholesterol ratio, and the glomerular filtration rate calculated from serum creatinine by the Chronic Kidney Disease

Epidemiology Collaboration equation. p-values were corrected for the Benjamini-Hochberg false discovery rate for 635 tested associations.
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Table 3: Association of age with 39 sequenced urinary peptides with the highest significance per identified protein in the FLEMENGHO

derivation and internal validation studies

Derivation and time-shifted internal validation study (n=559)

Synchronous internal validation study

Peptide Parental _ (n=219)
ID - 2005-2010 (baseline) 2009-2013 (follow-up) 2005-2010
number protein

B (95% CI) p value B (95% CI) p value B (95% CI) p value
08360 FAT4* 0-34 (0-27, 0-40) 1-09 E-21 0-25(0-18, 0-32) 7-98 E-11 0-34 (0-24, 0-44) 1-01 E-10
e12851 COL1A1* —0-32 (-0-39, -0-25) 6-34 E-19 —0-19 (-0-26, -0-11) 8:61 E-07 —0-34 (-0-44, -0-23) 2-36 E-09
e09697 COL25A1* 0-30 (0-23, 0-37) 3-21 E-16 0-37 (0-30, 0-44) 3-91 E-23 0-25 (0-14, 0-36) 7-07 E-06
e17856 COL3A1* —0-30 (-0-38, —0-23) 3-83 E-15 —0-17 (-0-24, -0-09) 2-75 E-05 —0-34 (-0-45, -0-22) 1-39 E-08
€04820 COL19A1* —0-27 (-0-35, —-0-20) 1-37 E-12 —-0-15 (-0-23, -0-08) 8:17 E-05 —-0-21 (-0-32, -0-09) 0-00037
e17212 COL1A2* -0-24 (-0-31,-0-17) 1-53 E-10 —0-21 (-0-29, -0-14) 5-07 E-08 —0-25 (-0-36, —0-14) 9-62 E-06
e17983 COL4A1* —0-25 (-0-32, -0-17) 5-44 E-10 —-0-18 (-0-25, -0-10) 1-09 E-05 —-0-18 (-0-30, —0-06) 0-0029
e06733 FGA* 0-23 (0-16, 0-31) 2:74 E-09 0-08 (0-00, 0-16) 0-054 0-18 (0-06, 0-30) 0-0031
e13033 COL2A1* —0-22 (-0-29, —-0-14) 1-97 E-08 —0-08 (-0-15, 0-00) 0-056 —0-17 (-0-29, —0-05) 0-0051
€00966 csTB* 0-20 (0-13, 0-27) 8-68 E-08 0-17 (0-10, 0-25) 1-61 E-05 0-20 (0-08, 0-32) 0-00082
e14204 COL11A2* —0-20 (-0-28 ,-0-12) 3-38 E-07 —-0-13 (-0-21, -0-06) 0-00079 —0-22 (-0-34,-0-11) 0-00017
e14015 MUC19* -0-19 (-0-27, -0-12) 8-32 E-07 —-0-10 (-0-17, -0-02) 0-017 —-0-21 (-0-33, -0-09) 0-00054
e18250 COL4A3* —0-19 (-0-27, -0-11) 1-09 E-06 —0-18 (-0-26, -0-11) 3-37 E-06 —0-18 (-0-30, —0-06) 0-0035
€02311 COL8A1* —0-18 (-0-26, -0-11) 2-95 E-06 -0-09 (-0-17,-0-01) 0-022 -0-22 (-0-33, -0-10) 0-00019
e13792 COL9A2* —0-17 (-0-25, —0-09) 1-64 E-05 —0-08 (-0-16, 0-00) 0-057 —0-20 (-0-33, -0-08) 0-0014
03248 PCDH9* 0-17 (0-09, 0-24) 2-01 E-05 0-13 (0-06, 0-21) 0-00071 0-18 (0-07, 0-30) 0-0022
e16785 COL17A1* —0-17 (-0-24, —-0-09) 2-15 E-05 —0-08 (-0-15, 0-00) 0-058 —0-17 (-0-29, —0-05) 0-0065
16219 COL22A1* —0-17 (-0-24, —0-09) 2-27 E-05 —0-08 (-0-16, 0-00) 0-047 —-0-25 (-0-36, -0-14) 2-31 E-05
11008 COL5A2* —0-16 (-0-24, —0-09) 2-85 E-05 —0-07 (-0-15, 0-00) 0-059 —-0-19 (-0-31, -0-07) 0-0016
e03183 LRRC25* —-0-15 (-0-23, -0-08) 4-47 E-05 —-0-08 (-0-16, —0-01) 0-036 —-0-19 (-0-30, -0-08) 0-00078
e18492 CD99% 015 (0-07, 0-22) 8-98 E-05 0-04 (-0-04, 0:12) 0-32 0-00 (-0-11, 0:12) 0-97
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Derivation and time-shifted internal validation study (n=559) Synchronous internal validation study

Peptide Parental _ (n=219)
ID . 2005-2010 (baseline) 2009-2013 (follow-up) 2005-2010
number protein

B (95% CI) p value B (95% CI) p value B (95% CI) p value
06220 S100A9* —0-15 (-0-23, -0-08) 9-59 E-05 —-0-07 (-0-15, 0-01) 0-079 —-0-14 (-0-26, —0-02) 0-026
e18377 PIGR§ 0-15 (0-07, 0-23) 0-00012 —0-04 (-0-12, 0-04) 0-36 —0-02 (-0-14, 0-11) 0-80
e18782 VGF* —-0-15 (-0-22, -0-07) 0-00012 —-0-10 (-0-18, -0-03) 0-0086 —0-14 (-0-26, -0-02) 0-023
e02716 BRWD3* —0-15 (-0-22, -0-07) 0-00019 —-0-07 (-0-15, 0-01) 0-081 —0-12 (-0-24, 0-00) 0-059
e02711 EP400t 0-14 (0-06, 0-21) 0-00047 —-0-03 (-0-11, 0-05) 0-49 0-12 (0-00, 0-24) 0-049
e06922 COL15A1% —0-13 (-0-21, —0-06) 0-00077 —0-06 (-0-14, 0-02) 0-12 —-0-21 (-0-33, -0-09) 0-00073
e04664 KRT12t 0-13 (0-05, 0-21) 0-00092 0-10 (0-02, 0:17) 0-019 0-08 (—0-04, 0-19) 0-19
e15070 KRT10§ 0-13 (0-05, 0-21) 0-00095 0-02 (-0-06, 0-10) 0-69 0-06 (—0-07, 0-18) 0-37
e01784 FXYD2t —-0-12 (-0-20, —0-05) 0-0013 —0-06 (-0-14, 0-02) 0-14 —-0-11 (-0-23, 0-01) 0-080
e05899 PCDH7§ —0-13 (-0-20, —0-05) 0-0016 0-01 (-0-07, 0-:08) 0-89 —0-05 (-0-18, 0-07) 0-37
e01132 MGP* 0-12 (0-04, 0-19) 0-0017 0-14 (0-06, 0-21) 0-00044 0-11 (-0-01, 0-22) 0-067
e05288 COL7A1§ 0-12 (0-04, 0-20) 0-0031 0-05 (-0-03, 0-13) 0-20 0-07 (-0-05, 0-19) 0-26
02858 FRMD4A%t —0-11 (-0-19, —0-04) 0-0037 —0-04 (-0-12, 0-04) 0-35 -0-13 (-0-25, -0-01) 0-034
e19279 PK1L2* —0-11 (-0-19, —-0-04) 0-0038 -0-10 (-0-17, -0-02) 0-0097 —0-12 (-0-24, 0-01) 0-061
e17095 UBAC2§ 0-11(0-03, 0-18) 0-0043 —-0-03 (-0-10, 0-05) 0-49 0-08 (—0-04, 0-20) 0-22
€02105 COL4A2% —0-11 (-0-18, —0-03) 0-0051 0-00 (-0-07, 0-08) 0-93 —-0-15 (-0-27, -0-03) 0-012
e17751 COL14A1t —0-11 (-0-19, —-0-03) 0-0061 -0-09 (-0-17, -0-02) 0-018 —-0-02 (-0-14, 0-10) 0-75
e00579 PPP1R3A% 0-09 (0-01, 0:17) 0-022 —0-05 (-0-13, 0-03) 0-22 0-12 (-0-01, 0-24) 0-066

Urinary peptides with the highest significance per identified protein were selected for this analysis to demonstrate consistency of the associations in 559 participants included in the derivation (2005-
2010) and the time-shifted internal validation (2009-2013) datasets and in the 219 participants included in the synchronous internal validation dataset (2005-2010). Association sizes () between the
urinary peptides and age were expressed per 10-year increment and were adjusted for sex, mean arterial pressure (diastolic blood pressure plus one third of pulse pressure (the difference between
systolic and diastolic blood pressure), body mass index, plasma glucose, y-glutamyltransferase as index of alcohol intake, current smoking, the total-to-high-density-lipoprotein serum cholesterol
ratio, and the glomerular filtration rate calculated from serum creatinine by the Chronic Kidney Disease Epidemiology Collaboration equation. Symbols indicate validation status based on an p value
of <0-10 (given the prior probability established by the significance in the derivation dataset: * replicated in the time-shifted and synchronous validation datasets; t replicated in the time-shifted
internal validation dataset; 1 replicated in the synchronous internal validation dataset; § not replicated.
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Table 4. Number of replicated sequenced urinary peptides identifying parental proteins in the
FLEMENGHO derivation and internal validation datasets

Number of peptide fragments

(percentage replicated compared with derivation dataset)

Peptide
ID ::?;::}:fl Derivation Time-shifted Synchronous
number dataset dataset dataset
(2005-2010) (2009-2013) (2005-2010)
e08360 FAT4 1 1 (100%) 1(100%)
e12851 COL1A1 104 87 (79%) 94 (90%)
09697 COL25A1 1 1 (100%) 1 (100%)
e17856 COL3A1 41 34 (83%) 39 (95%)
€04820 COL19A1 1 1(100%) 1 (100%)
e17212 COL1A2 15 10 (67%) 13 (87%)
e17983 COL4A1 1 1(100%) 1 (100%)
e06733 FGA 3 3 (100%) 3 (100%)
e13033 COL2A1 6 6 (100%) 5 (83%)
€00966 CSTB 1 1(100%) 1 (100%)
e14204 COL11A2 1 1 (100%) 1 (100%)
e14015 MUC19 1 1 (100%) 1 (100%)
e18250 COL4A3 1 1(100%) 1 (100%)
e02311 COL8A1 1 1(100%) 1(100%)
e13792 COL9A2 1 1(100%) 1 (100%)
03248 PCDH9 1 1 (100%) 1(100%)
e16785 COL17A1 1 1(100%) 1 (100%)
e16219 COL22A1 2 2 (100%) 2 (100%)
11008 COL5A2 3 1(33%) 2 (67%)
03183 LRRC25 1 1(100%) 1(100%)
e18492 CD99 1 0 (0%) 0 (0%)
€06220 S100A9 1 1(100%) 1 (100%)
e18377 PIGR 3 0 (0%) 0 (0%)
e18782 VGF 1 1(100%) 1 (100%)
e02716 BRWD3 1 1(100%) 1(100%)
e02711 EP400 1 0 (0%) 1(100%)
06922 COL15A1 1 0 (0%) 1 (100%)
04664 KRT12 1 1(100%) 0 (0%)
e15070 KRT10 1 0 (0%) 0 (0%)
e01784 FXYD2 2 1 (50%) 1(50%)
05899 PCDH7 1 0 (0%) 0 (0%)




Page 22 of 37

Peptide

Number of peptide fragments

(percentage replicated compared with derivation dataset)

D Parental

protein Derivation Time-shifted Synchronous
number dataset dataset dataset

(2005-2010) (2009-2013) (2005-2010)

e01132 MGP 2 1 (50%) 2 (100%)
e05288 COL7A1 1 0 (0%) 0 (0%)
e02858 FRMD4A 1 0 (0%) 1 (100%)
e19279 PK1L2 1 1 (100%) 1 (100%)
e17095 UBAC2 1 0 (0%) 0 (0%)
e02105 COL4A2 1 0 (0%) 1 (100%)
e17751 COL14A1 1 1 (100%) 0 (0%)
e00579 PPP1R3A 1 0 (0%) 1 (100%)

Replication indicates directionally similarly associated with chronological age with a p value of <0-1 (given the prior probability

established by the significance in the derivation dataset.
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Table 5. Weights assigned by elastic net regression to the multidimensional UPP biomarker reflecting ageing

Parental protein identified from the amino-acid sequence

Peptide ID Amino-acid sequence Weights
number . B (95% confidence interval)
Accession number Name
58-92735 (intercept)

LDGAKGDAGPAGPK . . _ .

e12040 | QO N GAnG | COLTAT (P02452) | collagen type | alpha 1 chain —~0-009196 (—0-016636, —0-001756)
PpGAKGQEGAHGAP

16219 | GAAGNPGAPGHVGA | COL22A1 (Q8NFW1) | collagen type XXl alpha 1 chain 0005926 (—0-010442, —0-001410)
PGPSGpP

e11008 | PPGEEGKRGPRGDD | o 5p0 (P05997) | collagen type V alpha 2 chain 0004879 (~0-010490, 0-000732)
GTVGPpGP
PPGESGREGApGAEG

16966 | SPGRDGSPGAKGDR | COL1A1 (P02452) | collagen type | alpha 1 chain 0003900 (—0-005744, —0-002056)
GETGP
GRDGNpGNDGPpGR . , N N

e15467 | DROoCHKOERGYRG | COLTAZ (POB123) | collagen type I alpha 2 chain 0003467 (—0-006838, —0-000096)

c06650 | SOSPORDGSPGAKG | ooy 1a1 (P02452) | collagen type I alpha 1 chain —0-003427 (—0-011087, 0-004233)
LALSGEKGDQGPPG

18250 | DPGSPGSPGPAGPA | COL4A3 (Q01955) | collagen type IV alpha 3 chain ~0-002831 (~0-005216, —0-000446)
GPPGYGpQGEP

03183 | KPWAAQDGPKPG LRRC25 (Q8N386) | leucine rich repeat containing 25 0002656 (—0-008705, 0-003393)

09435 | CEKGPSGEAGTAGPD | o5 12 (P08123) | collagen type I alpha 2 chain —~0-002555 (~0-006981, 0-001871)
GTpGPQG

10072 g'é%gligppGENGKp COL3A1 (P02461) | collagen type Ill alpha 1 chain —0-002533 (~0-005587, 0-000521)

04419 | ApGDRGEpGPpGPAG | COL1A1 (P02452) | collagen type | alpha 1 chain 0002351 (—0-003339, —0-001363)
NGEpGGKGERGAPG . . _ .

10881 g s COL3A1 (P02461) | collagen type Ill alpha 1 chain 0002188 (~0-003979, —0-000397)

10141 PPGEAGKPGEQGVP | o 1a1 (P02452) | collagen type I alpha 1 chain ~0-002027 (~0-004795, 0-000741)

GDLGApGP
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Parental protein identified from the amino-acid sequence

Peptide ID Amino-acid sequence Weights
number . B (95% confidence interval)
Accession number Name

GPAGAAGARGNDGQ

16540 | PGPAGPPGPVGPAG | COL2A1 (P02458) | collagen type Il alpha 1 chain —0-001541 (~0-004379, 0-001297)
GpGFpGAPG

10025 EESESS?GSKGDTG COL1A1 (P02452) | collagen type | alpha 1 chain ~0-001431 (~0-003144, 0-000282)

c08755 Egg%?RDGSpGAKG COL1A1 (P02452) | collagen type | alpha 1 chain —0-001387 (~0-003039, 0-000265)

006709 | SSPOSPOPDOKTGPP | ooy 1a1 (P02452) | collagen type I alpha 1 chain ~0-001228 (~0-002277, 0-000179)
LDGAKGDAGPAGPK .

12851 CEaGOsGENGASG | COLTAT (P02452) | collagen type I alpha 1 chain ~0-001142 (~0-005999, 0-003715)

03016 | ApGDRGEPGPpGP | COL1A1 (P02452) | collagen type | alpha 1 chain —0-001077 (~0-002990, 0-000836)

e02667 SpGPDGKTGpPGP COL1A1 (P02452) collagen type | alpha 1 chain —0-001020 (-0-002335, 0-000295)

06256 TGLSMDGGGSPKED | yvp) (p54710) FXYD domain containing ion ~0-000890 (~0-003897, 0-002117)
VDP transport regulator 2
GARGLpGpPGSNGNP

17787 | GPPGPSGSPGKDGP | COL3A1 (P02461) | collagen type Ill alpha 1 chain —~0-000889 (—0-001681, —0-000097)
PGPAGNTGAP
VQGPpGPAGEEGKR

15323 | GARGEPGPTGLpGPp | COL1A1 (P02452) | collagen type | alpha 1 chain ~0-000788 (~0-002701, 0-001125)
G

€05259 QSQPGAKGEPGDAG COL1A1 (P02452) | collagen type | alpha 1 chain —0-000745 (~0-002142, 0-000652)

08188 SggSGAFE’GKNGERGG COL3A1 (P02461) | collagen type Ill alpha 1 chain —0-000644 (~0-001751, 0-000463)
EGSpGRDGSpGAKG .

e10554 | SOSPORDGSP COL1A1 (P02452) | collagen type | alpha 1 chain 0000592 (~0-000923, —0-000261)

€05560 g?pGSpGPDGKTGPP COL1A1 (P02452) | collagen type | alpha 1 chain —0-000469 (~0-001290, 0-000352)
NTGAPGSpGVSGpKG

e18041 DAGQpGEKGSpGAQ | COL3A1 (P02461) collagen type Il alpha 1 chain —0-000247 (—-0-000405, —0-000089)

GppGAPGPLG
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Parental protein identified from the amino-acid sequence

Peptide ID Amino-acid sequence Weights
number . B (95% confidence interval)
Accession number Name

ERGEAGIpGVpGAKG

e15237 EDGKDGSpGEpGAN COL3A1 (P02461) collagen type Il alpha 1 chain —0-000221 (—0-000448, 0-000006)
G
NSGEpGApGSKGDTG . ) ) )

e11073 AKGEPGpVG COL1A1 (P02452) collagen type | alpha 1 chain —0-000214 (—0-000441, 0-000013)

e01758 ApGDRGEpGPp COL1A1 (P02452) collagen type | alpha 1 chain —0-000147 (-0-000574, 0-000280)
EEKAVADTRDQADGS

19868 RASVDSGSSEEQGG | PIGR (P01833) polymeric immunoglobulin receptor 0-000228 (—0-000274, 0-000730)
SSRALVSTLVPL

00340 cDDYRLc MGP (P08493) matrix Gla protein 0-000256 (—0-004713, 0-005225)

e01132 cDDYRLcE MGP (P08493) matrix Gla protein 0-000692 (—0-000233, 0-001617)
ADGQpGAKGEpGDA . ) ) )

e11452 GAKGDAGPPGp COL1A1 (P02452) collagen type | alpha 1 chain 0-000735 (0-000174, 0-001296)
FAEEKAVADTRDQAD

e18377 GSRASVDSGSSEEQ | PIGR (P01833) polymeric immunoglobulin receptor 0-000880 (—0-000684, 0-002444)
GGSSRA

04664 KSqAqSTDSSKDP KRT12 (Q99456) keratin 12 0-000892 (—0-000596, 0-002380)
DLADGVSGGEGKGG

18492 SDGGGSHRKEGEEA | CD99 (P14209) CD99 molecule (Xg blood group) 0-000930 (—0-000693, 0-002553)
DAPGVIPGIVG
YGGGSSGGGSSGGG

e15070 YGGGSSSGGHGGSS | KRT10 (P13645) keratin 10 0-001110 (0-000308, 0-001912)
SGGYGGGS

00966 YQTNKAKH CSTB (P04080) cystatin B 0-001170 (-0-002740, 0-005080)
GPpGPpGKNGDDGE . ) ] ]

10483 AGKpGRpG COL1A1 (P02452) collagen type | alpha 1 chain 0-001437 (-0-000153, 0-003027)
ENGKPGEpGpKGDA

e17254 GApGApGGKGDAGAp | COL3A1 (P02461) collagen type Ill alpha 1 chain 0-001536 (0-000062, 0-003010)
GERGpPG

08360 | [CYTGKMCESSUNYC | c)ry (agvor7) protocadherin fat 4 0-001842 (0-001209, 0-002475)

E
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Peptide ID _ . Parental protein identified from the amino-acid sequence Weights

Amino-acid sequence . .

number . B (95% confidence interval)

Accession number Name

ARGNDGARGSDGQp
GpPGPpGTAGFpGSp . , , _

€20087 | aEyerAGEaGaN | COLBAT (P02461) | collagen type Ill apha 1 chain 0001871 (0-000758, 0-002984)
GADPG

08916 g'SF?gFA,GKPGRpGER COL1A1 (P02452) | collagen type | alpha 1 chain 0-002693 (0-000829, 0-004557)

09874 EF?GElfp%RpGRPGERG COL3A1 (P02461) | collagen type Ill alpha 1 chain 0-002974 (0-000406, 0-005542)
ERGSpGPAGPKGSpG . _ _ _

e14837 | CnonPGEAGLIGAKG | COLTAT (P02452) | collagen type I alpha 1 chain 0-003067 (0-001293, 0-004841)
GKNGDDGEAGKPGR .

e11537 pGERGPpGP COL1A1 (P02452) collagen type | alpha 1 chain 0-003790 (0-000489, 0-007091)

05671 EPGEQGV"GDLGAPG COL1A1 (P02452) | collagen type | alpha 1 chain 0-003797 (0-001359, 0-006235)

07799 SEBCEEAGKF’GEQGV COL1A1 (P02452) | collagen type | alpha 1 chain 0-003847 (0-001072, 0-006622)

09697 Eﬁgpl_gggGPPGpmG COL25A1 (Q9BXS0) | collagen type XXV alpha 1 chain 0005429 (0-003867, 0-006991)
AGRpGEVGPpGPpGP

e17505 AGEKGSPGADGPAG | COL1A1 (P02452) collagen type | alpha 1 chain 0-005701 (-0-002982, 0-014384)
APGTpGPQG
EGGKGAAGPPGPpG .

09521 rAGTooLOG, PO | COL3AT (P02461) | collagen type Il alpha 1 chain 0005761 (0-000716, 0-010806)
DAGAPGApGGKGDA . . . _

€10386 | QAoGEROOPG COL3A1 (P02461) | collagen type Ill alpha 1 chain 0006532 (0-003161, 0-009903)

The derivation study included the baseline data of 559 FLEMENGHO participants. Accession numbers refer to the Uniprot database (http://www.uniprot.org/uniprot). Association
sizes (B) between age and the abundance of the urinary peptides were derived by ELASTIC net regression, which was bootstrapped 1000 times. The regression slopes (ps) reflect
the weight of each of the 54 peptide fragments in the construction of the multidimensional UPP marker. Of 210 peptides entering the data reduction analysis, 54 entered at least 60%
of models and identified 17 proteins. The 95% confidence intervals of the s were derived from the bootstrap distribution.
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Table 6: Risk biomarkers in relation to age in 778 FLEMENGHO examined from 2005-2010 with adjustment for clustering within families

Intrafam_ilial C-age UPP-age UPP-age-R
Risk biomarkers correlation
ICC p value r p value r p value r p value

Vascular biomarkers

Systolic pressure 0-14 0-00052 0-50 <0-0001 0-47 <0-0001 0-06 0-16

Diastolic pressure 0-31 <0-0001 0-24 <0-0001 0-23 <0-0001 0-04 0-39

VEGF 0-41 <0-0001 0-15 0-00020 0-16 0-00010 0-04 0-28

PAI-1 0-24 <0-0001 0-07 0-085 0-09 0-037 0-05 0-27
Renal biomarkers

eGFR 0-19 <0-0001 -0-73 <0-0001 —-0-66 <0-0001 —-0-05 0-23

NGAL 0-25 <0-0001 0-17 <0-0001 0-19 <0-0001 0-09 0-036
Insulin resistance

Plasma glucose 0-33 <0-0001 0-27 <0-0001 0-26 <0-0001 0-05 0-21

Serum insulin 0-14 0-00053 0-00 0-99 0-04 0-36 0-07 0-085

HOMA-IR 0-07 0-11 0-05 0-26 0-07 0-071 0-06 0-12
Lipid biomarkers

Body mass index 0-28 <0-0001 0-34 <0-0001 0-34 <0-0001 0-10 0-021

Waist circumference 0-28 <0-0001 0-36 <0-0001 0-36 <0-0001 0-09 0-022

Body fat -0-07 0-11 0-39 <0-0001 0-38 <0-0001 0-08 0-069

Leptin 0-20 <0-0001 0-07 0-11 0-11 0-011 0-09 0-027

Resistin 0-27 <0-0001 0-04 0-31 0-04 0-28 0-01 0-72
Inflammation biomarkers

C-reactive protein 0-08 0-067 0-10 0-016 0-11 0-0097 0-04 0-36

TNFa 0-23 <0-0001 0-25 <0-0001 0-25 <0-0001 0-07 0-10

TNFR-1 0-24 <0-0001 0-36 <0-0001 0-34 <0-0001 0-06 0-15
Other markers

Daily tobacco use in smokers 0-19 <0-0001 -0.06 0-18 -0-03 0-43 0-03 0-46

FSH in 395 women 0-00 0-98 0-66 <0-0001 0-55 <0-0001 0-01 0-87

Framingham risk score 0-11 0-0055 0-88 <0-0001 0-76 <0-0001 -0-01 0-78

dp-ucMGP 0-13 0-0010 0-41 <0-0001 0-41 <0-0001 0-10 0-019

Abbreviations: ICC, intraclass correlation coefficient (Donner A, Koval JJ. The estimation of intraclass correlation in the analysis of family data. Biometrics. 1980;36:19-25.); VEGF, vascular
endothelial growth factor; PAI-1, plasminogen activator inhibitor-1; eGFR, glomerular filtration rate derived from serum creatinine; NGAL, neutrophil gelatinase-associated lipocalin; HOMA-IR,
homeostatic model assessment insulin resistance; VCAM-1, vascular cell adhesion protein 1; VCAM-2, vascular cell adhesion protein 2; TNFa, tumour necrosis factor a; TNFR-1, tumour
necrosis factor receptor-1; FSH, follicle stimulating hormone; dp-ucMGP, desphospho-uncarboxylated matrix Gla protein. The distributions of VEGF, PAI-1, NGAL, HOMA-IR, body fat, visceral
fat, leptin, resistin, C-reactive protein, TNFa, TNFR-1, daily use of smoking materials, FSH, Framingham risk score and dp-ucMGP were rank normalised. ris the Pearson correlation
coefficient. C-age and UPP-age refer to chronological age and age as predicted by the UPP. UPP-age-R refers to the residual of the regression of UPP-age on C-age and reflects rapid
(accelerated) ageing as predicted by the UPP-age, independent of C-age.



Page 28 of 37

Table 7: Risk of adverse health outcomes in relation to age in 778 FLEMENGHO with adjustment for clustering within families

C-age UPP-age UPP-age-R
Endpoints n/N (%)
HR (95%Cl) p value HR (95%Cl) p value HR (95%Cl) p value
Mortality
Total 71/778 (9-1) 3-62 (2-87-4:57) <0-0001 2:66 (2:22-3-19) <0-0001 1-57 (1-20-2-05) 0-00096
Cardiovascular 24/778 (3-1) 7-27 (4-32-12-2) <0-0001 3:15(2:31-4-28) <0-0001 1-81 (1-17-2-80) 0-0075
Non-cardiovascular 43/778 (5°5) 2:78 (2:10-3-67) <0-0001 2:20 (1-78-2:72) <0-0001 1-35 (0-94-1-92) 0-10
Fatal and non-fatal cancer 71/778 (9-1) 2:00 (1-67-2-40) <0-0001 1-71 (1-47-1-98) <0-0001 1-10 (0-81-1-49) 0-53
Musculoskeletal disorders
Osteoarticular complications 162/778 (20-8) 1-03 (0-93-1-14) 0-61 1:07 (0-95-1-19) 0-26 1:15 (0-94-1-40) 0-18
Osteoporosis and fractures
Al 68/778 (8:7) 1-24 (1-06-1-46) 0-0083 1-34 (1-14-1-57) 0-00046 1-40 (1-06-1-85) 0-018
Women 48/395 (12-2) 1-55 (1-26-1-92) 0-0001 1-54 (1-28-1-85) <0-0001 1-43 (1-03-1-99) 0-031
Men 20/383 (5-2) 0-82 (0-62-1-08) 016 0-86 (0-62-1-19) 0-36 1-19 (0-67-2-12) 0.55

n/N are the number of incident endpoint/number of participants at risk. Hazard ratios (HR), given with 95% confidence interval, express the relative risk per 10-year increment.
The cause of death was not documented 4 participants. C-age and UPP-age refer to chronological age and age as predicted by the UPP. UPP-age-R refers to the residual
of the regression of UPP-age on C-age and reflects rapid (accelerated) ageing as predicted by the UPP-age, independent of C-age.
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Pathway identifier Pathway descriptor q value Proteins included
Reactome
R.hsa.8948216 Collagen chain frimerisation | 1-12E-35 COL25A1/ COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL22A1/COL17A1/COLIA2/COLBA1/COL4A3/COLT1A2/
9 COL2A1/COL1A2/COL4A1/COL19A1/ COL3A1/COL1A1
Ruhsa 1650814 Collagen biosynthesis and | , oo o, COL25A1/COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL22A1/COL17A1/COLIA2/COLBA1/COL4A3/COLT1A2/
modifying enzymes COL2A1/COL1A2/COL4A1/COL19A1/COL3A1/COL1A1
. COL25A1/COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL17A1/COLOA2/COL8AT/COLAA3/COL11A2/COL2A1/COL
R-hsa-1442490 Collagen degradation 3-97E-30 A2ICOLAA1/COL19A1/COL3A1/COL1AT
Ruhsa.1474290 Collagen formation 9-78E.30 COL25A1/COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL22A1/COL17A1/COLIA2/COL8AT/COLAA3/COL11A2/COL2
9 A1/COL1A2/COL4A1/COL19A1/COL3A1/COL1AT
Assembly of collagen fibrils COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL17A1/COLIA2/COL8AT/COLAA3/COL11A2/COL2A1/COL1A2/COLAA
R-hsa-2022090 y of ¢ 6-53E-26
and multimeric structures 1/COL3A1/COL1A1
. COL25A1/COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL17A1/COLOA2/COL8AT/COLAA3/COL11A2/COL2A1/COL
R-hsa-1474228 Degradation of the ECM 4-11E-24 A2ICOLAA1/COL19A1/COL3A1/COL1AT
o COL25A1/FGA/COL7A1/COL4A2/COL14A1/COL15A1/COL5A2/COL22A1/COL17A1/COLIA2/COL8A1/COLAA3ICOL11A2/
R-hsa-1474244 ECM organisation 7 74R-22 COL2A1/COL1A2/COL4A1/COL19A1/COL3A1/COL1A1
R-hsa-216083 I'QIZ?;CTK‘;ﬁg surface 1-78E-17 FGA/COL7A1/COL4A2/COL5A2/COLIA2/COL8A1/COLAA3/COL2A1/COL1A2/COL4A1/COL3A1/COL1A1
R-hsa-3000171 Non-integrin membrane 2-34E-13 COL4A2/COL5A2/COL4A3/COL11A2/COL2A1/COL1A2/COL4A1/COL3A1/COL1A1
ECM interactions
R-hsa-3000178 ECM protoglycans 2:31E-12 | COL4A2/COL5A2/COLIA2/COLAA3/COL2A1/COL1A2/COL4A1/COL3AT/COL1AT
R-hsa-2214320 Anchoring fibril formation 8-13E-12 COL7A1/COL4A2/COL4A3/COL1A2/COL4A1/COL1AT
R-hsa-419037 NCAM1 interactions 8-63E-11 COL4A2/COL5A2/COLIA2/COLAA3/COL2A1/COL4AT/COL3AT
R-hsa-8874081 Z:;ﬁﬁ;vates PTK2 7-93E-10 COL5A2/COL11A2/COL2A1/COL1A2/COL3A1/COLIAT
R-hsa-186797 . Signalling by PDGF  7-99E-10 | COL4A2/COL5A2/COLIA2/COL4A3/COL2A1/COL4AT/COL3AT
R-hsa-375165 ’(‘)‘lﬁgAr'\é' Vftiﬁ"a'""g forneurite I 4 35¢ 09 COL4A2/COL5A2/COLIA2/COLAA3/COL2A1/COLAAT/COL3A1
R-hsa-2243919 f?t:fifss"”king of collagen 4-04E-09 COL4A2/COL4A3/COL1A2/COL4AT/COL1A1
R-hsa-8875878 MET promotes cell mobility | 4-49E-09 COL5A2/COL11A2/COL2A1/COL1A2/COL3A1/COL1AT
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Pathway identifier Pathway descriptor q value Proteins included
R-hsa-3000480 rsef:ae‘ﬁg?sing by class A 4-87E-09 COL4A2/COL1A2/COL4AT/COL3AT/COL1AT
R-hsa-6806834 Signalling by MET 2-31E-07 COL5A2/COL11A2/COL2A1/COL1A2/COL3A1/COL1A1
Binding and uptake of
R-hsa-2173782 ligands by scavenger 3-06E-07 COL4A2/COL1A2/COL4A1/COL3A1/COL1A1
receptors
R-hsa-9006934 f;f’ons?r']':@k’ir?gsr:;ept"r  1-08E-06  COL4A2/COL5A2/COLIA2/COL4A3/COL11A2/COL2AT/COL1A2/COLAAT/COL3AT/COL1A1
R-hsa-3000170 Syndecan interactions 2-42E-06 COL5A2/COL1A2/COL3A1/COL1A1
R-hsa-3000157 Laminin interactions 3-59E-06 COL7A1/COL4A2/COL4A3/COL4A
Immunregulatory
R-hsa-198933 interactions betweena | 3 ggr gg CD99/COL17A1/COL2A1/COL1A2/COL3A1/COL1AT
lymphoid and non-lymphoid
cell
R-hsa-76009 Platelet aggregation (plug 4. 57¢ o4 FGA/COL1A2/COL1A1
formation)
R-hsa-76002 Platelet activation, signalling - 4 5307 FGAPCDH7/COL1A2/COL1AT
or aggregation
R-hsa-202733 Cell surface interactions at | 4 31¢ g7 CD99/COL1A2/COL1AT
the vascular wall
KEGG
hs04974 Protein digestion and 1-00E.29 COL25A1/COL7A1/COL4A2/COL14A1/FXYD2/COL15A1/COL5A2/COL22A1/COL17A1/COLIA2/COLBAT/COLAA3/COL11
absorption A2/ COL2A1/COL1A2/COL4A1/COL19A1/COL3A1/COL1A1
hsa04512 ECM-receptor interaction 1-50E-07 COL4A2/COLIA2/COLAA3/COL2A1/COL1A2/COLAAT/COL1A1
AGE-RAGE signalling
hsa04933 pathway in diabetic 5-89E-06 COL4A2/COL4A3/COL1A2/COL4A1/COL3AT/COL1A1
complications
hsa05146 Amoebiasis 5-89E-06 COL4A2/COL4A3/COL1A2/COL4AT/COL3A1/COL1AT
hsa04510 Focal adhesion 1-56E-05 COL4A2/COL9A2/COL4A3/COL2A1/COL1A2/COL4A1/COL1AT
hsa04926 Relaxin signalling pathway ~ : 1-56E-05 COL4A2/COL4A3/COL1A2/COLAAT/COL3A1/COL1AT
hsa05165 Human papilloma virus 3-21E-04 COL4A2/COLOA2/COLAA3/COL2A1/COL1A2/COLAAT/COL 1A

infection
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Pathway identifier Pathway descriptor q value Proteins included
hsa04151 PI3K-Akt signalling pathway : 4-28E-04 COL4A2/COL9A2/COL4A3/COL2A1/COL1A2/COL4A1/COL1A1
hsa04611 Platelet activation 2:22E-03 FGA/COL1A2/COL3A1/COL1A1
hsa05222 Small cell lung cancer 9-72E-03 COL4A2/COL4A3/COL4A1

Abbreviations: ECM, extracellular matrix; NCAM1, neural adhesion molecule-1; MET, MET proto-oncogene, receptor tyrosine kinase; PTK2, protein tyrosine kinase 2; PDGF, platelet derived growth
factor; AGE-RAGE, advanced glycation end product-receptor for advanced glycation end products; PI3K, phosphatidylinositol 3-kinase; Akt, protein kinase B. Pathway analysis was performed using
the databases of Reactome (https://reactome.org) and the Kyoto Encyclopaedia of Genes and Genomes (https://www.genome.jp/kegq).
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Table 9: Characteristics of FLEMENGHO participants analysed and not analysed

Characteristics f«nalysed NS‘ analysed p value
(n=778 of 778) (n=360 of 413)

Number (%)
Women 395 (50-8%) 186 (51:7%) 0-84
Smokers 176 (22-6%) 100 (27-8%) 0-063
Hypertension 278 (35-7%) 104 (28-9%) 0-026
Treated hypertension 146 (18-8%) 60 (16-7%) 0-41

Mean (SD) of characteristic
Age, year 46-2 (16-2) 38-8 (19-2) <0-0001
Body mass index, kg/m2 25-7 (4-0) 25-7 (5°7) 0-84
Waist circumference, cm 83:1(11-0) 829 (15-1) 0-77
Systolic pressure, mm Hg 128-1 (16-5) 124-5 (16-2) 0-00056
Diastolic pressure, mm Hg 78-9 (10-3) 75-9 (10-8) <0-0001
Mean arterial pressure, mm Hg 95-3 (10-9) 92-1 (11-5) <0-0001
Serum creatinine, umol/l 86-8 (14:7) 87-7(17-7) 0-35
eGFR, ml/min/1-73 m2 851 (19-2) 88-8 (23-3) 0-0044
Plasma glucose, mmol/l 5-04 (0-98) 5-14 (1-55) 0-15
Total serum cholesterol, mmol/l 5-29 (1-09) 5-25 (1-14) 0-48
HDL serum cholesterol, mmol/I 140 (0-39) 1-37 (0-37) 0-23
Total-to-HDL cholesterol ratio 4-07 (1-42) 4-12 (1-50) 0-64

Median of characteristic (IQR)
y-glutamyltransferase, U/l 206 (13-0-30-0) 18:1 (12:0-25-0) 0-0016

Analysed refers to 778 FLEMENGHO participants examined in 2005-2010 and making up the derivation and synchronous
internal validation datasets. Not analysed refers to: (i) participants ineligible for follow-up, because they had passed away
(n=26), were incapacitated (n=27), or had moved out of the area (n=100); (ii) because they declined renewed participation
(n=227); or because they were excluded from analysis, because of missing UPP data (n=24) or because of missing (n=9) or
unreliably recorded (n=17) covariables. The characteristics listed were extracted from a foregoing examination (1996-2005).
The earlier data were available for all analysed participants but only for 360 of 413 participants (87:2%) not analysed.
Hypertension was a blood pressure of 2140 mm Hg systolic or 290 mm Hg diastolic or use of antihypertensive drugs. The
glomerular filtration rate was derived from serum creatinine, using the Chronic Kidney Disease Epidemiology Collaboration
equation. To convert eGFR from ml/min to ml/s/, multiply by 0-0167. p values refer to the difference between participants
analysed and not analysed.
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FLEMENGHO TIMELINES

1980s |—— 1985-1990: Firstrecruitmentphase

1990s |—— 1996-2007: Second recruitment phase

UPP +
2000s |—— 2005-2010: clinical and biochemical variables +
risk factors

UPP +
|—— 2009-2013: clinical and biochemical variables +
2010s risk factors

| . FU for incident mortality, cancer
2005-2019: and musculoskeletal disorders

Timelines

Abbreviations: FLEMENGHO, Flemish Study of Environment,
Genes and Health Outcomes; UPP, urinary proteomic profiling;
FU, follow-up.
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Analysis strateqy

UPP dataspace
21,560 peptides
4080 sequenced

|

635 sequenced peptides (67 parental proteins)
with detectable signal in 270% of FLEMENGHO
participants were carried through to analysis

A J

Derivation data (n=559)
C-age associated with 210 peptides
(39 parental proteins)
with FDR corrected significance

Y

Time-shifted (n=559) and synchronous (n=219) validation data
Association of C-age with 210 peptides confirmed

UPP-age constructed by elastic net regression
54 peptides (17 parental proteins)

A4

External validation
in diabetes (n=1575), COVID-19 (n=110), and CKD (n=202)

Figure 2:

Analysis strategy

Abbreviations: FLEMENGHO, Flemish Study on Environment, Genes
and Health Outcomes; C-age, chronological age; FDR, false
discovery rate; CKD, chronic kidney disease.
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Figure 3:

Residual plot of UPP-age on C-age
UPP-age is associated with C-age (panel A). The residual plot of this association (panel B) shows that by removing the

variability in UPP-age explained by C-age (UPP-age-R obtained by regressing UPP-age on C-age) removes the association,
whereby the correlation coefficient drops from 0-85 (p<0-0001) to 0-00 (p>0-99). UPP-age-R therefore reflects the part of

ageing that is not explained by chronological age (C-age).
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Figure 4:

Short-term reproducibility of the UPP ageing biomarker

The coefficient of variation of UPP-age was determined in three healthy individuals not
included in the population or patient cohorts, who each underwent UPP profiling on
mid-morning urine samples collected on six different days within a 1-month time span.
The within individual coefficients of variation ranged from 2:7 to 11-3% and averaged

(SE) 7-3 (2:5)%, indicating satisfactory short-term reproducibility.
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Figure 5:

Volcano plots for FLEMENGHO derivation (A) and time-shifted (B) and
synchronous (C) internal validation datasets

Dotted lines indicate the level of significance required in the different stages of the
analysis. The partial correlation coefficients plotted along the horizontal axis were
derived from the regression model in table 2. The proteins identified from the

peptide fragments were colour-coded as indicated in the legend.
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