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ABSTRACT

Background and aimsThe predictive value of traditional CV risk calatdrs is limited.
Novel indicators of CVD progression are needediqaerly in the young population. The
main aim of this study was the identification ofreolecular profile with added value to
classical CV risk estimation.

Methods:81 subjects (30-50 years) were classified in ugsoaccording to their CV risk:
healthy subjects; individuals with CV risk factoesid those who had suffered a previous CV
event. The urine proteome was quantitatively arelyand significantly altered proteins were
identified between patients’ groups, either relatedCV risk or stablished organ damage.
Target-MS and ELISA were used for confirmationnaependent patients’ cohorts. Systems
Biology Analysis (SBA) was carried out to identffynctional categories behind CVD.
Results: 4309 proteins were identified, 75 of them diffdraily expressed. ADX, ECP,
FETUB, GDF15, GUAD and NOTCH1 compose a fingerppoaisitively correlating with
lifetime risk estimate (LTR QRISK). Best performanROC curve was obtained when ECP,
GDF15 and GUAD were combined (AUC=0.96). SBA reedabxidative stress response,
dilated cardiomyopathy, signaling by Wnt and pretegae, as main functional processes
related to CV risk.

Conclusions:A novel urinary protein signature is shown, whicbrrelates with CV risk
estimation in young individuals. Pending furthenfionation, this six-protein-panel could

help in CV risk assessment.



INTRODUCTION

Cardiovascular disease (CVD) is the leading caudspremature death worldwide despite
improvements in outcomes. Cardiovascular (CV) issthe result of multiple and interacting
factors, and different algorithms are availableegiimate CV risk in apparently healthy
persons in the short-medium term (5-10 years), indiased on age, gender, race, cholesterol
levels, blood pressure, smoking habits and existaricdiabetes. The Systematic Coronary
Risk Evaluation (SCORE), recommended by the Eumop®aciety of Cardiology (ESC)
prevention guidelines [1], estimates the 10-yesi af a fatal atherosclerotic event, including
coronary artery disease (CAD), stroke and abdongndgic aneurysm. Therefore, CV risk of
mortality rather than total CV risk (fatal and nata#fl) is assessed. The ESC guidelines
suggest that the risk of total CVD may be calcadtem the risk of CVD mortality using a
fixed multiplier (3x). Nevertheless, the use ofixeefl multiplier to estimate the 10-year total
CVD risk from CVD mortality risk is controversial[3]. On the other hand, American
guidelines define the 10-year risk as the risk@fedoping a first atherosclerotic CV event as
nonfatal myocardial infarction or coronary headeadise death or fatal or nonfatal stroke over
a 10-year period [4]. In any case, estimationfiénshort- medium-term have limitations since
the majority of patients with low CV risk over thext 10 years show high risk at long-term if
the estimation is calculated along their likely eening lifetime (Lifetime Risk calculation or
LTR QRISK) [5-8]. As age is one of the most conitihg factors in these algorithms, CV
risk of young population is particularly underesibed. As result, few young individuals
reach treatment thresholds for intervention anaisequently, efficient prevention strategies
are delayed. This limitation collides with the féicht the atherosclerotic process begins early
in life and optimum prevention strategies shoultitsh young population. In agreement, the

prevalence and progression of subclinical atheeossis in individuals of 50 years with low



10-year CV risk but high LTR is greater than iniinduals with low 10-year and low LTR

9.

Despite the knowledge of main risk factors and éhermous efforts dedicated to improve
prevention, the asymptomatic and silent coursetloérasclerosis hampers an accurate and
individualized CV risk evaluation. Additional stegfies and novel tools are needed to be
implemented to add further knowledge in moleculabjacent mechanisms taking place in
atherosclerosis development. Omics technologiesvaltentifying significant changes in
proteins or metabolites abundance in CVD witho@-gelection of molecular targets to be
investigated, meaning that no-bias is introducethe study [10,11]. Our group previously
identified proteins and metabolites in urine shayvaitered response in an acute coronary
syndrome and reflecting patient’s recovery [12yrffficant alterations directly occurring at
arterial tissue were also identified with refleatim plasma [13,14]. And specific molecular
fingerprints in urine and plasma were previoushenigfied in hypertensive patients
developing albuminuria as those of higher CV rigk-R1]. In those sense, omics not only
allow identification of novel markers to improverkadiagnosis but also to monitor patient’s
prognosis [22]. Following these approaches, herawed to identify novel urinary targets
linked to CV risk in young population (30-50 yeavsjh added value to current estimations
based on LTR. When ordinary CV risk factors arev&led in young people, they predict a
significant increase in cardio-renal damage atrlatages in life. On the other hand,
subclinical atherosclerosis is already present inldie-age population and in a small
percentage of young people CV events or even dmathoccur [23]. However, in the great
majority of this population CV risk factors are kit normal levels. In this work, we
recruited young subjects who were classified ie¢hgroups so that representing the general

population at that age in what refers to CV risk.



PATIENTSAND METHODS

PATIENT SELECTION AND URINE COLLECTION

Urine samples were collected from 81 subjects dggtdieen 30 and 50 years, who were
classified according to their CV risk in 3 grougsontrol” group (C) (n=32) of healthy
subjects with no medication; “factor” group (F) @4 including individuals with glomerular
filtration rate <100 or albuminuria, and at lease @f: arterial hypertension or patients treated
with anti-hypertensive medications, hyperglycengéu¢ose in blood >110 mg/dL) and/or
metabolic syndrome; and “CV event” group (E) (n=2%luding non-diabetic individuals
who had suffered a nonfatal stroke or acute myaakndfarction (AMI) in the previous 3
years. All subjects included in the study were sgegl with detailed medical history, physical
examination and biochemical profile. Lifetime RiskLTR QRISK, referred as LTR in the

manuscript, was estimated with the calculator bffigssk.org/lifetime/. The study was

approved by the Ethics Committee of the Hospital dE2 Octubre and was conducted
according to the principles of the Declaration oéls$thki. All patients signed written
informed consent before inclusion. Urine sampleseweollected in sterile containers,

centrifuged at 3000g, 10 min, and stored at -8@iitl analysis.

QUANTITATIVE DIFFERENTIAL ANALYSIS BY TMT

In a first discovery phase, the urine proteome fil@dnsubjects (n: (C)=10; (F)=8; (E)=12,
Table 1) was quantitatively analyzed by isobarteelang (TMT, Thermo Fisher Scientific)

following manufacturer’s instructions, as previguglublished [24]. Urine proteins were
subjected to tryptic digestion and the resultingtjpkes were TMT-labeled, desalted and
fractionated by high-pH reverse phase chromatographe fractions were analyzed by LC-

MS/MS on an Orbitrap Fusion mass spectrometer (hbdfisher). All spectra were analyzed



with Proteome Discoverer (version 2.1.0.81, Thefsher Scientific) using SEQUEST-HT
(Thermo Fisher Scientific). Database searching wadormed at the Uniprot database
containing all sequences from human and contansn@viay 14", 2016; 70611 entries).
Peptide identification was performed using the pholity ratio method [25], and the false
discovery rate (FDR) was calculated using invedathbases and the refined method [26]
with an additional filtering for precursor masset@nce of 15 ppm [27]. Identified peptides
had a FDR equal or lower than 1% FDR. Only thosgtiges were used to quantify the
relative abundance of each protein from reporter ifdensities, and statistical analysis of
quantitative data were performed using the WSPHRsstal model previously described
[28,29]. In this model protein log2-ratios are eegsed as standardized variables, i.e., in units
of standard deviation according to their estimat@iances (Zq values).

Proteins that were identified with at least two tgs and showed homogeneous Zqg values
within each group (Student’s t-tgst<0.05) were selected, being eliminated those prstei
that showed differences according to gender. Claimgprotein abundances between groups
were calculated by comparing their Zg mean valwesisidering differentially expressed
those proteins with differences of meanzlfl.5| .

SYSTEM BIOLOGY ANALYSIS

Functional protein analysis of the whole set ofrgifi@d proteins was performed using the
Systems Biology Triangle, a novel algorithm speailly developed for the analysis of
coordinated protein responses in high-throughpuainttative proteomics experiments [29].
This algorithm correlates the performance of a grai proteins inside of a category
(biological process) in terms of their quantitatbehavior (relative abundance); thus, changes
can be detected in functional biological procesaebeyond individual protein responses. As
a result of this coordinated behavior, a Z valuasisigned to each category (Zcat). To identify

the significant biological process altered in dssegrogressions, F and E groups were



compared to the control group applying Zcat2.9 and FDR<O0.05. Variations in the
abundance of functional categories were visuallzgaomparing the cumulative frequency
(sigmoid) plots of the standardized variable wiihttof the normal distribution as performed
previously [28].

TARGETED PROTEIN ANALYSIS

Confirmation of protein variations in response td fisk was accomplished by either mass
spectrometry using Selected Reaction MonitoringM$kn: (C)=15; (F)=16; (E)=13) or by
ELISA (n: (C)=30; (F)=24) in independent cohorts sibjects from those used in the
discovery phase (Table 1).

SRM analysis

Targeted SRM analysis was performed as previoushkcribed [12,14,15,18,30]. Briefly,
urine proteins were digested and proteotypic peptidere analyzed on a 6460QQQ MS
connected to ChipCube-nanoLC (Agilent Technologi€dRM transitions were manually
inspected and analysis conditions were set-up doh éransition. The fragmentor was set to
130V, dwell time to 20 ms and delta EMV to 600(Supplementary Table 1). Peak areas
were used for inter-group comparison and statistioalyses were performed by GraphPad
Prism 6 (version 6.01). The ROUT method was appiedetect outliers based on the FDR,
setting Q value to 5%. Mann-Whitney non-parametast (95% confidence level) was
performed. Univariate and multivariate ROC curvesravcalculated with Metabolanalyst
software using ROC curve based model evaluatiostéfpand Random forest algorithm.
ELISA analysis

Confirmation by ELISA was performed in urine frondividual samples (Table 1), following
manufacturer’s instructions of Human GDF-15 ELISK g®bcam), Human RNASE3/ECP

ELISA Kit (Elabscience) and Human GDA ELISA Kit @flscience). Standard curves can be



found in Supplementary Fig. 1. Statistical analysies performed by GraphPad Prism 6

(version 6.01) applying Mann-Whitney non-parametieist (95% confidence level).

Data statement

Datasets are in the process of being deposited.

RESULTS

Characteristics of the study population are condpile Table 1, corresponding to the 81

recruited subjects classified as control (C), Gk ffactor group (F) or those who had suffered
a CV acute event (E). As can be seen, all subjgete aged between 30 and 50 years. As
expected, main differences observed between gratgshose resulting from their CV risk

status, e.g. hypertension, glycaemia, lipid prasilgpharmacological treatment.

Theurine proteomevarieswith CV risk and stablished damage after an acute event

A total of 4309 proteins were identified by masedpometry in urine (Supplementary Table
2), from which 75 proteins showed statistically réfigant abundance changes
(Supplementary Table 3). Sixteen proteins showdi@rdnces in abundance between risk
factors group (F) and control group (C): 7 increbared 9 decreased in F (Fig. 1A). Analysis
of the changes of these proteins along the thregmilptons (Fig. 1B) revealed that most
proteins levels tend to recover (towards contrdlies) in those individuals who had suffered
an acute event (E). When looking for proteins alfen the event group (E) compared to the
factor group (F), 29 proteins significantly variedabundance: 8 increased and 21 decreased
in E (Fig. 2A). These 29 proteins showed minoret#hces between C and F groups (Fig.

2B), thus mainly reflecting stablished damage foese patients once recovered from the



acute event. Forty-four proteins showed significaliération between groups E and C (7

increased and 37 decreased in E) (Supplementaitg Bab

Systems biology analysisrevealed altered biological processeslinked to CV risk estimate
SBA of the whole set of 4309 proteins enabled tenidly functional categories with
significant alteration in young individuals with Chsk. A functional category involves a
group of proteins with coordinated behavior and ragge as significant even if the proteins
are not significantly altered individually. As suydhis analysis provided added value to the
individual protein analysis previously describedxidative stress response, dilated
cardiomyopathy, chronic kidney disease, cell dedttardiomyocytes, signaling by Wnt and
several categories related to protein biosynthegisteasome and cytoskeleton, were
significantly increased in CV risk factors group) (with respect to control group (C)
(Supplementary Fig. 2 and Supplementary Table 4Aunctional categories related to
coagulation, extracellular matrix, calcium flux, nhestasis and vascular system, were

significantly decreased in F group (Supplementagy Fand Supplementary Table 4B).

A urinary fingerprint composed by six proteins varies with CV risk in the young
population

Our last goal was to identify molecular indicatassociated with CV risk estimate in young
population. Thus, we focused on those proteinsifsigntly increased in urine from
individuals with CV risk factors (F) with respecb thealthy controls (C) (Fig. 1A,
Supplementary Table 3Adrenodoxin (ADX), eosinophil cationic protein (Ef;Retuin B
(FETUB), growth differentiation factor 15 (GDF15yuanine deaminase (GUAD) and

neurogenic locus notch homolog protein 1 (NOTCHdnoteins were analyzed for
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confirmation by a different technical approach (SRid in a different group of individual
samples (Table 1). Increased abundance in the §k/group (F) was confirmed for the 6
proteins (Fig. 3A). Area under the curve (AUC) \edurom individual and multivariate ROC
curves showed best performance when ECP, GDF15G&4D are combined resulting in
AUC=0.96 (Fig. 3B). Predicted class probabilitieagh also shows good separation between
patients’ groups (Fig. 3C). By ELISA, significaranation was found for these three proteins
in the risk factors group (Mersuscontrol group (C), thus confirming again previalaa in a
different cohort of subjects (Fig. 4). Supplement@iable 5 shows the correlations of the
identified proteins with parameters used to estn@W risk.

Theurinary biomarker panel correlateswith lifetimerisk

Correlation between proteins abundance and LTR imasstigated. Significant correlation
was found for the 6 proteins as shown in Suppleargritig. 3 (Spearman correlation values:
ADX r = 0.4889p <0.0001; ECP r = 0.622f <0.0001; FETUB r = 0.4769 <0.0001,
GDF15 r = 0.5570p <0.0001; GUAD r = 0.5549 <0.0001; and NOTCH1 r = 0.6493
p <0.0001), showing a positive correlation in alses It means that both the LTR and the
values of these 6 proteins in the urine of theepdsi increase while increasing their CV risk
estimate showing a pattern represented by thelatioe coefficient that could be considered

as adequate in any biological background.

DISCUSSION

The need to overcome current limitations of CV r&lailable estimations, particularly in
young population, prompts the identification of ebindicators with added value to existing
algorithms. In this sense, the ultimate goal tauoedCVD mortality is to introduce novel and
easily quantifiable molecular targets in the climdich can serve to monitor general

population at early stages of atherosclerosis deweént [23]. The actual proteomic

11



strategies offer the possibility to identify thooda of proteins in a biological context while
identifying most relevant variations linked to arteen pathological status, not only in

individual proteins but also in biological proces$29].

Theurinary proteome correlateswith CV risk estimate

This study shows how the urinary proteome reflexgecific protein changes which are
modulated by the status of CV risk or existing dgemaDifferent sub-sets of proteins were
identified with altered urine levels either in sedis with CV risk factors, or in those who had
suffered an acute CV event despite of being fldlyovered, as recently reported by our group
in plasma [24]. Following quantitative analysistbé whole urinary proteome by different
technical approaches and in different patients’octsh we highlight six proteins with
significantly increased urinary levels in individsiavith CV risk factors compared to healthy
subjects: ADX, ECP, FETUB, GDF15, GUAD and NOTCHtlwas found significant and
positive correlation between the 6 proteins and LThe variation in these proteins decreases
after an acute nonfatal event, showing their associ with CV risk more than organ
damage. With regard to the latter, their reduceeltein the event group could be attributed
to the fact that these patients have been accdydingnaged following the event and perform
a better lifestyle, thus reducing their CV riskteirestingly, we developed a novel target mass
spectrometry assay based on SRM methodology. SR thiroughput and automation
capacity allows significantly shortening the anaysime compared to non-mass
spectrometry-based approaches, thus improving thet-effectiveness compared to

conventional procedures.

Oxidative stress, inflammation and CV risk

12



In line with previous findings from our group in ggrtensive patients who develop
albuminuria [19,21,30] SBA showed oxidative stressponse as a significantly increased
functional category in individuals with CV risk facs with respect to healthy controls.
Oxidative stress is known to be involved in thehpgenesis of CVD as myocardial
infarction, atherosclerosis, cardiac hypertrophyangestive heart failure [31,32]. GUAD is
an aminohydrolase enzyme that converts guaninarithine in the uric acid cycle, in which
also participates xanthine oxidase, one of the nsgarce of ROS in the human heart, since it
produces @~ and HO, while catalyzing the conversion of hypoxanthinexemthine and
xanthine to uric acid [33]. Hyperuricemia has bemmsidered a key risk factor for
development of gout, renal dysfunction, hypertemsioyperlipidemia, diabetes and obesity
[33,34]. An increase in GUAD gene expression wasoaated with the development of
hypertensive cardiac hypertrophy or diastolic héaiture, in a study with spontaneously
hypertensive rats [35]. Moreover, uric acid levedsen below the clinical threshold for
hyperuricemia, are associated with increased C¥ by increasing oxidative stress,
promoting endothelial dysfunction and enhancingamination [36]. GDF15 is expressed and
secreted by macrophages, cardiomyocytes, vascmapoth muscle cells, adipocytes and
endothelial cells, in response to inflammation,daxive stress, hypoxia or mechanical stress
[37,38]. GDF15 has a CV protective function, siitceegulates signaling pathways essential
for cardioprotection [39]. It has been shown toshengly associated with future CV events
and complements stablished risk predictors in Cv@ypession and prognosis [40-42].

In the inflammatory context of CVD, macrophages réase the expression of
CCL5/RANTES chemokine, which could attract actidateosinophils through its CCR3
receptor. Several studies have shown an associagitmeen eosinophils and CVD [43,44].
ECP is a marker of eosinophil activity and degratiah, which has been proposed as

biomarker of coronary atherosclerosis [45] and nskrker for ischemic stroke [46]. It has
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been described a protective role of ECP under tixiglatress, as it inhibits ROS-induced
apoptosis in cardiomyocytes via PI3K-Akt pathway][4

Related to FETUB, serum levels were significanilyhler in patients with CAD when it was
compared to healthy controls, being proposed agenpal biomarker for CAD [48]. Besides,
expression level of FETUB was significantly increasn patients with AMI compared with
stable angina subjects, suggesting that serum FE$UBolved in the development of AMI
by influencing atherosclerotic plaque rupture [4Qur data are in alignment with these
observations, as FETUB increases in young indivgluath CV risk factors. With the same
trend, we identified NOTCH1. Endothelial NOTCH1sets an antagonist of endothelial cell
activation preventing inflammation in the aortag airculating lipids were shown to decrease
NOTCH1 expression and signaling in human aorticoémalial cells [50]. With these
evidences a reduction of endothelial NOTCH1 has eposed as a predisposing factor of
initiation of atherosclerosis. However, expressam activation of NOTCH1 in podocytes,
which is mostly silenced in the glomeruli of norm@aature human kidney, has been
correlated with development of proteinuria, glonhesalerosis and kidney dysfunction [51-

54].

Cardio-renal damage and urinary pattern

The cross-talk between the heart and the kidnegie#sly evidenced [55]. Observational and
clinical data showed that acute/chronic worsenihgidney function directly contributes to
acute/chronic cardiac disease arndeversa deriving in the simultaneous presence of the
cardio-renal damage [56]. In early stages, chrkitiney disease (CKD) develops silently and
asymptomatic, which enormously complicates earigdosis and intervention. Surprisingly,
although none of our patients showed albuminunatesns biology analysis detected an

alteration in the behavior of CKD-related proteirssjsing as a category significantly
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increased in the CV risk factor group compareddaltiny controls. Interestingly, this pattern
is not coincidental with the one that we describetiypertensive subjects chronically RAS
suppressed [15,22,30]. This indicates that theeprotc urinary pattern changes during long-
term evolution of cardio-renal damage. Sustaindt/atton of Notch and Wnt signaling in
podocytes were shown to be causally related tonaitwria development in genetically
modified animal models, being albuminuria a stramg independent indicator of increased
CV risk and supporting our findings shown here igoang population [57]. Wnt signaling
was also identified in individuals with CV risk #greement with an upregulation of Wnt

signaling described in atherosclerosis and cardiaiaodic diseases [58-60].

Limitations

The study fulfilled the requirements of an omicsdst in terms of group size and technical
workflow [61]. Protein variations identified in ardt discovery stage were confirmed by
different technical approaches and in differentgrdas’ cohorts. The main limitation could be
the relatively low number of patients from a clalipoint of view and prior to translation to
clinical practice, further studies (e.g. multicénitwider cohorts) should follow. However, the
strength of the correlations found in this triahances the possibility that the required larger
multicenter cohorts to further confirm their poiahtise in CV risk stratification could simply
confirm our data. Future prospective trials witiniclal CV endpoints would be needed to
address if the proteins here shown are risk mankprand above traditional risk estimates,
reflecting risks factors, organ damage or resptmsggan damage. The role of these proteins

may be different in primary and secondary preventio

Conclusions
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We have identified ADX, ECP, FETUB, GDF15, GUAD aN®@TCH1, as urinary proteins
linked to CV risk estimate in young individuals kvitraditional CV risk factors. This finding
correlates with LTR constituting a potential toa improve the accuracy of CV risk

estimation in young population.

CONFLICT OF INTERESTS
The authors declared they do not have anythingsidade regarding conflict of interest with

respect to this manuscript.

FINANCIAL SUPPORT

ISCIII co-supported by FEDER grants (P114/0165014R01917, P114/01841, P116/01334,
IF08/3667-1, FI12/00126, CPII15/00027, CP15/00129713/0001/0013, PI17/01093,
P117/01193, PRB3 (IPT17/0019 ISCIlIS-GEFI/ERDF, REREN (RD12/0021/0001,

RD16/0009)), Fundacién SENEFRO, Fundacion ifiigoaféz de Toledo and Fundacion
Conchita Rédbago de Jiménez Diaz. Results are lipedith the Spanish initiative on the

Human Proteome Project.

AUTHOR CONTRIBUTIONS

PJM, MBM, JAL and MA performed the experiments. RIBM, JAL, MML, ASH, JV

participated in data analysis/interpretation, Figsd literature search. MC and EV

16



participated in clinical data collection. GRH, FMYIR, MGB and GAL designed the study

and contributed to data interpretation, and maipisdrafting.

ACKNOWLEDGEMENTS

The authors acknowledge Lucia Guerrero and Mana @asal (Hospital 12 de Octubre) for

her participation in samples collection and paseatassification.

17



REFERENCES

1. Piepoli MF, Hoes AW, Agewall S, et al. 2016 Hwran Guidelines on cardiovascular
disease prevention in clinical practice: The Swmt Task Force of the European Society of
Cardiology and Other Societies on CardiovasculaeBse Prevention in Clinical Practice
(constituted by representatives of 10 societies laydnvited experts)Developed with the

special contribution of the European Associatiorr fGardiovascular Prevention &

Rehabilitation (EACPR). Eur. Heart J. 203682315-2381.

2. Jarstad HT, Colkesen EB, Boekholdt SM, et dinkzged 10-year cardiovascular mortality
seriously underestimates overall cardiovasculér Heart Br. Card. Soc. 201162:63—68.

3. Karmali KN, Lloyd-Jones DM. Using a multiplief d0-year cardiovascular mortality
underestimates cardiovascular risk in younger idd@ls and women. Evid. Based Med.
201621:150.

4. Goff DC, Lloyd-Jones DM, Bennett G, et al. 208GC/AHA guideline on the assessment
of cardiovascular risk: a report of the Americanll€@e of Cardiology/American Heart
Association Task Force on Practice Guidelines.nd. 8oll. Cardiol. 20143:2935-2959.

5. Karmali KN, Lloyd-Jones DM. Adding a life-courgeerspective to cardiovascular-risk
communication. Nat. Rev. Cardiol. 201G;111-115.

6. Marma AK, Berry JD, Ning H, Persell SD, Lloydasis DM. Distribution of 10-year and
lifetime predicted risks for cardiovascular diseas&JS adults: findings from the National
Health and Nutrition Examination Survey 2003 to @0Circ. Cardiovasc. Qual. Outcomes
20103:8-14.

7. Berry JD, Dyer A, Cai X, et al. Lifetime risk$ cardiovascular disease. N. Engl. J. Med.
2012366:321-329.

8. Hippisley-Cox J, Coupland C, Robson J, Brindl®Erivation, validation, and evaluation
of a new QRISK model to estimate lifetime risk afdiovascular disease: cohort study using
QResearch database. BMJ 2(B40;c6624.

9. Berry JD, Liu K, Folsom AR, et al. Prevalencedaprogression of subclinical

atherosclerosis in younger adults with low shomrtébut high lifetime estimated risk for

cardiovascular disease: the coronary artery risieldpment in young adults study and multi-
ethnic study of atherosclerosis. Circulation 2009;382—-389.

10. Martin-Lorenzo M, Alvarez-Llamas G, McDonnelhLVivanco F. Molecular histology
of arteries: mass spectrometry imaging as a noveiw tool to investigate atherosclerosis.
Expert Rev. Proteomics 2013;69-81.

11. Barderas MG, Laborde CM, Posada M, et al. Ma#tabic profiling for identification of
novel potential biomarkers in cardiovascular dissas J. Biomed. Biotechnol.
20112011:790132.

18



12. Martin-Lorenzo M, Zubiri I, Maroto AS, et al.LIK1 and ZG16B proteins and arginine-
proline metabolism identified as novel targets tonitor atherosclerosis, acute coronary
syndrome and recovery. Metabolomics Off. J. Metatvat Soc. 2013;1:1056-1067.

13. Martin-Lorenzo M, Balluff B, Maroto AS, et &flolecular anatomy of ascending aorta in
atherosclerosis by MS Imaging: Specific lipid antpin patterns reflect pathology. J.
Proteomics 2018926:245-251.

14. Martin-Lorenzo M, Gonzalez-Calero L, Maroto Af,al. Cytoskeleton deregulation and
impairment in amino acids and energy metabolisneanly atherosclerosis at aortic tissue
with reflection in plasma. Biochim. Biophys. Act@15;1862:725-732.

15. Martin-Lorenzo M, Gonzalez-Calero L, Martine, Bt al. Immune system deregulation
in hypertensive patients chronically RAS suppresdeseloping albuminuria. Sci. Rep.
20177:8894.

16. Tates AD, Bernini LF, Natarajan AT, et al. D@ten of somatic mutants in man: HPRT
mutations in lymphocytes and hemoglobin mutatioms drythrocytes. Mutat. Res.
1989213:73-82.

17. Baldan-Martin M, Mourino-Alvarez L, Gonzalezi€a L, et al. Plasma Molecular
Signatures in Hypertensive Patients With Renin-Ategisin System Suppression: New
Predictors of Renal Damage and De Novo Albuminurdicators. Hypertens. 2068:157—
166.

18. Gonzalez-Calero L, Martin-Lorenzo M, de la Qads, et al. Urinary alpha-1 antitrypsin
and CD59 glycoprotein predict albuminuria developtnan hypertensive patients under
chronic renin-angiotensin system suppression. Gaadc. Diabetol. 20165:8.

19. Pulido-Olmo H, Garcia-Prieto CF, Alvarez-Llama®, et al. Role of matrix
metalloproteinase-9 in chronic kidney disease: & be@marker of resistant albuminuria.
Clin. Sci. Lond. Engl. 1979 201830:525-538.

20. Baldan-Martin M, de la Cuesta F, Alvarez-Llan@<t al. Prediction of development and
maintenance of high albuminuria during chronic meamngiotensin suppression by plasma
proteomics. Int. J. Cardiol. 20196:170-177.

21. Ruiz-Hurtado G, Condezo-Hoyos L, Pulido-Olmodtial. Development of albuminuria
and enhancement of oxidative stress during chr@mt-angiotensin system suppression. J.
Hypertens. 20182:2082—-2091.

22. Baldan-Martin M, Rodriguez-Sanchez E, Gonz@lalero L, et al. Translational science
in albuminuria: a new view of de novo albuminurraar chronic RAS suppression. Clin. Sci.
Lond. Engl. 1979 201832:739-758.

23. Lopez-Melgar B, Fernandez-Friera L, Oliva BaktSubclinical Atherosclerosis Burden
by 3D Ultrasound in Mid-Life: The PESA Study. J. A@oll. Cardiol. 20170:301-313.

19



24. Baldan-Martin M, Lopez JA, Corbacho-Alonso Nak Potential role of new molecular
plasma signatures on cardiovascular risk stratiboan asymptomatic individuals. Sci. Rep.
20188:4802.

25. Martinez-Bartolomé S, Navarro P, Martin-Mar&toet al. Properties of average score
distributions of SEQUEST: the probability ratio mmed. Mol. Cell. Proteomics 20081135—
1145.

26. Navarro P, Vazquez J. A refined method to dateufalse discovery rates for peptide
identification using decoy databases. J. Proteoase R00%8B:1792-1796.

27. Bonzon-Kulichenko E, Garcia-Marques F, TrewibBmraz M, Vazquez J. Revisiting
peptide identification by high-accuracy mass speaétry: problems associated with the use
of narrow mass precursor windows. J. Proteome Z8$514:700-710.

28. Navarro P, Trevisan-Herraz M, Bonzon-Kulichefikat al. General statistical framework
for quantitative proteomics by stable isotope ladgelJ. Proteome Res. 2013;1234-1247.

29. Garcia-Marqués F, Trevisan-Herraz M, Martinezrtiiez S, et al. A Novel Systems-
Biology Algorithm for the Analysis of Coordinateddeein Responses Using Quantitative
Proteomics. Mol. Cell. Proteomics MCP 201%1740-1760.

30. Gonzalez-Calero L, Martinez PJ, Martin-Loreridp et al. Urinary exosomes reveal
protein signatures in hypertensive patients withuadinuria. Oncotarget 2018144217—
44231.

31. Dhalla NS, Temsah RM, Netticadan T. Role oflative stress in cardiovascular diseases.
J. Hypertens. 20008:655-673.

32. Sawyer DB, Siwik DA, Xiao L, Pimentel DR, Singh Colucci WS. Role of oxidative
stress in myocardial hypertrophy and failure. JI.MIl. Cardiol. 200234:379-388.

33. Maiuolo J, Oppedisano F, Gratteri S, MuscoliMillace V. Regulation of uric acid
metabolism and excretion. Int. J. Cardiol. 2@18;8-14.

34. Wang J, Tan G-J, Han L-N, Bai Y-Y, He M, Liu Bi- Novel biomarkers for
cardiovascular risk prediction. J. Geriatr. CardidC 2017t4:135-150.

35. Rysa J, Leskinen H, llves M, Ruskoaho H. Dattumpregulation of extracellular matrix
genes in transition from hypertrophy to hyperteadieart failure. Hypertens. 2085;927—
933.

36. Jin YL, Zhu T, Xu L, et al. Uric acid levelsyen in the normal range, are associated with
increased cardiovascular risk: the Guangzhou Bikb&ohort Study. Int. J. Cardiol.
20131168:2238-2241.

37. Xu X, Li Z, Gao W. Growth differentiation factd5 in cardiovascular diseases: from
bench to bedside. Biomark. Biochem. Indic. Expo.sgtmse Susceptibility Chem.
201116:466-475.

20



38. Wallentin L, Hijazi Z, Andersson U, et al. Gribmdifferentiation factor 15, a marker of
oxidative stress and inflammation, for risk assesgnin patients with atrial fibrillation:
insights from the Apixaban for Reduction in Straked Other Thromboembolic Events in
Atrial Fibrillation (ARISTOTLE) trial. Circulatior2014;130:1847-1858.

39. Adela R, Banerjee SK. GDF-15 as a Target andmBrker for Diabetes and
Cardiovascular Diseases: A Translational ProspecfivDiabetes Res. 202615:490842.

40. De Haan JJ, Haitiema S, den Ruijter HM, etGabwth Differentiation Factor 15 Is
Associated With Major Amputation and Mortality imtients With Peripheral Artery Disease.
J. Am. Heart Assoc. 2016:;,e006225.

41. Wollert KC, Kempf T, Wallentin L. Growth Diffentiation Factor 15 as a Biomarker in
Cardiovascular Disease. Clin. Chem. 2687140-151.

42. Hagstrom E, Held C, Stewart RAH, et al. GroWifferentiation Factor 15 Predicts All-
Cause Morbidity and Mortality in Stable CoronaryafteDisease. Clin. Chem. 2063;325—
333.

43. Niccoli G, Cosentino N. Eosinophils: a new glayn coronary atherosclerotic disease.
Hypertens. Res. Off. J. Jpn. Soc. Hypertens. BB1269-271.

44. Prentice RL, Szatrowski TP, Fujikura T, KatoMason MW, Hamilton HH. Leukocyte
counts and coronary heart disease in a Japanesd.cdim. J. Epidemiol. 198216:496-5009.

45. Niccoli G, Ferrante G, Cosentino N, et al. Bophil cationic protein: A new biomarker
of coronary atherosclerosis. Atherosclerosis 22I606—611.

46. Lind L, Siegbahn A, Lindahl B, Stenemo M, Suni® J, Arnlév J. Discovery of New
Risk Markers for Ischemic Stroke Using a Novel THegl Proteomics Chip. Stroke
201546:3340-3347.

47. Ishii H, Kamikawa S, Hirohata S, et al. Eosimbgationic Protein Shows Survival Effect
on H9c2 Cardiac Myoblast Cells with Enhanced Phosgation of ERK and Akt/GSK{3
under Oxidative Stress. Acta Med. Okayama 262:345-153.

48. Zhu K, Wang Y, Shu P, et al. Increased serwmldeof fetuin B in patients with coronary
artery disease. Endocrine 2033:97-105.

49. Jung SH, Won K-J, Lee KP, et al. The serumegmofetuin-B is involved in the
development of acute myocardial infarction. Clioi. &ond. Engl. 2013;29:27-38.

50. Briot A, Civelek M, Seki A, et al. EndothelidlOTCH1 is suppressed by circulating
lipids and antagonizes inflammation during athdeyssis. J. Exp. Med. 20152:2147—
2163.

51. Sweetwyne MT, Gruenwald A, Niranjan T, Nishiaalura R, Strobl LJ, Susztak K.
Notchl and Notch2 in Podocytes Play Differentialld3oDuring Diabetic Nephropathy
Development. Diabetes 20868;4099-4111.

21



52. Niranjan T, Bielesz B, Gruenwald A, et al. Thetch pathway in podocytes plays a role
in the development of glomerular disease. Nat. N26@814:290—-298.

53. Murea M, Park J-K, Sharma S, et al. Expressiohotch pathway proteins correlates
with albuminuria, glomerulosclerosis, and renaldtion. Kidney Int. 201(#8:514-522.

54. Asanuma K, Oliva Trejo JA, Tanaka E. The rdi&otch signaling in kidney podocytes.
Clin. Exp. Nephrol. 2012]1:1-6.

55. Ruiz-Hurtado G, Sarafidis P, Fernandez-AlfoM®, Waeber B, Ruilope LM. Global
cardiovascular protection in chronic kidney dise&&t. Rev. Cardiol. 20163:603—-608.

56. Gonzalez-Calero L, Martin-Lorenzo M, Alvarezablas G. Exosomes: a potential key
target in cardio-renal syndrome. Front. Immunoll£8:465.

57. Kato H, Susztak K. Repair problems in podocyt®at, Notch, and glomerulosclerosis.
Semin. Nephrol. 20132:350-356.

58. Matthijs Blankesteijn W, Hermans KCM. Wnt sing in atherosclerosis. Eur. J.
Pharmacol. 201363:122-130.

59. Albanese |, Khan K, Barratt B, Al-Kindi H, Schrtani A. Atherosclerotic Calcification:
Whnt Is the Hint. J. Am. Heart Assoc. 207182007356.

60. Gay A, Towler DA. Wnt signaling in cardiovasauldisease: opportunities and
challenges. Curr. Opin. Lipidol. 202B;387-396.

61. Rifai N, Gillette MA, Carr SA. Protein biomarkdiscovery and validation: the long and
uncertain path to clinical utility. Nat. Biotechn@00624:971-983.

22



ACCEPTED MANUSCRIPT

23



FIG. LEGENDS

Fig. 1. Urine proteins showing significantly altered levéatssubjects with CV risk factors
compared to healthy controls: a link to CV risk.

(A) Proteins with significant variation in F with resp to C. Differences in abundance
between groups are represented in Zq average by cotle: decreased (blue, from -4 to 0),
increased (red, from 0 to +4). (B) Variation ofsheproteins, showing a recovery towards the

“healthy” status in most cases. C: control groupCE event group, F: CV risk factor group.

Fig. 2. Urine proteins showing altered levels in individiaécovered from an acute event
compared to subjects with CV risk factors: a linlestablished organ damage.

(A) Proteins with significant variation in E withespect to F. Differences in abundance
between groups are represented in Zq average by cotle: decreased (blue, from -4 to 0),
increased (red, from O to +4). (B) Protein variafishowing protein responses to stablished
CV damage despite of full recovery after a CV eveéntcontrol group, E: CV event group, F:

CV risk factor group.

Fig. 3. Confirmation by target mass spectrometry and evaluaof clinical sensitivity and
specificity.

(A) Target analysis by selected reaction monitorfi8®M) of proteins associated with CV
risk. (B) Multivariate receiver operating curve@R) and (C) predicted class graph for the
CV risk proteins ECP, GDF15 and GUAD. AUGiea under the curve; CI, confidence
interval; ADX, adrenodoxin; ECP, @sinophil cationic protein; FETUB, fetuin B; GDF15,
growth differentiation factor 15; GUAD, guanine deaminas&OTCHI1, neurogenic locus
notch homolog protein 1. Mann-Whitney non-paransetest (95% confidence level) was

performed. p <0.05, ***p <0.001, ****p <0.0001.
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Fig. 4. ELISA analysis of proteins associated with CV risk.
Mann-Whitney non-parametric test (95% confidenaellewas performed. < 0.05. ECP,
eosinophil cationic protein; GDF15, growth diffetiation factor 15; GUAD, guanine

deaminase.
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Table 1. Baseline clinical data of different cohorts expessas mean = S.D. or percentages.

SRM ELISA

DISCOVERY PHASE CONFIRMATION CONFIRMATION

C F E C F E C F
n 10 12 15 16 13 30 24
Age (years) 44 +5 44 +6 45+5 42+5 44 +5 4+ 42+5 44+ 5
Sex (male), % 60 50 67 13 88 92 53 75
Glycaemia (mg/dl) 797 104 £ 45 100+ 24 808 53922 117 £54 80+8 98 + 32
eGFR (ml/min/1.73r) 91+8 97+ 21 98 + 27 95+11 85+9 98 +1p 10, 89+15
Systolic blood pressure (mmHg) 113+£10 131+8 125 111+8 139+ 13 122+ 22 112+ 9 136 £12
Diastolic blood pressure (mmHg) 73+8 84 +10 TH+ 70+8 90+8 7714 71+8 88+9
Metabolic syndrome, % 10 13 0 0 81 15 3 54
Total cholesterol (mg/dl) 197 + 30 207 + 36 1586t B 192 +41 208 £ 35 138 + 4] 196 +8 208 £ 35
HDL cholesterol (mg/dl) 70+19 53+12 43+1pD 736 38+9 40+ 11 71+17 43+12
LDL cholesterol (mg/dl) 112 £ 32 13134 90 +3B3 021+ 31 135+33 7340 108+ 31 134 + 33
Triglycerides (mg/dl) 88 £ 50 140 + 121 121 +72 809 22072 105 + 35 85+ 39 193 +99
Uric acid (mg/dI) 515 509 6+1.4 4+0.9 1.7 614 5+£1.2 6+1.7
Current smoking, % 0 25 50 27 25 69 17 25
Antihypertensives, % 0 25 50 54 42
Lipid-lowering agents, % 0 13 8 0 25 46 0 21
LTR QRISK 24+8 34+8 _ 21+£3 477 _ 23+6 #20

C: control group, E: CV event group, eGFR: estirdageomerular filtration

group.

rate, F: CV risk factor
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HIGHLIGHTS

-Cardiovascular risk of young/middle-age population is underestimated.
-The urinary proteome reflects changes modulated by CV risk or existing damage.
-Six proteins compose a fingerprint in asymptomatic individuals with CV risk factors.

-Thistool would improve the accuracy of CV risk estimation and prevention criteria



