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Abstract

Background: In this study we sought to validate urinary biomarkers for diabetes and two common complica-
tions, coronary artery disease (CAD) and diabetic nephropathy (DN).

Methods: A CAD score calculated by summing the product of a classification coefficient and signal amplitude
of 15 urinary polypeptides was previously developed. Five sequences of biomarkers in the panel were identi-
fied as fragments of collagen a-1(I) and «-1(III). Prospectively collected urine samples available for analysis
from 19 out of 20 individuals with CAD (15 with type 1 diabetes [T1D] and four without diabetes) and age-,
sex-, and diabetes-matched controls enrolled in the Coronary Artery Calcification in Type 1 Diabetes study
were analyzed for the CAD score using capillary electrophoresis and electrospray ionization mass spectrome-
try. Two panels of biomarkers that were previously defined to distinguish diabetes status were analyzed to de-
termine their relationship to T1D. Three biomarker panels developed to distinguish DN (DNS) and two bio-
marker panels developed to distinguish renal disease (RDS) were examined to determine their relationship with
renal function.

Results: The CAD score was associated with CAD (odds ratio with 95% confidence interval, 2.2 [1.3-5.2]; P =
0.0016) and remained significant when adjusted individually for age, albumin excretion rate (AER), blood pres-
sure, waist circumference, intraabdominal fat, glycosylated hemoglobin, and lipids. DNS and RDS were sig-
nificantly correlated with AER, cystatin C, and serum creatinine. The biomarker panels for diabetes were both
significantly associated with T1D status (P < 0.05 for both).

Conclusions: We validated a urinary proteome pattern associated with CAD and urinary proteome patterns as-
sociated with T1D and DN.

Introduction

ORONARY ARTERY DISEASE (CAD) is the leading cause of
morbidity and mortality in people with type 1 diabetes
(T1D),! and historically diabetic kidney disease has heralded
the rapid progression of CAD.>® Current clinical methods
to diagnose both early diabetic kidney disease and subclin-
ical CAD are subject to measurement variability (urinary al-
bumin excretion rate [AER]) are invasive (iothalamate or
other methods for directly measuring glomerular filtration
rate [GFR], angiography for CAD), or deliver radiation (coro-
nary perfusion testing, coronary angiography, coronary
artery calcification). Improved methods to detect early dia-
betic kidney disease and CAD are needed.
Proteome analysis has recently emerged as a potentially

powerful tool to define biomarkers that enable diagnosis®®
but also prognosis® and assessment of therapeutic interven-
tion.19 The different technological considerations, with re-
spect to both samples and technological platform, have re-
cently been discussed and reviewed.!'"'> We have focused
on urinary proteome analysis as urine has been found to be
quite stable!®!” and contains an array of low-molecular-
weight proteins and peptides that can be analyzed without
the need for additional manipulation such as proteolytic di-
gests.!?

In several recent studies, it has been shown that urinary
proteome analysis enables the definition of biomarkers spe-
cific for diabetes,®!8 for diabetic nephropathy (DN),!0.1819
and also for cardiovascular disease.?’ Consistent with re-
cently published guidelines for clinical proteome analysis,?!
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in this study we aimed to validate these biomarkers and bio-
marker-based models in an independent blinded set of sam-
ples, collected prospectively in a center that has not been in-
volved in the original identification of biomarkers to rule out
any center-based bias.

Research Design and Methods
Patients, procedures, and demographics

Thirty-eight individuals participated in this study: 19 were
CAD cases (15 with T1D, four without diabetes) who were
enrolled into the Coronary Artery Calcification in Type I Di-
abetes (CACTI) study, were asymptomatic for CAD at en-
rollment, and subsequently developed clinical CAD (defined
as myocardial infarction [MI] [ = 4], coronary artery bypass
graft [CABG] [n = 6], or angioplasty [n = 9]). There were 20
participants with events, but one participant did not have a
stored urine sample and was not included in the analysis.
Nineteen controls were matched for age, diabetes status, du-
ration of diabetes (for those participants with T1D), and gen-
der. Controls were selected to have the lowest possible coro-
nary calcium score at baseline of all potential matching
participants (16 had scores of 0, two had scores between 0 and
10, and one had a score of 51.7) and had a follow-up visit on
average 2.4 *+ 0.3 years later with no significant progression
of coronary artery calcium (CAC) from baseline to follow-up.
The CACTI study is a prospective cohort study that includes
1,416 individuals who were asymptomatic for CAD at base-
line (652 with T1D, 764 controls without diabetes) and who
are being followed up longitudinally for both progression of
CAC measured by electron beam computed tomography and
the development of clinical CAD.?? Significant progression
was defined as an increase of 2.5 or greater in the square root
transformed CAC volume from baseline to follow-up.?

The local ethics committee approved the study, and all
subjects gave their informed consent to participate. The
study was performed in accordance with the Helsinki Dec-
laration.

Sample preparation and proteome analysis

All analysis and data processing was performed in accor-
dance with the minimum information about a proteomics ex-
periment guidelines?® and also in line with the suggested
guidelines for clinical proteome analysis.?! All urine samples
were from spontaneously voided urine collected as a timed
overnight sample and were stored at —80°C until analysis (6
years on average). For proteomic analysis, a 0.7-mL aliquot
of urine was thawed immediately before use and diluted
with 0.7 mL of 2 M urea and 10 mM NH4OH containing
0.02% sodium dodecyl sulfate as previously described.!” In
order to remove proteins of higher molecular mass, such as
albumin and immunoglobulin G, the sample was filtered us-
ing Centrisart® ultracentrifugation filter devices (20 kDa mo-
lecular weight cutoff; Sartorius, Goettingen, Germany) at
1,700 g until 1.1 mL of filtrate was obtained. The filtrate was
then applied onto a PD-10 desalting column (Amersham Bio-
science, Uppsala, Sweden) and equilibrated in 0.01%
NH4OH in high-performance liquid chromatography-grade
H,O (Carl Roth GmbH & Co. KG, Karlsruhe, Germany) to
decrease matrix effects by removing urea, electrolytes, and
salts. Finally, all samples were lyophilized, stored at 4°C, and
suspended in high-performance liquid chromatography-
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grade H,O shortly before capillary electrophoresis (CE)-cou-
pled mass spectrometry (MS) analysis.

CE-MS was performed as described'”?> using a CE sys-
tem (P/ACE MDQ, Beckman Coulter, Fullerton, CA) online-
coupled to a time-of-flight mass spectrometer (micrOTOF™,
Bruker Daltonic, Bremen, Germany). The electrospray ion-
ization (ESI) interface (ESI sprayer, Agilent Technologies,
Palo Alto, CA) was grounded, and the ion spray interface
potential was set between —4 and —4.5 kV. Data acquisition
and MS acquisition methods were automatically controlled
by the CE via contact-close-relays. Spectra were accumulated
every 3 s, over a range of m/z 350 to 3,000. Accuracy, preci-
sion, selectivity, sensitivity, reproducibility, and stability
have been previously described.”

Data processing and analysis

Mass spectral ion peaks representing identical molecules
at different charge states were deconvoluted into single
masses using MosaiquesVisu software (Mosaiques Diagnos-
tics and Therapeutics AG, Hannover, Germany).?® In addi-
tion, the migration time and ion signal intensity (amplitude)
were normalized using internal polypeptide standards.?”
The resulting peak list characterizes each polypeptide by its
molecular mass (in kDa), normalized migration time (in
min), and normalized signal intensity. All polypeptides de-
tected were deposited, matched, and annotated in a Mi-
crosoft (Redmond, WA) SQL database, allowing further
analysis and comparison of multiple samples (patient
groups). Polypeptides within different samples were con-
sidered identical if the mass deviation was less than =50
ppm for small (<1,000 Da) and linear increasing to * 75 ppm
(to 20,000 Da) for larger peptides, and the migration time de-
viation was linearly increased from 0.4 to =2.5 min in the
range from 19 to 50 min.

Biomarkers of CAD

In a recent study?® a panel of 15 biomarkers associated
with CAD confirmed by coronary angiography were identi-
fied and validated. Five sequences of biomarkers in the panel
were identified as fragments of collagen a-1(I) and a-1(III).
Here we sought to test if these biomarkers were associated
with prospective CAD events. The 38 paired samples were
therefore evaluated using the model of Zimmerli et al.?% A
CAD score was calculated by using a linear classifier algo-
rithm to sum the product of a classification coefficient and
CE-MS signal for each of the 15 protein biomarkers as pre-
viously described.?

Biomarkers of diabetes

Two previously developed panels of biomarkers for dia-
betes!® were tested for validation. The first was a panel of 40
peptides (model diabetes 4c), nine of which have been se-
quenced and include collagen I and uromodulin fragments.
A second model for diabetes was generated that resulted in
the definition of 261 potential biomarkers, which were uti-
lized to build a support vector machine-based model for di-
abetes (model diabetes 7). Both biomarker models were
tested in the 19 CAD event samples from the CACTI study
to examine the relationship between the subjects” diabetes
status and the biomarkers of diabetes. Analysis was re-
stricted to the CAD event cases as the controls were selected
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based on matching criteria and were therefore not represen-
tative of all controls.

Biomarkers of DN

As nephropathy in those with diabetes presents highly
differently than in controls with normal renal status,®10-11.19
we investigated several biomarker models for DN that have
been previously reported.!® The diagnostic criteria of DN
used were: albumin excretion =300 mg/24 h and the co-
existence of DN or a renal biopsy specimen showing dia-
betic glomerulosclerosis. Model DN1 is based on 102 bio-
markers recently described.!® Model DN2 is based on 65
biomarkers that were subsequently selected out of the 102
biomarkers. Model DN3 is based on 67 biomarkers that rep-
resent a subgroup of the 102 biomarkers. The models were
additive, combined to calculate a single score for DN, the
DNScore.

In addition, we have tested two biomarker models that
have been shown to be indicative of chronic renal damage.'®
Chronic kidney disease was defined clinically as biopsy-
proven immunoglobulin A nephropathy, focal segmental
glomerulosclerosis, membranous glomerulonephritis, and
minimal-change disease. Model RD1 is based on 33 bio-
markers that were found to be statistically significantly al-
tered in cases with chronic renal diseases in comparison to
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controls.?8 Model RD2 is based on 35 biomarkers, and 31 of
the biomarkers are present in both models.

The 19 CAD event samples were examined utilizing these
five models (three for DN, two for “general chronic renal
damage”) to calculate an additive single score for renal dis-
ease, RDScore. The RDScore was evaluated for a relationship
with other markers of renal dysfunction collected in the pres-
ent study, including AER, albuminuria status (normal, mi-
croalbuminuria, or macroalbuminuria), cystatin C, and
serum creatinine.

Statistical analysis

Study participants were matched for sex and diabetes sta-
tus and were matched within 5 years by age and diabetes
duration (for participants with T1D). Variables that were
non-normally distributed were log transformed and in-
cluded albumin excretion rate, cystatin C, visceral fat vol-
ume, and triglycerides. Characteristics of study participants
were compared using a paired ¢ test. Conditional logistic re-
gression was used to model the relationship between the uri-
nary proteome CAD score and CAD case status. A series of
conditional logistic regression models were run to adjust for
potential confounders and known CAD risk factors. Because
of the sample size, potential confounders were adjusted for
individually.

CHARACTERISTICS OF STUDY PARTICIPANTS

Patients with CAD (n = 19)

Controls (n = 19)

Age (years)
T1D (% yes)
Gender (% male) of n =19
Those with T1D (% male)
Those without diabetes (% male)
Blood pressure (mm Hg)
Systolic
Diastolic
Cholesterol (mg/dL)
Total
LDL
HDL
Triglycerides (mg/dL)
BMI (kg/m?)
Waist circumference (cm)
Intraabdominal fat (cm?)
AER (ug/min)
Cystatin C (mg/L)
Estimated GFR
GFR-MDRD
GFR-CG
GFR-MCQ
HbAlc (%)
Overall
T1D
Without diabetes
CAD score
Overall
T1D
Without diabetes
Coronary calcium score
(Agatston units)

473 + 75 480 = 7.2
21% 21%
63% 63%
53% 53%

100% 100%
1283 + 12.82 117.1 + 133

79.6 * 7.0 77.0 + 8.6

195 + 44 186 + 33

122 + 34 110 = 29

51 + 17 58 + 18
102.5 (1.5) 83.5 (1.5)

27.7 * 3.5 250 + 2.8

945 * 11.62 87.0 + 11.0

58.7 + 30.12 433 * 20.8

138 + 3.8 6.5 + 3.2

0.9 (1.4) 0.8 (1.2)

55.9 + 14.52 613 + 11.5

79.1 + 235 774 + 216

72.6 + 21.5° 81.0 + 175

79 + 1.6 74+ 18
85+ 13 79 + 17
59 + 04 57 + 0.3

14.6 + 2.00 127 + 2.7

149 + 2.1 133 = 25

134 + 0.8 10.6 = 2.3

125 (0-2,272) 0 (0-52)

Data are mean *+ SD, geometric mean (SD), or median (minimum — maximum) values. BMI, body mass index; HDL, high-density lipopro-

tein; LDL, low-density lipoprotein.
2P < 0.05.



The analysis for the two biomarker panels for diabetes and
the DNscore and RDscore were limited to participants with
CAD, since the controls were selected to match the CAD
cases and therefore were not representative of the underly-
ing population. The relationship between T1D and the two
biomarkers panels for diabetes was examined using a
Wilcoxon rank sum test. The association between the dia-
betic nephropathy score (DNscore) and the renal disease
score (RDscore) and other measures of renal function (AER,
cystatin C, serum creatinine) were examined using general-
ized linear models. Correlations between DNscore, RDscore,
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and other renal function markers were examined using Pear-
son correlation coefficients. A value of P < 0.05 was consid-
ered statistically significant.

Results

Characteristics of the study participants at the baseline visit
are shown in Table 1. CAD cases did not differ from controls
on the matching characteristics of age, duration of diabetes
(among participants with T1D, diabetes” duration was 31.6 *
8.1 years among cases and 31.4 * 8.0 years among controls),

CAD Cases

Controls

FIG.1. (A) Compiled polypeptide patterns of the patients and controls examined. Shown are compiled patterns consist-
ing of all samples from patients with a subsequent CAD event and from controls with no CAD event during the observa-
tion period. The molecular mass (0.8-25 kDa, on a logarithmic scale) is plotted against normalized migration time (1845
min). Signal intensity is encoded by peak height and color. (B) Distribution of the biomarkers for CAD in the same patients
as shown in (A), with signal intensity amplified 10-fold in comparison to (A). (C) (Top panels) Compiled polypeptide pat-
terns of all subjects in the study, according to albuminuria (29 normoalbuminuric, six microalbuminuric, and three macroal-
buminuric patients). (Bottom panels) Distribution of the 33 biomarkers for chronic renal disease (RD1) in the three groups,
with signal intensity amplified 10-fold in comparison to top panels. (D) (Top panels) Compiled polypeptide patterns of all
subjects in the study, according to metabolic status (30 with diabetes, eight without diabetes). (Bottom panels) Distribution
of the 261 biomarkers for diabetes defined previously in the two groups, with signal intensity amplified 10-fold in com-
parison to top panels.
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FIG. 1. Continued.
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TasLE 2. Opps oF CAD PreDICTED BY URINARY PEPTIDE BIOMARKER PANEL

Adjusted for OR (95% CI) for CAD biomarker
Univariate 2.2 (1.3-5.2)2
Age (years) 2.0 (1.1-5.2)2
AER (ug/min) 2.0 (1.2-4.6)°
Cystatin C (mg/L) 1.94 (1.03-5.94)°
Blood pressure (mm Hg)
Systolic 2.2 (1.2-6.1)P
Diastolic 2.1 (1.2-5.0)2
BMI (kg/m?) 1.9 (1.1-5.3)°

Waist circumference (cm)
Intraabdominal fat (cm?)
HbAlc (%)
Cholesterol (mg/dL)
Total
LDL
HDL
Triglycerides (mg/dL)

3.0 (1.3-20.2)
2.0 (1.2-4.6)
2.7 (1.3-12.5)2

(1.3-5.0)2
(1.3-7.0)2
(1.2-5.1)2
2.2 (1.2-6.1)°

2.1
2.5
2.1

BMI, body mass index; 95% CI, 95% profile likelihood confidence interval; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio.

Likelihood ratio: P < 0.01; PP < 0.05.

and gender. Cases experienced a first CAD event on average
(= SD) 1.4 = 1.3 years following the baseline visit (range,
0.2-4.5 years). Median time to event was similar for MI (183
days) and CABG (209 days) but longer in patients with an-
gioplasty (721 days, P = 0.047), and the CAD score did not
differ by type of event; the median (range) for each event was:
MI, 15.5 (13.2-18.6); CABG, 15.3 (10.9-17.6); and angioplasty,
14.1 (11.5-16.0) (P = 0.31).

All cases without diabetes were male, while 53% of cases
with T1D were male. Systolic blood pressure was signifi-
cantly higher in CAD cases than in matched controls. Body
mass index, waist circumference, and intraabdominal fat vol-
ume were all significantly increased among CAD cases com-
pared to age-, gender-, and diabetes-matched controls. There
was no significant difference in any of the lipid concentra-
tions between CAD cases and controls.

The polypeptide patterns compiled of the CAD cases and
controls are shown in Figure 1A. The CAD score based on
the proteome pattern developed by Zimmerli et al.?’ was sig-
nificantly increased among CAD cases compared to controls
(14.6 = 2.0 vs. 12.7 £ 2.7, P = 0.002), and the distribution of
biomarkers in the proteome pattern among CAD cases and
controls is shown in Figure 1B.

The CAD score was associated with CAD events in uni-
variate analysis (odds ratio 2.2, 95% confidence interval
1.3-5.2, P = 0.0016). When adjustment was made for other
known CAD risk factors and potential confounders, the
polypeptide CAD score remained significantly associated
with CAD, as shown in Table 2.

Biomarkers of diabetes and nephropathy

The DNScore and RDScore biomarkers were correlated
with log-transformed AER, cystatin C, and serum creatinine,
as shown in Table 3. GFR was estimated using the Modifica-
tion of Diet in Renal Disease (MDRD), Cockcroft-Gault, and
Mayo Clinic Quadratic (MCQ) equations,” and there were
significant correlations between calculated GFR and the bio-
marker scores with the exception of DNScore and the GFR es-
timated by the MDRD equation, as shown in Table 3. The
DNScore and RDScore also differed significantly by albu-
minuria status when adjusted for age, diabetes, and gender
(DNScore Least Square Mean * SE, 3.3 £ 1.6, —0.8 = 1.3, and
—2.7 + 0.7 for normal, micro-, and macroalbuminuria [P =
0.009]; RDScore Least Square Mean * SE, 9.5 £ 2.5, —0.4 =
2.0, and —4.4 =+ 1.0 for normal, micro-, and macroalbuminuria

TABLE 3. PEARSON CORRELATIONS OF DNSCORE AND RDSCORE WITH RENAL
FuncTioN MEASUREMENTS, ADJUSTED FOR AGE AND DIABETES STATUS

GFR
AER® Cystatin C? Serum creatinine GFR-MDRD GFR-CG GFR-MCQ
DNScore 0.80P 0.68¢ 0.58¢ —0.43 —0.56¢ —0.50¢
RDScore 0.87° 0.83° 0.76° —0.62¢ —0.66¢ —0.64¢
AER 0.72¢ 0.62¢ —0.62¢ —0.73¢ —0.59¢
Cystatin C 0.98° —0.83° —0.77° —0.85P
Serum creatinine —0.85P —0.72b —0.87°

2Log transformed.
bp < 0.001, <P < 0.05.
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[P = 0.0004]). The distribution of 33 biomarkers for renal dis-
ease (RD1) are shown in Figure 1C, by albuminuria status.

Study participants with T1D had significantly higher dia-
betes biomarker scores compared to individuals without dia-
betes for both model diabetes 4c (10.5 = 9.7 vs. —12.9 + 10.1,
P = 0.0005) and model diabetes 7 (9.7 £ 52 vs. =34 £ 89,P =
0.001). When adjusted for age, gender, AER, and glycosylated
hemoglobin (HbAlc), the model diabetes 4c marker remained
significantly different by diabetes status (Least Square Mean =
SE, 14.7 = 1.3 for patients with T1D, —8.2 £ 3.3 for controls
[P < 0.001]) as did the model diabetes 7 marker (Least Square
Mean * SE, 9.6 *+ 1.8 for patients with T1D,—2.3 * 4.4 for con-
trols [P = 0.04]). The distribution of the 261 biomarkers in
model diabetes 7 is shown in Figure 1D.

The proteomic profile of an individual study participant
is shown in Figure 2, demonstrating the blinded analysis and
its correspondence with clinical data.

Discussion

In the present study we demonstrate that urinary pro-
teome analysis based on the online combination of CE and
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ESI MS may contribute to the identification of patients at risk
of undergoing a CAD event. The urinary protein patterns ex-
amined were associated with the development of clinical
CAD, even when adjusted for known CAD risk factors and
potential confounders.

In addition, there were distinct differences in the urinary
polypeptide patterns among CAD cases who were individ-
uals without diabetes compared to patients with T1D, as well
as significant differences between CAD cases with normal
AER and those with albuminuria.

Further investigation is needed to identify and character-
ize the urinary proteins in the panels that distinguished di-
abetes, diabetic nephropathy, and CAD events from controls.
Such biomarker identification could elucidate pathophysio-
logic mechanisms operative in these conditions and be targets
for therapeutic intervention. One identified class of biomark-
ers used in this study is fragments of collagen a-1(I), which
are decreased in diabetes and even more so in DN. Decreased
levels of urinary collagen fragments may be a result of both
decreased degradation as well as increased resistance of col-
lagen fibers towards proteolysis. The latter may be a result of
increased advanced glycation end products, protecting

Patient 1757

Diabetes 7

FIG. 2. Evaluation of a blinded sample for one patient. (Center panel) Data on all peptides and proteins identified. (Sur-
rounding panels) Distribution of only biomarkers for diabetes (model 7), CAD, and DN (RD1). According to our assess-
ment, this sample scored as being from a patient with diabetes, early DN, and a high probability of CAD. Upon unblind-
ing, this patient, 1757, had diabetes, was microalbuminuric, and experienced a cardiovascular event 270 days after the

sample was taken.
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against proteolytic processing,®® while the former may be re-
lated to decreased level or activity of elastase.!’123! This de-
crease in elastase leads to the accumulation of elastin in the
macula densa, collecting ducts, and pelvicalyceal epithelia of
the kidney. These changes are consistent with the theory that
thickening and expansion of the extracellular matrix plays a
major role in diabetes-associated complications.

The data we report are consistent with previous reports on
type 1 and type 2 diabetes.!%!® Investigators at the Steno Dia-
betes Center identified a proteome pattern with 113 polypep-
tides that were able to distinguish between patients with T1D
and albuminuria versus normoalbuminuric patients with T1D
who were matched for age, gender, and duration of diabetes.!°

The data in the present study as well as previously reported
data'®2?832 indicate that peptides present in urine may reflect
the turnover and dynamic changes in the extracellular matrix.
Changes in these peptides may be an indicator of pathophys-
iologic alterations in the activity of proteases involved in the
maintenance of the extracellular matrix. This dynamic balance
of synthesis and degradation could not easily be accessed pre-
viously, but urinary proteome analysis may be an excellent tool
to investigate this process in greater detail.

Strengths of this study include the use of previously val-
idated biomarker panels: a well-described epidemiologic co-
hort; prospective data on development of CAD; and the use
of well-established proteome analysis methodology per-
formed in a highly reliable laboratory.

However, limitations include the small sample size included
in this pilot study, which precludes regression analysis with
adjustment for multiple variables simultaneously, and the lack
of CAD events in women without diabetes. In addition, since
most of the CAD events were revascularizations, it is possible
that some of these “soft” events were related to other factors,
including CAC score and physician characteristics. Urine sam-
ples were stored at —80°C for 6 years on average, and so it is
possible that some degradation of samples occurred. Further-
more, while these urinary proteome patterns have identified
novel biomarkers, it remains to be demonstrated whether this
technique can add to current clinical prognostication.

The cardiovascular pattern that has been analyzed in the
present study was developed based on the differences be-
tween patients who had CAD by angiography and healthy
controls.?’ The prognostic value of these biomarkers conse-
quently was unknown but has been independently validated
in this study. It is to be expected that evaluation of this and
additional prospective studies will result in the definition of
additional urinary biomarkers that may further increase the
prognostic value of the biomarker model.

In conclusion, urinary proteome patterns are associated
with CAD events with statistical significance. In addition,
urinary proteome patterns associated with T1D and DN have
been validated in this study.

Future work will include expanding this technology to
larger samples to determine whether urinary proteomics can
identify diabetes, DN, and CAD earlier in the pathologic
course and/or add to or improve on current diagnostic tech-
niques. Furthermore, identification of these biomarkers
could provide targets for therapeutic intervention.
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