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Objectives. We aim to explore urinary biomarkers that could monitor CAD in type 2 diabetic patients. Materials and Methods.
Urine samples from two groups, twenty-eight type 2 diabetic patients with coexisting CAD and thirty type 2 diabetic patients
without CAD, were purified by MB-WCX and then analyzed by MALDI-TOF-MS. Subsequently, we compared the urinary peptide
signatures of the two groups by use of ClinProTools2.1 and evaluated the potential ability of the differently expressed peptides to
distinguish type 2 diabetic patients with coexisting CAD from type 2 diabetic patients without CAD by ROC analysis. Finally,
the differently expressed peptides were identified by nanoliquid chromatography-tandem mass spectrometry. Results. There were
six differently expressed peptides (m/z 1305.2, 1743.9, 2184.9, 2756.1, 3223.2, and 6196.1) between the two groups of subjects, and
they were identified as fragments of isoform 1 of fibrinogen alpha chain precursor, prothrombin precursor, and interalpha-trypsin
inhibitor heavy chain H4. The diagnostic efficacy of m/z 2756.1 and m/z 3223.2 was better than the other peptides. Area under
ROC of the m/z 2756.1, and m/z 3223.2 was 0.98 and 0.93, respectively. Conclusions. These urinary peptides are potential urinary

biomarkers for monitoring of type 2 diabetic patients with CAD.

1. Introduction

Coronary artery disease (CAD) is a frequently coexisting
disorder for type 2 diabetic patients and presents as a
major component of public health concerns and subse-
quent economic burdens worldwide. Diabetes mellitus is
an established risk factor for coronary heart disease [1]
and confers about a twofold excess risk for a wide range
of vascular diseases, independently of other conventional
risk factors [2]. Early diagnosis of CAD coexisting with
type 2 diabetes is a key factor for successful treatment
outcome, since early detection could offer the opportunity
to initiate pharmacological treatments and even measures
such as prophylactic stenting, to reduce the risk of developing
cardiac ischemia and myocardial infarction [3, 4]. However,
the diagnosis of CAD with or without diabetes in our current
clinical practices must use a variety of invasive methods

(angiography for CAD) or methods that deliver radiation
(coronary perfusion testing, coronary angiography, and coro-
nary artery calcification). Therefore, improved noninvasive
methods to monitor diabetes and the coexisting CAD are
needed.

To this end, we focus on the urinary proteomics for they
contain extensive information [5-7], and the low molecular
mass proteome in urine is quite stable [8, 9]. Furthermore, it
is an excellent option for the discovery of biomarkers, which
can be used for the early detection, diagnosis, and therapeutic
evaluation of diseases in a clinical setting.

In this study, CLINPROT MALDI-TOF MS was used
to analyze the urinary peptidome profiles that could offer
insight into the potential biomarkers between type 2 dia-
betic patients with and without CAD. Then, nanoliquid
chromatography-tandem mass spectrometry was used to
identify the sequence of the differently expressed peptides.
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TaBLE 1: Demographics and clinical characteristics of two groups of
type 2 diabetes mellitus.

D G

P value
(n=30) (n=28)

Gender (M/F) 22/8 15/13 0.118
DM (year) 4.80 +4.90 7.81 £ 7.06 0.040
CAD (year) / 5.25 + 4.05 /

Mean age 531+99 67.0 £9.9 0.000
FPG (mmol/L) 9.12 +£1.82 8.89 +£2.23 0.605
HbAlc% 7.66 +1.40 756 + 1.01 0.716
HbAlc (mmol/mol) 60.2 +15.3 59.1+11.1 0.716
Cholesterol (mmol/L) 5.46 £ 1.10 4.70 £ 1.06 0.004
HDL (mmol/L) 1.38 £ 0.56 1.32+0.28 0.577
LDL (mmol/L) 3.41+0.90 2.65+0.92 0.001
TRIG (mmol/L) 1.51+0.59 1.50 + 1.05 0.960
A/Cr (mg/g) 11.86 + 7.05 13.48 +£ 6.69 0.371

Data is presented as mean + SD unless otherwise indicated.

D: type 2 diabetes without coronary artery disease; G: type 2 diabetes
coexisting with coronary artery disease; M/F: male/female; DM: the duration
of type 2 diabetes; CAD: the history year of coronary artery disease; FPG:
fasting plasma glucose; HDL: high density lipoprotein; LDL: low density
lipoprotein; TRIG: triglyceride; A/Cr: albumin/creatine.

2. Materials and Methods

2.1. Study Population. This study was approved by the ethics
committee of Beijing Shijitan Hospital, and the participants
all gave informed consent, in accordance with the provisions
of the Helsinki Declaration. The study analyzes two groups.
Twenty-eight type 2 diabetic patients with coexisting clini-
cally confirmed CAD (G, n = 28) and thirty type 2 diabetic
patients without CAD (D, n = 30) from Beijing Shijitan
Hospital were enrolled in this study from October 2012 to
May 2013. All the type 2 diabetic patients had a fasting plasma
glucose (FPG, fast for at least eight hours) >7.0 mmol/L
and glycated hemoglobin (HbAIC) >6.0% (42 mmol/mol).
Details of the clinical characteristics of selected subjects are
shown in Table 1.

2.2. Urine Samples Collection and Preparation. Firstly, second
void morning urine samples were collected from all the
volunteers, discarding the first jet but not the final, and all
volunteers were informed to refrain from unusual and heavy
physical activity the day before urine collection. Moreover,
the urine samples of all the selected subjects had no hema-
turesis, ketosis, and urinary albumin/creatinine ratio (A/Cr)
less than 30 mg/g. Then, sterile polypropylene tubes were
used to collect random urine samples. Immediately after
collection, urine samples were centrifuged at 400 xg for 5
minutes to remove cell debris and casts. Then we divided the
supernatants into aliquots and froze them at -80°C.

The methods including fractionation of urinary peptides
using weak cationic-exchange magnetic beads (Bruker Dal-
tonics), MALDI-TOF MS AnchorChip spotting, and data
acquisition were all performed as previously developed by
Chu et al. [10].
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2.3. Statistical Analyses. Descriptive patient characteristics
are displayed as mean + SD unless otherwise indicated and
calculations were performed using SPSS 17.0. The peak area
was used as quantitative standardization. The comparison of
the peak area between two groups was performed by ¢-tests
(normal distributed data) or Wilcoxon test (abnormal dis-
tributed data) using ClinProTools2.1 bioinformatics software.
Two-tailed P values <0.05 were considered significant in
all statistical comparisons. Receiver operating characteristic
curve (ROC) analysis and area under the curve (AUC) calcu-
lations were constructed for determination of the diagnostic
efficacy of each selected marker.

2.4. Peptide Sequence. A mnanoliquid chromatography-
tandem mass spectrometry, which consisted of an Aquity
UPLC system (Waters) and a LTQ Obitrap XL mass
spectrometer (Thermo Fisher) equipped with a nano-ESI
source, was used to identify the sequences of differential
expression peptides. Firstly the peptide solutions were
loaded into a C18 trap column (symmetry 180 ym x 20 mm x
5 um, nanoAcquity) with the flow rate of 15 yL/min for 3
minutes. Then the desalted peptides were analyzed by C18
analytical column (symmetry 75pm x 150 mm X 3.5um,
nanoAcquity) at a flow rate of 400 nl/min. The mobile phases
A (5% acetonitrile, 0.1% formic acid, Sigma-Aldrich) and B
(95% acetonitrile, 0.1% formic acid) were used for analytical
columns. Gradient elution profile was as follows: 5%B-45%B-
80%B-80%B-5%B-5%B in 60 minutes. The MS instrument
was operated in a data-dependent model. The range of full
scan was 400-2000 m/z with a mass resolution of 100,000
(m/z 400). The ten most intense monoisotope ions were the
precursors for collision induced to two consecutive scans per
precursor ion followed by 90s of dynamic exclusion.

2.5. Bioinformatics and Identification of Urine Biomark-
ers. The obtained spectra were analyzed with Bioworks-
Browser3.3.1 SP1 (Thermo Fisher) and the resulting mass
lists were matched against the IPI Human database (v3.45)
using Sequest search. Parameters were set as follows: Del-
ton > 0.1; Charge2+, Xcorr2.0; charge3+, Xcorr2.5; peptide
probability < le — 003; parent ion masses tolerance: 50 ppm;
fragment ion masses tolerance: 1Da; enzyme: no enzyme;
variable modification: oxidation of methionine.

3. Results

3.1. Urinary Peptidome Profiling. Urine samples from fifty-
eight volunteers purified by magnetic beads exhibited spec-
tral peaks in the 1000-10,000 Da range. After analysis of
MALDI-TOF MS, typical WCX spectra were shown in
Figure 1.

3.2. Statistical Data Analysis between the Two Groups. Using
ClinprotTools2.1, a total of 139 distinguishable peaks were
detected within the 1,000 to 10,000 #/z range, with 90 peaks
having differential expression and statistical significance P <
0.05. To avoid bias, we picked six relative higher peaks
for further analysis and the mass-to-charge ratio of the six
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FIGURE 1: Typical urinary sample mass spectrum from MALDI-TOF MS after being purified by weak cation exchange magnetic beads. (a)
From one sample of type 2 diabetic patients without coronary artery disease. (b) From one sample of type 2 diabetic patients with coronary

artery disease.

TABLE 2: The statistics characteristic of the six selected peaks.

m/z P value D G
1305.2 3.66E — 04 639.7 £ 396.3 354.7 +231.3
1743.9 0.02 1219.3 + 641.4 863.4 +474.1
2184.9 2.93E - 04 1281.1 +£ 667.2 708.7 £ 428.1
2756.1 <le-6 531.8 + 662.7 3516.8 +1363.3
3223.2 <le-6 485.4 + 499.1 2104.8 £ 1171.6
6196.1 0.002 269.4 +190.1 656.7 + 645.6

The peak area of every peak in two groups is presented as mean + SD.
P value was calculated by t-test (normally distributed continuous data) or
Wilcoxon test (nonnormally distributed continuous data). P < 0.05 was
accepted as statistically significant difference. D: type 2 diabetes mellitus
without coronary artery disease; G: type 2 diabetes coexisting with coronary
artery disease.

peaks was 1305.2, 1743.9, 2184.9, 2756.1, 3223.2, and 6196.1
(Figure 2(a)). Compared to D group, m/z 2756.1, 3223.2, and
6196.1 were upregulated (Figure 2(b)) and m/z 1305.2, 1743.9,
and 2184.9 were downregulated in G group (Figure 2(c)). The
statistical characteristics of the six selected peaks are shown in
Table 2. To evaluate the diagnostic efficacy of these peptides,
the ROC analysis was performed to calculate the sensitivities,
specificities, and accuracies at different cut-off points for
differentiating CAD type 2 diabetic patients from control sub-
jects. In the ROC curves, m/z 2756.1 and 3223.2 had excellent
area under the curve (AUC) values (0.98 and 0.93) which
indicate a highly accurate diagnostic test, and m/z 6196.1,
1305.2, and 2184.9 had limited clinical utility AUC of 0.73,
0.773, and 0.755, respectively, while m/z 1743.9 had an AUC
of 0.655 that suggests low diagnostic accuracy (Figure 3).

3.3. Identification of the Potential Urinary Biomarkers for
CAD Patients with Coexisting Type 2 Diabetes. With this
bead-based proteomic technology, we found six potential
biomarkers for CAD patients with coexisting type 2 diabetes.
The peptide sequence of the six differential peaks was
identified by a nanoliquid chromatography-tandem mass

spectrometry, and the Sequest search reported the protein
name. Following MS/MS, the sequence of m/z 1305.2 was
parsed as A DSGEGDFLAEGGGV.R and it is a fragment
of isoform 1 of fibrinogen alpha chain precursor. Similarly,
m/z 1743.9 was parsed as KMADEAGSEADHEGTHST.K
and m/z 2756.1 was S.SYSKQFTSSTSYNRGDSTFESKSY.K
and both of them are fragment of fibrinogen alpha chain
precursor. The m/z 2184.9 comes from interalpha-trypsin
inhibitor heavy chain H4 and its amino acid sequence is
S.RQLGLPGPPDVPDHAAYHPER. The m/z 3223.2 is a
fragment of prothrombin precursor and its amino acid
sequence is C.GLRPLFEKKSLEDKTERELLESYIDGR.I.
Unfortunately, the m/z 6196.1 peak sequence was not
identified. The detailed results are shown in Table 3.

4. Discussion

Urine as a promising source of biomarkers identification
associated with disease has recently been discussed and
reviewed, especially when combined with proteomics [11],
including an internationally harmonized urine collection
protocol. Urinary proteomics, which would yield information
pertinent to the function of both renal and extrarenal organs,
was not only used in the urologic and genital diseases [6,
12], but also in other system diseases, like endocrine system
and digestive system [10, 13]. Driven by the advancements
in technology, mass spectrometry- (MS-) based proteomic
studies aiming at defining clinically relevant biomarkers have
been increasing in number. However, not all MS-analytical
platforms used for biomarker discovery are suitable for
clinical diagnostic applications. Common approaches of MS-
based proteomics for clinical diagnosis include 2DE-MS,
SELDI-MS, liquid chromatography- (LC-) MS, and capillary
electrophoresis- (CE-) MS [14]. In view of urine containing
low molecular mass proteome that does not undergo any
significant change even when urine was stored for up to 3
days at 4°C or 6 h at room temperature [8, 9], so study of low
mass protein/peptide may provide a new field for biomarker



Peak area

Peak area

Peak area

International Journal of Endocrinology

2756.1
4000 . . :
3500 \ :
3000 132232
2500
g 2184.9
< .
2 2000 17439 N
&
1500
1000
500 [S
0 o Rareint Wy J
o o o o o — N <K o o =) <t — Al (=) o — o N N [Te} o o o o o o [Ie}
T T e e L T B O S e Y B =
— (=] O o Nel —_ Nl N — ] (<<} N o <t N (=] (=) (=} o~ [T} el [*)) o~ © o~ n n o~
(=] — o o0 n o~ ] (=)} [e)) S o o [Ta} n 0~ 0~ e} N (=] o L — n (=]
— — — — — — — — — [N} o (o' o o o N o N o o o <+ <t L
m/z
—— Ave D
— AVC_G
(a)
m/z 2756.1 3000 m/z 2756.1
< 6000 :
& *
= 4000 eodes
g . o3e
& 2000 o
0 0 LS .
2720 2740 2760 2780 2800 D G
m/z
- Ave D
—— Ave G 6000 -
m/z 3223.2
m/[z 3223.2 5000 - S 4000 -
2500 : : H E
2000 ) 4000 - . %
° (=%
1500 % 3000 i 2000 -
1000 —5 2000 4
500 &
0 N 1000 - i . 0
3150 3200 3250 3300 0 sealt{Zlue . 2756.1 32232 6196.1
m/z D G
D
- Ave D B G
—— Ave G
m/z 6196.1 m/z 6196.1
700 R 4000
600 : g
500 : € 3000 .
400 : s
300 . 2
200 g 2000 :
100 . :
0 La= 1000 .
5000 5500 6000 0 . -
m/z D

—— Ave D
—— Ave G

(b)

F1GURE 2: Continued.



International Journal of Endocrinology 5

m/z 1305.2 2500 - m/z 1305.2
700 N R .
600 2000 -
s 500 <
= 400 % 1500 -
< 300 v .
L <
& 200 8 1000 - .
100 <
0 500 .
1260 1280 1300 1320 1340 1360 ..‘:ﬁo
0 T T
m/z D G
—e— Ave D
—— Ave G 2500 -
m/z 1743.9
m/z 1743.9 3000 2000 A
1400 TR .
1200 :
s 1000 ~ 2000 - § 1500
5 800 2 ., . =
o M . <
< 600 4 X S
L < Cod oo v 1000 -
& 400 g0l T — o
200 i ost —n
0 R oo 500 A
1700 1750 1800 o0 ::.
m/z 0 T T
D G 0-
e AveD 13052 17439 2184.9
—— Ave G D
m/z 2184.9 G
m/z 2184.9 3000
1400 - S - - :
1200 A
g 1000 s 2000 0®
5 800 5 03 :
§ 600 g —_— :
A 400 & 1000 - o2 o
000® —efe——
208 e
2100 2150 2200 2250 0 , e
m/z D G
—e— Ave D
—— Ave G
(c)

FIGURE 2: The feature of the 6 selected peaks in two groups. (a) The distribution of average peak area from two groups. (b) The average value
of 3 elevated peaks in G group when compared with D group (left and right) and their distribution in all samples (middle). (c) The average
value of 3 decreased peaks in G group when compared with D group (left and right) and their distribution in all samples (middle).

TABLE 3: Identified peptides sequence of the selected peaks.

m/z Molecular weight Amino sequences Protein name

1305.2 1309.55 A.DSGEGDFLAEGGGV.R Isoform 1 of fibrinogen alpha chain precursor
1743.9 1744.67 K.MADEAGSEADHEGTHST.K Fibrinogen alpha chain precursor
2184.9 2181.92 S.RQLGLPGPPDVPDHAAYHPER Interalpha-trypsin inhibitor heavy chain H4
2756.1 2756.22 S.SYSKQFTSSTSYNRGDSTFESKSY.K Isoform 1 of fibrinogen alpha chain precursor
3223.2 3220.74 C.GLRPLFEKKSLEDKTERELLESYIDGR.I Prothrombin precursor

6196.1 Identification failure

discovery. On top of this, we focus our research on the bead-  urinary protein/peptides using weak cationic-exchange mag-

based MALDI-TOF mass spectrometry with its small sample  netic beads without trypsinization and then develop a profile
sizes for analysis, high-throughput capability, exquisitely sen- ~ of urine proteome through MALDI-TOF-MS. By compar-
sitive and high-resolution peptide detection, and monitoring ~ ison with ClinProTools2.1 software, we determined several
of disease progression accurately [15-17]. We directly purified =~ markers that differentiated type 2 diabetic patients with CAD
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d with the m/z 1305.2, 1743.9, 2184.9, 2756.1, 3223.2, and 6196.1 used to

distinguish type 2 diabetic patients coexisting with coronary artery disease from type 2 diabetic patients without coronary artery disease. The
areas under the curve (AUC) were 0.773, 0.655, 0.755, 0.980, 0.932, and 0.735 for the above mentioned peaks, respectively.

from control samples. We selected several proteins/peptides
biomarkers instead of single one because a single biomarker
lacks specificity and perhaps does not exist.

Type 2 diabetes mellitus and CAD share several common
characteristics in pathophysiology, including genetic and
environmental factors, but type 2 diabetes with coexisting
CAD takes on its own features. Insulin resistance and hyper-
glycemia are central features of type 2 diabetes mellitus, and
they confer additional impairment for myocardial infection
[18]. The underlying molecular mechanism of this kind
of cardiac dysfunction is still largely unknown, but it is
thought to involve causal alterations in gene and protein
expression [19]. Proteomic technology now allows us to
examine differential alterations in protein expression in the
disease group and its controls.

In our bead-based urinary proteomic study, we found sev-
eral urinary peptides patterns that were differently expressed
in type 2 diabetic patients with CAD when compared with
type 2 diabetic patients without CAD.

The downregulated peptides m/z 1305.1 and m/z 1743.9
and the upregulated peptide m/z 2756.1 were different
fragments of fibrinogen alpha chain precursor. From our
identified results we can see that different peptides can
come from the same protein, but they play various roles in
diagnosis of disease. Fibrinogen, synthesized by the liver, is
a major plasma protein that consists of pairs of 3 different
polypeptide chains «, 3, and ¥, joined by disulfide bonds to
form a symmetric dimeric structure. It is directly involved
in the clotting process as a clotting factor and releases two
fibrinopeptides A and B from the NH, terminus of the «, 3
chains cleavage by thrombin. There are some other fragments
[20] released from fibrin that degraded by plasmin. So the
changes of the level of plasma fibrinogen or fragments from
fibrinogen could represent some life state that associates with
hypercoagulability such as cardiovascular and cerebrovas-
cular thrombotic diseases [21, 22] and renal failure [23].
The peptide m/z 1305.1 is fibrinopeptide A (sites 20-35) and
m/z 1743.9 is just a fragment (sites 602-620) released from
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fibrinogen « chain. Alkjaerdsig and Fletcher had reported
catabolism and excretion of fibrinopeptide A [24]. Plasma
fibrinopeptide A had been a sensitive marker of in vivo fibrin
formation and was significantly increased in type 2 diabetic
patients with vascular complications [25]. In our study, the
fragments m/z 1305.1 and 1743.9 of fibrinogen alpha chain
in urine were significantly decreased and m/z 2756.1 was
increased in type 2 diabetic patients with CAD. The former
has longer duration of diabetes and thus is exposed longer
in the hyperglycemia that could lead to protein metabolic
disorder and dyslipidemia. The difference exhibited by the
urinary proteomics may be able to explain the complex
metabolism under the hyperglycemia.

Inter-trypsin inhibitor heavy chain H4 (ITIH4) from
which the m/z 2184.9 peptide is derived is a plasma kallikrein-
sensitive glycoprotein (120 kDa) [26] that is expressed mainly
in liver and that acts as an acute-phase protein [27]. The
urinary peptide we identified as a biomarker is a disease-
associated fragment including cancer and inflammatory dis-
ease that had been discovered in the plasma [28]. There is
increasing evidence that oxidative stress and inflammation
play critical roles in the pathogenesis of type 2 diabetes
mellitus and the development of its complications. Inter-
estingly, several papers have suggested that ITIH4 may
represent clinically surrogate markers for the detection and
classification of different disease types [28, 29]. However, the
exact biological function of ITIH4 in vivo remains unclear.

In total there were three elevated peptides in the compli-
cation group compared with the other group. Unfortunately,
one of the three urinary peptides m/z 6196.1 was not identi-
fied. As mentioned above, the m/z 2756.1 peak sequence was
identified as fibrinogen alpha chain. The other one peptide
m/z 3223.2 was fragment of prothrombin precursor. In either
diabetes mellitus patients or CAD patients, a hypercoagulable
state is associated with the increase in thrombosis. Elevated
level of coagulation factors is suggested to contribute to
hypercoagulability and is considered one of the risk factors
that play an important part in the development of stroke and
myocardial infarction [30]. Its elevated expression in urine
may be the result of cardiac injury by hyperglycemia and so
it may be a risk signal for the diabetic patients accompanied
with CAD. From the AUC of peptides m/z 2756.1 and m/z
3223.2, we can conclude that they had a higher diagnostic
efficacy for these diabetic patients with CAD.

In conclusion, the urinary peptides hold important
information that may have direct clinical utility for disease
diagnosis and classification. We are very interested in these
peaks and our next plan will go further to research for every
urinary peptide. However, it is a long way to go to introduce
this technology into clinical practice.
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