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Abstract: Objective: To unveil the differently expressed urinary peptides that are associated with different stages of
lipid control for type 2 diabetes mellitus. Methods: Patients with diagnosed type 2 diabetes mellitus (n=58) and nor-
mal controls (n=29) were included. Serum and urine samples were collected from these subjects. The fasting plas-
ma glucose (FPG), hemoglobin A1c% (HbA1c), cholesterol (CHOL), triglyceride (TRIG), low-density lipoprotein (LDL),
high-density lipoprotein (HDL) were measured by ADVIA2400 Chemistry System. These type 2 diabetic patients were
divided into two groups according to CHOL, TRIG, HDL and LDL, respectively. Urinary peptides were condensed by
magnetic beads based weak cation exchange chromatography and analyzed by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry. ClinProt was used to profile and screen the polypeptide patterns based
on different methods of grouping in diabetic patients and normal controls. Nano-liquid chromatography-tandem
mass spectrometry was used to identify these urinary peptides. Results: Serum CHOL negatively correlated with
urinary peptide m/z 2756.5 (r=-0.315, P=0.016). Serum LDL negatively correlated with urinary peptide m/z 2756.5
(r=-0.390, P=0.002). Areas under the receiver operating characteristic of the three peptides (m/z 2756.5, m/z
3223.2 and m/z 4753.8) were 0.731, 0.673 and 0.602, respectively. The above-mentioned peptide m/z 2756.5
was further identified as fragment of fibrinogen alpha chain precursor and m/z 3223.2 was fragment of prothrom-
bin precursor. Conclusion: There were three urinary peptides (m/z 2756.5, m/z 3223.2 and m/z 4753.8) that dif-
ferently expressed in different stages of serum lipid control in type 2 diabetes mellitus.
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Introduction

In recent decades, there has been an unprece-
dented rise in the prevalence of diabetes. The
International Diabetes Federation foresees an
increase of epidemic proportions in type 2 dia-
betes from about 387 million today to 592 mil-
lion by 2035 [1]. The number of adults with dia-
betes is expected to increase by 69% in
developing countries from 2010 to 2030 [2].
These escalating rates of diabetes worldwide
represent a heavy disease burden at the popu-
lation and individual level as well as for the total
health care system.

Insulin resistance is a main characteristic of
type 2 diabetes mellitus. The directly result of
insulin resistance is the dysfunctional plasma

glucose metabolism. However, insulin resis-
tance can also lead to alterations in the regula-
tion of plasma lipid metabolism which is a major
contributor to the macro-vascular disease
associated with type 2 diabetes mellitus [3-5].
Vascular disease is the major cause of morbid-
ity and mortality in patients with type 2 diabe-
tes mellitus [6, 7]. So, it's imperative to have a
better lipid metabolism control for diabetes
patients though the use of a more convenient,
reliable test. However, there still is not enough
evidence to systematically expound pathobiolo-
gial mechanism for diabetes under the current
state of research.

Urine has long been a promising body fluid for
study, not only in biomarker research but also in
clinical diagnosis. In comparison to plasma,
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urine has many advantages. First, urine can be
collected noninvasively, frequently, and in large
quantities. Second, protein or peptides in urine
is more stable than that in plasma for proteas-
es are activated during blood collection while
the protelytic degradation process is finished
before urine collection [8, 9]. For example,
there is no significant changes of urinary pro-
teins after urine samples are stored for three
days at 4°C or for 6 h at room temperature [10].
Third, we can collect urine samples over a peri-
od of time. Thus, it is convenient to monitor
time-dependent changes. Most importantly,
urine is the result of being a filtrate of blood
and collecting all wastes from the body. There
are researches indicate that small molecules
are abundant in urine [11] and thousands of
different kinds of proteins are present in urine
[12, 13]. Therefore, urine reflects not only kid-
ney disease but also systemic physiology.

The changes of urinary protein and peptides
could reflect the metabolic state of the body.
Our study had found two urinary peptides that
associated closely with the level of glycated
hemoglobin in type 2 diabetes mellitus [14].
Dyslipidaemia is common in patients with type
2 diabetes mellitus. So, the aim of this study
was to unveil the differently expressed urinary
peptides that are associated with different
stages of lipid control for type 2 diabetes melli-
tus, which, to our knowledge, has not yet been
explored.

Materials and methods

Study subjects

Study participants included 29 normal controls
and 58 patients with diagnosed type 2 diabe-
tes mellitus. Participants were recruited from
Beijing Shijitan Hospital from February 2013
until June 2013. The participants all gave writ-
ten informed consent, which was in accordance
with the provisions of the Helsinki Declaration
and approved by the ethics committee of
Beijing Shijitan Hospital, Capital Medical
University. Individuals with type 2 diabetes,
defined as the use of oral glucose-lowering
treatment or a fasting plasma glucose >7.0
mmol/I (126 mg/dl) or nonfasting plasma glu-
cose >11.1 mmol/I (>200 mg/dl), were eligible
for this study. Exclusion criteria included any
diagnoses of renal disease, or acute or chronic
inflammatory disease. Normal controls were
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chosen after a clinical check of renal function,
blood pressure, microalbuminuria and urinary
sediment.

These 58 type 2 diabetic patients were divided
into two groups according to the serum level of
CHOL, TRIG, HDL and LDL, respectively. Firstly,
grouping type 2 diabetes mellitus patients
based on the serum level of CHOL. Type 2 dia-
betic patient with CHOL less than 5.3 mmol/L
was defined as CM1 and that greater than 5.3
mmol/L was defined as CM2. Then, grouping
type 2 diabetes mellitus patients based on the
serum level of TRIG. Type 2 diabetic patients
with TRIG less than 1.7 mmol/L was defined as
TM1 and that greater than 1.7 mmol/L was
defined as TM2. Thirdly, grouping type 2 diabe-
tes mellitus patients based on the serum level
of HDL. Type 2 diabetic patient with HDL less
than 1.2 mmol/L was defined as HM1 and that
greater than 1.2 mmol/L was defined as HM2.
Lastly, grouping type 2 diabetes mellitus
patients based on the serum level of LDL. Type
2 diabetic patient with LDL less than 3.0
mmol/L was defined as LM1 and that greater
than 3.0 mmol/L was defined as LM2. N repre-
sents normal controls.

The clinical characteristics of normal controls
and type 2 diabetes patients are shown in
Table 1.

Serum and urine samples collection and
preparation

After a 12-h fasting period, venous blood speci-
mens were collected in plain tubes, centrifuged
to yield serum and stored at -80°C until
analysis.

Random midstream urine samples were col-
lected in the morning into sterile polypropylene
tubes. Immediately after collection, urine sam-
ples were centrifuged at 400xg for 5 min to
remove cell debris and casts. Then superna-
tants were divided in aliquots and frozen at
-80°C refrigeration until use.

Serum parameters profile

Fasting plasma glucose (FPG), hemoglobin
Alc% (HbAlc), fasting serum total cholesterol
(CHOL), triglyceride (TRIG), low-density lipopro-
tein (LDL), high-density lipoprotein (HDL) were
measured by ADVIA2400 Chemistry System
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Table 1. Clinical data of diabetic patients and normal controls

Group Nu(nr:;oer G('(;/In/d;r Age (year) (mEﬂPo?/L) HbA1c% (mmol/mol)  Duration (year)
N 29 23/6  50.93+9.94 5.49+0.35 5.2+0.3 (3314) /
DM 58 37/21 59.79+12.07 9.0412.03 7.6+1.2 (60+13) 6.03+6.19
DM grouped by CHOL
cM1 31 20/11 64.03+10.63 8.78%+2.01 7.5+1.1 (58+13) 7.30+6.58
CM2 27 17/10 54.92+11.96 9.34+2.05 7.8+1.3 (61+14) 4.5815.47
DM grouped by TRIG
™1 41 27/14 60.76£11.39 8.98+1.87 7.6+1.3 (60+14) 6.29+6.31
T™M2 17 10/7 57.47+13.66 9.19+2.42 7.6+£1.2 (59+13) 5.41+6.03
DM grouped by HDL
HM1 21 17/4 61.24+11.11 9.53+2.30 8.1+1.4 (64+15) 6.49+5.20
HM2 37 20/17 58.97+12.66 8.77+1.84 7.311.0 (56+11) 5.7816.75
DM grouped by LDL
LM1 29 18/11 64.27+11.06 8.84+2.08 7.3+1.0 (57+11) 7.36+6.87
LM2 29 19/10 55.31+11.52 9.25+1.99 7.9+1.4 (62+15) 4.7145.21

(Siemens Healthcare Diagnostics, Deerfield, IL,
USA).

Urinary peptides profile

Prior to urine peptides isolation, urine samples
were thawed at 4°C followed by centrifugation
at 3000 rpm for 10 min, and then supernatants
were immediately proceeded to peptides
fractionation.

We used weak cationic-exchange magnetic
beads (MB-WCX) to separate and purify urinary
peptides through binding, washing, and elution
according to the manufacturer’s instructions
(Bruker Daltonics). First, 10 yl MB-WCX and 95
Ml MB-WCX binding solution were added in a
polypropylene tube, mixed thoroughly and then
10 ul urine samples were added and mixed
thoroughly. The tubes were placed in a magnet-
ic bead separator (Bruker Daltonics) to sepa-
rate the unbound solution. The magnetic beads
were then washed three times. Second, 10 pl
MB-WCX eluting solution was added and mixed
intensively by vortexing. Finally, the clear super-
natant was transferred into a fresh tube, and 5
pl MB-WCX stabilizing solution was added. The
well-mixed eluate was then stored at -20°C.

The eluate of urinary sample was diluted 1:10
in  matrix solution containing «-cyano-4-
hydroxycinnamic acid (Bruker Daltonics). Then
1 pl of the resulting mixture was spotted on-
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to the AnchorChip target (Bruker Daltonics),
allowed to air dry and ionized by a nitrogen
laser (A = 337 nm) operating at 25 Hz. MALDI-
TOF MS was performed using an Autoflex TOF
instrument (Bruker Daltonics). Before data
acquisition of every eight samples, the stan-
dard preparation would be calibrated. Eleven
peptides were used as external standard prep-
aration. Then, mass calibration was performed.
For each MALDI spot, 400 spectra were
acquired in analysis (50 laser shot at 8 differ-
ent spot positions) and the average of 8 spots
represents one urine sample.

Data processing and statistical analysis

The spectra of all signals with a signal-to-noise
ratio >5 were collected in the mass range of
1000-10000Da. All the spectra were analyzed
using ClinProTools2.1 software to normalize
spectra (using total ion count), subtract base-
line and determine peak m/z values and inten-
sities. To align the spectra, a mass shift of no
more than 0.1% was determined. The peak
area was used as quantitative standardization.

ClinProTools2.1 bioinformatics software was
used to find out the differently expressed uri-
nary peptides. To avoid deviation, only peak
with average area >1000 in either of three
groups were analyzed in our study. Comparative
analysis was performed four times, one among
CM1, CM2 and N, one among TM1, TM2 and N,
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Figure 1. Urine peptidome and data analysis of type 2 diabetes patients and normal controls based on CHOL. A. The
average intensity of 152 peaks that were detected by ClinprotTools2.1 available in the 1,000 to 10,000 m/z range.
Arrows indicate peaks with average area >1000 in either of three groups. B. The distributions of the six peaks in all
samples of the three groups. The intensities of peak m/z 2756.5, m/z 3223.2 and m/z 4753.8 were statistically
significant among three groups (P<0.05). Peaks area of m/z 2756.5 and m/z 4753.8 was statistically significant

between CM1 and CM2 (P<0.05).
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one among HM1, HM2 and N, and another
among LM1, LM2 and N. The comparison of the
m/z values among three groups was performed
by nonparametric tests: the Mann-Whitney U
test (for binary comparisons) and the Kruskal-
Wallis test (for multi-group comparisons) using
ClinProTools2.1 bioinformatics software. In all
cases two-tailed P<0.05 was accepted as sta-
tistically significant.

Receiver operating characteristic (ROC) curve
analysis and area under the curve (AUC) calcu-
lations were performed directly with SPSS17.0
software to determine diagnostic efficacy of
each single marker. Correlation analysis was
performed to examine the relationship between
the major urinary peptides and the level of
serum lipid metabolism with SPSS17.0 soft-
ware.

Identification of urinary peptide

Nano-liquid 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 pep-
tides. Firstly the peptide solutions were loaded
to a C18 trap column (symmetry 180 umx20
mmx5 um, nano Acquity) with the flow rate of
15 yl/min for 3 min. Then the desalted pep-
tides were analyzed by C18 analytical column
(symmetry 75 umx150 umx3.5 um, nano
Acquity) 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
from initial to 40 min, 45% B from 40 min to 41
min, 80% B from 41 min to 45 min, 80% B from
45 min to 45.5 min, 5% B from 45.5 min to 60
min, and 5% B in 60 min. 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 pre-
cursors for collision induced dissociation for
two consecutive scans per precursor ion fol-
lowed by 90 s of dynamic exclusion.

The obtained spectra were analyzed with

BioworksBrowser3.3.1 SP1 (Thermo Fisher)
and the information was matched against the
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IPI Human database (v3.45) using Sequest
search. Parameters were set as follows: Delton
>0.1; Charge2+, Xcorr2.0; charge3+, Xcorr2.5;
peptide probability<le-003; parent ion masses
tolerance: 50 ppm; fragment ion masses toler-
ance: 1 Da; enzyme: no enzyme; variable modi-
fication: oxidation of methionine.

Results

Urine peptidome and data analysis of type 2
diabetes patients and normal controls based
on CHOL

Following the grouping as described in meth-
ods, the average intensity of 152 peaks that
were detected by ClinprotTools2.1 available in
the 1,000 to 10,000 m/z range is shown in
Figure 1A. Arrows indicate peaks with average
area >1000 in either of three groups and their
distributions in all samples of the three groups
are shown in Figure 1B. The statistical analysis
of these peaks is also shown in Figure 1B. The
intensity of peak m/z 2756.5, m/z 3223.2 and
m/z 4753.8 was statistically significant among
three groups (P<0.05). Peaks area of m/z
2756.5 and m/z 4753.8 was statistically sig-
nificant between CM1 and CM2 (P<0.05).

Urine peptidome and data analysis of type 2
diabetes patients and normal controls based
on TRIG

Following the grouping as described in meth-
ods, the average intensity of 152 peaks that
were detected by ClinprotTools2.1 available in
the 1,000 to 10,000 m/z range is shown in
Figure 2A. Arrows indicate peaks with average
area >1000 in either of three groups and their
distributions in all samples of the three groups
are shown in Figure 2B. The statistical analysis
of these peaks is also shown in Figure 2B. The
intensity of peak m/z 2756.5, m/z 3223.2 and
m/z 4753.8 was statistically significant among
three groups (P<0.05).

Urine peptidome and data analysis of type 2
diabetes patients and normal controls based
on HDL

Following the grouping as described in meth-
ods, the average intensity of 152 peaks that
were detected by ClinprotTools2.1 available in
the 1,000 to 10,000 m/z range is shown in

Int J Clin Exp Pathol 2016;9(1):37-48
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Figure 2. Urine peptidome and data analysis of type 2 diabetes patients and normal controls based on TRIG. A. The
average intensity of 152 peaks that were detected by ClinprotTools2.1 available in the 1,000 to 10,000 m/z range.
Arrows indicate peaks with average area >1000 in either of three groups. B. The distributions of the six peaks in all
samples of the three groups. The intensities of peak m/z 2756.5, m/z 3223.2 and m/z 4753.8 were statistically
significant among three groups (P<0.05).

Figure 3A. Arrows indicate peaks with average
area >1000 in either of three groups and their
distributions in all samples of the three groups

are shown in Figure 3B. The statistical analysis
of these peaks is also shown in Figure 3B. The
intensity of peak m/z 2756.5 and m/z 3223.2

42 Int J Clin Exp Pathol 2016;9(1):37-48



Urinary peptides in type 2 diabetes mellitus

A
o m/z27565 —+Ave N
m/z32232 —+Ave LM1
' —+Ave LM2
ad m/z4753.8
mfz2170.8
m/z1745.2 \ m/z21849
® 1500 - /
o \ s
t
-
-_
- |
v A
=2
mfz
""" EIEEEYEE
B
miz 2170.8 miz 2184.9
m-
P>0.05 . P>005
i . v S 30004 [ . !
: g : : .8 B
. 200 » " . 2000{ “ g2 owo{ " "
2 A B | . g A | & "
o] ke —e— 8 1000  soteee T—  —ep— 1000] giee i
;4 W g - B e " e e
‘. Lo 30 " 5 -:.o -;.:E " : -E!
" : N i N N N N o
& 8 & & & &
miz 2756.5 miz 3223.2 mlz 4753.8
8000; P<q.05 50004 qu.os 5000, P>q.05
f ) f : ) [ )
S0, P>0.05 40001 + P<0.05 e I
; . : 5 30 !—*—1 S s .
% - -:. hal : . il g : ':
9 o ': 3 2000 . o o 2000{ o«
: : a e o - . ) K
20004 —— goor (] Ju + o oo
» : 1000+ 3 : —_— 10004 o " Tout”
" " H " " B ‘00.&
o .;. & —-F.w— ”» .:.o L) H (24
RS b Ol et T el 0 . b2
® A

Figure 3. Urine peptidome and data analysis of type 2 diabetes patients and normal controls based on HDL. A.
The average intensity of 152 peaks that were detected by ClinprotTools2.1 available in the 1,000 to 10,000 m/z
range. Arrows indicate peaks with average area >1000 in either of three groups. B. The distributions of the six
peaks in all samples of the three groups. The intensities of peak m/z 2756.5 and m/z 3223.2 were statistically
significant among three groups (P<0.05). Peaks area of m/z 3223.2 was statistically significant between HM1 and
HM2 (P<0.05).

was statistically significant among three groups tically significant between HM1 and HM2
(P<0.05). Peaks area of m/z 3223.2 was statis- (P<0.05).
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Figure 4. Urine peptidome and data analysis of type 2 diabetes patients and normal controls based on LDL. A. The
average intensity of 152 peaks that were detected by ClinprotTools2.1 available in the 1,000 to 10,000 m/z range.
Arrows indicate peaks with average area >1000 in either of three groups. B. The distributions of the six peaks
in all samples of the three groups. The intensities of peak m/z 2756.5 and m/z 3223.2 were statistically signifi-
cant among three groups (P<0.05). Peaks area of m/z 2756.5 was statistically significant between HM1 and HM2

(P<0.05).

Urine peptidome and data analysis of type 2
diabetes patients and normal controls based
on LDL

Following the grouping as described in meth-
ods, the average intensity of 152 peaks that
were detected by ClinprotTools2.1 available in
the 1,000 to 10,000 m/z range is shown in
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Figure 4A. Arrows indicate peaks with average
area >1000 in either of three groups and their
distributions in all samples of the three groups
are shown in Figure 4B. The statistical analy-
sis of these peaks is also shown in Figure 4B.
The intensity of peak m/z 2756.5 and m/z
3223.2 was statistically significant among
three groups (P<0.05). Peaks area of m/z
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Figure 5. ROC curve and area under the curve (AUC) of the differently expressed peaks.

Table 2. Identified peptides sequences of the differently expressed peaks

m/z Molecular weight Amino sequences Protein name and corresponding IPI
2756.5 2756.22 S.SYSKQFTSSTSYNRGDSTFESKSY.K IPI00021885
Isoform 1 of Fibrinogen alpha chain precursor
3223.2 3220.74 C.GLRPLFEKKSLEDKTERELLESYIDGR.I IPI00019568
Prothrombin precursor

4753.8 Identification failure
2756.5 was statistically significant between m/z 2756.5 (r=-0.065, P=0.627) and m/z
HM1 and HM2 (P<0.05). 3223.2 (r=-0.185, P=0.165). Serum LDL nega-

tively correlated with m/z 2756.5 (r=-0.390,
ROC analysis P=0.002), m/z 3223.2 (r=-0.199, P=0.135)

Receiver operating characteristic (ROC) curve and m/z 4753.8 (r=-0.249, P=0.06).

and area under the curve (AUC) of the three
peaks are shown in Figure 5. AUC of m/z
2756.5, m/z 3223.2, and m/z 4753.8 was

Identification of the four peptides

0.731, 0.673 and 0.602, respectively. By nano-liquid chromatography-tz.andem mass
spectrometry detection, the peptide sequenc-

Re[ationship of these three Urinary peptides es of the differential peaks were identified. The

with serum lipid metabolism amino acid sequences of m/z 2756.1 SYS-
KQFTSSTSYNRGDSTFESKSY and m/z 3223.2

Correlation analysis was performed to examine GLRPLFEKKSLEDKTERELLESYIDGR. Unfortu-

the relationship between the major urinary pep- nately, m/z 4753.8 was not identified. Through

tides and serum lipid metabolism. Serum CHOL the Sequest search, m/z 2756.5 was fragment

negatively correlated with m/z 2756.5 (r=- of fibrinogen alpha chain precursor and m/z

0.315, P=0.016), m/z 3223.2 (r=-0.139, 3223.2 was found to be partial sequences of

P=0.297)and m/z4753.8 (r=-0.199, P=0.135). prothrombin precursor. The complete identifi-

Serum TRIG correlated pOSitiVG'y with urinary cation results are shown in Table 2.

peak m/z 2756.5 (r=0.093, P=0.487) and m/z

3223.2 (r=0.210, P=0.114) and negatively with Discussion

m/z 4753.8 (r=-0.221, P=0.095). Serum HDL

positively correlated with urinary peak m/z Lipid abnormalities are common in people with

4753.8 (r=0.122, P=0.362) and negatively with type 2 diabetes mellitus. Recent developments
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have recognized the complex nature of diabetic
dyslipidaemia is characterized by a spectrum of
quantitative and qualitative changes in lipid
and lipoproteins which encompasses elevated
plasma concentrations of triglyceride (TRIG),
small dense low-density lipoprotein (LDL) and
low high-density lipoprotein (HDL) [15]. How-
ever, the prevalence of dyslipidemia in type 2
diabetes varies in different study populations
based on the presence of metabolic syndrome
and the variable definition of the cut off levels
for serum lipid [16, 17]. The FIELD study report-
ed about 38% of the recruited subjects had
dyslipidemia (triglycerides >1.7 mmol/L and
low HDL<1.03 mmol/L in men and <1.29
mmol/L in women [18]. There was a larger pop-
ulation based registry of 75048 patients with
type 2 diabetes in Sweden reported that about
37-38% had elevated triglycerides (>1.7
mmol/L but <4.0 mmol/L) with or without low
HDL [19]. In our study, it was about 30% of the
subjects that had elevated triglycerides (>1.7
mmol/L) with or without low HDL.

A number of factors may contribute to lipid
abnormalities in patients with type 2 diabetes,
including insulin resistance, adipocytokines,
and hyperglucaemia [20-22]. There was study
indicating that triglycerides and unesterified
cholesterol are markers of poor glycemic con-
trol in patients with type 2 diabetes [23].
However, elevated plasma TRIG, small dense
LDL and low HDL can be detected years before
the clinical diagnosis of type 2 diabetes in sub-
jects with normal glucose concentrations [24].
Hyperglucaemia can lead to dyslipidaemia
while dyslipidaemia may also present before its
diagnosis in patients with type 2 diabetes. The
underlying pathophysiology of diabetic dyslipid-
emia is complex and still not well understood.

With the development of mass spectra technol-
ogy, urinary proteomics has emerged as a
promising tool for biomarker screening and
identification. Bead based MALDI-TOF MS
allows to enrich and analysis of the small pro-
teins or peptides in different bio fluids, so the
lower molecular mass compounds in the urine
can now be analyzed in a mass spectrometer
without additional manipulation (e.g. tryptic
digests) [25]. Therefore, analysis of a urinary
lower molecular mass peptide would be more
prone to regularly and systematically diagnosis
of disease and reveal pathophysiology of the
disease.
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To avoid deviation, only peak with average area
>1000 in any one of the three groups were ana-
lyzed in our study. Diabetic dyslipidaemia con-
sists of elevated plasma concentrations of
TRIG, small dense LDL and low HDL. So, com-
parative analysis was performed four times in
our study. First, patients with type 2 diabetes
were divided into two groups based on the
serum level of CHOL. Figure 1A shows that
there were six peaks of which average area
>1000 in any one of the three groups. Figure
1B shows the intensity of peaks m/z 2756.5,
m/z 3223.2 and m/z 4753.8 had statistical dif-
ference among three groups, but there was no
significant difference between CM1 and CM2
for peak of m/z 3223.2. Second, we divided
diabetes patients into two groups based on the
serum level of TRIG. Figure 2A shows that there
were six peaks of which average area >1000 in
any one of the three groups. Figure 2B shows
the intensity of peaks m/z 2756.5, m/z 3223.2
and m/z 4753.8 had statistical difference
among three groups, but the intensity of the
three peaks had no significance difference
between TM1 and TM2. Third, we divided dia-
betes patients into two groups based on the
serum level of HDL. Figure 3A shows that there
were six peaks of which average area >1000 in
any one of the three groups. Figure 3B shows
the intensity of peaks m/z 2756.5 and m/z
3223.2 had statistical difference among three
groups, but the intensity of the peak m/z
2756.5 had no significance difference between
HM1 and HM2. Fourth, we divided diabetes
patients into two groups based on the serum
level of LDL. Figure 4A shows that there were
six peaks of which average area >1000 in any
one of the three groups. Figure 4B shows the
intensity of peaks m/z 2756.5 and m/z 3223.2
had statistical difference among three groups,
but the intensity of the peak m/z 3223.2 had
no significance difference between LM1 and
LM2.

There were six peaks with average area >1000
in any one of the three groups based on differ-
ent grouping methods. However, they present
different statistical characters. When correla-
tion analysis was performed to examine the
relationship between the major urinary pep-
tides and serum lipid metabolism, only the
intensity of peak m/z 2756.5 was negatively
correlated with the serum level of CHOL and
LDL.

Int J Clin Exp Pathol 2016;9(1):37-48



Urinary peptides in type 2 diabetes mellitus

The peak of m/z 2756.5 was identified as a
fragment of isoform 1 of fibrinogen alpha chain
precursor and m/z 2756.5 was a fragment of
prothrombin precursor. We know that fibrino-
gen and prothrombin are coagulation factors in
blood. But, it is unclear whether these proteins
play roles in other process of pathophysiology
in type 2 diabetes and we didn't know how
these fragments filtrate into urine. Urine is par-
tial ultrafiltrate of blood and it is a window to
reflect the actual changes of the body.

In type 2 diabetes mellitus, there are some
major pathological conditions that could be
responsible for the presence of diabetes-relat-
ed biomarkers in urine: oxidative stress, low-
grade inflammation and endothelial damage
[26]. There exist lipid and protein metabolic dis-
orders in type 2 diabetes mellitus. Increased
lipid synthesis further stimulates artery smooth
muscle cell proliferation, leading to vascular
basement membrane thickening and resulting
in microcirculation disturbance. It is easy to
cause tissue ischemia, hypoxia and produce a
large number of reactive oxygen species (ROS)
[27-29]. ROS could injure vascular intimal mem-
brane and put the patients with type 2 diabetes
in a pathological state of blood coagulation and
fibrinolysis. Under this state, the signals could
induce the corresponding cell to produce more
proteins [30]. The two elevated urinary pep-
tides represent main clinical parameters for the
evaluation of the diabetic status which may be
used as indicators of risk for diabetic vascular
complications.
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