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Differential expression of coagulation s
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Abstract

Background Coagulation function monitoring is important for the occurrence and development of diabetes. A
total of 16 related proteins are involved in coagulation, but how these proteins change in diabetic urine exosomes
is unclear. To explore the expression changes of coagulation-related proteins in urine exosomes and their possible
roles in the pathogenesis of diabetes, we performed proteomic analysis and finally applied them to the noninvasive
monitoring of diabetes.

Methods Subject urine samples were collected. LC-MS/MS was used to collect the information on coagulation-
related proteins in urine exosomes. ELISA, mass spectrometry and western blotting were used to further verify the
differential protein expression in urine exosomes. Correlations with clinical indicators were explored, and receiver
operating characteristic (ROC) curves were drawn to evaluate the value of differential proteins in diabetes monitoring.

Results Analyzing urine exosome proteomics data, eight coagulation-related proteins were found in this study.
Among them, F2 was elevated in urine exosomes of diabetic patients compared with healthy controls. The results of
ELISA, mass spectrometry and western blotting further verified the changes in F2. Correlation analysis showed that
the expression of urine exosome F2 was correlated with clinical lipid metabolism indexes, and the concentration of F2
was strongly positively correlated with blood TG levels (P<0.05). ROC curve analysis showed that F2 protein in urine
exosomes had a good monitoring value for diabetes.

Conclusion Coagulation-related proteins were expressed in urine exosomes. Among them, F2 was increased in
diabetic urine exosomes and may be a potential biomarker for monitoring diabetic changes.
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Introduction

Diabetes mellitus (DM) is a metabolic disease. It is
mainly caused by insulin resistance or impaired insulin
production and has reached epidemic proportions world-
wide [1, 2]. At present, there are more than 537 mil-
lion people with diabetes mellitus worldwide, and the
number continues to rise [3]. Type II diabetes mellitus
accounts for more than 90% of these cases, and the num-
ber of people with type II diabetes mellitus is expected to
reach 700 million by 2045 [4], which is a serious threat to
human life and health.

To date, diabetes mellitus remains incurable, and all
patients with type I diabetes mellitus and advanced type
II diabetes mellitus are treated with exogenous insulin
[3]. As a chronic disease, diabetes mellitus needs lifelong
monitoring. The current clinical indicators are still lim-
ited in detection. Long-term and repeated invasive blood
drawing tests have caused physical and mental pain
and burden to patients [5-7]. How to establish objec-
tive monitoring methods and minimize the trauma and
mental burden of patients is one of the most challenging
problems at present.

Urine is one of the most attractive samples for large-
scale noninvasive clinical screening programs [8]. Urine
is a potential source of disease biomarkers that could
replace plasma. Exosomes are tiny membrane vesicles
that are secreted by most cells in the body and range in
diameter from 30 to 150 nm. Exosomes are derived from
the endocytosis pathway of plasma membrane invagina-
tion and are a new library of biomarkers for discovery [9].
Exosomes are secreted by different cell types under nor-
mal and pathological conditions, and their contents and
functions vary accordingly [10, 11]. Studies have found
that exosomes are associated with pregnancy [12, 13],
metabolism [14], cardiovascular disease [15], the cen-
tral nervous system [16] and cancer progression [17]. In
recent years, the continuous development of urine pro-
teomics has provided room for the development of urine
exosome protein biomarkers [18]. Although large clinical
studies are required to validate these exosome biomark-
ers, the potential of urine exosomes as a noninvasive
alternative to current diagnostic tests warrants further
investigation.

Coagulation is the process in which coagulation fac-
tors are activated in a certain order to produce thrombin,
and then converts fibrinogen into fibrin. The coagulation
process needs to be finely regulated, and its coherence is
of great importance [19]. Coagulation factors are mainly
produced by the liver and circulate in the blood. Pro-
thrombin, also known as factor II (F2), is the precursor
of thrombin. Prothrombin is activated and hydrolyzed to
thrombin by factor X and plays a key role in physiologi-
cal and pathological coagulation processes [20]. Recent
studies found that coagulation factors are also involved in
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tissue repair and inflammatory expression, including ner-
vous system inflammation [20, 21].

As a chronic metabolic disease, diabetic patients often
exhibit a hypercoagulable state. And hypercoagulability is
an important factor for the occurrence and progression
of diabetes. Studies have found that persistent elevation
of blood glucose leads to prothrombin and fibrinogen
glycosylation, which incompletely activates the coagula-
tion cascade. At this point, the levels of many coagula-
tion factors in the plasma increase, such as fibrinogen,
factor VII, factor IX, factor XII, etc. [21, 22]. After that,
the blood coagulation function and fat metabolism of the
human changed significantly, which in turn promoted
the occurrence and development of diabetes mellitus.
Therefore, the monitoring of coagulation function has
important clinical significance. It is also very important
to understand the changes and influences of the expres-
sion of coagulation factors in the urine exosomes of dia-
betic patients to study the occurrence and development
of diabetes mellitus.

The purpose of this study was to verify the expression of
coagulation-related proteins in urine exosomes by means
of proteomics and to explore the role of coagulation fac-
tors in the pathogenesis of diabetes mellitus. In addition,
we evaluated its diagnostic and monitoring efficacy for
diabetes mellitus, thereby providing suitable, sensitive,
and specific biomarkers for diabetes monitoring.

Materials and methods
Patients
Patients with diabetes mellitus admitted to Beijing Shi-
jitan Hospital from September 2020 to April 2021 were
included as the study subjects, and healthy people
with age and sex matching were selected as the healthy
control. Diabetic patients had fasting blood glucose
(FBG)=7.0 mmol/l, glycated hemoglobin (HbAlc)>6.5%
or OGTT 2-hour blood glucose>11.1 mmol/L. The dis-
covery cohort consisted of 30 patients with diabetes mel-
litus and 30 healthy controls. The test verification cohort
consisted of 24 patients with diabetes mellitus and 24
healthy controls. And the validation cohort included 36
patients with diabetes mellitus and 36 healthy controls.
Clinical data and routine test indexes of subjects
were collected retrospectively. All subjects were free
of hematuria, proteinuria and ketosis. Urinary diseases
and tumors were also excluded, and patients with a his-
tory of drug use for 2 weeks were excluded before urine
samples were collected. All subjects provided informed
consent prior to inclusion in the study and specimen col-
lection. All procedures were carried out in accordance
with the ethical standards of the Declaration of Helsinki
and approved by the Ethics Committee of Beijing Shijitan
Hospital.
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Exosome extraction

Thirty milliliters of clean morning urine was collected
from the subjects, and the urine samples were centri-
fuged at 1500 g speed for 10 min and 10,000 g speed for
30 min to remove dead cells and debris. The exosomes
were then collected using the size exclusion SEC method
(qEV10/35 nm, IZON, Shanghai, China) [23-25]. Sam-
ples were stored at -80°C until use. The morphology of
exosomes was detected by transmission electron micro-
scope (TEM); the size and concentration of exosomes
were identified by nanoparticle tracking analysis (NTA);
and the exosome markers and common exosome nega-
tive protein were analyzed by western blotting analysis.

Mass spectrometry analysis of urine exosomes
Experiments were performed on a QExactive HF-X mass
spectrometer (Thermo Fisher), and mass spectra were
acquired in data independent acquisition (DIA) mode
with a full scan range of m/z 350—-1500 and resolution of
120,000 (m/z 200). Mass spectrometry results were que-
ried in the SwissProt human database within UniProt
(www.uniprot. org) using the proteome discovery soft-
ware suite (Thermo Fisher Scientific v2.1). At the protein
level, each protein contained at least one unique peptide
using false discovery rate (FDR) of 1% as a filter. Proteins
with a fold change>1.5 and p value<0.05 were consid-
ered significantly different.

Western blotting

To further verify the proteomic analysis results of urine
exosomes, we conducted western blotting experiments.
After the exosomes were lysed, protein of equal mass
was loaded onto a 12% Tris-HCI SDS-polyacrylamide
gel. Transferred to PVDF membrane by Trans-Blot Turbo
Transfer System (Bio-Rad, California, USA), and shaken
for 2 h at room temperature after blocking with 5% skim
milk in TBST. Then, the primary antibody (1:1000 dilu-
tion; Abcam, Cambridge, UK) was added and incubated
overnight. Washed three times with TBST for 15 min
each time, and added the horseradish peroxidase-labeled
secondary antibody (diluted by 1: 2000; Bios, Beijing,
China), and incubated at room temperature for 2 h.
After that, they were washed three times with TBST and
detected by enhanced chemiluminescence (ECL).

Enzyme linked immunosorbent assay

The validation cohort included 36 patients with diabetes
mellitus and 36 healthy controls who were age- and sex
-matched. Urine exosomes were lysed with RIPA, and
then the protein concentration was measured. The total
mass of fixed protein was 10 pg, and the loading amount
was adjusted to 100 pl with sample buffer. Then, a sam-
ple of 10 ul was added into each well using the YuanJu
Biotechnology Center (Shanghai, China) ELISA kit. The
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concentration of target protein in exosomes was deter-
mined three times for each sample according to the
instructions. The unknown sample concentration was
calculated according to the standard curve, and the unit
of target protein expression in exosomes was defined as
pg/ml.

Statistics

All experimental data were presented as the mean*stan-
dard deviation (SD), and statistical analysis was per-
formed by GraphPad Prism 8.0 (GraphPad, La Jolla, CA,
USA) software. Student’s t-test was used for comparison
of differences between groups. Pearson correlation was
used for correlation analysis. The diagnostic performance
of the target protein was evaluated using receiver operat-
ing characteristic curve (ROC) analysis. P<0.05 was con-
sidered statistically significant.

Results

Clinical characteristics

The age and sex of all groups were matched, and the clini-
cal data and relevant indicators of the selected subjects
were shown in Table 1. There were no significant differ-
ences in aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) and serum creatinine (Cr) between
the diabetes mellitus patients and the healthy controls
(P>0.05).

Characteristics of exosomes isolated from urine

Exosomes were isolated from the urine of samples, and
the morphology of exosomes was detected by TEM. As
shown in Fig. 1A, we observed an obvious double-mem-
brane oval structure, and the size of exosomes ranged
from 100 to 120 nm. Through NTA measurement, it was
found that the average size of the exosomes was 123.7 nm
(uploaded as Supplementary materials 1). Western blot-
ting was used to detect the presence of two exosome
markers: the transmembrane proteins CD9 and CD63
(Fig. 1B). As shown in the figure, exosomes isolated from
the urine of the DM and HC groups expressed CD9 and
CD63. Furthermore, all samples were negative for Cal-
nexin, indicating fewer contaminants in the exosomes.
According to the guidelines of the International Society
of Extracellular Vesicles (ISEV) on the characterization
of exosomes, our research results proved the existence of
exosomes.

Changes in the expression of coagulation-related proteins
in urine exosomes

The false discovery rate (FDR) was set to 1%, and the
MaxQuant human database was searched. Accord-
ing to the data of the discovery cohort, a total of eight
coagulation-related proteins were identified in the urine
exosomes (Supplementary material 2). The hierarchical
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Table 1 Clinical characteristics of diabetes mellitus patients (DM) and healthy controls (HC)

Characteristics

Test verification cohort Validation cohort

Discovery cohort

NC
(n

DM

(n

NC

(n

DM

(n

NC

(n

DM

(n

=36)

=36)

=24)

=24)

=30)

=30)

ns

52444471 54.94+6.30

ns

55.92+9.79
441+1.07

5741+578
451+0.89

ns

55.80+5.06
427+1.02

53.73+4.87
474+0.88

Age, years
TC, mmol/L
TG, mmol/L

ns

4.76+0.86
201+0.90

332+0.70

507+1.02

ns

ns

ns

1.60+0.89
349+098

ns

1.53+£0.58
3.08+0.92

1294044
2.77+084

ns

1.39£033
293+092

123+041
3.12+£0.72

ns

ns

ns

LDL-C, mmol/L
UA, umol/L

ALT, U/L

ns

361.8+76.27
29.83+16.53
2547+16.83
742841291

381.2+85.10
28.11+£15.17
22.11+6.22
78.53£6.61

ns

333.9+£98.65
18.75+6.28
2345+9.69
62.08+14.39
40.62+3.09

318.1+54.62

19.79+4.54
20.58+2.88
66.83+11.13

ns

339.6+75.02

304.1£65.08
24474799

ns

ns

ns

23.03+15.34
21.20+8.79

ns

ns

ns

21431495
7733+£1031
44.14+297

AST, U/L

ns

ns

ns

76.30+20.09
4339+232

Cr, umol/L
ALB, g/L

(2023) 22:145

ns

4449+2.15 4423+2.12

ns

42.08+2.11

ns

KKK

9.53+£245
791+£1.28

539+037
5394032

XK

7904262
8.87+1.90

525+£0.35
5.38+0.20

8.73+191 xxx

5531044
535+050

FBG, mmol/L
HbA1c, %

XK

XK

XXX

7.62+1.08

UACR ratio, mg/g, n (%)

<30
>30

36

36

24

24

30

30

Note: TC: Total Cholesterol; TG: Triacylglycerol; LDL-C: Low density lipoprotein cholesterol; UA: Uric acid; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Cr: Creatinine; ALB: Albumin; FBG: Fasting Blood

Glucose; HbAIlc, glycated hemoglobin; UACR ratio, urinary albumin/creatinine ratio. P value: ns, no significance; ***, <0.001
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clustering heatmap for these proteins was shown in
Fig. 1C. Fold change>1.5 and P value<0.05 were con-
sidered significant differences. As shown in Fig. 1D, the
expression of F2 protein in urine exosomes in diabetic
patients was upregulated compared with that in healthy
controls.

Bioinformatics analysis of coagulation-related proteins in
urine exosomes

We further performed GO and KEGG analysis of these 8
proteins, and the results were shown in Fig. 2. Biological
process analysis showed that these proteins were closely
related to blood coagulation, hemostasis, and regula-
tion of body fluid levels. Most cellular components were
located on the collagen-containing extracellular matrix,
and their molecular function was mainly related to the
extracellular matrix structural constituent (Fig. 2A). By
KEGG pathway analysis, complement and coagulation
cascades were the most enriched functions (Fig. 2B). At
the same time, this study used the STRING database to
predict the interactions of 8 different proteins. As shown
in Fig. 2C, these proteins had strong interactions, of
which the F2 protein was the core protein.

Validation of coagulation-related protein expression in
urine exosomes from diabetic patients

We performed a series of validation experiments on dif-
ferentially expressed F2 proteins in diabetic patients.
According to the validation cohort, we conducted an
ELISA experiment. The subjects included the diabetes
mellitus patients (DM, n=36) and the healthy controls
(HC, n=36), as shown in Fig. 3A. The expression level
of F2 in urine exosomes of the diabetes mellitus patients
was significantly higher than that in the healthy controls,
and the difference was statistically significant (P<0.05).
According to the results of mass spectrometry data in the
test verification cohort (Fig. 3B), the subjects included
the diabetes mellitus patients (DM, n=24) and the
healthy controls (HC, n=24). Compared with the healthy
controls, the expression level of F2 in urine exosomes of
the diabetes mellitus patients was significantly increased
(P<0.05). Urine exosomes from diabetes mellitus
patients and healthy controls were selected for western
blotting, as shown in Fig. 3C. F2 was the target protein
and GAPDH was the internal reference protein in urine
exosomes. In western blotting, F2 expression level was
higher in urine exosomes of the diabetes mellitus patients
compared with the healthy controls.

Study on F2 protein expression in diabetic patients with
different HbA1c levels

Clinically, there is no clear standard for the classifica-
tion of diabetic patients. In this experiment, we made a
preliminary classification according to the HbAlc level.
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Fig. 1 Identification of urine exosomes and proteomic analysis of coagulation-related proteins

A: Representative TEM image of urine exosomes. Exosomes have an elliptic morphology (scale; a=200 nm, b=500 nm)

B: Western blotting images of the markers and negative markers in the urine exosomes. Significant expression of CD9 and CD63 markers was observed in
the healthy controls (HC) and diabetes mellitus patients (DM). Calnexin was not detected in the urine exosomes of samples

C: Hierarchical clustering heatmap analysis of coagulation-related proteins in urine exosomes of the healthy controls (HC) and diabetes mellitus patients
(DM). N1, females in HC group; N2, males in HC group; T1, females in DM group; T2, males in DM group

D: Volcano plot analysis of coagulation-related proteins and relative abundance change of F2 protein in the healthy controls (HC) and diabetes mellitus
patients (DM). The x-coordinate is denoted by log, (FC) and the y-coordinate is denoted by -log,, (P), *, P<0.05

Patients with HbAlc<8% were considered as general
level, with good blood glucose control. Patients with
HbA1c>8% were considered as high level, and blood glu-
cose control was poor. According to the data of the vali-
dation cohort and test verification cohort, we explored
the expression of F2 protein in different states of diabetes.
As shown in Fig. 4, the expression of F2 in the urine exo-
somes of patients in the high level group was significantly
lower than that in the general level group (P<0.05), and
the difference was statistically significant (P<0.05). In
addition, the expression of exosome F2 protein in two
groups was higher than that in the healthy controls.

Correlation analysis between the expression of F2 in urine
exosomes and clinical indicators

Based on ELISA data from the validation cohort, we
explored the correlation between F2 concentration in
urine exosomes and clinical indicators, including TG,
HDL-C, LDL-C, GLU, etc. The results were shown in
Table 2. There was a strong positive correlation between
urine exosome F2 concentration and blood TG. Urine
exosome F2 was negatively correlated with HDL-C con-
centration and RBC number in diabetic patients, and
positively correlated with basophil ratio, but there were

no such correlations in normal subjects. Further investi-
gation showed that the concentration of urine exosome
protein F2 was linearly correlated with the blood TG
level, as shown in Fig. 5. With the increase of F2 concen-
tration in urine exosomes, the TG concentration may
also increase.

Urine exosome F2 protein is of reference value for the
auxiliary monitoring of diabetes mellitus

Based on the data of the test verification cohort and the
validation cohort, the ROC curve was established to
analyze the auxiliary monitoring value of F2 protein in
urine exosomes, as shown in Fig. 6. The area under the
F2 curve of urine exosomes in the validation cohort was
0.724 (95% confidence interval: 0.606 to 0.841). The area
under the F2 curve of the urine exosomes in the test veri-
fication cohort was 0.759 (95% confidence interval: 0.621
to 0.897). In conclusion, urine exosome F2 has auxiliary
diagnostic value and may be a potential biomarker for
monitoring diabetes mellitus.
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Fig. 2 Bioinformatics analysis of coagulation-related proteins in urine exosomes
A: GO enrichment analysis of 8 coagulation-related proteins. The ordinate represents GO functional categories: biological process (BP), cellular compo-

nent (CC), and molecular function (MF).
B: KEGG enrichment analysis of 8 coagulation-related proteins

C: PPl network analysis of 8 coagulation-related proteins. More lines represent stronger correlations

Discussion

The coagulation is a continuous process, including the
formation of prothrombin activator, thrombin formation,
and fibrin production. Abnormalities at each stage can
lead to disease. Patients with long-term diabetes mellitus
greatly increase the risk of vascular diseases and micro-
vascular complications, which seriously threaten the life
and health of patients. It is of great significance to explore
the expression changes of coagulation-related proteins in
diabetic patients for the monitoring of diabetes mellitus
and the control of diabetes complications.

In this study, a total of 8 coagulation-related pro-
teins were identified in the urine exosomes of diabetic
patients, and F2 protein with elevated expression was
screened out. After that, ELISA, mass spectrometry, and
western blotting were further used to verify the changes
in F2 protein concentration in urine exosomes of diabetic
patients, which were consistent with the protein changes
observed in the discovery cohort. The F2 protein in urine
exosomes can be used as a potential biomarker for moni-
toring diabetes mellitus and has clinical application value.

Coagulation factors are important proteins. The
increase in F2 protein and thrombin production in the

diabetes mellitus indicate that the blood of patients is
in a state of hypercoagulation and that the activation of
the coagulation system is enhanced. This is consistent
with the results of previous studies [22]. Prothrombin
is encoded by the F2 gene, which is located on chromo-
some 11 [26]. The gene contains 14 exons of 21 kb, and
its structural integrity is essential for life and an impor-
tant indicator for coagulation function monitoring.
After vascular injury, prothrombin can be converted
into active thrombin by prothrombinase. Thrombin is a
macromolecular complex composed of factor Xa, factor
Va, calcium ions, and phospholipids. Thrombin can con-
vert fibrinogen to fibrin, activate platelets and increase
endothelial permeability, thereby preventing blood loss
at the site of injury and promoting vascular remodeling
[27-29]. The integrity of the prothrombin structure is
essential for life, and mice lacking prothrombin die pre-
maturely in the early embryonic stage [30].

Diabetes mellitus is a hypercoagulable state [31], espe-
cially in patients with uncontrolled diabetes mellitus.
Glycemic control is one of the important elements to
assess in patients with diabetes mellitus. In this study, the
level of F2 expression in the urine exosomes of patients at
a high level was significantly lower than that of patients
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Fig. 3 Validation of F2 protein expression in urine exosomes of diabetes mellitus patients and healthy controls

A: Expression changes of urine exosome F2 in ELISA experiments of the validation cohort. The symbol represents individual subjects, and each subject is
measured once in an independent experiment. ***, P<0.001

B: Expression changes of urine exosome F2 in mass spectrometric of the test verification cohort. The symbol represents individual subjects, and each
subject is measured once in an independent experiment. **, P<0.01

C: (a) Western blotting image of urine exosome F2 and GAPDH proteins. The F2 protein was the target protein and the GAPDH protein was the internal
reference protein

(b) Gray scale values of F2 proteins after measurement with ImageJ. Adjusted with GAPDH. *, P<0.05
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Fig. 4 Study on F2 protein expression in diabetic patients under different HbA1c levels

A: Expression changes of urine exosome F2 under different HbATc levels in the validation cohort. The three groups included the general level group,
high level group and healthy controls. The symbol represents individual subjects, and each subject is measured once in an independent experiment. ***,
P<0.001;* P<0.05

B: Expression changes of urine exosome F2 under different HbA1c levels in the test verification cohort. The three groups included the general level group,
high level group and healthy controls. The symbol represents individual subjects, and each subject is measured once in an independent experiment. ***,
P<0.001;* P<0.05
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Table 2 Correlation between urine exosome F2 concentration

and clinical indicators
HC DM
r P r P
TC 0266 0117 -0258 0.128
TG 0.420 0.011 0.594 0.001
HDL-C -0.090 0602 -0.415 0.011
LDL-C 0.162 0347 0243 0154
GLU 0.125 0469 0081 0640
TBIL -0312 0064 -0216 02206
TP 0.042 0808 -0065 0.706
ALB -0.097 0574 0082 0633
ALT -0.022 0897 0.118 0493
AST 0.041 0813 -0032 0851
CRE 0.104 0545 0238 0.163
HbATc -0.017 0920 -0.160 0350
RBC -0.065 0706 -0.331 0.049
HGB -0.124 0470 -0.103 0551
PLT -0.083 0630 -0.156 0363
NE% 0.041 0814 0254 0134
LY% -0.138 0421 0178 0299
MO% 0.032 0851 0.104 0544
EO% 0298 0078 0205 0229
BA% 0.003 0984 0.518 0.001
Bold italics represent correlations with P values less than 0.05
A
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at a general level. For diabetic patients with HbA1c>8%,
blood glucose control was not ideal, and F2 expression
was lower. This may be because when the blood glu-
cose control of diabetic patients worsens, the increase
in plasma glucose and insulin leads to a rapid and sub-
stantial increase in the circulation of thrombin produc-
tion [32]. In this study, the level of F2 expression in the
urine exosomes of patients at a general level was signifi-
cantly higher than that of the normal controls. Mean-
while, when we removed the data of the high level group
and reanalyzed the area under the curve of F2 protein,
as shown in Figure S1, we found that the area under the
curve of F2 protein is larger at this time. It is speculated
that urine exosome protein F2 may have higher clini-
cal value for the early diagnosis of diabetes mellitus. In
conclusion, F2 can be used as a monitoring indicator of
diabetes mellitus, especially for blood glucose control
monitoring, which has very important clinical value.
Studies have shown that cholesterol plays a crucial
role in determining cell membrane properties and func-
tion, and the accumulation of cholesterol in pancreatic
B cells can lead to cell dysfunction [33]. High levels of
TG and LDL and low levels of HDL are associated with
insulin resistance and are independent factors in insulin

(b) HC F2&TG
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Fig.5 Correlation analysis of urine exosome F2 protein with TG and HDL in the diabetes mellitus patients (DM) and healthy controls (HC)
A: (a) Correlation analysis between urine exosome F2 protein and TG in the DM

(
B
(

b) Correlation analysis between urine exosome F2 protein and TG in the HC.

)
: (@) Correlation analysis between urine exosome F2 protein and HDL in the DM
b) Correlation analysis between urine exosome F2 protein and HDL in the HC
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Fig. 6 ROC curve analysis of urine exosome F2 protein in diabetic patients
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A: ROC curves were drawn based on ELISA data for diabetes mellitus patients (DM) and healthy controls (HC) in the validation cohort
B: ROC curves were drawn based on mass spectrometry data for diabetes mellitus patients (DM) and healthy controls (HC) in the test verification cohort

AUC, area under curve; Cl, confidence interval

development [34]. Elevated blood glucose occurs when
the function of pancreatic  cells in the body to increase
insulin release fails to compensate for the degree of insu-
lin resistance. In vitro experiments have shown that HDL
increases skeletal muscle glucose uptake and stimulates
pancreatic P cells to synthesize and secrete insulin [35,
36]. Hypertension can aggravate insulin resistance, thus
exacerbating the occurrence and development of dia-
betes. In this study, we found a strong positive correla-
tion between urine exosome F2 and TG concentration
in blood through exploration. F2 and TG concentrations
are increased in diabetic patients, which may be one of
the reasons why diabetic patients are more likely to be
complicated with vascular lesions. In addition, we found
that the F2 protein concentration was not associated with
blood HDL-C in the healthy controls but was strongly
negatively associated with blood HDL-C in the diabetes
mellitus group. This correlation gives us a guess about
the F2 protein. With the disorder of glucose metabo-
lism in the human body, the concentration of F2 protein
increases, which will affect the expression of HDL-C.
Low levels of HDL-C cause insulin resistance, which in
turn contributes to the development and progression of
diabetes mellitus. The rise in blood sugar and insulin dis-
order further lead to abnormal changes in blood lipids
[37]. Of course, at present, this is just our guess, and the
specific reason needs to be further studied in the molecu-
lar mechanism.

This study is the first to report the expression of coag-
ulation-related proteins in urine exosomes of diabetic
patients. In ROC curve analysis, we found that urine exo-
some protein F2 has good diagnostic ability and could be
a potential biomarker for monitoring diabetic changes.

Early detection of individuals at risk of developing diabe-
tes mellitus may benefit for the implementation of pre-
ventive treatment. Urine samples have unique advantages
in disease screening. Urine exosomes can meet the need
for novel markers of diabetes mellitus and can be used for
noninvasive, rapid and simple outcome determination
[38].

The biomarker found in this study needs to be further
evaluated and verified by many samples before being
used in clinical practice. In the future, this study will be
applied to the clinical monitoring of diabetes mellitus
and could benefit a large population.

Conclusions

In summary, this study investigated the expression of
coagulation-related proteins, especially F2 protein, in
urine exosomes of diabetic patients by mass spectrom-
etry. The expression change of F2 is associated with lipid
metabolism and may serve as a potential biomarker for
monitoring diabetic changes, providing a promising
approach for the noninvasive diagnosis and monitoring
of diabetes mellitus.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-023-01887-4.

Supplementary Material 1: Representative NTA results of urine exosomes.

Supplementary Material 2: Expression of coagulation-related proteins in
urine exosomes.

Supplementary Material 3. Figure S1. ROC curve analysis of urine exosome
F2 protein after removing the high level group. A: ROC curves were drawn
based on ELISA data for general level group and healthy controls (HC) in

the validation cohort. B: ROC curves were drawn based on mass spec-



http://dx.doi.org/10.1186/s12933-023-01887-4
http://dx.doi.org/10.1186/s12933-023-01887-4

Liu et al. Cardiovascular Diabetology (2023) 22:145

trometry data for general level group and healthy controls (HC) in the test
verification cohort. AUC, area under curve; Cl, confidence interval.

Acknowledgements
Thanks to all the volunteers for their generous donation of urine samples.

Authors’ contributions

MZ took charge of all the work and participated in its design. TCL and NL
carried out most of the experiments and drafted the manuscript. YZW and TL
did part of the experiments. All authors reviewed the manuscript.

Funding

This work was supported by Validation and application development of a
new urine diagnostic and monitoring marker test in type Il diabetes-related
diseases(Z211100002921040).

Data Availability

The datasets generated and analysed during the current study are not publicly
available but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee of Peking University
Ninth School of Clinical Medicine(sjtkyll-Ix-2022(134)). Informed consent was
obtained from all individual participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests in this section.

Received: 30 March 2023 / Accepted: 13 June 2023
Published online: 22 June 2023

References

1. Rochette L, Zeller M, Cottin Y, Vergely C. Diabetes, oxidative stress and thera-
peutic strategies. Biochim Biophys Acta. 2014;1840(9):2709-29.

2. XiaoY, Sun H, Du J. Sugar-breathing glycopolymersomes for regulating
glucose level. J Am Chem Soc. 2017;139(22):7640-7.

3. Zhou Z Zhu X, Huang H, Xu Z, Jiang J, Chen B, Zhu H. Recent progress of
Research regarding the applications of stem cells for treating diabetes Mel-
litus. Stem Cells Dev. 2022;31(5-6):102-10.

4. Atlas D. International diabetes federation. IDF Diabetes Atlas. Belgium: Int
Diabetes Federation. 2015;33:2. 7th ed.

5. Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. The lancet.
2017;389(10085):2239-51.

6.  Yazdanpanah S, Rabiee M, Tahriri M, Abdolrahim M, Rajab A, Jazayeri HE,
Tayebi L. Evaluation of glycated albumin (GA) and GA/HbA ¢ ratio for diag-
nosis of diabetes and glycemic control: a comprehensive review. Crit Rev Clin
Lab Sci. 2017,54(4):219-32.

7. Jauslin PM, Silber HE, Frey N, Gieschke R, Simonsson US, Jorga K, Karlsson MO.
An integrated glucose-insulin model to describe oral glucose tolerance test
data in type 2 diabetics. J Clin Pharmacol. 2007;47(10):1244-55.

8. Capolongo G, Zacchia M, Perna A, Viggiano D, Capasso G. Urinary proteome
in inherited nephrolithiasis. Urolithiasis. 2019;47(1):91-8.

9. Colombo M, Raposo G, Théry C. Biogenesis, secretion, and intercellular inter-
actions of exosomes and other extracellular vesicles. Annu Rev Cell Dev Biol.
2014,30:255-89.

10.  Zhou H, Pisitkun T, Aponte A, Yuen PS, Hoffert JD, Yasuda H, Hu X, Chawla
L, Shen R-F, Knepper MA. Exosomal Fetuin-A identified by proteomics:

a novel urinary biomarker for detecting acute kidney injury. Kidney Int.
2006;70(10):1847-57.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32

33.

34.

35.

Page 10 of 11

Zhou H, Cheruvanky A, Hu X, Matsumoto T, Hiramatsu N, Cho ME, Berger A,
Leelahavanichkul A, Doi K, Chawla LS. Urinary exosomal transcription factors,
anew class of biomarkers for renal disease. Kidney Int. 2008;74(5):613-21.
Menon R, Debnath C, Lai A, Guanzon D, Bhatnagar S, Kshetrapal PK, Sheller-
Miller S, Salomon C, Team GS. Circulating exosomal miRNA profile during
term and preterm birth pregnancies: a longitudinal study. Endocrinology.
2019;160(2):249-75.

Sheller-Miller S, Trivedi J, Yellon SM, Menon R. Exosomes cause preterm birth
in mice: evidence for paracrine signaling in pregnancy. Sci Rep. 2019;9(1):608.
Safdar A, Saleem A, Tarnopolsky MA. The potential of endurance exercise-
derived exosomes to treat metabolic diseases. Nat Rev Endocrinol.
2016;12(9):504-17.

Barile L, Moccetti T, Marban E, Vassalli G. Roles of exosomes in cardioprotec-
tion. Eur Heart J. 2017;38(18):1372-9.

Zhang ZG, Buller B, Chopp M. Exosomes—beyond stem cells for restorative
therapy in stroke and neurological injury. Nat Rev Neurol. 2019;15(4):193-203.
Xu R, Rai A, Chen M, Suwakulsiri W, Greening DW, Simpson RJ. Extracellular
vesicles in cancer—implications for future improvements in cancer care. Nat
Rev Clin Oncol. 2018;15(10):617-38.

Khan NU, Lin J, Liu X, Li H, Lu W, Zhong Z, Zhang H, Wagas M, Shen L. Insights
into predicting diabetic nephropathy using urinary biomarkers. Biochim
Biophys Acta Proteins Proteom. 2020;1868(10):140475.

Ten Cate H, Hackeng TM, de Frutos PG. Coagulation factor and protease
pathways in thrombosis and cardiovascular disease. Thromb Haemost.
2017;117(7):1265-71.

Alzahrani S, Ajjan R. Coagulation and fibrinolysis in diabetes. Diab Vasc Dis
Res. 2010;7(4):260-73.

Abdulrahaman Y, Dallatu M. Evaluation of prothrombin time and activated
partial thromboplastin in patients with diabetes mellitus. Nigerian J basic
Appl Sci. 2012;20(1):60-3.

Kim HK, Kim JE, Park SH, Kim Y1, Nam-Goong IS, Kim ES. High coagulation fac-
tor levels and low protein C levels contribute to enhanced thrombin genera-
tion in patients with diabetes who do not have macrovascular complications.
J Diabetes Complications. 2014;28(3):365-9.

Foers AD, Chatfield S, Dagley LF, Scicluna BJ, Webb Al, Cheng L, Hill AF, Wicks
IP, Pang KC. Enrichment of extracellular vesicles from human synovial fluid
using size exclusion chromatography. J Extracell Vesicles. 2018;7(1):1490145.
Mol EA, Goumans M-J, Doevendans PA, Sluijter JP, Vader P. Higher functional-
ity of extracellular vesicles isolated using size-exclusion chromatography
compared to ultracentrifugation. Nanomedicine. 2017;13(6):2061-5.

Takov K, Yellon DM, Davidson SM. Comparison of small extracellular

vesicles isolated from plasma by ultracentrifugation or size-exclusion
chromatography: yield, purity and functional potential. J Extracell Vesicles.
2018;8(1):1560809.

Degen SJF, Davie EW. Nucleotide sequence of the gene for human prothrom-
bin. Biochemistry. 1987,26(19):6165-77.

Di Cera E. Thrombin Mol Aspects Med. 2008,29(4):203-54.

Coughlin SR. Thrombin signalling and protease-activated receptors. Nature.
2000;407(6801):258-64.

Ariéns R. Fibrin (ogen) and thrombotic disease. J Thromb Haemost.
2013;11(Suppl 1):294-305.

Sun WY, Witte DP, Degen JL, Colbert MC, Burkart MC, Holmback K, Xiao

Q, Bugge TH, Degen SJ. Prothrombin deficiency results in embryonic and
neonatal lethality in mice. Proc Natl Acad Sci U S A. 1998;95(13):7597-602.
Indranila K, MOLECULAR ASPECT CORRELATION BETWEEN GLYCATED HEMO-
GLOBIN (HBA1C), PROTHROMBIN TIME (PT) AND ACTIVATED PARTIAL THROM-
BOPLASTIN TIME (APTT). ON TYPE 2 DIABETES MELLITUS (T2DM)(Aspek
molekuler Hubungan Kadar Hemoglobin Terglikasi (HbA1c), Prothrombin
Time (PT) dan activated partial Thromboplastin Time (APTT) di Diabetes
Melitus Tipe 2). Indonesian J Clin Pathol Med Lab. 2016;23(1):1-6.

Boden G, Vaidyula VR, Homko C, Cheung P, Rao AK. Circulating tissue

factor procoagulant activity and thrombin generation in patients with

type 2 diabetes: effects of insulin and glucose. J Clin Endocrinol Metab.
2007,92(11):4352-8.

Perego C, Da Dalt L, Pirillo A, Galli A, Catapano AL, Norata GD. Cholesterol
metabolism, pancreatic B-cell function and diabetes. Biochim Biophys Acta
Mol Basis Dis. 2019;1865(9):2149-56.

Montonen J, Drogan D, Joost H-G, Boeing H, Fritsche A, Schleicher E, Schulze
MB, Pischon T. Estimation of the contribution of biomarkers of different meta-
bolic pathways to risk of type 2 diabetes. Eur J Epidemiol. 2011;26(1):29-38.
Drew BG, Duffy SJ, Formosa MF, Natoli AK, Henstridge DC, Penfold SA,
Thomas WG, Mukhamedova N, de Courten B, Forbes JM. High-density



Liu et al. Cardiovascular Diabetology

36.

37.

(2023) 22:145

lipoprotein modulates glucose metabolism in patients with type 2 diabetes
mellitus. Circulation. 2009;119(15):2103-11.

Stenkula KG, Lindahl M, Petrlova J, Dalla-Riva J, Géransson O, Cushman SW,
Krupinska E, Jones HA, Lagerstedt JO. Single injections of apoA- acutely
improve in vivo glucose tolerance in insulin-resistant mice. Diabetologia.
2014,57(4):797-800.

Suarez-Sanchez F, Vazquez-Moreno M, Herrera-Lopez E, Gomez-Zamudio JH,
Peralta-Romero JJ, Castelan-Martinez OD, Cruz M, Parra EJ, Valladares-Salgado
A. Association of rs2000999 in the haptoglobin gene with total cholesterol,

Page 11 of 11

HDL-C, and LDL-C levels in mexican type 2 diabetes patients. Med (Baltim).
2019,98(39):e17298.

38. Castano C, Novials A, Parrizas M. Exosomes and diabetes. Diabetes Metab Res
Rev. 2019;35(3):e3107.
Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Differential expression of coagulation pathway-related proteins in diabetic urine exosomes
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Exosome extraction
	﻿Mass spectrometry analysis of urine exosomes
	﻿Western blotting
	﻿Enzyme linked immunosorbent assay
	﻿Statistics

	﻿Results
	﻿Clinical characteristics
	﻿Characteristics of exosomes isolated from urine
	﻿Changes in the expression of coagulation-related proteins in urine exosomes
	﻿Bioinformatics analysis of coagulation-related proteins in urine exosomes
	﻿Validation of coagulation-related protein expression in urine exosomes from diabetic patients
	﻿Study on F2 protein expression in diabetic patients with different HbA1c levels
	﻿Correlation analysis between the expression of F2 in urine exosomes and clinical indicators
	﻿Urine exosome F2 protein is of reference value for the auxiliary monitoring of diabetes mellitus

	﻿Discussion
	﻿Conclusions
	﻿References


