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Diabetic peripheral neuropathy (DPN) is a common complication of diabetes and there are currently no biomarkers for DPN in
clinical practice.Te objective of this study was to explore the diagnostic value of urine for diseases and discover potential markers.
Urinary proteomics was used to analyze urine samples from patients with DPN and healthy individuals. Quantitative analysis of
mass spectrometry data was performed using both group-based and paired individual analysis strategies. A total of 2611 proteins
were identifed, of which 1759 were quantifable, and 312 proteins showed signifcant diferences (fold change> 2, adjusted p
value< 0.01), with 239 decreased and 73 increased. A random grouping cross-validation strategy was employed to evaluate the
diferentially expressed proteins, ensuring that the probability of random diferences was less than 10%. Unsupervised clustering
analysis of urinary proteomes among groups could distinguish most specimens. Te most enriched GO biological processes were
cytoplasmic translation, translation, exocytosis, chaperone-mediated protein folding and immunoglobulin-mediated immune
response. Te most signifcant KEGG signaling pathways were ribosome, coronavirus disease (COVID-19), and metabolic
pathways. Furthermore, some diferentially expressed proteins were linked to the pathogenesis of diabetes, whereas others were
associated with nerve damage. Tese molecules could serve as potential diagnostic and therapeutic biomarkers; some diferential
proteins have not yet been reported to be associated with DPN, providing clues for further research on their functions.
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1. Introduction

Te number of diabetes cases worldwide is rising quickly,
creating a major medical challenge [1]. Diabetic peripheral
neuropathy (DPN) is a common complication of diabetes.
Additionally, neuropathic pain is often challenging to treat
and negatively impacts their quality of life [2, 3]. Early
identifcation and preventive measures are essential in

managing DPN. Clinically, DPN is defned as the presence of
symptoms and/or signs of neuropathy in individuals with
prediabetes or diabetes, after ruling out other causes of
peripheral neuropathy [4, 5]. Despite numerous studies on
the mechanisms of DPN, the exact pathophysiology remains
unclear [6]. Nerve conduction tests and electromyography
have higher sensitivity than clinical examination in assessing
peripheral symmetric polyneuropathy and are the minimally
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variable noninvasive measurement methods for neuropathy
and its progression. However, nerve conduction studies are
labor-intensive and costly, making their implementation in
routine clinical care impractical [7, 8]. Tere is still a lack of
efective diagnostic markers in clinical practice.

Te advancement of proteomics technology enables
a thorough identifcation of disease markers [9, 10], with
urine recognized as the most noninvasive source in clinical
research [11]. An exploratory study of urinary proteome was
performed in trigeminal neuralgia, which provided new
directions for immune-related treatment of the disease and
potential disease markers [12]. To date, no studies have used
urinary proteomics technology to investigate diseases related
to DPN. Tis study aims to explore DPN using urinary
proteomics for the frst time. It seeks to assess the research
potential of urinary proteomics in this context and to
identify urinary markers associated with nerve injury.

2. Materials and Methods

2.1. Experimental Design and Urine Sample Collection.
Tis study was approved by the Ethics Committee of the
China-Japan Friendship Hospital (Approval No. 2023-KY-
126). Participants were recruited from patients and health
check-up individuals at the China-Japan Friendship Hospital.
Sample collection took place from February 2023 to June 2023.
Patients with DPN were enrolled based on the clinical criteria
[13]: documented history of diabetes, typical symptoms of
peripheral nerve pain, test for clinical signs of DPN, such as
pinprick sensation, temperature threshold sensation, vibration
perception, 10°g force test, and exclusion of pain attributable to
other causes. Patients with tumor diseases, kidney diseases, or
other neurological conditions were excluded. Urine proteomics
technology was used to quantitatively analyze urine proteomes
from both healthy individuals and those with DPN. Te study
included urine samples from 11 healthy individuals (7 males, 4
females; age range 32–71, mean 50.7, standard deviation 10.8)
and 9 patients with DPN (6 males, 3 females; age range 41–74,
mean 55.8, standard deviation 11.7). All samples were collected
after clinical testing and were stored at −80°C after collection.

2.2. Handling of Urine Samples. Urine proteins were pre-
cipitated using ethanol [14], and then protein from each sample
was digested with the flter-aided sample preparation (FASP)
method [15], specifcally as follows: the collected urine samples
were centrifuged at 12, 000 × g for 30min at 4°C, and the
supernatant was transferred to a 50mL centrifugal tube.
Dithiothreitol solution (DTT, Sigma) was then added to a fnal
concentration of 20mM, and the mixture was shaken and
incubated in a water bath at 37°C for 1h before being cooled to
room temperature. Iodoacetamide (IAA, Sigma) was added to
a fnal concentration of 50mM, and the mixture was shaken
and reacted in the dark at room temperature for 40min. Six
times the volume of precooled absolute ethanol was added, and
the mixture was homogeneously mixed and precipitated at
−20°C for 24h. On the second day, themixture was centrifuged
at 4°C, 12, 000 × g for 30min, and the supernatant was dis-
carded. Te protein precipitate was resuspended in lysis bufer

(containing 8mol/L urea, 2mol/L thiourea, 25mmol/L
dithiothreitol, and 50mmol/L Tris). After centrifugation at
12, 000 × g for 30min at 4°C, the supernatant was placed in
a new EP tube.Te protein concentration was measured by the
Bradfordmethod. Urine protein digestion:100μg urine protein
sample was added to the flter membrane of 10 kDa ultrafl-
tration tube (Pall, Port Washington, NY, USA) and placed in
an EP tube, and 25mmol/L NH4HCO3 solution was added to
make the total volume 200μL. Ten, the membrane washing
operation was carried out:① 200μLUA solution (8mol/L urea,
0.1mol/L Tris-HCl, pH 8.5) was added and centrifuged and
washed twice at 14,000×g 5min 18°C; ② loading: the sample
was added and centrifuged at 14,000×g 40min 18°C; ③ 200μL
UA solution was added and centrifuged at 14, 000 × g for
40min at 18°C, repeated 2 times; ④ 25mmol/L NH4HCO3
solution was added and centrifuged at 14, 000 × g 40min 18°C
for 3–4 times; ⑤ trypsin (Trypsin Gold, Promega, Fitchburg,
WI, USA) was added at a ratio of 1:50 for digestion, and the
water bath was kept at 37°C for 12–16h. Te next day, the
peptide segment was collected by centrifugation at 13, 000 × g
30min 4°C and passed through the HLB column (Waters,
Milford, MA, USA) for desalting.Te eluent was vacuum dried
at 4°C for approximately 1.5 h.Te peptide segments were then
collected and stored at −80°C.

2.3. LC-MS/MS Tandem Mass Spectrometry Analysis. Te
digested samples were dissolved in 0.1% formic acid and
quantifed using the BCA kit. Equivalent peptide amount was
loaded. Te peptide concentration was diluted to 0.5μg/μL.
Four μL of each sample was taken to prepare the mixed
polypeptide sample, and the separation was performed using
a high pH reversed phase peptide separation kit (Termo
Fisher Scientifc) according to the instructions. Ten fractions
were collected by centrifugation, and after drying using
a vacuum dryer, they were resuspended in 0.1% formic acid.
Te iRT reagent (Biognosys, Switzerland) was added at
a sample: iRT volume ratio of 10:1 to calibrate the retention
time of the extracted peptide peaks. For analysis, 1μg of
peptides from each sample was taken, and mass spectrometry
analysis and data acquisition were performed using an EASY-
nLC 1200 chromatography system (Termo Fisher Scientifc,
USA) and an Orbitrap Fusion Lumos Tribrid mass spec-
trometer (Termo Fisher Scientifc, USA). In order to generate
the spectral library, the separated 10 fractions were analyzed by
mass spectrometry in data dependent acquisition (DDA)
mode. Te mass spectrometry data were collected in high
sensitivity mode. A complete mass spectrometry scan was
obtained in the range of 350–1500m/z with a resolution setting
of 60,000. Individual samples were analyzed using the data
independent acquisition (DIA) mode. DIA acquisition was
performed using a DIAmethodwith 36 windows. After every 8
samples, a single DIA analysis of pooled peptides was per-
formed as quality control [16].

2.4. Database Search and Label-Free DIA Quantifcation.
Te raw data (RAW fles) collected from the liquid
chromatography-mass spectrometry were imported into
Proteome Discoverer (version 2.1, Termo Scientifc), using
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the SwissProt database (taxonomy:Homo; containing 20,346
sequences). Te data were matched, and the iRT sequences
were added to the database. Te search results were then
imported into Spectronaut Pulsar (Biognosys AG, Swit-
zerland) for processing and analysis. Te abundance of
peptides was calculated by summing the peak areas of the
respective fragment ions in MS2. Te protein intensity was
calculated by summing the peptide abundances to determine
protein abundance.

2.5. DataAnalysis. Each sample was performed in triplicate,
and all three values were used for statistical analysis. Te
identifed proteins were compared, and diferentially
expressed proteins were screened. Te loose screening cri-
teria for diferentially expressed proteins were fold change
(FC)≥ 1.5 or≤ 0.67 and adjusted p value< .05 by two-tailed
unpaired t-test analysis. Te strict screening criteria for
diferentially expressed proteins were FC≥ 2 or ≤ 0.5 and
adjusted p value< 0.01 by two-tailed unpaired t-test analysis.
To further evaluate the reliability of diferentially expressed
proteins, the probability of random generation of difer-
entially expressed proteins was calculated by random
grouping using the average value of each protein. All
samples were randomly grouped to identify diferentially
expressed proteins, and then the ratios of the diferential
proteins generated under diferent random methods to that
in the experiment were calculated to evaluate the reliability
of the results. Functional enrichment analysis of the
screened diferentially expressed proteins was performed
using the Wukong platform (https://www.omicsolution.org/
wkomic/main/), Uniprot website (https://www.uniprot.org/),
and DAVID database (https://david.ncifcrf.gov/). Te re-
ported literature was retrieved from the PubMed database
(https://pubmed.ncbi.nlm.nih.gov) for functional analysis of
diferentially expressed proteins.

3. Results

3.1. Comparative Analysis of Urinary Proteomics Diferential
Proteins. LC-MS/MS proteomic analysis was conducted on
urine samples collected from 11 healthy individuals (N) and
9 patients with DPN. Tere were no diferences in age and
gender between the two groups of participants (details in the
supporting information (available here)). A total of 2611
proteins were identifed with at least one specifc peptide and
protein-level false discovery rate (FDR) less than 1%. Fol-
lowing data processing, 1759 proteins were available for
quantitative analysis. Correlation analysis was performed
between patients with DPN and healthy control samples
(Figure 1). PCA analysis showed that the quality control
samples were evenly distributed at the center of the results.
OPLS-DA analysis efectively distinguished between DPN
and healthy controls. Unsupervised clustering analysis of the
identifed urinary proteins from DPN and healthy controls
showed a certain degree of aggregation for both groups,
while some patients were found to be close to healthy

controls. Te volcano plot from the quantitative analysis
showed many signifcantly diferent proteins between the
two groups.

3.2. Diferential Protein Analysis. Te diferences between
two experimental specimens were compared, with screening
conducted under both relaxed and strict conditions. Te
number of diferential proteins identifed between diferent
groups is shown in Table 1. To further evaluate the reliability
of the diferential proteins, a random grouping method was
used to calculate the likelihood of the diferential proteins
being randomly generated. Specifcally, a total protein
identifcation was conducted by randomly selecting 11
healthy samples and 9 samples from patients with DPN
(FC≥ 1.5 or≤ 0.67, p< 0.05), resulting in an average of 68.3
diferential proteins, indicating that at least 74.8% of the
diferential proteins were not randomly generated; under
stricter conditions (FC≥ 2 or≤ 0.5, p< 0.01), random
grouping validation yielded an average of 7.35 diferential
proteins, indicating that at least 90.7% of the diferential
proteins were not randomly generated (Table 1).

3.3. Functional Analysis. Te diferential proteins generated
under strict selection criteria have a reliability of over 90% in
random group experimental validation. To enhance the
reliability of the data, the signifcantly diferent proteins were
analyzed using adjusted p value, and the functional analysis
of the diferential proteins (fold change> 2, adjusted p
value< 0.01) was conducted. GO biological processes and
KEGG signaling pathway analysis have been performed
online using the David database; a total of 19 biological
processes (p< 0.01) and 10 signaling pathways (p< 0.01)
were enriched in the diferential proteins between the two
groups, as shown in Table 2.

3.4. Individualized Analysis of Urinary Proteomics. In order
to better assess the disease status of each patient with DPN
and achieve precise diagnosis and treatment, we conducted
a one-to-many comparative analysis between individual
patient samples and 11 samples from a healthy group. Te
diferent proteins screened under relaxed conditions and
their expression trends are shown in Table 3. Tere was
a signifcant number of diferent proteins between DPN and
healthy controls, which is notably higher than the number of
diferent proteins found in group protein analysis. Te in-
dividualized analysis shows considerable diferences be-
tween diferent patients and healthy controls.

To clarify whether there were common diferential
proteins among patients with the same group of diseases, we
analyzed the diferential proteins screened under relaxed
conditions fromDPN specimens and healthy controls. In the
DPN group, 10 diferential proteins were consistently
identifed in all 9 specimens, and 16 proteins were com-
monly identifed in 8 specimens, showing a relatively con-
sistent trend in expression changes (Table 4).
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Figure 1: Continued.
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4. Discussion

4.1. Urinary Proteomics Can Efectively Display the Charac-
teristics of Diferent Patients With DPN. Tis study was the
frst to use urinary proteomics to investigate patients with
DPN. By visually presenting the urinary proteomics of DPN
patients and healthy controls, urinary proteomics could
efectively distinguish between diferent populations (Fig-
ure 1). Unsupervised clustering analysis of the urinary
proteome from both groups shows that most specimens
from the same group cluster together, while some in-
dividuals exhibit similarities with specimens from other
groups. Tis is likely due to individual diferences.

4.2. Functional Analysis of Diferential Proteins Between
Groups. Te selection of diferential proteins between dif-
ferent groups was conducted under both relaxed and strict
conditions. To evaluate the accuracy of the selection results,
a random grouping method was used to calculate the
likelihood of diferential proteins being randomly generated,

thereby assessing the probability that the proteins were not
randomly generated but resulted from true diferences in the
samples. Data in Table 1 indicate selecting strict conditions
for screening results in an overall reliability of over 90% for
the diferential proteins. Te random grouping method for
calculating diferential proteins fully considered the difer-
ences between individual samples, further assessing the
reliability of the data.

In group analysis, adjusted p values were used to analyze
signifcantly diferent proteins. Compared to healthy con-
trols, DPN enriched a total of 19 biological processes and 10
signaling pathways (Table 2). Two biological processes were
related to Cajal bodies; Cajal bodies are nuclear organelles
that contain factors necessary for splicing, ribosome bio-
genesis, and transcription, participating in various key bi-
ological processes, including the biogenesis of snRNPs and
snoRNPs, mRNA decay, and gene silencing [17]. Research
has shown that telomerase RNA can bind to signals directing
its localization to Cajal bodies and exert its efects [18, 19]. At
the same time, animal experiments have found that sensory
neurodegeneration in diabetes involves changes in nuclear
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Figure 1: Visualization analysis of identifed proteins. (a) Principal component analysis (PCA) of QC, DPN, and N; (b) orthogonal signal
correction-based partial least squares discriminant analysis (OPLS-DA); (c) unsupervised clustering analysis of the urine proteome of
diabetic peripheral lesion patients and healthy controls; and (d) volcano plot display.

Table 1: Diferential protein credibility in random grouping cross-validation analysis.

Group Diferential protein screening
criteria Diferential protein quantity Randomly generated number

of diferential proteins
Diferential

protein credibility

DPN vs N FC≥ 1.5 or ≤ 0.67; p< 0.05 271 68.3 0.748
FC≥ 2 or ≤ 0.5; p< 0.01 79 7.35 0.907

Note: N, healthy individuals.
Abbreviations: DPN, diabetic peripheral neuropathy; FC, fold change.
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structure and function, especially unique alterations in
the spliceosome, with an increased number of Cajal bodies
[20]. In our study, the biological process of positive regu-
lation of telomerase RNA localization to the Cajal body was
signifcantly enriched in patients with DPN. Whether
a telomerase–Cajal body regulatory mechanism contributes
to disease onset requires further validation.

Seven biological processes were related to protein
translation, folding, stability, transport, and degradation.
Immunoglobulin-mediated immune responses were sig-
nifcantly enriched, indicating that immune responses are
involved in the disease’s occurrence, consistent with other
studies [21–23]. In the KEGG signaling pathway analysis,

metabolic pathways were signifcantly enriched in DPN
patients; fructose and mannose metabolisms are associated
with the onset of type 2 diabetes, which is consistent with the
patients being diabetic [24]. However, whether these
changes are involved in the occurrence of DPN needs further
verifcation.

4.3. High-Confdence Diferential Proteins in Individual
Samples. In the experiment, analysis was conducted using
individual samples compared to a healthy control group.
Under relaxed screening conditions, the identifed difer-
ential proteins accounted for one-third or more of the total

Table 2: Diferential protein GO functional analysis and KEGG analysis.

Category Term Count % p value Fold enrichment

GO

Cytoplasmic translation 16 5.03 0.000 11.41
Translation 22 6.92 0.000 6.36
Exocytosis 11 3.46 0.000 5.82

Chaperone-mediated protein folding 7 2.20 0.000 10.43
Immunoglobulin-mediated immune response 9 2.83 0.000 5.57

Protein folding 11 3.46 0.000 4.10
Cell–cell adhesion 11 3.46 0.001 3.68

SNARE complex disassembly 3 0.94 0.001 49.19
Protein transport 18 5.66 0.002 2.38

Vesicle-mediated transport 12 3.77 0.002 3.04
Intracellular protein transport 12 3.77 0.004 2.83

Protein stabilization 11 3.46 0.005 2.93
Osteoblast diferentiation 8 2.52 0.005 3.86

Chaperone-mediated protein folding independent of cofactor 3 0.94 0.006 24.59
Regulation of exocytosis 4 1.26 0.007 10.09

Positive regulation of telomere maintenance via telomerase 4 1.26 0.007 10.09
Positive regulation of telomerase RNA localization to Cajal body 3 0.94 0.008 21.86

Epidermis development 6 1.89 0.008 4.86
Positive regulation of protein localization to Cajal body 3 0.94 0.010 19.67

Cytoplasmic translation 16 5.03 0.000 11.41

KEGG_PATHWAY

Ribosome 17 5.35 0.000 4.66
Coronavirus disease (COVID-19) 19 5.97 0.000 3.76

Metabolic pathways 57 17.92 0.000 1.71
Proteasome 7 2.20 0.000 7.17

Biosynthesis of nucleotide sugars 6 1.89 0.001 7.65
Parkinson’s disease 15 4.72 0.002 2.61

Necroptosis 11 3.46 0.002 3.26
Carbon metabolism 9 2.83 0.003 3.66
Spinocerebellar ataxia 10 3.14 0.003 3.27

Biosynthesis of amino acids 7 2.20 0.005 4.40
Note: N, healthy individuals.
Abbreviations: DPN, diabetic peripheral neuropathy; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 3: Individualized comparison of urinary proteomics (FC≥ 1.5 or ≤ 0.67, adjusted p value < 0.05).

Group

Trends
in diferential

protein
changes

Sample number/number of signifcantly diferent proteins

1 2 3 4 5 6 7 8 9

DPN vs N
Total 770 883 871 1066 678 816 713 664 652
↓ 402 424 403 449 389 397 323 406 355
↑ 368 459 468 617 289 419 390 258 297

Note: N, healthy individuals.
Abbreviations: DPN, diabetic peripheral neuropathy; FC, fold change.

6 International Journal of Endocrinology



Ta
bl

e
4:

H
ig
h-
co
nf

de
nc
e
di
fe
re
nt
ia
lp

ro
te
in

sc
re
en
in
g
be
tw
ee
n
in
di
vi
du

al
sp
ec
im

en
s
an
d
he
al
th
y
co
nt
ro
ls
(F
C
≥
1.
5
or
≤
0.
67
,a
dj
us
te
d
p
va
lu
e
<
0.
05
).

U
ni
Pr

ot
en

tr
y

Pr
ot
ei
n
na

m
e

Tr
en

d
of

ch
an

ge
Pr

op
or
tio

n
Pr

ot
ei
n
an

no
ta
tio

n
lin

k
Q
3L

X
A
3

Tr
io
ki
na
se
/F
M
N

cy
cl
as
e

↓
9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
3L

X
A
3/
en
tr
y#
fu
nc
tio

n
Q
13
05
7

Bi
fu
nc
tio

na
lc

oe
nz
ym

e
A

sy
nt
ha
se

↓
9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
13
05
7/
en
tr
y

Q
00
79
6

So
rb
ito

ld
eh
yd
ro
ge
na
se

(S
D
H
)

↓
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
00
79
6/
en
tr
y

P1
34
73

Ly
so
so
m
e-
as
so
ci
at
ed

m
em

br
an
e
gl
yc
op

ro
te
in

2
(L
A
M
P-
2)

↓
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
13
47
3/
en
tr
y

O
95
95
4

Fo
rm

im
id
oy
ltr
an
sf
er
as
e
cy
cl
od

ea
m
in
as
e

↓
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/O
95
95
4/
en
tr
y

P5
63
85

A
TP

sy
nt
ha
se

su
bu

ni
te

,m
ito

ch
on

dr
ia
l

↓
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
56
38
5/
en
tr
y

P6
12
54

La
rg
e
ri
bo

so
m
al

su
bu

ni
tp

ro
te
in

uL
24

↓
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
61
25
4/
en
tr
y

Q
16
81
9

M
ep
ri
n
A

su
bu

ni
t
al
ph

a
↑

9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
16
81
9/
en
tr
y

O
60
24
0

Pe
ri
lip

in
-1

↑
9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/O
60
24
0/
en
tr
y

P2
01
42

G
as
tr
ic
sin

↑
9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
20
14
2/
en
tr
y

A
0A

0A
0M

T3
6

Im
m
un

og
lo
bu

lin
ka
pp

a
va
ri
ab
le

6D
-2
1

↑
9/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/A
0A

0A
0M

T3
6/
en
tr
y

A
0A

07
5B

6R
9

Pr
ob

ab
le

no
nf
un

ct
io
na
li
m
m
un

og
lo
bu

lin
ka
pp

a
va
ri
ab
le

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/A
0A

07
5B

6R
9/
en
tr
y

P0
17
43

Im
m
un

og
lo
bu

lin
he
av
y
va
ri
ab
le

1–
46

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
01
74
3/
en
tr
y

Q
96
P6

3
Se
rp
in

B1
2

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
96
P6

3/
en
tr
y

P1
21
10

C
ol
la
ge
n
al
ph

a-
2
(V

I)
ch
ai
n

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
12
11
0/
en
tr
y

Q
9U

H
G
0

D
ou

bl
ec
or
tin

do
m
ai
n-
co
nt
ai
ni
ng

pr
ot
ei
n
2

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
9U

H
G
0/
en
tr
y

Q
16
66
1

G
ua
ny

la
te

cy
cl
as
e
ac
tiv

at
or

2B
↑

8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/Q
16
66
1/
en
tr
y

O
00
52
6

U
ro
pl
ak
in
-2

(U
P2

)
↑

8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/O
00
52
6/
en
tr
y

P2
02
31

Tr
yp
ta
se

be
ta
-2

(T
ry
pt
as
e-
2)

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
20
23
1/
en
tr
y

P3
55
56

Fi
br
ill
in
-2

↑
8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
35
55
6/
en
tr
y

P0
D
M
Q
5

Pu
ta
tiv

e
tr
an
sm

em
br
an
e
pr
ot
ei
n
IN

A
FM

2
↑

8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
0D

M
Q
5/
en
tr
y

P0
51
64

M
ye
lo
pe
ro
xi
da
se

(M
PO

)
↑

8/
9

ht
tp
s:/
/w

w
w
.u
ni
pr
ot
.o
rg
/u
ni
pr
ot
kb

/P
05
16
4/
en
tr
y

A
bb

re
vi
at
io
n:

FC
,f
ol
d
ch
an
ge
.

International Journal of Endocrinology 7

https://www.uniprot.org/uniprotkb/Q3LXA3/entry#function
https://www.uniprot.org/uniprotkb/Q13057/entry
https://www.uniprot.org/uniprotkb/Q00796/entry
https://www.uniprot.org/uniprotkb/P13473/entry
https://www.uniprot.org/uniprotkb/O95954/entry
https://www.uniprot.org/uniprotkb/P56385/entry
https://www.uniprot.org/uniprotkb/P61254/entry
https://www.uniprot.org/uniprotkb/Q16819/entry
https://www.uniprot.org/uniprotkb/O60240/entry
https://www.uniprot.org/uniprotkb/P20142/entry
https://www.uniprot.org/uniprotkb/A0A0A0MT36/entry
https://www.uniprot.org/uniprotkb/A0A075B6R9/entry
https://www.uniprot.org/uniprotkb/P01743/entry
https://www.uniprot.org/uniprotkb/Q96P63/entry
https://www.uniprot.org/uniprotkb/P12110/entry
https://www.uniprot.org/uniprotkb/Q9UHG0/entry
https://www.uniprot.org/uniprotkb/Q16661/entry
https://www.uniprot.org/uniprotkb/O00526/entry
https://www.uniprot.org/uniprotkb/P20231/entry
https://www.uniprot.org/uniprotkb/P35556/entry
https://www.uniprot.org/uniprotkb/P0DMQ5/entry
https://www.uniprot.org/uniprotkb/P05164/entry


quantifed proteins and were nearly twice as many as those
found in group analysis, indicating that individual difer-
ences were common and have a signifcant impact in the
experiment. Terefore, identifying protein molecules with
common characteristics through individualized analysis is
more credible. In this experiment, a total of 22 high-
confdence proteins were identifed, of which appeared in
at least 8 of the 9 patients.

Among the signifcantly diferent proteins, some were
found to be involved in metabolic changes related to the
onset of diabetes, while others were associated with nerve
damage. Additionally, some proteins were found that have
not been reported to be related to relevant diseases, pro-
viding clues for studying molecular functions.

In the DPN group, triokinase/FMN cyclase is involved in
fructose metabolism, responsible for phosphorylating
glyceraldehyde to glyceraldehyde-3-phosphate. Fructose
plays an important role in metabolic diseases [25]; tri-
okinase/FMN cyclase may be related to the onset of diabetes.
Formimidoyltransferase cyclodeaminase has been shown to
be associated with diabetes [26]. Te signifcantly diferent
protein molecules mentioned above suggest a possible as-
sociation with the disease group related to diabetes patients.

ATP synthase subunit e, mitochondrial, is a multifunc-
tional enzyme complex involved in ATP generation, and lit-
erature reports that mutations in this enzyme can lead to
peripheral neuropathy [27]. Sorbitol dehydrogenase (SDH) is
a key enzyme in the polyol pathway, which interconverts
glucose and fructose through sorbitol, an important alternative
pathway for glucose metabolism. Te polyol pathway is be-
lieved to be related to the etiology of hyperglycemia-induced
diabetic complications, such as diabetic neuropathy and reti-
nopathy [28]. Doublecortin domain-containing protein 2 is
widely distributed, highly expressed in the brain, inhibits the
classical Wnt signaling pathway [29], and is related to reading
ability and the regulation of neurodevelopment [30]. Fibrillin-2
is essential for the development of peripheral nerves, myeli-
nation, and regeneration [31]. Te aforementioned protein
molecules are elevated in the disease group, which is presumed
to be related to neuropathy.

Bifunctional coenzyme A synthase, a bifunctional en-
zyme, catalyzes the fourth and ffth consecutive steps of the
coenzyme A biosynthesis pathway andmay play a regulatory
role in coenzyme A biosynthesis. Its abnormalities can lead
to various pathological changes, such as diabetes and neu-
rodegeneration [32]. Lysosome-associated membrane gly-
coprotein 2 (LAMP-2) plays an important role in lysosome
biosynthesis, lysosomal pH regulation, and autophagy.
LAMP-2–dependent fusion and degradation processes of
autophagosomes are involved in the pathogenesis of obesity-
related diabetes [33]. Probable nonfunctional immuno-
globulin kappa variable, immunoglobulin heavy variable
1–46, and immunoglobulin kappa variable 6D-21 are in-
volved in antigen recognition during immune responses
[34], confrming the presence of infammatory responses in
DPN [6]. Myeloperoxidase (MPO) plays an important role
in neuro-related infammation [35, 36]. Changes in related
molecules may be involved in the pathogenesis of complex
diseases or reveal the mechanisms of disease onset.

Meprin A subunit alpha, a membrane-bound oligomeric
metalloproteinase, has been reported to be associated with
kidney damage; this study focuses on diabetic patients,
which may be related to diabetic nephropathy and requires
further validation. Large ribosomal subunit protein uL24 is
a large ribonucleoprotein complex responsible for in-
tracellular protein synthesis; perilipin-1 is involved in
metabolic activities including severe familial partial lip-
odystrophy and early-onset acute coronary syndrome; ser-
pin B12 inhibits trypsin and plasmin but does not inhibit
thrombin, coagulation factor Xa, or urokinase-type plas-
minogen activator; additionally, collagen alpha-2 (VI) chain,
gastricsin, guanylate cyclase activator 2B, uroplakin-2,
tryptase beta-2 (tryptase-2), and putative transmembrane
protein INAFM2 also showed signifcant changes. Tese
molecules were found for the frst time to have signifcant
diferences in the urine of patients with DPN compared to
the normal population, providing clues for studying their
related functions.

At the same time, we also noted signifcant diferences in
the discoidin, CUB, and LCCL domain-containing protein 2
(DCBLD2) in group analysis. DCBLD2 is a neurofbrillary
protein-like transmembrane scafold receptor that has
known and expected roles in vascular remodeling and
neuronal localization, and it is also upregulated in certain
tumors [37], which may make it a potential disease-related
biomarker.

Diabetes has many complications that often coexist, with
diabetic nephropathy being one of the most common.
Several diferential proteins identifed in our study were
related to diabetic nephropathy, such as meprin A, which
was signifcantly increased compared to the control group in
all the DPN. However, there was no diference in the
comparison between blood creatinine and glomerular fl-
tration rate. Tis highlights the signifcant role of urine
proteomics in studying complex diseases, and it is likely to
have more clinical signifcance in the early stages of the
disease. Improving the specifcity of urine markers for
diferent complications requires further research. In the
future, refned disease screening or combining urine pro-
teomics with tissue proteomics association studies may yield
better results.

4.4. Diagnostic Advantages of Urine Proteomics in DPN.
Urine is the fnal metabolic product of blood that is fltered
through the glomerulus and then reabsorbed, excreted, and
secreted in the renal tubules and collecting ducts. Changes in
the composition, quantity, and characteristics of urine
provide information about the occurrence, development,
and prognosis of urinary system diseases. Tey also refect
the overall metabolic status of the body [38, 39]. Most of the
disease-related diferential proteins identifed in this ex-
periment were derived via the tissue-blood-urine pathway.
DPN is a common complication of diabetes. Early diagnosis
is benefcial for efective disease management. Neural
conduction testing is currently the most commonly used
method for detecting nerve damage. However, this approach
is invasive and inefcient, making it unsuitable for disease
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screening and monitoring. One of the biggest advantages of
urine is its noninvasiveness, and there are no restrictions on
urine sample collection, making it easy to monitor diseases,
which is incomparable to nerve conduction testing. Te
results of this experiment demonstrate the diagnostic po-
tential of urine proteomics for DPN. Te identifed nerve
damage-related molecules were used as potential markers
for screening and monitoring.

4.5. Limitations of the Experiment. Tis experiment is the
frst attempt to use urinary proteomics technology to
identify diferences between patients with DPN and healthy
individuals. Due to limitations in conditions, the sample size
of the experiment is relatively small. Nevertheless, we
attempted to evaluate the experimental results using a one-
to-many strategy while applying stricter selection criteria to
identify diferential proteins, ensuring the reliability of the
results. DPN is a complex disease that encompasses not only
the pathophysiological processes of diabetes onset but also
the related pathophysiological processes of neuropathy,
which increases the complexity of the experiment. Te
identifed diferential proteins refected diferences arising
from both diabetes and neuropathy. Due to limitations in
conditions, the subgroups of diabetes without complica-
tions, diabetes with nephropathy, and diabetes with reti-
nopathy were not compared. In the future, increasing the
sample size and further refning the grouping of the disease
may yield more comprehensive results. As this is an ex-
ploratory study, key diferential proteins have not yet been
independently validated, such as enzyme-linked immuno-
sorbent assay (ELISA) and Western blot. Large-scale sample
size or clinical cohort studies are needed in the future to
clarify the application value of these key markers.

5. Conclusion

Tis study is the frst to comprehensively present DPN using
urinary proteomics, providing an in-depth description of the
urinary proteomic characteristics in patients with DPN and
revealing potential pathogenic mechanisms that may exist in
this patient population. Some signifcantly diferent protein
molecules have been reported for the frst time in DPN,
ofering broader clues for studying molecular functions.
Additionally, high-confdence proteins related to the disease
were identifed in the experiment, which could serve as
potential disease markers for diagnosis and treatment.
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