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Urine proteome changes in an a-synuclein
transgenic mouse model of Parkinson’s disease

Abstract

Urine accommodates more changes than other fluids, and it is a good source in the search for
early sensitive biomarkers. The present study collected urine samples from 2-, 4-, 6-, 8- and
10-month-old a-synuclein transgenic mice. Based on data-independent acquisition (DIA)
technology, liquid chromatography-tandem mass spectrometry (LC-MS/MS) was used for
quantitative analysis. Seventeen human homologous differential proteins were screened
and compared with those in the urine of 2-month-old mice, and 9 proteins were related
to Parkinson’s disease (PD). Formin-2, Splicing factor 3A subunit 1, and Isopentenyl-
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diphosphate Delta-isomerase 1 changed continuously in months 6, 8 and 10. These

experiments and analyses demonstrated that the urine proteome reflected the development
of a-synuclein transgenic mice and provided clues for the early clinical diagnosis of PD.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative disease
characterized by progressive motor and non-motor disorders.' Its
main pathological features are the progressive loss of dopaminergic
neurons in the dense substantia nigra and the presence of a-synuclein
as the main component of eosinophilic inclusion bodies, i.e., Lewy
bodies, in the remaining dopaminergic neurons. PD is the second most
common neurodegenerative disease, and it affects approximately 1%
of people over 65 years of age.? With the aging of the population and the
prolongation of life expectancy, the incidence rate of PD is expected
to double in the next 20 years.® PD seriously affects the quality of life
of patients, and it results in a huge social and economic burden.>* The
early diagnosis of PD is of great significance to improve the quality
of life of patients and delay the development of the disease. There is
no effective way to cure PD. Drug therapy and surgical treatment only
delay the progress of the disease. Drug therapy is the primary method,
but the long-term use of drugs often weakens the curative effects and
produces some side effects. The clinical diagnosis of PD is currently
based on motor characteristics. When the motor characteristics of PD
manifest, approximately 60-70% of the neurons are lost.* Because the
early symptoms of PD are mild and generally considered the result of
aging, the early diagnosis of PD is very difficult, and there is a certain
rate of misdiagnosis. At the time of diagnosis, most patients exhibit
obvious behavioral disorders and accumulated pathological changes.
Therefore, to provide better clinical treatment for PD patients and
help researchers find new treatment methods, it is urgent to identify
sensitive early biomarkers.

Biomarkers are indicators that objectively reflect normal
physiological and pathological processes.” The most studied
biomarkers are present in blood and cerebrospinal fluid. Because
there is no barrier between the cerebrospinal fluid and the brain,

cerebrospinal fluid is considered an ideal choice for the discovery
of biomarkers of neurodegenerative diseases. Cerebrospinal fluid is
more stable than blood due to the blood-brain barrier, and it is more
difficult to obtain. Early small changes during disease development
are likely excluded in blood and cerebrospinal fluid due to the steady-
state regulation of the internal environment before the critical point of
decompensation is reached, but urine lacks a steady-state mechanism.
Therefore, urine accommodates more changes than the relatively
stable cerebrospinal fluid and blood, and it is more likely to contain
sensitive early markers.®” Urine sensitively reflects the development
of neurodegenerative diseases. For example, 29 differential proteins
were identified in urine when there were no pathological  amyloid
plaques in Alzheimer’s disease transgenic mice,® and 18 significantly
altered metabolites were identified in the urine of patients with PD
and linked to disease stage.” The use of animal models avoids the
influence of age, diet, physiological conditions, and other factors
on urine,'” and it may enable monitoring of the early course of
disease. The overexpression of human a-synuclein A53T mutations
causes two typical neuropathological abnormalities of PD, namely,
the progressive loss of nigrostriatal dopaminergic neurons and the
formation of a-synuclein inclusion bodies."" This mutation model
is widely used in research related to PD.'*!* Therefore, to examine
the influence of the occurrence and development of PD on the urine
proteome, urine samples of a-synuclein transgenic mice were collected
at 2, 4, 6, 8 and 10 months. The urine proteome was analyzed using
liquid chromatography-tandem mass spectrometry (LC-MS/MS) to
identify differential proteins and provide some clues for the early
diagnosis of PD.

Materials and methods

Experimental animals

Four-week-old clean male a-synuclein (A53T)-positive transgenic
mice [C57BL/6J-Tg (PDGF-a-Synuclein®*3T) ILAS] (n=4) were
purchased from the Institute of Laboratory Animal Science Chinese
Academy of Medical Sciences. The animal license is SCXK (Beijing)
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2014-0011. The Institute of Basic Medical Sciences Animal Ethics
Committee, Peking Union Medical College approved the animal
procedures (ID: ACUC-A02-2014-008). All animals were housed in
a standard environment with a 12-h light-dark cycle under controlled
indoor temperature (22 + 2°C) and humidity (65-70%).

Rotarod test

Mouse motor coordination was evaluated using a rotarod apparatus
(developed by the Institute of Materia Medica, Chinese Academy of
Medical Science). The rotating speeds were 25 rpm, 30 rpm, and 35
rpm at a constant interval of 30 min and a time limit of 2 min. The fall
latency was recorded. The time at which the mouse first fell off the
rod was recorded as the fall latency to indicate its motor coordination
ability. Before each experiment, the mice were placed in a kinematics
laboratory environment for more than 30 min to avoid short-term
effects on the mice due to handling and changes in lighting, and the
mice were trained at 15 rpm for 1 min to adapt to the rod spinning
machine. Behavioral experiments were performed every three weeks.

Immunohistochemistry

Immunohistochemistry was performed after the last behavioral
test. Male C57BL/6 mice of the same age were used as controls (n =
3). Tyrosine hydroxylase (TH) was detected. After anesthesia, the mice
were perfused with normal saline followed by 4% paraformaldehyde.
The separated brain was fixed in 4% paraformaldehyde for 24 h and
then transferred to 4% paraformaldehyde containing 30% sucrose for
dehydration until the brain tissue sank to the bottom. The brain tissue
was removed, embedded, dehydrated, and sectioned at a thickness
of 4 um. After dewaxing in water, the sections were microwave-
repaired in EDTA buffer, washed with PBS buffer, placed in a 3%
hydrogen peroxide solution, and incubated at room temperature for
10 min. The tissue was incubated with TH antibody (ab1823, Abcam,
MA, USA) (1:100) at 4°C overnight, and a secondary antibody was
added for 50 min. Freshly prepared DAB solution was added for color
development, and purified water was added to terminate the color
development reaction. Hematoxylin was used for counterstaining, and
1% hydrochloric acid alcohol was added for 1 s for differentiation.
The slices were rinsed with tap water, and ammonia water was added
to turn back to blue, followed by a rinse with running water. The
sections were subjected to an alcohol gradient (70-100%) for 1 min,
dehydrated and dried in transparent xylene, and sealed with neutral
gum. The number of TH-positive cells in the substantia nigra region
of the mouse was recorded. Three researchers who were unfamiliar
with the experimental design performed all evaluations.

Urine collection and sample preparation

Urine samples of 2-, 4-, 6-, 8- and 10-month-old mice were
collected. Urine samples collected in month 2 were used as the control
group. The mice were placed in a metabolic cage alone overnight
(12 h) to collect urine samples. During urine collection, no food
was provided, but free drinking water was available to avoid urine
pollution. The collected urine was centrifuged at 4°C and 3000 x g
for 10 min to remove cells and pellets. The supernatant was stored
at -80°C. Prior to urine protein extraction, the urine samples were
centrifuged at 4°C and 12000 x g for 10 min to remove cell debris.
Four volumes of precooled ethanol were used, and the supernatant
was precipitated at 4°C for 12 h. The above samples were centrifuged
at 4°C and 12000 x g for 10 min. The pellet was resuspended in lysate
(8 mol/L urea, 2 mol/L thiourea, 25 mmol/L DTT, and 50 mmol/L
Tris). The Bradford method was used to determine the protein
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concentration. Filter-aided sample preparation (FASP)" was used for
membrane-assisted enzymolysis of urine proteins. Protein (100 pug)
was loaded onto 10 kDa cutoff filter devices (Pall, Port Washington,
NY) and washed sequentially with UA (8 mol/L urea, 0.1 mol/L Tris-
HCI, pH 8.5) and 50 mmol/L NH,HCO,. DTT (20 mmol/L) was added
to reduce proteins (37°C, 1 h), and 50 mmol/L IAA was reacted in the
dark for 30 min to alkylate proteins. The proteins were digested with
trypsin (Trypsin Gold, Promega, Fitchburg, WI, USA) (enzyme-to-
protein ratio of 1:50) for 14 h at 37°C. The peptides were collected,
desalted on Oasis HLB cartridges (Waters, Milford, MA, USA),
dried via vacuum evaporation (Thermo Fisher Scientific, Bremen,
Germany) and stored at -80°C. Pooled peptides were fractionated using
a high-pH reversed-phase peptide fractionation kit (84868, Thermo
Fisher, USA) according to the manufacturer’s instructions. The
peptide samples were eluted with a gradient of increasing acetonitrile
concentrations. Ten fractions were collected, including a flow-through
fraction, a wash fraction and 8 step-gradient sample fractions. The
fractionated samples were dried completely and resuspended in 20 pL.
of 0.1% formic acid.

LC-MS/MS analysis
DDA-MS

LC-MS/MS data acquisition was performed on a Fusion Lumos
mass spectrometer (Thermo Scientific, Germany) coupled with an
EASY-nLC 1200 high-performance liquid chromatography system
(Thermo Scientific, Germany). For DDA-MS and DIA-MS modes,
the same LC settings were used for retention time stability. The
digested peptides were dissolved in 0.1% formic acid and loaded onto
a trap column (75 pm x 2 ¢cm, 3 um, C18, 100 A), and the eluent
was transferred to a reversed-phase analysis column (50 pm x 250
mm, 2 pm, C18, 100 A) with an elution gradient of 5-30% phase B
(79.9% acetonitrile, 0.1% formic acid, flow rate of 0.3 pL/min) for
90 min. To enable fully automated and sensitive signal processing,
the calibration kit (iRT kit, Biognosys, Switzerland) was spiked at
a concentration of 1:20 v/v in all samples. For the generation of the
spectral library, 8 peptide fractions were analyzed in DDA-MS mode.
The parameters were set as follows. The full scan was acquired from
350 to 1 550 m/z at 60 000, and the cycle time was set to 3 s (top speed
mode). The auto gain control (AGC) was set to 1e6, and the maximum
injection time was set to 50 ms. The MS/MS scans were acquired in
the Orbitrap at a resolution of 15000 with an isolation window of 2 Da
and collision energy at 32% (HCD). The AGC target was set to Se4,
and the maximum injection time was 30 ms.

DIA-MS

For the DIA-MS method, 20 individual samples were analyzed in
DIA mode. The parameters were set as follows. The full scan was
acquired from 350 to 1 550 m/z at 60000, followed by DIA scans with
a resolution of 30 000, HCD collision energy of 32%, AGC target
of 1e6, and maximal injection time of 50 ms. Thirty-six variable
isolation windows were developed, and the calculation method of the
windows was performed as follows. The DDA search results were
sorted according to the number of identified peptide segments by m/z
and divided into 36 groups. The m/z range of each group was the
window width for collecting DIA data.

Data analysis

Rotarod test and immunohistochemistry: Results are presented
as the mean+SD. The data were analyzed using a t-test. The level of
significance was set at 0.05.
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Urinary proteomics

To generate the spectral library, the raw data files from 8 fractions
acquired in DDA mode were processed using Proteome Discoverer
(version 2.3, Thermo Scientific, Germany) with the SwissProt mouse
database (released in May 2019, containing 17016 sequences)
appended with the iRT peptides sequences. The search parameters
consisted of the parent ion mass tolerance (10 ppm), fragment ion
mass tolerance (0.02 Da), fixed modifications, carbamidomethylated
cysteine (+58.00 Da), variable modifications, and oxidized
methionine (+15.995 Da). Other settings were the default parameters.
The applied false discovery rate (FDR) cutoff was 0.01 at the protein
level. The results were imported to Spectronaut™ Pulsar (Biognosys,
Switzerland) software to generate the spectral library of 665 proteins
and 29028 fragments. The raw DIA-MS files were imported to
Spectronaut™ Pulsar with the default settings. Quantitative analyses
were based on the peak areas of all fragment ions for MS2. Each
protein was identified with at least two specific peptides and Q value
<0.01. The screening criteria for differential proteins were as follows:

Tablel Fall latency at different time points
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fold change of protein abundance > 2 and p value < 0.01 by the t-test.
Functional enrichment analysis

The online database DAVID 6.8 (https://david.ncifcrf.gov/) was
used to perform the functional annotation of the differential proteins,
including molecular function, cell component, and biological process.
Pathway analysis of differential proteins was performed using IPA
software (Ingenuity Systems, Mountain View, CA, USA).

Results
Rotarod test

The results showed a significant difference in months 5.5 and 6
compared to month 2. However, there was no behavioral difference
between months 9 and 10.5. It is speculated that the number of
experimental animals was small, or the experimental animals learned
behaviors during the behavioral experiments performed every three
weeks (Table 1).

Month 2 Month 4 Month 5.5 Month 6 Month 9 Month 10.5
25 rpm 1200 119.6+0.8 115%10 106.25+13.75* 116.25+6.50 107+21.65
30 rpm 107.4+25.2 97.6£23.2 113£14 113.75£10.83 120£0 102.75+29.88
35 rpm 1200 92.8+30.69 83.6+25.19* 74+29.73 115.5%£7.79 1200

*p<0.05 versus month 2

Immunohistochemistry

TH is the rate-limiting enzyme for dopamine synthesis. a-synuclein
inclusion bodies are generally co-localized with TH. Therefore,
the number of TH-positive cells reflects the loss of dopaminergic
neurons. Immunohistochemistry showed a general decreasing trend
in the number of TH-positive cells in the experimental group, i.e., a
loss of dopaminergic neurons. There was no significant difference,
which may be related to individual differences and the small number
of samples (Figure 1).
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Figure | TH immunohistochemistry results A Control group [-3 B.
Experimental group |1-4 C.TH-positive cells D. Statistics of TH-positive cells.

Urine proteome changes

Randomly grouped samples at each time point according to
different combinations of fold changes (1.5 or 2) and p values (0.01
or 0.05) were used to calculate the average number of differential
proteins under different screening conditions. This value was
compared with the correct number of differential proteins under this
screening condition, and the ratio approximated a false positive rate.
The lower the false positive rate, the higher the reliability. Because
the true positive differential proteins were also included in the results
of all random groupings, the ratio of the approximate false positive
rate should be slightly higher than the actual false positive rate. The
condition with the lowest ratio was selected to screen for differential
proteins in subsequent analyses (Table 2). Based on the random
grouping, we selected the following screening criteria for differential
proteins: fold change > 2 and p value < 0.01. The UniProt database
was used to match the human homologous proteins that corresponded
to these proteins.

DIA quantitative analysis identified 513 proteins. Seventeen
human homologous differential proteins were screened in comparison
to month 2. There were 2 differential proteins in month 4, of which
2 were upregulated, and 2 were downregulated. There were 7
differential proteins in month 6, of which 4 were upregulated, and 3
were down regulated. There were 5 differential proteins in month 8,
of which 1 was upregulated, and 4 were down regulated. There were
10 differential proteins in month 10, of which 5 were upregulated, and
S were down regulated. There was no continuously changed protein
(Figure 2 & Table 3).

There were unique differential proteins in a-synuclein transgenic
mice at different time points, and there were 3 kinds of continuously
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changing proteins in months 6, 8 and 10, which suggests that the
urine proteome has great potential to reflect the disease process in
a-synuclein transgenic mice. The following specific analyses were
used.

There were 2 differential proteins in month 4 prior to any significant
differences in the behavior and pathology. One protein was related to
PD. Actin in aortic smooth muscle is involved in various types of cell
movements. The interaction between o-synuclein and hemagglutinin
causes pathological changes in the actin cytoskeleton, which was
verified in a previous study of a-synuclein transgenic mice.'¢

Dyskinesias appeared in month 6, and 7 differential proteins
were significantly changed. Four of these proteins were directly or
indirectly related to PD, and 3 proteins were changed continuously
in months 6, 8§ and 10, Formin-2, Splicing factor 3A subunit 1,
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and Isopentenyl-diphosphate delta-isomerase 1. (1) Formin-2
is an actin-binding protein that is involved in the assembly and
reorganization of the actin cytoskeleton,'”!® and it is highly expressed
in the developing adult central nervous system.'” Some studies
found that it was downregulated in the brain tissue of patients with
Alzheimer’s disease.? (2) Isopentenyl-diphosphate delta-isomerase 1
is one of two isoforms (IDI1 and IDI2) of isopentenyl diphosphate
isomerase (IDI) in humans. IDI1 and IDI2 may be related to the
production of cholesterol metabolites in neurons, which results in the
aggregation of a-synuclein during the formation of Lewy bodies.?!
(3) Peroxiredoxin-3 participates in antioxidant mechanisms and it is
upregulated in the striatum of 6-OHDA-induced PD animal models.?
(4) Elongation factor 1-alpha 1 co-immunoprecipitates with human
LRRK2, and autosomal dominant mutations in leucine-rich repeat
kinase 2 (LRRK?2) are the most common genetic cause of PD.?

Table 2 Random grouping results of a-synuclein transgenic mice under different combinations of p values and fold changes

Month 4 Month 6 Month 8 Month 10
1.5, 0.05 15.2/9, 1.69 12.4/29, 0.43 13.8/53,0.26 12.7/52,0.24
2,0.05 6.8/6,1.13 5.4/15,0.36 6.2/26,0.24 5.7/24,0.24
1.5,0.01 2.9/3,0.97 2.5/10,0.25 2.7/17,0.16 2.9/19,0.15
2,001 1.5/2,0.75 1.2/8,0.15 1.2/10,0.12 1.1/12,0.09

Note: expressed in the form of “average differential protein number/due differential protein number, ratio of the two”

Table 3 Differential proteins in a-synuclein transgenic mice

UniProt ID  Protein description Fold change PubMed
M4 Mé M8 MI0  Parkinson’s Disease

Q8N9V7 Protein TOPAZ | 0.42

P62736 Alpha-actin-2 2.11 PMID: 29249285

P68104 Elongation factor |-alpha | 2.96 PMID: 19559761

P30048 Peroxiredoxin-3 201 PTiD oeses i

Q13907 Isopentenyl-diphosphate Delta-isomerase | 0.33 035 0.32 PMID: 25950736

QINY56 Odorant-binding protein 2a 33

Q15459 Splicing factor 3A subunit | 0.34 035 0.32

QI3113 PDZK | -interacting protein | 2.34

QINZ56 Formin-2 0.34 035 0.32 PMID: 10781961
PMID: 21620703
PMID: 18848445

PO0751 Complement factor B 0.49 PMID: 15920296

P17050 Alpha-N-acetylgalactosaminidase 2.04

Qlé666l Guanylate cyclase activator 2B 2.5

014773 Tripeptidyl-peptidase | 341 PMID: 26143525
PMID: 11071145
PMID: 21940688

P54687 Protein ECA39 332 PMID: 28699638
PMID: 23793099

Q96H72 Zinc transporter ZIP13 6.56 Em:g :gg;zggg
PMID: 15927345

Q6P5S2 Protein LEG| homolog 0.25

QINY56 Odorant-binding protein 2a 4.09
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Figure 2Venn diagram of differential proteins at different stages in a-synuclein
transgenic mice.

Five differential proteins were significantly changed in month
8, and 3 of these proteins were directly or indirectly related to PD.
In addition to the proteins that changed continuously in months 6,
8 and 10, the concentration of complement factor B isoform in the
cerebrospinal fluid of patients with PD was lower than that in normal
subjects. The complement protein isoform in cerebrospinal fluid may
be a biomarker of neurodegenerative diseases.?*

Ten differential proteins were significantly changed in month 10,
and 5 were directly or indirectly related to PD. Other proteins were
altered in addition to the proteins that changed continuously in months
6, 8 and 10. (1) Zinc transporter ZIP13 was altered. Zinc transporter
dysfunction is related to the homeostasis of zinc ions in PD,” and
changes in zinc transporter expression and function may contribute
to the development of neurodegenerative diseases.’* The changes
in Zn** content in cells may play a role in the neuronal dysfunction
related to brain aging.”” (2) Tripeptidyl-peptidase 1 was altered,
and 5 patients with a mutation in the tripeptidyl-peptidase 1 gene
developed PD characteristics.?®3° (3) Protein ECA39 is cytosolic and
regulates macrophage function, and it has therapeutic significance in
inflammatory diseases.’! Chronic and acute central nervous system
inflammation is the cause of neurological damage.’> PD is related
to oxidative stress-mediated mitochondrial dysfunction, and the
branched-chain amino acid catabolism via this protein is important to
promote the tricarboxylic acid cycle, i.e., there is a certain correlation
between Protein ECA39 and PD.*

Comparing the above 17 differential proteins with the aging
biomarkers* under the condition that “fold change > 2 and p value <
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0.017, no shared differential proteins were found. The 17 differential
proteins screened in this study were related to the PD simulated in
a-synuclein transgenic mice. Under the condition of “fold change >
2, p value < 0.017, the results of random grouping showed that the
differential protein ratios in months 4, 6, 8 and 10 were 75%, 15%,
12%, and 9%, respectively. Except for month 4, the differential
protein ratios in the remaining months were less than 20%. The reason
for the high ratio in month 4 may be the lack of significant difference
in the behavior and pathology of a-synuclein transgenic mice at this
time. Month 4 belongs to the early stage of disease progression, and
the change in the urine proteome was indeed small. At this time, the
randomness of the differential protein obtained from screening was
large, and the reliability was low.

In general, the differential proteins screened under the condition of
“fold change > 2, p value < 0.01” are likely more reliable and provide
more potential as urine protein biomarkers for PD. To maximize
the reliability of the differential proteins in the urine proteome, the
number of experimental animals should be increased in future urine
biomarker studies, especially research on early stage diseases or
diseases with little change.

Functional enrichment analysis of differential proteins

Randomly grouped samples at each time point according to
different fold-changes and p-values identified the screening condition
with the lowest differential protein ratio. The differential proteins
obtained using these conditions are likely more reliable. In general, the
stricter the screening conditions, the lower the ratio and false positive
rate. However, the strict screening conditions also result in fewer
differential proteins and the screening out of false-negative proteins.
Because there were few differential proteins, it was impossible to
perform functional enrichment analysis on the identified differential
proteins using DAVID 6.8 (https://david.nciferf.gov/). Therefore, the
functional enrichment analysis of the differential proteins screened
under the condition of “fold change > 1.5, p value < 0.05” were
analyzed in this experiment (Table 4). DAVID was used to annotate
the function of differential proteins and show the biological process,
cell composition, and molecular function at each time point. [PA was
used to analyze the pathways of differential proteins.

Table 4 Differential proteins in a-synuclein transgenic mice (p<0.05)

UniProt ID Protein description Fold change PubMed
M4 Mé M8 MI0 Parkinson’s Disease

P27708 CAD protein 0.31

Q8N9V7 Protein TOPAZ | 0.42

Qle666l Guanylate cyclase activator 2B 1.93 2.5

Q9Y624 Junctional adhesion molecule A 1.57 1.54

P00918 Carbonic anhydrase 2 0.34 PMID: 5755676
PMID: 20090508

P04406 Glyceraldehyde-3-phosphate dehydrogenase 2.03 PMID: 2883081 |
PMID: 30658140
PMID: 30639428

P62736 Alpha-actin-2 211
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Table Continued...

UniProt ID Protein description Fold change PubMed

M4 Mé M8 MI0 Parkinson’s Disease

Q8WXHO0 Nesprin-2 0.49 0.6l

POI591 Immunoglobulin | chain 28 3.73 PMID: 23791745

PO0751 Complement factor B 066 049 041 PMID: 15920296

P68104 Elongation factor |-alpha | 2.96 PMID: 19559761

P06858 Lipoprotein lipase 0.38

P30048 Peroxiredoxin-3 201 P1D: 2006631

P55291 Cadherin-15 1.63

P42702 Leukemia inhibitory factor receptor 0.65 0.57  PMID: 24141460

Q13907 Isopentenyl-diphosphate Delta-isomerase | 033 035 032 PMID:25950736

P10253 Lysosomal alpha-glucosidase 1.72 1.9 1.83  PMID: 27780739

P17405 Acid sphingomyelinase 057 0.57 PMID: 29343884

P19440 Glutathione hydrolase | proenzyme 1.71 PMID: 16410750

P00738 Haptoglobin 676 53 PMID: 28240188
PMID: 31604369
PMID: 17918239
PMID: 26708126

QINY56 Odorant-binding protein 2a 33 4.66

Q15459 Splicing factor 3A subunit | 034 035 032

QI96NY8 Nectin-4 1.86

Q8TAGS \2/:et and transmembrane domain-containing protein 212

QI3lI3 PDZK I -interacting protein | 2.34 242

Q9UJA9 Ectonucleotide pyrophosphatase 1.97

Q16651 Prostasin 1.52 1.53

QINZ56 Formin-2 034 035 032 PMID: 10781961
PMID: 21620703
PMID: 18848445
PMID: 28768717

P98164 Low-density lipoprotein receptor-related protein 2 1.68 1.56  PMID:24504617

Q7Z3Y7 Keratin, type | cytoskeletal 28 0.22

Q9Y2ES Epididymis-specific alpha-mannosidase 1.9

043490 Prominin-| 0.52

P56537 Eukaryotic translation initiation factor 6 0.46

POI1833 Polymeric immunoglobulin receptor 1.65 1.86

Q99538 Legumain 0.47 051  PMID:28671665

014773 Tripeptidyl-peptidase | 261 34l PMID: 26143525
PMID: 11071145
PMID: 21940688

P00749 Urokinase-type plasminogen activator 1.59  1.59

P06396 Gelsolin 0.46 PMID: 24946097
PMID: 21798243

P07195 L-lactate dehydrogenase B chain 0.48

Q08431 Lactadherin 1.77
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Table Continued...

UniProt ID Protein description Fold change PubMed

M4 Mé M8 MI0 Parkinson’s Disease
P15328 Folate receptor alpha 1.67 1.58 PMID:27580818
P22352 Glutathione peroxidase 3 1.6 PMID: 27900485
PMID: 23665395
PMID: 2950660 |

P03973 Antileukoproteinase 2.23

P78310 Coxsackievirus and adenovirus receptor homolog 1.96

Q8IUB2 WAP four-disulfide core domain protein 3 1.82

Q08722 Leukocyte surface antigen CD47 1.66 PMID: 28268219

075665 Oral-facial-digital syndrome | protein homolog 203 198

Q6P5S2 Protein LEG| homolog 043 0.25

P53801 Pituitary tumor-transforming gene | protein-interacting protein ~ 1.53  [.59

Q9BQO8 Resistin-like beta 2.03

Q12931 Heat shock protein 75 kDa, mitochondrial 2.47 PMID: 29050400
PMID: 29372317

P36957 2-oxoglutarate dehydrogenase complex component E2 1.95 PMID: 11945122

Q92954 Proteoglycan 4 1.97 193

P17050 Alpha-N-acetylgalactosaminidase 204 182

Q07507 Dermatopontin 0.36

Q96NL6 Sodium channel and clathrin linker | 8.42

096009 Napsin-A 1.52

P26992 Ciliary neurotrophic factor receptor subunit alpha 1.53  PMID:20340160

P61769 Beta-2-microglobulin 0.52  PMID:2682394
PMID: 7605592
PMID: 18343778

P12273 Prolactin-inducible protein homolog 0.51

P00995 Serine protease inhibitor Kazal-type | 1.88

POIOI9 Angiotensinogen 0.41 PMID: 28232171
PMID: 28161727

P07204 Thrombomodulin 0.64  PMID: 12809999

P54687 Protein ECA39 332

Qlé819 Meprin A subunit alpha 1.51

Q06830 Peroxiredoxin-| 1.59

P24855 Deoxyribonuclease- | 1.94

Q92484 Acid sphingomyelinase-like phosphodiesterase 3a 1.52

AOPJK| Solute carrier family 5 member 10 1.79

000391 Sulfhydryl oxidase | 0.57

Q96H72 Zinc transporter ZIP13 6.56 PMID: 10373684
PMID: 18326752
PMID: 15927345

QINY56 Odorant-binding protein 2a 4.09

Q9NUS3 Glycoprotein integral membrane protein | 0.36

043866 CDS5 antigen-like 2.13
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Using these screening conditions, the ratios of differential proteins
in months 4, 6, 8 and 10 were 169%, 43%, 26% and 24%, respectively.
The ratio of differential proteins in month 4 was greater than 100%,
which primarily occurred because the time point was too early and
only slightly different from the control. Therefore, the changes in
urine at this time point were random, and the reliability was low.
Therefore, the functional enrichment analysis in month 4 may only be
used for reference. The evaluation of biological function annotation
revealed that inflammatory reaction and vitamin D metabolism began
to appear in month 8, and chronic and acute central nervous system
inflammation is the cause of nervous system damage in PD.*? Vitamin
D is involved in calcium and phosphate metabolism, the immune
response, and regulation of brain development. Vitamin D was a good
candidate serum biomarker for PD and Alzheimer’s disease (Figure
3A). The analysis of cell composition showed that the differential
proteins were secretory proteins, mostly from the extracellular matrix
and membrane (Figure 3B). The analysis of molecular function showed
that most of the proteins had enzyme activity (Figure 3C). Pathway
analysis showed that the pathways at different time points had unique
characteristics, and some of the proteins were related to PD (Table 4).
For example, inflammation occurred in month 4, such as leukocyte
extravasation signaling. Tight junction signaling and endocytosis
are two of the most likely pathways associated with sporadic PD.*
Remodeling of epithelial adherens junctions and agrin interactions at
the neuromuscular junction are two of the most affected pathways
in PD.¥” Acute phase response signaling and various signals related
to oxidative stress appeared beginning at month 6, which suggests a
certain relationship between PD and immune disease.

Biological process

cell proliferation  [INNNDNSTN
P M6
renal system process  [INIININTZNNNN
Tary - it ity uMs
ciliary neurotrophic factor-mediated signaling pathway  [INNEEENISEINNN
retina homeostasis mMI0

proteolysis

leukocyte migration

actin nucleation

vitamin ) metabolic process

receptor-mediated endocytosis

adherens junction organization

-log (p-value)

Figure 3A Biological process analysis of differential proteins in a-synuclein
transgenic mice.
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Figure 3B Cell component analysis of differential proteins in a-synuclein
transgenic mice.
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Molecular function
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Figure 3C Molecular function analysis of differential proteins in o-synuclein
transgenic mice.

Table 5 Pathway analysis of differential proteins in a-synuclein transgenic mice

Term -log(p-value)
M4 Mé M8 MIO0

Uridine-5'-phosphate

; ! 3.1
Biosynthesis
NADH Repair 293
Tight Junction Signaling 2.74
S_erto!i Cell-Sertoli Cell Junction 267
Signaling
Lguchyte Extravasation 262
Signaling
Maturity Onset Diabetes of 211
Young (MODY) Signaling ’
Glycolysis | 2.03
Gluconeogenesis | 2.01
Mechanisms of Viral Exit from |8
Host Cells ’
Pyrimidine Ribonucleotides De 1.79
Novo Biosynthesis ’
Phototransduction Pathway 1.7
MSP-RON Signaling Pathway 1.65
Remodeling of Epithelial 159
Adherens Junctions ’
Caveolar-mediated Endocytosis

S 1.55
Signaling
Agrin Interactions at 153
Neuromuscular Junction ’
Regulation of Actin-based | 47
Motility by Rho ’
Crosstalk between Dendritic | 46
Cells and Natural Killer Cells ’
Death Receptor Signaling 1.46
Fcy Receptor-mediated
Phagocytosis in Macrophages 1.44
and Monocytes
FAK Signaling |.44
VEGF Signaling 1.43
Paxillin Signaling 1.39
Virus Entry via Endocytic 138 1.79 175

Pathways
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Table Continued...

Term -log(p-value)

M4 Mé M8 MI0
RhoA Signaling 1.33
Cellular Effects of Sildenafil 131
(Viagra) ’
'lla'irzgs;]z:lr:;farnesyl Diphosphate 239 214 212
Sphingomyelin Metabolism 2.08 1.84
v-glutamyl Cycle 1.95
Assembly of RNA Polymerase Ill Complex .91 1.67 1.64
Leukotriene Biosynthesis 1.88
Glycogen Degradation IlI 1.88 1.63 1.6l
Mevalonate Pathway | 1.88 1.63 1.6l
Acute Phase Response Signaling 1.84 1.38 1.34
Superpathway of Geranylgeranyl
diphosphate Biosynthesis | (via 1.76 1.52 1.49
Mevalonate)
Superpathway of Cholesterol Biosynthesis 1.55
Role of p14/p19ARF in Tumor Suppression  1.55
Complement System 1.44
Retinol Biosynthesis 1.41
Triacylglycerol Degradation 1.4
FAT 10 Cancer Signaling Pathway 1.33
2-ketoglutarate Dehydrogenase Complex 2.14
Pyruvate Fermentation to Lactate 2.04
Glucocorticoid Receptor Signaling 1.65
Glutathione Redox Reactions | 1.41
TCA Cycle Il (Eukaryotic) 1.37
Neuroprotective Role of THOP| in Alzheimer's Disease 2.92
Coagulation System 2.69
CNTF Signaling 2.29
Leucine Degradation | 1.77
Isoleucine Degradation | 1.55
Phagosome Maturation 1.52
Extrinsic Prothrombin Activation Pathway 1.52
Valine Degradation | 1.47
Lipid Antigen Presentation by CD 1.35
Apelin Liver Signaling Pathway 1.31

Conclusion

The results of the present study showed that the urinary proteome
reflected the disease progression changes of a-synuclein transgenic
mice. There were continuous differential proteins and unique
differential proteins at different time points, and more than half of
the differential proteins were directly or indirectly related to PD,
which suggests that urine has great potential for diagnosing and
indicating the occurrence and development of PD. Urine proteome
research for PD has great potential. The use of different combinations
of biomarkers provides new ideas and clues for the early diagnosis

Copyright:
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of neurodegenerative diseases, further improves the reliability of
diagnosis, and aids in the performance of large-scale clinical research.
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