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Abstract
Background

Urinary extracellular exosomes (uEVs) have been identi�ed as a novel, stable and no-invasive source of
biomarkers. However, the potential clinical value of uEVs is limited by the lack of standard quantitative
proteomics data. It is necessary to uncover ubiquitous and stable proteins of uEVs as the reference
markers in urinary quanti�cation.

Samples and methods

The samples from 210 healthy individuals (3~90 years old), were divided into seven different stages of
life. The uEVs samples were identi�ed by LC-MS/MS and data-independent acquisition (DIA) methods.
Eight stably expressed uEVs proteins were obtained by bioinformatics analysis. Moreover, 42 samples
were used to validate by Western blot, ELISA, and immuno�uorescence.

Results

A total of 3,002 proteins and 1,393 co-expression uEVs proteins were identi�ed by LC-MS/MS. The
bioinformatics analysis showed 1,393 co-expression proteins mostly enriched in endocytosis. Eight
proteins were stably expressed throughout the seven age stages (p<0.05). Furthermore, RAB8A, RAB8B,
Semaphorin-5A, Plexin-B2, JAMA, and STUB1 were validated by Western blot. Above all, RAB8A and
RAB8B are the most stably expressed proteins in different age stages.

Conclusion

RAB8A, RAB8B, Semaphorin-5A, Plexin-B2, JAMA, and STUB1 were expressed stably proteins throughout
the age stages. These six proteins might be the standard reference markers in the analysis of urine
exosomal proteomics. RAB8A and RAB8B have been validated are the putative reference markers.

Introduction
Urine is the �ltrate of blood, excreted in the renal tubules, contains biochemical substances and cellular
components. The accumulated dynamic changes of small molecules in urine can better re�ect the
metabolism and pathophysiological state at a period [1,2]. Wiggins, et al. [3] recorded the presence
of uEVs through electron microscope images for the �rst time. Subsequent studies analyzed the
composition of urine exosomes and identi�ed RNA, miRNA, lncRNA, and some speci�c proteins [4,5]. The
stable membrane vesicle structure of exosomes triggered the exponential growth of uEVs research in the
biomarkers.

The quantitative data of urine exosomes in healthy people is the basis for discovering biomarkers. Most
studies on uEVs proteomics use different operating procedures and lack a uni�ed standard [6-8]. There is
also a blank in proteomic studies of human urine exosomes of all ages and genders. This study refers to
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the standard operating procedures of the Human Urine Proteome Project (HKUPP) and the European
Kidney and Urine Proteomics (European Kidney and Urine Proteomics, EuroKUP) group
(http://www.eurokup.org). Two hundred and ten healthy people were recruited, divided into seven age
groups, and size exclusion chromatography(SEC) was used to purify urine exosomes. Mass spectrometry
results showed that a total of 3,002 urine exosomal proteins and 1,393 co-expressed proteins were
obtained from different age stages. We performed bioanalysis and found eight stably expressed proteins
and validated six. These six stably expressed proteins are potential reference markers, and we have
identi�ed two of them.

Materials And Methods
Sample Criteria

Combined with the United Nations World Health Organization (WHO) age classi�cation standards, the
age groups were classi�ed A(0-6 years old), B(7-14 years old), C(15-30 years old), D(31-44 years old),
E(45-59 years old), F(60-79 years old), and G(≥80 years old), and each group was assigned 30 people
(including 15 males and 15 females). Altogether, 210 people were recruited, and they were all of Han
nationality. The physical examination illustrated that all participants had no hypertension, diabetes,
cardiovascular or cerebrovascular diseases, or other diseases, and no abnormal liver or kidney function
was identi�ed. They had no history of taking medicines in the past month. With the consent of the
participants, 100 mL of clean mid-morning urine under normal living conditions was obtained from each
of them. The sample population information is shown in Table 1.

Table 1 Basic information of experimental subjects
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  Group Sex Age Total Protein
Concentration

Healthy (210
person)

A 0-6Y Male 15 person 4.53±0.88 0.53±0.07

Female 15
person

4.73±1.00 0.45±0.08

Total 4.63±0.95 0.49±0.09

B 7-14Y Male 15 person 9.40±1.62 0.43±0.10

Female 15
person

8.33±1.53 0.47±0.06

Total 8.87±1.67 0.45±0.09

C 15-
30Y

Male 15 person 25.67±2.47 0.41±0.13

Female 15
person

27.60±1.25 0.40±0.17

Total 26.63±2.18 0.40±0.15

D 31-
44Y

Male 15 person 37.07±3.36 0.43±0.10

Female 15
person

35.67±3.38 0.50±0.14

Total 36.37±3.44 0.47±0.13

E 45-59Y Male 15 person 52.53±3.59 0.47±0.12

Female 15
person

51.00±3.35 0.46±0.10

Total 51.77±3.56 0.47±0.11

F 60-79Y Male 15 person 69.67±5.25 0.44±0.15

Female 15
person

69.40±4.74 0.45±0.19

Total 69.53±5.00 0.44±0.17

G ≥80Y Male 15 person 83.73±2.91 0.48±0.14

Female 15
person

83.07±7.54 0.42±0.12

Total 83.40±5.72 0.45±0.13

Isolation and Preservation of Urinary Exosomes

Regarding the standard operating procedures of HKUPP and EuroKUP (http://www.eurokup.org), the
obtained urine samples were immediately placed in a refrigerator at 4 °C, and the urine was processed
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within 2 hours. First, a urine sample was processed at 1500 g×10 minutes at 4 °C and then 5000 g×30
minutes to remove the cells. Second, sterilization and cell debris were �ltered with a 0.22 μm �lter
(Millipore, SLGVR33RB). Third, the urine was concentrated through an ultra�ltration tube (Millipore,
UFC910024). Finally, the size exclusion method (Izon Science Ltd, qEV10/35 nm) was used to extract the
exosomes in the concentrated urine samples, which had been resuspended in PBS and stored directly at
-80 °C.

 

Identi�cation of Urinary Exosomes

TEM

Five microliters of urine exosome samples were dropped on the copper mesh. After incubation for 5
minutes at room temperature, the excess liquid was absorbed with absorbent paper from one side. Then,
a drop of 2% uranyl acetate was put on the sample and incubated at room temperature for 1 minute, and
then, the surface liquid from one side was absorbed by the absorbent paper. After a 20-minute drying
process, the morphology of the urine exosomes was observed under a microscope (Tecnai G2 Spirit
BioTwin, FEI).

NTA

The sample was diluted with prechilled 1×PBS to a suitable concentration and directly used for NTA
(ZetaVIEW S/N 17-310, PARTICLE METRIX) detection (ZetaView 8.04.02) of the urine exosomal particle
size.

Western Blot

Urine exosome samples were lysed with RIPA strong lysis buffer containing PMSF. Then, the sample with
the determined protein concentration was loaded on a 15% sodium dodecyl sulfate- polyacrylamide gel.
Next, 65 V to 100 V was used for electrophoresis, and then the membrane was transferred with a rapid
transfer system (Bio-Rad, TURBO). Furthermore, a 5% blocking solution with TBST and skim milk powder
was made and placed on a shaker at room temperature for 2 hours or at 4 °C overnight. Anti-CD9(Abcam,
ab236630), Anti-CD63 (Abcam, ab271286), Anti-CD81 (Thermo, MA1-10290), Anti-RAB8A (Abcam,
ab188574), Anti-RAB8B (Abcam, ab222017), Anti-Plexin B2/MM1 (Abcam, ab193355), Anti-Semaphorin
5A (Bioss, bs-20430R), Anti-Junctional adhesion molecule A (Abcam, ab269948) and Anti-STUB1/CHIP
(ab134064) antibodies were then diluted at a ratio of 1:1000, followed by incubation in a refrigerator at 4
°C. After washing the membrane, a 1:2000 diluted secondary antibody was incubated for 2 hours at room
temperature. Then, the membrane was rewashed with TBST and poured with chemiluminescent HRP
solution (Millipore, WBKLS0500) for exposure.

Enzyme-linked immunosorbent assay
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Took the standard solution to make a standard curve, added 100 μL sample to be tested to the sample
well, sealed the plate with a sealing �lm, and incubated at 37 °C for 90 minutes. Next, discard the solution
in the plate, washing the plate two times with wash buffer. Added 100 μL of biotin-labeled RAB8A
(FineTest, EH1615) and RAB8B (FineTest, EH11620) antibody working solution into the above wells,
covered the plate, and incubated at 37°C for 60 minutes.  Remove the cover and washing the plate three
times with wash buffer. Added 100ul of HRP-streptavidin conjugate SABC working solution into each
well, cover the plate, and incubate at 37°C for 30 minutes. After washing, added 90μL TMB substrate and
50μL stop solution into each well. The OD value was measured at 450 nm and calculated the
concentration according to the standard curve.

Immuno�uorescence

The suspension containing EVs was added to a shaker box, centrifuged at 1500 r/min×7 min,
permeabilized with 0.3% Triton X-100 for 10 min, and then blocked with 2% BSA (prepared in PBS) at
room temperature for 30 min. The speci�c primary antibody (prepared in 2% BSA, dilution ratio 1:2000)
and �uorescein-labeled mouse secondary antibody (Abcam, ab150077) were incubated in a humid box at
37 °C for 30 minutes and observed under an upright �uorescent microscope (EUROStar III Plus).

LC-MS/MS

Protein Isolation

The samples were mixed evenly, and then the urea particles were added to obtain a mixed sample
suspension with a �nal urea concentration of 8 M. The sample was shaken until the urea particles were
fully dissolved. Then, the sample was concentrated in an ultra�ltration tube. Ten microliters were
maintained for Bradford protein quanti�cation, and the remaining sample aliquots were kept at -80 °C.

Enzymatic Desalination

Then, 100 μg of sample protein was added to 10 mM DTT and reduced to 56 °C for 1 hour. Then, it was
alkylated with iodoacetamide for 1 hour in a dark room at room temperature. The protein was digested
with trypsin at a ratio of 1:50 and 37 °C overnight, desalted with a C18 cartridge to remove high
urea, and dried by vacuum centrifugation.

Library construction and mass spectrometry data acquisition in DIA mode

A Q Exactive HF-X mass spectrometer and Nanospray Flex™ (NSI) ion source were employed. The ion
spray voltage was 2.4 kV, and the temperature of the ion transfer tube was 275 °C. Data-dependent
acquisition mode was performed, with a scanning range of 350-1500 m/z to construct the library. Mass
spectrometry data were obtained by data-independent acquisition (DIA) mode, with a spectrum scanning
range of m/z 350-1500. 

Statistics and Analysis
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Bioinformatics Analysis

This experiment employed the Homo sapiens database. Data analysis and visualization of DDA and DIA
data were performed using the Proteome Discoverer 2.4 (PD 2.4, Thermo) platform, Biognosys
Spectronaut 13 version, and R statistical framework. The original DDA-MS �le was analyzed with PD
software (version 2.4). The peak list was also searched against the protein database. Clusters of
Orthologous Groups (COG) were performed for homology classi�cation. The protein database was used
for Gene Ontology (GO) to perform the statistical analysis of cell components, molecular functions, and
biological processes (CC). The identi�ed proteins data from each group of samples were uploaded to the
Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www.genome.jp/kegg) website to obtain and
analyze all the map results from all channels.

Statistical Analysis

All experiments were performed three times. All values are expressed as the mean± standard deviation.
Here, we took a 1.5-fold change as a cutoff for differentially expressed proteins, and P<0.05 was
considered statistically signi�cant. For the Enzyme-linked immunosorbent assay, tests were completed by
R3.6.3 software. Due to the Shapiro-Wilk normality test, some groups did not meet the normal
distribution. Therefore, to ensure the uniformity of all tests, the Kruskal-Wallis test was used for the
different analyses for the simultaneous comparison of multiple groups. For pairwise comparisons,
Wilcoxon rank-sum test was used for different analyses.

Results
Exosomes obtained from urine meet the requirements of ISEV

NTA

Nanoparticle tracking analysis (NTA) detected sample sizes ranging from 30 nm to 200 nm. The major
peak of the diameter particle was identi�ed as 109.7 nm, accounting for 96.6%, and the median (X50)
was 130.4 nm, which met the standard overall (Figure 2a).

Enriched Protein

Western blot showed that CD9, CD63, and CD81 were strongly expressed in puri�ed urinary exosomes
(Figure 2b).

TEM

A clear vesicle structure could be seen under a transmission electron microscope (TEM). The particle size
of the vesicle met the detection standard of exosomes (Figure 2c).

All age stages shared 1,393 proteins
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A total of 3,002 proteins were collected in the A-G groups of urine exosomes. Among 3,002 proteins, 1,393
proteins were shared by A-G groups. Boxplots and heat maps were used for cluster analysis, and the
results showed that the urinary exosome proteomics data obtained by the LC-MS/MS method were
reliable and could be used for more analysis.

COG

The 1,393 proteins were assigned to 25 entries (one was Function unknown). 223 proteins were involved
in the signal transduction mechanism, accounting for 16.7%; 209 proteins were involved in general
function prediction, and 161 proteins were involved in posttranslational modi�cation, protein turnover,
and chaperones.

GO and KEGG

GO analysis is performed on urine exosome co-expressed proteins from a global perspective. The
functional role of urine exosome proteins is determined by GO analysis, and the attributable protein
entries of biological processes, cell components, and molecular functions are obtained. The GO
classi�cation system shows that these proteins can be classi�ed according to their functional properties.
In the biological process (BP), the number of proteins involved in endocytosis is the largest, followed by
the actin �lament-based process and immune effector process; the top three in cell component (CC) are
lytic vacuole, secretory granule lumen, and side of the membrane. The protein is concentrated in the cell
adhesion molecule binding, calcium ion binding, and protein domain-speci�c binding in molecular
function (MF). Corresponding to the above, KEGG analysis showed that the protein was enriched in
endocytosis, phagosome, lysosome, and other pathways.

RAB8A, RAB8B, Semaphorin-5A, Plexin B2, STUB1, JAMA, Syndecan-2, and LANCL1 of uEVs have stably
expressed at all ages

Analysis of the 1,393 co-expressed proteins in quanti�cation, we found that RAB8A, RAB8B, Semaphorin-
5A, Plexin B2, STUB1, JAMA, Syndecan-2, and LANCL1 were constantly expressed among the age groups
and genders. Among them, RAB8A, RAB8B, Semaphorin-5A, Plexin B2, STUB1, and JAMA were veri�ed by
Western blot.

The validation of RAB8A and RAB8B

Enzyme-linked immunosorbent assays and immuno�uorescence veri�ed the expression of
RAB8A/RAB8B. As shown in Figure 7 a, the quanti�cation level of biomarkers universal used in exosomes
are higher than RAB8A/RAB8B. RAB8A and RAB8B are more stable than those biomarkers in different age
groups and genders. Moreover, RAB8A/8B ELISA kits were used to establish standard curves with the
standard solution, with the R2 values of 0.9958 and 0.9932, respectively. The formula calculated the
sample concentration. The median value of RAB8A concentration was 1.48 ng/ mL, the �rst quartile
value Q1 is 1.18 ng/ mL, the third quartile value Q3 is 1.73 ng/ mL. The median value of RAB8B
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concentration was 132.45 pg/ mL, the �rst quartile value Q1 is 108.46 pg/ mL, the third quartile value
Q3 is 144.39 pg/ mL. After staining, RAB8A and RAB8B were visible under the �uorescence microscope.

Discussion
In recent years, urine has become the second most signi�cant biological �uid used for clinical diagnosis
after blood due to its comprehensive advantages [8-10]. The advent of the proteomics era has
dramatically promoted the ability to obtain protein information in basic and clinical research. However,
many challenges exist in research about urine protein biomarkers, such as low protein abundance, salt
presence, �uctuating expression, and high variability between and within individuals. The above points
make the downstream research more challenging [11]. The proteomics of exosomes has stable and
credible characteristics. Moreover, clarifying the protein composition of healthy human urine exosomes is
the basis for discovering urinary reference markers [12].

This study followed the standards set by HKUPP, EuroKUP, and ISEV (International Society for
Extracellular Vesicles) to screen the samples strictly [13,14], isolated higher purity uEVs by size exclusion
chromatography without expensive equipment. The information with better reproducibility, stability, and
coverage was obtained by DIA approach[15]. Exosomes are generally considered to play an important
role in cell communication and transportation in pathophysiological processes, including development,
immunity, tissue homeostasis, and cancer. [16-18]. The COG analysis of this study shows that the number
of proteins involved in signal transduction mechanisms in urinary exosomes is the largest, accounting for
16.7%, which fully supports the above view. We obtained and veri�ed the constant expression of RAB8A,
RAB8B, Semaphorin-5A, Plexin B2, STUB1, and JAMA, the potential quantitative reference markers of
human urinary exosomes. It is undeniable that the four transmembrane proteins CD9, CD63, CD81, and
TSG101 are widely used to identify exosomes [19]. However, we measure whether a protein is suitable as
the marker only from the expression level, then the abovementioned universal biomarkers are ranked 86,
456, 112, and 209 in the urine exosomal protein identi�ed. Therefore, measuring the expression level
alone is not comprehensive, and stable expression is also a key feature of markers. The veri�cation
results show that RAB8A, RAB8B, Semaphorin-5A, Plexin B2, STUB1, and JAMA are stable proteins in
uEVs of different age stages and genders. Considering the stable expression characteristics of markers,
we have reason to believe that these six proteins are suitable as potential reference markers for urinary
exosomes. The reasons why these proteins can be stably expressed and become the reference markers in
urine exosomes are considered as follows.

Firstly, RAB8A and RAB8B play a signi�cant role in signal transduction and vesicle transport as members
of Rab GTPases [20,21]. It is known that Rab GTPases constitute the largest group of small GTPases,
with a total of approximately 70 members [22]. As the critical regulatory factor in forming transport
vesicles and membrane fusion, Rabs circulate between the inactive form combined with guanosine
diphosphate and the active form combined with guanosine triphosphate [23]. According to our results, 37
Rab GTPases were identi�ed. Among them, 28 were de�ned as extracellular transport, secretion, and
vesicle transport, and 12 were de�ned as signal transduction in the COG analysis. Some Rab GTPases
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are extracellular transport, secretion, vesicle transport, and signal transduction, showing the complex
connection between signal transduction and membrane transport. Secondly, Rab GTPases are essential
for neuronal function [24]. Embryo development is a highly complex process requiring close coordination
between cells, which relies on membrane transport to properly handle receptors, transporters, and
adhesion molecules [25]. Researchers believe that signal transduction and membrane transport can �ne-
tune the homeostasis of cells and the body, membrane transport defects are a sign of neurodegeneration,
and Rab GTPases are precisely the critical regulators of signal transduction and membrane
transport [21]. The changes in Rab GTPases are related to almost all neuronal activity in health [20].
Although the speci�c molecular role of Rab GTPases in the development process is still unclear, many
studies have emphasized the necessity of Rab GTPases in the development of multiple mammalian
embryos [25]. In multiple experiments, the mice that knocked out the Rab proteins died at the embryonic
stage or shortly after birth [26-29]. The above shows that Rab GTPases play an essential and
indispensable role in embryonic development. Therefore, we speculate that this is one of the possible
reasons for the stable expression of RAB8A and RAB8B in human urinary exosomes. Thirdly, we also
believe that the stable expression of RAB8A and RAB8B in human urinary exosomes is related to the
growth of cilia and the process of autophagy. It is worth noting that defects in primary cilia function are
related to increasing human development and degenerative diseases, which affect the functions of many
organs of the body, collectively referred to as ciliary disease [30]. Primary cilia perceive various
environmental signals in the extracellular environment. RAB8 acts as a surface receptor on the cilia
membrane to transmit the sensed signals to the cell [31,32], becoming an essential part of the cilia
growth process [33]. In addition, autophagy is a catabolic process that plays an essential role in
homeostasis by providing energy to recover cellular components. Rab proteins are involved in all stages
of autophagy. RAB7, RAB8B, and RAB24 play a crucial role in the maturation of autophagosomes [34,35].
RAB8A and RAB25 are also involved in autophagy. The protein complex composed of C9ORF72, WDR41,
and SMCR8 can be used as the GTP exchange factors (GEFs) of RAB8A and RAB39B to regulate
GTP/GDP exchange, control autophagic �ux, and then participate in the maintenance of the body's
environmental homeostasis [36]. The stable existence of RAB8A and RAB8B maintains the regular
operation, and they are vital proteins in the development process. After a comprehensive analysis, we
believe that RAB8A and RAB8B are involved in signal transduction, vesicle transport, neuronal function,
cilia growth, and autophagy processes, further participating in the development of the body and
maintaining the regular operation of the body functions.

Similar to RAB8A/B, Semaphorin-5A and Plexin B2 play a vital role in forming axons and other neural
development processes [37,38]. In addition, the adhesion molecule A and STUB1 play an essential role in
forming tight junctions [39] and regulate the quality of peroxisomes, respectively [40]. These give us
reasons to believe that Semaphorin-5A, Plexin B2, STUB1, and JAMA are stably expressed throughout the
age stages.

Conclusion
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Through rigorous experimental design and the implementation of reasonable experimental programs,
providing objective and credible human urinary exosomal protein pro�le data. By bioinformatics analysis,
it is learned that eight proteins are stably expressed of all ages. Further experimental results showed that
RAB8A, RAB8B, Semaphorin-5A, Plexin B2, STUB1, and JAMA are the potential reference markers of
human urine exosomal. The screening and veri�cation of speci�c disease-related biomarkers require
more downstream experiments to complete and supplement.
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Figures

Figure 1

Flow chart

Figure 2

Exosome identi�cation
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Figure 3

Quantitative proteomics analysis of urine exosomes. (a) BoxPlot: Box diagram obtained from
quantitative protein in groups A-G. (b) Heatmap: Cluster analysis of overall proteins expression in groups
A-G. (c) NightingaleRose: The number of proteins obtained from the A-G groups three times on the
computer. (d) Venn diagram: All age stages shared 1,393 proteins.

Figure 4
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COG function classi�cation of 1,393 urinary exosomes co-expressed proteins in groups A-G and its
statistical pie chart.

Figure 5

GO analysis of 1,393 co-expressed proteins: (a) Bubble chart of the BP enrichment analysis of 1,393 co-
expressed proteins in human urine exosomes. (b) Bubble chart of the CC enrichment analysis of 1,393 co-
expressed proteins in human urine exosomes. (c) Bubble chart of MF enrichment analysis of 1,393 co-
expressed proteins in human urine exosomes. (d) Bubble chart of KEGG analysis of human urine
exosome 1,393 co-expression proteins.
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Figure 6

The veri�cation of RAB8A, RAB8B, Semaphorin-5A, Plexin B2, STUB1, JAMA by Western blot. (a) Western
blot veri�ed the expression of RAB8A in the A-G groups, with 6 people in each group, 1-3 for female
samples, and 4-6 for male samples. (b) Western blot veri�ed the expression of RAB8B. (c) Western blot
veri�ed the expression of Plexin B2. (d) Western blot veri�ed the expression of Semaphorin-5A. (e)
Western blot veri�ed the expression of STUB1. (f) Western blot veri�ed the expression of JAMA.
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Figure 7

The veri�cation of RAB8A and RAB8B. (a) The expression of RAB8A/RAB8B in the female and male
populations. (b) ELISA determined the concentration of RAB8A/8B. (c) The expression of RAB8A/8B was
determined by immuno�uorescence.


