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Lay Summary

Abstract

Background: Exosomes, which are vesicles ranging from 40 to
160 nm in size, are released from cellular membranes and serve as
a means of cell-to-cell communication by delivering their contents,
such as microRNA and protein, to recipient cells. These extracellu-
lar vesicles are present in human blood and urine and their compo-
sition can be altered in specific pathogenic conditions. Aquaporin-2
(AQP2) is a critical aquaporin involved in water homeostasis and
has been identified as an important biomarker in chronic kidney
disease. However, it is unclear whether AQP2 is transported via
exosomes.

Method: This study included 16 participants with chronic kidney
disease and 11 healthy volunteers. Serum exosomes were isolat-
ed through polymer precipitation and imaged using transmission
electron microscopy. The diameter of purified serum exosomes
was measured via flow cytometry, and their identity was further
confirmed by identifying exosome markers through immunoblot-
ting. Additionally, the participants’ hepatic B and C virus infection
status was determined using chemiluminescent microparticle im-
munoassay.

Results: The precipitation method was utilized to isolate se-
rum exosomes, and successful purification was confirmed through
transmission electron microscopy imaging. Size estimation was
conducted via flow cytometry, and the presence of exosome mark-
ers CD63, TSG101, CD9, and CD81 was confirmed through immu-
noblotting. Furthermore, the presence of AQP2 was detected in
serum exosomes, and its abundance was found to significantly de-
crease in patients with chronic kidney disease. However, despite
the decreased abundance, the percentage of phosphorylated AQP2
at serine 256 was significantly increased.

Conclusion: Our findings suggest that changes in the abundance
and phosphorylation status of AQP2 on serum exosomes are asso-
ciated with the development of chronic kidney disease, and could
potentially serve as a signal for exosome transport.
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Exosomes, small vesicles involved in cell communication,
carry molecules between cells. This study examined Aquapo-
rin-2 (AQP2), a protein important in water balance, and its pres-
ence in exosomes, specifically in Chronic Kidney Disease (CKD).
Blood samples were collected from CKD patients and healthy in-
dividuals, and exosomes were isolated and characterized. AQP2

was found in exosomes, and its levels were significantly lower
in CKD patients compared to healthy individuals. Interestingly,
phosphorylation of AQP2 at a specific site was increased in CKD
patients. These findings suggest that changes in AQP2 abun-
dance and phosphorylation in exosomes may be linked to CKD
development. Understanding exosome-associated changes in
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AQP2 could offer insights into CKD progression and potentially
lead to new diagnostic markers or treatment strategies. Further
research is needed to explore the underlying mechanisms and
clinical implications of these findings.

Introduction

Exosomes are a type of extracellular vesicle that range in size
from 40 to 160 nm in diameter, depending on the cell type they
originate from. Monocytes and macrophages, for example, can
produce exosomes that are larger, with an average size of up to
200 nm [1]. Endothelial cells, on the other hand, tend to pro-
duce exosomes that are around 150 nm in diameter [2]. These
vesicles are capable of carrying various types of biomolecules,
including DNA, mRNA, microRNA, and proteins, and can act as
vehicles to transport cargo to target cells in a paracrine or endo-
crine manner [3,4]. Additionally, exosomes have been found to
play a role in viral infections [5,6], making them a versatile and
multi-functional means of intercellular communication.

Exosomes often exhibit disease-specific changes, mak-
ing them potential diagnostic or prognostic biomarkers. In
the context of kidney-related pathologies, various biomarkers
have been investigated. Studies have demonstrated significant
changes in exosomal microRNAs during the progression of dia-
betic nephropathy [7], while exosomal AQP2 has been evalu-
ated as a potential biomarker for renal dysfunction [8]. In ad-
dition, general circulation microparticles have been utilized
to monitor vascular dysfunction in end-stage renal failure [9].
However, whether there are discernable alterations in circu-
lating exosomes of individuals with chronic kidney disease re-
mains unclear.

Ultracentrifugation and precipitation are the two primary
methods for isolating exosomes from liquid biopsies. Precipita-
tion, which involves the use of high-molecular-weight polymers
such as PEG, can be performed without special equipment and
is a popular alternative to ultracentrifugation [10]. While ultra-
centrifugation yields a lower quantity of exosomes, it produces
a much purer sample. However, due to the requirement for
an ultra-high-speed centrifuge, this method is less commonly
used for routine exosome isolation. Confirmation of isolated
exosomes can be achieved through various experimental tech-
niques. For instance, flow cytometry analysis can be employed
to determine particle diameter. In addition, immunoblotting
can be used to detect known exosome transmembrane protein
markers, such as CD63, CD9, and CD81, as well as the cargo pro-
tein TSG101, which serve as positive identification for exosomes
in purified samples [11-13].

Aquaporins are integral membrane proteins that regulate
water homeostasis by serving as water channels. AQP2, a mem-
ber of the aquaporin family, is involved in endocytosis and exo-
cytosis and is also incorporated into exosomes that are subse-
quently released into the blood or urine. The activity of AQP2
is modulated by phosphorylation and ubiquitination. Studies
have demonstrated that serine-256 phosphorylation of AQP2
is associated with trafficking between intracellular spaces via
vesicles [14], while threonine-269 and serine-261 phosphor-
ylation is involved in secretion [15]. However, the relationship
between AQP2 phosphorylation and exosome secretion is not
well understood. In this study, we isolated and analyzed exo-
somes from serum samples collected from healthy volunteers
and patients with chronic kidney disease. Our findings revealed
that the concentration of exosomes was significantly lower in
patients with chronic kidney disease than in healthy individu-

als. Despite the lower exosome concentration, the ratio of ser-
ine-256 phosphorylated AQP2 to unphosphorylated AQP2 was
considerably higher in patients compared to healthy volunteers.
Our study highlights the potential of using the concentration
of serum exosomes and phosphorylated AQP2 as a signal for
evaluating chronic kidney disease.

Materials and Methods
Study Design

The flow chart depicts the essential components of the study
design (Figure 1). In this study, serum exosomes were isolated
using polymer precipitation and visualized using transmission
electron microscopy. The size of purified serum exosomes was
determined using flow cytometry, while their identity was con-
firmed through the identification of exosome markers via im-
munoblotting.

Study Cohort

The study was carried out at National Taiwan University
Hospital Yunlin Branch in compliance with the principles of the
Declaration of Helsinki. The collection and utilization of clinical
specimens were conducted in adherence to ethical guidelines,
and all participants were provided with detailed information
about the study's objectives and provided written informed
consent. The Research Ethics Committee of National Taiwan
University Hospital reviewed and monitored the study, with
approval numbers 201717001RIND. The study recruited a to-
tal of 16 patients with chronic kidney disease and 11 healthy
volunteers from the National Taiwan University Hospital Yunlin
Branch between 2017 and 2018. Table 1 presents an overview
of the clinicopathological characteristics of the participants.
Inclusion criteria for patients required a first-time diagnosis
that necessitated dialysis therapy, such as an eGFR < 15 (mL/
min/1.73 m?). Healthy volunteers were eligible to participate if
they did not have chronic kidney disease.

Specimen Collection and Kidney Function Evaluation

Each study participant provided a 5-mL whole blood speci-
men, which was collected in a BD Vacutainer SST Blood Collec-
tion Tube. The collected blood specimens were centrifuged at
1600xg and 4°C. After centrifugation, the serum was collected
and stored at -70°C for further analysis. The subjects' kidney
function was evaluated, and their estimated glomerular filtra-
tion rate (eGFR) was calculated using the modification of diet in
renal disease method.

Exosome Isolation

To isolate serum exosomes, we used the polymer precipita-
tion method [16]. The serum was first centrifuged at 3000xg
to remove any residue, and the resulting supernatant was then
filtered through a 0.22-um membrane. The filtrate was then
mixed with Polyethylene Glycol (PEG) to obtain a final concen-
tration of 8% PEG. The mixture was then incubated at 4°C for
30 minutes, and the serum exosomes were subsequently pre-
cipitated by centrifugation at 1500xg. The resulting pellet was
suspended in a phosphate-buffered solution, resulting in a final
preparation of purified exosomes.

Transmission Electron Microscope Imaging

To visualize the purified exosomes, Transmission Electron
Microscopy (TEM) was employed following negative staining
[17]. The procedure involved several steps. Firstly, a hydrophilic
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formvar carbon film was deposited onto a copper grid through
glow discharge. Subsequently, 4 uL of purified serum exosomes
were applied to the film and allowed to incubate for 1 minute.
Excess solution was carefully removed using filter paper, and
the film was rinsed with 4 pL of filtered deionized water. The
exosomes were then stained with 2% uranyl acetate at pH 7 for
1 minute. After removing the excess staining solution, the film
was air-dried. Finally, the stained serum exosomes were visu-
alized using TEM at a magnification of 60,000x. The exosomes
appeared as particles ranging from approximately 40 to 160 nm
in size.

Flow Cytometry Analysis

To determine the diameter of serum exosomes, flow cy-
tometry was conducted using the Beckman Coulter CytoFLEX
instrument. A nanobead calibration kit (Bangs Laboratories,
Inc. Catalog number 834, Lot number 12771) and a submicron
calibration kit (Bangs Laboratories, Inc. Catalog number 832, Lot
number 10068) were employed for calibration purposes. The
calibration beads provided in these kits had diameters of 0.05
pm, 0.1 pm, 0.2 um, 0.5 pm, and 0.8 um. The calibration proc-
ess aimed to collect 50,000 events specifically for the 0.1 um
beads. This ensured a sufficient number of recorded instances
of the 0.1 um beads passing through the flow cell, facilitating
accurate calibration. Following the completion of the calibra-
tion step, the cytometer was flushed with PBS (phosphate-
buffered saline) before analyzing the actual exosome samples.
Each sample was diluted with PBS and subsequently analyzed
using flow cytometry. In this study, exosomes with a diameter of
0.2 um or less were considered. This included both the popula-
tion of exosomes smaller than 0.1 um and those with diameters
ranging from 0.1 pm to 0.2 um. Additionally, PBS was included
as a blank in each sample. This allowed for the assessment of
background noise or non-specific binding during the analysis
process.

Immunoblotting

To extract serum exosome proteins, luciferase cell culture
lysis reagent (Promega) was utilized during the lysate prepara-
tion process, supplemented with proteinase and phosphatase
inhibitors. Protein concentrations were determined using
the Bradford method (Sigma), with beta-globin serving as the
standard. Equal amounts of protein samples were separated via
12% SDS-polyacrylamide gel electrophoresis and subsequently
transferred to a PVDF membrane for protein detection. Im-
munoblotting was performed using the following primary an-
tibodies: anti-CD63 (System Biosciences, Cat. Exoab-CD63A-1),
anti-CD9 (System Biosciences, Cat. Exoab-CD9A-1), anti-CD81
(Abcam, EPR4244), anti-Alix (System Biosciences, Cat. Exoab-Al-
ix-1), anti-TSG101 (System Biosciences, Cat. Exoab-TSG101-1),
anti-AQP2 (St John’s Laboratory, Cat. STJ91655), and anti-phos-
pho-AQP2 (5256) (St John’s Laboratory, Cat. STJ91138). The sec-
ondary antibody employed was anti-rabbit (System Biosciences,
Cat. Exoab-HRP), and Immobilon western chemiluminescent
HRP substrate (Millipore, Cat. WBKLS0500) was used for protein
detection. The blotting results were captured using Fuji medi-
cal X-ray film (FUJI, Cat. 4741019291) and analyzed with Fusion
software (Vilber). The film quantification area was used to indi-
cate protein levels in each lane.

Hepatitis Virus Analysis

To detect hepatitis B and C viruses, a Chemiluminescent Mi-
croparticle Immunoassay (CMIA) method was employed. Exo-

Table 1: This study evaluated the clinopathogenic characteristics of
patients with Chronic Kidney Disease (CKD) and healthy volunteers
(N), including age, gender, kidney function.

N CKD p value
n 11 16
age 3819 6919
Na(mmol/L) 138.9+1.0 135.3+5.4 0.0192
K(mmol/L) 3.910.3 4.3+0.7 0.036
Ca(mmol/L) 2.32+0.06 2.20+0.21 0.044
P(mg/dL) 3.320.8 5.5+1.7 0.0001
Creatinine(mg/dL) 0.7£0.2 12.6£5.0 <0.0001
eGFR
(mL/min/1.73 m?) 102.8+15.1 5.4+6.4 <0.0001

Table 2: The study classified the subpopulation of serum exosomes
from the subjects based on diameter, with one group having a diam-
eter less than 0.1 um and the other group having a diameter between
0.1and 0.2 pm.

<0.1 pm 0.1 um0.2 um Total
(10 particles/mL) = (10 particles/mL) (10 particles/mL)
N 2.7+1.2 49+2.9 7.7£3.7
CKD 2.2+2.4 1.7£1.6 3.8+14.0
p value 0.441 0.004 0.016

*The study included a total 27 participants, with n=11 healthy volunteers and
n=16 patients with Chronic Kidney Disease (CKD). The healthy volunteers were
included as a control group for comparison with the CKD patients, who were
in stage 5 kidney failure. PBS (phosphate-buffered saline) is a blank (or a blank
solution) commonly used in flow cytometry calculations.

somes were diluted with deionized water to a final volume of
500 pL, and 5 pL of the diluted exosomes were used for the
assay. The CMIA assay was conducted at the Department of
Laboratory Medicine in the National Taiwan University Hospital
Zhudong Branch. In the context of the study, the symbol "+" was
used to indicate a positive result, which means the signal-to-
cutoff ratio (S/CO) is greater than or equal to 1.00. Conversely,
the symbol "-" was used to indicate a negative result, which
means the S/CO is less than 1.00 in the context of hepatitis di-
agnosis.

Statistical Analysis

The statistical difference in means between the healthy
subject control and patient groups was compared using a two-
sample t-test assuming unequal variances, also known as the
Welch's t-test. A p-value less than 0.05 was considered statisti-
cally significant.

Results
Exosomes Isolation

In this study, we isolated serum exosomes using a polymer
precipitation method and characterized their morphology and
identity. Transmission Electron Microscopy (TEM) was used to
visualize the exosomes, which exhibited a round morphology
and a unimodal size distribution of 40-160 nm (Figure 2A). To
further confirm the identity of the isolated exosomes, we per-
formed flow cytometry analysis to determine the particle diam-
eter. Our results showed that 99% of the serum exosomes had
diameters less than 0.2 um, with the major population being
approximately 0.1 um (Figure 2B). These characteristics were
consistent with the typical size range and morphology of exo-
somes.

To further support the identification of our isolated exo-
somes, we performed biochemical characterization using im-
munoblotting analysis. Our results showed the presence of
common exosome markers such as CD63, TSG101, CD9, and
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Figure 1: The flow chart depicts the essential components of the
study design.
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Figure 2: Our study confirms the identification of serum exosomes
through multiple experimental techniques, including transmission
electron microscopy, flow cytometry, and immunoblotting. (A) The
purified exosomes were imaged at 60,000-fold magnification using
transmission electron microscopy after being negatively stained.
(B) Flow cytometry was used to assess the size of serum exosomes,
with calibration bead diameters of 0.05 um, 0.1 um, 0.2 um, 0.5
um, and 0.8 um. (C) In our immunoblotting analysis of common
exosome markers, equal concentrations of total protein were load-
ed in each lane.
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Figure 3: The study can perform serum exosome calibration using
flow cytometry. (A) The endpoint of the calibration process was to
achieve equal detection times between N (representing healthy
volunteers) and CKD (representing patients with chronic kidney
disease. (B) The cut-off point for the calibration process was deter-
mined to be less than 0.2-um beads. *The results of the analysis
showed a statistically significant difference between N (represent-
ing healthy volunteers, n=11) and CKD (representing patients with
chronic kidney disease, n=16).
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Figure 4: The calibration of serum exosomes was performed using
flow cytometry, with a cutoff point of less than 0.2-um beads. The
groups N (-v) and CKD (-v) represent healthy volunteers (n=10) and
patients with chronic kidney disease (n=12), respectively, who did
not have hepatitis virus infection. The asterisk (*) indicates a statis-
tically significant difference between the N (-v) and CKD (-v) groups

CDA81 (Figure 2C). These findings confirm that our isolated sam-
ples are exosomes and validate the efficacy of the precipitation
method used in this study. In conclusion, our study demon-
strates successful isolation of serum exosomes using polymer
precipitation and provides evidence for their identity through
morphological and biochemical characterization.

Serum Exosomes in CKD

Several biomarkers have been evaluated for kidney-associat-
ed pathogenic conditions, and creatinine is a general biomarker
for chronic kidney disease (Table 1). The study included subjects
in stage 5 kidney failure with chronic kidney disease. We used
flow cytometry to calibrate the subject's serum exosomes, and
found lower levels of exosomes in patients with chronic kidney
disease (Figure 3A). This finding provides an opportunity for di-
agnosing chronic kidney disease.

We evaluated exosomes with a diameter below 0.2 um,
and they found that healthy volunteers had 7.7+3.7x10% parti-
cles/mL (n=11) while patients with chronic kidney disease had
3.8+4.0x10% particles/mL (n=16) (Figure 3B). This difference
could be used as a parameter for evaluating chronic kidney dis-
ease.

However, the association between exosomes and chronic
kidney disease is poorly understood. To further investigate this
association, we classified serum exosomes into two groups
based on diameter: those with a diameter less than 0.1 um
and those with a diameter between 0.1 and 0.2 um (Table 2).
They found a significant alteration in the latter subpopulation,
but not the former, indicating that alterations in patients with
chronic kidney disease occur in the subpopulation of serum
exosomes with a diameter between 0.1 and 0.2 pm.

Hepatic B and C in Serum Exosomes

Exosomes have been found to play a role in viral infections,
including those caused by hepatic viruses. In patients with
chronic kidney disease, hepatic viruses are frequently observed,
and the detection of core antigen is commonly used for the di-
agnosis of hepatic viral infections [19]. Additionally, exosomes
are known to have the function of antigen presentation [20]. In
this study, the Chemiluminescent Microparticle Immunoassay
(CMIA) was used to detect hepatic viruses, and 3.7% of sub-
jects were found to have hepatitis B virus (HBV) and 14.8% were
found to have Hepatitis C Virus (HCV) in their serum exosomes
(Table 3).

To confirm these findings, the medical records of the sub-

jects were checked for positive reactions that were consist-
ent with the positive reactions observed in serum exosomes.
Subjects who tested positive for hepatitis B or C virus were
excluded from the study. The calibration of serum exosomes
showed no significant differences between subjects with and
without hepatitis virus infection (Figure 4 & Table 4). Therefore,
the presence of hepatitis infection did not interfere with serum
exosome calibration in this study.
Table 3: Hepatic viruses were detected in the serum exosomes of the
study subjects. Specifically, 3.7% of the subjects had Hepatitis B Virus
(HBV) and 14.8% had Hepatitis C Virus (HCV) detected in their serum
exosomes

HBV HCV
Sample numbers
+ - + -
N 11 1(9.1%) 10 0(0%) 11
CKD 16 0(0%) 16 425%) | 12
total 27 1(3.7%) 26 | 4(14.8%) 23
*In the context of the study, the symbol "+" indicates that the signal-to-cutoff

ratio (S/CO) is greater than or equal to 1.00, while "-" indicates that the S/CO
is less than 1.00.
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Table 4: The subpopulations were classified based on the serum exo-

somes of subjects who did not have hepatitis B or C virus infection.

<0.1 um 0.1 pm0.2 pm Total
(10* particles/mL) (10%° particles/mL) | (10% particles/mL)
N 2.8+1.3 5.1+3.0 7.943.8
CKD™ 2.0+2.5 1.6+1.5 3.7+#3.9
p value 0.372 0.006 0.019

*The groups N(-v) (n=10) and CKD(-v) (n=12) represent healthy volunteers and
patients with chronic kidney disease, respectively, who did not have hepatitis B

or Cvirus infection.
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Figure 5: D;tection of AQP2 using immunoblotting in serum exo-
somes. (A) Equal protein concentrations loaded in each lane. (B)
Immunoblotting analysis was performed using Fusion software to
analyze protein alterations in exosome markers and AQP2. The ra-
tio of protein alteration was calculated by comparing CKD samples
to N samples. Specifically, the ratio of AQP2 phosphorylated at ser-
ine 256 (AQP2 p-Ser256) to total AQP2 was compared to the levels
of CD81 and CD9 in both N and CKD samples. *A statistically signifi-
cant difference was defined as a p-value less than 0.05, determined
using a t-test.
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Figure 6: Exosomes, small vesicles involved in cell communication,
carry molecules between cells. This study examined Aquaporin-2
(AQP2), a protein important in water balance, and its presence in
exosomes, specifically in Chronic Kidney Disease (CKD). Interesting-
ly, phosphorylation of AQP2 at a specific site was increased in CKD
patients. These findings suggest that changes in AQP2 abundance
and phosphorylation in exosomes may be linked to CKD develop-
ment.

O phosphate EXOSOme

AQP2 on Serum Exosomes

Based on the results of immunoblotting analysis, it was con-
firmed that AQP2 is incorporated into serum exosomes and
released into the blood or urine. Moreover, it was found that
phosphorylation of AQP2 at serine 256 is an important signal
in AQP2 trafficking during exosome transport. The study found
that chronic kidney disease patients had lower exosome marker
and AQP2 expression compared to healthy individuals (Figure
5A, B). Additionally, the abundance of AQP2 on exosomes was
significantly decreased, but there was an increase in phospho-
rylation of serine 256 on exosome-incorporated AQP2 (Figure
4C). These findings suggest that the alteration of abundance
and the relative phosphorylation status of AQP2 on serum exo-
somes may be correlated to the development of chronic kidney
disease.

Discussion

Exosomes can function as transporters, carrying DNA, mRNA,

microRNA, and protein, and delivering these materials to tar-
geted cells in a paracrine or endocrine fashion. As a result, they
may be a promising tool for both diagnosis and therapy, and the
isolation of exosomes is crucial for their application. However,
two issues need to be addressed: ease of use and exosome clas-
sification [21]. To address the ease of use issue, precipitation
can be employed using a high-molecular-weight polymer such
as PEG. This method can be easily performed without the need
for specialized equipment, and it is particularly useful for the
isolation of exosomes from serum samples, which is important
for diagnostic purposes. Additionally, exosome classification
can be achieved using techniques such as flow cytometry, which
enables the analysis of individual exosomes based on their
size, surface markers, and other characteristics. Morphologi-
cal analysis and biomarker blotting can also be used to confirm
the identity of isolated exosomes. It is important to note that
subjects' serum exosomes may belong to a population of extra-
cellular vesicles. However, the use of a high-molecular-weight
polymer in exosome isolation, as confirmed by morphological
and biomarker analysis, can help address the ease of use issue.
In conclusion, the potential diagnostic and therapeutic applica-
tions of exosomes can only be fully realized by addressing issues
of ease of use and exosome classification. Precipitation with a
high-molecular-weight polymer and techniques such as flow
cytometry and biomarker analysis are effective tools that can
help address these challenges and facilitate the effective use of
exosomes.

Although general circulation microparticles are commonly
utilized to monitor vascular dysfunction in end-stage renal
failure, the presence of a definitive alteration in circulating
exosomes of patients with chronic kidney disease remains un-
certain. However, our study indicates that the level of serum
exosomes may function as a useful parameter for the diagnosis
of chronic kidney disease (as illustrated in Figure 2 and Table 2).
Nonetheless, there are several other parameters that have been
examined in the context of kidney-associated pathogenic condi-
tions. For instance, research has revealed that microRNA within
exosomes undergoes significant changes during diabetic neph-
ropathy progression, and exosomal AQP2 has been identified as
a biomarker for renal dysfunction. Furthermore, exosomes have
been implicated in virus infections In addition to our discovery
of exosome isolation, we found that the level of serum exo-
somes can be used as a diagnostic parameter for chronic kidney
disease. We observed a significant decrease in the abundance
of AQP2 on exosomes, while the phosphorylation of serine 256
on exosome-incorporated AQP2 was increased (Figure 6). These
results suggest that changes in the abundance and relative
phosphorylation status of AQP2 on serum exosomes are linked
to the development of chronic kidney disease and could serve
as a potential diagnostic marker.

Although the significance of AQP2 as a biomarker for chronic
kidney disease has been established, it remains unclear wheth-
er AQP2 is trafficked through exosomes. However, studies have
shown that AQP2 plays a role in exosome processing through
its C-terminal orientation [22]. Furthermore, the phosphoryla-
tion of serine 256 located in AQP2's C-terminal domain suggests
that the phosphorylation status of AQP2 may serve as a signal
involved in exosome functions. One interesting discovery is the
detection of antibodies against the hepatitis virus on exosomes.
This finding suggests the potential for future applications of in-
corporating antibodies into exosomes using biotechnological
methods. However, it should be noted that this research find-
ing is based on analysis of clinical samples, which may intro-
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duce various interfering factors. For instance, the aggregation
of proteins into nanoscale-sized particles could potentially af-
fect the accurate quantification of exosomes. Furthermore, the
signaling associated with AQP2 phosphorylation needs to be
further investigated using cell models to determine its role in
exosomes. This is crucial for understanding the reasons behind
the differential occurrence of AQP2 phosphortlation in Chronic
Kidney Disease (CKD).

Conclusions

In this study, we found that the level of serum exosomes
could be used as a diagnostic biomarker for chronic kidney dis-
ease. Furthermore, we observed a significant decrease in the
abundance of AQP2 on the exosomes, while the phosphor-
ylation of serine 256 on exosome-incorporated AQP2 was in-
creased. Our findings suggest that changes in the abundance
and relative phosphorylation status of AQP2 on serum exo-
somes are associated with the development of chronic kidney
disease and could potentially be utilized as a diagnostic signal.
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