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Once considered mere “platelet dust,” extracellular
vesicles (EVs) have become a substantial topic in
physiology because of their role in disease (1). Most
cell types can produce EVs and they are found in
seemingly every major body fluid, including the blood
and urine (2). EVs dissociate from their parent cells in
three manners, which serve as their classifications.
First, microparticles, microvesicles, and ectosomes
form through the blebbing of the plasma membrane.
Second, the fusion of multivesicular bodies to the
plasma membrane release exosomes, and, third, apo-
ptotic bodies form during apoptosis (2,3). Primarily
composed of lipids and proteins, EVs can serve as
packages of intracellular material, including proteins
and RNAs (2). EVs potentially function to remove
unwanted material, as some have suggested. How-
ever, others also suggest they have a much broader
function and could play an essential role in tran-
sporting material from cell to cell and affect cell—cell
signaling (2).

Outside of their potential role in cell communica-
tion, EVs may also have another critical use by acting
as a marker for disease. With their prevalence in
bodily fluids, EVs released from their parent cells
could provide a noninvasive window into the condi-
tions of their parent cells. Either looking at changes in
content in urinary EVs (uEVs) or the number of uEVs
could provide evidence of changes occurring, so this
idea has led to the exploration of using uEVs as a
diagnostic tool. For example, several studies have
identified changes in uEVs in patients with primary
aldosteronism (4-6). Changes such as these could help
not only identify the various mechanisms for a dis-
ease, but also identify changes in normal physiology.

One challenge with using uEVs as a diagnostic
marker for the composition of cells within the kidneys
is the lack of clear characterization and the isolation
method, with the ambiguity of size and phenotype for
EVs in general (3). Additionally, sample handling has
the potential for changing the characteristics (3).
Besides the challenges of isolation and characteriza-
tion, the question of how well the uEVs represent the
environment left within the kidney remains. With the
mechanism for secretion of proteins and RNAs in
uEVs unknown, the cargo of uEVs may not accurately
depict the cell membrane composition within the
nephron.

Recently, however, other studies have used a large-
scale proteomic assessment of uEVs to identify how
they relate to kidney composition (7,8). Here, they
identified protein abundances with uEVs, how these
proteins and protein classes correlated to what was
found in the kidneys, and if physiologic changes
within the kidneys could be detected in various
models (7). Within this study, several markers were
identified, such as Alix, Tsg101, Cd63, and Cd81, as
correlating well with levels within the kidneys, and
they additionally identified protein transporters, espe-
cially those found on the apical side, to have the
highest level of correlation (7). These transporters in-
clude Aqpl, Aqp2, sodium/phosphate cotransporter
NaPi-2a, and cubilin (7). It ought to be noted that in
many studies there remains high individual variabil-
ity, suggesting differences in secretion and composi-
tion of uEVs (7)

As apical protein transporters may have the best
ability to correlate to protein levels within the kidney,
disease states that affect these protein levels have the
potential to have their uEVs serve well as a diagnostic
marker. Differences within the Renin-Angiotensin-
Aldosterone System system and levels of various ions
such as K" or Na™ within the diet, with their effect on
these channels, would serve well as potential diagnos-
tic markers for changes occurring within the kidney
(3,4,7-11). Accordingly, several studies have begun to
look for these potential changes (4,7-11).

Some studies encountered difficulty identifying cor-
relations between a high salt diet and sodium trans-
porters, such as NKCC2 and NCC (9). One study
found a correlation between excretion rates of these
transporters and the levels within the kidneys in ani-
mal models, but had difficulty measuring the effect in
human subjects because the levels of NKCC2 and
NCC excreted did not correlate with urinary sodium
reabsorption or blood pressure (9). This further identi-
fies the challenge of using uEVs to characterize the
phenotype within the kidney as levels of the trans-
porters within the uEVs do not necessarily communi-
cate their secretion rate or how many transporters are
active within the membrane of the cells lining the
nephron.

The study by Wu et al. (12), seeks to identify
changes in NCC and phosphorylated NCC, the active
form, within uEVs of patients with primary
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Figure 1. | Graphic abstract.

aldosteronism who received seated saline suppression test-
ing, which involves an infusion of 0.9% saline. With seated
saline suppression testing, those with primary aldosteron-
ism do not see the typical suppression of renin and plasma
aldosterone with the NaCl loading. NCC levels have been
shown to be regulated by K* levels and may play some
role in hypertension. By investigating NCC and phosphor-
ylated NCC levels within these parameters, the authors
explore the potential to use uEVs as a method to take a
snapshot of the renal epithelial cell function (Figure 1).

By using a noninvasive measurement of protein levels
such as uEVs, there comes the potential for a greater under-
standing of the renal function within individuals. However,
much remains unknown about uEVs. Questions remain
about how secretion rates of uEVs are regulated and how
these transporters sequester or do not sequester in the
membranes of uEVs; if they are randomly incorporated or
intentionally trafficked to the uEVs. If EVs could act in
cell—cell signaling, do the uEVs have an outside purpose,
such as increasing the number of transporters within other
cells? Additionally, do uEVs experience changes in uptake
into the cells around them? Overall, the type, sizes, and
phenotypes of EVs shift with diseases as well. If these fac-
tors relate to EVs, they can potentially affect the composi-
tion and number of uEVs and shape how EVs will be used.

This study begins to answer these questions on the
potential of using uEVs as a diagnostic tool. Future studies
will undoubtedly elucidate the inner workings of uEVs
and help find ways they can be used to identify diseases.
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