
Exosomes	and	hypertension:	
How	the	contents	of	exosomes	ultimately	affect	ENaC	activity	

Introduction
High blood pressure, hypertension, raises your risk for heart
disease and stroke, which are leading causes of death in the
United States. Of those who suffer from hypertension, about half
are salt-sensitive, meaning that their intake and resulting level of
sodium dramatically affects their blood pressure. Sodium
transporters in the kidney affect the amount of sodium and water
reabsorption in the nephron and thus control extracellular fluid
volume and blood pressure. Of the renal sodium transporters, the
amiloride-sensitive epithelial sodium channels (ENaC), which are
responsible for the rate-limiting step of sodium reabsorption in
the distal nephron, are therefore important candidates in the
development of hypertension.

My project is to investigate how exosomal sphingomyelin alters
membrane fluidity and calcium dependent mechanisms of ENaC
regulation in principal collecting duct cells

Discussion
• Exosomes isolated from db/db and WT mice urine deferrer in

composition and size according to diet (Fig. 1).
• When mpkCCD cells are challenged with exosomes from mice on a

high salt diet, both the open probability and transepithelial current
of ENaC is increased (Fig. 3 & 4). Therefore, exosomes are
upregulating ENaC activity.

• These exosomes also suppress basal calcium levels (Fig. 5) and
calcium mobilization (Fig. 6) in recipientmpkCCD cells.

• Since ENaC is sensitive to intracellular calcium this demonstrates
that the mechanism by which these exosomes upregulate ENaC
activity is calcium dependent.

• Exosomes contain elevated concentrations of sphingomyelin (Fig.
7).

• Sphingomyelins mirror the affect of exosomes on transepithelial
current (Fig 7) and on calcium mobilization (Fig 8).

• This suggests that sphingomyelins play an important role in the
mechanism.

Methods
Animal Model: 10 week old diabetic db/db mice.
Cell line:MpkCCD mouse cells grown in culture on permeable supports
Metabolic cage studies: Individually houses mice were given either a normal salt diet (0.4% NaCl)
or high salt diet (4% NaCl). Urine was collected at 6am and 6pm.
Isolation of Exosomes: 30 milliliters of urine was subjected to a series of filtration and
ultracentrifugation before the resulting pellet was resuspended in ultrapure PBS.
Nanoparticle Tracking Analysis: NanoSight NS300 machine was used to characterize the
exosomes and to verify that the sample only contained vesicles within the exosomal range.
Patch Clamping: The cell-attached configuration was used in all patch-clamp experiments. The
resistances of the pipettes were between 8 and 10 MΩ when filled with and immersed in patch
solution containing (in mM) 96 NaCl, 3.4 KCl, 0.8MgCl2, 0.8 CaCl2, and 10 HEPES, with pH adjusted
to 7.4 by NaOH. Single channel recordings were made from individual cells for ∼8–10 min at
pipette holding potentials of 0 or 20mV.
Transepithelial Measurements: Cells were grown on transwell-permeable supports to confluency.
After 7–10 days in culture, the transepithelial voltage and transepithelial resistance across cell
monolayers were measured using an epithelial volt-ohmmeter equipped with chopstick
electrodes. The equivalent short-circuit current was calculated according to Ohm's law.
Fluorescent Imaging: Calcium mobilization was measured using a calcium fluorescent tag and an
applied calcium mobilizing drug, ionomycin.
Brightfield images: Taken using a Zyla monochrome camera with a 40X magnification immediately
before and after fluorescent imaging
Confocal Microscopy Z stacks: A fluorescent Cholera Toxin derivative was used to label the cell
membrane and a far red indicator tagged the exosomes. A series of fluorescent images were then
taken at the same X and Y position of the dish while incrementally increasing the Z from the
basolateral to the apical membrane.
Measurement of Sphingomyelins: The exosomes were lysed in RIPA buffer and the amount of
sphingomyelins present in the samples was determined by performing an in vitro sphingomyelin
fluorescent based assay (Cell Biolabs Inc.).

Abstract
Urinary exosomes are nano-sized vesicles secreted from cells within the kidney. These
exosomes contain biomarkers and signaling molecules, such as lipids, proteins and nucleic
acids, that can be useful in identifying kidney associated diseases like salt-sensitive
hypertension and the mechanisms of their pathogenesis. We hypothesized that dietary
sodium intake will augment the production and content of urinary exosomes to negatively
regulate calcium influx and positively regulate sodium reabsorption in the aldosterone-
sensitive distal nephron. We tested this hypothesis by isolating and characterizing
exosomes from two groups of mice, maintained on either a high salt (HS) or normal salt
(NS) diet. Using patch clamping, we demonstrated the upregulation of the epithelial
sodium channel (ENaC) in mouse cortical collecting duct cells (mpkCCD) by the application
of HS exosomes compared to NS exosomes. We then wanted to see whether these
exosomes attenuated calcium influx in these cells because ENaC activity is upregulated by
an increase in intracellular calcium. To test this, we loaded mpkCCD cells with the calcium
reporter dye, Cal520AM, and challenged the cells with either HS or NS urinary exosomes
and measured basal calcium fluorescence. Cells challenged with HS exosomes showed
suppressed calcium influx compared to cells challenged with NS exosomes. During
characterization of these exosomes we identified a higher concentration of sphingomyelins
(SM) in the HS exosomes than in the NS exosomes. The effect seen by urinary HS exosomes
on calcium influx was mirrored by introducing exogenous SMs to the luminal side of
mpkCCD cells. Future directions are aimed to elucidate the mechanism for this
suppression, specifically which calcium influx mechanism the SMs are affecting. SMs
identified within these exosomes are a potential target for extending the understanding of
salt-sensitive hypertension and potentiallymay lead to novel therapeutics.
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