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A NOVEL MECHANISM FOR CELLULAR MECHANOTRANSDUCTION
OF HYDROSTATIC PRESSURE

Jiro NAGATOMI, Ph.D.
Department of Bioengineering, Clemson University
Clemson, South Carolina 29634-0905 USA

Although pressure is experienced throughout the body and regulated in various
organ systems, conventionally it is thought that pressure changes cannot be sensed by cells.
Recent data from various laboratories, however, suggest otherwise. Overall, the objective of
this project was to test the hypothesis that cells sense hydrostatic pressure via activation of
membrane-bound ion channels, and that cells respond by releasing ATP. In order to test this
hypothesis, multiple in vitro studies were performed in which rat bladder urothelial cells were
subjected to controlled hydrostatic pressure while monitoring their response to the stimulus.

First, using a custom-made pressure chamber, rat bladder urothelial cells were
exposed to sustained hydrostatic pressure (5-20 cmH,0) for up to 30 min. When compared
to the control, the supernatant culture media of urothelial cells exposed to hydrostatic
pressure (10-15 cmH,0) exhibited a significant increase in ATP. In the absence of
extracellular calcium, ATP release due to hydrostatic pressure was attenuated.
Pharmacologically blocking TRP channels, stretch-activated channels (SACs), and the
epithelial sodium channel (ENaC) all abolished the hydrostatic pressure-evoked ATP release.
These results provided evidence for the first time that cultured urothelial cells are sensitive to
physiologically relevant levels of hydrostatic pressure and that one or multiple
mechanosensitive ion channels play a role in the mechanotransduction of hydrostatic
pressure. These findings support the view that not only tissue stretch or tension, but also
pressure is an important parameter for the sensing of bladder fullness.

Second, urothelial cells loaded with a fluorescence dye, calcein-AM were exposed
to hydrostatic pressure up to 20 cmH,O while fluorescence intensity was measured in
real-time. Urothelial cells exposed to hydrostatic pressure exhibited a sharp decrease in
fluorescence intensity, indicative of a cell volume increase. These observations were
confirmed by confocal imaging of primary urothelial cells, which displayed a 7.7% volume
increase when exposed to 20 cmH,0. Exposing the cells to Na-free solution and blocking of
epithelial sodium channels (ENaCs) during pressure application resulted in a significantly
lower change in cell volume. These results provided part of a novel mechanism involving
cell swelling for mechanotransduction of hydrostatic pressure and an explanation for the
previously reported ENaC-dependent, pressure-evoked ATP release by urothelial cells.
Finally, urothelial cells were exposed to hydrostatic pressure while monitoring the kinetics of
ATP release. Urothelial cells exposed to pressure (10 cmH,0) exhibited a sharp increase in



ATP release that slowly decreased over time, while remaining elevated compared to baseline
levels. This response was inhibited by blocking TRPV4 and ENaC. When urothelial cells
were exposed to a hypotonic stimulus, a sharp increase in ATP was exhibited followed by an
immediate decrease to baseline levels. This increase in ATP was inhibited when blocking
TRPV4, but was still present, albeit attenuated compared to the unblocked cells, when
blocking ENaC. These results suggest that both ENaC and TRPV4 activation are necessary
for ATP release during exposure to hydrostatic pressure. In addition, the osmotic shock
results suggest that
ENaC is upstream of
the cell swelling
response, while TRPV4
activation occurs
between cell swelling
and the ATP release.

In  summary,
the results of the
present study have
provided a potential

mechanism for cells to  Figure 1. Schematic representation of the hypothesized mechanism
sense hydrostatic for cellular mechanotransduction of hydrostatic pressure

pressure changes,
which may be an integral part of mechanoseonsory function of the bladder and other organs.
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Jiro Nagatomi is an associate professor of bioengineering and the director of Cell Mechanics
and Mechanobiology Laboratory at Clemson University (South Carolina). He completed his
B.S. followed by a Ph.D. in Biomedical Engineering with Rena Bizios at Rensselaer
Polytechnic Institute (New Work). His doctoral thesis was on an in-vitro investigation of the
effects of hydrostatic pressure on bone cell functions. He worked as a post-doctoral
research associate under Michael Sacks at the University of Pittsburgh (Pennsylvania) in the
field of soft tissue biomechanics before assuming his current faculty position at Clemson
University.  His research group is interested in ion channels involved in cellular
mechanotransduction of hydrostatic pressure and development of various biomaterials for soft
tissue applications.
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