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he skin barrier function is indispens-

able for terrestrial animals to avoid
dehydration. The function is achieved by
a hydrophobic cornified layer consisting
of dead keratinocytes and lipids, and by
an intercellular junction barrier formed
among differentiated keratinocytes. A
recent report demonstrated that TRPV4,
one of the temperature-sensitive cation
channels, contributes to the formation
and maintenance of the intercellular
junction-dependent barrier in the skin.
TRPV4 associates with the E-cadherin
complex via [B-catenin, and thereby par-
ticipates in the promotion of cell-cell
junction development. TRPV4 allows
influx of Ca** ions from the extracellular
space at physiological skin temperatures.
The Ca** influx induces Rho activation
and promotes actin fiber organization
and junction formation, thereby aug-
menting barrier integrity. Indeed, the
intercellular junction structures and the
skin barrier function were impaired in
TRPV4-deficeint mice. This novel role
of TRPV4 in keratinocytes may explain
the significant correlation between tem-
perature and the condition of skin.

Environmental temperature affects all
organisms and their styles of living.
Recently, a unique group of temperature-
sensitive ion channels, named thermo-
sensitive TRP channels (thermoTRPs),
has been recognized as primary bio-ther-
mometers in a range of species."? Several
thermoT'RPs are expressed in cells other
than primary sensory neurons, and serve

different roles under physiological body
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For TRPM2
expressed in pancreatic B cells, is involved
in insulin secretion in a NAD metabo-

temperatures. example,

lite- dependent manner, and the channel
activity is maximized at core body tem-
peraure.” TRPMS5, which is expressed in
taste cells, contributes to perception of
sweet substances, which is enhanced by
warm temperatures.” TRPV4, which is
expressed in the hippocampus, is consti-
tutively active under core brain tempera-
ture, and participates in the positive shift
of resting membrane potential® Thus,
the roles of these channels are affected
by changes in body temperature through
their thermosensitivty.

Skin keratinocytes reportedly express
at least two types of thermoI'RPs, TRPV3
and TRPV4.%” Both channels are acti-
vated by warm temperatures around 33°C,
which is close to physiological skin tem-
perature. Since genetically modified mice
lacking either of the channels showed
abnormal behavior in thermotaxis,®’ these
channels were considered to be thermo-
sensors of ambient temperatures. A recent
study reported a mechanism for TRPV3-
dependent transmission of temperature
information to neurons, in which ATP was
released from keratinocytes downstream
of warmth activation of TRPV3." This
finding raised the possibility that TRPV4
might play another role in skin although
TRPV4 could also be required for tem-
perature sensation. Another recent study
proved that TRPV4 is activated under
physiological skin temperature, thereby
regulating skin barrier function."! Thus,
two thermol'RPs in keratinocytes play
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Figure 1. A proposed model for TRPV4-dependent clustering of AJ complexes. In the absence of
extracellular Ca** (0 Ca*), keratinocytes do not contact each other. After addition of high extra-
cellular Ca**, adhesion molecules relocate to the plasma membrane. TRPV4 binds to -catenin,
making complexes with adhesion molecules. Under physiological skin temperature, Ca2* influx
via TRPV4 promotes Rho activation, which enhances actin polymerization at cell-cell contact sites.
Clustering of AJ complexes is promoted adjacent to TRPV4, leading to maturation of intercellular

distinct roles in spite of their capability to
sense a similar range of temperatures.

The barrier functions of the skin are
indispensable in at least two respects.
First, the hydrophobic cornified layer,
which is composed of a continuous sheet
of protein-enriched cells embedded in
an extracellular non-polar lipid layer,
is important to prevent infection and
invasion of bacteria and hazardous sub-
stances.'” Second, intercellular junctions
including adherens-junctions (AJs) and
tight-junctions (T]s) among differentiated
keratinocytes restrict diffusion and evapo-
ration of water from inside the body. The
importance of these junction-based barri-
ers was shown by mice lacking E-cadherin
or claudin-1,">" as both defects were
lethal within 7-24 hr of birth because of
excess dehydration, although the cornified
layer was normally formed. Therefore, in
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addition to a cornified layer, formation
and maintenance of intercellular junc-
tions among keratinocytes is crucial for
survival.

TRPV4 is involved in junction-based
barrier formation.! TRPV4 binds to
B-catenin, which is an adaptor protein
linking intercellular adhesion molecules
(E-cadherin) and the cytoskeleton (actin
fibers). There are dynamic arrangements
of adhesion molecules and cytoskeletal
components in both early and late stages of
cell-cell junction development along with
keratinocyte differentiation.”"” Addition
of Ca* to primary cultures of keratino-
cytes induces E-cadherin-dependent for-
mation of early cell-cell contacts anchored
by actin stress fiber. Consequently, cell
stratification is accompanied by matura-
tion of intercellular junctions and cortical
actin formation. All these processes were
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significantly delayed and immature in
TRPV4-deficient keratinocytes. In kera-
tinocyte differentiation, signals mediated
by the Rho family of small GTPases are
involved in actin organization, forma-
tion of cell-cell contacts, and in cortical
actin formation for the maintenance of
E-cadherin-based adhesion.'®! Indeed,
Rho activation was increased after addi-
tion of Ca** in wild-type cells, which was
almost negligible in TRPV4-deficient
cells.

Intracellular Ca?* level was increased
after addition of Ca** in wild-type cells,
which is thought to facilitate Rho acti-
vation. However, the drastic increase
in intracellular Ca** was observed only
when cells were kept at physiological skin
temperature (33°C), but not at 24°C.
TRPV4-deficient cells showed signifi-
cantly lower intracellular Ca®* level at
33°C. Since TRPV4 is activated above
33°C,>” we propose a model in which
skin temperature regulates intercellular
junction-dependent barrier formation
via TRPV4 activation (Fig. 1). Without
extracellular Ca*, keratinocytes stay
in an undifferentiated state and adhe-
sion components are located in the
cytoplasm."
extracellular Ca?*, the intercellular junc-

Upon induction by high

tion components relocate to the plasma
membrane to form a primitive complex.
The process is TRPV4-independent, and
TRPV4 is expected to associate with
B-catenin at this step. When the temper-
ature is high enough to activate TRPV4,
Ca?" influx occurs through the channels.
This Ca?* increase should promote Rho
activation and augment actin fiber forma-
tion adjacent to E-cadherin complexes,
leading to clustering of E-cadherin com-
plexes including TRPV4, which acts like
a core molecule.

Consistent  with  this  hypothesis,
TRPV4  colocalized with [B-catenin,
E-cadherin and the cortical actin net
work at the apical side of keratinocytes,
where the intercellular junction barrier is
formed." Transmission electron micros-
copy revealed that AJ- and TJ-mediated
junctions are poorly formed at the api-
cal side, and the permeation of dextran
among cells was significantly increased
in  TRPV4-deficient  cells.
Furthermore, TRPV4-deficient

in  vitro
mice

Volume 3 Issue 6



displayed an impaired skin barrier func-
tion, which was attributed to leaky inter-
cellular junctions among the topmost
cells. One intriguing point is that TRPV3
cannot replace TRPV4's barrier function
in keratinocytes.

TRPV3-deficient  keratinocytes  dis-
played Ca**-induced Rho activity, normal
formation of intercellular junctions and
stratification, and functional intercellular
junction barriers in vitro and in vivo, all
of which were comparable to wild-type
cells and skin. Moreover, TRPV3 did not
bind to B-catenin. These findings sug-
gest that TRPV4's modulation of the Ca**
supply could change local Ca?* dynamics
around AJ complexes, which may stabilize
and maintain intercellular junctions in
keratinocytes.

TRPV4-deficiency caused a thicker
cornified layer, which resembled those
observed in E-cadherin- or claudin-defi-
cient mice.”*"* However, the contribution
of TRPV4 may be different from those of
E-cadherin and claudin, since TRPV4-
deficient mice survive and grow like wild-
type mice. We speculate that TRPV4 is
a skin temperature-dependent regulatory
component with a barrier function. When
the temperature is raised, the intercellular
junction barrier is reinforced in a TRPV4-
dependent manner to prevent excess water
loss. This implies that manipulating
TRPV4 activity could be a better solu-
tion for skin damage repair. On the other
hand, many questions are not explained
by our hypothesis. For example, how does
TRPV4-mediated Ca?* activate Rho? Is
TRPV4 activation sustained/required for
formation/maintenance of the junction
barrier? How does TRPV4-mediated AJ
formation augment TJ] barriers? These
mechanistic links should be clarified in
the future. TRPV4 is now considered as
a multimodal receptor sensing a variety
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of stimuli, including artificial and natural

2021 ynsaturated fatty acids,?
23-26

substances,

and mechanical deformation, as well

7,24

as temperature. Investigating how

TRPV4 functions under certain circum-
stances would improve our understanding
of this channel and its reactions to a vari-
ety of stimuli.
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