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AQP1 is not only a water channel

It contributes to cell migration through Lin7/f-catenin
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A_ QPs are water channel proteins. In
particular, AQP1 was demonstrated

tobeinvolvedin cell migration. According
to the model proposed by Verkman and
collaborators, AQP drives water influx,
facilitating lamellipodia extension and
cell migration. Investigating the possible
connection between AQP1 and cytoskel-
eton, our group showed that such a water
channel through Lin7/f-catenin affects
the organization of the cytoskeleton and
proposed a model.

All together, these data appear partic-
ularly intriguing since the use of AQP1
as target might be useful to modulate
angiogenesis/vasculogenic mimicry.

Aquaporins were discovered by Peter Agre,
who won the Nobel Prize in Chemistry in
2003. They are a family of water-specific,
membrane-channel proteins expressed in
diverse tissues. Two functional groups of
mammalian aquaporins are now recog-
nized: aquaporins (AQP1, AQP2, AQP4,
AQP5 and AQP8) which are primarily
water selective and aquaglyceroporins
(AQP3, AQP7, AQP9 and AQP10) which
are permeable to small uncharged solutes
such as lactate, glycerol and urea in addi-
tion to water.! The characterization of
the organization of aquaporin genes and
identification of their position within the
human and mouse genomes have estab-
lished a primary role for some aquaporins
in clinical disorders such as congenital
cataracts and nephrogenic diabetes insipi-
dus.? More recently, in the control of fat
accumulation, aquaporins were demon-
strated to play an important role’® A
characterization of AQPs was recently
carried out in neuronal stem cells.” More
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interesting, an impairment of endothelial
cell migration, without altering their pro-
liferation or adhesion, was shown by AQP1
null mice.® Based on findings of slowed
lamellipodial dynamics in AQP deficiency
and AQP polarization to the leading edge
of migrating cells, a mechanism of AQP-
facilitated cell migration was proposed by
Verkman and collaborators.” According
to this model, actin cleavage and ion
uptake at the tip of lamellipodium creates
local osmotic gradients and drives water
influx, facilitating lamellipodial extension
and cell migration.” AQP-facilitated cell
migration has also been found in brain
astroglial cells,'”" kidney proximal tube
cells' and skin cells.” In this connec-
tion, AQP1 has been proposed as a novel
promoter of tumor angiogenesis.' It is still
unclear, however, how actin is cleaved. On
the other hand, according to Verkman’s
model, AQP1 is the water channel that
drives water influx.

We have recently proposed a new
model. In a recent paper published in
PLoS ONE Journal, we have investi-
gated the possi-ble relationship between
AQP1 and the cytoskeleton in endo-
thelial and melanoma cells (both
expressing AQP1), focusing on the pos-
sible involvement of Lin proteins.”® The
latter are plasma membrane-associated
proteins containing one or several PDZ
domains'® and are required for the organi-
zation of the cytoskeleton. A scaffold
complex common for epithelial and neu-
ronal cells is the heterotrimeric complex
consisting of the CASK/Lin-2, Lin-7 and
Lin-10 PDZ proteins.”?” In mammals,
Lin-7 can recruit cell adhesion molecules,
receptors, ion channels and signaling
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Figure 1. (A) Immunofluorescence of AQP1 in WM115 cells. Subconfluent cells were grown on 400 mm? glass cover and fixed in 4% paraformaldeide
for 20 min. Thus, the cells were incubated with the same buffer containing 0.5% TRITON X-100 for 5 min and incubated in 1% BSA-PBS for 20 min and
with the primary antibody (anti-AQP-1) overnight at 4°C. A secondary antibody conjugated with TRIC was used. Nuclei were stained with DAPI. (B) 5 x
10* living WM115 cells were injected subcutaneous in SCID mice and the tumor mass was collected 19 days after and processed for immunohistochem-
istry. The slides (4-5 mm) deparaffinized were incubated overnight with anti-AQP1 (1:100) and the colour was developed using VIP. Magnification
200X. E, endothelial cells AQP1-positive. (C) Shows a higher magnification of a part of figure shown in (B) where few melanoma cells are AQP1-positive

(1,000X).
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Therefore,
PDZ complex plays a role in regulating the

proteins. heterotrimeric
localization of interacting proteins. The
novelties of our paper are the following:
firstly, AQP1 plays the same role in human
melanomaand endothelial cells, suggesting
that this water channel has a global physi-
ological role. Secondly, AQP1 interacts,
at least, with Lin-7/f-catenin. Another
interesting aspect is that the knock down
of AQP1 induced the proteolytic degrada-
tion of Lin7/P-catenin through protea-
soma complex. In the model proposed in
PLoS ONE Journal, AQP1 is not only a
water channel but a critical scaffold for
plasma-membrane associated multipro-
tein-complex important for cytoskeleton
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build-up, adhesion and motility.”® Our
data show, actually, that AQP1 plays a
role in stabilizing the cytoskeleton affect-
ing the migration capacity.! Considering
both Verkman’s model and our findings, I
suggest that, in presence of local osmotic
gradients like as at the tip of lamellli-
podium, water is driven inside through
AQP(s), leading to the disruption of scaf-
fold proteins which are degraded through
proteasoma (Lin7/PB-catenin). The effect
on the cell is the cleavage of actin.

These findings corroborate the analy-
sis of manifold cellular functions of AQPs
in normal cells and in diseases and the
possi-bility to consider aquaporins as
specific therapeutic targets for various
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pathophysiological conditions.?* In par-
ticular, AQP1 might be an interesting tar-
get for tumors. In fact, AQPI is expressed
both by tumor and endothelial cells and
a targeted inhibition or silencing of such
a protein might affect both the migratory
and the angiogenesis/vasculogenic mim-
icry capacity.

Vasculogenic mimicry was described
for the first time by the unique ability
of aggressive melanoma cells to express
an endothelial phenotype and to form
vessel-like networks in three dimensional
cultures, “mimicking” the pattern of
embryonic vascular networks and reca-
pitulating the patterned networks seen in

patients with aggressive tumors correlated
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with poor prognosis (reviewed in ref.
23). In fact, the word “vasculogenic” was
selected to indicate the generation of the
pathway de novo and “mimicry” was used
because the tumor uses cell pathways for
transporting fluid in tissues that were
clearly not blood vessels. Additional stud-
ies have reported vasculogenic mimicry in
several other tumor types (reviewed in ref.
23). As shown in Figure 1, human mela-
noma cell line WMI115 expresses AQP1 at
the plasma membrane in vitro and only a
few cells express such a water channel in
tumor xenograft according to the low/
undetectable number of initiating/cancer
stem cells found in tumor xenograft and
melanoma biopsies. !

Finally, there are no AQP inhibitors
reported that are suitable candidates for
clinical development. An interesting new
way might be to study the possibility of
functionally significant AQP polymor-
phisms. In this connection, AQP4 poly-
morphisms was found to be associated
with increased severity of brain edema.?
It may be worthwhile to investigate poly-
morphisms of AQP1 or other AQPs in
cancer and endothelial associated tumor.
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