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Polycystic kidney disease
A tale of calcium channels and the actin cytoskeleton
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Polycystic kidney disease, which can be inherited in an
autosomal-dominant and an autosomal-recessive fashion,
is the most common hereditary renal disease, its esti-
mated prevalence is ~1 in 1,000. Despite a lot of effort,
the pathogenesis of cyst formation has remained a matter
of speculation. An increased mitotic rate of cyst-lining
epithelial cells, alterations of the extracellular matrix and
a change in cell polarity have all been made responsible
for the cystic phenotype, but their direct involvement has
not been demonstrated yet (Calvet 1993; Carone et al.
1994; Wilson 1997). The cloning of two genes, which are
mutated in the vast majority of patients, has generated
hopes for a better understanding of this so far enigmatic
disease (Wu and Somlo 2000). One of them, PKD/, codes
for a large, 4,302-amino acid protein which may be in-
volved in cell-cell and/or cell-matrix contacts. The second
gene, PKD2, codes for a 968-amino acid protein, which is
the focus of our investigations and will be described in
more detail below.

Using a polyclonal antibody against the COOH-termi-
nus of polycystin-2, the protein product of the PKD2
gene, we were able to demonstrate a strong expression of
polycystin-2 in the distal portion of the nephron. On a
subcellular level, polycystin-2 immunoreactivity was lo-
cated in the basal compartment of tubular epithelial cells
(Obermdiller et al. 1999). In order to understand the func-
tion of polycystin-2, we conducted a two-hybrid screen in
yeast to identify proteins interacting with polycystin-2.
We were able to isolate several clones encoding Hax-1, a
widely distributed protein with a predicted molecular
weight of 35 kDa (Gallagher et al. 2000). Mutagenesis ex-
periments suggest, that a domain in the middle of Hax-1
mediates interaction with polycystin-2. It is noteworthy,
that Hax-1 does not interact with polycystin-2L, a protein

*Winner of the Wolfgang-Bargmann-Prize 2001

closely related to polycystin-2. Furthermore we could de-
monstrate a link between Hax-1 and cortactin, an F-actin-
binding protein. In stably transfected cell lines, both poly-
cystin-2 and Hax-1 are located in the endoplasmic reticu-
lum, which has important implications considering the
recent finding that polyeystin-2 can conduct Ca®* (Gonza-
lez-Perrett et al. 2001; Hanaoka et al. 2000). We propose
a model, in which a polycystin-2/Hax-1 complex is linked
to the actin cytoskeleton through cortactin. In the resting
state, the Ca®*-conducting pore of polycystin-2 is closed
by Hax-1. Mechanical stimuli, however, are passed on via
the actin cytoskeleton and cortactin to Hax-1, which is re-
leased from polycystin-2 and therefore no longer blocks
its Ca**-conducting pore. As a result, the cell can react to
such a mechanical stimulus by local Ca** currents. In pa-
tients with mutations in polycystin-2, this signaling cas-
cade would no longer be functional, thus ultimately
leading to the formation of cysts.
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