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Development

The kidney is an important organ for life, but it
never regenerates once impaired. Our research
interest is to elucidate molecular mechanisms in
organogenesis, especially kidney development, by
identifying essential genes including a nuclear factor
Salll. We also aim at derivation of kidney
progenitors from stem cells, by utilizing knowledge
obtained from molecular genetics.
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The kidney develops through three stages:
pronephros, mesonephros and metanephros. The
animal cap is a tiny portion of the presumptive
ectoderm of blastula stage Xenopus embryos. In the
presence of activin, animal caps differentiate into a
variety of tissues. A combination of activin plus
retinoic acid efficiently and selectively induces
pronephric tubules. We used this animal cap system
to identify molecules expressed in the pronephros
and potentially in the mesonephros and metanephros.
One of the molecules identified was Xsal-3, which
is homologous to the Drosophila region-specific
homeotic gene spalt (sal) by virtue of multiple
double-zinc finger motifs characteristic of the sa/
gene family. We also isolated a mouse homologue
(Salll) and found it to be expressed in
mesenchyme-derived structures. Salll knockout
mice died within 24 h after birth and showed kidney
agenesis or severe dysgenesis (Nishinakamura et al.,
Development 2001). At day 11.5 of gestation
(E11.5) the ureteric bud invades the metanephric
mesenchyme and subsequent reciprocal interaction
between these two tissues leads to the development
of a metanephric kidney. In Sal///-null mice,
however, the ureteric bud failed to invade the
metanephric mesenchyme, thus Salll is required for
this key initial step for metanephros development.
Additionally, heterozygous mutations in SALLI
(human homolog) are found in Townes-Brocks
syndrome, which is characterized by polydactyly
and anomalies of the ear, heart, anus and kidney.
The phenotypic differences between humans and
mice are explained by truncated SALLI proteins
produced in humans, which can inhibit other SALL
family proteins in a dominant-negative manner
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(Sakaki-Yumoto et al., Development 2006). We will
describe our recent findings regarding the molecular
mechanisms of kidney development that are related
to Salll.

1. Kif26b, a kinesin family gene, regulates adhesion
of the embryonic kidney mesenchyme

The kidney develops through reciprocal interactions
between two precursor tissues: the metanephric
mesenchyme and the ureteric bud. We previously
demonstrated that the zinc finger protein Salll is
essential for ureteric bud attraction toward the
mesenchyme. Here we show that Kif26b, a kinesin
family gene, is a downstream target of Sa/// and that
disruption of this gene causes kidney agenesis
because of impaired ureteric bud attraction. In the
Kif26b-null  metanephros, compact adhesion
between mesenchymal cells adjacent to the ureteric
buds and the polarized distribution of integrin o8
were impaired, resulting in failed maintenance of
Gdnf, a critical ureteric bud attractant.
Overexpression of Kif26b in vitro caused increased
cell adhesion through interactions with non-muscle
myosin. Thus Kif26b is essential for kidney
development because it regulates the adhesion of
mesenchymal cells in contact with ureteric buds
(Uchiyama et al., Proc Natl Acad Sci USA 2010).

2. Salll represses aberrant differentiation of nephron
progenitors

Multipotent nephron progenitors exist in the
metanephric mesenchyme of the embryonic kidney
and these cells express transcription factors Salll
and Six2 (Osafune et al., Development 2006). While
Salll is known to be essential for kidney
development, the roles of Salll in the nephron
progenitors remain to be clarified. We here
generated a mouse strain that lacks Salll
specifically in the Six2-positive progenitors, and
found that Salll absence resulted in severe depletion
of Six2-positive progenitors and apoptosis in
differentiating renal vesicles. Analysis of inducible
Salll deletion that phenocopies the conditional Salll
mutant led to the identification of de-repression of
multiple differentiation-related genes in Salll
absence.  Thus  Salll  represses  aberrant
differentiation of nephron progenitors.

3. Notch2 activation in the embryonic kidney
depletes nephron progenitors

Nephrons are generated through the delicate balance
between maintenance and differentiation of nephron
progenitors. While Sal//l and Six2 play a role in
maintenance, successive activation of Wnr4 and

Notch?2 is  essential for  differentiation.
Mesenchymal-to-epithelial transition requires Wnt4
and normal development of the proximal nephron
requires Notch2, as the conditional Notch2 mutants
lack the proximal nephron structures such as
glomeruli and proximal tubules. It is unknown,
however, whether Notch2 dictates the fate of the
proximal nephron directly. We generated a mutant
strain of mice with activated Notch2 in
Six2-containing nephron progenitor cells of the
metanephric mesenchyme. Notch2 activation did not
skew cell fate towards that of the proximal nephron
but resulted in severe kidney dysgenesis and
depletion of Six2-positive progenitors. We also
observed ectopic expression of Wnt4 and premature
tubule formation, similar to the phenotype of
Six2-deficient mice. Activation of Notch2 in the
progenitor cells suppressed Pax2, an upstream
regulator of Six2, possibly through Hesr genes.
These data suggest that a positive feedback loop
exists between Notch2 and Wnt4 and that Notch2
stabilizes nephron fate by shutting down the
maintenance of undifferentiated progenitor cells,
thereby depleting this population (Fujimura et al., J
Am Soc Nephrol 2010).

For regenerative medicine, it is desirable to be
able to manipulate the cell fate specification of
progenitors. However, our data suggest that
premature Notch?2 activation in nephron progenitors
does not serve this purpose. Instead, Notch2 signals
could be used to stabilize cell fate once specified.
Therefore, timing of MNotch2 activation was
considered critical. Experiments examining delayed
Notch?2 activation would further our understanding
of these effects.
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