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The novel and critical role of von Hippel-Lindau in nephron

formation
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Loss of von Hippel-Lindau gene (VHL) causes rare genetic
disorder, characterized by clear cell renal cell carcinoma
(ccRCC), pheochromocytomas, and hemangioblastomas
(blood vessel tumors) (1-5). Well confirmed role of VHL
is an E3 ligase for hypoxia-induced factors (HIFs) under
normaxia condition. Under the presence of Oxygen,
proline-hydroxylase, an iron containing dioxygenase, makes
hydroxyproline of HIF-1, which provides recognition
residue of VHL. VHL-mediated poly-ubiquitylated
HIF-1 is degraded by proteasome. However, when
oxygen concentration is dropped down (so called hypoxia
condition), HIF-1a can escape the VHL-mediated
proteasomal degradation and serve as transcription factor
with HIF-1B and induces many kinds of hypoxia-related
genes such as vascular endothelial cell growth factor (VEGF)
for neo-vascularization, glucose transporter-1 (Glutl) for
promoting the glycose uptake and etc. (6,7).

Thus, tumor suppressive role of VHL in hemangioblastoma
is easily understood, considering the working mechanism
of VHL. VHL would be sensor for oxygen and regulate
endothelial cell growth and differentiation as well as
epithelial cell proliferation through nutrients supplement
and uptake. However, the role of VHL in other kinds
of cancers, in particular, renal cell carcinoma (RCC) has
not been clearly demonstrated until now, despite 70% of
sporadic RCC show deficiency of VHL.

Considering the facts that kidney is well vascularized
organ and the origin of RCC is not endothelial cell, HIF-1

mediated neo-vascularization seems not to be essential
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reason for VHL deletion in RCC. In addition, physiological
role of VHL during embryonic development is covered
due to early embryonic lethality of VHL knock out
mouse model (8). Since VHL ™™ mice are died at E10.5
to E12.5 days due to failure of extraembryonic vascular
development, intracellular function during kidney
development has not been clearly described.

In recent, Cargill et al., suggest very interesting
function of VHL in kidney development, in particular,
Nephron formation (9). They focused the role of oxygen
concentration during kidney formation. In fact, hypoxia
induces nephron deficit (10,11) and oxygen level is changed
from hypoxia to normoxia during kidney development (12).
"To avoid the embryonic lethality of VHL deficiency, they
used conditional knock out mouse models and focused
on differentiation of Nephron progenitor cells. They
generate Six2-Cre; VHL" mouse model for Six2+ nephron
progenitor cell specific VHL deletion (VHLY"™""). Using
these mouse model, they showed that VHL is dispensable
of early kidney development (until E13.5), because kidney is
still hypoxic condition. However, from E15.5 (at this stage,
oxygen supplement is increased), VHL deficient nephron
progenitor cells showed the defect on mature nephron
formation (glomeruli). In fact, the number of matured
nephron is dramatically decreased in VHL deficient
mice. Finally, VHL """ mice died around P30. Cargill
et al., also prove that VHL is dispensable for renal vesicle
differentiation and function through another conditional

knock out mouse model (Wnt4-cre; VHL/f, VHL ).
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Indeed, these mice did not show significant differentiation
in body weight, Kidney weight and kidney histology (9).

The authors also show that reduction of Nephron
is resulted from defect of differentiation of nephron
progenitor cells through expression analysis. Furthermore,
they revealed that glycolysis and mitochondrial respiration
rate are mainly altered by VHL (9). In fact, deficiency of
VHL reduced the mitochondrial respiration and increased
glycolysis. These results implied that physiological role
of VHL-HIF1 axis is not only oxygen sensor but also
molecular switch of mitochondrial respiration in nephron
progenitor cell. Based on these results, we assume that
loss of VHL may induce glycolysis without mitochondrial
respiration (Warburg effect) as well as increase nephron
progenitor cell population, which would contribute to
tumor occurrence.

These results suggest that VHL is a critical regulator
of energy metabolism as well as nephron progenitor cell
differentiation. As author’s discussion, increase of glycolysis
and decrease of mitochondrial respiration (Warburg effect)
is well known trait of cancer cell. Although author did not
provide the direct evidence about relevance of cancer, it
would be very useful for the role of VHL in human cancer,
particularly RCC. If loss of VHL can trigger the Warburg
effect in RCC and suppress cell differentiation, in my
thought, it would be the tumor suppressive role of VHL in
RCC, what we have looking for.
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