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We would like to thank Dr. Fernandez-Prado, Dr. Kanbay,
Dr. Ortiz, and Dr. Perez-Gomez for their insightful
comments on the genetics of CAKUT (congenital
abnormalities of the kidney and urinary tract), the zinc
finger protein BNC2, and specifically on their commentary
on our recent report of BNC2 variants causing lower urinary
tract obstruction (LUTO) (1).

In our report we showed the first monogenic cause for
LUTO, identified in multiply affected families with various
degrees of affection. Hence showing that developmental
defects in lower urinary tract range in severity even within
families carrying the same genetic variant. This follows
the previously known inheritance pattern with reduced
penetrance of developmental defects of the upper urinary
tract and the kidneys. For isolated and non-isolated
CAKUT more than 25 genes have been identified so far (2).
Nevertheless only up to 10% of all affected CAKUT
individuals can be identified to carry pathogenic variants
in these genes (3). Up to 16% can be identified to carry
a disease causing copy number variation (CNV) (2).
Therefore, the genetic diagnosis of CAKUT has proven to
be challenging due to genetic and phenotypic heterogeneity
and incomplete genetic penetrance. In our report we also
describe that only a small proportion of LUTO patients are
affected due to a variant in BNC2. Overall this suggests that
the pathogenesis of most CAKUT cases is multifactorial,
and may be caused by polygenic and complex genetic
pathways, environmental factors and epigenetics, that still
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need to be deciphered to gain deeper understanding of
CAKUT disease mechanisms (4).

Molecular function of BNC2

Buckley et al. (5) showed that a previously associated loci
at chromosome 9p22.2 conveys a risk for ovarian cancer
mediated by changes in a transcriptional regulatory
network. The authors established BNC2 as the most likely
target gene of the risk alleles through physical DNA
interactions. Using a protein binding microarray the
BNC2 consensus binding sequence was determined and its
enrichment was shown in BNC2 ChIP-seq, leading to a set
of downstream target candidate genes. Interestingly, the
analysis of the putative target genes showed enrichment of
functional classes that are involved in cancer development
AND embryology such as system development, anatomic
structure development, multicellular organism development,
and tissue development.

Hervé ez al. (6) propose that BNC1 and BNC2 represent
nuclear proteins specific to vertebrates. BNC1 and 2 have
been shown to be the orthologs of the DISCO proteins of
insects (7). All of these proteins are crucial for embryonic
development. It remains to be found which targets are
common to the two basonuclins and even to the DISCO
proteins, and why certain cell types possess either bncl
or 2, while others possess both. Furthermore, they have
diverse functions, some of which are shared. Since BNC1
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and BNC2 comprise widely separated pairs of zinc fingers,
they may bind to multiple targets, some of which may be
transcribed by RNA polymerase I, and others by polymerase
IT (7). Yet, the targets of each pair of zinc fingers of bncl,
bne2 and disco remain elusive. The knowledge about
these targets will advance the understanding about the
involvement of these proteins and how their functions have
diversified in the course of evolution.

Up to now, mechanisms of BNC2 function in urinary
tract development are yet speculative, since the data by
Buckley er al. was acquired in ovarian cell lines. Hence,
conclusions about the regulatory network and the
mechanisms in embryonic tissue ultimately forming the
urinary tract cannot be transferred and the effect of disease-
causing BNC2 variants in LUTO patients remains elusive.

Perspective

In order to understand the role in developing urinary tract
and to decipher the mechanism of the variants in BNC2
experiments have to be performed in embryonic urinary
tract tissue at relevant time points. Because of ethical and
technical obstacles human embryonic tissues are rarely
available for these experiments and scientists have to
substitute with tissues or cells derived from animal models
or from induced pluripotent stem cells.

The identification of BNC?2 as a disease gene for LUTO
has improved diagnostics for clinical geneticists. However,
promoter and enhancers of BNC2 have not yet been screened
for disease-causing variants, but the enhanced knowledge
will foster understanding of non-coding variants (8).
Furthermore, the screening of target genes of BNC2 might
identify variants in further disease-causing genes and this
could help to understand the regulatory network in urinary
tract development.

The prospect of developing novel therapeutic
approaches

The clinical management of LUTOs is yet the management
of complications and intervention may start during
pregnancy as early as gestational week 13. The first study
on the effectiveness of vesicoamniotic shunting (9) has
indicated a potential effect on neonatal survival rates, but
evidence remains scarce. However, these interventions
have not been proven to improve the renal function
and this is a lingering issue in long-term morbidity
and mortality. Postnatal treatment involves therapy of
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respiratory failure that might require ECMO therapy (10).
As a consequence, therapeutic approaches preventing
damage, before vesicoamniotic shunting is feasible, become
increasingly interesting. As Fernandez-Prado et /. mention,
the multitude of possible BNC2 isoforms and the BNC2
association with different diseases is complicating the use
of BNC?2 as a therapeutic target. Yet, targeting BNC2 and
its’ downstream network seem to be a remote objective and
research has to reveal more about BNC2 and its” biological
functions. The available animal models offer various
opportunities for testing different therapeutic approaches
comprising murine (11) and zebrafish models (1). These
models represent a great resource for translating the basic
science results into clinical practice.
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