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A rudimentary understanding of genetics,
especially appreciating normal sequence in
DNA vs. DNA sequence errors or mutations, is
fundamental to the appreciation of clinical
care. However, genetics now shares the bio-
logical podium equally with the often
mentioned but less familiar field of epige-
netics. To begin to appreciate the power and
relevance of epigenetics to pediatric urology,
one must first hold a manageable concept of
what epigenetics is in one’s mind.

We learn early in our training that all cells
in an organism share the same DNA sequence.
What then explains the curious mystery of how
the same DNA sequence can give rise to both a
neuron and a smooth muscle cell? The answer
lies within epigenetics which can be defined as
cell-selective regulation of expression of
different genes from the same normal DNA
sequence [1], i.e., in the absence of muta-
tions. If DNA were all 88 keys on a piano,
epigenetics governs whether the piano is
accessible, and if so, which keys are played
and when. This happens though a set of pro-
cesses no less elegant than DNA replication
itself.

Quite simply, for DNA to be ‘played’ (i.e.,
transcribed into RNA and then into gene
products) one must have physical access first
to the piano (the DNA) and then to the keys
(the sequence). This transcription access is
either granted or restricted in two funda-
mental ways. DNA spends most of its time
locked away and inaccessible, tightly wrapped
around proteins in the nucleus known as his-
tones. In this state the piano itself cannot be
reached. However, simple chemical modifica-
tions to histone proteins (through removal of
small molecules such as methyl or acetyl
groups, or amino acids such as lysine) will
cause DNA to be unwound from the histones.
The piano can then be reached. The opposite,
chemical addition to histones, will cause the
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DNA to re-wrap tightly and become inacces-
sible once again. Furthermore, the DNA
keyboard itself can also be modified through
simple secondary addition of methyl groups to
specific keys (so called, DNA methylation).
This makes individual piano keys unplayable.
Thus, only specific tunes can be played, and
only specific genes can be transcribed, while
others remain inaccessible for transcription.

Through a known and recurring set of en-
zymes that catalyze the above chemical
modifications to DNA and histones, we can now
appreciate the existence of a sophisticated
level of cell-specific regulation of DNA tran-
scription. These enzymes are often named for
their roles. For example the DNA methyl-
transferases (e.g., DNMTs), or histone acetyl
transferases (e.g., HATs) transfer methyl
groups to DNA or acetyl groups to histones,
respectively, while de-methylases and de-
acetylases (e.g., HDACs) remove them. There
are many such DNA and histone modifying
enzymes comprising the epigenetic machinery
of the cell.

Indeed, one of the principal ways a cell
alters its transcriptional response to environ-
mental stimuli is through a change in its
epigenetic status. As such, the epigenetic
enzymatic machinery allows for a highly
responsive and dynamic sensing system,
permitting cells to respond transcriptionally in
both appropriate and inappropriate (patho-
logical) ways. Moreover, enzymatic chemical
alterations themselves in DNA (commonly
known as DNA methylation marks) can be
inherited and replicated through both cell
division in an organism as well as genera-
tionally passed to offspring. Such DNA
methylation marks may also be detected as
biomarkers of disease [2]. This raises some
profound implications for perpetuation of pe-
diatric urological disease states. Many of the
conditions we manage, such as renal damage
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after infection or hydronephrosis/UPJ obstruction, bladder
damage after obstruction, or genital maldevelopment due
to aberrant gestational environments, are so common that
they likely do not have a genetic (mutational) basis. From a
cell perspective, infection, obstruction, and hormonal
milieu may all be considered epigenetically responsive
environmental stimuli.

Consider hypospadias. Over the last decades several
candidate mutations or sequence variations have been
detected and associated with hypospadias. But sequence
aberrations alone cannot account for the high incidence of
hypospadias (1:150—300 live births). Moreover, the rising
tide of environmental hormonal disrupters provides ample
opportunity to consider how epigenetic machinery may be
altering expression of even the normal sequence of genes in
the hypospadias patient. For example, estrogen can stim-
ulate DNMT activity in genital fibroblasts, and reduce
expression of principle genital tubercle development genes
Wnt5a and HoxA13. Inhibiting DNMT activity can rescue this
estrogen-induced Wnt5a and HoxA13 gene dysregulation
[3].

Following de-obstruction or de-pressurizing of the
obstructed bladder (i.e., by resection of urethral valves or
BPH, or for neurogenic bladder), persistent disease in
smooth muscle cells (SMC) such as contractile derange-
ment, ongoing fibrosis, and SMC overgrowth is common.
Recently, bladder SMCs have been shown to respond
epigenetically to the stimulus of their own disorganized
extracellular environment, altering both their DNA
methylation and the activity of their methylation enzymes.
Returning human SMC from obstructed bladders (vs. from
normal bladders) to a normal environment, cultured
outside the bladder does not rescue their dysfunction [4,5].
Drugs which inhibit the methylation enzymes, though not
specific enough for widespread clinical use in non-cancer
disease, can rescue and restore more normal phenotype
to obstructed bladder muscle in animal models [6], strongly
suggesting a role for epigenetic processes in these
myopathic conditions [7].

Urothelial cells exposed to uropathogenic E.coli respond
with increased DNA methylation activity, and hyper-
methylation and reduced transcription of p16, a gene that
normally suppresses urothelial cell overgrowth [8]. This
may underly the urothelial proliferation so common in UTI
and may leave permanent methylation marks on DNA that
could represent a future way to track subsequent UTI

proclivity or better select patients for prophylactic surgery
or antibiotics [2,9].

An exciting multitude of biological and extracellular
factors regulate the epigenetic machinery. A fuller discus-
sion is beyond the scope of this brief overview. However,
appreciating the potential of epigenetic changes and re-
sponses on top of specific alterations in DNA sequence
(genetics) adds a new level of complexity, and new op-
portunity to carry us through the looking glass in the dis-
covery of underlying causes of disease in pediatric urology.
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