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INTERNATIONAL SYMPOSIUM ON OLFACTION AND TASTE

Symposium Overview

Stem Cells in Sensory Epithelium Development
and Regeneration

Linda A. Barlowa and Anne L. Calof b

aDepartment of Cell and Developmental Biology and the Rocky Mountain Taste & Smell
Center, University of Colorado Denver, School of Medicine, Aurora, Colorado, USA

bDepartment of Anatomy & Neurobiology and the Center for Complex Biological Systems,
University of California, Irvine, California, USA

Many adult tissues are renewed throughout life
via processes that are either known or thought
to rely on a population of tissue-specific stem
cells. For example, studies of both skin and
brain have identified local stem cells that have
complex interactions with their niche environ-
ment, leading to regulated cell genesis. The
senses of both smell and taste are well known
to be mediated by sensory epithelia that are
also continually replaced, although the mecha-
nisms that govern renewal are less well under-
stood. In this symposium, we showcased some
recent advances in development of the taste
and olfactory periphery, with the hope of shed-
ding light on potential mechanisms governing
adult renewal of these sensory epithelia. These
chemical senses presentations were bookended
by talks pertaining to regeneration and mainte-
nance of auditory and skin epithelia in adults.
The purpose here was to highlight potential
parallels in our understanding of molecular and
cellular mechanisms regulating auditory hair
cells and skin with cell renewal in chemosen-
sory epithelia.

Neil Segil (House Ear Institute, Los Ange-
les) began with an overview of his work on the
development and potential for regeneration of
auditory hair cells. In vertebrates, hair cells of

Address for correspondence: Linda A. Barlow, University of Colorado,
Denver, School of Medicine, Dept of cell & Developmental Biology,
Mail Stop 8108, 12801 East 17th Avenue, Room L18-11121, Aurora,
CO 80045. Voice: 303/724-3438; fax: 303/724-3420. linda.barlow@
ucdenver.edu

the inner ear are delicate mechanoreceptors
that transduce pressure waves into electrical sig-
nals interpreted by the nervous system. In many
species, including birds, amphibians, and fishes,
these hair cells can be generated in the event
of injury or to accommodate growth; however,
mammals appear to have lost this regenerative
capacity during evolution. Thus, the mecha-
nisms that restrict regeneration in mammals
are of great interest to both developmental neu-
robiologists and clinicians. One exciting idea
explored by Dr. Segil is that under certain con-
ditions mammalian auditory epithelium may
be able to regenerate. Specifically, as is the case
in birds, a population of mammalian auditory
support cells, located adjacent to hair cells, may
be able to reactivate the potential to give rise to
new hair cells by altering levels of key cell cycle
inhibitors and through alteration of signaling
through the Notch pathway.

After this introduction to key concepts in sen-
sory epithelium differentiation, Shoba Thiru-
mangalathu (University of Colorado Denver,
School of Medicine) discussed development
of the taste epithelium, focusing on her stud-
ies to identify the embryonic cell population
that gives rise to adult taste buds. She em-
ployed inducible and tissue-specific molecular
genetic mouse models to label the developing
tongue epithelium as the first taste structures—
the taste placodes—form, and to follow these
cells and their progeny through to adult stages.
Although it has long been assumed that taste
placodes represent taste papillae, which in turn
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give rise to taste buds within a subregion of each
papilla, Dr. Thirumangalathu showed that in
fact, taste placodes only contribute cells to taste
buds, and not to the surrounding taste papilla.

Early development of taste buds and papil-
lae in the lingual epithelium has recently been
found to rely extensively on signaling through
the Wnt pathway. While the cells responsive to
Wnts have been identified through a reporter
system, the specific Wnt ligand involved (from
among 19 family members) has not been iden-
tified. Hong-Xiang Liu (University of Michi-
gan, School of Dentistry) explored the role of
Wnt5a in tongue and taste bud development
via use of a mouse line in which this gene had
been knocked out. Interestingly, while tongue
development was dramatically reduced in the
mutant, taste bud patterning was not affected,
suggesting that other Wnt ligands need to be
tested for their role in taste bud genesis.

The two talks dedicated to the taste pe-
riphery were followed by a pair of presenta-
tions on development of the olfactory system in
mice. Shimako Kawauchi (University of Cali-
fornia, Irvine) presented her findings pertaining
to the molecular regulation of olfactory epithe-
lium development. Her discussion focused on
the impact of several secreted factors, growth
and differentiation factor 11 (GDF11), follis-
tatin (FST), and fibroblast growth factor 8
(FGF8), through interaction with a transcrip-
tional regulator, FoxG1, on olfactory neuron
progenitor specification and subsequent differ-
entiation. Altogether, her talk concluded that
tissue-specific intrinsic factors, such as the tran-
scriptional regulator FoxG1, can act to modu-
late the effects of extrinsic signaling molecules
in controlling morphogenesis and neurogenesis
in the olfactory epithelium.

Diego Rodriguez-Gil (Yale University,
School of Medicine) completed the discussion

on the olfactory system with an exploration of
the onset of olfactory receptor protein expres-
sion with respect to the developmental state of
the olfactory receptor neurons (ORNs). Over-
all, he found that receptor-protein expression
began in ORNs as early as embryonic day 11.5
in mice, and as late as postnatal day 0. Despite
the broad range for expression onset, with re-
spect to the small subset genes examined, a re-
ceptor was typically expressed 1 day before an
ORN sprouts an axon, 2 days before the axon
contacts its central target, the olfactory bulb,
and roughly 4 days prior to the expression of
proteins involved in the olfactory transduction
cascade.

Finally, Dr. Maranke Koster (University of
Colorado Denver, School of Medicine) pro-
vided an overview of her work on the de-
velopment and maintenance of skin, and in
particular, the complex role of the p63 tran-
scription factor in these processes. p63 has sev-
eral functions and numerous splice variants,
which influence p63 activities, several of which
have been explored by Dr. Koster. In mice en-
gineered to lack p63, null embryos die at birth
as the skin fails to initiate the stratification pro-
gram, and thus these pups lack a barrier to
the external environment and quickly desic-
cate. Interestingly, Dr. Koster showed that the
lingual and palatal epithelia of p63−/– mice also
lack stratification, and that the pattern of fungi-
form papillae appears to be disrupted. Thus,
this presentation came full circle by implicating
a key transcriptional regulator of skin develop-
ment in the embryogenesis of the lingual taste
epithelium.
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