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Stem Cells in Sensory Epithelium Development and
Regeneration

Development and Regeneration in the Mammalian
Inner Ear: Cell Cycle Control and Differentiation of
Sensory Progenitors

Neil Segil1,2

1House Ear Institute, Los Angeles, USA and 2University of Southern

California, Los Angeles, USA

Sensory hair cell loss is the leading cause of deafness in humans. The mam-

malian cochlea cannot regenerate its complement of sensory hair cells, and

thus at present, the only treatment for deafness due to sensory hair cell loss is

the use of prosthetics such as hearing aids and cochlear implants. In contrast,

in non-mammalian vertebrates such as birds, hair cell regeneration occurs

following the death of hair cells and leads to the restoration of hearing.

Regeneration in birds is successful because supporting cells that surround

the hair cells begin to divide when hair cells are lost and are able to subse-

quently differentiate into new hair cells. Although these cells exist in mam-

mals, they do not normally divide or transdifferentiate when hair cells are

lost, and so regeneration does not occur. To understand the failure of mam-

malian cochlear hair cell regeneration, we have been studying the molecular

mechanisms that underlie cell division control and hair cell differentiation,

both during embryogenesis and in the postnatal mouse. In this presentation,

I will discuss the molecular basis for the timing of cell cycle exit in the

embryo, and how this is coordinated with differentiation to produce the cor-

rect number of hair cell and supporting cell precursors to build a functional

organ of Corti. I will also discuss the role of the Cip/Kip cell cycle inhibitors

and Notch signaling in the control of stability of the differentiated state of

early postnatal supporting cells. Finally, I will present data indicating that

some early postnatal mammalian supporting cells retain a latent capacity to

divide and transdifferentiate into sensory hair cells. Together, these obser-

vations make supporting cells important therapeutic targets for continued

efforts to induce hair cell regeneration.
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Fate Mapping Mammalian Taste Bud Progenitors: New
Insights, Challenges and Beyond

Shoba Thirumangalathu and Linda A. Barlow

UC Denver Anschutz Medical Campus, and the Rocky Mountain Taste

and Smell Center, Aurora, USA

Despite some neuronal characteristics, taste receptor cells arise from the local

epitheliumunlikeother sensoryreceptors,whichderive fromneurogenic ecto-

derm. Like other epithelial appendages, taste organs form as epithelial plac-

odes, followed by intervention of mesenchymal core to form taste papillae.

Taste buds differentiate in the papillary epithelium around birth. However,

evidence for a lineage relationship between the embryonic placodes and func-

tional taste buds is primarily indirect. Likewise, while mesenchyme plays a

role in themorphogenesis ofmost epithelial appendages, its function inmam-

malian tastebudandpapilladevelopment isunclear.Tounderstand thedevel-

opmental relationship of taste buds and papillae, and the interplay between

papillary epithelium and mesenchyme, we used a fate mapping approach to

indelibly label either embryonic taste placodes, or the cranial neural crest-

derived mesenchyme and followed the postnatal fates of these cell popula-

tions. With the inducible ShhcreERT2 mouse line crossed to R26R reporter

line, we demonstrate embryonic Shh-expressing taste placodes are taste bud

progenitors, which give rise to the differentiated taste cells. In contrast, with

Wnt1-Cremediated recombination,we showthat cranial neural crest-derived

mesenchyme contributes only to the mesenchymal core of taste papillae and

not to taste buds or papillary epithelium. Recently, we have shown that these

taste bud progenitors are specified by Wnt/ß-catenin, a key pathway in the

induction of other epithelial appendages. We are now exploring the role of

WNT signaling with respect to its function within the taste bud progenitor

population and its impact on papillary morphogenesis.
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Wnt5a in Tongue and Taste Papilla Development

Hong X. Liu1, Ann M. Staubach Grosse2, Katherine D. Walton2,
Daniel A. Saims1, Deborah L. Gumucio2 and Charlotte M. Mistretta1

1Department of Biologic and Materials Sciences, School of Dentistry,

University of Michigan, Ann Arbor, USA and 2Department of Cell and

Developmental Biology, Medical School, University of Michigan, Ann

Arbor, USA

Wnt10b has a critical role in formation of fungiform papillae, via canonical

Wnt signaling. In a gene array experiment we found that Wnt5a, which can

signal in either the canonical or non-canonical pathway, was increased 8 fold

in anterior tongue of rat embryo organ cultures, compared to posterior

tongue. In Western blots, Wnt5a was expressed in tongues from embryonic

(E) day 13 through 16. Immunoreactions in E15 tongue demonstratedWnt5a

in epithelium andmesenchyme. To learn ifWnt5a has a role in development of

papillae, we compared tongues of E15.5 - 17.5, Wnt5a -/- mutant mice with

those of wild type littermates. Length of oral tongue inWnt5a null mouse was

reduced to 60% of wild type length. Portions of the tongue that were anterior,

or posterior, to the anterior-most border of the intermolar eminence were

reduced by similar proportions. However, pharyngeal tongue in null mice

was reduced to only 25% of wild-type. Whereas length of oral tongue was

severely compromised in null mice, width was similar to that in wild type.

Thus overall, area of the anterior tongue was substantially reduced and shape

was radically altered. In the face of a much truncated anterior tongue area,

numbers of fungiform papillae were not different on mutant tongues relative

to wild type. This separates genetic programs for papilla number from those

for tongue shape and size. The single circumvallate papilla on posterior

tongue also was sustained, but with topographical shrinkage and shape alter-

ation in Wnt5a mutant tongues. Results demonstrate a role for Wnt5a in

tongue and circumvallate papilla size and shape, in distinction to roles for

Wnt10b in establishing fungiform papilla number.

Supported by NIDCD, NIH Grant DC 000456 (CMM) and NIDDK,

NIH Grant DK065850 (DLG).
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Opposing Actions of Cell-Intrinsic Factors and Secreted
Signals Regulate Neurogenesis in Olfactory Epithelium

Shimako Kawauchi1, Joon Kim1,2, Rosaysela Santos1 and Anne
L. Calof1

1Department of Anatomy & Neurobiology and the Center for

Complex Biological Systems, University of California, Irvine, USA and
2Department of Neurosciences, University of California, San Diego,

La Jolla, USA

In mouse olfactory epithelium (OE), growth and differentiation factor 11

(GDF11), an activin-like TGF-b expressed by olfactory receptor neurons

(ORNs)and late-stageneuronalprogenitors, acts to inhibitbothproliferation

and neuronal differentiation of neuronal progenitor cells. Foxg1, which enc-

odes a forkhead-box transcription factor known to be required for OE devel-

opment, is co-expressed withGdf11 in much of developingOE; and FoxG1 is

known to interact with Smad transcription complexes to inhibit expression of

TGF-b target genes. Together, these observations raise the possibility that
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Foxg1 regulates OE development by inhibiting Gdf11’s negative action on

neurogenesis. We characterized neurogenesis in detail in Foxg1-/- OE, and

found a severe loss of cells in theOEneuronal lineage, includingSox2-express-

ing neural stem cells, apparent as early as the olfactory pit stage. By birth, neu-

rogenesis has terminated and only remnants of OE can be found in Foxg1-/-

embryos. Remarkably, the depletion of neuronal cells in theOE resulting from

loss of Foxg1, as well as nasal cavity morphogenesis, are substantially rescued

when embryos are also made null for Gdf11 (Foxg1-/-;Gdf11-/- mice). Impor-

tantly, rescue is dependent on Gdf11 gene dosage, with an intermediate level

of rescue evident in Foxg1-/-;Gdf11+/- compoundmutants. Rescue is accompa-

nied by modifications in expression of both p21Cip1 and follistatin (Fst), pro-

viding mechanisms by which GDF11 signaling and FoxG1-regulated

transcription can interact in vivo. Thus, our data indicate that theGdf11-medi-

ated antineurogenic signal in OE is negatively regulated by Foxg1, and these

two genes together are largely responsible for controlling the expansion and

progression of OE neurogenesis during development.

Supported by NIH DC03580 to ALC.
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Onset of Odorant Receptor Expression

Diego J. Rodriguez Gil1, Helen Treloar1, Aimee Two1, Carrie Iwema1,
Alexandra Miller1 and Charles A. Greer1,2

1Neurosurgery, School of Medicine Yale University, New Haven, USA

and 2Neurobiology, School of Medicine Yale University, New Haven, USA

Olfactory sensory neurons (OSNs) express 1 of ;1,000 odorant receptors

(ORs). OSNs projecting axons to the same glomeruli express the same

OR protein, although they are distributed within restricted regions of the

olfactory epithelium (OE). As the OSN axons navigate from the OE to

the olfactory bulb (OB), they reorganize and project to specific glomeruli

based on OR expression, among other cues. This expression pattern is

not achieved simply via retrograde signals from the OB after synapse for-

mation because: 1) ORs are expressed during embryonic development prior

to synapse formation; and 2) ORs are also expressed in mice lacking OBs.

ORs are expressed prior to synapse formation, but it remains to be estab-

lished when ORs are first expressed during development. The aims of this

work were 3-fold: 1) study onset of OR expression for a subset of ORs; 2)

determine if there is a preferential zonal or chromosomal OR expression

choice during embryogenesis; and 3) perform a quantitative analysis of spe-

cific OR expressing OSNs. We found that the onset of OR gene expression is

asynchronous. For exampleMOR244-1 is first expressed at very early stages

of olfactory development, whileMOR245-3 only appears late in embryogen-

esis. Interestingly, OR onset does not seem to be stochastic during develop-

ment; i.e. ORs on some chromosomes appeared overrepresented early in

development. Moreover, expression of ORs from the same region/zone have

differential onsets of expression, and the profile of numbers of cells express-

ing a given OR is not uniform, but varies by OR; some ORs had profiles that

increased with age while some had a more transient expression. Our results

provide compelling evidence that OR choice could be an important deter-

minant of glomerular targeting during embryogenesis.

Supported by NIDCD.
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Transcriptional Control of Epidermal Morphogenesis

Maranke I. Koster

Department of Dermatology, Aurora, USA

The epidermis is the primary barrier that protects the body from dehydra-

tion, mechanical trauma, and microbial insults. This barrier function is

established during embryogenesis through a tightly controlled stratification

program. One gene that is critical for controlling epidermal morphogenesis

is p63, a transcription factor that can be expressed as isoforms that contain

(TA) or lack (DN) a transactivation domain. Of these, DNp63 isoforms are

the predominantly expressed p63 isoforms in late embryonic and postnatal

epidermis. To determine the role of DNp63 proteins, we generated an epi-

dermal-specific inducible DNp63 knockdown mouse model. We found that

downregulating DNp63 expression in postnatal epidermis caused severe epi-

dermal defects, including aberrant keratinocyte differentiation and impaired

basement membrane formation, culminating in the development of severe

skin erosions. Interestingly, these lesions were indistinguishable from lesions

that develop in patients with AEC, an ectodermal dysplasia caused by muta-

tions in DNp63a. Follow-up studies demonstrated that, during epidermal

morphogenesis, DNp63a initially induces expression of a keratinocyte-pro-

duced extracellular matrix protein, Fras1, which is required for maintaining

the integrity of the epidermal-dermal interface at the basement membrane.

Subsequently,DNp63a initiates epidermal terminal differentiation by induc-

ing IKKa, a regulator of epidermal, skeletal, and craniofacial morphogen-

esis. Together, our data provide novel insights into the role of DNp63a in

epidermal morphogenesis and homeostasis, and may contribute to our

understanding of the pathogenic mechanisms underlying disorders caused

by p63 mutations.

Umami Symposium I: Umami Reception in the Oral
Cavity: Receptors and Transduction

Receptors and Transduction of Umami Taste Stimuli

Sue C. Kinnamon1,2 and Aurelie Vandenbeuch1,2

1Department of Biomedical Sciences, Colorado State University,

Fort Collins, USA and 2Rocky Mountain Taste & Smell Center, Aurora,

USA

L-glutamate and 5#- ribonucleotides such as GMP and IMP elicit the

‘‘umami’’ taste, also known as the fifth taste. This talk will review recent

advancements in our understanding of umami taste receptors and their

downstream signaling effectors in taste receptor cells. Several G pro-

tein-coupled receptors that bind umami stimuli have been identified in taste

buds, including the heterodimer T1R1 + T1R3, and the truncated gluta-

mate receptors taste-mGluR4 and taste-mGluR1. Further, ionotropic glu-

tamate receptors are expressed in taste cells, and may play a role in

glutamate transduction or signaling between taste cells and/or nerve fibers.

Knockout of T1R1 or T1R3 reduces, but does not eliminate responses to

umami stimuli, suggesting that multiple receptors contribute to umami

taste. The signaling effectors downstream of umami receptors involve

Gbc activation of PLCb2 to elicit Ca2+ release from intracellular stores

and activation of a cation channel, TRPM5. In fungiform and palatal

taste buds, T1R1 + T1R3 is co-expressed with GaGustducin, but the

Ga proteins involved in circumvallate taste buds have not been identified.

Previous physiological studies in our lab and other labs have shown that L-

glutamate elicits multiple types of responses in rat taste cells isolated from

both fungiform and circumvallate papillae, including both depolarization

and hyperpolarizaton. In most cases, however, L-glutamate elicits an

increase in intracellular Ca2+, likely via release from intracellular stores.

We are currently using transgenic mice expressing GFP in specific subsets

of taste cells to correlate responses to umami stimuli with specific taste cell

types.

Supported by DC00766, P30DC04657, and a 3ARP grant from Ajino-

moto Corporation.
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