Outline of Lecture 15 (11-21 A; Sundin)

Special Senses: Eye, Ear, and Nose

I.  Overview of sensory cells of the eye, ear, and nose


- Due to evolution, the cilia of sensory cells are on the topographical outer surface of the body


- Quickies on each system


- Eye: signal through a 7TM containing rhodopsin, coupled to G-protein; retina is part of the forebrain (diencephalon), lens derives from lens placode of surface ectoderm


- Ear: mechanoreceptive cilia directly tranduce vibration to ion channel opening; derives from otic placode of ectoderm overlying hindbrain (rhombomeres 5,6)


- Nose: odorant binds and signals through GPCR/cAMP; derives from olfactory placode of forebrain (telencephalon)

II.  The Eye


A) Embryology of the eye



- Optic vesicle derives from neural plate, lens from surface ectoderm



- Neural crest and mesoderm contribute to other eye tissues (cornea, choroids, sclera, etc)



- Shh splits the eye field by inhibiting eye dev. along the midline


- Reciprocal induction: BMP4 and BMP7 from optic vesicle induces lens primordium, and FGF1 and FGF2 from lens induces optic vesicle (eye primordium)



- PAX6 can induce eye development ectopically


B) Layout of the optic cup



- Lens placode pinches off to form lens vesicle; surface ectoderm becomes cornea



- Optic vesicle invaginates to form optic cup around the lens (ventral portion fuses)


- Inner layer of optic cup becomes retina and outer layer becomes retinal pigment epithelium



- Photoreceptors point away from light into ventricular space between layers of optic cup


- Fovea at back of retina is thinner to allow for sharper vision at that region (less non-photoreceptor cells in the way to scatter light)


C) Cells types of the retina


- Ganglion cells: their axons project through optic nerve to brain; formation requires Math5 txn factor

- Bipolar cells: relay signals from photoreceptors to ganglions; dev. requires Chx10 txn factor



- Mueller glial cells: retina scaffold, ganglion axon guidance, neurotransmitter recycling



- Amacrine and horizontal cells: no detail given



- Photoreceptors




- Rods: for low light




- Cones: comes in red, green, blue


- Photosensitive ganglions: involved in pupil contraction and circadian rhythm; detect light with melanopsin (this is Wai-King Yau’s work)


D) Eye connections to brain

- Portion of ganglions from each eye cross brain midline at optic chiasm to create left-right image inversion



- There are two pathways to the brain




- Primary: ganglion ( lateral geniculate ( primary visual cortex




- Secondary: ganglion ( superior colliculus (minor role)


E) Axon guidance directs topographic mapping of ganglion cells 


- A/P and D/V axes are doubly inverted (once by lens, then again from retina to tectum)


- Retinal ganglion axons are guided to specific regions of the tectum by gradient of Engrailed expression (higher levels in posterior)

III.  The Ear


A) The Outer Ear



- Derived from mesoderm, specifically branchial arches


B) The Middle Ear



- Ossicles derive from neural crest of branchial arches



- Ossicles form in a matrix of mesenchyme, later replaced by pharyngeal endoderm


C) The Inner Ear 


1) Vestibular organs: derives from utricular part of otic vesicle; orthogonal, semicircular canals detect head movement using ciliated hair cells



2) Cochlea: derives from saccular part of otic vesicle; spiral shaped, detects sound



- Ectodermal otic placode forms otic vesicle, which forms inner ear


- Inner ear dev. involves neural crest mesenchyme, and induction by hindbrain neural tube


- Cochlea contains the scala vestibuli and scala tympani, which sandwhich the cochlear duct (these chambers are separated by membranes)


- Hair cells facing inside of cochlear duct are arranged in a gradient according to frequency sensitivity (high frequencies near oval window)

IV.  The Nose


A) Olfactory placodes derive from ectoderm and requires PAX6


B) Ciliated, olfactory neurons directly connect from the nasal cavity to mitral cells in the olfactory bulb of the brain; high turnover of these neurons and are continually replaced


C) There are ~1,000 distinct odorant receptor genes, which are 7TM GPCR’s


D) Each olfactory neuron expresses only one odorant receptor


E) Fasciculation refers to how all neurons with a particular receptor connect to a specific glomerulus within the olfactory bulb

V. Diseases


- Usher’s syndrome: deafness and blindness, defects in sensory cilia, defect in myosin VIIa


- Coloboma: gap in ventral eye, failure of choroid fissure to close


- Aniridia: no iris or fovea, defect in PAX6 that is haploinsufficient


- Ocular albinism: no melanocyte pigmentation, no fovea, all retinal ganglions cross midline


- Waardenburg’s syndrome: deafness, NCC migration defect, heterozygous defect in Pax3


- Kallmann’s disease: cannot smell (general anosmia), defect in axonal guidance gene

