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The sensory hair cell

A RE-EXAMINATION OF A HAIR CELL ORGANELLE IN THE CUTICULAR
PLATE REGION AN ITS POSSIBLE RELATION TO ACTIVE PROCESSES IN
THE COCHLEA

N. SLEPECKY, R.P. HAMERNIK and D. HENDERSON

Department of Otolaryngology, SUNY Upstate Medical Center, and Department of Mechanical and
Aerospace Engineering, Syracuse University, Syracuse, NY 13210, U..§ A.

A striated body (Fri:dmann body) has been consistently observed m the infracuticular plate region
of inner hair cells of normal chinchillas. The dark and bght banded bodies are fibrillar and may be
composed of membranous lamellag surrounded by electron dense material. The dark membranous
bands appear continuous with the smocth endoplasmic reticulun: and the clectron dense material
lining the junctional complex at the penphery of the cell, The hight bands of fibrilar matenial appear
comiinuous with the substance of the cuticular plate, The stnated bodies line the cuticle free region m
the area of the basal body and follow the contours of the cuticular plate. They are associated with the
plasmz membrane, mitochondria and miciotubules, A similar organelle has not been ident:fied 1n outer
hair cells. The structure found in the mner hair cells 1s compared with simular striated structures
reported in vestibular and cochlear hair cells of other ammals us well as with striated structures
observed in various other systems. The funcuion of the stmated bod' in the inner hair cell of chanchilla
is unknown, but possibilities include structural support and active participation 1n mner har cell
function.
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INTRODUCTION

The recent finding of Flock that actin is present in the stereocilia of hair cells in the
inner ¢ar [10] has resulted in a renewed interest in the ultrastructure of the apical region
of these cells. We report here the consistent occurrence >f Friedmann bodies {12], or
striated organelles, in the infracuticular plate region of the inner hair cells of the normal
chinchilla cochlea. Similar striated bodies have been found below the cuticular plate in
normal [8,21] and pathological [11,13.21] vestibular hair cells. Their presence has also
been noted in the cochlear haw cells of the normal cat [25,39], squirrel monkey {8} and
the deaf white mink [17]. The consistent occurrence of the siriated organelie in the inner
hair cells of the normal chinchulla suggests that the striated body 15 a nermal strucrural
component of the inner hair cells and that it mav play a1 astive role in mner hair cell
function.

MATERIALS AND METHOLS

Boihn cnchleas from five normal chinch:las, 3 -7 vears 51, were {ived i 2% slutarsl.
dehyde in 0.1 M phosphate baffer, pH 7 2, contaming € -10 m™ magnesium alovd-
The cochleas were washed with phosphate buffer, post-fixad in 1% osralum tetroxade
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0.1 M phosphate buffer, washed with phosphate tuffer and dehydrated through ethanol
and propylene oxide. The cochleas were embcdded n Araldite, trimmed and senally
sectioned. Sections were stained with 2% uranyl acetate and lead citrate and examined
with a Siemens 1 A electron microscope.

RLCSULTS

A staated organelle was found n each of 40 inner hair cells thar were sectioned. It
was never observed in any of the outer hair cells although three times as many outer hair
cells were exammed. Fig. 1a shows a micrograph of a radial section of the organ of Corti,
through the long axis of an inner hair cell. The s-nated organelle c2n be seen in the region
below the cuticular plate where it curves to foilow the infenior surface of the cuticular
plate The body s composed of electron dense bands separated by spaces of less electron
dense matenz!. The dark bands appear to have the same width and to have a periodicity
of 50-60 nm. In some instances the :tnated body is separated from the cuticular plate
and 15 surrounded by cytoplasm and endoplasmic reticulum. It is closely associaied with
the intochond na and at times they aphear to be in conaact.

The striated body appears to be associated with the plasma memsrane of the inner hair
cell In radial sections 1t can be seen attached to the sides of the mner hair cells at the
level where tzht junctions, intermediate junct:ons and desmosomes connect the haur
cells with adjacent supporting cells. The electron dense material which lines the junctional
complex and forms 2 shelf for the cuticular plate {8] appears to merge with the electron
dense bands of the stiiated organelle.

The striated body has a complex morphology and at times 1t may be seen to project
into the cytoplasm ot the in1er hair cell toward the centrally placed nucleus. it can be
found n close association with the striated cihary rootlet of the basal body that projects
below the level of the cuticular plate into the cytoplasm. When the striated body 1s sec-
tiocned 1 a plane perpendicular to that of the stnations (Figs lb and ¢}, the electron
dense bands have a substructure which suggests that the organelle may be composed of
stacks of membranous lamellac and the lighter parts of the striated body appear fibrillar.

If the organ of Corti 15 sectioned 'n a plane parallel to the basilar membrane, many
mner hair cells can be observed at one time. Fig 2 shows a micrograph of an inner hair
cell sectioned at a level below the cuticular plate. The stnated body again appears to line
the cuticular plate at its contact with t' ¢ cytoplasm. However, when the organelle is cut
i thus plane, the direction and pattein of the striations differ. The most frequent orienta-
tion of the banding pattern 1s i a radial directicn, with stmauions running from the area
close to the mner pillar cell in the direction of the modiclus. In some areas, the striated
body retains the banding pattern shown 1n Fig. la, but in other areas the banding is
composed of thick electron dense bands, alternating with thinner electron dense bands,
separated one from the other by spaces of less eleciron densz matenial. When the stnated
bocy assumes thus alternate banding pattern, the periodicity of the individual adjacent
bands mcreases to 70--80 mn, while the periodicity of the alternating thicker electron
dense tands s 150- 160 nm. In this configuration the body has the more characteristic
appearanice of a Friedmann body.

The stnated body has been observed n contact with the junctional complex material
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Fig. 1. Radal sections through mn- r hai cells showing location and morphological characternistics of
the striated body. (1a) The stnatec body (SB) 13 in tre infracuticular plate repron where it follows the
inferior surface of the cut.cular plate ((} and is 10 close as.ociation with mutochondna (M), Arrow
indicates where the electson dense naterial lining the junctional complex appeare to meege with dense
bands of the body (1b and ¢y The stymted body 15 sectioned porpendicular to the plane f stit
tions. Arrows indicate lametfiar substruciure of dense bands while less dense spaces appear fibr llar 1nd
continuous with the cuticular plate mater.l

at the circumferencs of the veti and surrounding th? cutcle tree region where the basi
+ s normally found. It 1s assoclated with the microtubules that hne the cuticul i« plate
-.non and also with the smooth endoplasmic reticul i In soine cuses elaborafion: of the
smooth endoplasmic reticulum appeer o be conuntous with the electron dense band: of

the striated body.
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1ig 2 Honzontal section through inner hair cell shewing location and morphological eharacterssties of
the striated body. Asterisk indicates portion of st wared body where bandsmy pattern 1s similar to tliat
infig 1 Star mndicates alternate banding pattern Arrovs indicate where elaborations of the smooth
endoplasmic retieulum appear to merge witl dense bands.

DISCUSSION

The form of the stnated body found i the wnner hair cells of the normal chinchilla
cochlea s sumlar m appearance to stnatcd structures found in systems other than the
labyrinth. Although inferences deduced sotely on the grounds of ultrastructural morpho-
logy from thmn sections must be newed with caution. a possible clue to the role of this
otganelle may be vbiamed by comparmg the striated structure with these stmalar strue-
tures present n other systems. While 1ts appearance 1s inunediately reminiscent of the
contractile apparatus found m striated muscte, the striated body seems more like the
leptomenic oiganelles [22] or mucroladders 23] th:t have been found in muscle cells.
Thiese organelles have been found sunrmg paiallel to the sarcomeres and associated with
Z-hne mateual and because the perodicity of the lep. omenic organelle changes with con-
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traction and relaxation of the muscle fibers [27], theie h s been speculation that they
may be contractile

Periodic organization of contractife proteins hus also been observed in smooth muscle
cells [i] and 1n the microfilameat bundles or stress fibers of non-muscle cells known to
undergo changes n cell shape [3,4] and to be coatractile {6,34]. Longitudinal actin fila-
ments are collected nto sets by dense bodies and anchored to the cell membrane at the
junctional complex 1y intermediate filaments and dense matenal [38]. Both the dense
bodies and the junct.onal material ars thought to be composed of alpha-actini [4] and
to play a role in these cells analogous to the role plaved by Z-hnes i striated muscle
Contraction is believed to be mediated by the interaction of the longitudinal filaments of
act:n with thick filaments of myosin distributed throughout the thin filaments [1}.

Thus in the leptomeric organelles, smooth muscle cells and non-muscle cells, ali of
which are systems believed to be contractile, the interactton of actin 15 not only with
myosin but may be with other proteins. The stnations observed n these sysiems mav be
periodic insertions of these protens, capable ol polymenzing the uctin menomers mto
filameatous actin [20] or organizing the web of actin filaments into bands of hilaments
[36]. The contractile protemns in these systems may be oigamzed mlo prmstive sai-
comere-like umits which wo ild facilitate the interactions among these pretens and result
i vanious degrees of cell motilily and contraction Since the appearance of stnated
organelles in various cells has been correlated with contractile events known to occur in
these systems, the presence of a morphologically similar striated organelie 1n the inner
hair cell may indicate the possibility that activz contractile >rocesses may occur in the
cochlea.

Because of its pernodicity. proximity to the basal body : nd association with micro-
tubules, the striated body may alternatively be considered a ype of ciliary 1ootlet 1tas
common for basal bodies of ciliated and nonciiated sensory cells to have striated struc
tures assouated with them [2,32], which vary 1n size, shape an¢ peniodicity [28 37|
They project {rom an area adjacent 10 the basal body and have be2n observed t¢ cxtend
to the plusma metabane [27] andfor toward the nucleus [40]. Recent evidence shows
that such structures may be contractile |35] and play a role n the transductiva of
sensory infnrmation [15,19,27]. In hight of the fact that the cochlear sensory cells of the
cat do not have basal bodies [39], the basal body utself 15 probubly not the wssentual
excitable structure in the hair cell as previously suggested (7] If the strated organelle
found in the mnne- hair cell of normal chinerillas 15 simalar to the ciliary rootlet structures
such as the rhizopla't, it may be related to the microtubule sy-tem found m the apical
poruocn of the han czll, lining the cutscular plate and suirounding the cuticle free region
It may be that it 1s the stnated organclle in issocation with ths miciotubule <ystem
(requering only the presence of a microtubule orgamzmg center and not a baual budy
[3141.42]) that imitiares or modulates the transduction process

Moreover, m scarching (05 a qule foi the stnaied organelle ti s of mizrest b ompare
the ultrastructure of the sensory cells of the eir vath gpithehal cells of the miesune
These brush border cells, like hair cells, have an organszed anay of microvidl e <iending
out f-om the cell surface. In vhe brush border rells o vin fikuoents wnchorec a8 the tip
run the lenpth of the microvills and extend mio the call 45 = doree oourc, Thane core
filaments spliy out to wnteract with the acun filaments {rom neghbounng micrownlh
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[30] us well as with filaments exteading honzontally into the cytoplasm from the cell
pe-phery [3,33]. Thus, the cytoplasmic filaments of this so called termunal web display
a Ingh degree of s'ructural organizat.on and form a broad band across the cytoplasm at
the level of the junctional complex [18]. In the current models to exp! 2 contraction of
microvilll, core acun filaments of one polanty and peripheral actin fil..nents of opposite
polarity are thought to interact with a common myosin polymer and slide toward one
another 1n a manner sim’lar to the interaction of actin and myosin in striated muscle
[3.29,33].

Flock has shown that actin filaments are present in the stereocilia of vestibular [10]
and cochlear [9] hair cells of the inner ear anc that a system of cytoplasmic filaments
sumilar to the orgamzation of the terminal web fibers in the brush border cells of the
intesuine 1s present in the cuticular plate region of vestibular hair cells [9]. Perhaps the
orgamization of the cuticular plate region in the hair cells of the mammalian cochlea is
also similar. The striated structures observed in the hair cells of the chinchilla may, like
the termmal web, play a role both in orgamang the stereociha rootlet filaments at the

base of the cuticular plate region and n anchornng th: filaments to the cell membrane
along the circumterence o' the cell through the junctional complex material.

It 15 nteresting that in the brush border czll, iwo types of contraction have been
experunentally induced by the addition of calaum and ATP. In the first type, bundles
of core microfilaments move into and through the terminal web causing a short2ning of
the miciovilll [29]. In tl e second type, there 1s a circumferential constriction of the
apical portion of the cells in the region of the junctional complex {33]. Although we have
no anatomical evidence tor the shortening of stereocilia in the cochlear sensory cells,
there 15 suime evidence that the circumferential contraction may occur. If the organ of
Corti 1s sectioned n u tangential plane, and 1nner and outer hair cells examined, th2re
arc ditferences 1n the way that the stereocihia insert into the cuticular plate. Fig. 3a shows
the vuter hair cell stereocala nsert inio the cell, perpendicular to the cuticular plate,
while Fig 3b shows that the stereccilia trom the irner hair cell can insert 11to the cuticu-
lar plate at an angle. The tips of the inner hair cell stereocihia fan out 1nto the endolymph
while the rootlets point toward the center of the cell. This 1s what might "ye expected to
oceur it there s circumferential *pinching in’, similar to the effects of a contractidz rnng
around the penphery of the cell just below the caticular plate. Thus we may speculate
that 1t actin 1s responsible for active processes in the cochlea, perhaps the contractile
protemns and the active processes may be similar o the current models fcr microviliar
motihty.

Another possibility may be considered if the striatad organelle has a substructure con-
sisung of membranous lamellae that are continuous with the smooth endoplasmic reticu-
lura In light of the recent evidence that smooth endoplasmic reticulum, like sarcoplasmic
reticnlum. may act as an intracellular compartment capabls of releasing and sequestering
caleum {3.16], one may speculate that the stniated osganelle may play a role in reguiat-
mg calemm levels 1n an area of the hair cell where ccntractile proteins and microtibules
are kp,swi to be present. Controlled increases of calcium may be used to ricdulate active
procesaes m the cell such as ac.omyosin interactions, ronfilamentous to filamentous actin
tuanste -manens and microtubule assembly and disassembly. In almost all eucaryotic cells,

these v.oteins are present and play an important rofe n regulating tension, cytoplasmic

viscos 1 and cell shape.
<
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Fig. 3. Tangential sections through hair cells. (3a) Section through two outer hair celis where stereoctha
project into the cuticular plate porpendicular to the reticalar laimma. (3b) Sectisn through an mner
hair cell where stereocilia project into the cuttcular plate at an angle and the reticular laiming appe ars

to bulge ou mto the endoiymph.

The recent discovery of echoes vmanating from tae cocllea following stimulation [24]
coupled with the demunstration of contractile pro ems i the hzr cells 110} has resulied
in much discussion of active processes in the cochlea. T1e location aad morphologe.zl
characternistics of the siriated structure ubserved u vhe 1nner hoie cells “om iz normal
chinchilla suggest thai these structures may play some tole :n these processes.
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