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The s e m o ~  hair cell 

A RE-EX/~[NAT~ON OF A HAIR CELL ORGANELLE IN THE CUT~CULAR 
PLATE REGION AND ITS POSSIBLE RELATION TO ACTD/E PROCESSES IN 
THE COCHLEA 

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

Departraent of Otolaryngology, SUNY Upstate Medical Center, and Department of Mechamcal and 
Aerospace Engineering, Syracuse Umrersfty, Syracuse, NY 13210, L.S A. 

A striated body (Fn..dmann body) has been consistently observed m the mfracuucul.~r plate xeg~on 
of inner hair cel~ of normal chinchillas. The dark and bght banded bodies are fibrdlar and may be 
compo~d of membran ~us iamellae surrounded by electron dense material. The d,~rk membranous 
ba~4.s nppea~ continuous with the smooth endoplasm~c reUculun~ and the elect~on dense materml 
linmg the junctional complex at the periphery of the cell. The hgtt bands of fibr~lar mater~ appear 
continuous with the substane~ of the cuticular plate. The striated bo&es line the cuticle free region m 
the area of the basal body and follow the contours of the cuticular plate. They are assocmted with the 
plasma membrane, mitoehondria and mtc,otubules. A similar organdie has not been idenhfied m outer 
hair cells. The structure found in the tarter hair cells ~s compar~;d with similar striated structures 
reported in vestibular and cochlear hmr cells of other antmals :a well as w~th strtated structures 
ob~rved in various other systems. The function of the stna|ed body m the inner hair cell of chmchtUa 
is unknown, but possibilities include structural support and active participation m ,.nner hatr cell 
funcuon. 
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INTRODUCTION 

The recent finding of  Flock that actin is present in the stereocflJa of  hair celJs in the 
tuner ear [10] has resulted in a renewed interest in the ult~astructure of  the al9~cal region 

of  these cells. We report  here the consistent occurrence ff Frledmann bodies [12], or 
striated organdies,  in the infraeuficular plate region of  the inner hair cells of the normal 
chinchilla cochlea. Similar striated bodice have been foun:l below the cuticular plate in 
normal [8 ,2i]  and pathological [ 1 1 J 3 2 1 ]  vestibular hair cells. Their presence has also 

been noted k,~ the cochlear tmtr cells o f  the normal cat [25,39], squirzel monkey 18] and 
the deaf white mink [!7]o The eom~ten t  occurrence of  the striated organel|e in the hmer 
haft coils o f  the normal chinchilla suggests that  the striated body  ~s a normal ~truc~urai 
component  of  the inner hair cells and that it may plaY a'~ active role in Lnner hair ce~l 

function.  

~,fATERIA ~ AND METHOL~ 

Both cochleas from five normal e~nch;llas~ ~ -7  y e a ~  ~|d, were ~;~ed ~:* 2% ~b~r~,l .  
dehyde  m 0.1 M phosphate baffeL pH 7 2, cont~rhng 0, - i 0  f~'~ rr, agnc.smr~ ,.~hior~- 
The cochleas were washed vAtt. phosphate buffer, pc, st-fixed Lu 1% osraium te t rowde  ~r 
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0.1 M phosph:~te buffer, washed with phosphate Icuffer and dehydrated through ethanol 
and propylene oxide. The cochleas ~vere embedded in Araldite, trimmed and senally 
sectioned. Setttons were staioed with 2% uranyl acetate and lead citrate and examined 
with a Siemens I A electron microscope. 

RESULTS 

A st, lated organelle was found m each of 40 inner hair calls that were sectioned, it 
was never observed in any of the outer ha/r cells although three time~ as many outer hair 
cells were examined. Fig. la shows a micrograph of a radial secuon of the organ of Covti, 
through the long axis of an tuner hair ceil. The s,nated organelle can be seen in the region 
below the cullcular plate where it curves to foiiow the inferior surface of  the cuticular 
plate The body ~s composed of electron dense bands separated by spaces of  less electron 
dense material. Tile dark bands appea~ to have the same width and to have a periodicity 
of 50-60 am. in some instances the ~tnated body Is ~parated frt,m the cuticular plate 
and is surlounde~d hy cytoplasm and t ndoplasmlc teticulum. It i~ Oosel'¢ associated with 
Ihe |mtodiondrm a ,d  at hines they ap!~ear to be m coronet. 

The striated body appear~ to be ass~,ciated with the plasma mere :,ranecf lhe inner hair 
cell in radml sections it can be ~een attached t,J the sld~:s of the tuner hair cells ~t the 
level where t,~ht junctions, intermed,ate junctions and desmosomes connect the hatr 
t.ells with adjacent supporting cells. The electron dense material which lines the junctional 
complex and forms a shelf for the cwlcular plate [8] appears to merge with the electron 
dense bands of the st~ luted organdie. 

The striated body has a c¢~mplex morphology and at times ~t may be seen to pr,~ject 
rote the cytoplasm el the maei hair cell toward the centrally placed nucleus, it can be 
found m close associatton with the striated cthary rootlet of the basal body that projects 
below the level of the cutlcular plate into ;lie cytoplasm. When the strmted body is sec- 
tioned m a plane perpendicular to that of the striations (Figs Ib and c), the electron 
dense bands have a substructtire which suggests that the organolle may be composed ell 
stacks of membranous lamellae and the hghter parts of the striated body appear fibrillar. 

If the organ of Corti is sectioned ,n a plane paraile! to the basilar membrane, many 
mnei hair cells can be observed at one tm~e. Fig 2 ~,hows a micrograph of an inner hair 
cell sectioned at a level below the cutwular plate. TF.e striated body again appears to line 
the euticular plate at its contact wRh t' ; cytoplasm. However, when the organelle is cut 
m tins plane, the d~rect~on and pattern of the striations ~hffer. The most frequent onenta- 
~l~m of the banding pattern ts m a radml d~recticn, with str~ataons running from the area 
c[t~se ~o the mnet p~llar cell m the d~rect~on of the mod~c,l~s. In some areas, the striated 
body retains the banding pattern shown m F~g. In, but ir~ other areas the banding is 
composed el thick electron dense bands, alternating w~th thinner electron dense bands, 
separa~e~ one f~om the other by spaces of less electron dense material. When the stnated 
body asstm~es ~lus alternate ba~admg pattern, the pertod~e~ly of the ind~dual  adjacent 
bands increases to 70-~80 ran, wlule the periodicity of  the alternating thicker electron 
den:;e t'ands ~s 150- 160 am. In th~s configurat~en the bo.ty has the more characteristic 
appeat,,nce of ~ Fnednmnn body. 

The striated body has been observed m contact with the junctional complex material 
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Fig. I. Radtal sections through ran, r hal cells showing Iocauo~ and morphological characteristics of 
the striated body. (la) The strtatec bod~ (SB) 1~ in the infracutlcuLar plate region ~vhere It folk,wa the 
inferior surfaee of the eut_cular phte {() and i~ m elo~ a~,oGation w~th rmtochoadna (M~. Arrow 
indicates where the eleetron dense ~ate~al hnmg the joncttonal eomple~ appears_ to mctge w~th dense 
bands of the body ( lb  and IO The sutured body t, ~ectmned p~.rpendieulnr to the plane : t  ~.tlla 
tions. Arrows indteate lameflar subslruc~o~e of dense bands whde les o , dense spao.~ appe,ir fibr liar md 
continuou~ wtth the cutteular plate mater,al 

at the  clrct~mfetea~,e o~ the t.eij and surro~a~dano o ~h- ~ c~t~cle ~ree ~e~oo ,ahefe I~,e La~:L~ 

7 ~ .~ normal ly  found .  |I  Is assoLtatecl w~th the mlc -o tubu le  ~, ~hat hrte the  ~.uttcul Lc pl~.te 

,6a~,t~ and also w~th the  s m o o t h  endoplasmic ret~t.ul, ~m in ~o~r,e ca~'=s etabora~.lon~ o f  ~he 

s m o o t h  endop |asmlc  ret iculum appear ~ be ¢on tmco0~  w~tb ,he  e lect ron d e ~ e  band~ o f  

the  str iated body .  
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| ng 2 HornTontai sectnon through tuner hair cell showing lueatton and morphologacal cltaractensttLs of 
the strnated body, Asterisk andncates port=on of  st tared bod~' where bands'~g pattern ns snmdar to fldat 
=n ! Ig | Slat =ndl~.ates alternate bandnng pattern Arro'~s md~cate where elaboratmns of the smooth 
cndoplasmLc ret~tulum appear to merge with dense bands. 

DISCI.ISSION 

Tile form of tile striated body found RJ~ the runner hair cells of the normal chmcballa 
c~,chlc,~ ts smula~ m appearan~.e to str|atc.i structures ibund m systems other than the 
labyrinth. Alfl~ough references deduced solely on the grounds of ultrastructural morpho- 
logy from lhm sections must be ,newecl w~th caution, a possible clue to the role of thts 
t~zganelle ~uav be obtaLned by comparing :he st~mted struc,.ure w~th lhese slmnlar st;uc- 
ct, res pres,znt m ,.~ther systems. Wtnle its appearance ~s im~nedmtely remimscent of the 
contractde apparatus found ut striated muscle, the strm~ed body seems mo~e hke the 
leptomet~c oiganelles [22] or nucroladde~s [23J th-t have beett found m muscle cells. 
These oiga~lelles have been found ru~u'~ng paLallel t~ the sarcomeres and associated with 
Z-line mate~tal and because the periodicity of the lep,omenc organelle changes with con- 
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traction and relaxation of tile muscle fibers [27], the~e !1 s been speculation that they 
may be contractde 

Periodic organization of contracuie pkoteins has also been observed m smooth muscle 
cells [~] a~ld m the microfilameat bundles or stress fibers of non-muscle cells known to 
undergo changes m ,:ell shape [3,4] and to be coatractde [6,34[. Longitudinal actm fila- 
ments are collected nto sets by dense bod~es and anchored to the cell membrane at the 
junctional complex -~y intermediate fdaments and dense material [38]. Both the dense 
bodies and the junct.onal material are theug,ht to be composed of alpha-actinic1 [4] and 
to play a role m ~aes¢ cells analogous to the role played by Z - h n e s  m stnated muscle 
Contraction is believed to be mediated by the mteraclioq of the longitudinal filaments of 
act:n with thick filaments of myosin d~stributed throughout the thin filaments [1 ]. 

Thus in the leptomeric organelles, smooth muscle cells and non-muscle cells, al~ of 
which are systems believed to be contractde, the interaction of achn ~s not ~mly wtth 
myosin but may be with other proteins. The striations observ~,d m these systems may be 
periodic insertions of these proteins, capable ot polymenzmg the actm monomers into 
filamentous actm [20] or organiz|ng tlw web ot actm hlaments into bands of ddaments 
[36]. The contractile proteins m |hese systems may be o|gamzed mlo p~m~lwt' sat- 
comer,z-like umts which wo dd facdilate the interactions among ll,ese prclons and ~esult 
m various degrees of cell motility and contra~:tion Since the appearance of st fmted 
otganelles m various cells has been correlated wrth contractde events known to oct ur 1~! 
these systems, the presence of a morphologically slmdar stunted organehe m the tuner 
hak cell may indicate the posslbfltty that actwe contrac||ie ~rocesses may occur m the 
cochlea. 

Because of its periodicity, proxmuty to the basal body ~nd a;socmt~on w~h m~cro- 
tubules, the stunted body may alternatively be considered a ype of cdmty ~ootlet 111 ~s 
common for basal bodies of cdmled and noncd~ated sensory cells to have strmted strut.  

tu~es assocmted with them [2,32], which vary m s~ze, shape ant: pcr~c~d~c~ty [28 37[ 
They project Irom an area adlacent ~o ~he basa~ body and have been observed t~> cx~end 
to the plasma membane [27[ and/or ~oward the nucleus [40]~ Rt.t.eat evidence ~hows 
that ~uch s~ructure~ may be contractde [35] and play a ~ole m the lransduct~o~ ol 
~nsory inP, rmat~on [15,19,271. in hght o! the |act that the cochlear sensory ceils of the 
cat do nor. have basal bodtes [391, the basal body itself ~s probably not the ~.ssenttal 
excitable structure in the hair cell a~ previously suggested [7] if the stunted organelle 
found in the rune- h:~r cell of normal ~,h~cPillag ~,~ s~mflar to the cd~ary ~ootlet structure~ 
such as the rh~zopla' t, ~t may' be ~elated t .  th,: m~ccotubule sy;tcm found m the ap~ca~ 
poruon of the hair cell, lining the cuhculat pla~. and ~t~uundmg the ~.ahclc l~ee rcg~n 
It may be that It is the ;mated organellc m ~ssoc~ahoa w~th th~ m~c~mubulc -.ystem 
(reqwring only the presence of a at~crotubulc orgamzmg center and not ,~ ba',ai b~dv 
[31,41,42]~ that m~t~a~es ~t mod~htes the tran~duc.tion pr~,cess 

the ultrastructure of the sensory ce]lz of th~ ear w~t~ epitheh,~ c~,~ ~,I ~he ~,,~esune 
Thes~ brusk border ,:ells, like hair cel]~, have ~,~ or~amzed array of m~;r,,vd~, e :~.e~d~,g 
out f 'om th~ ce~l surface. In ~h~ b~uzh botde~ cc~['~ ,~,)~ f)lataer~s ~r)c.h~ec 3, ~ ~t)~. ~p 
run the ~ength of the mk.roviih and extend into the ~.~fl as ~ d~r,'.e ~.',~c. "~ k~.'.e co, re 
filaments splay out Io interact w~th the act~ f/lamer~t~ ~r~,'r~ ~e~hbc, urmg imcf,~v~[~l 



[39] as well as with filaments extending horizontally rote the cytophsm from the cell 
pe,lphery [333] .  Thus, the cytoplasmic f'daments of this so called termma| web display 
a lugh degree of s,ructurai orgamzat,on and form a broad band across the cytoplasm at 
the level of the jt~nctlonal complex 118]. In the current models to exv! n contraction of 
microvdh, core actm fdaments of one polarity and peripheral actin l ~ a e n t s  of oppome 
polarity are thought to interact with a common myosin polymer and slide toward one 
another m a manner snm'lar to the interaction of actin and myosin in striated muscle 

[3,29,33l. 
Flock has shown that actin filaments are present in the stereocflia of vestibular [10] 

and cochlear [9] hair cells of the inner ear an~ that a sy-qem of cytoplasmic fdaments 
smnlar to the orgamzatnon of the terminal web fibers in the brush border cells of the 
intestine ~s present m the cuticular plate regton of vestibular hair cells [9]. Perhaps the 
orgamzatlon of the caticular plate region m the hair cells of th.-" mammalian co-..hlea is 
also slmdar. The striated structures observed in the hun cells of the chinchilla may~ like 
the terminal web. play a role both in organizing the stereo~.aha rootlet filamemg at the 
b,~se of the cutncular plate region and m anchonng th :  filaments to the cell membrane 
along the clr~.umterence ,jr the cell t h r o u ~  tile B~n{.tionai complex material. 

h ~s interesting that m the brash border cell, two types of contraction have been 
e~pertmentally reduced b¢ the addition of cakmm and A'I'P. In the first type, bundles 
o}r core mJcrofllaments move rote and through the terminal web causing a shortening of 
rite nmc~ovdh [29]. In tl e second type, there Is a circumferential constricuon of the 
.~pncal portion ot the cells m the region of the junctional complex [33]. Although we have 
no anato,mcal evidence h}r the shortening of stereocxha m the cochlear sensory cells, 
there Is some evidence that the circumferentml contraction may occur. If the organ of 
Cort~ is sectioned m a tangential plane, and tuner and outer hair ce l l  e×ammed, the.re 
are ddferences m the way that the stereocdm insert mto the cuttcular plate. F~g. 3a shows 
the outer hatr cell stereorz,,m insert rote t¢le cell, perpendicular to the cuticular plate, 
while Fig 3b shows that fl~e stereocdna from the nrner hair cell can insert late the cuttcu- 
lar plate at an angle, lhe tips el the mn0r hanr cell stereocnha fan out rote the endolymph 
wlule the rootlets point toward the center of the cell. Thus ns what might '~e expected to 
occur ~t there LS circumferential 'pinching in', s~mdar to the effects of a c~ntractd~ ring 
around the pe~aphery of the cell just below the catl3ular plate. Thus we ,nay speculate 
that ~t actm ~s ~esponsable tbr actwe processes in the cochlea, perhal:s the contractde 
proteins and the active processes may be smnlar to the current models fcr mtcrovdlar 
motdtty. 

Another poss~bdity may be consadered Lf the striated organelle has a substructure con- 
s~s~mB of membranous lamellae that are contLnuous w~th the smooth endoplasm~c ret~cu- 
ht~:/ In light of the recent evidence that smooth endoplasnuc reUculum, |ike sarcoplasm~c 
ret~culum, may .~t,t as an mt~acellu!ar compartment c~pabl~ of releasing and sequestering 
c.alcaum 15,1 6], one may speculate that the strmted otganeUe may play a role m regulat- 
ing calcmm levels an an area of the hmr cell where ~'entractnle proteins and m~crotubules 
ale ko,~,vn to be pre~ent. Controlled tncreases of ca'ctum may be used to r ~odulate aehve 
processes m the cell such as ac~omyosin interactaons, ~onfilamentous to f'damentous actin 
~anstt .  matncns and nncrotubtde assembly and dasassembly, In almost all eucaryotic cells, 
these ~otems are present and pla) an ~mportant role m regt,.latmg tension, cytoplasmic 
viscos r ,  aa~d cell shape. 
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Fig. 3. Tangential sect|ons through hair cells. (3a) Section t~ough two outer hair cells where, tereocih,~ 
project into the cuticular plate pt.rp~nd~cular to the reticular la~qma, l'3b) Section through an mner 
hair cell where stereociha project into th~ cuticular plate at an angle and the ~et~cular lamina appt ars 
to bulge ou into the endolymph. 

The recent discover> of echoes ~lnanatfftg from t:ae coclJea foltowmg stlmul~ t~o~ [2a] 
coupled with the demt.,nstration of c~mt~actde pro eros m the b~r cells [lOl ha-~ res~Jlted 
m much discussion of active proces~e~, in the cochlea, l'~e loc~rKon ancb morpho~gf,.~l 
characteristics of the s~riated structure observed ~J ,ize l~t~.e~ ~t~.,c ~.e'.!~ ; f , ~  ~[~- r~:.~r~-.al 
chinchilla suggest that these structures may play ~ome ~ole m the~e pro~.es~es. 
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