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Abstract. The present study was designed to characterize
the expression and distribution of intermediate filaments
(IFs) in the diverse cellular elements of inner-ear epithelium
in guinea pig and man. Using immunofluorescence micros-
copy with a battery of IF-specific monoclonal antibodies,
we show that the epithelium of the otocyst expresses cytok-
eratin (CK) polypeptides typical of simple epithelia. Cells
in the early otic ganglion were also positively labelled for
cytokeratins, suggesting that they are of otocystic epithelial
origin. Cytokeratin distribution was largely homogeneous
in the early cochlear duct but as the epithelium differen-
tiated, differences in the distribution of cytokeratin between
the various cell types became detectable. Characteristically,
cochlear hair cells became devoid of cytokeratin labelling,
and remained unlabelled with antibodies specific for all
other IF classes. The neural tissue of the inner ear was
also devoid of cytokeratins and was typically positive for
neurofilaments. Vimentin IFs were abundant in the mesen-
chymal tissues around the membranous labyrinth. Desmin
and glial fibrillary acidic protein were not detectable in the
cochlea. The apparent absence of all IFs from the cochlear
hair cells in both guinea pig and man, as revealed by im-
munofluorescence and electron microscopy, and the possi-
ble significance of their absence for cochlear physiology,
are discussed.

Introduction

The cytoskeleton of eukaryotic cells consists of complex
fibrillary networks composed of microfilaments, microtu-
bules, and intermediate-sized filaments (IF; for review see
[31]). Biochemical and immunochemical studies during the
past several years have shown that while IFs of all cells
appear to have similar ultrastructure, their polypeptide
composition may vary remarkably between cell types [2,
20, 23, 25]. IFs are commonly divided into five major class-
es. These include: the cytokeratin (CK) polypeptides, which
are expressed in epithelial tissues; vimentin IFs, characteris-
tic of mesenchymally derived cells; desmin filaments, specif-
ic for muscle tissues; neurofilaments, usually found in neu-
rons, and glial fibrillary acidic protein (GFAP) in astrocytes
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[2, 25]. Many recent studies have shown that the cell-type-
specific expression of the various IFs in normal and in
transformed cells may be used to identify their embryonic
origin and particular developmental stage. This feature of
IF allowed the use of antibodies against them for tracing
the histogenesis of normal and malignantly transformed tis-
sues [8, 9, 24, 35]. It should be indicated that, despite their
ubiquitous presence in cells, the functional involvement of
IFs in specific cellular processes is still poorly understood.

In the present study we have used immunocytochemical
labelling of IFs to characterize the various epithelia of the
mammalian inner ear. This tissue is derived from the oto-
cyst, an invagination product of the ectodermal otic placode
[29, 30, 32]. Later in development, cells derived from this
epithelium differentiate into various sensory, supporting,
and secretory elements which line the cochlear scala media.
External to the basement membrane, cellular as well as ex-
tracellular contributions from the surrounding mesenchyme
join the epithelium to form the various functional elements
of the cochlea including the stria vascularis, Reissner’s
membrane, and the organ of Corti (for review see [1, 17,
21]). The cochlear cytoarchitecture is striking in its high
degree of organization and in the multitude of structurally
and funtionally different cell types it contains, all of which
are derived from the same primitive epithelium of the oto-
cyst. This remarkable diversification renders the inner ear
an attractive model with which to investigate mechanisms
of epithelial segregation and differentiation. A recent report
by Anniko et al. [3] suggested an unexpected profile of IF
expression in the newborn mouse inner ear. According to
this report, CK and desmin were not present in the inner
ear, while vimentin was detected in the cochlear epithelium.

In the present study we have used a battery of mono-
clonal antibodies for the study of IF distribution in the
developing human and guinea pig auditory organ. It was
found that the expression of CK in the inner and outer
hair cells gradually diminished as differentiation advanced.
Since neither neurofilaments, nor any other type of IF, were
detected in the mature hair cells, these cells seem to com-
prise a rare type of cell, completely devoid of all TFs. More-
over, immunohistochemical labelling of the otocyst pointed
to the presence of CK-positive cells in the early otic gangli-
on. This finding suggests that epithelial cells derived from
the otocyst are involved in the development of the adjacent
neural elements.
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Materials and methods

Tissues

Human and guinea pig inner ears were used in this study.
Human embryos were obtained from therapeutic abortions
performed at the Kaplan hospital. The developmental stage
of human embryos was determined according to the re-
ported last menstruation and confirmed by ultrasonogra-
phy and staging tables [15]. The following developmental
stages were chosen for the present investigation: 3-week-old
embryos with the inner ear at the otocyst stage; 7- to
8-week-old embryos with an undifferentiated cochlear duct;
12- to 14-week-old embryos showing advanced differentia-
tion of cochlear epithelium, and 18-week-old embryos dis-
playing a nearly mature cochlea.

Pregnant guinea pigs at different gestational stages were
obtained from the Experimental Animal Center of the
Weizmann Institute. Embryos were from litters conceived
by postpartum coitus, to enable determination of their age.
In agreement with previous reports [6, 33], the otocyst stage
was found in 2-week-old embryos, cochlear duct at about
3 weeks of development, early differentiation of the coch-
lear epithelium at 4 weeks, and advanced differentiation at
5-6 weeks of development. Sections of the mature ear were
performed using neonates, and surface-preparation analysis
was made on cochleas of 1- to 2-week-old guinea pigs.

Immunocytochemistry

Guinea-pig embryos were obtained under anesthesia, and
whole heads (for the otocyst stage) or temporal bones (for
later stages) were quickly frozen in isopentane cooled in
liquid nitrogen. Frozen sections of 4-6 u were cut at
—23° Cin a Frigocut 2800 cryostat (Jung Reichert, FRG).
Sections were recovered on clean glass slides, air-dried,
fixed in cold (—20° C) acetone, and immunolabelled with
antibodies as previously described [8]. For the whole-mount
labelling of the organ of Corti, guinea-pig cochleas were
immersed in saline solution, the bony capsule was removed,
and the surface of the organ of Corti facing the scala media
was exposed by dissecting away the spiral ligament with
the stria vascularis and the tectorial membrane. Half-turns
of the organ of Corti were then separated from the bony
modiolus, fixed in cold acetone, and immunostained using
the same protocol described above for sections. Most sec-
tions and surface preparations were double-stained for both
cytokeratins and F-actin, using antibodies in conjunction
with fluoresceinated phalloidin (Molecular Probes, USA).
Immunostained sections were dehydrated in absolute alco-
hol, mounted in Entellan (Merck, FRG) and examined us-
ing a Zeiss Axiophot photomicroscope equipped for epi-
fluorescence, using x 20/0.5, x40/1.0 oil or x 100/1.3 oil
Plan-Neofluar objectives.

Immunochemical reagents

The following reagents were used: 1. A broad spectrum
monoclonal antibody KG 8.13 [12] directed against human
cytokeratin (CK) polypeptides nos. 1, 5, 6, 7, 8, 10, 11,
and 18 according to the classification by Moll et al. [23].
In guinea pig this antibody has been shown to react with
several polypeptides of molecular weights 61Kd, 56.5 Kd,
53 Kd, 50 Kd, and 43 Kd [22].
2. Monoclonal cytokeratin antibody KM 4.62 specific to
polypeptide no. 19 in man [13].
3. Monoclonal cytokeratin antibody Ks B.18 reacting spe-
cifically with CK polypeptide no. 18 in man and with a
CK polypeptide of molecular weight 49 Kd in guinea pig
[22].
4, Monoclonal anti-CK KS 8.58 specific for human poly-
peptides nos. 13 and 16, which are present in stratified epi-
thelia [11, 16] and to CK polypeptides with apparent molec-
ular weights of 53 Kd, 46 Kd, and 50 Kd in guinea pig
[22].
5. Monoclonal antibody DK 80.20, which reacts specifically
with desmosomes (Leitner and Geiger, unpublished results).
6. Monoclonal antibodies specific for vimentin, desmin, the
68-Kd neurofilament polypeptide, and GFAP.
7. Polyclonal antibodies specific for desmin and neurofila-
ments.
Most of the above-mentioned antibodies were obtained or
are now available from BioMakor, Rehovot, Israel.
Secondary antibodies were affinity-purified antibodies
to mouse Fab’, or to rabbit IgG, raised in goat, and conju-
gated to lissamine rhodamine sulfonyl chloride prepared
as previously described [5, 10].

Electron microscopy and detergent extraction

Freshly dissected cochleas were immersed in a solution con-
taining 0.5% Triton X-100 in 50 mM 2(N-Morpholino)eth-
anesulfonic acid (MES) buffer, pH 6.5, for 5 min. After
rinsing, the tissue samples were fixed for 2 h in 2% glutaral-
dehyde in 0.1 M cacodylate buffer, pH 7.3, containing
0.5 mM CaCl,. Tissues were postfixed in osmium tetroxide,
en-block stained with 2% uranyl acetate, dehydrated in al-
cohol, and embedded in epon (Polybed 812, Polysciences,
USA). Ultrathin sections were stained with lead citrate and
uranyl acetate and examined in a Philips 410T Electron Mi-
croscope at 80 KV.

Results
Cytokeratin distribution in the otocyst

Immunofluorescent labelling of the early guinea pig otocyst
epithelium with CK-specific antibodies (Fig. 1) revealed a
nearly homogeneous distribution of CK throughout the epi-
thelial layer, while the surrounding mesenchyme (Fig. 1a)

Fig. 1a-f. Cryosections of embryonic inner ears at the otocyst stage in guinea pig. The sections were stained with hematoxylin-eosin
(a) or immunofluorescently labelled (b—f). Staining with broad-spectrum monoclonal antibody to cytokeratin (CK), KG 8.13 (b—d) is
positive in the epithelium of the otocyst (O7) and in the endolymphatic duct (ED), but not in the surrounding mesenchyme or the
brain (R), seen in a. Intense CK labelling appears near the lumen (L). Note that CK-positive cells in ¢ are associated with the acoustic
ganglion (G). The ganglion in these sections was identified by its positive reactivity with antibody directed against neurofilament protein,
the morphology in phase contrast, and the position relative to the otocyst, endolymphatic duct, and rhombencephalon. e Antibodies
to vimentin stain the mesenchyme outside the epithelium (E). f Labelling for actin with fluoresceinated phalloidin; bars represent 50 p

ina—¢,eand fand 10 #in d
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Fig. 2a—f. Cryosections of human otocyst immunofluorescently labelled with antibodies specific for various CK polypeptides (a—d),
vimentin (e), and neurofilament protein (f). b Labelling with the broad-spectrum KG 8.13, monoclonal antibody to CK, shows staining
in otocyst (OT) and adjacent ganglion (G) (a) and primordial endolymphatic duct (£D). The distribution of CKs nos. 18 and 19
in both the otocyst and the ganglion is revealed by antibodies Ks B.18 (¢) and KS 4.62 (d). e Labelling of vimentin in the mesenchyme
surrounding the otocyst (E). f Staining for neurofilament protein is confined to the ganglion (G). Bars represent 50 p in a—¢, 25 u
ind, e, and 10 g in f
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Fig. 3a-d. Cryosections of cochlear ducts in 3-
week-old guinea pig, stained with hematoxylin-
eosin (a) or immunofluorescently labelled for
CK (b-c) or actin (d). The coiled membranous
labyrinth (CD2 and CD3 indicate the second
and third cochlear coils) is ovally shaped and is
surrounded by undifferentiated mesenchyme. b
Antibody KG 8.13 demonstrated intense
labelling of CK in the epithelium from the
basement membrane to the lumen (L). c—d
Section through the cochlear duct, double-
labelled with KG 8.13 (¢) and phalloidin (d).
Note the uneven distribution of CK and actin,
showing reduced CK-staining where epithelial
ridges (R) start to rise (area left of arrowheads
in ¢). The actin concentration in the apical area
of these cells is apparently increased. Bars
represent SOy inaandcand 10 uinb
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was essentially CK negative (Fig. 1b, ¢). The guinea-pig
otocyst was stained by the broad-spectrum monoclonal an-
tibody KG 8.13. The human otocyst of a similar develop-
mental stage was labelled with several polypeptide-specific
antibodies to CK, including KG 8.13 (Fig. 2a, b), Ks B.18
(Fig. 2¢) and KM 4.62 (Fig. 2d). Immunofluorescent label-
ling of relatively thin sections indicated that most CK fila-
ments were aligned longitudinally along the basal-apical
axis, displaying intense staining both in the subapical region
and along the basal membrane. The anlage of the endolym-
phatic duct, which extends rostromedially from the otocyst
at this stage (Figs. 1b and 2b), expressed CK immunoreac-
tivity indistinguishable from that of the otocyst. The oto-
cysts of both species were not stained with antibody
KS 8.58. This antibody, which reacts with stratified epithe-
lia, is specific for human CKs nos. 13 and 16 and guinea-pig
CK polypeptides with apparent molecular weights of
53 Kd, 50 Kd, and 46 Kd. The mesenchyme surrounding
the otocyst, which did not stain with any of the CK anti-
bodies, showed intense labelling with vimentin-specific anti-
bodies in both species (Figs. 1e and 2¢). Weak staining
of mesenchymal processes was also detected along the base
of the otocyst epithelium.

The acoustic ganglion, in the ventromedial aspect of
the otocysts, was identified by either phase-contrast micros-
copy or labelling of cryosections with an antibody to neu-
rofilament protein, (see Fig. 2f). Interestingly, many cells
throughout the ganglion displayed intense and specific CK
immunoreactivity with the same antibodies which stained
the otocyst (Figs. 1¢ and 2a, ¢, d). Although this immuno-
staining extended toward ventral and medial areas of the
ganglion, it was particularly marked in the region immedi-
ately adjacent to the basement membrane of the otocyst.
Immunolabelling with an antibody to neurofilaments re-
vealed expression of this IF in the brain (results not shown),
as well as in cells located in the central areas of the develop-
ing acoustic ganglion (Fig. 2f), but not in the otocyst. Fila-
ments of the other two classes of IF, namely desmin and
GFAP, were not detected in either the otocyst or the acous-
tic ganglion. Actin was abundant in the otocyst and the
structures associated with it, and showed maximal labelling
near the lumen and adjacent to the basement membrane
(Fig. 11).

Cytokeratin distribution in the undifferentiated cochlear duct

The epithelia of the vestibular and cochlear ducts and senso-
ry organs are formed by an elaborate process of spatially
coordinated cell proliferation. The mammalian cochlea is
an outgrowth of the saccule, which is derived from the
ventral wall of the otocyst [30, 32]. Sections of early guinea
pig cochleas stained with hematoxylin-eosin (Fig. 3a)
showed that the duct was surrounded by mesenchyme,
which become involved in the formation of the bony otic

capsule, and that the epithelium appeared largely homoge-
neous. Nevertheless, sections immunolabelled for CK and
actin (Fig. 3¢, d), revealed the first signs of differentiation
in the forming epithelial ridges, where increased actin con-
centration was observed in the presumptive organ of Corti.
Staining with antibody KG 8.13 showed that the distribu-
tion pattern of CK in the early cochlear epithelium is gener-
ally similar to that found in the otocyst (Fig.3b), with
longitudinal filaments radiating from the luminal aspect to-
ward the basement membrane. Antibody KS 8.58 specific
to stratified epithelium did not stain the epithelial ridge
or any other part of the cochlear duct epithelium.

Cytokeratin distribution in epithelium of differentiating
cochlear duct

Following the intense cell proliferation in the developing
cochlear duct, the nearly homogeneous, immature cochlear
epithelium starts to differentiate, giving rise to diverse cell
types with different structures and functions. The underly-
ing mesenchymally derived components start to form the
perilymphatic spaces, and the oval configuration of the
membranous labyrinth acquires the triangular shape which
is characteristic of the adult cochlear duct (Fig. 4a, cf. 3a).

At this stage, cells in the epithelium of the membranous
labyrinth, exhibit varying degrees of CK immunoreactivity.
The otocyst-derived epithelium of the stria vascularis and
the membrane of Reissner showed uniform staining for
CK, while the adjacent mesenchymal cells were not stained
with CK (Fig. 4a). The greater and lesser epithelial ridges
revealed a nonuniform pattern of CK staining. Notably,
the presumptive sites of inner and outer hair cells in the
greater and lesser ridges (respectively) showed decreased
staining (Fig. 4b). As differentiation proceeded, less CK
could be seen in the hair-cell region, until CK staining was
confined to the most apical part of the epithelium, namely
the reticular lamina (Fig. 4¢, and at higher magnification,
Fig. 4g). Although the organ of Corti is not fully mature:
at this stage, the presence of the cuticular plate and the
bundle of stercocilia could be seen by colabelling for actin
and CK (Fig. 4e, ), thus facilitating localization of the hair
cells.

Cytokeratin distribution in mature cochlear epithelium

In guinea pig, labelling for IF in the nearly mature cochlea
(Fig. 5), and also in the fully differentiated membranous
labyrinth (Fig. 6), revealed CK expression in most epithelial
cells, with the striking exception of the hair cells (Fig. Sa).
The latter could easily be recognized within the same sec-
tions by the bright labelling for actin in their cuticular plate
and stereocilia (Fig. 5b). In order to visualize the distribu-
tion of CK along the reticular lamina better, whole-mounts
of mature guinea-pig cochleas were prepared and double-
stained with anti CK (K G 8.13) and fluoresceinated phalloi-
din (Fig. 6a and b, respectively). Comparison of the two

Fig. 4a—g. Cryosections of 14-week (a, b) and 19-week (e—g) human embryos, immunofluorescently labelled with various antibodies.
KG 8.13 (a) shows intense labelling in the membranous labyrinth, in which the perilymphatic spaces are present; SM, scala media;
SV, scala vestibuli; S7, scala tympani. Note the CK distribution in marginal cells of the stria vescularis (S) with processes protruding
into adjacent mesenchymal intermediate cells; R, epithelial layer of Reissner’s membrane, G, greater epithelial ridge; L, lesser epithelial
ridge. b Higher magnification of the greater- and lesser-ridge arcas, showing the differentiating organ of Corti with reduced CK staining
in the hair-cell region. ¢ KM 4.62 labelling of the epithelial ridges, revealing CK staining confined to the reticular lamina. d With
antineurofilament, labelling is confined to the nerves. e, f Double labelling for actin (¢) and CK (f) permits precise localization of
hair cells. g Higher magnification of the hair-cell region shown in f; there is no labelling of the inner hair cells (/HC) or the three
rows of outer hair cells (OHC 1, 2, 3). Bars in a—f represent 50 ;in g, 10 p






Fig. Sa—g. Immunofluorescence labelling of cryosections of nearly mature cochlear epithelium in guinea pig. a, b Double labelling
for CK (a) and actin (b). Note pronounced staining for actin and absence of CK in hair cells. Mesenchymal cells in Reissner’s membrane
(R) are CK negative. ¢, d A section double-stained for neurofilaments (¢) and actin (d) showing neurofilaments in nerves penetrating
the organ of Corti, but not in hair cells. e Staining with desmosome-specific monoclonal antibody DK 80.20. Note the absence of
desmosomes in the outer part of the hair-cell region (area between arrows) and positive labelling in adjacent supporting cells. f, g
A section double-stained with phalloidin (g) and KG 8.13 (f) showing stria vascularis (S) with CKs restricted to the marginal cells.
Note the abundance of actin in marginal cell junctions (arrows in f and g indicate the same area); bar, 50 u
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Fig. 6a—{. Surface preparation (a, b), cyrosection (c, d), and transmission electron photomicrographs of detergent-extracted organ of
Corti (e, f) from mature cochlea in guinea pig. a, b Double fluorescent labelling with KG 8.13 antibody to CK, and fluoresceinated
phalloidin. CK labelling is restricted to the support cells in between the actin-rich hair cells. ¢, d Section of neonatal-guinea-pig cochlea
double-labelled for CK (c) and actin (d). Note lack of CK in inner (/) and outer (O) hair cells. e Electron photomicrograph of the
asymmetric heterotypic junction between an outer hair cell (OHC) and the head process of a phalangeal (Deiter’s) cell (DC) in the
reticular lamina. f Intercellular junctions between inner pillar cells (/PC) and inner phalangeal cells (IP), with desmosomes (D) and
intermediate filaments anchored to them. Bars represent 10 uin a, 25 gin d, and 0.2 z in e and f

indicated that their patterns of labelling were largely com-
plementary, with CK-specific fluorescence apparently re-
stricted to the heads of the support-cell processes which
are interposed between the hair cells.

Using antibodies to other types of IF, it was found

that antineurofilament staining (Fig. 5¢, d) was confined
to the neurons which innervated the hair cells. Vimentin
was ubiquitously expressed in the stroma surrounding the
epithelium and in cellular processes adjacent to the basilar
membrane, but could not be detected in the epithelial ele-
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ments. Neither GFAP nor desmin were detected in laby-
rinth tissue. Sections of neonatal guinea-pig cochleas
(Fig. 6¢, d) supported the observation that CK immunore-
activity in the area of the hair cells was confined to the
support cells at the reticular lamina. .

To further determine whether the cochlear hair cells are
indeed devoid of IF, we isolated the organ of Corti and
briefly extracted it with Triton X-100, then fixed it and
examined it by transmission electron microscopy. Careful
analysis of such preparations failed to disclose any IF or
IF-bound desmosomes in the cytoplasm or on the mem-
brane of the hair cells (Fig. 6¢). Consistent with previous
electron microscopic studies [14, 17)], the absence of desmo-
somes from hair cells was also confirmed by immunolabel-
ling with the antibody to desmosomes, DK 80.20 (Fig. Se).
The support cells, in contrast, contained IF-bound desmo-
somes, which were most prominent in support cell-support
cell (homotypic) junctions (Fig. 6f).

Discussion

The present study aimed to characterize the spatial and
temporal modulation of IF expression in the developing
and mature inner ear. The membranous labyrinth is com-
posed of epithelial cells, all of which develop from the ap-
parently homogeneous epithelium of the otocyst, yet at ma-
turity they display a remarkable heterogeneity of structure
and function [17, 21, 26, 29, 32]. We have shown here that
the otocyst expressed IFs of the CK class and that the
apparently uniform expression of these filaments persisted
throughout the proliferative stage during which the coch-
lear duct was formed. However, as soon as the first signs
of differentiation were detectable in the area of the pre-
sumptive sensory cells, CK expression gradually dimin-
ished, until it became essentially undetectable in the fully
differentiated hair cells. Since neither neurofilaments, nor
any other type of IF, were detected in the cochlear hair
cells, it appears that the auditory neuroepithelium is com-
prised of an unique type of cell, devoid of IFs. Based on
the fact that similar immunohistochemical findings were
obtained in both man and guinea pig, and supported by
parallel electron microscopic examination, it appears that
this phenomenon may be common to auditory sensory cells
in mammals.

Consistent with previous reports [32, 34] the early oto-
cyst consists of a pseudostratified epithelium, limited ba-
sally by a basement membrane and apically by a lumen.
Our immunohistochemical results using antibodies to CK,
indicated that CK polypeptides, which are characteristic
of simple epithelia, were present in all the cellular elements
of this epithelium. Vimentin was present in the surrounding
mesenchyme, and neurofilaments in the brain and the
acoustic ganglion. Other IFs, including desmin and GFAP,
were apparently absent from the developing and mature
inner ears.

Of particular interest, at the otocyst stage, was the detec-
tion of CK in the acoustic ganglion, indicating that gangli-
onic cells may be derived from the otocyst epithelium. This
finding directly supports previous suggestions based on
histological studies in human [27] and avian [19] embryos.
The fact that IFs of the neurofilament class were detected
even at this early stage indicates that differentiation of the
neural elements commenced very early in the development
of the inner ear. Since CK expression is later shut off in

all ganglion cells, it appears likely that cells of the'acogstlc
ganglion, which are derived from the otocyst epithelium,
can switch from epithelial (CK-positive) to neuronal (neu-
rofilament-positive) differentiation, and may thug serve as
an interesting model for epithelial-neuronal transition and
for the reciprocity of CK and neurofilament expression.

The uniform distribution of CK in the epithelium of
the undifferentiated cochlear duct resembled that of t_he
otocyst. The early structural signs of cochlear differ.entlgf
tion were the acquisition of the triangular configuration in
cross section and the formation of mesenchymally derived
accessory elements, including the perilymphatic spaces and
the bony otic capsule. In the cochlear epithelium, differenti-
ation generated cellular diversification which was accompa-
nied by modulation of CK expression. Cells which formed
the marginal layer of the stria vascularis and the epithelium
of Reissner’s membrane, albeit different in function and
ultrastructure, maintained their simple epithelial profile of
CK expression.

A different pattern of distribution was seen in the
emerging epithelial ridges, which give rise to the organ of
Corti. Here it became apparent that during differentiation
cochlear hair cells switched off CK expression completely.
It seemed that, in the neighboring support cells, rearrange-
ment of the cytoplasmic CK took place, leading to marked
CK immunoreactivity in the head processes of the phalan-
geal cells which are integrated in the reticular membrane.
The absence of labelling from the stalk region of these cells
may be attributed either to an actual absence of CK or
to the small dimensions of the stalk relative to the head
process. It is notable that the apparent absence of CK from
cochlear hair cells at the level of the reticular lamina was
previously reported, using a polyclonal antibody to preker-
atin [7). A recent publication regarding IFs in the differen-
tiating (14-18 weeks of gestation) human cochlea [4] pre-
sented similar results concerning the lack of CKs in hair
cells. These authors did not describe results concerning CK
expression and distribution in earlier developmental stages
or in the mature inner ear. In contrast to our findings,
however, vimentin was detected in various areas of the epi-
thelium, including the hair cells. Furthermore, the same
group has reported the presence of vimentin in several epi-
thelial elements of the newborn mouse cochlea [3]. The basis
for the discrepancy is not clear at present.

Our conclusions are based on immunohistochemical la-
belling, and not on direct biochemical analysis, which does
not seem readily feasible in view of the mosaic nature of
this tissue. Yet, the absence of labelling in cochlear hair
cells with all IF antibodies tested, including various mono-
clonal and polyclonal antibodies, strongly supports the no-
tion that cochlear hair cells are indeed devoid of IFs.

Modulation of CK expression in the acoustic ganglion
and the organ of Corti are two aspects that merit some
further consideration. As pointed out above, the loss of
CK expression in the hair cells occurred concomitantly with
the differentiation of these cells. While it is common for
differentiating epithelia to alter the sets of CK polypeptides
they express [9, 25, 28], the phenomenon of complete disap-
pearance of CK from cells which remain within a confluent
epithelial layer is unusual and intriguing. Like olfactory
epithelium [36], cochlear hair cells undergo an epithelial-to-
neural transition, which appears to be associated with the
loss of CKs, the only IF initially expressed by these cells.
The hair cells, however, do not apparently complete the



neuronal transition, and neurofilament expression is not
detected in them. Such changes in CK expression are remi-
niscent of the ones described here for early epithelial cells
of the acoustic ganglion, which were shown to undergo
a transition from CK expression to the expression of neu-
rofilaments. We could not directly determine whether the
same cells which initially contained CK later expressed neu-
rofilament-type polypeptides, but the loss of CK from these
cells seems to be largely similar to the one described above
for the hair cells.

In the absence of detailed direct information regarding
the cellular functions of IFs in general, it may not be useful
to speculate here on the functional significance of the loss
of TF expression in hair cells. Apparently, previous experi-
ments in which IF expression was seriously impaired by
microinjection of specific antibodies into cells [18] failed
to indicate specific roles played by IFs in specific cell func-
tions. We may nevertheless indicate that the absence of
IF from hair cells appears to be compatible with the unique
mechanical properties of the cells, their polarity, and their
specialized subcellular structural organization. It is also
compatible with the formation and maintenance of the spe-
cial junctional complexes formed by hair cells and neighbor-
ing support cells in the organ of Corti. Evidently, mamma-
lian mature hair cells do not form homotypic junctions [14]
and also lack structurally recognizable desmosomal junc-
tions.

Further studies will be needed to elucidate the fate of
the ganglion cells that express CK, and the temporal se-
quence and dynamic nature in which CK is eliminated from
hair cells in the developing organ of Corti.
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