
hair cell nuclei. The  morphological fea- 
tures of those labeled cells were similar to  
immature hair cells. The  most parsimoni- 
ous explanation of these findings is that 
the immature hair cells that appear after 
treatment in vivo develop from cells that 
have undergone proliferation, as had been 
suggested in the studies of organotypic 
cultures. The  number of labeled cells that 
could be "~utativelv" identified as hair 
cells in the organotypic cultures was rather 
less than the number of cells with charac- 
teristics of immature hair cells that were 
identified from the in vivo morphological 
study, but this could be a result of differing 
capacities for proliferation and subsequent 
differentiation in vitro and in vivo. Alter- 
natively, the apparent discrepancy could 
result because, in addition to proliferation, 
there are, as Rube1 et al. suggest, other 
processes that lead to development of hair 
cells after damage, including self-repair of 
nonlethally damaged cells, or the direct 
conversion of some nonsensory cell type 
in the epithelium into a hair cell. Self- 
repair through a process that involves re- 
development of their a ~ i c a l  structures has 
never previously been recognized in the 
many, varied studies of hair cell injury in 
vivo. If such does occur, it seems unlikely 
that it is confined to the mammalian ves- 
tibular system, and this would have impli- 
cations for studies of those sensory epithe- 
lia where recoverv of hair cell numbers 
through proliferation has been reported. 
However, phenotypic conversion of sup- 
porting cells directly into hair cells has 
been suggested previously (5) as a supple- 
mentary mechanism for hair cell produc- 
tion, although at present the evidence is 
indirect and inconclusive. 

Rube1 et al. however, appear to contend 
that in vivo most of the immature hair cells 
arise from some process other than from the 
proliferating nonsensory cells. None of the 
labeled cells in their study could be identi- 
fied as hair cells. That they did not find any 
labeled hair cells is an  unexpected and po- 
tentiallv sienificant re3ult. , " 

However, the drug treatment protocol 
used by Rube1 et al. appears to have in- 
duced extensive damage over prolonged 
periods, with marked interanimal variabil- 
Ity in the amount of damage caused. The  
variability between animals in the Dattern 
of damage could be reflected in a variabil- 
ity in the number and timing of appear- 
ance of immature hair cells. Some of the 
data do appear to show that the pattern of 
damage influences the pattern and extent 
of proliferation. In one of the two thymi- 
dine-exposed, drug-treated animals exam- 
ined at 6 weeks after treatment, there are 
no labeled cells. The  density of mature, 
remaining hair cells in the utricle in this 
animal is low, suggesting damage was ex- 

tensive. The  other animal examined at 
this time is the only sample showing pairs 
of labeled nuclei, and it is suggested that 
progression to cell division had occurred 
by this time. This animal is also the one 
that shows the highest density of hair cells 
after treatment, which suggests that it suf- 
fered the least damage. Furthermore, we 
have found significantly greater numbers 
of hair cells at 12 weeks than at 4 weeks 
after treatment, as assessed from SEM (6)  
and from thin sections (7). If this is cor- 
rect, then it mav be that the development 

tion might not  be the only process in- 
volved. This raises important questions 
that need to be considered in future work. 

Andrew Forge 
Lin Li 

@aham Newill 
institute of Luryngology and Otology, 

University College London Medical School, 
330-332, Gray's Inn Road, 

London WC 1 X 8EE, United Kingdom 
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Regenera tion and Mammalian Auditory Hair Cells 

U n t i l  recently, it was assumed that deaf- 
ness in mammals resulting from the loss of 
auditory receptors (by administration of 
ototoxic drugs or by physical injury) was 
permanent, although such is not the case 
for cold-blooded vertebrates and birds (1). 
P. Lefebvre et al. report that retinoic acid 
IRA) stimulated the reeeneration of hair . . " 
cells on the cochleas of neonatal rats main- 
tained in vitro after ototoxic poisoning (2). 
Finding a molecule or molecules that could 
initiate reeeneration of hair cells would - 
have a great impact on the treatment of 
deafness. 

T o  test whether RA can stimulate hair 
cell regeneration, we performed tests with 
RA and neomycin separately and then 
compared the effects of RA and neomycin 
together (Fig. 1). Corti explants from 
3-day-old rats were maintained for 10 to 13 
days in vitro with fetal bovine serum (FBS) 
and N1 (3). Normal cochlear organization 
with one row of inner hair cells (IHCs) and 
three rows of outer hair cells (OHCs) was 
observed by phalloidin staining (4). The 
aplcal surface of hair cells with their cutic- 
ular da tes  and stereocilia bundles were nor- 
mal. However, some qualitative differences 
were observed compared to in vivo control 
cochleas. For example, stereocilia of IHCs 
were more elongated and stereocilia of 
OHCs sometimes still had an immature 

shape, irres~ective of in vitro conditions. 
A .  

The mean number density of hair cells in 
vitro compared to 3 davs after birth (DAB) 
in vivo cbntrol cochleas is slightly 'lowe;, 
because an  increase in the intercellular 
spaces between hair cells. No  dying hair 
cells were observed. Postnatal cochlea ex- 
plants may have the potential to produce 
supernumerary hair cells in vitro, (5), but 
urevious observations (6) have shown that ~, 

explants from postnatal cochleas, even from 
the apical part, do not reliably produce 
supernumerary hair cells. Moreover, our 
control ex~ l an t s  from three DAB. main- 
tained 10 to 13 days in vitro, have less hair 
cells whatever the origin of the explant in 
the cochlea (Fig. 2). 

We  investigated whether RA is able to 
stimulate production of supernumerary hair 
cells in postnatal explants (7). Explants 
exposed to RA alone for 7 days (8) did not 
show an increase in the number of hair cells 
and no  extra rows of hair cells were ob- 
served (Fig. 1). 

Is antibiotic treatment, as used by Lefeb- 
vre et al. (2), able to destroy virtually all hair 
cells? After treatment (9). the a ~ i c a l  surface ~ ,, 

of the former sensory epithelium is replaced 
by polygonal cells. Few hair cells were visi- 
ble in the basal turn (Figs. 1 and 2A). How- 
ever, explants from the last half of the apical 
turn showed remaining hair cells. Over half 

SCIENCE VOL. 267 3 FEBRUARY 1995 707 



of the hair cells survived the drug treatment 
compared to control explants (Fig. 2B). The 
cochlear area containing surviving cells var- 
ied in length from 160 to 1800 krn (the 
average was 750 km). 

Explants from 34 cochleas were treated 
with neomycin and subsequently treated 
with M RA for 7 days. The explants 
were examined by phalloidin staining and by 
scanning electron microscopy (SEM) (10). 
The surface of the former sensorv e~ithelium , . 
in all cultures showed the same cells with 
polygonal borders as observed with neomy- 
cin treatment alone (Fig. 3, A and B). We 
did not observe at any time, with any ex- 
plantation methods or culture solutions, any 
signs of hair cell regeneration caused by RA. 
There were no differences between explants 
treated with only neomycin and those treat- 
ed with neomvcin ~ l u s  RA. Phalloidin- 
stained dots were often present in the center 
of cells that replaced lost hair cells in both 
conditions. Quantitative analyses (Fig. 1) 
indicated that few hair cells persisted in the 
basal turn after either treatment, and a high 
percentage of hair cells in the last half of the 
a~ ica l  turn survived. 

Differentiation and regeneration are 
likely to depend on a number of factors such 
as the culture methods, the presence of 
chemical mediators, and the microenviron- 
ment to which the explant is exposed. 
Some of these factors could explain why we 
were not able to replicate the observations 
of Lefebvre et al. (2). One answer may come 
from technical differences. However. our 
conditions did preserve the organotypy of 
the explant, as well as hair cell integrity and 
the afferent innervation (1 1 ). 

One difference may be culture supports; 
we used dialyzed rat tail collagen or glass 
and plastic coated with poly-D-lysine, while 
many other coating substances exist such as 
other molecules involved in the extracellu- 
lar matrix ( 12 ). We know of no information 
about the kffect of such substances on the 
preservation of cochlear organotypy and 
hair cell integrity, although there are many 
observations concerning the good preserva- 
tion, over many days, in vitro of hair cells in 
collagen matrices ( 13). 

A further critical point is the culture 
medium. One medium corresponds as close- 
lv as ~ossible to the one used bv Lefebvre et 

r .  

al. (2), with a cocktail of hormones mainly 
used for neurons in vitro. Despite this, we 
did not find indication of hair cell regener- 
ation due to RA, and there was negligible 
difference in these cultures compared to the 
use of other media. We were unable to find 
hair cell regeneration with different explan- 
tation techniques and different media; pos- 
sible minor differences between our culture 
techniques and those of Lefebvre et al. (2) 
seem unlikely to account for the difference 
in the results. 

Fig. 1. Average number of hair cells computed 120 
from segments of a standard length of 200 pm of 3 
DAB cochleas for several feeding solutions with N1. 
Explants cultured 10 days with 10% fetal bovine $ serum and N1 (10% S). Explants treated with 2 
M neomycin (Neo) for 2 days after 2 days in culture 2 60 
and subsequently maintained 7 days in feeding so- 5 
lution (S + Neo). Explants treated for 7 days with f 
1 0-8 M retinoic acid (RA) after 4 days in culture in 30 

feeding solution (S + PA). Explants maintained 2 a 

days in feeding solution followed by 2 days with 
1 0-3 M neomycin and 7 days with M RA (S + I" vivo ' 10% s ' S+RA ' S+NEO S + N E O + ~ A  
Neo + RA). Three parts of the cochlear partition 
were distinguished, that is, the basal (hook and first turn), the apical (second turn and a part of the apical 
one), and the A-apical (the last 2 mm of apex with hair cells resistant to neomycine). Hair cell counts were 
made from several segments along each part. Because of identical results, we did not separate data 
according to culture supports, that is, collagen or poly-D-lysine-coated plastic or glass supports. Hair 
cells were identified at the end of the experiment after fixation from TRITC-phalloidin-stained stereocilia 
bundles or cuticular plates (4) and were counted directly from the microscope. In vivo controls were used 
for comparison with in vitro in order to ascertain the viability of our cultures. Then, the mean number of hair 
cells were counted from in vivo 3-days-old Corti's organ set at a magnification of 1000 through a 
calibrated reticulum. There is no statistically significant difference between S + Neo and S + Neo + RA 
(P > 0.05, Student's t test) or between 10% Sand S + RA. For each mean value we analyzed more than 
20 segments, except for Base and Apex-A of 10% S. The error bars correspond to the standard 
deviation. 

Fig. 2. Three DAB cochlear 
explants treated for 2 days 
with neomycin. (A) At the 
base of the cochlea no hair 
cells were visible, but a poly- 
gonal organization is present. 
A few cells present a stained 
dot in their center (arrow). 
Scale bar, 20 pm. (B) The last 
mm of the a~ical turn shows 
rows of both'types of hair cells, OHCs (small arrows), lHCs (large arrows). Scale bar, 20 pm. 

Fig. 3. Three DAB explants 
treated with neomycin and 
later RA. (A) Phalloidin- 
stained basal explant shows a 
cellular formation with a poly- 
gonal shape replacing the 
former sensory epithelium. A 
few cells present a stained dot 
in their center (arrow). Scale 
bar, 20 pm. (B) SEM micrograph from an apical turn. The same polygonal organization can be observed on 
the previous location of the sensory epithelium without any regenerated hair cells. Scale bar, 20 pm. 

also presented a kinocilium (Fig. 4). Fig. 4. SEM micrograph of the first half of apical 
Finally, the survival of apical hair turn from a neomycin-treated explant. Apical sur- 

~ ~ u s t  be considered as a possible reason for face of cells replacing the former sensory epithe- 
the difference between our results and those lium show many microvilli and some kinocilia (ar- 
reported earlier. We and others (15) have rows). Scale bar, 2 pm. 
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shown that hair cells from the apex of the 
cochlea are less sensitive to neomycin and 
other ototoxic drugs (Figs. 1 and 2B). It is 
possible that remaining apical hair cells af- 
ter neomycin treatment could have been 
taken as regenerated cells in Lefebvre's 
study (2). 

With regard to auditory receptors, regen- 
eration may be possible. However, how hair 
cells differentiate from progenitor cells 
needs to be understood first, as well as the 
signals responsible for it. The finding of 
spontaneous supernumerary hair cells after 
explantation of fetal mammal cochleas (6) 
looks promising. The  nature of the trigger 
signal of this enhanced proliferation re- 
mains to be investigated in order to design 
new approaches to regeneration strategies 
in adult mammals which finallv mav be- , , 
come applicable in humans. 

S .  Chardin 
R. Romand 

Laboratoire de Neurobiologie 
Uniuersite' Blaise Pascal 

Clermont-11, 
63 177 Aubiere Cedex, France 
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Response: The fact that Chardin and Ro- 
mand did not replicate the results of our 
report (1) may be explained by essential 
differences in technique. The organotypic 
explants in our study were maintained as 
free floating cultures of whole Corti's or- 
gans. In a series of 45 cultures (where the 
basal, mid, and apical segments were as- 
sayed for hair cell counts) these explants 
consistently showed regeneration-repair of 
the auditory sensory epithelium (1 ). The 
cultures of Chardin and Romand were di- 
vided into three portions, thereby introduc- 
ing additional trauma to these ex~lants .  

In our initial attempts to stimulate re- 

generation-repair of ototoxin-damaged au- 
ditory hair cells, we used organotypic co- 
chlea cultures fixed to either a ~olvorni-  

A ,  

thine-coated ~ l a s t i c  substratum or a collag- 
en type I matrix to allow for the sequential 
observation of any regeneration-repair that 
occurred in response to treatment with reti- 
noic acid (RA) and fetal calf serum (FCS). 
None of the 30 cultures grown while fixed 
to a substratum showed signs of regenera- 
tion or repair despite the use of the same 
medium and supplements that were de- 
scribed in our report (1). The explants in 
the study of Chardin and Romand were all 
adhered to a substratum. Adherence to a 
substratum. and most ~articularlv interac- 
tion with matrix molecules such as collagen 
type I, can have profound effects on cellular 
behavior and even result in changes in cel- 
lular phenotype, for example, epithelial- 
mesenchymal transformation (2). There are 
also differences in the culture medium that 
could effect the outcome of the regenera- 
tion-repair process. We  have found that 
handling of the insulin supplement and the 
selection of batches of FCS to be used as a 
growth supplement affected our results (3). 
Insulin has been shown to be an  important 
factor for ~oten t ia t ine  the stimulation of - 
cell proliferation by two members of the 
epithelial growth factor (EGF) family. EGF 
and transforming growth factor-a (TGF- 
a ) ,  in organotypic cultures of utricles (4); 
therefore, proper handling of insulin would 
be a critical factor. T o  overcome the prob- 
lem of variable quality of FCS batches, we 
have attempted to replace serum with a 
growth factor. 

Western blot studies of noise- and oto- 
toxin-lesioned juvenile chick cochlea sug- 
gest that a protein with T G F - d i k e  immu- 
noreactivity may play a role in the regener- 
ation of chick auditory hair cells (5). Initial 
histological studies localized EGF receptor 
to the inner and outer hair cells of the 
3-day-old (PP) rat Corti's organ and free 
floating 3 PP rat organ of Corti cultures 
exposed to neomycin M for 48 hours 
showed immunolocalization of EGF recep- 
tor to the area of ototoxin damage (6). Two 
separate studies have also shown that 
TGF-a may participate in the regeneration- 
repair of vestibular hair cells in mammals 
(4, 7). These observations prompted us to 
test whether anv members of the EGF fam- 
ily of trophic factors could be substituted for 
FCS. 

A series of 3 PP rat Corti's organ cultures 
were exposed for 48 hours to neomycin 
lop3 M followed by an  additional 8 days in 
Dulbecco's modified Eagle's medium + N1 
+ glucose (8) plus RA (lo-' M)  and either 
EGF, TGF-a, platelet derived growth factor 
(PDGF), or basic fibroblast growth factor 
(bFGF) at varying concentrations, in 10 to 
500 ng/ml amounts (9). Control cultures 
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not exposed to neomycin showed mainte- 
nance of hair cell integrity (Fig. lA) ,  
whereas cultures treated with neomycin 

Fig. 1. Corti's organ explants from 3-day-old 
rats after 10 days in vitro. Hair cells are stained 
with phalloidin-fluorescein isothiocyanate (FITC). 
Confocal microscopic images represent samples 
taken from the mid-turn segments of explants. (A) 
Control organ of Corti cultured in defined medium. 
The four rows of normally oriented auditory hair 
cells show no evidence of degeneration or disor- 
ganization of stereocilia bundles. (B) Explant ex- 
posed to neomycin 1 0-3 M for 48 hours and then 
cultured for 8 days in defined medium shows only 
a reticulated pattern of staining in the area of Cor- 
ti's organ. (C) Explant exposed to neomycin 1 0-3 
M for 48 hours and subsequently treated for 8 
days with defined medium supplemented with 
TGF-a (25 ng/ml) + RA 1 0-8 M shows staining of 
a group of cells with disorganized bundles of 
stereocilia in the area of Corti's organ. Scale bar, 5 
Pm. 

lop3 M for 48 hours followed by either 8 
days in defined medium (Fig. 1B) or 8 days 
in defined medium supplemented with RA 
lo-' M showed almost complete destruc- 
tion of all hair cells in the sampled midpor- 
tion of Corti's organ. In agreement with the 
observations of Chardin and Romand, we 
observed that there were auditory hair cells 
that survived the 48 hours of exposure to 
neomycin M) located only in the 
most apical portion of Corti's organ. There- 
fore, these apical areas were excluded from 
our counts of stereocilia bearing cells. Ad- 
dition of EGF, PDGF, or bFGF (10 to 500 
nglml) to the RA M supplemented 
medium did not result in any detectable 
regeneration-repair of hair cells. Addition 
of TGF-a at concentrations of 10 to 50 
ng/ml (9) resulted in the presence of cells 
bearing disorganized bundles of stereocilia 
in the mid-portion (Fig. 1C) of the explants 
(Table 1). Retinoic acid could be entirely 
eliminated in these cultures without im- 
pairment of the TGF-a induced hair cell 
regeneration-repair process, however 
higher doses of TGF-a were needed to 
achieve a similar degree of regeneration- 
repair (Table 1). This suggests that reti- 
noic acid potentiates, but does not ini- 
tiate, the regeneration-repair process ob- 
served in these cultures. Several recent 
studies on epithelial regeneration have ob- 

Table 1. Effect of TGF-a concentration with and 
without retinoic acid M on the number of hair 
cells in the mid-turn segments of ototoxin-dam- 
aged Corti's organ explants. 

Hair cells per millimeter' 
TGFa 
(ng/ml) -RA, +RA, 

0 M 1 0-8 M 

0 0 0 
10 29 + 6 t  70 + 23 
25 145 2 29 325 + 29 
50 330 + 52 388 + 52 

Unlesioned 428 2 47 - 

'Hair cell counts were determined by averaging total 
number of stereocilia bundles in three 250-fim segments 
of the mid-tum portions of Corti's organ explants. Num- 
ber of specimens per group is 15 explants. t 2 Sam- 
ple standard deviation. 

Table 2. Cells labeled with BrdU in whole mount 
cultures of 3 PP rat Corti's organ Corti explants. 

Culture BrdU-labeled 

condition nuclei/x40 P value 
field* 

Untreated 2.7 2 5.2t - 

Neo > DMEM 3.8 2 7.4 P > 0.05 
Neo > DMEM+ 53.1 2 28.4 P < 0.001 

TGF-a 

'Each group represents the average of counts from 12 
specimens. Four X40 fields were counted from each 
whole mount specimen representing the basal, mid, and 
apical segments. t ? Sample standard deviation. 
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served the interaction of TGF-a-EGF re- 
ceptor in regeneration-repair of gastric 
mucosa, liver, and kidney (lo),  thus set- 
ting a biological precedent for our obser- 
vations. 

To  determine if the TGF-a initiated 
regeneration-repair process is the result of 
cell division as shown for avian hair cell 
regeneration (1 1 ), TGF-a treated organo- 
typic cultures were labeled with bromode- 
oxyuridine (BrdU) (12). Uptake of BrdU 
was low in both control and neomycin ex- 
posed cultures (Table 2). A 19-fold increase 
in BrdU labeline was seen in the combined - 
epithelial and mesenchymal layers of oto- 
toxin exposed organ of Corti explants that 
were treated with TGF-a during the period 
of BrdU exposure (Table 2), however, no 
labeled hair cells have been observed in 
serial sections of explants. This supports our 
earlier observations that treatment with cy- 
tosine arabinoside could inhibit the regen- 
eration-repair process (1 ). A mitotic event 
may be involved in the regeneration-repair 
process, but the regenerated-repaired audi- 
tory hair cells themselves do not appear to 
be a direct product of a mitotic event. 
There may be a fundamental difference be- 
tween the process occurring in our cultures 
(1 ) and the process of avian hair cell regen- 
eration (1 1). 

It appears that the regeneration-repair 
observed in our cultures is mediated by 
TGFa and the EGF receDtor and that reti- 
noic acid modulates, but does not initiate 
this process. This data potentially provides 
further clarification as to why Chardin and 
Romand did not reproduce our results (1 ). 
Potentially, the serum used in their cultures 
may not have had adequate levels of TGFa. 
With the use of the free-floatine culture " 
system under the conditions described, we 
have consistentlv observed the reeenera- - 
tion-repair of stereocilia bearing cells in 
hundreds of explants using either FCS 10% 
+ RA M or TGF-a + RA low8 M as 
supplements. Whether or not this process 
represents regeneration from a stem cell 
population or a regenerative-repair process 
as reported by Sobkowicz (1 3) remains un- 
clear, as does whether or not this process 
can occur in the adult animal. However, in 
agreement with Chardin and Romand, we 
believe that an increased understanding of 
the molecular basis of hair cell differentia- 
tion signals and the process of hair cell 
regeneration-repair are essential for progress 
in this field. 

Hinrich Staecker 
Department of Otolaryngology, 

Albert Einstein College of Medicine, 
Bronx, NY 1046 1 , USA, and 
Department of Physiology and 

Pathophysiology , 
University of Li2ge, 

B4020 Li?ge, Belgium 



Phillipe Lefebare 
Department of Otolaryngology, 

Albert Einstein College of Medicine, and 
Department of Physiology and 

Pathophysiology , 
University of LiPge 

Brigitte Malgrange 
@stave Moonen 

Department of Physiology and 
Pathophysiology, 

University of Liege 
Thomas R. Van De Water 

Department of Otolnryngology and 
Department of Neuroscience, 

Albert Einsteln College of Medicine, and 
Department of Physiology and 

Pathophysiology, 
University of Liege 

REFERENCES AND NOTES 

1. P. P. Lefebvre, B. Malgrange, H. Staecker, G. 
Moonen, T. R. Van De Water, Science 260, 692 
(1 993). 

2. E. D. Hay, Ed., Celi Biology of the Extraceliuiar Matrix 
(Plenum, New York, 1982). 

3. Each of the N1 components was prepared separate- 
ly as either 500 X (insulin, progesterone) or 1000 x 
(putrescine, transferrin, Na,SeO,) solutions. These 
N1 components with the exception of insulin were 
combined into 1.25-m aiquots and stored at -20°C 

for a maximum storage period of 1 mon. Insulin stock 
solution was acidified with 1 N NCI until the suspen- 
sion went into solution and was stored at 4°C. (lnsu- 
i n  solution cannot be frozen and must be prepared 
fresh every week. We sample six batches of FCS at a 
time, and of these only one on average is suitable as 
a culture supplement.) FCS batches were selected 
with the use of several neuronal survival and cell 
proliferation assays (G. Moonen, University of Liege, 
Belgium). All transretinoic acid (Sigma, St. Louis, MO) 
stock solution was prepared at a concentration 0.01 
M in ethanol, stored in a light-proof container at 
-20°C, and thawed immediately before use. RAwas 
freshly diluted each time the medium was exchanged 
and cultures were protected from light. 

4. H. Yamamshitaand E. Oestee, paper522 presented 
at the 17th Midwinter Research Meeting of the As- 
sociation for Research in Otolaryngology, St. Peters- 
burg Beach, FL, 6 to 10 February 1994. 

5. X. Xu and J. T. Corwin, paper 588.15 presented at 
the 22nd Annual Meeting of the Society for Neuro- 
science, Anaheim, CA, 25 to 30 October, 1992; X. 
Xu and J.  T. Corwin, paper 649.1 1 presented at the 
23rd Annual Meeting of the Society for Neuro- 
science, Washington, DC, 7 to 12 November, 1993. 

6. P. P. Lefebvre, H. Staecker, B. Malgrange, G. 
Moonen, T. R. Van De Water, paper 457 presented 
at the 17th Midwinter Research Meeting of the As- 
sociation for Research in Otolaryngology, St. Peters- 
burg Beach, FL, 6 to 10 February 1994. 

7. P. R. Lambert, Laryngoscope 104, 701 (1994). 
8. J. E. Bottenstein and G. H. Sato, Proc. Nati. Acad. 

Scl. U.S.A. 76, 514 (1 979). 
9. Corti's organ explants from 3-day-old rats were set 

up as previously described (1). The explants were 
exposed to neomycin M) in defined medium 
(DMEM + N1 + glucose) for 48 hours and subse- 

quently incubated for another 8 days in defined me- 
dium; defined medium supplemented with RA 
M and growth factor; or defined medium supple- 
mented with only TGF-a. Growth factors: PDGF, 
EGF, and bFGF (R&D Systems, Minneapolis, MN) 
were added in concentrations of lO,25,50,100, and 
500 ng/ml defined medium. After 10 days in vitro 
cultures were fixed, stained with FITC-phaloidin and 
analyzed with the aid of Bio-Rad MRC 600 confocal 
microscope. 

10. S. Stroembad and G. Anderson, Exp. CeliRes. 204, 
321 (1 993); S. Konturek, T. Brzozowski, A. Majka, A. 
Dembinski, A. Slomiany, Scand. J. Gastroenterology 
27, 649 (1992); H. Humes, D. Cielsinsky, T. Coim- 
bra, J.  Messana, C. Galvao, J. Clin. Invest. 84, 1757 
( I  989). 

11. J. T. Corwin and D. A. Cotanche, Science 240, 
1772 (1 988); B. M. Ryals and E. W Rubel, ibid., p. 
1774. 

12. Corti's organ expants from 3-day-old rats were pre- 
pared as previously described (1). Expants were cu -  
turedfor48 hours in either DMEM + N1 + glucoseor 
in this defined medium plus neomycin M. Dur- 
ing the second 48 hours of culture, explants were 
either exposed to defined medium plus BrdU (2 yg/ 
ml) or BrdU plus a supplement of TGF-a (25 nglml). 
After 4 days of culture, all expants were methanol 
fixed, permeabilized with a detergent vween 80; 
S~gma, St. Louis, MO), stained with a monoclonal 
antibody against BrdU, mounted in glycerin and an- 
alyzed for immunolabeled nuclei (counts per X40 
field) in the area of Corti's organ with the use of a 
Zeiss Axiophot microscope. 

13. H. Sobkowicz, B. August, S. Slapnick, Exper. Neu- 
roi. 11 5, 44 (1 992). 

17 January 1995; accepted 20 January 1995 

SCIENCE VOL. 267 3 FEBRUARY 1995 




