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Abstract: The survival of cochlear epithelial cells is of considerable importance, biologically. However, little is known 

about the growth factor(s) that are involved in the survival of cochlear sensory epithelial cells. In this study, we demon-

strated that epidermal growth factor (EGF) plays a role in the survival of cochlear epithelial cells. Firstly, the presence of 

the EGF signaling pathway was demonstrated in the developing cochlear tissues of rats and a sensory epithelial cell line 

(OC1): -- epidermal growth factor receptor (EGFR), mitogen-activated protein kinase kinase (MAPKK), I kappa B alpha 

(I B ), nuclear factor kappa B (NF- B), and B cell lymphoma 2 (Bcl-2). Secondly, the addition of EGF to OC1 increased 

the promoter activity of NF- B and cell viability but not cell cycle progression and cell number increase -- which suggests 

that EGF is for cellular survival rather than cell proliferation of OC1. Finally, pyrrolidine dithiocarbamate (PDTC, an in-

hibitor of NF- B) and inhibitor kappa B alpha (I B ) mutant (I B M, a specific inhibitor of NF- B) abrogated the EGF-

induced NF- B activity and cell survival. These data suggest that EGF plays a role in the survival of cochlear sensory 

epithelial cells through the EGFR/MAPKK/I B /NF- B/Bcl-2 pathway. 
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INTRODUCTION  

 The survival of sensory epithelial cells in the cochlear 
tissue is an important issue in the clinical settings when they 
are endangered during the disease process such as sudden 
senosrineural hearing loss. However, little is known about 
the growth factors that are involved in the cellular survival of 
cochlear sensory epithelial cells. As a result, there is no ef-
fective remedy for protecting cells from death during the 
disease process of sudden sensorineural hearing loss. There-
fore, there is an urgent need for identification of growth fac-
tors that can preserve sensory epithelial cells when they are 
under the stressful conditions such as viral infection, amino-
glycoside antibiotic use, noise exposure, etc.  

 EGFR, Ras, Raf, MAPKK, MAPK1, I B , and NF- B 
are important signaling molecules in the MAPK pathway and 
respond to extracellular mitogenic stimuli. Bcl-2 is a down-
stream molecule of NF- B and is involved in cellular sur-
vival [1]. Therefore, the EGF/NF- B/Bcl-2 signaling path-
way may be involved in the cellular survival of sensory 
epithelial cells in the organ of Corti. EGF is a mitogen for 
cochlear stem cells [2], but may not be so for non-cochlear 
stem cells such as progenitor hair cells and sensory epithelial 
cells at the late stage of cochlear development. It is widely 
accepted that cochlear sensory epithelial cells proliferate 
within a short period of time and cease to proliferate thereaf-
ter [3,4]. The EGFR signaling pathway may have different  
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roles in the cochlear stem cells and committed cochlear sen-
sory epithelial cells.  

 EGF, an essential growth factor for epithelial cells, 
stimulates the proliferation of otospheres [5,6]. It is involved 
in the production of supernumerary hair cells in the rat neo-
natal organ of Corti [7] and is required for in vitro growth 
and differentiation of cochlear sensory hair cells [8]. EGFR 
is expressed in the otospheres [6], in the postnatal cochlear 
tissues of rodents [9,10], and in the human fetal inner ear 
[11]. EGFR has a family comprising of four homologous 
receptors, e.g., EGFR (HER1/ErbB1), ErbB2/neu (HER2), 
ErbB3 (HER3) and ErbB4 (HER4) [12,13]. Thus, the 
knockout of ErbB4 alone [14] may not affect the cochlear 
development in mice because of their redundancies. It is well 
accepted that EGFR ligands activate the receptor tyrosine 
kinase in a tissue-specific manner. There are a variety of 
ways for EGFR to activate the receptor tyrosine kinase, as 
exemplified in Drosphila [15]. 

 We hypothesized in this study that the EGF signaling 
pathway is involved in the survival of cochlear sensory 
epithelial cells from the postnatal day 5 organ of Corti which 
are relatively developed. First, a dynamic expression of the 
EGF-related signal molecules in the embryonic and postnatal 
cochlear tissues was investigated in vivo. Second, EGF was 
used to stimulate OC1 in order to evaluate its effects on cel-
lular survival using cellular and molecular biological tech-
niques. The results indicated that the EGFR, Ras, Raf, 
MAPKK, I B , NF- B and Bcl-2 molecules were expressed 
in the rat embryonic and postnatal cochlear tissues. The in 
vitro studies demonstrated that EGF increases the viability 
and survival of cochlear sensory epithelial cells, instead of 
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cellular proliferation as shown in the cochlear stem cells of 
mice [2].  

MATERIALS AND METHODS 

Materials 

 OC1 is a cochlear sensory epithelial cell line from a 
postnatal Day 5 rat organ of Corti [16]. The study was ap-
proved by the Institutional Animal Care and Use Committee 
(IACUC). The cell line was considered to be progenitor hair 
cells because they expressed (i) multiple hair cell markers 
Brn3.1 (POU4f3), myosin VIIa, 9Ach receptor, onco-
modulin, calretinin, Id1, Id3, and (ii) early neural cell marker 
nestin [17] that is positive for most cells in the neuroepithe-
lium before neurogenesis [18]. None of these hair cell mark-
ers are specific to cochlear hair cells but their expression in 
combination is restricted to cochlear hair cells.  

 Pyrrolidine dithiocarbamate (PDTC), an inhibitor which 
suppresses proteasome-mediated protein degradation, was 
used as an inhibitor of the NF- B activity by preventing 
I B  degradation. PDTC was chosen because it had been 
widely used as an inhibitor of NF- B, especially in neurons 
[19] and cochlear sensory epithelial cells [20]. The NF- B 
reporter, provided by Dr. Keith Brown at the National Insti-
tute of Allergy and Infectious Diseases, contains three re-
peats of B sites for the immunoglobulin -light chain [21]. 
pCMV- -galactosidase ( -gal) reporter plasmids were pur-
chased from Stratagene. The -gal activity is used as an in-
ternal control for NF- B luciferase activity in this study. 
Camptothecin was used as a unversal inducer of apoptosis 
for all cells [22].  

 I kappa B alpha dominant negative mutant (I B M, a 
kind gift of Dr. Inder Verma at Salk Institute, La Jolla, CA), 
for which serine at position 36 had been changed to alanine, 
thus preventing phosphorylation and subsequent proteosomal 
degradation in response to stimuli [23,24], is a specific in-
hibitor of NF- B activity. NF- B subunit p65 (a kind gift of 
Dr. Frank Ondrey at the Cancer Center, University of Min-
nesota, MN) is a cDNA construct for strengthening NF- B 
activity in OC1 cells. 

Cell Culture Media 

 OC1 cells were maintained in MEM media (Sigma) sup-
plemented with 20 mM Hepes, 2 mM L-glutamine, 10 mL/L 
nonessential amino acid, 0.4 μg/mL hydrocortisone, 5 
μg/mL insulin, 2.5 μg/mL transferrin, 20 ng/mL EGF (R&D 
Systems), 10% fetal bovine serum (FBS, ATCC), 50 μg/mL 
streptomycin, and 50 units/mL penicillin (hereafter referred 
to as growth media). In the growth media, EGF was omitted 
and fetal bovine serum (FBS) was reduced to 4% (thereafter 
referred to as basic media) 48 hours before experimenting. 
For OC1 transfection, Opti-MEM supplemented with 6 
μg/mL polybrene® (Invitrogen, thereafter referred to as 
transfection media) was used in this study.  

Affymetrix Microarrays 

 The cochlear tissues on embryonic and postnatal days 
(E12, E14, E16, E18, and P1) were routinely dissected and 
Affymetrix microarrays were performed on these tissues, as 
previously decribed [25]. Briefly, approximately 15-20 
pieces of embryonic and postnatal mouse cochlear tissues at 
each time point were dissected and pooled for RNA isola-

tion, using the StrataPrep
R
 Total RNA Miniprep Kit 

(Stratagene), and approximately 30-50 μg of RNA were iso-
lated from each time point. A total of 20 μg RNA were used 
for each microarray analysis. cDNAs were prepared from the 
above RNA sample using the double-strand DNA synthesis 
kit (Life Technologies, Rockville, MD). cRNAs were syn-
thesized from cDNAs and biotinylated using the BioArray 
High Yield RNA Transcript Labeling Kit (Enzo Diagnostics, 
Farmingdale, NY). Fifteen μg of fragmented cRNAs were 
hybridized to the Rat U34 chip (Affymetrix). Signals were 
detected with anti-streptavidin antibody, scanned into a 
computer, and normalized with a set of house-keeping genes 
within the Rat U34 chips. Three sets of the chips at each 
point in time were run in this study using 3 batches of RNA 
samples with each RNA sample from 15-20 embryonic and 
postnatal mouse cochlear tissues respectively. Relative 
mRNA expression levels are presented as relative light unit 
(RLU, mean ± SD, n=3). The data presented in this study 
represent signal molecules related to the EGFR signaling 
pathway. The microarray database, published previously 
[20,25], was interrogated with respect to genes of interest in 
the present study. 

RT-PCR 

 Total RNA was isolated from embryonic (E14) and post-
natal (P1) cochlear tissues. The specific primers for the 
EGFR (5’-agtggtccttggaaacttgg-3’/5’-gttgacatccatctggtacg-
3’), n-ras (5’-gaaagagggaactgaaacgatt-3’/5’-taggctgaaaga 
gagggatggt-3’), c-raf (5’-gggaaatagaagccagtg aggt-3’/5’-
caattagctggaacatctggaa-3’), Bcl-2 (5’- gacctctgtttgatttctcc-3’/ 
5'-tggtccatccttgataatgc-3’) were designed with Oligo 4.0, and 
the specificity of the primers was confirmed by the BLAST 
search engine provided by the National Center of Biologic 
Information website (fttp://www.ncbi.nlm.nih.gov). RT-PCR 
was performed as described previously [16] using ribosomal 
protein S29 as a loading control. PCR products, routinely 
sequenced, were analyzed on a 2% agarose gel.  

Apoptotic Analysis 

 Yopro-1 permits cytofluorometric analysis of pro-
grammed cell death [26]. Cells were cultured in 8-well 
chamber slides. Cells (approximately 20,000 cells) were 
plated onto 8-well chamber slides for 2 days in growth media 
(up to 30-40% confluence) that later changed to the basic 
media with and without the addition of EGF at 80 ng/mL for 
17 hours. Cells were then challenged with camptothecin at 
0.01 μg/mL for 2 hours; the cells were then stained with Yo-
pro-1 reagents according to the manufacturer’s instructions 
and were followed by DAPI staining. The total cells (DAPI 
positive), necrotic cells (red), and apoptotic cells (green) 
were counted in 5 high power fields (HPF). The percent of 
apoptotic and necrotic cells over the total amount of cells 
was calculated. Experiments were run in triplicates. Data are 
presented as mean ± SD, n=3. 

Western Blot 

 Cells were cultured in T25-flasks with growth media till 
60% confluence, harvested for cytosolic and nuclear protein 
isolation. Protein samples were electrophoresed and blotted 
onto a nylon membrane, incubated with specific I B  (1: 
2000, Cell Signaling) primary antibody and then a secondary 
antibody. The specific protein band for I B  was detected 
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by using ECL Western blotting detection reagents and analy-
sis system (Amersham Biosciences Piscataway, NJ) accord-
ing to the manufacturer’s instructions. In a similar way, NF-

B subunit p65 and glyceraldehyde-3-phosphate-dehydro-
genase (GAPDH) protein bands were detected using p65 
(1:1000, Novus Biologicals) and GAPDH (1:2000, Novus 
Biologicals) specific antibodies. Western blot was repeated 
twice and representative data is shown. 

3
H-Thymidine Incorporation 

 Cells were cultured in 96-well plates with growth media 
till 40% confluence starved for 24 hours, incubated with 
EGF at 80 ng/mL or transfected with Id1 (a positive control 
for cell proliferation) and 1 μCi of 

3
H-thymidine in basic 

media for 6 hours, washed in phosphate-buffered saline 
(PBS) twice, and digested in a 0.25 N sodium hydroxide and 
0.25% sodium dodecyl sulfate (SDS) solution at 37

o
C for 1 

hour. The cells were then transferred to 1 mL of scintillation 
fluid (Ecoscent A, National Diagnostics), mixed thoroughly, 
and digested for 2 hours prior to counting in a scintillation 
counter (Beckman). Cells transfected with Id1 served as 
positive controls. Cells from a duplicated plate of the above 
experiment were counted by Trypan blue exclusion. The 
results are presented as counts per minute (CPM) over 10

4
 

cells. Similarly, BrdU incorporation was performed by incu-
bation of cells with BrdU instead of 

3
H-thymidine. For Try-

pan blue exclusion, cells were dissociated with trypsin-
EDTA, washed with PBS, stained with Trypan blue, counted 
with a hemacytometer. Both viable and dead cells were 
counted and viable cells were used for calculation of CPM 
per 10

4
 cells in 

3
H-thymidine experiments. The experiment 

was performed in triplicate. 

Flow Cytometry 

 For cell cycle analysis, cells were cultured in 6-well 
plates till 60% confluence, starved in growth media (omit-
ting serum and EGF) for 24 hours, treated with and without 
EGF at 80ng/mL, washed with PBS, dissociated with tryp-
sin-EDTA, washed with ice cold PBS, fixed with 100% 
ethanol, and stored at –20

o
C until analysis. Approximately 3-

5x10
4
 cells were resuspended in 100 μL of 40 μg/mL 

DNase-free RNase A with 100 μL of 200 μg/mL propidium 
iodide added and was incubated for 30 minutes at room tem-
perature. The fluorescence excited by FL-2 was measured on 
a FACScalibou (BD Biosciences). A total of 10

4 
cells per 

sample were analyzed. The cell cycle of OC1 cells was ana-
lyzed on CellQuest Pro software version 4.0 (Becton Dickin-
son, NJ). The experiment was run in triplicate. Data are pre-
sented as means ± SD, n=3.  

 For apoptosis analysis, cells were cultured in T25-flasks 
till 60% confluence, starved in growth media (omitting se-
rum and EGF) for 24 hours, treated with and without EGF at 
80ng/mL, treated with and without EGF at 80 ng/mL or 
EGF+PDTC at 2.5~50 μM for 6 hours, washed with PBS, 
dissociated with trypsin-EDTA, washed with ice cold PBS. 
300 μL of 1.33x Annexin buffer was added to cells, followed 
by addition of 2 μL Annexin-V-APC (BD Biosciences) to 
cells for 10 minutes at room temperature and finally by addi-
tion of 7-amino-actinomycin D (7-AAD, Invitrogen) to a 
final concentration of 50 ng/mL for additional 5 minutes 
prior to analysis. Annexin V staining identifies early apop-
totic cells and 7-AAD staining indicates late apop-

totic/necrotic cells. Viable cells are presented as % of total 
cells (both Annexin-V/7-AAD positive and   negative cells) 
using CellQuest Pro analysis software (version 4.0).  

 Luciferase Assays 

 Cells were cultured in 6-well plates till 60% confluence, 
transfected with 1.4 μg/mL cDNAs (p65, I B M, or empty 
vector), co-transfected with reporters (NF- B and -gal) in 
transfection media for 16 hours, and then incubated in 
growth media for 24 hours. Next, the cells were challenged 
with EGF at 80 ng/mL for 6 hours in the presence and ab-
sence of PDTC (2.5 μM) and harvested for luciferase assays, 
as previously described [27]. The activity of luciferase re-
porter against -gal (an internal control) is presented by a 
ratio of NF- B luciferase over -gal reporter (relative lu-
ciferase activity, RLA). The experiment was performed in 
triplicate.  

Statistical Analysis 

 The student’s t-test for unequal variances was used in the 
above experiments. P values less than 0.05 was considered 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Existence of the EGF signaling pathway in the developing 

cochlear tissues. A, microarray data: EGFR, Raf, Ras, MAPKK, 

I B , NF- B (p105, the precursor for both p65 and p50 subunits), 

and Bcl-2 were dynamically expressed in the developing cochlear 

tissue from E12 to P1. B, the expression of the EGFR, ras, raf, and 

Bcl-2 genes on the E14 and P1 tissues was confirmed by RT-PCR. 

C, the expression of I B  and NF- B was verified in the develop-

ing cochlear tissues on E14 by Western blot in which NF- B (p65 

subunit) was partially translocated into the nucleus (arrowhead, 

lane 2, active p65) and partially in the cytosol (lane 1, inactive 

p65). GM, growth media; Ctrl, PCR negative control with omitting 

mRNA sample; S29, ribosomal protein S29; GAPDH, glyseralde-

hyde-3-phosphate dehydrogenase. *p<0.05, comparison was made 

among E12, E14, E16, E18, and P1 by ANOVA. 
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significant. Analysis of variance (ANOVA) was used for 
evaluation of the difference between multiple experiments. 

RESULTS 

Multiple Molecules in the EGF Signaling Pathway are 

Expressed in the Developing Cochlea of Rats 

 Microarray data demonstrated the expression of the 
EGFR, Ras, Raf, MAPKK, I B , NF- B, and Bcl-2 mRNA 
transcripts in the developing cochlear tissue of rats from E12 
to P1. Dynamic expression patterns of these genes are pre-
sented in Fig. (1A). To verify the positive results of the mi-
croarray data, cochlear tissues on E14 and P1, OC1 cells 
were used for examination of the above gene expression. 
EGFR, Raf, Ras, MAPKK, I B , NF- B and Bcl-2 were 
expressed in the E14 and P1 cochlear tissues as determined 
by RT-PCR or Western blot. The data are presented in Fig. 
(1B and 1C), respectively. Unlike I B , NF- B subunit p65 
was found in the both cytosol and the nucleus by Western 
blot, which indicates the partial translocation of NF- B 
subunit p65, e.g., activation of NF- B.  

EGF has Significant Effects on the Resistance of OC1 to 
Camptothecin Induced Cell Death 

 EGF has been shown to stimulate the proliferation of 
embryonic stem cells [28] and embryonic cochlear progeni-
tor cells [8]. The incubation of OC1 cells with EGF at 80 
ng/mL for 6 hours did not significantly increase the incorpo-
ration of 

3
H-thymidine (Fig. (2A)) and cell cycle progression 

(from S-phase to G2/M-phase) compared with the controls--
although some Go/G1 to S-phase progression was observed 
(Fig. (2B), S-phase cells=24.3±2.3% in EGF-treated cells 

and 21.8±1.8% in control cells), which indicated little to no 
cell proliferation induced by EGF. Incubation of OC1 cells 
with EGF at 80 ng/mL for 24 hours did not show a signifi-
cant change of cell numbers (Fig. (2C)). However, the incu-
bation of OC1 cells with EGF at 80 ng/mL for 3 days in-
creased cell numbers compared with the controls (Fig. (2D)). 
It suggests that an increase of cell numbers is not due to ac-
tive cell proliferation but increased cell survival. Consistent 
with this, cells challenged with camptothecin at 0.01 mg/mL 
underwent apoptosis (86.7±6.8%, n=3) and necrosis 
(97.3±7.9%, n=3) without EGF whereas only 14.3±3.1% 
underwent necrosis and 23.4±5.3% underwent apoptosis 
with EGF Fig. (2E, representative data). Taken all together, 
these data indicates that EGF increases the survival of OC1. 
Unlike EGF, Id1 (a positive control for cellular growth and 
proliferation) has significant effects on both DNA synthesis 
and cell numbers.  

EGF Increases the Promoter Activity of NF- B in OC1 
Cells 

 NF- B is involved in the cellular activation in many 
cells. To study whether or not EGF increases the promoter 
activity of NF- B, luciferase assays were performed. Cells 
were incubated with EGF at 80 ng/mL for 6 hours, signifi-
cantly increasing the promoter activity of NF- B in OC1 
compared with the controls. Whereas PDTC, an inhibitor for 
NF- B, significantly down regulated the promoter activity of 
NF- B induced by EGF (Fig. (3A)). NF- B is involved in 
cellular resistance to aminoglycoside cytotoxicity [29]. To 
compare the potency of EGF with p65 (a subunit of the NF-

B heterodimers), OC1 cells were incubated with EGF and 
transfected with the NF- B reporter. EGF significantly in-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Commitment of EGF to cellular survival but not cell proliferation of OC1. In 6-hour incubation, EGF had no significant effects on 

the 
3
H-thymidine incorporation in OC1 cells compared with controls (A). Similarly, EGF had no effect on cell cycle progression from 

Go/G1-phase to S-phase within 6 hours compared with controls (B) and cell numbers (C). However, in 3-day cultures, EGF had more cell 

counts than control (D), due to an increase of cell survival. EGF significantly reduced cellular apoptosis and necrosis induced by camptothe-

cin (E). Id1 served as a positive control for DNA synthesis (A) and cell counting (C). bar=10 μm applying to a-I; n=total samples from 3 

separated experiments. 
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creased the promoter activity of NF- B although not as high 
as p65 (Fig. (3B)). To study whether EGF-increased NF- B 
promoter activity via I B , OC1 cells were incubated with 
EGF in the presence and absence of a specific I B  inhibitor 
(I B M) which is able to capture p50 and p65 but is resis-
tant to phosphorylation by I B kinases and thus prevents the 
activiation of NF- B. The results indicated that I B M sig-
nificantly inhibited the NF- B promoter activity by EGF 
(Fig. (3B)), suggesting that EGF-induced NF- B activity is 
via the classic NF- B pathway, namely, EGFR Ras  
Raf Erk I B NF- B. To study whether EGF affects 
cellular viability, flow cytometry was performed. Incubation 
of OC1 cells with EGF at 80 ng/mL significantly increased 
cell viability (95.4% ± 3.5%) (Fig. (3C)) in comparison with 
the control (85.4% ± 3.2%, Fig. (3C)). PDTC at 2.5 μM ab-
rogated the action induced by EGF (68.1%± 2.7%) (Fig. 
(3C)). PDTC at 50 μM was apoptotic to OC1 in the presence 
of EGF (25.5%± 2.7%) (Fig. (3C)). 

 Taken together, the data suggests that EGF has very little 
or no effect on cell proliferation of OC1 (Fig. (2)) but has 
significant effects on cell survival through the up-regulation 
of NF- B activity in OC1 cells (Fig. (3)). It is also noted that 
inhibition of NF- B activity with PDTC or I B M reduces 
the cellular viability. 

DISCUSSION  

 The survival of cells involves many pathways 
(MAPK/NF- B, p38MAPK/NF- B, PI3K/Akt/AP1, JNK/c-
jun, etc.) and it is dependent upon cell types and factors ad-
ministered. The survival of OC1 cells by EGF is partially 
dependent upon the EGFR/Ras/Raf/ MAPKK/I Ba/NF-

B/Bcl-2 pathway in this study. First, the genes for the 
MAPK/NF- B pathway are expressed in the embryonic and 
postnatal cochlear tissues. Second, EGF increases the sur-
vival of cultured sensory epithelial cells and makes them 
resistant to apoptotic agents such as camptothecin. Indeed, in 
the cell culture system, EGF is essential for the survival of 
sensory epithelial cells. Without EGF, cultured OC1 cells do 
not grow but undergo apoptosis. 

 EGF has been shown to act as a mitogen to stimulate a 
variety of stem cell proliferation. The addition of EGF to 
otospheres from P0 rat organ of Corti [6], vestibular stem 
cells from mice [30], and embryonic stem cells from mice 
[28] results in cell proliferation. In this study, the addition of 
EGF to cultured OC1 cells did not significantly change 

3
H-

thymidine incorporation and cell cycle progression, indicat-
ing that EGF has little or no effects on cell proliferation of 
OC1 cells that are derived from the postnatal day 5 rat organ 
of Corti. Thus, it is logicial to state that EGF serves as a mi-
togen for cochlear stem cells but it serves as a survival factor 
for OC1 cells. In addition to the cellular survival, our recent 
studies indicate that EGF represents a driving force for hair 
cell marker expression in both cochlear stem cells [2, 31] and 
OC1 cells (data not shown).  

 How EGF maintains cellular viability and survival of 
cochlear sensory epithelial cells remains unclear. In this 
study, we demonstrated that the classic NF- B pathway, 
EGFR/Ras/Raf/ MAPKK/I B /NF- B/Bcl-2 pathway, ex-
ists in the cochlear tissue and cochlear sensory epithelial 
cells. Indeed, EGF significantly increases the promoter activ-
ity of NF- B. NF- B has been shown to link to Bcl-2 [32, 

33]. In the ear, the Bcl-2 family serves as the primary control 
over cell survival and death [1, 34]. For cells to survive, a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Increase of the NF- B promoter activity and cell survival 

by EGF in OC1 cells. Incubation of OC1 cells with EGF at 80 

ng/mL significantly upregulated the NF- B promoter activity 

whereas PDTC at 2.5 μM significantly reduced the NF- B pro-

moter activity induced by EGF and PDTC at 50 μM dramatically 

reduced the NF- B promoter activity (A, due to cell apoptosis). 

EGF-induced NF- B promoter activity was significantly enhanced 

by p65 at 1.4 μg/mL but abrogated by I B M at 1.4 μg/mL in 

OC1 cells (B). EGF and p65 additively regulated the NF- B pro-

moter activity in OC1 cells and p65 had a potent effect on the NF-

B promoter activity. Flow cytometry for Annexin-V and 7-AAD 

demonstrated that EGF had a significant effect on cell viability 

compared with control and the action was abrogated by PDTC (C). 

It is noted that PDTC at 50 μM was apoptotic to OC1 cells. 

*p<0.05. Med, MEM media without supplements; Ctrl, control. It 

is also noted that relative luciferase activity (RLA) is different 

between data sets A and B due to transfection efficiency between 

these two independent experiments: -gal in data set A is less effi-

cient than that in data set B. n=total samples from 3 separated ex-

periments. 



14    The Open Neuroscience Journal, 2008, Volume 2 Zheng et al. 

certain level of NF- B activity is necessary because a full 
blockage of the NF- B activity with PDTC at 50 μM (a rec-
ommended dose for inhibition of NF- B activity in other cell 
types such as keratinocytes) causes complete cell death of 
OC1 cells. However, PDTC is capable of inhibiting the ac-
tivity of nitric oxide metabolism. We cannot exclude the 
possibility that cellular apoptosis by PDTC is in part due to 
the inhibition of nitric oxide metabolism. The fact that 
I B M specifically inhibits the NF- B pathway, showing 
the similar results, suggests that the NF- B signaling path-
way is in part responsible for EGF-induced cell survival.  

 Another issue that needs to be addressed is why Id1-
induced NF- B activity is linked to cellular proliferation via 
cyclin D1 [20] whereas EGF-induced NF- B activity is 
linked to cell survival. In addition, other candidate growth 
factors and transcription factors are involved in survival in-
clude N-methyl-D-aspartate receptor antagonist (MK801) 
[35], neurotrophins (NT3, GDNF, and BDNF) [35-37], basic 
fibroblast growth factor (bFGF) [38-41], insulin-like growth 
factor-1 (IGF-1) [30,42], Id1 [25,43], Id3 [44], and platelet-
derived growth factor (PDGF) [25]. It is expected that multi-
ple factors participate in cell survival of cochlear sensory 
epithelial cells. How these factors collaborate to make sen-
sory epithelial cells survived for a life-time span is an impor-
tant issue for the physiology of sensory epithelial cells and 
warrants further studies.  
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