
Introduction

Degeneration of spiral ganglion cells (SGC) is one of
the most common histopathological correlates of
sensorineural hearing loss.1 Hair cells within the
cochlea produce and supply trophic factors:2 when
cochlear hair cells are lost as a result of trauma,
disease or ageing, there is a secondary wave of SGC
degeneration,3 suggesting that the continued supply
of growth factors is responsible for maintaining
neuronal integrity.

Brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (NT-3) and neurotrophin 4/5 (NT-
4/5) are members of a family of growth factors
reported to exert activity on SGC, providing protec-
tion against cisplatin toxicity and promoting neuronal
survival.4 In addition, BDNF and NT-3 have been
reported to play a role in the development and
patterning of developing auditory neurones.5,6 Find-
ings in mutant mice null for NT-3 report a signifi-
cant loss of SGC.6 Moreover, studies of neurotrophin
receptors (trkB and trkC), revealed that spiral ganglia
neurones in trkB–/–;trkC–/– double mutant mice were
reduced by 61% compared with wild type.7

The cytokine and growth factor ciliary-derived
neurotrophic factor (CNTF) has also been reported
to have trophic effects on SGC.8,9 CNTF was 
found to increase the survival of auditory neurones
in dissociated cell cultures.9 In addition, there is

evidence to suggest that NTs and cytokines act addi-
tively upon SGC. Indeed, a combination of CNTF
and BDNF was found to be more effective in
promoting the survival of neurones in dissociated cell
cultures of 5-day-old rat than either factor individu-
ally.9 By contrast, in rat spiral ganglion explant treat-
ment with NT-3 gave maximal survival; this remained
unchanged when either BDNF or CNTF was added.8

Leukaemia inhibitory factor (LIF) is a cytokine
structurally homologous to CNTF.10 Furthermore,
the receptors for LIF and CNTF also share two
identical receptor components, which are believed to
induce their overlapping biological activity.10 Because
LIF exhibits activity on several neuronal classes,10–13,15

and CNTF has demonstrated activity on SGC8,9 it is
reasonable to assume that LIF would also have trophic
activity on SGC. In addition, a limiting factor to the
heterodimerisation of the CNTF receptor complex is
the CNTF a-receptor (CNTFRa) component, which
is restricted in its distribution.10 By contrast, LIF only
requires the receptor components gp130 and LIFRb
for signal transduction. The latter two receptor 
components are widely distributed,10 suggesting that
LIF may have a greater number of targets (cells or
receptors) than CNTF. The distribution of CNTFRa
in the cochlea is unknown, but if its distribution in this
organ is restricted in comparison to gp130 and LIFRb
it is possible that LIF may have greater potency upon
SGC and surrounding cells than CNTF.
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THE survival of auditory neurones depends on the
continued supply of trophic factors. Early postnatal
spiral ganglion cells (SGC) in a dissociated cell culture
were used as a model of auditory innervation to test the
trophic factors leukaemia inhibitory factor (LIF) and
neurotrophin-3 (NT-3) for their ability, individually or
in combination, to promote neuronal survival. The find-
ings suggest that LIF supports neuronal survival in a
concentration-dependent manner. Moreover LIF poten-
tiated NT-3-mediated spiral ganglion neuronal survival
in a synergistic fashion.
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We therefore tested whether LIF could potentiate
neuronal survival in the mammalian cochlea. In addi-
tion, we assessed whether NT-3 and LIF acted in
concert in either an additive or synergistic manner to
potentiate cochlear neuronal survival.

Materials and Methods
Culture of auditory neurones: Five-day-old (P5) rat
pups (Wistar) were cooled then rapidly decapitated,
the heads were rinsed in 70% alcohol and under
aseptic conditions the skull was opened longitudi-
nally. The temporal bone was identified and the 
bony capsule of the inner ear removed and placed in
HEPES buffered Eagle’s media (HEM). The cochleae
were dissected, and after careful removal of the 
organ of Corti the remaining gelatinous modiolus 
was digested in HEM, containing 0.025% trypsin
(Sigma) and 0.001% DNase (Sigma) (30 min at 37°C).
Trypsinisation was terminated by the addition of 
1 ml fetal bovine serum (FBS). Digested cochleae
were centrifuged (1500 3 g for 5 min at room tem-
perature [RT]) and the pellet was gently triturated in
HEM containing 0.001% DNase. The SGC suspen-
sion was again centrifuged (1500 3 g for 5 min at RT)
and the pellet resuspended in Dulbecco modified
Eagle’s medium (DMEM) with N1 supplement and
glucose adjusted to a final concentration of 4.5 g/l. 

The dissociated SGC suspension was pre-plated in
35 mm tissue culture plates (Falcon; 30 min at 37°C,
10% CO2). The supernatant of the enriched SGC was
collected and a cell count was performed on 10 ml of
SGC suspension. The SGC suspension was then
plated in 96-well culture plates (Falcon), previously
coated with poly-L-lysine (20 mg/ml) and laminin
(0.01 mg/ml) at a density of 1 3 104 cells/well,
containing an average of 518 ± 6 neurones. Cell cul-
tures were maintained at 37°C in 10% CO2 for 3
days in 200 ml serum free media (DMEM + N1
supplement + 4.5 g/l glucose). Growth factors were
added to the medium at time of plating at a range of
concentrations. To determine the initial seeded
number of SGC/well a separate plate was incubated
at 37°C in 10% CO2 for 4 h, and the cells were then
fixed and immunostained. 

Immunocytochemistry: Immunostaining used the
avidin–biotin complex (ABC) method (Vectastain
kit). The cultures were fixed in 100% methanol 
(30 min) then rinsed in phosphate buffered saline
(PBS). To prevent non-specific binding the cultures
were pretreated with 2% FBS in PBS (30 min at RT)
then incubated with the primary antibody: anti-200
kDa neurofilament (aNF 200 rabbit Ab 1:20 dilution,
RT for 30 min). The cells were rinsed with 2% FBS in
PBS, then reacted with the biotinylated secondary

antibody (anti-rabbit in 2% FBS) and subsequently
with ABC reagents according to the manufacturer’s
protocol. Following this step the cultures were stained
for 5 min at RT with diaminobenzidine (DAB; 1
tablet in 10 ml PBS with 30 ml H2O2). Surviving neu-
rones were defined as cells whose somas immuno-
stained with the aNF 200 antibody and possessed
neuritic projections with a length equal to at least
three times the width of the neuronal soma. To mea-
sure neuronal survival all the immunostained neu-
rones in each well were counted. Experiments were
repeated four times in which there were four wells for
each given concentration of NTs or combination
thereof. The data were analysed for significance using
ANOVA on Ranks and Student-Newman-Keuls
method for multiple comparison. The care and use of
the animals reported on in this study were approved
by the Animal Experimentation Ethics Committee of
the RVEEH and performed in accordance with the
principles of the NHMRC of Australia.

Results
Dissociated SGC were plated at 104 cells/well with 
a mean (± s.e.m.) seed number of 518 ± 6 neurones 
per well. After 3 days in vitro the average number of
viable cells (or cells with projections) in the untreated
wells had decreased to 11 ± 2 cells per well, repre-
senting a survival rate of 2.1% compared with the
number of neurones present 4 h after plating (seed).
The addition of LIF promoted the survival of SGC in
a concentration-dependent manner, with a significant
increase in neuronal survival detected at concentra-
tions as low as 0.1 ng/ml compared with the untreated
wells (Fig. 1). Maximum neuronal survival using LIF
alone was at 10 ng/ml (54 ± 5 cells/well). At higher
concentrations (100 ng/ml), there was a significant
decrease in the survival of SGC (p < 0.05; Student-
Newman-Keuls pairwise comparison).

When used concurrently with NT-3, LIF retained
a concentration-dependent survival promoting effi-
cacy, with a maximal survival promoting effect at a
concentration of 10 ng/ml/50 ng/ml. In addition, LIF
and NT-3 showed significant survival-promoting
activity at concentrations as low as 0.1 ng/ml/0.1
ng/ml (LIF/NT-3). When combined, the survival-
promoting action of LIF and NT-3 appeared to be
synergistic (Fig. 1), since the average number of
neurones surviving in the presence of both factors
was 1.6-fold greater than the aggregate of the maximal
increases recorded when using each factor alone.

Discussion
This study indicates that LIF individually or in
combination with NT-3 can promote survival of SGC
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in culture. At present the role of LIF in the auditory
system or under what conditions it may be expressed
is not known. LIF’s known pleiotropic activity across
other classes of neurones10–13,15 suggests that it may
also have various roles within the auditory system. 

Previously, [125I]LIF binding sites have been
detected in both neural crest- and placode-derived
sensory ganglia.12 Because SGC derive from the otic
placode, while Schwann cells and supporting cells 
are of neural crest origin,14 it is possible that 
during embryogenesis these cells could also express
[125I]LIF binding sites, suggesting that LIF may 
have a developmental role in the cochlea. LIF 
may also have an action on SGC in response to
injury: this hypothesis is supported by another study
reporting increased retrograde transport in
axotomized neurones.16 At present it is also unknown
whether LIF may also have a target-derived neuro-
trophic role (i.e. whether it is present in hair cells).
Although a recent study shows that the CNTF family
of factors and their respective receptors are found 
in the postnatal cochlea17 we await the results of
further in situ studies to elucidate whether LIF may
also have a target-derived neurotrophic role within
the adult cochlea. 

A previous study reported that NT-3 treatment
resulted in maximal survival of rat SGC, which
remained unaffected by the concomitant addition of

either BDNF or CNTF.8 By contrast, we report that
LIF can potentiate the NT-3-induced survival of
SGC by up to 1.6-fold. It is unclear why LIF has
greater efficacy than CNTF or BDNF in potentiating
NT-3-induced survival of SGC. However, the
widespread distribution of LIF receptor components
across other classes of neurones10 suggests that 
LIF receptor may be broadly expressed on SGC
and/or on surrounding cells. This broad distribution
of the LIF receptor components may underpin 
the ability of LIF to potentiate NT-3-induced
survival of SGC. 

Furthermore, it is undetermined whether the
potentiating effect of LIF upon NT-3-induced
survival is occurring on the same neurones. The
converging second messenger pathways for the neural
cytokines and NTs.10 and the synergistic action dem-
onstrated in these studies suggest that LIF and NT-
3 may indeed be acting on the same SGC to potentiate
each other’s survival effects. Conversely, in dissoci-
ated cell cultures other non-neuronal cells (i.e. fibrob-
last and glial cells) proliferate, and therefore, it is
possible that LIF may act indirectly via these cells as
well as exert direct action on the SGC themselves.
In addition, studies with antibodies directed at the
trkB and trkC receptors for the NTs revealed that in
vitro some populations of SGC are NT-independent.4

Thus the population of surviving neurones may
include SGCs targeted by both factors, SGCs
supported by only one of the factors and SGCs indi-
rectly affected by LIF and NT-3. Double labelling
studies may elucidate the site(s) of LIF-receptor
complexes and thus help determine the site(s) of
action.

Conclusion
We report that the cytokine LIF displays trophic
activity and improves the NT-3-induced neuronal
survival in dissociated SGC cultures. These data
support the theory that NTs and cytokines act con-
comitantly on inner ear innervation in the early post-
natal period, when the complex pattern of adult
innervation is being established. In situ hybridization
studies will determine transcription levels of the LIF
receptor components within the auditory system, and
thus elucidate where LIF may be acting and whether
there are developmental periods of critical expression.
Moreover, they will help determine if there is a
relationship between non-neuronal cell injury and
neuronal repair.

In addition, the results suggest that a combina-
tion of several trophic factors may provide a better
approach than single factor delivery when develop-
ing pharmacological therapies for auditory neurone
repair.

LIF potentiates the NT-3-mediated survival of spiral ganglia neurones in vitro

1

1

1

1

1

p

Vol 8 No 7 6 May 1997 1643

FIG. 1. Effects of leukaemia inhibitory factor (LIF) and neutrophin-
3 (NT-3) on the survival of P5 rat spiral ganglia after 72 h in vitro.
The total number of neurofilament antibody-stained spiral ganglia
neurones counted in each well (left y-axis) or as a percentage of
survival (right y-axis) is expressed as a function of the concentra-
tion of neurotrophic factor or combination of factors (x-axis). Each
condition is represented by four culture wells repeated in four exper-
iments, n = 16 for each data bar. Results are expressed as mean ±
s.e.m. Seed number of neurones 518 ± 6. ap < 0.001 between treat-
ment condition and control wells; bp < 0.001 between 100 ng/ml and
10 ng/ml LIF.
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General Summary
A combination of neuronal growth factors promoted the survival of auditory nerve cells in vitro in a synergistic manner. The neuronal
cytokine leukaemia inhibitory factor (LIF) and the neurotrophin-3 (NT-3) were tested for their ability, individually or in combination,
to promote auditory nerve cells survival. The findings suggest that treatment with LIF supports auditory nerve cell survival in a
concentration-dependent manner, and potentiates NT-3-mediated auditory nerve cells survival in a synergistic fashion. The results
suggest that a combination of several nerve growth factors may provide a better approach than single factor therapy when devel-
oping pharmacological therapies for the treatment of deafness.



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Marzella, P. L.;Clark, Graeme M.;Shepherd, R. K.;Bartlett, P. F.;Kilpatrick, T. J.

Title:
LIF potentiates the NT-3-mediated survival of spiral ganglia neurones in vitro

Date:
1997

Citation:
Marzella, P. L., Clark, G. M., Shepherd, R. K., Bartlett, P. F., & Kilpatrick, T. J. (1997). LIF
potentiates the NT-3-mediated survival of spiral ganglia neurones in vitro. NeuroReport, 8,
1641-1644.

Persistent Link:
http://hdl.handle.net/11343/27559

http://hdl.handle.net/11343/27559

