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Abstract
To gain insight into the mechanisms that control the generation or maintenance of the characteristic
bipolar morphology of cochlear spiral ganglion neurons, we have taken advantage of our recently
developed procedure for culture of dissociated newborn mouse spiral ganglion. In these cultures,
inclusion of the cytokine leukemia inhibitory factor (LIF) in the medium increases neuronal survival
and the number of bipolar neurons. Here we tested effects of two other LIF-type cytokines (ciliary
neurotrophic factor, CNTF; and human recombinant oncostatin M, hOSM) and of bone
morphogenetic protein 4 (BMP4) on survival, morphology and neurite lengths of neurons in cultures
of dissociated spiral ganglion. Like LIF, CNTF and hOSM increased neuronal survival and the
number of surviving bipolar neurons. BMP4 also increased neuronal survival, but unlike LIF, CNTF
and hOSM, increased the number of monopolar neurons and neurons with no neurites. In addition,
population histograms demonstrate that the population lengths of the longer and shorter neurites of
bipolar neurons were shorter in BMP4 containing cultures than in control or LIF cultures. When LIF
and BMP4 were simultaneously added to the cultures, the BMP4 effects predominated. These
experiments demonstrate that exposure to different environmental conditions can result in different
morphologies in the surviving population of spiral ganglion neurons in culture.
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Sound stimulation of auditory hair cells is transduced into electrical signals that are carried to
the brain via the bipolar spiral ganglion neurons. When the hair cells degenerate due to
overstimulation, antibiotics or other drug toxicity, there is an initial loss of a large proportion
of the disconnected spiral ganglion neurons followed by a lengthier time scale of further
degeneration. In the surviving neurons, peripheral processes retract back towards the spiral
ganglion, potentially as far as to the cell soma (Spoendlin, 1975; 1984; Lawner et al., 1997),
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leaving the patient or the research animal hearing impaired or deaf. To partially overcome the
deficit in damaged cochleas, cochlear implant prostheses have been designed to grossly mimic
sound stimulation by generating electric current fields at different sites along the tonotopically
organized cochlear spiral. These fields stimulate the cell soma or central fibers of neurons
whose central fibers are still connected to the brain stem (Rubenstein and Miller, 1999;
Shepherd et al., 2004; Cartee et al., 2006) and function well enough to permit adequate speech
interpretation by implant users. Nonetheless, overlapping electric current fields are thought to
impact the spatial resolution of prosthesis. It has been suggested that interventions aimed at
reducing the distance between the implant and the neuron by inducing regrowth of peripheral
nerve fibers toward the prosthesis would reduce power consumption, confine the spread of the
electric field and thereby improve spatial selectivity (Roehm and Hansen, 2005).

Protection of neuronal survival in vivo is the first requirement for inducing regrowth of nerve
fibers. Application of experimental agents directly to the cochlea, such as GDNF, BDNF,
CNTF, NT3, or exposure to electrical stimulation has been reported to increase neuronal
survival in damaged cochleas (Ernfors et al., 1996; Staecker et al., 1996; Miller et al., 1997;
Mitchell et al., 1997; Ylikoski et al., 1998; Kanzaki et al., 2002; Shinohara et al., 2002; Gillespie
and Shepherd, 2005; McGuinness and Shepherd, 2005; Shepherd et al., 2005). Despite this
documented neuronal protection, there has to date been only limited documentation of regrowth
of nerve fibers in vivo (Bohne and Harding, 1992; Lawner et al., 1997; Miller et al., 1997;
Wise et al., 2005). One reason for this general lack of success may be because nearly none of
the intrinsic biochemical mechanisms spiral ganglion neurons can use to develop or regenerate
bipolar morphology are known. In particular, conditions that are unfavorable for neurite
outgrowth have rarely been examined.

We recently developed a procedure for culture of dissociated newborn mouse spiral ganglion
in order to examine mechanisms that spiral ganglion neurons can use to develop or regenerate
bipolar morphology and to study conditions that are unfavorable for neurite growth (Whitlon
et al., 2006). Using this method, we confirmed the results of Marzella et al (1997; 1999) in the
rat, demonstrating that the cytokine, leukemia inhibitory factor (LIF) increased survival of
plated spiral ganglion neurons. We extended this observation to show that LIF not only helps
to maintain 100% survival of plated neurons in our system, but that this survival is associated
with a preferential increase in the absolute number of bipolar neurons in the culture as compared
with control. LIF is a member of the IL6 family of pleotrophic cytokines that initiate signaling
mechanisms through the gp130 cell surface protein. Here we further the analysis to two other
cytokines, CNTF and hOSM, that also signal through a gp130-LIFRβ heterodimer. In addition,
we compare the effects of BMP4, a growth factor that is present in the cochlea during
development (Oh et al., 1996; Takemura, et al., 1996; Mosli et al., 1998; Cole et a l., 2000; Lie
et al., 2005; Pujades et al., 2006) that, in some systems has been shown to have opposite effects
to those of LIF (Adachi et al., 2005; Bonaguidi et al., 2005).

EXPERIMENTAL PROCEDURES
Animals

Newborn and postnatal day 1 mice, CD-1 strain (Charles River Laboratories, Wilmington MA,
USA) were used. The care and use of the animals in this study were carried out in accordance
with the NIH Guide for the Care and Use of Laboratory Animals and was approved by the
Animal Care and Use Committee of Northwestern University. Every effort was made to
minimize the suffering of research animals and to limit their numbers.
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Cell Culture
Cultures of dissociated spiral ganglion in 96-well plates were prepared as previously described
in detail (Whitlon et al, 2006). Control cultures contained BDNF and NT3 (Promega, Madison,
WI; final concentrations, 8ng/ml each) and 10% heat inactivated Fetal Bovine Serum (FBS).
Experimental cultures additionally included CNTF (EMD Biosciences, La Jolla CA; final: 50–
100ng/ml), LIF (Sigma Aldrich, St. Louis MO; final: 40–100ng/ml), hOSM (EMD
Biosciences; final: 40–100ng/ml), IL6 (40–100ng/ml) and/or BMP4 (R&D Systems,
Minneapolis, MN; final: 25–50ng/ml). Cell cultures were maintained for 4 hours or 42 hours
in 4% CO2/air at 33°C.

Immunocytochemistry
Neurons were identified by immunolabeling with a mouse monoclonal antibody (TuJ1,
Covance, Berkeley, CA) directed against the neuronal form of tubulin – βIII tubulin as
described (Whitlon et al., 2006). The stained 96 well culture plate was examined either by a
Zeiss Axiovert microscope or inverted to observe with an upright Zeiss Axioscope.

Neuronal Survival
Neuronal survival was counted as reported previously (Whitlon et al., 2006). Large clumps of
cells that clearly failed to dissociate were not counted, and this approach did not interfere with
inter-well reproducibility of counts. Otherwise, every labeled cell with a nucleus was counted
as a neuron, without regard to morphology or number of processes. To account for a slightly
different fraction of the spiral ganglion plated in each well in different experiments (0.143 –
0.22 ganglion per well), numbers of neurons labeled per well were normalized to βIII tubulin
+ cells/cochlea as described (Whitlon et al., 2006). A study of survival vs. cell concentration
demonstrated that density effects on survival were constant through this range of cell
concentrations (data not shown).

Neuronal Morphology
Neuronal morphology was assessed by sampling each well, following a predetermined pattern
through the well. When morphology could be clearly assessed, it was scored as monopolar,
bipolar, multipolar, pseudomonopolar or no processes. A process had to be longer than the
diameter of the neuronal soma to be counted. Bipolar neurons were scored solely based on the
number of appropriate length neurites, with no accounting for location of the processes around
the cell soma i.e.: two neurites on the same side of the cell body or two on opposite sides were
both counted as bipolar. A pseudomonopolar cell was defined as having one process that
divided into fairly equal lengths within one cell diameter length from the neuron. Cells that
could not be clearly observed were not counted. Uncounted neurons in clumps did not
significantly affect results, as demonstrated by consistent reproducibility between wells within
each experiment and in results across experiments. The percentages of different morphologies
were calculated from the total number of neurons that were scored unambiguously in each well.
Percentages were then multiplied by the surviving βIII tubulin+ cells /cochlea calculated for
each well to get estimates of the absolute numbers of different morphologies in each well.
Pseudomonopolar and multipolar neurons made up less than 2% of the total number of neurons.
Figure 1 gives examples of monopolar (Fig. 1A) and bipolar (Fig. 1B,D,E,G) morphologies
and neurons with no neurites (Fig. 1C,F,H).

Neurite Length
Neurons were sampled as above for morphology, with only the fibers greater than 25 m
(approximate largest diameter of a neuron) measured. Nerve fibers were classified as F1 (longer
fiber of a bipolar neuron), F2 (shorter fiber of a bipolar neuron) or Fm (fiber from a monopolar
neuron). Each neuron was digitally photographed with a 20X objective and the fibers in the
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resulting picture were measured on the computer monitor with the aid of the software MetaVue.
Cumulative frequency histograms, bin size 50 m starting at bin 25–75 m, were constructed for
each condition in each of 4 (Figure 4) or 3 (Figure 6) experiments. Each histogram was
normalized, with 100% set equal to the total number of sampled neurons. For each condition,
bins were then averaged across experiments and the averages were plotted against the Bin
Center value. Points ±SEM in the graph were drawn as connected curves for clarity. Table I
lists the numbers of nerve fibers measured for Figures 4 and 6.

Digital Imaging
Photographs were taken in color on a Zeiss Axioscope under light or partial Nomarski optics
with a Nikon Digital Camera (DXM1200) at the highest possible resolution (11.6 Megp).
Photographs were edited with the computer programs Photoshop and MetaVue. Editing was
limited to sizing, orientation, minor adjustments to contrast and lighting, and conversion to
grayscale.

Statistics
The computer programs Excel or GraphPad Prism were used to calculate, normalize, average
or plot cumulative frequency histograms (for neurite lengths) and to perform and graph
repeated measures ANOVA’s with HSD test by Tukey (for survival and morphology
calculations). All p values < 0.05 were considered statistically significant.

RESULTS
We previously demonstrated that neuronal survival 42 hour after plating could be increased
when LIF was added to the control conditions of BDNF+NT3+serum. This additional survival
in LIF cultures was associated with an increase in the absolute number of bipolar neurons over
that control cultures (Whitlon et al., 2006). Signaling by LIF is known to be initiated at the cell
surface through the LIFRβ–gp130 receptor. To determine if other cytokines that are known to
function through the LIFRβ-gp130 receptor had similar effects on survival and morphology,
control cultures were additionally exposed to the cytokine CNTF or the cytokine hOSM. Figure
2A shows that both CNTF and hOSM containing cultures demonstrated increased survival of
neurons over control, as seen previously with LIF. In addition, the increased survival with
CNTF or hOSM was associated with an increase in the absolute number of bipolar neurons
(Fig. 2B) and showed smaller effects on the number of monopolar neurons or those with no
neurites (Fig. 2C,D). We also examined the effects of IL6, a cytokine that functions through
the gp130-gp130 homodimer. Data from 11 experiments that compared control survival (βIII
Tubulin + cells/cochlea; 1926±212) to that of cultures that additionally included LIF (2475
±263; p<.001) or the cytokine IL6 (2034±229; p> .05) demonstrated increased survival with
LIF but no significant difference in survival with the inclusion of IL6.

To examine the effects of BMP4 on survival and morphology of spiral ganglion neurons, we
first determined in 6 separate experiments that the 4 hour survival (plating efficiency) in control
cultures was unaltered by inclusion of BMP4 or LIF. For these cultures, the plating efficiency
of LIF and BMP4 cultures were normalized to that of control (set at 100%). The average percent
plating efficiency of all 6 experiments of LIF cultures was 103±3% of control and of BMP4
cultures was 101±5% of the control. Control, LIF and BMP4 cultures were then plated and
maintained for 42 hours. Figure 3 again demonstrates that cultures respond to LIF in a manner
similar to CNTF and hOSM – that is: improved survival at 42 hours (Fig. 3A), an increase in
the number of bipolar neurons over that in control cultures (Fig. 3B), and with smaller or no
effect on monopolar neurons or neurons with no neurites (Figs. 3C, 3D). When control cultures
are additionally exposed to BMP4, survival is also maintained for 42 hours (Fig. 3A). However,
in this case, the increase in survival is associated with an increase in monopolar neurons (Fig.
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3C) and those with no neurites (Fig. 3D), with little or no increase in the number of bipolar
neurons (Fig 3B).

To determine whether BMP4 exerted effects on the lengths of neurites, 1109 neurites were
measured across 4 experiments under control conditions and with the addition of BMP4 or
LIF. The longer (F1) and shorter (F2) neurites of bipolar neurons were separately measured in
addition to the single process emanating from monopolar neurons (Fm). Table I records the
total number of neurites measured for each condition. The population histograms in Figure 4
demonstrate that the populations of either process of the bipolar neurons in BMP4 cultures
were shorter than in control or LIF cultures. The lengths of monopolar neurites were also shorter
in the BMP4 cultures than in the LIF cultures. The effect was smaller when the BMP4 and
control cultures were compared.

We also compared spiral ganglion neurons in control medium containing LIF or BMP4 or with
both LIF and BMP4 (Fig. 3). Figure 3A demonstrates that like cultures with LIF or BMP4,
LIF+BMP4 increased survival over that of control. The number of bipolar neurons is increased
over control in the presence of LIF but not when BMP4 is additionally present (Fig. 3B).
Monopolar neurons are increased significantly over control levels only when BMP4 is present.
(Fig. 3C). The number of neurons with no neurites was significantly elevated over control in
cultures maintained with BMP4, but not with BMP4+LIF (Fig. 3D). In Figure 6, a total of 859
nerve fibers were measured over 3 separate experiments under LIF, BMP4 and LIF+BMP4
conditions. Table I shows the number of each type of nerve fiber measured. The averaged
population histograms in Figure 6 demonstrate that whenever BMP4 was present in the
medium, populations of neurites were shorter than those in cultures containing LIF without
BMP4.

DISCUSSION
In this study, we have exposed spiral ganglion cultures to neurotrophins, LIF-type cytokines
and BMP4 and examined the resulting neuronal survival, morphology and neurite lengths.
Under all conditions, monopolar neurons, bipolar neurons and neurons with no neurites
comprise over 95% of the neurons in the culture. However, the relative contributions of the
different morphologies differs between control, LIF and BMP4 conditions. Specifically, as
compared to control, inclusion of LIF type cytokines increases neuronal survival and results
in an increase in the number of bipolar neurons; while inclusion of BMP4 increases neuronal
survival and results in an increase in the number of monopolar neurons and neurons with no
neurites. In addition, bipolar neurons in BMP4 cultures have shorter neurites than those in
control or LIF cultures.

We have tested three different cytokines-LIF,CNTF and hOSM – that in other cell types signal
through the LIFRβ-gp130 heterodimeric receptor (Turnley and Bartlett, 2000). LIF and hOSM
use the LIFRβ-gp130 receptor directly; CNTF requires the help of an additional binding
protein, CNTFRα (Marz et al., 1999; Turnley and Bartlett, 2000). All three cytokines showed
similar effects on cell survival and morphology, indicating that signaling initiated through the
LIFRβ-gp130 receptor increases neuronal survival and exerts a preferential effect on the
maintenance of bipolar neurons. That CNTF functions at all in this culture system suggests
that the CNTFRα (membrane bound or soluble) is present in the cultures (Marz et al., 1999).
Interestingly, IL6, does not demonstrate similar effects to those of LIF, CNTF or hOSM. This
may be due to a lack of the IL6 binding protein in the cultures (Marz et al., 1999), or a lack of
effect of the IL6 type gp130 homodimeric signaling (Turnley and Bartlett, 2000) on survival
and morphology of spiral ganglion neurons.
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Inclusion of BMP4 in control cultures not only increases neuronal survival and alters the
cellular morphology of the neuronal population, but also results in shorter neurites emanating
from bipolar neurons. Even in the presence of LIF, BMP4 effects predominate. Two main
possibilities present themselves: either BMP4 and LIF affect different populations of neurons,
with BMP4 inhibiting the survival (and hence contribution to the bipolar pool) of LIF
responsive neurons; or both support survival of the same population of neurons, with BMP4
acting as an inhibitor of LIF stimulated neurite outgrowth. With the current system, it is not
possible to return a growing neuron to the time of plating and look at it a second time under
different culture conditions. Thus, there is presently no direct way to determine if LIF and
BMP4 exert morphologic effects on the same or different neurons. Whatever the mechanism,
the result is that while maintaining survival numbers, the characteristics of the in vitro
population shift between predominately bipolar and predominately monopolar and denuded
neurons, depending on the factors included in the medium.

Most neurons in adult spiral ganglia in vivo are bipolar. Yet these spiral ganglion cultures
return a mix of neuronal morphologies. The aim in cell culture is to induce neurons to regrow
their neurites in an observable and quantifiable way. However, this entails the use of a
reconstructed environment that by definition has to be different from that from which the
neurons were removed, as well as different from that encountered during the initial
developmental period. In the broader framework of trying to understand the mechanistic
controls on bipolar morphology and neurite growth, the initial mixture of different
morphologies we observe in our cultures becomes an advantage to exploit experimentally. For
example: Can monopolar neurons be encouraged to regrow the missing axon? Such a mixture
may also have some relevance to the in vivo situation in damaged cochleas, when hair cells
degenerate and the disconnected peripheral neurites retract toward the cell soma. In particular,
if the central axon remains connected to the brain stem, as cochlear implant function would
indicate, then during peripheral neurite retraction the neuron can potentially arrive at a state
similar to the monopolar neurons in our cultures. The use of bipolar morphology and neurite
length as endpoints in our morphologic assay will allow us to examine possible biochemical
and other interventions that can shift predominately monopolar populations to bipolar
populations of spiral ganglion neurons, a conversion that may have implications in the whole
animal.

In other tissues, both LIF and BMP4 exert effects on renewal and differentiation of neural stem/
progenitor cells (Bonaguidi et al., 2005; Bauer and Patterson, 2006; Chen and Panchision,
2006). However, preliminary studies in our laboratory failed to observe BrDU labeled neurons
under any of our culture conditions (D.S. Whitlon, unpublished), suggesting that the surviving
neurons were not derived from cell division. Further, although it can be assumed from prior
studies that neurotrophins act directly on the neurons, the present studies do not address the
identity of the initial target cells for BMP4 or LIF. This a relevant question given the mixed
composition of the dissociated cultures. In other tissues, both LIF type cytokines and BMPs
exert effects on multiple cell types (Murphy, 1997; Dowsing et al., 1999; Turnley and Bartlett,
2000). Although it is possible that these factors directly bind neurons, it is also conceivable
that survival or neurite growth effects of LIF and/or BMP4 are exerted through initial effects
on non-neural cell types.

One of the many questions yet to be answered about the regrowth of spiral ganglion neurites
is whether the two bipolar neurites are equivalent or different in vitro. In vivo, both processes
of spiral ganglion cells are morphologically axons, and in fact there is very little to differentiate
them in situ other than their position and a small narrowing at the initiation of the peripheral
neurite (Brown et al., 1988; Goycoolea et al., 1990). Interestingly, we find that bipolar neurons
in culture are not, in general, symmetrical with respect to neurite size. One neurite is usually
longer than the other. Under control conditions, 50% of the longer neurites of bipolar neurons
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are longer than 150 μm, while only 15% of the shorter neurites of bipolar neurons are longer
than 150 μm. It might seem reasonable that this difference in length represents differences in
neurite identity and that the neurite emanating from the monopolar neurons, since similar in
size, are similar in identity to the longer neurites of bipolar neurons. While this may ultimately
be proven true, there is evidence in other neuronal cell types that the microtubules defining
neurites are nucleated at the centrosome (Ahmad and Baas, 1995), which in cerebellar granule
cells alternates between different sides of the cell soma to extend growth of different axons
(Zmuda and Rivas, 1998). Therefore, without specific markers for peripheral or central fibers,
it cannot yet be known whether the sizes of the neurites are statistical results of the position of
the centrosome or are actually manifestations of differential neurite identities.

In the present work, we use LIF-type cytokines and BMP4 as triggers to our final endpoints –
changes in survival, morphology or neurite length. The purpose is to initiate cellular
mechanisms that promote or fail to promote neurite growth and to make them visible enough
to measure and analyze. Although this work does not address any issues surrounding the
possible use of LIF-type cytokines or BMP4 as therapeutic agents in vivo, these factors are
known to be endogenous to the cochlea during development or after tissue damage (Oh et al.,
1996; Takemura et al., 1996; Malgrange et al., 1998; Morsli et al., 1998; Cole et al., 2000; Cho
et al., 2004; Li et al., 2005; Pujades et al., 2006). Whether there are times in development or
damage that BMP4 or LIF-like mechanisms can come into play in regulating neuronal
morphology, neuronal development or neurite growth are questions for further study.
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List of Abbreviations
BDNF  

Brain derived neurotrophic factor

BMP4  
Bone morphogenetic protein 4

CNTF  
Ciliary neurotrophic factor

CNTFRα  
Ciliary neurotrophic factor receptor alpha

FBS  
Heat inactivated fetal bovine serum

F1  
Longer neurite of bipolar neuron

F2  
Shorter neurite of bipolar neuron

Fm  
Neurite of monopolar neuron

hOSM  
Human recombinant oncostatin M
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IL6  
Interleukin 6

LIF  
Leukemia Inhibitory Factor

LIFRβ  
Leukemia Inhibitory Factor Receptor Beta

NT3  
Neurotrophic factor 3
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Fig. 1.
Examples of neurons of different morphology immunolabeled with mouse anti-βIII tubulin
(TuJ1). A) monopolar neurons; B,D,E,G) Bipolar neurons; C,F,H) neurons with no neurites.
Scale bar = 20 μm.
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Fig. 2.
Effect of CNTF and hOSM on neuronal survival and morphology after 42 hours in culture.
Control cultures contained BDNF, NT3 and serum. Cytokine cultures additionally contained
either CNTF or hOSM. A) Inclusion of CNTF or hOSM increases survival and B) the number
of bipolar neurons in the culture over that in control cultures. C) The differences in the numbers
of monopolar neurons or D) those with no neurites are not statistically significant. Numbers
represent the averages ± SEM of the means from 3 experiments, 2–3 wells per condition per
experiment. Neurons in each well are normalized to surviving βIII tubulin +cells/cochlea as
described in the methods (left Y axis). On the right Y axis, survival is related to the total number
of spiral ganglion neurons in the newborn cochlea (8240, Whitlon et al., 2006, see methods).
The p values compare each cytokine culture to the control culture. *p<0.05.
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Fig. 3.
Effect of LIF and BMP4 on neuronal survival and morphology after 42 hours in culture. Control
cultures contained BDNF, NT3 and serum. Compare these with cultures that additionally
contained LIF, BMP4 or LIF+BMP4. A). Inclusion of either LIF, BMP4 or LIF+BMP4
increased survival over that in control cultures. B) LIF cultures had more bipolar neurons than
control cultures. C) There were more monopolar neurons in cultures containing BMP4 or LIF
+BMP4 than in control; and D) BMP4 increased the numbers of neurons with no neurites of
control levels. Numbers represent the averages ± SEM of the means from 3 experiments, 2–4
wells per condition per experiment. Neurons in each well are normalized to surviving βIII
Tubulin +cells/cochlea as described in the methods (left axis) and their survival is related to
the total number of spiral ganglion neurons in the newborn cochlea on the right Y axis. The p
values compare the LIF, BMP4 or LIF+BMP4 conditions to the control cultures. *p<0.05;
**p<0.01; ***p<0.001.
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Fig. 4.
Normalized, cumulative histograms (bin size 50 m) compare the lengths of neurites after 42
hours in control cultures containing BDNF, NT3 and serum (open circles) with cultures that
additionally contain LIF (open triangles) or BMP4 (closed squares). A) Comparison of the
longer neurites of bipolar neurons, F1. B) Comparison of the shorter neurites of bipolar neurons
F2. C) Comparison of the neurites from monopolar neurons. In all conditions, the populations
of nerve fibers in BMP4 cultures are shorter than those in Control or LIF cultures. Numbers
represent the averages ± SEM of normalized, cumulative histograms from 4 experiments, 2–
4 wells analyzed per condition in each experiment. Points on the graph are connected for clarity.
Refer to Table I for the numbers of neurites counted.
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Fig. 5.
Normalized, cumulative histograms (bin size 50 m) compare the lengths of neurites after 42
hours in LIF (closed triangles), BMP4 (closed squares) and LIF+BMP4 (closed circles)
cultures. All cultures contain BDNF, NT3 and serum. BMP4 inclusion inhibits the lengths of
neurites even in the presence of LIF. A) Comparison of the longer neurites of bipolar neurons,
F1. B) Comparison of the shorter neurites of bipolar neurons F2. C) Comparison of the neurites
from monopolar neurons. In all conditions, the populations of nerve fibers in LIF+BMP4
cultures are similar in length distributions to those in BMP4 cultures and shorter than those
LIF cultures. Numbers represent the averages ± SEM of normalized, cumulative histograms
from 3 experiments, 2–3 wells analyzed per condition in each experiment. Points in the graph
are connected for clarity. Refer to Table I for the numbers of neurites counted.
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Table I
Numbers of nerve fibers measured for A) Figure 4 and B) Figure 5. F1 – longer fiber of a bipolar neuron; F2-shorter
fiber of a bipolar neuron; Fm-fiber from a monopolar neuron.

A. F1 F2 Fm
Control 70 70 312
LIF 89 89 193
BMP4 35 35 216
Total, 4 experiments; 1109 nerve fibers counted
B. F1 F2 Fm
LIF 68 68 98
BMP4 41 41 282
LIF+BMP4 54 54 153
Total, 3 experiments; 859 nerve fibers counted.
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