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Abstract
The environment of the adult CNS prevents axonal regeneration after injury. This inhibition of axonal
regeneration can be blocked by elevating cAMP. Previously, we showed that the cAMP pathway can
be activated via pre-treatment with neurotrophins and requires activation of several signaling
pathways which converge at activation of the transcription factor, CREB. Here, we show that
calcium/calmodulin-dependent kinase IV (CaMKIV) is necessary for the neurotrophin-induced
phosphorylation of CREB and the block of myelin-mediated inhibition of axonal growth.
Pharmacological inhibition of CaMKIV or over-expression of a dominant-negative mutant form of
CaMKIV blocks the neurotrophin effect. Interestingly, CaMKIV activation is not necessary if cAMP
levels is already elevated. Finally, calcium flux from intracellular stores is necessary for this CaMKIV
signaling. These results demonstrate that CaMKIV is another player in the neurotrophin-induced
signaling which leads to axonal regeneration and therefore, is a potential target for therapeutic
intervention following injury to the adult CNS.

Introduction
Neurons that are injured following damage to the adult mammalian nervous system are unable
to regenerate their severed axons. This is due, in part, to the presence of myelin-associated
inhibitors of regeneration and formation of a glial scar (Filbin, 2003; Yamashita et al., 2005).
To date, three known myelin-associated inhibitors have been identified, which are myelin-
associated glycoprotein (MAG) (McKerracher et al., 1994; Mukhopadhyay et al., 1994), Nogo
(Chen et al., 2000; GrandPre et al., 2000; Prinjha et al., 2000) and oligodendrocyte-myelin
glycoprotein (OMgp) (Kottis et al., 2002; Wang et al., 2002). A number of studies have shown
that inhibition by all the myelin-associated inhibitors is blocked by elevating cAMP and as a
consequence, regeneration is promoted both in vitro (Cai et al., 1999) and in vivo (Neumann
et al., 2002; Qiu et al., 2002). Elevation of cAMP can be accomplished in several ways,
including: application of nonhydrolysable analogues such as dibutyryl-cAMP (db-cAMP)
(Andersen et al., 2000; Cai et al., 1999; Monsul et al., 2004; Neumann et al., 2002; Qiu et al.,
2002), by inhibition of the enzymes that degrade cAMP, phosphodiesterases (Nikulina et al.,
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2004; Pearse et al., 2004) or by pre-treatment of neurons with neurotrophins (“priming”) (Cai
et al., 1999).

We have shown that this cAMP-dependent block of axonal inhibition involves activation of
the transcription factor, CREB. Further evidence suggests that when priming neurons with
neurotrophins, such as BDNF, the block of MAG-mediated axonal inhibition requires a
“threshold” of CREB activation which requires the activity of not only PKA but also PI3K,
Erk and CaMK (Gao et al., 2004). Blocking any one of these pathways greatly reduces, but
does not eliminate, activation of CREB by BDNF. However, if the signaling of any one of
these pathways is disrupted, the improved axonal growth associated with the priming effect is
lost (Cai et al., 1999; Gao et al., 2004; Gao et al., 2003). Therefore, the simultaneous activation
of each one of these pathways by BDNF is essential to reach the threshold level of CREB
activation necessary for overcoming the MAG-mediated block of axonal regeneration. What
is not known, however, is if these signaling pathways work in sequence or in parallel to
encourage regeneration in an inhibitory environment. Of particular interest is the role of CaMK
in this phenomenon because, as the name implies, calcium is required to activate this enzyme
and calcium has been implicated both in the repulsive turning of growth cones in response to
MAG as well as in the signaling paradigms which can change axon repulsion to attraction.

The CaMKs have been shown to mediate many signaling events in the CNS including
activation of certain adenylyl cyclases (Shaywitz and Greenberg, 1999; Wong et al., 1999) and
activation of CREB (Bito et al., 1996; Enslen et al., 1994; Finkbeiner et al., 1997; Matthews
et al., 1994; Shaywitz and Greenberg, 1999; Sun et al., 1994). These mechanisms are believed
to mediate a variety of neuronal/brain functions such as longterm potentiation (Bach et al.,
1995; Giese et al., 1998; Mayford et al., 1996; Silva et al., 1992a; Silva et al., 1992b), synaptic
plasticity and learning and memory (Shaywitz and Greenberg, 1999; Wei et al., 2002). The
CaMKs consist of a family of at least seven members, of which CaMKII and CaMKIV have
been shown to play roles in neuronal signaling. Although we have already shown that a CaMK
is involved in the ability of BDNF to overcome inhibition by MAG, we do not know if CaMKII
or CaMKIV is responsible for this effect as the pharmacological inhibitor we used blocks both.
In addition, we do not know the source of the calcium released in response to BDNF to activate
CaMK and if BDNF activates CaMK, PKA and ERK in parallel or sequentially to overcome
inhibition by MAG.

Here, we show that it is activation of CaMKIV which is necessary for the neurotrophin-induced
CREB activation and subsequent block of MAG-mediated inhibition of neurite outgrowth. We
also show that this CaMKIV-mediated effect is dependent on calcium flux from intracellular
stores and that BDNF activates CaMKIV via a parallel signaling pathway, separate from that
of PKA and ERK. This is the first time that calcium has been implicated in the signaling which
leads to overcoming MAG-mediated inhibition of axonal regeneration.

Results and Discussion
CaMKIV is necessary for the BDNF-induced priming effect but not the db-cAMP block of
axonal inhibition

In order to address the role of CaMK (and indirectly, the role of calcium) in overcoming
inhibition by MAG, we first confirmed that the CaMK inhibitor, KN62, was able to attenuate
the phosphorylation of CREB by BDNF and block completely its ability to overcome inhibition
(Fig. 1A and B). A significant increase in CREB phosphorylation was observed in cerebellar
(Fig. 1A) and dorsal root ganglion (data not shown) neurons following exposure to BDNF. In
addition, our findings show that while CaMK inhibition alone has no effect on basal levels of
CREB phosphorylation, KN-62 is indeed sufficient to abrogate the BDNF-induced increase in
CREB phosphorylation in these same neurons. In sharp contrast, however, KN62 had no effect
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on the ability of db-cAMP to activate CREB. Figure 1A shows that CREB is phosphorylated
in response to db-cAMP as effectively with or without KN62. Consistent with this, KN62 also
has no effect on the ability of db-cAMP to overcome inhibition by MAG; neurons on MAG-
expressing cells in the presence of db-cAMP, either with or without KN62, extend neurites as
long as on the control cells not expressing MAG (Fig. 1B). Hence, we find that blocking the
activity of CaMKIV does indeed interfere with the BDNF-induced priming effect, via a
mechanism which works either upstream or in parallel to the cAMP-elevation step.

Inhibition of CaMK activity has no effect on young neurons' ability to grow on MAG
Previously, we showed that axon growth by a variety of young neurons, either embryonic or
neonatal, depending on the neuron type, are not inhibited by MAG or myelin (Cai et al.,
2001; DeBellard et al., 1996). With development, however, each neuronal type switches their
response to MAG and become strongly inhibited. Furthermore, the ability of these young
neurons to grow in an inhibitory environment and indeed to spontaneously regenerate in vivo,
is due to higher endogenous cAMP levels than in their older post-natal counterparts (Cai et al.,
2001). For most neurons, this switch has occurred by birth, however, dorsal root ganglion
neurons (DRG) switch their responsiveness and show a decrease in endogenous cAMP levels
postnatally, at about day 3 or 4 after birth. Therefore, we wanted to assess whether CaMK plays
any role in the ability of these young neurons to grow in an inhibitory environment, a situation
where cAMP levels are already endogenously elevated. Figure 2 shows that post-natal day 1
(PND1) DRG neurons are not inhibited by MAG; they grow as well on the MAG-expressing
CHO cells as they do on the control cells not expressing MAG. When CaMK is inhibited by
the addition of KN62, there is no change and the young neurons are still not inhibited by MAG.
These results are consistent with what we suggest above, namely, that when cAMP is elevated,
activation of CaMK is not necessary for the induction of axonal growth in an inhibitory
environment. Previous work from our lab has shown that blocking either PKA or ERK also
blocks both the neurotrophin priming-induced and dbcAMP-induced CREB phosphorylation
resulting in a block of axonal growth inhibition in older neurons (Gao et al., 2003). This
suggests that their effects are downstream from the signaling step that induces the elevation of
endogenous cAMP levels. However, unlike these enzymes, CaMK inhibition has no effect on
these phenomena once cAMP levels have been elevated via application of db-cAMP or as
shown here, in young DRG neurons (Fig.2). These findings concur with the work of Finkbeiner
and colleagues who found that CREB activation and transcription can be induced in cortical
neurons by application of BDNF and that this effect is CaMKIV-dependent (Finkbeiner et al.,
1997). Furthermore, this previously published work also suggests that the BDNF-induced
signaling may bifurcate and regulate both CaMKIV and ERK-dependent signaling, as we find
is also the case in the neurotrophin-induced priming effect. These findings, while surprising,
provide some insight into the precise “location” of CaMKIV in this regeneration-promoting
signaling pathway and opens the door for further investigation of this pathway: it is not, as is
the case with PKA and ERK, downstream of cAMP, so therefore, it must be either upstream
or working in parallel.

The activation of CaMK and cAMP by BDNF is in parallel, not sequential:
Previously, we showed that the elevation of cAMP and consequential activation of PKA by
BDNF is brought about by the inhibition of phosphodiesterase 4 (PDE4) by activated Erk
(Nikulina et al., 2004). To test if CaMK is upstream from cAMP, we measured the activation
of Erk and the levels of cAMP in response to BDNF, with and without KN62. As reported
before by us and others, BDNF activates ERK, and the presence of KN62 has no effect on this
activation (Fig.3A). Consistent with this and with our working hypothesis that BDNF must
activate Erk to bring about the increase in cAMP, the CaMK inhibitor has no effect on the
increase in cAMP levels in neurons in response to BDNF; with or without KN62, BDNF
induces approximately a 2-fold increase in cAMP levels (Fig.3B). These results strongly
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suggest that BDNF activates CaMK and elevates cAMP in parallel but both events are
necessary for priming with BDNF to block inhibition by MAG. Furthermore, we also reported
that induction of all three enzymes (PKA, ERK and CaMK) is necessary for CREB activation
and the resulting improvement in axonal growth, for if any one of these enzymes is inhibited,
the BDNF-induced priming effect is lost (Gao et al., 2004); unpublished results, Spencer and
Filbin). Thus, we hypothesize that treatment of primary neurons with BDNF induces a multi-
faceted signaling cascade which converges on CREB phosphorylation and activation. In this
scenario, a “threshold level” of CREB activation is necessary for the induction of transcription
required to overcome inhibition by MAG.

CaMK signaling is dependent on calcium release from intracellular stores
As the name implies, CaMK requires an influx of calcium to the cytoplasm and induction of
the calcium/calmodulin complex to be activated. Therefore, if BDNF is activating this enzyme,
it must induce a calcium flux. Increased cytosolic calcium can be achieved by either influx
from the extracellular space, through voltage-sensitive channels or certain glutamate receptor
channels, or from internal stores via inositol-1,4,5-trisphosphate (IP3)-sensitive channels.
Since the mode of calcium flux can often determine the intracellular signaling response which
results from CaMK activation (Berridge, 1998), we wanted to know which source of calcium
was responsible for mediating the BDNF effect and activating CaMK. To address this issue,
inhibitors of glutamate NMDA channels (2-amino-5-phosphonovaleric acid, APV), of voltage-
gated channels (nimodipine and nifedipine) or of IP3 channels (2-Aminoethoxydiphenyl
borate, 2-APB) were each included during priming of DRG neurons with BDNF and the effect
on neurite outgrowth and activation of CREB was assessed. Of the three types of inhibitors,
only the IP3 channel inhibitor, 2-APB, blocked the ability of BDNF to both overcome inhibition
by MAG and to activate CREB (Fig. 4A and B). From these results we conclude that BDNF
induces a flux of calcium from internal stores via IP3-sensitive channels. This mode of flux is
in agreement with previous work which reported that treatment of cortical neurons with BDNF
can induce CREB activation in a PLCγ-dependent manner (Finkbeiner et al., 1997). If indeed
PLCγ is activated and necessary in the priming paradigm, we would then expect calcium flux
to be via IP3 channel-mediated release from intracellular stores. This is particularly interesting
given that this is the first time that calcium flux of any sort— particularly from intracellular
stores—has been implicated in the block of MAG-mediated inhibition of axonal growth.

Dominant-negative CaMKIV blocks the neurotrophin-induced priming effect while a
constitutively-active mutant can mimic it

While these experiments provide evidence to suggest that a calcium/calmodulin-dependent
kinase is indeed involved in the neurotrophin-induced priming of primary neurons, they do not
distinguish between the effects of CaMKII versus CaMKIV, as KN62 blocks both. To address
this question directly and to complement the pharmacological data, a dominant-negative (DN)
protein specific for CaMKIV (“kinase activity dead”) was expressed in neurons. In addition,
a constitutively-active (CA) form of CaMKIV, consisting of a truncated version of the protein
which does not require Ca2+/calmodulin binding, was also used. The cDNAs for these proteins
were placed in adenoviral vectors, along with green fluorescent protein (GFP) as a reporter
(Fig.5A-C). As a control, vectors with only GFP were used. DRG neurons were infected with
the various viruses and left for 24 hours to allow expression of the transgenes. The neurons
infected with the DN-CaMKIV virus were then primed with BDNF before being transferred
to MAG-expressing or control cells for the neurite outgrowth assay. For neurons expressing
CA-CaMKIV, neurons were transferred immediately to the MAG or controls cells and the
neurite outgrowth assay was carried out.

Neurons infected with the DN-CaMKIV-containing viruses were still inhibited by MAG even
after priming with BDNF (Fig.5D). In sharp contrast, neurons infected with the CA CaMKIV-
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containing viruses were not inhibited by MAG even without priming with BDNF; the neurons
extended neurites of equivalent length on the MAG-cells as on the control cells (Fig.5D). These
results indicate that it is indeed CaMKIV that is involved in the ability of priming with BDNF
to overcome inhibition by MAG.

The finding that a constitutively-active mutant CaMKIV is sufficient to mimic the priming
effect, even in the absence of exogenous treatment, was particularly surprising given that we
believe that in response to BDNF CaMK, as well as PKA and ERK, all need to be activated in
order to reach the threshold of CREB phosphorylation required to overcome inhibition. One
hypothesis to explain this phenomenon may lie in the unique nature of the CaMKIV enzyme.
CaMKIV is activated by both Ca2+/calmodulin binding and a CaMK kinase (CaMKK)-
mediated phosphorylation event (reviewed in (Soderling and Stull, 2001)). Activation by
CaMKK-mediated phosphorylation can lead to prolonged CaMKIV activation, even in the
absence of elevated calcium levels and may be necessary to induce gene transcription (Enslen
et al., 1994; Enslen et al., 1995). In addition, it has been proposed that autophosphorylation of
an autoinhibitory domain may mediate the availability of CaMKIV as a substrate for CaMKK
(Chatila et al., 1996; Okuno et al., 1995). Thus, overexpression of a constitutively-active
CaMKIV moiety may mimic this calcium-independent activation and signaling which may
facilitate further activation of endogenous CaMKIV by CaMKK due to relief of inhibition by
autophosphorylation. Therefore, continuous activation of CaMKIV by the constitutively-active
mutant may, itself, be sufficient to reach the “threshold” CREB activation, even in the absence
of additional signaling.

The functional relevance of CaMKIV activity
The induction of the improved axonal growth on the inhibitory substrate observed in neurons
which have been primed with BDNF appears to occur in two stages. The first is a rapid induction
of the primary signaling components such as cAMP, PKA and ERK. To this list, we can now
add the calcium/calmodulin-dependent kinase. However, while we believe we know precisely
how and where these other components fit in the signaling cascade, the role of CaMKIV appears
to be a bit more enigmatic. It does not seem to mediate the BDNF-induced elevation of cAMP
levels. In addition, CaMKIV activation in response to BDNF is not necessary for the
phosphorylation and activation of the extracellular signal regulated kinase (ERK), itself a
necessary step in the activation of CREB, cAMP elevation and the block of MAG-mediated
inhibition of axonal regeneration. Thus, while we have not yet pinpointed the precise position
and role of CaMKIV in the neurotrophin-induced priming effect, we can say that it is not
upstream of cAMP elevation and nor is it downstream of cAMP elevation, but rather, must
exist in a separate and parallel pathway which leads from BDNF binding to the Trk B receptor
to the phosphorylation and activation of CREB and the subsequent induction of transcription.
We can, however, say that the elevation of intracellular calcium levels in response to treatment
of neurons with BDNF is dependent on flux from intracellular stores and that this pathway is
necessary for both CREB phosphorylation and the improved axonal growth on an inhibitory
substrate.

It has been reported by others that MAG can also induce spatially-localized calcium flux from
intracellular stores and provoke axonal growth cone repulsion (Henley et al., 2004), an effect
often considered analogous to axonal growth inhibition. While this may suggest a theoretical
contradiction, there are several key differences in the mode of activity of these two phenomena.
First, Henley et al. find that this flux occurs exclusively in the growth cone and is limited to
the side of the cone nearest the MAG gradient and, thus, appears to be a transient and localized
effect more likely to regulate cytoskeletal rearrangement than gene transcription. Furthermore,
growth cone guidance effects occur in the order of minutes rather than hours, as is the case
with axonal regeneration. Hence, it is highly probable that the immediate effects of intracellular
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calcium flux are transient and independent of novel gene transcription. Therefore, the
difference in the growth cone repulsion and axonal regeneration inhibition effects of MAG
appears to be that of acute versus chronic responses to the same signaling agent. But while
both axonal repulsion by MAG and the BDNF-induced block of axonal inhibition depend on
fluctuations in intracellular calcium levels and cAMP concentrations (Henley et al., 2004;
Hong et al., 2000; Ming et al., 1997; Ming et al., 2002; Song et al., 1997), we believe that they
differ dramatically in the signaling cascades which they activate and while the former effect
occurs quickly and appears to be transient, the latter requires some hours for complete induction
(Spencer and Filbin, unpublished observations) and requires new gene transcription.

In summary, we propose a model in which CaMKIV is a necessary component of the BDNF-
induced priming effect and that activation of this kinase is mediated by the release of calcium
from intracellular stores. The activation of CaMKIV is simultaneous and in parallel to that of
PKA and ERK, with all three activities combining to produce sufficient CREB
phosphorylation/activation such that the transcription of further downstream effectors, such as
arginase I (Cai et al., 2002), can produce a block of the MAG-mediated inhibition of neurite
outgrowth. These signaling pathways are similar to that observed in synaptic plasticity and
long term potentiation and may suggest a similar mechanism which governs both neuronal
paradigms as well as revealing a new potential target for therapeutic intervention for
encouraging axonal regeneration following injury.

Materials and Methods
Priming with BDNF and the Neurite Outgrowth Assay

Cerebellar and DRG neurons were isolated and 5 × 105 neurons/per well in a poly-L-lysine-
coated 24-well dish were primed overnight with 200ng/ml BDNF with 10μM KN62, 100μM
2-APB, 10μM Nimodipine, 10μM Nifedipine or 100μM APV, included where indicated, as
previously described (Cai et al., 1999). Confluent monolayers of MAG-expressing or control
CHO cells were established over a 24-hour period in individual chambers of an eight-well
tissue culture slide (Lab-Tek) and co-cultures were established as described previously
(Doherty et al., 1990; Mukhopadhyay et al., 1994) by tryspinizing the primed neurons and
transferring them in Sato to the CHO monolayers. After 16–18 hours at 37°C, the co-cultures
were fixed for 30 minutes with 4% paraformaldehyde, and permeabilized with ice-cold
methanol for 2 minutes. Blocking was performed with DMEM containing 10% goat serum for
30 minutes and the neurons were then incubated overnight with a monoclonal antibody against
βIII tubulin (1:1000; Covance). The cultures were washed with PBS and incubated with
biotinylated goat anti-mouse IgG antibody (1:500; Amersham) for 30 minutes and finally, with
streptavidin-conjugated Texas Red (1:500; Amersham). The length of the longest neurite per
neuron was measured for at least 200 neurons per well using the Compix image analysis
software. All animal protocols were approved and supervised by the Hunter College IACUC
board.

CREB Activation/Phosphorylation
5 × 106 neurons were starved in DMEM for 2 hours in 6-well poly-L-lysine-coated plates and
then treated for 30 minutes at 37°C with 1mM db-cAMP or 200ng/ml BDNF with 10μM
KN-62, 10μM nimodipine, 100μM APV or 100μM 2-APB, as indicated. Neurons were lysed
in 2% SDS sample buffer 10-20μg protein were loaded per well onto a 10% polyacrylamide
gel. Separated proteins were then transferred onto a PVDF membrane (Millipore), incubated
with rabbit anti-phosphorylated CREB (Ser133) antibody (1:1000; Cell Signaling) overnight
at 4°C. Blots were washed 3 times with PBS-Tween20 and incubated for 1hour at room
temperature with shaking in HRP-linked goat anti-rabbit IgG antibody (Cell Signaling) at a
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dilution of 1:2000. Visualization of the proteins was performed using the ECL
chemiluminescence kit (Amersham).

Quantification of cAMP Levels
Cellular cAMP levels were quantified using the BIOMOL Format A cAMP “PLUS” EIA kit
(BIOMOL). Neurons were plated onto 6-well poly-L-lysine-coated plates and allowed to
adhere overnight at 37°C. The neurons were starved for 2 hours in DMEM and then treated
for 30 minutes with 200ng/ml BDNF and/or 10μM KN-62. Cells were lysed with 0.1M HCl
and cAMP quantitated as described by the manufacturer.

Recombinant Adenovirus and neuron Infection
Recombinant adenovirus containing CaMKIV mutant constructs were constructed by sub-
cloning the cDNAs (kindly provided by Dr. Talal Chatila of the Mattel Children's Hospital,
UCLA) into pTRACK CMV and then inserting it by homologous recombination into
pAdeasy-1 and the viral preparation and purification was carried out as described (He et al.,
1998). DRG neurons were plated onto poly-l-lysine coated 24-well plates and infected with
adenovirus at 100 Fluorescent units (Fu) / cell. After overnight culture neurons were either
primed with neurotrophins or transferred directly to monolayers of CHO cells and fixed and
stained as described above. Neurite length was measured only from those neurons that were
both βIII tubulin and GFP positive.
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Figure 1. Calcium-calmodulin kinase activity is necessary for the BDNF-induced priming effect
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(A) Cerebellar granule neurons (CGNs) were treated with or without BDNF, db-cAMP and/
or KN-62 and phosphorylation of CREB was assessed by western blot analysis. (B) CGNs
were primed with or without BDNF and grown in the presence (grey bars) or absence (black
bars) of MAG and with or without db-cAMP. Data shows the mean length (as a percent of
control) for the longest neurite per neuron (±SEM) for 175-200 neurons and represents a
composite of 3 separate experiments.
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Figure 2. CaMK activation is not necessary for the improved axonal outgrowth from uninhibited
neurons
DRG neurons from post-natal day 1 (PND1) rat pups were grown on monolayers of control
(black bars) or MAG-expressing (grey bars) CHO cells with or without KN-62. Results indicate
the mean length (as a percent of control) for the longest neurite per neuron (±SEM) for 175-200
neurons and represent a composite of 3 separate experiments.
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Figure 3. CaMK activation does not regulate ERK signaling or cAMP elevation following BDNF
treatment
(A) Phosphorylation of ERK1/2 in rat PND5 CGNs was assessed by western blot analysis in
response to treatment with BDNF and/or KN-62. Blocking CaMK activation with KN-62 has
no effect on the increase in ERK1/2 phosphorylation in response to BDNF. (B) Primary CGNs
were treated with or without BDNF and/or KN-62 and cAMP levels (±SEM) were assessed by
ELISA. Data represents results from 3 independent experiments.
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Figure 4. Identification of the mode of calcium flux which mediates the CaMK effect
(A) Rat PND5-8 CGNs were treated with or without BDNF and one of the following calcium
flux inhibitors: 2-APB, APV or nimodipine. Only the IP3-channel inhibitor, 2-APB, inhibited
the BDNF-induced CREB phosphorylation. (B) CGNs were primed with BDNF in the presence
or absence of these inhibitors and grown on MAG-expressing (grey bars) or control (black
bars) CHO cells. The only inhibitor that blocked the BDNF-induced priming effect was the
IP3-channel inhibitor, 2-APB. Histograms show the mean length (as a percent of control) for
the longest neurite per neuron (±SEM) for 175-200 neurons and represent a composite of 3
separate experiments.
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Figure 5. Adenoviral vectors encoding mutant forms of CaMKIV
(A-B) PND5-8 rat DRG neurons were infected with mutant CaMKIV-containing adenovirus
(including a GFP reporter) prior to priming and neurite outgrowth. (C) Infected DRG neurons
were identified as cells which were positive for both GFP and βIII tubulin (arrows). DRG
neurons which were not infected (arrowheads) and infected non-neuronal cells (asterisks) were
not counted. (D) Following infection, DRG neurons were primed with or without BDNF and
grown on MAG-expressing (grey bars) or control (black bars) CHO cells. DRG neurons
infected with a dominant-negative CaMKIV (DN) were unable to be primed with BDNF. Cells
infected with constitutively-active CaMKIV (CA) extended axonal processes as long as that
on control cells even in the absence of BDNF. Results show the mean length (as a percent of
control) for the longest neurite per neuron (±SEM) for 175-200 neurons and represent a
composite of 3 separate experiments.
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