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Spinal cord injury is a long-lasting, debil-
itating condition that affects �250,000
people in the United States. Spontaneous
functional recovery after human spinal
cord injury is limited because of severe ax-
onal damage and poor axonal regenera-
tion. Hence, a major area of focus has
been to preserve and optimize the con-
ductivity of the spared but demyelinated
axons that survive the initial insult.

Myelin is indispensable for efficient
saltatory conduction in axons and the
maintenance of their healthy state. There-
fore, a number of treatments after experi-
mental spinal cord injury have strived to
achieve remyelination by transplanting
cells capable of forming myelin and en-
sheathing axons. Although these strate-
gies improved functional recovery when
delivered acutely after injury, more
chronic application produced fewer no-
ticeable improvements (Eftekharpour et
al., 2008). This raises questions about
whether demyelination exists in axons capa-
ble of some activity chronically after injury,
and whether conduction deficits in these ax-
ons contribute to functional impairments.
Before therapies can be advanced, these ba-
sic questions need to be resolved.

A recently published study by Lasiene
et al. (2008) examined the myelin status

and simulated functional properties of
spared axons chronically after injury.
They studied actively transporting rubro-
spinal tract (RST) axons in C57BL/6 mice
at select time points after contusive spinal
cord injury. The authors defined actively
transporting axons by Fluoro-Ruby and
biotinylated dextran amine (BDA) label-
ing [Lasiene et al. (2008), their Fig. 1
(http://www.jneurosci .org/cgi /content/
full/28/15/3887/F1)]. Several methods
were used to examine myelin indices, in-
cluding comparing g-ratios (axon diameter/
total fiber diameter) and measurements of
internode length on anterogradely labeled
axons. As stated by the authors, it is often
difficult to investigate demyelinating pa-
thologies using standard myelin stains
[Lasiene et al. (2008), their Fig. 3H (http://
www.jneurosci.org/cgi/content/full/28/15/
3887/F3)]. Therefore, they used the distri-
bution of the paranodal protein contactin-
associated protein (CASPR) and the
voltage-gated Kv1.2 ion channel normally
found in the juxtaparanodal regions as mea-
sures of myelin integrity.

Lasiene et al. (2008) first investigated
acute demyelination after mouse spinal
cord injury. Two weeks after injury, irreg-
ular CASPR and Kv1.2 labeling was de-
tected along Fluoro-Ruby-traced rubro-
spinal axons [Lasiene et al. (2008), their
Fig. 2A (http://www.jneurosci.org/cgi/
content/full/28/15/3887/F2)]. This ab-
normal distribution suggests that myelin
is disrupted and/or lost, which was veri-
fied in toluidine blue semithin plastic sec-

tions, a common method for examining
demyelination [Lasiene et al. (2008), their
Fig. 2B–D (http://www.jneurosci.org/cgi/
content/full/28/15/3887/F2)]. The results
were confirmed by decreased MBP (myelin
basic protein) mRNA expression acutely
after spinal cord injury [Lasiene et al.
(2008), their Fig. 2E (http://www.jneurosci.
org/cgi/content/full/28/15/3887/F2)].

Because acute demyelination is well
documented after spinal cord injury, the
majority of the study by Lasiene et al.
(2008) addressed chronic demyelination
in mice 12 weeks after injury. Distribution
of CASPR and Kv1.2 proteins was not dif-
fuse or irregular in Fluoro-Ruby-labeled
axons at this time, although they displayed
reduced internodal lengths compared with
control axons [Lasiene et al. (2008), their
Fig. 3E,F (http://www.jneurosci.org/cgi/
content/full/28/15/3887/F3) and Fig. 4
(http://www.jneurosci.org/cgi/content/full/
28/15/3887/F4)]. The presence of shorter
internodes is typical of remyelinated axons.
Remyelination was confirmed using a sec-
ond anterograde tracer, BDA, coupled with
electron microscopy [Lasiene et al. (2008),
their Fig. 5D (http://www.jneurosci.org/cgi/
content/full/28/15/3887/F5)]. Trends to-
ward thinner myelin profiles (increases in
the ratio of axon diameter to total fiber di-
ameter) were detected for axons spared after
spinal cord injury compared with controls
[Lasiene et al. (2008), their Fig. 5E (http://
www.jneurosci.org/cgi/content/full/28/15/
3887/F5)]. This reduced myelin thickness
was significantly different only for smaller-
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diameter axons (�2 �m). These data pro-
vide evidence that there is complete remy-
elination of RST axons 12 weeks after spinal
cord injury. Hence, Lasiene et al. (2008)
conclude that there is no evidence for
chronic demyelination in spared axons after
spinal cord injury in mice.

In contrast to the findings by Lasiene et
al. (2008), both demyelination and remyeli-
nation have been shown to occur chroni-
cally after spinal cord injury in rats (Totoiu
and Keirstead, 2005). In that study, demy-
elination was prevalent acutely and then de-
creased over time (up to 10 weeks after in-
jury). The initial decrease in demyelination
coincided with a progressive increase in re-
myelination starting 1 week after injury and
continuing until 17 weeks. Surprisingly,
there was a secondary wave of demyelina-
tion that continued until 64 weeks, at which
point little remyelination was occurring.
Thus, remyelination in rats is thought to be
incomplete at later time points after spinal
cord injury. Because little is known about
chronic demyelination after mouse spinal
cord injury, it would be valuable to deter-
mine whether the findings by Lasiene et al.
(2008) are representative of all chronic time
points and/or whether mouse injury also
produces a dynamic biphasic demyelination
as in rats.

To determine whether decreased inter-
nodal lengths and myelin thickness could
affect conduction properties of remyeli-
nated axons, Lasiene et al. (2008) per-
formed computer simulations based on a
double-cable axon model. Using data ob-
tained from Fluoro-Ruby- and BDA-
labeled axons, simulation studies revealed
a 32% decrease in the average conduction
velocity (CV) of injured RST axons com-
pared with controls [Lasiene et al. (2008),
their Fig. 6A (http://www.jneurosci.org/
cgi/content/full/28/15/3887/F6)]. Simu-
lations considering only axons between 2
and 4 �m showed a 21% decrease in the
average CV compared with controls
[Lasiene et al. (2008), their Fig. 6B (http://
www.jneurosci.org/cgi/content/full/28/
15/3887/F6)]. To determine whether my-
elin thickness was affecting conduction
velocities, Lasiene et al. (2008) repeated
the simulation using the same myelin
thickness for spared and control axons.
This yielded similar results, indicating
that decrease in conduction velocities was
likely because of changes in internodal
length and not thinner myelin. Lasiene et
al. (2008) suggest that this 21% decrease is
unlikely to affect locomotion in mice but
may have greater functional consequences
for larger animals in which axons conduct
over greater distances.

The novelty of the study by Lasiene et al.
(2008) was the examination of myelin indi-
ces on axons anterogradely labeled with
Fluoro-Ruby or BDA. For these tracers to be
taken up, axons must be capable of active
transport. The authors creatively used this
property to evaluate demyelination in
spared, functional axons (those capable of
active transport). This approach may pro-
vide insight into the potential for remyelina-
tion strategies to improve axonal function.
However, a recent study by Ong et al. (2008)
suggests that these tracers may have prefer-
entially labeled larger-diameter axons of the
rubrospinal tract. Using a combination of
conventional toluidine blue histology and
diffusion magnetic resonance imaging tech-
niques, Ong et al. (2008) showed that the
mean axonal diameter of RST axons in in-
tact C57BL/6 mice was 1.16 and 1.4 �m, re-
spectively. This is in contrast to Lasiene et al.
(2008), who reported that the majority of
Fluoro-Ruby-labeled RST axons were be-
tween 2.0 and 4.0 �m in diameter in unin-
jured and injured animals. Although a few
differences exist between the two studies
(spinal cord level, tissue processing, and age
of the animals), the average diameter of un-
injured myelinated axons in rats is also
smaller (1.75 �m in diameter) than those la-
beledbyLasieneetal.(2008)(FehlingsandTa-
tor, 1995). This suggests that in the study by
Lasiene et al. (2008), the tracers may have
preferentially labeled larger-diameter axons.

To avoid the caveats of relying on ac-
tive transport, Lasiene et al. (2008) used a
lentiviral reporter, pCMV-GFP (plasmid
cytomegalovirus-green fluorescent pro-
tein), to examine the myelin status of pas-
sively labeled axons [Lasiene et al. (2008),
their Fig. 7 (http://www.jneurosci.org/
cgi/content/full/28/15/3887/F7)]. Com-
paring the number and/or diameter of
passively versus actively labeled axons in
controls could help determine whether
size-specific labeling properties exist for
Fluoro-Ruby and BDA labels. If, indeed,
differences exist between the labeling tech-
niques, smaller-diameter axons may have
been underrepresented in their analysis. If
so, the extent of myelin pathology may have
been greater than reported, because only the
small/medium-diameter axons (�2 �m)
had significantly reduced myelin thickness
after injury (Lasiene et al., 2008). Further-
more, their report of an insignificant de-
crease in mean axonal diameter of Fluoro-
Ruby-labeled axons after spinal cord injury
may have resulted from oversampling
larger-diameter axons (Lasiene et al., 2008).

Although preferential labeling of
larger-diameter axons may have influ-
enced some parameters, such a bias would

not likely influence predicted conduction
velocities. Lasiene et al. (2008) predicted a
21% decrease in conduction velocity
based on metrics gathered from antero-
gradely labeled axons. This is consistent
with real-time recordings from the RST
after rat spinal cord injury (van de Meent
et al., 1996). Lasiene et al. (2008) also ex-
amined CASPR and Kv1.2 labeling on pas-
sively labeled axons 12 weeks after injury.
Morphologically normal axons demon-
strated spatially compact CASPR and
Kv1.2 labeling. Diffuse CASPR and Kv1.2
labeling was only detected on morpholog-
ically dystrophic axons. This suggests that
intact axons of the RST were remyelinated
at this time point.

Experiments performed by Lasiene et
al. (2008) clearly show that rubrospinal
tract axons capable of active transport are
not demyelinated 12 weeks after injury.
The authors undergo several steps to
demonstrate that this population of axons
has the histological, molecular, and func-
tional properties of myelinated axons.
This is significant because it suggests ther-
apies aimed at increasing chronic remyeli-
nation after injury fail, in part, because
few axons exist which are demyelinated at
chronic states. Hence, it would be valu-
able to determine whether these data are
consistent with other spinal cord tracts,
other chronic time points, and other label-
ing techniques. These considerations
should be examined in future studies to fur-
ther understand the status of chronic demy-
elination after mouse spinal cord injury.
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