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Acute spinal cord injury could cause activation
of autophagy in dorsal root ganglia

H Hou1,2, L Zhang1, L Zhang1, D Liu1, Q Xiong1, H Du1 and P Tang1

Objectives: Dorsal root ganglia (DRGs) have an important role in the peripheral mechanism of sensation by primary afferent
neurons, which are widely used to research the processes of cell death, axonal regeneration, signal transmission of growth factors and
the mechanism of pain.
Methods: In the present study, we investigated the activation of autophagy in DRGs in a rat model of acute spinal cord injury
at different time points.
Results: Expression of microtubule-associated protein light chain 3, a marker of autophagy was increased after 8 h in DRGs, peaked
after 3 days, and then gradually decreased after 7 days. Furthermore, the toluidine blue staining has proven that after acute spinal
cord injury, the myelin sheathes of DRGs undergo histopathological changes over time, with axonal swellings, disorderly arrangement
and uneven distribution.
Conclusion: Potential treatment aimed at recovery of behavioral locomotor and sensory perception should target the process
of autophagy in DRGs.
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INTRODUCTION

Dorsal root ganglia (DRGs) contain glial cells and the bodies of
primary sensory neurons, which carry somatosensory information
from the soma to the central nervous system,1 and are pivotal in
neuronal transmission between the peripheral nervous system and the
central nervous system.2 These neurons have bipolar morphology,
comprising an undifferentiated terminal with the synaptic terminal
entering the dorsal horn of the spinal cord.3 In the membrane of DRG
neurons, many kinds of ion channels and receptors are expressed;
these can change in response to nerve injury and can be involved in
various physiological and pathological pathways.4

Autophagy is an active mechanism for degrading damaged
organelles and unwanted or long-lived proteins in the auto-
phagosome–lysosome pathway. It was first discovered and described
in conditions of starvation;5 when there is a shortage of nutrients, the
process of autophagy is activated. A double membrane is formed
around cellular substances, creating the autophagosome, which then
fuses with a lysosome, following which these organelles and proteins
are degraded and recycled back to the cell itself as amino and fatty
acids to enable cell survival.6 Autophagy is a part of various
biochemical pathways and diseases, including tumor suppression,7

removal of toxic agents,8 infection,9 and heart disease.10 Recently, the
role of autophagy in the nervous system has been assessed, especially
in relation to the pathogenesis of Alzheimer’s disease,11 Parkinson’s
disease12 and amyotrophic lateral sclerosis13,14 in the peripheral
nervous system.

The microtubule-associated protein light chain 3 (LC3) appears to
have a crucial role in the formation of autophagosomes. LC3 is
lipidated upon activation of autophagy (LC3I is the unlipidated form

and LC3-II is the lipidated form). LC3 is initially synthesized in an
unprocessed form, pro-LC3, which is converted into a proteolytically
processed form, LC3-I, which lacks amino acids from the C terminus,
and LC3-I is finally modified into the phosphatidylethanolamine
(PE)-conjugated form, LC3-II.6 Previous studies used the
upregulation of LC3 to investigate the induction of autophagy in
several disease models.15–17

In the present study, we focused on the process of autophagy in the
DRGs after acute spinal cord injury (SCI), and describe the relation-
ship between autophagy and the DRGs, which indicated a potential
therapeutic target to enable recovery of locomotor and sensory
functions.

MATERIALS AND METHODS

Animals and procedures
All animal procedures were carried out in compliance of the guidelines for

scientific animal procedures approved by our institution’s ethics committee. In

total, 36 male Sprague–Dawley rats weighing 220–250 g were used for the

study. The rats were randomly divided into six groups of six animals each, one

control group and five experimental groups. The rats were housed, three or

four to a cage, 8 days before the experiments began, on a 12-h light/dark cycle

with the temperature kept at 25 1C.

For the experimental procedure, animals were anesthetized with 10%

pentobarbital sodium 300 mg kg�1 administered intraperitoneally. The tem-

perature of the animals was recorded and maintained at 37 1C with a heating

pad during the procedures. A laminectomy was performed with the aid of a

dissecting microscope to expose the spinal cord at the level of T9–T10.

Following the midline of the cord, a dorsal hemisection (at the right side) was

completed, and any residual fibers removed. The experimental groups were

performed at 8 h and 1, 3, 7 and 21 days after SCI. The control group
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underwent the same procedure without hemisection. The bladder and bowel

of each rat was manipulated twice a day after surgery until recovery of the

self-voiding function occurred.

Immnohistochemical staining
At each time point, three animals in each group were transcardially perfused

with phosphate-buffered saline (PBS), followed by 0.1 M phosphate buffer

containing 4% paraformaldehyde. DRGs are generally located on the inter-

vertebral canal, outside of spinal dural sheath.18 In represent research, the

T8–L5 levels of the spine were removed and the DRGs in the intervertebral

foramen on the injured side were removed one by one into the fixative. These

DRGs were then post-fixed in PBS containing 30% sucrose until they

precipitated to the bottom of the container. The fixed tissue was frozen and

20mm sections were cut on a cryostat, then mounted on slides.

To investigate the induction of autophagy in the DRGs after acute SCI,

immunohistochemical staining was performed. Sections were washed with PBS

three times for 5 min each, and then boiled in 0.1% tri-sodium citrate for

15 min. Following this, sections were incubated with blocking reagent (5% goat

serum diluted in 0.3% PBS containing Triton X-100) for 1 h at room

temperature, followed by overnight incubation at 4 1C with the primary

antibody (rabbit polyclonal anti-LC3 Sigma-Aldrich, St Louis, MO, USA),19–21

which was diluted 1:200 in PBS containing 5% goat serum and 0.1% NaN3.

The secondary antibody was fluorescein isothiocyanate-conjugated goat anti-

rabbit IgG (Abcam, Cambridge, MA, USA) diluted in PBS.

Toluidine blue staining
The DRGs sections were stained with toluidine blue to investigate the degree of

demyelination in the different groups. The remaining three animals from each

group were transcardially perfused with PBS and 2.5% glutaradehyde at the

relevant time points 8 h, and 1, 3, 7 and 21 days. The DRGs at the levels of

T8–L5 were removed and then placed in 2.5% glutaradehyde fixative. The

tissue was then cut into semi-thin sections (about 0.6mm), which were stained

with toluidine blue.

Statistics
All images were analyzed using Image-Pro Plus software (Media Cybernatics,

Inc., Silver Spring, MD, USA). Data are reported as Means±s.d. The number

of cells with punctuate LC3 fluorescence was counted and the percentages of

positive cells were calculated in 50 randomly chosen slices per animal and

averaged, then used for quantitative analysis. Percentage of demyelination was

done and analyzed as the same. Significant differences between animals at each

time points were assessed by ANOVA, using SPSS17.0 software (SPSS Inc.,

Chicago, IL, USA), with Po0.05 considered statistically significant.

RESULTS

LC3 is upregulated in DRG after acute SCI
Cells positive for LC3 were sparse in the DRGs of control animals
(Figure 1a). At 8 h after injury, the number of LC3-positive cells was
increased, peaking at 3 days, and then decreasing from 7 days after
acute SCI (Figure 1a). These results indicate that the process of
autophagy was activated in these DRGs after ipsilateral SCI (Figure 1b).

Tissues in the DRG after acute SCI were demyelinated and
had a disorderly arrangement
In the control group, the sections contained myelin sheaths of
different diameters in an orderly arrangement and evenly distributed
around the nerves (Figure 2). Demyelination started to appear 8 h
after injury, and lasted until 3 days, with a disorderly arrangement
and irregular distribution, accompanied by many swellings and near-
disruption. After 7 days, these pathological changes began to improve,
which coincided with the recovery of blood flow and nutrition.

DISCUSSION

DRGs contain neurons with bipolar morphology, which have an
important role in transmission within the central nervous system and
peripheral nervous system.22 Recent studies have focused on the role
of the DRGs in the mechanisms of pain sensitivity and neurological
pain.23–25 In one type of peripheral neuropathy, acquired sensory
ganglionopathy, the sensory nerve cell bodies in the DRGs were
damaged, resulting in sensory loss in the large fibers.26 Most of the
distal axonpathies have been shown to display simultaneous distal
degeneration of both the peripheral and central axons of DRGs, a
condition termed central–peripheral distal axonopathy, whereas
others display only selective distal degeneration of the peripheral
axons.27 In many chronic pain managements, DRGs had very
important roles.28

Autophagy is a cellular mechanism of self-cycling for survival,
which is also called type 2 cell death or autophagic cell death. The
process of autophagy is involved in many diseases of the nervous
system and in nerve injuries. In Alzheimer’s disease, overactivation of
autophagy has been shown to slow down the symptoms and help

Figure 1 Immunohistochemical staining of LC3 in the DRG after acute SCI.

(a) In the control group, LC3-positive cells were sparse, whereas in the

injured group, the population of LC3-positive cells increased after 8 h,

peaked at 3 days, and then gradually decreased at 7 days. (Arrows show the

positive cells with LC3.) (b) Analysis of percentage of cells in DRGs with

punctuate LC3 fluorescence. *Po0.05, **Po0.01. Scale bar¼20mm.
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memory recovery in animal models.29,30 In other acute brain injuries,
autophagy may have a different role, depending on the models and
the timing of observation. In the model of closed head injury,
overexpression of the protein Beclin1 was able to remove injured cells
and reduce damage to other cells, indicating a potential protective

role for autophagy. However, in the model of neonatal cerebral
ischemia, inhibition of autophagy decreased the area of ischemic
penumbra and neuroprotective efficacy.31

In the current study, we detected activation of autophagy in DRGs
after acute SCI. Expression of LC3 was increased in DRGs after injury,
and changed over time, appearing at 8 h, peaking at 3 days and
gradually decreasing from 7 days. Our results demonstrate the
activation of autophagy in DRGs after SCI, and DRGs might
participate in the process of axonal degeneration and regeneration
after SCI.

The myelin sheath is a layer of adipose tissue, wrapped in specific
neuronal axons, with an insulating intermediate layer, which improves
the conduction velocity of nerve impulses and helps to protect the
axons. Rangaraju and Notterpek32 reported that when activation of
autophagy was enhanced by rapamycin, Schwann cells isolated from
normal mice could maintain their myelinating phenotype in explant
cultures of DRG neurons. Along with the morphological changes, the
processing and trafficking of peripheral myelin protein 22 also
improved, and this was associated with an increase in the length
and abundance of myelin internodes.33 However, the potential
mechanism between autophagy and myelination has not yet been
explained, although it may involve the endocytic or other pathways.
What is the definite role of autophagy in demyelination and
remyelination in DRGs after SCI? Rapamycin, an enhancer of
authophagy, and 3-methyladenine, an inhibitor of autophagy, will
be used in further studies to try to explain this process.

In conclusion, we report activation of autophagy in the DRGs after
SCI, the first such report, to our knowledge. This indicates that
autophagy may be involved in the pathological changes occurring
after SCI and may have a role in demyelination and recovery of
function after SCI. Further investigation into the role of autophagy in
the DRGs after SCI is needed, and it may indicate potential for
treatment of SCI in the future.
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