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Expression of pERK in the Neurons and Microglia in the Spinal
Cord of the Rat with Neuropathic Pain

Ki Joon Kim, M.D., Sang-Ho Lee, M.D., Se Jin Hwang, M.D.', and Suck-jun Oh, M.D.

Department of Neurosurgery, Wooridul Spine Hospital, Seoul, Korea
Departement of Anatomy], Neurosurgeryz, School of Medicine, Hanyang University, Seoul, Korea

Objectives: Mitogen activated protein kinase (MAPK) transduces a broad range of extracellular stimuli into diverse intracellular
response by producing changes in transcription and post-transcriptional modification of target proteins. Expression of phospho-ERK
(PERK) in neurons of dorsal root ganglion (DRG) and superficial dorsal horn can be induced by noxious stimuli on the skin and
activation of ERK in spinal neurons may contribute to hyperalgesia. In this study, the author pursued altered expression of pERK
in spinal neurons and microglia with time course in the neuropathic pain model of the rat induced by L5-L6 spinal neurotomy.

Methods: Rats were divided into sham control and neurotomy groups. In neurotomy group, L5 and Lé spinal nerves were
cut |-2 mm distal to intervertebral foramina and sacrificed at Iday, | week and 2 week after surgery. The expression of pERK
in dorsal horn and its colocalization with NKI and OX-42, was studied using single or multiple labeling immunohistochemistry
and confocal microscopy.

Results: At | day after neurotomy, pERK positive cells in ipsilateral dorsal horn were NKI-positive neurons in lamina | and
OX-42-positive microglia in lamina | to V. Expression of pERK in NKI-positive neurons were sustained until 2 weeks after neuro-
tomy. The number of pERK- and OX2-positive microglia were maximal at | day after surgery and decreased thereafter, while
immunofluorescent reaction (IR) for OX-2 kept increased until 2 weeks.

Conclusion: In conclusion, it is suggested that expression of pERK in microglia play one part of roles in the development of
neuropathic pain in early phase, and that activation of pERK in NKI-positive neurons is responsible for sustained hyperalgesia in
the neuropathic pain.
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Fig. 1. A photograph de-
picting the site of neu-
rotomy (red dotted lines)
for neuropathic pain mo-
del of the rat. The lami-
nae of lumbra vertebrae,
sacrum and adjacent mus—
cles were removed to show
the spinal nerves. Spinal
nerves of L5 and L6 were
cut at the distal portion
to the dorsal root ganglia
(arrows), proximal to scia-
tic nerve (SN).
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Fig. 2. Neuropathic pain developed by spinal nerve (L5,6)
transection. In the spinal nerve injured group (NP Op.),
threshold for 50% withdrawal response declined along time
course. The threshold for mechanical hyperalgesia was
significantly decreased at 1 day after neurotomy and kept
decreasing until 14 days. “Significant difference compared
with sham operated group (Sham Op.) (p<0.05).
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Fig. 3. Photomicrograph of the single labeling immuno-
histochemistry for pERK at 1 day(A), 1 week(B), and 2
weeks (C) after L5, L6 neurotomy. At 1 day after neurotomy,
PERK immunoreactive cells(arrows) were distributed in
superfi— cial and deep dorsal laminae of the ipsilateral
dorsal horn. pERK-immunoreactive cells in lamina I-Il was
persisted until 2 weeks, but those cells in deep laminae
were virt— ually absent at 1 and 2 weeks after neurotomy.
Scale bars = 100 mm
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Fig. 4. Conforcal microscopy of spinal cord double labe—
led for pERK (green) and NK1 (red) after neurotomy. A:
Low power view of spinal cord 1day after neurotomy, pERK-
immunoreactive cells in lamina | of ipsilateral dorsal horn
were colocalized with NK1(arrows). B, C: High power view
of superficial laminae of the ipsilateal dorsal horn, lateal
(B) and medial(C) part. In lateral dorsal horn most of
PERK and NKi-postive cells(arrows) were located in lami-
nal, while those in medial dorsal horn were extended in
lamina Il. D-G: 2 weeks after neurotomy. Areas in dotted
boxes of D and E were magnified in F and G, respecti—
vely. Cells double labed for pERK and NK1(arrows) were
persisted in lamina | of the ipsilateral dorsal horn. Scale
bars=100um in A and C, 25mm in B.
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Fig. 5. Confocal microscopy for identification of the pERK
positve cells in deep laminae using immunohistochemistry
for neurons and glia. A: Triple labeling with pERK(green),
NK1(red) and NeuN(blue). pERK postive cells in lamina |
were also stained for NK1(arrows) while those in deeper
negative for NK1(arrowheads) were not stained for NeuN,
implying that these pERK-positive, NK1-negartive cells
are non—neuronal cells. B: Double labeling with pERK and
GFAPm a marker for astrocytes, in deeper laminae of ipsila—
teral spinal cord. No pERK postive cells were postive for
PERK. C: Double labeling with pERK and OX-42, a marker
for the microglia, in the same area with B. Most of pERK-
postive cells in this area were also stained for OX-42
(arrows) while a few OX-42-positive cells are pERK-nega-
tive(arrowhead). Scale bars =40 um in A, 20um in B and C.
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Fig. 6. Photomicrograph of the spinal cord labeled with
OX-42 at 1day(A), 1 week(B) and 2 weeks(C) after L5, 6
nerve transection. A: At 1 day after nerve transection, OX-
42 immunoreactivities(IR) are increased in superficial dor-
sal horn and ventral horn of ipsilateral side. B-C: At 1 and
2 weeks after transection, OX-42-IR in superficial dorsal
horn of the ipsilateral spinal cord were inceased with time
course. D: Histogram representing optical density of OX-
42 immunoreaction in superficial dorsal horn at 1 day, 1
week and 2 weeks after nerve transection. *p<0.05, com-
pared to the control side. *p<0.05, compared to ipsilateral
side at 1 day after nerve transection.
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@ PERK+OX42+NK1

Fig. 7. Confocal microscopy of the spinal cords triple
labeled for pERK(red), OX-42(green), and NK1(blue) in
ipsilateral dorsal horn at 1 day (A) and 2 weeks after neu—
rotomy. A: At 1 day after neurotomy, pERK-positive cells
were also stained for NK1 in superficial laminae and for
OX42 in whole dorsal horn. B: In spite of increase of
OX-42-IR in the deep dorsal horn, most microglia in
deeper laminae were not stained for pERK at 2 weeks after
neurotomy. Scale bars =100 ym.
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