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Abstract
Significant decreases in the protein levels of potassium-chloride co-transporter 2 (KCC2) were
detected in the ipsilateral spinal dorsal horn 4h following loose ligation of the sciatic nerve. These
decreases were associated with a change in hindlimb weight distribution suggestive of pain behavior.
In contrast, no changes in GABA-A receptor subunit alpha-1 levels were detected. The decreases in
KCC2 coincided with a significant ipsilateral increase in BDNF protein levels. Both the decreases
in KCC2 levels and the early pain behavior were prevented by intrathecal pre-treatment with the
BDNF-sequestering TrkB/Fc chimera protein or the tyrosine kinase blocker K252a. The ligation-
associated decreases in KCC2 levels were transient. In the ipsilateral spinal dorsal horn of ligated
animals exhibiting weight-bearing pain behavior 7 days after the ligation the KCC2 levels were
identical to those in control or sham-operated animals. These data suggested that TrkB-dependent
reduction in KCC2 protein levels in the spinal dorsal horn was an early consequence of peripheral
nerve injury. This decrease in KCC2 may have elicited an early increase in overall dorsal horn
neuronal excitability perhaps through a loss of GABA inhibition which is critically dependent on
KCC2 activity. The increased neuronal excitability may in turn have caused enhanced and
exaggerated communication between primary afferents and dorsal horn neurons to contribute to the
early behavioral signs of pain.
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1. Introduction
The loss of GABA inhibition may at least partly contribute to the development of pain following
peripheral nerve injury (reviews by Hammond, 2001; Eaton, 2002; also recent reports by Malan
et al., 2002; Baba et al., 2003; Miletic et al., 2003). GABA-mediated inhibition appears
critically dependent on the activity of the potassium-chloride co-transporter 2 (KCC2), one of
four currently known members of the family of potassium-chloride co-transporters (Payne et
al., 2003).
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During early brain development, activation of GABA-A receptors typically elicits excitation
because of the action of another co-transporter, the sodium-potassium-chloride co-transporter
NKCC (Ben-Ari, 2002). However, during maturation, the expression of KCC2 progressively
increases, and KCC2 activity replaces that of NKCC. This then shifts the early GABA-A
receptor-mediated excitatory responses into inhibitory in adults. Nevertheless, GABA-A
receptor-mediated excitations have also been observed in adults following tetanic stimulation,
axotomy, neuronal trauma, or epileptiform activity (Kapur and Coulter, 1995; van den Pol et
al., 1996; Kaila et al, 1997; Nabekura et al., 2002).

A reduction in KCC2 mRNA and protein levels in the spinal dorsal horn may similarly shift
the normally inhibitory synaptic currents to excitatory thereby increasing lamina I neuronal
excitability following partial nerve injury induced by a sciatic cuff. The injury-associated
disruption of anion homeostasis appears at least partly dependent on the release of brain-
derived neurotrophic factor (BDNF) from microglia (Coull et al., 2003; 2005; also recent
review by Price et al., 2005).

Much present evidence suggests an important contribution of BDNF to nociceptive information
signaling in the spinal dorsal horn (e.g., recent review by Merighi et al., 2004; also recent
reports by Groth and Aanonsen, 2002; Pezet et al., 2002; Yajima et al., 2005). In the adult brain
enhanced expression of both BDNF and its high-affinity TrkB receptors appear to predispose
certain cortical areas to seizures (Binder et al., 2001). This BDNF-induced hyper-excitability
may be at least in part due to the loss of GABA inhibition mediated by the TrkB-dependent
down-regulation of KCC2 (Wardle and Poo, 2003; Rivera et al., 2002; 2004).

Little is presently known about the potential interaction between BDNF and KCC2 in the spinal
dorsal horn following peripheral nerve injury. In this study we examined whether loose ligation
of the sciatic nerve would be associated with changes in KCC2 protein in the spinal dorsal horn
as well as early behavioral signs of pain. We also sought to determine if both the pain and the
protein reduction would be alleviated by intrathecal pre-treatment with either the TrkB/Fc
chimera protein, which sequesters endogenously released BDNF and in effect ‘blocks’ TrkB
receptors, or with K252a, a nonspecific tyrosine kinase receptor blocker.

2. Materials and Methods
2.1 Animals and anesthesia

Male Sprague-Dawley rats (Harlan, ~350 g) were used. Water and food were provided ad
libitum. Experiments were conducted in accordance with guidelines accepted by the
International Association for the Study of Pain (Zimmermann, 1983). The animal protocol was
approved by the Animal Care Committee of the School of Veterinary Medicine at the
University of Wisconsin-Madison.

Animals were randomly assigned to control, sham-operated or ligated groups, and anesthetized
with isoflurane using an anesthesia machine. Body temperature was kept at 37°C with a
homeothermic blanket system. Anesthesia was sufficiently deep to prevent arousal, but light
enough to permit spontaneous respiration. Adequate anesthesia was assessed by (1) monitoring
blink or ear reflexes, (2) withdrawal to toe pinches, (3) respiratory rate, and (4) absence of
spontaneous movements.

2.2 Sciatic ligation and tissue collection
Loose ligation of the sciatic nerve was performed as originally described by Bennett and Xie
(1988). The sciatic nerve was exposed by blunt dissection, freed of adherent tissue, and four
ligatures (4-0) were placed about 1mm apart. The ligatures were tied so that the nerve trunk
was just barely constricted when viewed with a dissecting microscope at 40x. This degree of
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constriction retarded, but did not arrest, circulation through the superficial epineural
vasculature. In sham-operated animals the sciatic was exposed in an identical manner except
that no ligatures were placed around the nerve. Control animals were anesthetized but were
not subject to surgery.

The animals recovered from the anesthesia and then 4h or 7 days after sciatic exposure or
ligation, they were again anesthetized with isoflurane and euthanized with an intracardiac
injection of saturated potassium chloride. A laminectomy rapidly (<2 min) exposed the lumbar
spinal cord at L5 and about 1cm of the cord was excised and cut first into dorsal and ventral
halves and then the dorsal half was further divided into ipsilateral and contralateral quadrants.
All tissues were immediately placed into dry-ice cooled collecting tubes, and stored at −80°C
until use.

2.3 Intrathecal drug application
The nonspecific Trk blocker K252a (2µg in 10µl PBS with 0.01% DMSO; Sigma-Aldrich),
the TrkB/Fc chimera protein (5µg in 10µl PBS; Sigma-Aldrich), or vehicle (10µl) were injected
intrathecally 15 min before the sciatic exposure/ligation using the procedure described by
Mestre et al. (1994). Briefly, the animals were anesthetized with isoflurane and securely held
in the sternal position. The tissues between the dorsal aspects of vertebrae L5 and L6 were
punctured with a 25G needle connected to a 25µl Hamilton syringe. The needle was advanced
until a slight but noticeable movement of the tail or the leg was observed which indicated that
the needle entered into the intrathecal space. The animals recovered from the anesthesia and
then four hours or seven days after exposure or ligation, the animals were re-anesthetized with
isoflurane, and euthanized with an intracardiac injection of saturated potassium chloride. The
spinal cords were then harvested, divided into quadrants and stored as detailed above. In a pilot
study we confirmed that 10µl injections of 2% lidocaine using the same procedure produced
the expected transient paralysis of the animals' hind quarters.

2.4 Weight distribution test
This test uses a dual channel scale (Incapacitance Meter™, Stoelting) that separately measures
the force exerted by each hind limb (measured in grams). While normal rats distribute weight
about equally, animals with a unilateral injury will shift the ratio of weight distribution between
an injured and non-injured limb. This shift in weight distribution is taken as a measure of the
level of discomfort in the injured limb. In other words, the less weight placed on an injured
limb, the greater the pain. A 1s weighing period was used to average 20 measurements and
obtain the weight borne by each hindlimb separately both before (baseline) and after sciatic
exposure or ligation. A weight distribution ratio for each animal was then obtained by dividing
the left (injured) leg weight by that of the right (noninjured) leg. We have reported recently
that this test is equivalent to the thermal withdrawal latency test in detecting ligation-elicited
neuropathic pain behavior (Miletic et al., 2005).

Baseline weight-distribution ratios were obtained for all animals before they were randomly
assigned to sham-operated or ligated groups. The animals were then anesthetized and their
sciatic nerves exposed or ligated as described above. Four hours or seven days after the sciatic
exposure or ligation the weight distribution ratios of all animals were obtained again before
they were anesthetized, euthanized and their tissues collected as described above.

2.5 Western Immunoblots
The collected spinal dorsal horn quadrants were homogenized and centrifuged at 7000g for 15
min. The 50mM Tris-HCl (pH 7.4) homogenizing buffer contained 150 mM NaCl, 2 mM
EDTA, 50 mM NaF, 1% NP-40, 0.25% sodium deoxycholate, and 5 µg/ml of a mixture of
protease inhibitors [4-(2-aminoethyl) benzene-sulfonyl fluoride, pepstatin A, trans-
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epoxysuccinyl-L-leucyl-amido(4-guanidino) butane, bestatin, aprotinin, leupeptin]. Total
protein content in the homogenates was determined with a commercially available kit (Pierce,
#23236).

The homogenates were boiled and the proteins separated by SDS-PAGE electrophoresis (20
µg of total protein per well), and transferred onto PVDF membranes. The membranes were
placed in a blocking solution (Tris-buffered saline containing 0.02% Tween and 5% non-fat
dry milk) for 1 hr, and incubated overnight in primary antibodies to KCC2 (1:600; Chemicon),
GABA-A (1:600; Upstate), BDNF (1:600; Promega) or CREB (1:2000; Upstate). After
washing, incubation in appropriate peroxidase-conjugated secondary antibodies (1:10000) for
1 hr, and washing again, the proteins of interest were detected by chemiluminescence.

CREB was used as a protein loading control. In previous studies we reported that there were
no detectable changes in the amount of the non activated form of CREB in the spinal dorsal
horn either hours or days after the loose ligation (Miletic et al., 2002; Miyabe et al., 2005).

Protein levels were estimated from optical density measurements of scanned images of the
respective bands using Image J (NIH, Bethesda, MD), a public domain Java image processing
program based on NIH Image for the Macintosh. The protein levels in sham-operated or ligated
animals were normalized to those in control, uninjured animals, i.e., control values served as
baseline reference values. The average density of the protein bands in the control animals was
denoted as 100% and the average density of the bands in the other animals was expressed as
a percent change from this control.

2.6 Statistical Analysis
ANOVA was used for the statistical data analysis. The main emphasis was on detecting changes
in the dependent measures both within and between groups (e.g., changes in protein levels or
weight distribution due to the ligation, K252a or TrkB/Fc treatment). Significant effects were
further analyzed with Scheffe's post-hoc test. Significance was inferred at the p ≤ 0.05 level.

3. Results
3.1 Early decreases in KCC2 protein levels were associated with loose ligation of the sciatic
nerve

KCC2 protein levels in the injured, ipsilateral spinal dorsal horn of ligated animals (n=6) 4h
after the ligation were substantially lower (69±5%) than those in control animals (100%; n=4).
On the other hand, KCC2 levels in the contralateral dorsal horn of ligated animals (84±4%) or
in either the ipsilateral (92±6%) or contralateral (84±10%) dorsal horn of sham-operated
animals (n=4) were similar to those of controls.

Overall ANOVA indicated a significant difference in KCC2 protein levels among the five
groups, F(4,19)=4.5, p=0.01. Scheffe's post-hoc analysis established that this difference was
due to the significantly reduced KCC2 levels in the ipsilateral dorsal horn of ligated animals
(p=0.016) rather than in the contralateral dorsal horn of these animals (p=0.4) or the ipsilateral
(p=0.9) or contralateral (p=0.5) dorsal horn of sham-operated animals (Fig. 1).

Given the importance of GABA inhibition to normal sensory processing in the dorsal horn, we
also assayed for protein levels of the GABA-A receptor subunit α1. Our data indicated that
neither the ligation nor the sham surgery elicited significant changes in these levels at 4h post-
ligation or exposure when compared to controls, i.e., 104±4%, 103±3%, 99±3% and 98±5%;
F(4,19)=0.6, p=0.7 (Fig. 1).
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3.2 Ligation-associated decreases in KCC2 protein levels were prevented by pretreatment
with either K252a or TrkB/Fc

In our next experiment we sought to establish whether the tyrosine kinase receptor blocker
K252a would prevent the ligation-associated decline in KCC2 protein levels. Our results
established that the injury-associated reduction in these levels in the ipsilateral spinal dorsal
horn of vehicle-treated animals (56±5%; n=6) was entirely prevented by K252a pre-treatment
(104±3%, n=6; Fig. 2).

Given that K252a is not a specific blocker of TrkB receptors we also pre-treated another four
animals with the TrkB/Fc chimera protein which sequesters any endogenously released BDNF
and in effect specifically ‘blocks’ TrkB receptors. Our results confirmed a TrkB-KCC2
connection because in these animals there was no evidence of an injury-associated reduction
in KCC2 levels in the ipsilateral spinal dorsal horn following the sciatic ligation (107±5%,
n=4). Statistical analysis confirmed a significant difference between groups, F(3,18)=47.7,
p<0.001, which was due to the significantly reduced levels of KCC2 in vehicle-treated animals
(p<0.001).

3.3 Increases in BDNF protein levels in the spinal dorsal horn coincided with the ligation-
associated decreases in KCC2

Previous studies in the hippocampus suggested that BDNF mediated KCC2 down-regulation
(Rivera et al., 2002;2004). Consequently, in our study we sought to examine whether increases
in BDNF coincided with the decreases in KCC2 levels post-ligation. Our results demonstrated
that the levels of BDNF in ligated animals (n=6) were substantially higher in the injured,
ipsilateral dorsal horn 4h after the sciatic ligation (162±19%) when compared to control
animals (100%; n=4). In contrast, in the contralateral dorsal horn of ligated animals (99±10%)
or the ipsilateral (84±14%) or contralateral (90±9%) dorsal horn in sham-operated animals
(n=4) the levels of BDNF were similar to those in control animals (Fig. 3).

ANOVA indicated a significant difference among groups, F(4,19)=6.9, p=0.004 which was
due to the significant increases in BDNF levels in the ipsilateral spinal dorsal horn of ligated
animals (p=0.015).

3.4 Early behavioral signs of neuropathic pain were attenuated by intrathecal pre-treatment
with either K252a or TrkB/Fc

In these experiments we sought to determine whether intrathecal pre-treatment with K252a or
TrkB/Fc would modify the early pain behavior given that this treatment successfully prevented
the ligation-associated loss of KCC2 protein in the ipsilateral spinal dorsal horn (Fig. 4).

As expected, 4h after the ligation vehicle-treated ligated animals (n=6) exhibited a shift in
weight distribution from their ipsilateral to their contralateral leg. This resulted in a reduction
in the post-injury weight-bearing ratio when compared to the pre-injury baseline value (0.72
±0.03 vs. 1.01±0.02; n=6). In contrast, vehicle-treated sham-operated animals (n=4) did not
show a change in their weight distribution ratio 4h after sciatic nerve exposure (0.99± 0.08 vs.
1.01± 0.06).

Intrathecal pre-treatment with either K252a (n=6) or TrkB/Fc (n=4) successfully prevented the
injury-associated reduction in the weight-bearing ratio (0.95±0.04 vs. 0.99±0.04 and 0.99±0.05
vs. 0.99±0.04 respectively) suggesting complete relief from the early behavioral signs of pain
(Fig. 4). Neither K252a nor TrkB/Fc pre-treatment modified the weight distribution ratio in
sham-operated animals (1.00±0.05 vs. 0.94±0.07 and 1.02±0.04 vs. 1.00±0.03 respectively;
n=4 in each group).
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Between group ANOVA indicated no significant difference in weight-bearing ratio at baseline,
F(5,22)=0.4, p=0.8, but a significant difference at 4h, F(5,22)=6.1, p=0.001. As expected, this
difference was due to the reduced ratio in vehicle-treated ligated animals (p=0.02). Within
group ANOVA confirmed a significant difference between the baseline and 4h post-ligation
ratios for vehicle-treated ligated animals, F(1,5)=49, p=0.001.

On the other hand, the 4h weight-bearing ratio in K252a-treated ligated animals was
indistinguishable from that of sham-operated animals treated with vehicle (p=0.99), K252a
(p=0.99) or TrkB/Fc (p=0.96). Similarly, the 4h ratio in TrkB/Fc-treated ligated animals was
statistically identical to that of sham-operated animals treated with vehicle, K252a or TrkB/Fc
(p=1.0 for each).

3.5 The levels of KCC2 protein in the dorsal horn recovered 7 days after sciatic ligation in
animals exhibiting differential weight-bearing behavior

In these experiments we sought to determine whether the injury-associated loss of KCC2
protein levels persisted 7 days after the sciatic ligation, typically the time of maximal
hyperalgesia in our use of the loose ligation model (Miletic et al., 2003).

Immunoblot analysis revealed that there were no significant differences between ligated (n=4)
and sham-operated (n=4) animals. In other words, KCC2 levels in the ligated ipsilateral (101
±6%), ligated contralateral (92±8%), sham ipsilateral (105±3%), and sham contralateral (96
±6%) spinal dorsal horn were essentially identical to those in control animals, F(4,15)=0.8,
p=0.5 (Fig. 5). These data suggested that the early sciatic ligation-elicited down-regulation of
KCC2 protein levels was transient, and that there may be significant differences in the cellular
processes contributing to the early vs. late phases of nerve injury-associated pain.

As expected, there was no difference in the baseline weight-bearing ratios between sham-
operated (0.99±0.04, n=4) and ligated (0.99±0.04, n=4) animals (Fig. 6). However, 7 days post-
ligation, the weight bearing ratio in ligated animals was substantially decreased (0.42±0.04)
while that of sham-operated animals remained essentially unchanged (0.90±0.05). A single
intrathecal injection of either K252a or TrkB/Fc 15 min before the ligation (n=4 for each
treatment) was not effective in preventing the reduction in the weight-bearing ratio of these
ligated animals 7 days after the ligation (0.99±0.01 vs. 0.45±0.03 for K252a, and 1.03±0.02
vs. 0.42±0.05 for TrkB/Fc).

Between group ANOVA indicated no significant difference in weight-bearing ratio at baseline,
F(3,12)=0.3, p=0.8, but a significant difference at 7 days, F(3,12)=28, p<0.001. As expected,
this difference was due to the significant reduction in the weight distribution ratio in all three
ligated groups (p<0.001 for each). Within group ANOVA confirmed a significant difference
between the baseline and 7 days post-ligation ratios for each of the three ligated groups, F(1,3)
=169, p<0.001, F(1,3)=630, p<0.001 (K252a-treated), and F(1,3)=85, p=0.003 (TrkB/Fc-
treated).

This finding on the failure of a single pre-emptive treatment was similar to our previous study
in which we also found that only continual, rather than single, application of lidocaine was
effective in abolishing pain behavior 7 days after loose ligation of the sciatic nerve (Smith et
al., 2002).

4. Discussion
In this study we examined the early consequences of loose ligation of the sciatic nerve on the
protein levels of potassium-chloride co-transporter 2 (KCC2) in the spinal dorsal horn, i.e., in
the first few hours after the ligation. Our data established that: (1) KCC2 protein levels
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significantly decreased in the ipsilateral dorsal horn 4h after the sciatic ligation, (2) the decrease
in KCC2 protein coincided with an ipsilateral increase in BDNF protein levels; (3) the decrease
in KCC2 protein was associated with early behavioral signs of pain, and (4) both the decrease
in protein and the early pain behavior were attenuated by a block of TrkB receptors. In addition,
our data demonstrated that (5) the early ligation-associated decreases in KCC2 levels were
transient and (6) they were not accompanied by a reduction in the levels of the α1 subunit of
GABA-A receptors.

We surmise that the peripheral nerve injury elicited, among other mediators, the release of
BDNF to activate TrkB receptors in the spinal dorsal horn. The activation of these receptors
mediated some of the early consequences of injury-elicited plasticity, including the down-
regulation of KCC2. GABA inhibition is critically dependent on KCC2 activity (Stein and
Nicol, 2003), and the loss of this activity may have thus lead to a loss of GABA inhibition in
the dorsal horn. We assume that at any one time a balance between excitatory and inhibitory
processes determines the degree of overall neuronal excitability in the dorsal horn, and that the
loss of GABA inhibition tipped the balance towards excitation. This increased excitability then
sustained enhanced (and exaggerated) communication between primary afferents and dorsal
horn neurons contributing to the early behavioral signs of pain. These early behavioral signs
of pain appeared largely mediated by central processes because both the pain behavior and the
decreases in KCC2 levels were alleviated by intrathecal treatment.

Our data provided further support for the notion that BDNF plays an important role in spinal
nociception and injury-associated pain (e.g., recent review by Merighi et al., 2004; also recent
reports by Groth and Aanonsen, 2002; Pezet et al., 2002; Yajima et al., 2005). Our study also
established that the early behavioral signs of pain could be effectively attenuated by a single
pre-treatment with the TrkB/Fc chimera protein or the nonspecific tyrosine kinase blocker
K252a. A similar effective analgesic action of K252a has also been recently reported in a study
of cyclophosphamide-elicited mechanical allodynia in the bladder (Guerios et al., 2006).

In the adult brain enhanced expression of both BDNF and TrkB receptors appears to predispose
certain cortical areas to seizures (Binder et al., 2001). This BDNF-induced hyper-excitability
may be at least in part due to the loss of GABA inhibition mediated by the TrkB-dependent
down-regulation of KCC2 (Wardle and Poo, 2003). In two recent studies, Rivera and colleagues
(2002; 2004) have provided substantial additional support for this notion. These authors have
reported that BDNF application onto hippocampal neurons in culture or slices elicited a TrkB-
mediated reduction in KCC2 mRNA and protein levels, and this resulted in the impairment of
neuronal chloride extrusion capability. Moreover, the expression of KCC2 in vivo was similarly
down-regulated following kindling-induced seizures. The down-regulation of KCC2 both in
vitro and in vivo was evident within 2h, appeared maximal at 6h and disappeared by 24h. The
decline in KCC2 protein levels was apparently due to the removal of the co-transporter from
the cell membrane by rapid degradation of the protein. Rivera and colleagues concluded that
the high turnover rate of KCC2 provides a time frame that is compatible with a role for this
co-transporter in various manifestations of BDNF-mediated neuronal plasticity.

In the spinal dorsal horn a similar interaction between BDNF and KCC2 may be an important
early step in the transition from normal to pathophysiological processing. The rapid down-
regulation of KCC2 could quickly cause a loss of the all-important GABA inhibition before
slower but more permanent changes in the overall circuitry can take place.

Our data provided further support for the studies of Coull and colleagues (2003; 2005) who
have reported that partial nerve injury (induced by a sciatic cuff) was associated with a decrease
in KCC2 mRNA and protein levels in lamina I neurons in the spinal dorsal horn. The injury
also disrupted anion homeostasis in lamina I neurons and shifted the normally inhibitory
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synaptic currents to excitatory thereby increasing lamina I neuronal excitability in vitro. In
addition, block of KCC2 activity in vivo reduced mechanical and thermal nociceptive
thresholds in control, uninjured animals, and the anion shift in gradient appeared at least partly
dependent on BDNF. Coull and colleagues concluded that injury-associated down-regulation
of KCC2 may represent a novel mechanism of disinhibition in the spinal dorsal horn. Our data
extended these observations by demonstrating that the loss of KCC2 appeared widespread
throughout the spinal dorsal horn and was sufficient to elicit early behavioral signs of pain
which were alleviated by a ‘block’ of TrkB receptors. A recent study similarly reported that a
decrease in expression of KCC2, but not NKCC1, in the spinal dorsal horn accompanied the
initial stage of formalin-evoked hyperalgesia (Nomura et al., 2006).

A sizable literature implicates the loss of GABA inhibition in the development of nerve injury-
associated pain (e.g., reviews by Hammond, 2001; Eaton, 2002; also recent reports by Malan
et al., 2002; Baba et al., 2003; Miletic et al., 2003). This is not surprising given the postulated
critical role of GABA inhibitory action to the normal function of numerous neuronal circuits
(Paulsen and Moser, 1998). The spinal cord is no exception, and any injury-induced
modification of the GABA-inhibitory action has the potential to significantly modify the
processing of nociceptive information in the spinal dorsal horn and in this way at least partly
contribute to the development of pain.

Our observation that the injury-associated reduction in KCC2 protein levels was transient
paralleled the results in the hippocampus (Rivera et al., 2004) and provided further support for
the notion that, like activity-dependent plasticity, nerve injury-associated pain exhibits early,
intermediate and late phases of development which may be mediated by different receptors,
signaling pathways, transcription factors and genes (Ji et al., 2003; Malenka and Bear, 2004).

In conclusion, our data suggested that TrkB-dependent reduction in KCC2 protein levels in the
spinal dorsal horn was an early consequence of peripheral nerve injury. The decrease in KCC2
may elicit an early increase in overall dorsal horn neuronal excitability perhaps through a loss
of GABA inhibition which is critically dependent on KCC2 activity. The increased neuronal
excitability may then sustain enhanced (and exaggerated) communication between primary
afferents and dorsal horn neurons to contribute to the early behavioral signs of pain.
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Figure 1. Early decreases in the protein levels of KCC2 were associated with loose ligation of the
sciatic nerve
A: Immunoblots of KCC2, GABA-A (subunit α1) and CREB in control, sham-operated or
ligated animals. B: Plots of the estimated protein content. Note that the levels of KCC2 in
ligated animals (n=6) were significantly lower in the injured, ipsilateral but not contralateral
dorsal horn 4h after the sciatic ligation. Note also that there were no significant differences in
ipsilateral or contralateral dorsal horn levels between sham-operated (n=4) and control animals
(n=4). Note further that there were no significant changes in the GABA-A receptor levels in
the dorsal horn of any of the animals, and that CREB immunoblots confirmed equal protein
loading. Error bars represent the SEM. *p=0.016.
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Figure 2. Ligation-associated decreases in KCC2 protein levels were prevented by intrathecal
pretreatment with either K252a or TrkB/Fc
A: KCC2 immunoblots in the ipsilateral dorsal horn of control or ligated animals treated with
vehicle, K252a or TrkB/Fc. B: Plot of KCC2 levels. Note that the ligation-associated significant
decrease in KCC2 protein levels in the ipsilateral spinal dorsal horn (n=6; different animals
than illustrated in Fig.1) was entirely prevented by pre-treatment with either K252a (n=6) or
TrkB/Fc (n=4) 15 min before the sciatic ligation. Error bars represent the SEM. *p<0.001.
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Figure 3. Early increases in the protein levels of BDNF were associated with loose ligation of the
sciatic nerve
A: Immunoblots of BDNF in control, sham-operated or ligated animals. B: Plot of the estimated
protein content. Note that the levels of BDNF in ligated animals (n=6) were significantly higher
in the injured, ipsilateral dorsal horn 4h after the sciatic ligation. Note also that the BDNF levels
in the contralateral dorsal horn of these ligated animals, or the ipsilateral or contralateral dorsal
horn in sham-operated animals (n=4) were not significantly different from controls (n=4). Error
bars represent the SEM. *p=0.015.
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Figure 4. Early behavioral signs of pain were attenuated by intrathecal pre-treatment with either
K252a or TrkB/Fc
Baseline weight distribution ratios were obtained for all animals before sciatic exposure (sham)
or ligation, and then again 4h later. Note that vehicle-treated ligated animals (n=6) exhibited
a decrease in their weight distribution ratio suggestive of pain behavior. On the other hand,
pre-treatment with either K252a (n=6) or TrkB/Fc (n=4) 15 min before the ligation prevented
this decrease suggesting complete relief from the pain behavior. Note further that injection of
vehicle, K252a or TrkB/Fc did not modify the weight distribution ratios in sham-operated
animals (n=4 for each treatment). Error bars represent the SEM. *p=0.001.
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Figure 5. The levels of KCC2 protein 7 days after loose ligation of the sciatic nerve were the same
in all animal groups
A: Immunoblots of KCC2 in control, sham-operated or ligated animals 7 days after surgery/
ligation. B: Plot of the estimated protein content. Note that the levels of KCC2 were essentially
the same across all animal groups (n=4 in each group).
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Figure 6. Sciatic ligation animals exhibited a reduction in their weight distribution ratio 7 days
post-ligation and this was not prevented by a single pre-treatment with either TrkB/Fc or K252a
Baseline weight distribution ratios were obtained before sciatic exposure or ligation and then
again 7 days after surgery. Note that ligated (n=4), but not sham-operated (n=4), animals
exhibited a significant reduction in their weight distribution ration suggestive of pain behavior.
Note also that a single injection of either K252a or TrkB/Fc 15 min before the ligation (n=4
for each treatment) did not prevent the development of the pain behavior. Error bars represent
the SEM. * p<0.001.
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