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Abstract. Potassium‑chloride cotransporter 2 (KCC2) 
has been indicated to serve a crucial role during chronic 
neuropathic pain (NP). Following the emergence of NP, 
γ‑aminobutyric acid (GABA) A receptor‑mediated signaling 
may be further impaired by the changes of KCC2 chloride 
anion gradient. In the present study, the authors investigate 
the effect of electro‑acupuncture (EA) on the behavior and the 
expression of KCC2 and GABAA receptor γ2 subunit in the 
spinal cord of chronic constriction injury (CCI) model rats. A 
total of 60 adult male Sprague‑Dawley rats were divided into 
four groups: Normal group, sham‑CCI group, CCI group and 
CCI+EA group. The effect of EA was assessed via the values 
of mechanical withdrawal threshold and thermal withdrawal 
latency, which were significantly improved upon stimulation 
of the ST‑36 and GB‑34 acupoints. In addition, a marked 
reduction in both the mRNA and protein levels of KCC2 and 
GABAA receptor γ2 subunit was observed in the spinal cord 
following loose ligation of the sciatic nerve. The reductions 

in KCC2 and GABAA receptor γ2 subunit expression were 
reversed by EA treatment. These results support the notion 
that KCC2 and GABAA receptor γ2 subunit contribute to 
NP following peripheral nerve injury and extend the under-
standing of the analgesic effects of EA on NP.

Introduction

Neuropathic pain (NP) is defined as a chronic pain state 
caused by damage or abnormal function of the peripheral 
or central nervous system (CNS) (1,2). This pain may result 
from a wide variety of pathological processes including 
inflammation, nerve trauma, nerve compression, genetic 
abnormalities and metabolic disorders (3). Previous studies 
indicate that the expression of potassium‑chloride cotrans-
porter 2 (KCC2) is decreased in models of inflammation pain 
and NP (4,5). Coull et al (6) first proposed that KCC2 has a 
role in the production and development of NP. Two isoforms 
of the cation‑Cl (‑) cotransporter family are expressed in 
neurons and modulate neurotransmission, the KCC and 
sodium potassium‑chloride‑co transporters (NKCC), mediate 
the electroneutral movements of K+ and Cl‑ ions across cell 
membranes in a coupled manner (7). KCC2 involves in the 
control of numerous neuronal processes, including migration, 
dendritic outgrowth, the formation of synaptic connections, 
and exerts a great influence on the establishment of neuronal 
[Cl‑]i (6,8). It maintains a low concentration of intracellular 
Cl‑, which is essential for inhibitory synaptic transmission by 
γ‑aminobutyric acid (GABA) in the mature nervous system (9). 
Previous work has demonstrated that GABA‑ergic interneurons 
are important in spinal nociceptive processing and nociceptive 
attenuation (10,11). GABAA receptors, which are the major 
synaptic targets for the neurotransmitter GABA, are located in 
primary afferent terminals and interneurons in laminae I‑IV 
of the spinal cord dorsal horn (12,13). The GABAA receptors 
are ligand‑gated chloride channels in the CNS and mediating 
inhibitory neurotransmission, consist of subunits such as α1‑6, 
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β1‑3, γ1‑3, δ, ε, π, θ and ρ1‑3 (14,15), the most common subtype 
is composed of α1, β2 and γ2 subunits (16). The location of 
γ2 subunit mRNA‑containing neurons differs from those 
containing α‑ or β‑subunits. Earlier work has indicated that 
the distribution of strongly labeled γ2 subunit nuclei partially 
coincided with that of glutamate decarboxylase, suggesting 
that the GABAA receptor γ2 subunit may be involved in the 
mechanism of GABA‑ergic transmission (17).

Electro‑acupuncture (EA) is known to relieve both periph-
eral NP and acute or chronic inflammatory pain via electrical 
stimulation  (18,19). However, little is understood about its 
mechanism of action. In the present work, the acupoints 
Zusanli (ST‑36) and Yanglingquan (GB‑34) were applied 
following the production of NP by chronic constriction injury 
(CCI).

The current study investigated the application of EA on 
ST‑36 and GB‑34 acupoints and its effect on modulating 
mechanical allodynia and thermal hyperalgesia in rats 
with NP. In addition, the relationship between EA and the 
KCC2‑GABAA receptor signaling pathway in CCI rats was 
investigated.

Materials and methods

Experimental animals. Male Sprague‑Dawley rats (180‑200 g) 
were purchased from Wenzhou Medical University (Wenzhou, 
China). All experiments were maintained and cared for 
according to the guidelines of the National Institutes of 
Health Guide for the Care and Use of Laboratory Animals 
(NIH Publications no. 80‑23, revised 1978). The experimental 
protocol was approved by the Institutional Animal Care and 
Use Committee of Wenzhou Medical University (Wenzhou, 
China). All efforts were made to minimize the animals' pain 
and discomfort during the experiments. A total of 60 male 
Sprague‑Dawley rats were housed in a climate‑controlled 
room with a constant temperature (22±2˚C) and humidity 
(55±5%) in a 12‑h light/dark cycle with food and water avail-
able ad libitum. Rats were randomly divided into four groups: 
Normal group, sham‑CCI group, CCI group and CCI plus EA 
group. All experiments were conducted with the experimenters 
blinded to treatment conditions.

CCI surgery. CCI to the sciatic nerve of the right hind limb in 
rats was performed based on previous description (2). Briefly, 
animals were anaesthetized with 4% chloral hydrate (10 ml/kg; 
i.p.). The sciatic nerve of the right hind limb was exposed at the 
middle of the thigh by blunt dissection. To prevent the inter-
ruption of blood circulation through the epineural vasculature, 
four chromic gut ligatures were loosely tied (4.0 silk) around 
the nerve with spacing at ~1 mm. In the sham‑CCI group rats, 
the right sciatic nerve was exposed for 2‑3 min, but was not 
ligated. Following surgery, the skin was closed with a single 
suture, and the animals were allowed to recover for 7 days.

Mechanical withdrawal threshold (MWT). Mechanical allo-
dynia and thermal hyperalgesia are reproducible and sensitive 
behavioral readouts of neuropathic pain. Behavioral testing 
was conducted prior to surgery and on days 3, 5, 7, 10, 12 and 
14 following surgery. Animals were allowed to acclimate to 
elevated cages (20x14x16 cm) with a wire mesh bottom. MWT 

was measured by assessing hind paw sensitivity to innocuous 
mechanical stimulation. Ascending mechanical pressure 
(0‑70 g) was applied to the plantar aspect of right hind paw 
by the 2392 Electronic von Frey Anesthesiometer (IITC Life 
Science, Woodland Hills, CA, USA). Lifting, licking the paw 
and running away were all considered as positive responses. 
The maximum applied pressure was recorded. The MWT of 
each animal was the average of six measurements taken at 
5 min intervals.

Thermal withdrawal latency (TWL). In this assay, rats were 
placed in a transparent, square, bottomless acrylic box 
(17x11.5x14 cm) and allowed to adapt for 20 min. Responses to 
thermal stimulation were evaluated using a 37370 plantar test 
apparatus (UgoBasile SRL, Milan, Italy) as a source of radiant 
heat. A beam of focused light set at 60˚C was directed towards 
the plantar surface of the hind paw, and the maximum latency 
time was recorded. The time to purposeful withdrawal of the 
foot from the beam of light was measured. A cut‑off time 
was set at 40 sec to prevent tissue damage. Every hind paw 
was tested alternately at 5 min intervals. The results obtained 
for each rat were expressed in sec (sec) as the mean of five 
withdrawal latencies. Finally, the average value was used for 
statistical analysis.

EA stimulation. EA treatment was given between 9:00 and 
11:00 a.m. every day and lasted for 7 days. The rats were main-
tained in an immobilization apparatus designed by the authors' 
laboratory (patent application number: 201110021482.5, State 
Intellectual Property Office) (20‑22). During EA treatment, 
stainless steel needles were percutaneously inserted into 
the right hind leg at two points: Zusanli acupoint (ST‑36, 
5 mm below the head of the fibula under the knee joint, and 
2 mm lateral to the anterior tubercle of the tibia) and the 
Yanglingquan acupoint (GB‑34, ~5 mm superior‑lateral to 
ST‑36; Fig. 1) (23,24). It has been previously reported that 2 Hz 
induced analgesia mediated by the release of met‑enkephalin 
and β‑endorphin, while 100 Hz via release of dynorphin‑A in 
the CNS (25). Combining the low (2 Hz) and high (100 Hz) 
frequencies alternately (named ‘2/100 Hz’) elicits a synergistic 
analgesic effect (26). The intensity of the stimulation was set at 
1.5 mA, which elicited a slight twitch. A HANS‑200E (Jisheng 
Medical Instruments Co., Ltd., Nanjing, China) was used to 
deliver the acupuncture stimulus and enabled the performance 
of EA. Acupuncture needles were inserted 2‑3 mm deep and 
stimulated electrically at a frequency of 2/100 Hz to permit 
the muscle to shrink slightly. The total stimulation period was 
30 min.

Immunohistochemistry. Rats (n=5 per group) were anaesthe-
tized as described above and perfused via the aorta with 0.9% 
normal saline, followed by addition of 4% paraformaldehyde 
in phosphate‑buffered saline on day 14 following surgery. 
Spinal cord segments (L4‑L6) were collected and fixed in 
4% paraformaldehyde for 24 h. Following fixation, they were 
dehydrated, cleared and embedded in paraffin for trans-
verse paraffin sections. The paraffin sections (5‑µm thick) 
were made and mounted on poly‑L‑lysine‑coated slides for 
immunohistochemistry. To block the activity of endogenous 
peroxidase, the slides were incubated in 3% H2O2 for 10 min 
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at room temperature and blocked in 10% normal goat serum 
with 0.3% Triton X‑100 in PBS for 1 h. Sections were probed 
with mouse anti‑KCC2 (1:200; cat. no. ab134300; Abcam, 
Cambridge, MA, USA) and rabbit anti‑GABAA receptor γ2 
subunit (1:100; cat. no. orb5291; Biorbyt Ltd., Cambridge, UK) 
antibodies overnight at 4˚C. The next day, slides were incubated 
for 30 min at 37˚C with the following secondary antibodies: 
Two‑step plus Poly‑horseradish peroxidase (HRP) anti‑mouse 
immunoglobulin (Ig)G detection system (1:1; cat. no. PV‑6002; 
Beijing Zhongshan Golden Bridge Biotechnology, Co., Ltd., 
Beijing, China) and two‑step plus Poly‑HRP anti‑rabbit IgG 
detection system (1:1; cat. no. PV‑6001; Beijing Zhongshan 
GoldenBridge Biotechnology, Co., Ltd.). Slides were then 
stained with DAB for 20 sec and counterstained with haema-
toxylin for 8 min at room temperature. Finally, images were 
captured via a light microscope (Olympus Corporation, Tokyo, 
Japan). Image‑Pro Plus 5.1 software (Media Cybernetics, Inc., 
Rockville, MD, USA) was used to define and determine posi-
tive regions of interest.

Western blotting. Rats (n=5 per group) were deeply anes-
thetized as described above and perfused with 0.9% normal 
saline. The L4‑L6 spinal cord segments (1 cm) were dissected 
on day 14 post‑CCI surgery. The segments were lysed in 
fresh radioimmunoprecipitation assay protein lysis buffer 
containing phenylmethylsulfonyl fluoride (PMSF) (RIPA: 
PMSF=100:1) for 30 min and centrifuged at 15,294 x g for 
5 min at 4˚C, and the supernatant was subsequently collected. 
Protein concentration of each sample was determined using 
a bicinchoninic acid assay protein assay kit (Beyotime 
Institute of Biotechnology, Haimen, China). The proteins were 
mixed with loading buffer, heated to 100˚C for 10 min and 
separated on an 8 or 10% Tris‑HCl SDS‑PAGE gel (Bio‑Rad 
Laboratories, Inc., Hercules, CA). Following electrophoresis, 
the proteins were transferred to a polyvinylidene fluoride 
membrane. The membranes were blocked with 5% non‑fat 
milk for 2 h and incubated overnight at 4˚C with the following 
antibodies: Mouse anti‑KCC2 (1:400; cat. no.  ab134300; 
Abcam); rabbit anti‑GABAA receptor γ2 subunit (1:400; 
cat. no. orb5291; Biorbyt Ltd.). Next, the membranes were 
incubated with peroxidase‑conjugated goat anti‑mouse IgG 
(H+L) (1:5,000; cat. no. BL001A; Biosharp, Hefei, China) or 
peroxidase‑conjugated goat anti‑rabbit IgG (H+L) secondary 
antibody (1:5,000; cat. no. BL003A; Biosharp). Following 
being washed, the labeled proteins were visualized using the 
enhanced chemiluminescence (ECL) kit (Beyotime Institute 
of Biotechnology). The quantity of band intensity was detected 
by aDNR microchemiluminescence gel imaging system (DNR 
Bio‑Imaging Systems, Jerusalem, Israel) and using AlphaEase 
FC 4.0.0 software from ProteinSimple, (San Jose, CA, USA). 
The band densities were normalized to GAPDH.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from the L4‑L6 
segment with TRIzol (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
instructions (n=5 per group). Total RNA (1 µg) was reverse 
transcribed using High Capacity RNA‑to‑cDNA Master Mix 
(cat. no. A3500; Promega Corporation, Madison, WI, USA). 
Real‑time amplification was conducted using SYBR Green 

Supermix (Toyobo Co., Ltd., Osaka, Japan) and a Light 
Cycler 480 system (Roche Diagnostics GmbH, Mannheim, 
Germany). Primer sequences were the following: KCC2 
forward, 5'‑AGC​AAA​GAG​CAC​GAA​GAA​GC‑3' and reverse, 
5'‑GCC​GCA​GAA​AGA​GGA​TAA​CA‑3'; GABAA receptor 
γ2 subunit forward, 5'‑TTC​TGT​CCT​GGG​TGT​CCT​TC‑3' 
and reverse, 5'‑AGA​GAC​TTC​CGG​GCT​ATG​GT‑3'; RPS16 
forward, 5'‑AAG​TCT​TCG​GAC​GCA​AGA​AA‑3' and reverse, 
5'‑TTG​CCC​AGA​AGC​AGA​ACAG‑3'. The PCR reactions 
were prepared in a total volume of 10 µl, containing 1 µl 
cDNA, 0.6 µl forward and reverse primer, 5 µl SYBR Green 
Supermix, 1 µl plus solution (this solution is a component that 
increases the specificity and reliability of the PCR reaction) 
and 1.8 µl RNase‑free water. To amplify genomic DNA, PCR 
was performed under the following conditions: 95˚C for 5 min, 
followed by 40 cycles of 95˚C for 10 sec, 60˚C for 10 sec, and 
72˚C for 10 sec. The quantification values were obtained from 
the quantification cycle (Cq) number at which the increase in 
the signal was associated with an exponential growth of the 
PCR products. All samples were run in triplicate and repeated 
three times. RPS16 quantification was used as an internal 
control for normalization. Fold differences of mRNA levels 
over vehicle control were calculated by 2‑ΔΔCq method (27).

Statistical analysis. Statistical analyses were carried out 
using the SPSS statistical software (version, 16.0; SPSS, Inc., 
Chicago, IL, USA). Numerical data of protein and mRNA 
assays were analyzed and compared by one‑way analysis of 
variance (ANOVA) followed by a post hoc comparison test 
using the LSD (equal variances assumed) or Kruskal‑Wallis 
(equal variances not assumed) method. Behavioral results 
with multiple comparisons were statistically analyzed by 

Figure 1. The location of sciatic nerve and the other nerves near to where 
it is described. The sciatic nerve of the right hind limb was exposed at the 
middle of the thigh, and four chromic gut ligatures were loosely tied around 
the nerve with ~1 mm spacing to prevent the interruption of blood circulation 
through the epineural vasculature. The two black points represent ‘Zusanli’ 
(ST‑36) and ‘Yanglingquan’ (GB‑34) acupoints.
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ANOVA for repeated measures. All values were presented as 
the means ± standard deviation. P<0.05 were considered to 
indicate a statistically significant difference.

Results

EA treatment reversed CCI‑induced mechanical allodynia 
and thermal hyperalgesia. The MWT and TWL values were 
normalized to baseline (day 0) to determine the time course of 
CCI‑induced mechanical allodynia and thermal hyperalgesia. 
There was no significant difference among the groups. In 
behavioral tests on day 3 post‑CCI operation, MWT and TWL 
were significantly lower in the CCI group compared with the 
normal and sham‑CCI groups (P<0.001). On day 7, the MWT 
was markedly reduced from 30.8±1.16 to 10.7±1.28 g, and 
TWL was reduced from 21.0±1.40 to 10.3±0.54 sec compared 
with the normal and sham‑CCI groups (P<0.001). EA treat-
ment markedly reduced the symptoms of neuropathic pain. 
As presented in Fig. 2A and B, EA significantly reversed the 
established mechanical allodynia and thermal hyperalgesia in 
the CCI model occurring on day 10. On day 14, the MWT 
and TWL of the CCI+EA group were markedly higher than 
those in the CCI group (P<0.001). Taken together, these results 
suggest that EA therapy effectively reduces the severity of 
pain induced by sciatic nerve injury.

EA upregulated KCC2 protein and mRNA levels in 
spinal cord. To explore the analgesic effect of EA, and prove 
the critical role of KCC2 for maintaining neuropathic pain, 
the authors next examined the protein and mRNA levels 
of KCC2 in the spinal cord following repeated EA treat-
ments. Immunohistochemistry was performed in each group 
(Fig. 3A and B). Comparisons between the CCI and CCI+EA 
group revealed significant effect, KCC2 was evident in CCI+EA 
group relative to the CCI group. Furthermore, using western 
blotting, the authors examined the protein level of KCC2 in 
the L4‑L6 spinal cord. CCI resulted in a significant reduction 
in the KCC2 protein levels compared to the sham‑CCI group. 
The relative optical density value for KCC2 in the EA group 
was significantly higher than that in the CCI group (P<0.05; 
Fig. 3C and D). RT‑qPCR analysis confirmed the downregula-
tion of KCC2 under chronic constriction at the sciatic nerve. 
However, following 7 days of EA treatment, KCC2 expression 
was significantly higher than it in the CCI group (Fig. 3E). 
Together, these results suggested that CCI may lead to a loss of 
KCC2 mRNA and protein, 2/100 Hz EA may increase KCC2 
expression in the spinal cord of CCI rats, which, in turn may 
potentiate EA‑induced analgesia in the spinal cord.

EA treatment increased spinal GABAA receptor γ2 
subunit expression in CCI rats. To evaluate the effect of EA 
on the GABAA receptor γ2 subunit, immunohistochemistry, 
western blotting and RTq‑PCR analyzed protein and mRNA 
levels. Direct analysis of GABAA receptor γ2 subunit in the 
spinal cord was investigated using immunohistochemistry. As 
is demonstrated in Fig. 4A and B, EA significantly increased 
the expression of GABAA receptor γ2 subunit (P<0.05). 
Western blotting produced similar results at the protein level 
(P<0.05; Fig.  4C and  D). Data from RT‑qPCR revealed a 
prominent reduction in GABAA receptor γ2 subunit mRNA in 
the spinal cord of CCI rats. However, EA significantly attenu-
ated the CCI‑induced downregulation of GABAA receptor γ2 

subunit mRNA (P<0.001; Fig. 4E). These data suggested that 
CCI‑induced NP inhibits the expression of GABAA receptor 
γ2 subunit, thus indicating a potential role for GABAA receptor 
γ2 subunit in mediating pain inhibition in response to CCI.

Discussion

The current study demonstrated that EA treatment has a 
beneficial effect on the pain threshold of rats undergoing CCI. 
The data indicated that the mechanical and thermal nocicep-
tive thresholds maybe increased by EA on ST‑36 and GB‑34 
acupoints in the CCI plus EA group. Furthermore, the authors 
examined the mRNA and protein levels of KCC2 and GABAA 
receptor γ2 subunit in CCI rats and indicated that EA treat-
ment significantly increased KCC2 and GABAA receptor γ2 
subunit expression.

Figure 2. Treatment with EA resulted in a significant analgesic effect. 
(A) Mechanical allodynia. (B) Thermal hyperalgesia. The graph demon-
strated the changes in withdrawal threshold from the baseline. The threshold 
was observed before (Pre) and following EA. MWT and TWL were signifi-
cantly reduced from the baseline on day 3 following the CCI operation. 
MWT and TWL of rats treated with EA were significantly higher than the 
CCI group on the days indicated. ***P<0.001 vs. sham group; ∆∆∆P<0.001 
vs. CCI group. CCI, chronic constriction injury; EA, electro‑acupuncture.
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A great deal of evidence from diverse animal models of 
neuropathic pain has suggested that glia, particularly acti-
vated microglia, serve a critical role in the defense of the 
neural parenchyma (28). Following peripheral nerve injury, 
activated microglia will upregulate their surface expression 
of immunomodulatory proteins and release neurotransmitters 
and immunomodulators such as opioids, serotonin, noradrena-
line and adenosine (29). Brain‑derived neurotrophic factor 
(BDNF), which can be synthesized and released of microglia, 
has been reported to be crucial in the occurrence and develop-
ment of NP (30). Most of the cellular behaviors of BDNF in the 
spinal cord are mediated by its high‑affinity receptor tropomy-
osin‑related kinase B (TrkB), and BDNF‑TrkB has previously 
been shown to downregulate expression of the KCC2 (6,30). It 
is reported that the BDNF‑TrkB‑KCC2 signaling pathway may 
contribute to NP not only during its occurrence but also during 
its maintenance (6). Based on these data, it was hypothesized 
that chronic pain may be correlated to KCC2 and its signal 

transduction pathway, the analgesic effect of EA may be asso-
ciated with regulation of this pathway.

Accumulated evidence suggests that KCC2, the main 
Cl‑ transporter in spinal lamina I neurons, leads to decrease 
intracellular Cl‑ concentration (31). It serves a pivotal role in the 
inhibitory mechanisms that control neuronal excitation in the 
CNS (30). The downregulation of KCC2 has been implicated 
in various excitatory disorders, such as in epilepsy or in nerve 
injury resulting from various pathological conditions (32). As 
a result, GABAA receptors can be reduced which potentially 
shift the receptor‑mediated responses from hyperpolarizing 
inhibition to depolarizing excitation (32,33). The increased 
neuronal excitability may then sustain the enhanced (and 
exaggerated) communication between primary afferents and 
dorsal horn neurons to contribute to the early behavioral signs 
of pain (34).

The current study demonstrated that NP decreased the 
expression of KCC2 and GABAA receptor γ2 subunit mRNA 

Figure 3. EA prevented KCC2 downregulation in CCI rats (n=5). (A) The KCC2 was stained with immunohistochemistry (The left side of the column: Scale 
bar, 50 µm; the right side of the column: Scale bar, 20 µm). (B) The bar graph indicated the quantitative KCC2 positive regions in four groups. (C) Western 
blot analysis of total KCC2 protein in L4‑L6 demonstrated a marked reduction in CCI rats. GAPDH was used as the loading control. (D) Summary data from 
western blotting experiments. (E) Quantification of relative KCC2 mRNA levels in CCI rats. *P<0.05, ***P<0.001 as indicated; ns, not significant. CCI, chronic 
constriction injury; EA, electro‑acupuncture.
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and protein in CCI rats and this occurred concomitantly with 
a marked increase in allodynia. However, EA significantly 
relieved mechanical allodynia and thermal hyperalgesia and 
increased the expression of KCC2 and GABAA receptor γ2 
subunit.

EA has been established as a viable therapeutic interven-
tion to alleviate chronic pain and has shown positive effects 
in the clinic, but the biological basis of its action remains 
unknown (35). Several studies have demonstrated that EA 
has an immunomodulatory effect  (36). Zhang Wang and 
McAlonan (37) suggested that acupuncture stimulation can 
release pain killers and CNS mediators, including endorphin, 
morphine and GABA. GABA has been implicated not only in 
peripheral responses but also in interfering with pain impulse 
input in the CNS. In the present study, EA prevented decreased 
levels of KCC2 and GABAA in the central sensory pathways 
and reduced NP following peripheral nerve injury. Based on 
these findings, the authors suspect that the mechanical allo-
dynia and thermal hyperalgesia mediated by KCC2‑GABAA 
receptor signaling pathway is attenuated by EA via its immu-
nomodulatory effects in the spinal cord (Fig. 5). To further 
characterize the analgesic effect of EA, pharmacology, 
electrophysiological techniques and other methods will be 
conducted in the future.

Figure 4. EA increased the expression of GABAA receptor γ2 subunit (n=5). (A) The GABAA receptor γ2 subunit was stained in an immunohistochemistry 
study (the left side of the column: Scale bar, 50 µm; the right side of the column: Scale bar, 20 µm). (B) The bar graph indicated the quantitative GABAA 
receptor γ2 subunit positive regions in four groups. (C) Western blot analysis of GABAA receptor γ2 subunit protein in L4‑6 presented a marked reduction. 
GAPDH was used as the loading control. (D) Summary data from western blotting experiments. (E) Quantification of relative GABAA receptor γ2 subunit 
mRNA levels in CCI rats. *P<0.05, ***P<0.001 as indicated; ns, not significant. EA, electro‑acupuncture; CCI, chronic constriction injury; 

Figure 5. Outline of the current view on role of KCC2‑GABAA receptor 
signaling pathway in chronic constriction injury induced neuropathic pain. 
Under normal conditions, KCC2 maintains a low concentration of intra-
cellular Cl‑. Peripheral nerve injury causes a differential change of KCC2 
expression and function consequently increases intracellular Cl‑ concen-
tration and hinders GABAA receptor‑mediated inhibition of neuronal 
excitability. The analgesic effects of EA may be achieved via regulation of 
the KCC2‑GABAA receptor signaling pathway in the central sensory. EA, 
electro‑acupuncture.



MOLECULAR MEDICINE REPORTS  17:  6961-6968,  2018 6967

In conclusion, these data suggested that peripheral nerve 
injury caused a reduction in KCC2 and GABAA receptor γ2 
subunit expression in the spinal cord and that the upregulation 
of KCC2 and GABAA receptor γ2 subunit may account for the 
analgesic effect of EA. Overall, the results of the present initial 
study provide a promising foundation for future research on 
the impact of EA on NP.
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