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Neuropathic pain-induced cognitive dysfunction and 
down-regulation of neuronal pentraxin 2 in the cortex and 
hippocampus
Rongguo Wanga,b, *, Yuanyuan Manb,*, Meiyan Zhoub, Yangzi Zhub,  
Liwei Wangb and Jianping Yanga 

Evidence from both basic and clinical science suggests 
that neuropathic pain can induce cognitive dysfunction. 
However, these results are mainly based on a series of 
behavioral tests, there is a lack of quantitative variables to 
indicate cognitive impairment. Neuronal activity-regulated 
pentraxin (NPTX2) is a ubiquitously expressed, secreted 
protein in the nervous system. NPTX2 has been implicated 
to be involved in a variety of neuropathic diseases 
including Parkinson’s disease, ischemia, and Alzheimer’s 
disease. In a mouse model of chronic pain, NPTX2 is 
involved in the regulation of inflammatory responses. 
Here, we employ a variety of behavioral approaches to 
demonstrate that mice with chronic neuropathic pain have 
cognitive impairment and exhibit an increased anxiety 
response. The expression of NPTX2, but not NPTX1, 
was down-regulated in the hippocampus and cortex 
after chronic neuropathic pain exposure. The modulation 
effect of NPTX2 on cognitive function was also verified 
by behavioral tests using Nptx2 knock-out mice. Above 

all, we conclude that downregulation of NPTX2 induced 
by neuropathic pain may serve as an indicator of a 
progressive cognitive dysfunction during the induction 
and maintenance of spared nerve injury. NeuroReport 32: 
274–283 Copyright © 2020 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Neuropathic pain is a complex multidimensional insult 
with marked effects on many aspects of an individual’s 
daily life beyond physical functioning, especially cogni-
tive components such as attentional capacity, processing 
speed, and psychomotor speed [1]. Existing therapeu-
tics for pain are often less effective for neuropathic pain; 
moreover, effective pain relief with existing analgesics 
usually do not target improvement of pain-related cogni-
tive dysfunction [2]. To this end, it is of immense impor-
tance to explore the mechanisms of chronic pain that 
induce cognitive disturbances.

Previous studies have demonstrated that chronic pain 
arising from peripheral nerve injury induces alterations in 
various areas of the brain including the hippocampus and 
cortex [3]. These alterations include changes in inflam-
matory mediators, neurotransmitters, and synaptic plas-
ticity [4], which further burden cognitive impairment [5].

Neuronal Pentraxin 2 (NPTX2; also termed Narp 
and NP2) is a member of a family of ‘long’ Neuronal 
Pentraxins that also includes Neuronal Pentraxin 1 
(NPTX1) and Neuronal Pentraxin Receptor. NPTX1 
and NPTX2 are secreted, calcium-(Ca2+) dependent 
lectins, present at excitatory synapses where they bind 
the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) receptor-type glutamate receptors to form 
an extracellular synaptic scaffolding protein complex 
that contributes to synaptogenesis [6,7]. Previous studies 
have also shown that NPTX2 overexpression can increase 
excitatory synapse formation [8], while downregulation 
of NPTX2 decreases excitatory synapse formation [9]. 
Recently, NPTX2 has also been suggested as a cognitive 
biomarker, with patients with mild cognitive impairment 
and Alzheimer’s disease showing an obvious reduction in 
NPTX2 levels [10]. In a sciatic nerve transection (SNT) 
model, NPTX2 knock-out (KO) mice displayed an exag-
gerated microglia/macrophage response compared with 
wild-type mice [11] and also demonstrated cognitive 
inflexibility and addictive behavior, which are associated 
with abnormal reactivity to a novel stimulus [12]. All 
these pieces of evidence suggest that NPTX2 is associ-
ated with cognitive impairment.
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To further understand the pattern of changes in 
NPTX1 and NPTX2 within the hippocampus and fore-
brain during the process of spared nerve injury (SNI)-
induced cognitive dysfunction of mice, we investigated 
their expression levels using western blotting. First, we 
established the mouse SNI model and employed vari-
ous behavioral methods to confirm neuropathic pain-in-
duced cognitive impairment. Next, we explored the 

expression of NPTX1 and NPTX2 in the hippocam-
pus and frontal lobe during SNI-induced cognitive 
impairment to observe the alteration of potential bio-
markers during the development of neuropathic pain.  
Finally, we generated NPTX2 KO mice and conducted 
a battery of behavioral tests to test the hypothesis that 
NPTX2 modulates cognitive function and anxiety 
behavior.

Fig. 1

SNI mice showed nociceptive allodynia while maintained normal locomotor activity: (a) Schematic diagram of the experimental timeline. (b and c) 
Daily nociceptive behavior before (BL) and on day 3, 5, 7, 14 after SNI or sham surgery; SNI-induced mechanical allodynia was demonstrated as 
reduced mechanical withdrawal threshold (b), and heat hyperalgesia was manifested as reduced latency (c) (n = 6; P < 0.05 vs. sham group). At 
14 days after surgery, the total travel distances (d; n = 6; P = 0.2151) and mean velocities (d; n = 6; P = 0.5888) were similar between SNI and 
sham mice in the open field test. BL, baseline; SNI, spared nerve injury.
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Materials and methods
Experimental animals
All protocols used in this study were conducted in accord-
ance with the Guide for the Care and Use of Laboratory 
Animals (National Academy Press, Washington DC, 
1996) and approved by the Soochow University Animal 
Care Committee. Nine-week-old C57BL6 Narp −/− 
transgenic mice (Cyagen Biosciences, Suzhou, China) 
and wild-type littermates were housed in groups of five 
in cages (32 × 21 × 16 cm) on corn cob bedding at a con-
stant temperature of 22–23 °C, with an alternating 12 h 
light/dark cycle (lights on at 07:00 h) and water and food 
available ad libitum. ARRIVE guidelines were followed 
as animals were involved in this study. All efforts were 
made to minimize suffering and reduce the number of 
animals used for the purposes of this study. A schematic 
diagram of the experimental timeline was shown in 
Fig. 1.

Surgical procedures
Mice were anaesthetized with isoflurane (induced at 5% 
and maintained at 2%) inhalation in 100% oxygen, and 
then SNI was performed as previously described. Briefly, 
the sural, common peroneal, and tibial branches of the left 
sciatic nerve were exposed and subsequently transected. 
The sural nerve was left intact. In the sham group, the 
tibial and common peroneal nerves were exposed, but no 
ligation or axotomy was performed. Mice were allowed to 
recover for 2 weeks following surgery.

Behavioral tests
All behavioral experiments were carried out between 9 
a.m. and 2 p.m. by investigators who were blinded to the 
treatment conditions. Animals were habituated to the 
testing environment for three consecutive days (30–60 
minutes/d) before baseline testing.

Nociceptive behavior test
Paw withdrawal threshold 
The mechanical pain threshold was assessed with von 
Frey filaments according to the ‘up-down’ method 
described by Chaplan et al. [13]. Mice were placed in 
a plastic cage with a wire-mesh bottom which allowed 
full access to the paws. An accommodation period was 
allowed until exploration and major grooming activities 
ceased. Nylon fibers of sequentially increasing stiffness 
(0.08–2 g; Stoelting Co., Wood Dale, Illinois, USA) were 
perpendicularly applied to the plantar surface of the left 
hind paw and kept in place for up to 5 seconds. If no 
response occurred, the next stiffer fiber was applied; if a 
response occurred, a less stiff fiber was applied. Stimuli 
were presented at intervals of 15–30 seconds allowing for 
the resolution of any behavioral response to the previ-
ous stimulus. Four more fibers were applied after the first 
withdrawal response occurred, allowing estimation of the 
mechanical withdrawal threshold.

Paw withdrawal latency 
Thermal paw withdrawal latencies (PWLs) to radiant heat 
stimuli were measured with a plantar stimulator analge-
sia meter (Model 390 Analgesia Meter; IITC Inc./Life 
Science Instruments, Woodland Hills, California, USA). 
Briefly, radiant heat was applied from below to the mid-
dle of the plantar surface of the ipsilateral hind paw. The 
time between the starting of the beam and the foot lift 
was defined as the PWL. To avoid tissue damage, a cutoff 
time of 20 seconds was set. Each trial was repeated three 
times at a 10-minute interval to prevent sensitization.

Motor function evaluation
The mice were placed in the center of an open field 
apparatus (60 × 60 cm, 50 cm height), which was divided 
into a peripheral, center, and intermediate zones. Mice 
were put in the same place within the field and tested 
individually in a 5-minute session [14]. All activities were 
analyzed by the Ethovision XT (Noldus, Beijing, China) 
monitoring analysis software. The apparatus was cleaned 
with 75% alcohol after every test to eliminate the odor of 
the previously tested animal.

Novel object recognition test
The novel object recognition (NOR) test was per-
formed in the same box used for the OFT as previously 
described. Prior to the test, all mice were handled for 6 
days before habituation. On the first day, the mice were 
placed into the box for 10 minutes without any objects 
(S0 phase). Four hours later, two objects (A and B) were 
placed into the box and the mice were allowed to explore 
for 5 minutes (S1 phase). The time spent exploring each 
object was recorded. The test was performed in the same 
box after a retention interval of 24 h. In the test stage (S2 
phase), one of the two objects used during exploration 
was replaced with a novel object (A and C). The mice 
were allowed to explore the objects freely for 5 minutes, 
and the time spent with each object was recorded. The 
recognition index (RI), calculated by (C − A)/(A + C), 
that is, a ratio of the difference between the time spent 
exploring the familiar object and the novel object over 
the total time spent exploring the two objects, was used 
to evaluate cognitive function.

Elevated plus-maze
Anxiety-related behavior was evaluated by the elevat-
ed-plus maze (EPM) as previously described. The EPM 
apparatus (made of Plexiglas, Beijing, China) consisted 
of four arms (two were open without walls and two were 
enclosed by 15.25 cm high walls) 30 cm long and 5 cm 
wide. The whole maze was elevated 40  cm above the 
floor. Mice were placed at the intersection of the open and 
closed arms, facing the open arm opposite to where the 
experiments, and were allowed to explore the maze for 5 
minutes. The animal’s behavior was analyzed by a video 
tracking system (Stoelting Co.). All the arms were equally 



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Neuropathic pain induced cognitive dysfunction Wang et al. 277

illuminated so that the animals did not perceive lighting 
differences.

Fear conditioning test
The trace conditioned fear test is based on previously 
described procedures [15]. On the conditioning day, 
mice were brought into a holding room and allowed to 
sit undisturbed in their home cages for 10 minutes. Mice 
were then placed in the testing chamber and allowed 
to explore for 3 minutes before the presentation of a 
tone (30 seconds, 80 dB, 3600 Hz). After a trace period 
of 30 seconds, a mild shock (2 seconds, 0.5  mA) was 

administered. The mice received five conditioning trials, 
each separated by a 200-second intertrial interval (ITI). 
The mice were removed from the conditioning chambers 
1 minute after the last shock presentation and returned to 
their home cages. Chambers were cleaned with 30% iso-
propanol after each test. Trace memory testing was done 
on day 2. Mice were placed in a new context for the test. 
The tone test consisted of a 2-minute baseline period fol-
lowed by three 30-second tone presentations. Each tone 
presentation was separated by a 220-second ITI. The 
chamber was cleaned with 70% ethanol instead of 30% 
isopropanol after each test. On the third day, contextual 

Fig. 2

Chronic nociception impaired cognitive function in SNI mice in the novel object test: (a) the schematic presentation for the protocol of the novel 
object recognition test. Habituation, training, and test, represented by three phases: S0, S1, and S2. A, B, and C represent the different objects 
used during the test. In the training phase, A and B were placed in the box. In the test phase, A and C were placed in the box. (b) There were no 
significant differences in time spent on exploring both objects (A and B) during the training section (S1) between the sham and SNI group (n = 
6; P = 0.3305 shamA vs. shamB; P = 0.2133 SNI A vs. SNI B). (c) The SNI mice demonstrated a significant reduction in exploration time of the 
novel object (object C) compared with the sham mice (n = 6; P = 0.0138 shamA vs. shamC; P = 0.1475 SNI A vs. SNI C). (d) Recognition index 
was lower in SNI mice compared with the sham group (n = 6; P = 0.0142 vs. sham group). Spared nerve surgery decreased the freezing time in 
the FCT context test (e: n = 6; P = 0.0116 vs. sham) and tone test (f: n = 6; P = 0.0340 vs. sham). SNI, spared nerve injury.
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conditioning tests were conducted in a context identi-
cal to that of day 1. The freezing response (a defensive 
posture defined as the absence of motion except for that 
necessitated by breathing) was used as a measure of con-
ditional fear [15]. The chamber was cleaned with 30% 
isopropanol after each test.

Western blot
Under deep anesthesia with pentobarbital (50  mg/kg, 
i.p.) and hypoxia with carbon dioxide, the bilateral fron-
tal lobe and hippocampus of both sides were removed 
and immediately homogenized in ice-chilled lysis buffer. 
Samples were prepared as reported previously described 
[16]. Membranes were incubated with the following pri-
mary antibodies: goat anti-NPTX1 (Abcam, Cambridge, 
UK; 1:1000); rabbit anti-NPTX2 (Abcam; 1:1000); rab-
bit anti-GAPDH (HuaAn Biotechnology, Hangzhou, 
China; 1:2000). The membranes were then washed 
thrice in TBST and incubated for 2 h at room tempera-
ture with HRP-conjugated secondary antibodies (HuaAn 
Biotechnology, Hangzhou, China; 1:5000). Signals were 
detected by Image Quant Ai600 (General Electric Co., 
Pittsfield, Massachusetts, USA) using an enhanced 
chemiluminescence reagent (Thermo Fisher Scientific, 
Rockford, Illinois, USA). All western blot analyses were 
performed at least three times until we obtained consist-
ent results.

Data analysis
Data were presented as mean ± SEM and analyzed with 
Graph-Pad Prism 7 (Graph Pad Software, San Diego, 
California, USA). Student’s t-test was used to com-
pare the differences between two groups. Behavioral  
data were analyzed by two-way repeated-measures 
analysis of variance. Statistical significance was set at  
P < 0.05.

Results
Spared nerve injury mice showed nociceptive allodynia 
while normal locomotor activity was maintained
We first established a neuropathic-pain mouse model, 
and tested the mechanical and thermal pain threshold of 
mice to evaluate the success of the model. To evaluate 
nociceptive symptoms, the mechanical paw withdrawal 
thresholds (MPWT, Fig. 1b) and thermal PWLs (Fig. 1c) 
of the SNI group and the sham group were tested from 
day 0 to day 14 post-surgery. As expected, the MPWT 
and PWL decreased on day 3 and lasted until 14 days 
after surgery in SNI mice compared with that in the sham 
group. In the open field test, the distance traveled by 
(Fig. 1d; t = 1.324; df = 10; P = 0.2151, compared with the 
sham group) and velocity of (Fig. 1e; t = 0.5585; df = 10; P 
= 0.5888, compared with the sham group) SNI mice was 
similar to that of sham mice, suggesting that the surgery 
itself did not affect locomotor activity.

Spared nerve injury-induced cognitive deficits
To evaluate the effect of neuropathic pain on cognitive 
function, the NOR test was carried out. In the NOR 
test, mice remembered the objects they were exposed to 
during the training phase. In the testing phase, the mice 
would spend more time exploring a novel object, than 
the familiar one, which is expressed as a higher RI index 
for novel object [17]. SNI and sham mice spent similar 
time exploring object A and B (Fig. 2b; F

1.2.2, 6.01
 = 0.4267, 

P = 0.5740; P = 0.3305 sham A vs. B; P = 0.2133 SNI A vs. 
B; n = 6) during the training phase. In the testing phase, 
sham mice spent more time exploring the novel object, 
however, SNI mice showed no difference in object explo-
ration (Fig. 2c; F

1.765, 8.823
 = 6.336, P = 0.0218; P = 0.0138 

sham A vs. C; P = 0.1475 SNI A vs. C; n = 6). That is, SNI 
mice had a lower RI for a novel object than sham mice 
(Fig. 2d; t = 2.963, df = 10, P = 0.0142; n = 6).

Fig. 3

Anxiety-like behavior on the elevated-plus maze: (a) SNI mice spends more time in closed arms (n = 6; P = 0.0072 vs. sham). (b) SNI mice spend 
less time in open arms (n = 6; P = 0027 vs. sham). SNI, spared nerve injury.
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Cognitive performance was also evaluated by a fear con-
ditioning test wherein SNI mice exhibited a reduction in 
freezing time during the context test (Fig. 2e; t = 3.085; 
df = 10; P = 0.0116; n = 6) and tone test (Fig. 2f; t = 2.454; 
df = 10; P = 0.0340; n = 6) compared with the sham group. 
These results suggest that SNI could induce cognitive 
impairment without affecting locomotor activity.

Spared nerve injury-induced anxiety-like behavior
We also detected the relationship between neuropathic 
pain and anxiety-like behavior in the EPM test. When 
animals were tested in the EPM test, SNI mice were 
found to spend significantly more time in the closed arm 
compared with the sham group (% TSO; Fig. 3a; t = 3.366, 
df = 10, P = 0.0072; n = 6). Whereas a significant reduction 
in time spent in open arms (% FEO; Fig. 3b; t = 3.96, df = 
10, P = 0027; n = 6) was observed in SNI mice compared 
to that in the sham mice. This suggests that SNI mice 
exhibit significantly more anxiety-like behavior com-
pared with sham mice.

Spared nerve injury had no effect on NPTX1 level in the 
hippocampal and cortex
Next, protein expression was detected in the bilateral 
hippocampus and cortex of the sham and SNI mice 

(Fig.  4a). The results showed that there was no statis-
tical difference between the sham group and the SNI 
group with regard to the expression of NPTX1 in the 
cortex (Fig. 4b; t = 1.798, df = 16, P = 0.0910 sham vs. 
SNI left; t = 1.217, df = 16, P = 0.2412 sham vs. SNI right) 
and hippocampus (Fig. 4c; t = 0.3617, df = 24, P = 0.7207 
sham vs. SNI, left; t = 0.07607, df = 24, P = 0.9400 sham 
vs. SNI, right) on the operative side or the nonoperative 
side.

Hippocampal and cortex NPTX2 level was decreased 
after spared nerve injury
NPTX2 expression levels were also analyzed in the bilat-
eral hippocampus and cortex of the sham group and SNI 
group (Fig.  5a). In comparison to the sham group, the 
expression of NPTX2 in the cortex (Fig. 5b; t = 4.688, df 
= 10, P = 0.0009 sham vs. SNI, left; t = 3.626, df = 10, P = 
0.0046 sham vs. SNI, right) and hippocampus (Fig. 5c; t 
= 6.099, df = 10, P = 0.0001 sham vs. SNI, left; t = 4.852, 
df = 10, P = 0.0007 sham vs. SNI, right) of the SNI group 
was significantly decreased, that is, NPTX2 expression 
was generally decreased on both the surgical and the 
non-surgical side. Therefore, we speculate that once SNI 
causes cognitive impairment, there is a global reduction 
in NPTX2 levels.

Fig. 4

Expression of NPTX1 in hippocampus and cortex of SNI and sham mice: (a) representative bands of western blot for NPTX1 and GAPDH in 
cortex and hippocampus of ipsilateral and contralateral of sham and SNI mice. (b) At protein levels, the expression of NPTX1 has no statistical 
difference in the cortex of sham and SNI mice, no matter which side the operation is on (n = 6; P = 0.0910 sham vs. SNI left; P = 0.2412 sham 
vs. SNI right). (c) The expression of NPTX1 has no statistical difference in the hippocampus of sham and SNI mice, no matter which side the 
operation is on (n = 6; P = 0.7207 sham vs. SNI left; P = 0.9400 sham vs. SNI right). SNI, spared nerve injury.
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Increased cognitive dysfunction and anxiety responses 
in Nptx2 knock-out mice
Since peripheral nerve injury resulted in the impair-
ment of cognitive function as well as a global decrease 
of NPTX2 in the hippocampus and cortex, we hypoth-
esized that NPTX2 modulates cognitive function and 
anxiety-like behavior. To answer this, we subjected Nptx2 
KO mice to a battery of behavioral tests. This battery 
included the NOR test, EPM, and fear conditioning test. 
In the NOR test, both KO mice and littermate controls 
spent similar time exploring objects A and B (Fig. 6c; t = 
0.2807, df = 10, P = 0.7847 Ctrl A vs. B; t = 0.6851, df = 10, 
P = 0.5088 KO A vs. B; n = 6) in the training phase. In the 
testing phase, littermate controls spent more time explor-
ing the novel object (Fig. 6c; t = 4.118, df = 10, P = 0.0021; 
n = 6), however, in terms of KO mice, no differences were 
observed (Fig. 6c;; t = 1.149, df = 10, P = 0.2771, n = 6). 
Nptx2 KO mice had a lower RI for a novel object than 
littermate controls (Fig. 6c; unpaired t-test; t = 6.745, df 
= 10, P < 0.0001; n = 6). In the fear condition test, KO 
mice showed less freezing time during the context test 
(Fig. 6d; unpaired t-test; t = 2.8, df = 10, P = 0.0188; n = 6) 
and tone test (Fig. 6d; unpaired t-test; t = 3.914, df = 10, 
P = 0.0029; n = 6) compared with the littermate controls. 

In the EPM test, we found that KO mice spent less time 
in the open arms (Fig. 6e; unpaired t-test, t = 2.615, df = 
10, P = 0.0258) and more time in the closed arms (Fig. 6e; 
unpaired t-test, t = 3.278, df = 10, P = 0.0083) compared 
with the littermate controls. Overall, our results showed 
that Nptx2 deletion robustly increased cognition dysfunc-
tion and anxiety-like behaviors.

Discussion
In line with the published literature [18], we found that 
peripheral nerve injury resulted in the impairment of 
cognitive function. As for the expression of NPTX1, we 
found no statistical difference in its expression within 
the hippocampus and cortex during SNI-induced cog-
nitive impairment. However, the expression of NPTX2 
was significantly decreased in both the hippocampus 
and the frontal lobe, regardless of the side on which the 
operation was performed. In addition, behavioral exper-
iments with Nptx2 KO mice showed that Nptx2 deletion 
could increase cognition dysfunction and anxiety-like 
behaviors.

Recent studies have shown that neuroinflamma-
tion is involved in the development of chronic 

Fig. 5

Expression of NPTX1 in hippocampus and cortex of SNI and sham mice: (a) representative bands of western blot for NPTX2 and GAPDH in cor-
tex and hippocampus of ipsilateral and contralateral of the sham and SNI mice. (b) At protein levels, NPTX2 was dramatically reduced in the cortex 
of SNI mice compared with sham ones in both of the ipsilateral and contralateral (n = 6; P = 0.0009 sham vs. SNI left; P = 0.0046 sham vs. SNI 
right). (c) NPTX2 was dramatically reduced in the hippocampus of SNI mice compared with sham ones in both ipsilateral and contralateral (n = 6; 
P = 0.0001 sham vs. SNI left; P = 0.0.0007 sham vs. SNI right). SNI, spared nerve injury.



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Neuropathic pain induced cognitive dysfunction Wang et al. 281

neuropathic pain-induced cognitive dysfunction [19,20]. 
Supratentorial changes have been reported in association 
with pain modulation after spinal cord injury-induced 
hyperesthesia, including increased microglial activa-
tion, chemokine levels, and other chronic inflammatory 
changes associated with plasticity or electrophysiologi-
cal alterations [21]. Using a mouse spinal cord contusion 
model, researchers demonstrated that increased num-
bers of reactive microglia and neuronal loss in the hip-
pocampus and cerebral cortex were associated with the 
injury-induced cognitive changes and depression-like 
behavior [20]. In chronic pain models such as inflam-
matory pain and neuropathic pain, it was found that 
both wild-type and NPTX2 KO mice exhibited similar 

induction and recovery profiles. However, following 
SNT, NPTX2 knockout mice displayed an exaggerated 
microglia/macrophage response in the spinal dorsal horn 
compared with the wild-type mice [11]. The exaggerated 
microglia/macrophage response might also occur within 
the hippocampus in NPTX2 KO mice and thus aggravate 
symptoms of cognitive dysfunction.

NPTX2 is widely expressed in the hippocampus, cere-
bellum, cerebral cortex, and other regions of the brain, 
where it undergoes induction by synaptic activity and is 
present in pre- and postsynaptic compartments [9]. It is 
demonstrated that 90% of GluR1 clusters on aspiny neu-
rons in rat postnatal hippocampal cultures are associated 
with NPTX2, but not on synapses that are GAD-positive. 

Fig. 6

Effect of depletion of NPTX2 on cognitive dysfunction and anxiety-like behaviors. (a) NPTX2 genotyping. (b) The total distance traveled (L; 
unpaired t-test; t = 0.5977, P = 0.5634; n = 6) and mean velocities (R; unpaired t-test; t = 0.1538, P = 0.8808; n = 6) were similar between KO 
and littermate controls in the open field test. (c) No significant differences were observed in either KO or littermate controls in time spent exploring 
objects A and B during the training section (L; unpaired t-test; t = 0.2807, P = 0.7847 for Ctrl mice; t = 0.6851, P = 0.5088 for KO mice; n = 
6); The KO mice demonstrated a significant reduction in exploration time of the novel object compared with the control mice (M; unpaired t-test; 
t = 4.118, P = 0.0021 for Ctrl mice; t = 1.149, P = 0.2771 for KO mice; n = 6). Recognition index of KO mice was lower than that of the control 
group (R; unpaired t-test; t = 6.754, p<0.0001; n = 6). (d) KO mice showed decreased freezing time in the fear conditioning context test (L; 
unpaired t-test; t = 2.8, P = 0.0188; n = 6) and tone test (R; unpaired t-test; t = 3.914, P = 0029; n = 6) compared with control mice. (e) KO 
mice spent more time in closed arms (L; unpaired t-test; t = 3.278, P = 0.0083; n = 6) and less time in the open arms (R; unpaired t-test; t = 
2.615, P = 0.0258; n = 6) compared with control mice. KO, knock-out.
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Overexpression of NPTX2 leads to co-localization and 
aggregation of AMPA receptor subunits in heterologous 
cells and spinal neurons. Conversely, deletion of NPTX2 
results in a loss of excitatory inputs to fast-spiking par-
valbumin-positive interneurons in the visual cortex and 
interferes with the timing and establishment of ocular 
dominance plasticity [8]. Mice with deletion of NPTX2 
also demonstrate cognitive inflexibility [22] and miR-
301b was reported to negatively regulate NPTX2 and is 
associated with cognitive impairment [23]. Furthermore, 
NPTX2 was reported to predict cognitive impairment 
[10] and is down-regulated significantly in Alzheimer’s 
disease [24]. NPTX2 is suggested as a promising syn-
apse-derived disease progression biomarker in cognitive 
impairment-related diseases [10]. Here, down-regulated 
NPTX2 in the cortex and hippocampus may be an indi-
cator of cognitive impairment and a regulator of anxiety 
in neuropathic pain.

In this study, the global decreased expression of NPTX2 
might be regulated by the decreased expression of 
brain-derived neurotrophic factor (BDNF) in the hip-
pocampus and cortex of neuropathic pain mice. Previous 
studies have confirmed that NPTX2 can be transcription-
ally regulated by BDNF in a time-dependent manner. 
Furthermore, the regulation occurs through phosphoryl-
ation of the mitogen-activated protein kinase and phos-
pholipase C gamma signaling pathways and consequent 
activation of cAMP-response element-binding protein to 
ultimately induce NPTX2 expression. Unlike the effect 
of BDNF on excitatory synaptic transmission in wild-type 
hippocampal neurons, BDNF dose not affect glutamater-
gic transmission in NPTX2 KO neurons, suggesting that 
NPTX2 is important for BDNF-mediated modulation of 
glutamatergic synapses [25]. Since NPTX2 is a secreted 
lectin that can be easily detected, we believe that it can 
be used as a biomarker to screen patients with neurop-
athy-induced cognitive dysfunction, promoting early 
intervention.

Conclusion
In summary, neuropathic pain generates an obvious cog-
nitive impairment and is accompanied by a downregula-
tion of NPTX2 in the cortex and hippocampus. NPTX2 
has been shown to modulate neuroinflammation in a 
variety of chronic pain models and this inflammatory 
response was reported to play an important role in cogni-
tive impairment induced by chronic pain. Here, NPTX2 
may act as an indicator of neuropathic pain-induced cog-
nitive dysfunction, as well as play a role in regulating the 
inflammatory response which contributes to the cogni-
tive impairment induced by chronic pain.
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