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Abstract.
BACKGROUND: Microglia express phosphatidylinositol 3-kinase (PI3K) has been implicated in the induction and maintenance
of long-term potentiation (LTP) and in hippocampal synaptic plasticity. However, there are few studies on the interference of
PI3K signal pathway in microglia.
OBJECTIVE: The study goal is to gain a better understanding of the mechanism by which EA affects synapses provides
insights into how electroacupuncture (EA) modulates synaptic plasticity in learning and memory.
METHODS: Rat models of posttraumatic stress disorder (PTSD) were used to explore the effects of EA on microglial PI3K
pathway, brain-derived neurotrophic factor (BDNF) and LTP, and the target and mechanism underlying the effects of EA on
PI3K from the perspective of protein ubiquitination.
RESULTS: EA induced microglial BDNF expression by activating the PI3K-AKT pathway, thereby facilitating LTP and synaptic
plasticity. EA inhibited lincRNA 02023 to rescue the binding of WWP2 to PTEN, thereby promoting PTEN ubiquitination and
degradation.
CONCLUSION: The mechanism of EA improving the learning and memory ability of PTSD rats may be that it can promote the
competitive combination of WWP2 and PTEN by inhibiting Linc RNA02023, and then lead to microglial PI3K and its pathway
activation, BDNF up-regulation, and finally induce LTP and repair damaged synaptic plasticity.
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1. Introduction

Glial cells, also referred to as gliocytes, are abundant in the central nervous system (CNS) and peripheral
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nervous system (PNS) alongside neurons. In mammals, the ratio of glial cells to neurons is approximately
10:1. Glial cells in the CNS mainly include astrocytes and oligodendrocytes (collectively known as
macroglia) as well as microglia. These cells provide support and protection for the nervous system,
regulating synapse formation and pruning during development; although their synapse regulation in adults
is less deeply studied, glial cells may exert these effects throughout the lifespan.

Microglia, accounting for 5–12% of total glial cells [1], have long been considered immune sentinels
that mediate inflammatory responses by secreting cytokines and chemokines. In addition, they are
involved in many central activities, such as synaptic organization, transmission, and plasticity as well as
the regulation of neuronal excitability (and thus memory formation) [2,3]. Some reports have indicated
that microglia are closely related to synaptic transmission and even in synaptic reconstruction [4].
Moreover, Microglia produce a wide range of signal molecules including cytokines, neurotransmitters,
and extracellular matrix proteins, which regulate neuronal activity, synaptic activity and functional
plasticity [5,6]. These findings suggest that microglia play an active role in synaptic plasticity, which is
the molecular biological basis of learning and memory. Indeed, the close interaction between microglia
and synapses has led to the synaptic detachment hypothesis [7], under which microglia are theorized
to selectively eliminate dysfunctional synapses. This microglia-mediated synaptic removal is generally
believed to originate from activity-dependent refinement in the process of neural development but may
occur in aging or neurodegenerative diseases [8]. Impaired microglia-mediated synaptic elimination
leads to an imbalance between excitatory and inhibitory transmission, leading to various disturbances in
brain functions: memory, cognition, sleep, movement, and social behaviours [9]. Microglia have been
recorded in the thalamus, cerebral cortex and hippocampus and play a crucial role in synaptic plasticity
and behavioural adaptation to diverse environments, most notably in response to chronic stress [10].
Therefore, therapeutic interventions aimed at bolstering microglial resilience to stress could be crucial
for promoting anti-stress ability [11]. In addition, impaired microglia-mediated remodelling of neuronal
circuits could severely impair learning and memory. For example, deletion or depletion of brain-derived
neurotrophic factor (BDNF) in microglia results in cognitive impairment and fear conditioning [12,13].
In addition, in the process of motor learning, inhibiting the release of BDNF microglia can reduce the
formation of cortical dendritic spines in vivo [13].

Phosphatidylinositol-3-kinase (PI3K) contains of a regulatory subunit (p85) and a catalytic subunit
(p110); this protein plays an active role in synaptic plasticity and the activating and maintenance of
long-term potentiation (LTP) in the hippocampal CA1 region [14]. The downstream effector molecules
of PI3K include protein kinase B (AKT), cAMP response element-binding protein (CREB) and BDNF.
Phosphorylated AKT is responsible for effects of many genes, including BDNF, by stimulating the
phosphorylation of the nuclear factor CREB. Studies have shown that there is a causal relationship
between the increase of CREB phosphorylation and the promotion of BDNF expression [15], a key
factor in synaptic plasticity. PI3K may regulate the development of BDNF, thereby affecting synaptic
transmission as well as synaptic plasticity [16]. PI3K is also present in microglia. A recent study by
Sreedharan Sajikumar [17] confirmed that inhibition of PI3K significantly reduced the expression of
BDNF and further concluded that PI3K regulates BDNF expression through the PI3K-AKT pathway. This
finding prompted us to investigate the effects of electroacupuncture (EA) on PI3K and to verify whether
microglial PI3K underlies EA regulation of synaptic plasticity. In addition, we further explored the target
and mechanism underlying the effect of EA on PI3K from the perspective of protein ubiquitination.
Acupuncture inhibits lincRNA 02023, which is a long intergenic noncoding RNA that competitively binds
to the target protein phosphatase and tensin homolog (PTEN) to promote its binding with the ubiquitin
ligase WWP2. Binding of WWP2 to PTEN increases the ubiquitination degradation of PTEN, thereby
upregulating the expression of downstream targets such as PI3K and AKT.
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2. Methods

2.1. Subjects and ethics statement

The experimental operation follows the National Institutes of Health Guide for the Care and Use of
Laboratory Animals (National Academies Press, Washington, DC, USA). The experiment is permitted by
the Biomedical Ethics Committee of Hainan Medical University(HYLL-2022-379). Adult male Sprague
Dawley rats (2 months old, 190–220 g, n = 100) were obtained from the Model Animal Research Center
of Nanjing University (licence no. SCXK 2018-0001). Each rat was raised separately and under the
hygienic conditions of room temperature (23◦C), relative humidity of 55–65%, light/dark cycle of 12/12
hours and free access to food and water. The experiment began after 1 week of adaptation. All efforts
were made to minimize pain and the number of animals used.

A total of two experiments were conducted, with various groups of rats. In the first experiment the
rats were randomly assigned to four groups (ten rats each): the control, PTSD model induced by single
prolonged stimulation (SPS), SPS with EA treatment (SPS+EA), and PI3K agonist (PI3Ka) groups. In
the second experiment the rats were randomly assigned to five groups (ten rats each): the control, SPS,
EA, overexpression of lincRNA 02023, and overexpression of lincRNA 02023+EA groups.

2.2. Construction of the rat model of PTSD

The PTSD rat model was constructed by SPS, and the specific operation was based on the procedure
of Souza et al. [18], which was suggested by the International Conference on the Progress of Basic and
Clinical Research held by the Ministry of Education of Japan in 2005. The model induced psychological
and physiological stress to simulate the PTSD-like symptoms of rats. In the current experimental pro-
tocol, each rat underwent various stressors including restraint (inside a plastic tube) for 2 h, swimming
(in a rectangular sink filled to 30 cm with water maintained at 24◦C) for 20 min, and ether-induced
unconsciousness (by placement in a tank filled with ether) before being returned to their cage.

2.3. EA treatment

The SPS+EA group received 3 weeks of EA starting on the fifteenth day after model construction.
The treatment was carried out using previously published procedures [19]. Acupoints were located by
referring to the “Experimental Acupuncture” [20] textbook and via comparative anatomy. The instruments
used in for EA were 32G Hwato disposable acupuncture needles (0.25-mm diameter × 25-mm length)
and a HANS-200 acupoint nerve stimulator. EA of all regions was performed each day for 20 min for 3
consecutive weeks.

2.4. Isolation of hippocampal microglia

Pentobarbital sodium and normal saline were combined at a ratio of 3 g:100 mL. This preparation
was injected intraperitoneally into rats at 1 mL/kg body weight, and the rats were then perfused with
precooled phosphate-buffered saline (PBS) to flush out the blood. The left and right hippocampus were
carefully and quickly removed, and then the tissue was immediately cut as much as possible and digested
for 10 min. Then, 5 ml of Dulbecco’s modified Eagle medium (DMEM)/F12 complete medium was added
to terminate the digestion, and the cells were centrifuged at 1,000 rpm for 5 min to separate them from
the digestion solution. Then, 500 times the volume of Alexa Fluor 647 Tmem119 (ab225494, Abcam)
was infused into the cells, and they were incubated for 15 min at room temperature in the dark. Next, the
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samples were centrifuged at 1,000 rpm for 5 min to remove the supernatant, and then all the cells were
sorted on a flow cytometer. The Alexa Fluor 647-Tmem119+ cells were the microglia.

2.5. Western blot analysis

Microglial cell protein from hippocampus was obtained by flow cytometry. Cytoplasmic protein and
nuclear protein were extracted using the kit of target protein (Beyotime Biotechnology, China). The
protein was quantitatively extracted using the BCA protein kit (Thermo Fisher Scientific, USA). 50 µg
total cell protein from each sample were separated by 10% SDS-PAGE and and transferred to the fixed
PVDF membrane. The transfer condition is 110 V, 90◦C, and the duration is 120 minutes. Then, skimmed
milk powder (5%) in Tris buffer saline containing 0.2% Tween-20 (TBS-T) was added, and the membrane
was gently shaken at 37◦C and incubated to block the non-specific binding of imprints. Incubation of
the blots was performed overnight at 4◦C with primary antibodies against PI3K, AKT phosphorylated
at Ser473, AKT, CREB phosphorylated at Ser133, CREB and BDNF; these antibodies were diluted
to a concentration of 1 to 1,000. Subsequently, the membrane was washed three times with PBS and
further incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG secondary antibody for 1 h
at room temperature. Enhanced chemiluminescence (ECL) was used for band gray level analysis. The
expression level of bβ-actin is taken as the standard to analyze the expression level of each target protein.

2.6. Preparation of hippocampal slices for electrophysiological recording

After the rats were anesthetized to death with pentobarbital sodium, the brain was rapidly transferred
to artificial cerebrospinal fluid (ACSF) (2–4◦C). The components of ACSF are as follows (in mM): 124
NaCl, 3.7 KCl, 1.2 KH2PO4, 1 MgSO4, 7 H2O, 2.5 CaCl2, 2 H2O, 24.6 NaHCO3, and 10 D-glucose; the
ACSF was maintained at pH 7.3 and equilibrated with 95% O2 and 5% CO2 (carbogen; total consumption
of 16 L/h). 10–12 transverse slices of hippocampus with thickness of 400 µm were taken by tissue slicer,
then transferred to ACSF for incubation at a flow rate of 1 mL/min (32◦C at room temperature).

With the aid of microscope, the stimulation electrode and recording electrode were placed in the
radiation layer of hippocampal CA1 area and the apical dendritic area of CA1, respectively. The former
stimulated the Schaffer collateral fibers, and the latter recorded the field excitatory postsynaptic potentials
(fEPSPs). A direct test stimulation current with a duration of 100 µs and an intensity of 150 µA was
applied every 10 s until the optimal fEPSP was obtained; then, the electrode positions were fixed. At
the optimal fEPSP, the basal fEPSP was recorded at a stimulus intensity that elicited 40%–50% of the
maximal response. Three sets of high frequency stimulation (HFS) were performed, each consisting of 3
train stimuli administered at 30-s intervals with a frequency of 200 Hz and a wave width of 100 µs, to
induce LTP. The fEPSP (HFS-induced LTP) was recorded for 60 min, and the changes in LTP at different
time points in each group were observed.

2.7. The catRAPID method

CatRAPID is a tool to calculate the binding characteristics of protein and RNA. According to the
procedure described by Li et al., we chose the module catRAPID omics v2.0 (custom protein vs custom
transcript set) and fill in the PTEN sequence, the type of RNA binding (long intergenic noncoding RNA)
and the RNA sequence. After entering this information, we analysed the interaction tendency (which
reflects the probability of interaction between a protein (or region) and an RNA (or region)) and generated
an interaction matrix (displaying the binding region of interacting protein (y axis) and RNA (x axis) in
the form of a heat map). The red shade of the heat map indicates the interaction score of a single amino
acid and nucleotide pair).
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2.8. Statistical analyses

The data were statistically analysed using post hoc tests. Statistical analysis was performed using
GraphPad Prism 9 software (GraphPad Software, San Diego, CA, USA). The significance level was set to
P < 0.05. LTP values were analysed using the Wilcoxon signed-rank test to compare data within groups
and the Mann-Whitney U test to compare data among groups.

3. Results

Our previous studies confirmed that PTSD model rats showed significant emotional disturbances, such
as anxiety, depression, and fear, as well as obvious declines in learning and memory. The EA treatment
described in this paper effectively improved the above symptoms; its underlying mechanism may be related
to alterations of the PI3K-AKT signalling pathway and synaptic plasticity in the hippocampus [19,21].
As discussed above microglia express genes involved in neuronal synaptic plasticity, and PI3K and its
associated PI3K-AKT-CREB signalling pathway play an important role in LTP. Therefore, this study
aims to study the target role of PI3K in EA’s promotion of LTP.

3.1. EA regulation of microglial expression of PI3K, AKT, CREB and BDNF

The expression of PI3K, AKT, CREB and BDNF in microglia was confirmed by Western blotting. The
expression of all proteins was largely detected in the cytoplasm of microglia.

As shown in Fig. 1, compared with the blank control, the expression of PI3K (p < 0.001), AKT (p <
0.01), CREB (p < 0.05) and BDNF (p < 0.001) was significantly downregulated after SPS, indicating
that the hippocampal microglial PI3K signalling pathway was inhibited in PTSD model rats. Upon
EA treatment, microglial PI3K levels were significantly upregulated; in addition, the PI3K-dependent
phosphorylation of AKT (p < 0.01) and CREB (p < 0.05) increased, and the total levels of AKT (p <
0.001), CREB (p < 0.001) and BDNF (p < 0.01) increased as well, suggesting that the PI3K-AKT-CREB
signalling pathway is activated by EA.

3.2. PI3K regulation of AKT and BDNF levels in microglia

As shown in Fig. 2, the addition of active PI3K directly led to a significant increase in the levels of
phosphorylated AKT (p < 0.001) and total AKT (p < 0.001) compared to the SPS group; this increase
significantly upregulated BDNF expression (p < 0.001).

3.3. PI3K activation due to lincRNA 02023 interference of WWP2 binding to PTEN

The domain of the PTEN protein (amino acids 101–179) is considered the main RNA binding region;
this region is also the binding site for the E3 ubiquitin ligase WWP2 (amino acids 100–187); that is,
the binding sites of PTEN for lincRNA 02023 and WWP2 overlap. We used catRAPID to predict the
region of lincRNA 02023 that binds to the PTEN protein as well as the site on PTEN that binds lincRNA
02023, as shown Fig. 3 below. The colour of the heatmap represents the interaction score of an amino
acid-nucleotide pair; interactions scores ranged from −3 (blue) to 3 (red), with higher scores indicating
higher binding affinity.
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Fig. 1. EA activates the PI3K-AKT pathway. (A) Western blotting revealed the upregulation of PI3K, AKT and CREB expression
and phosphorylation of AKT and CREB in microglial cells in the SPS+EA group compared to those in the SPS group. The
expression of BDNF was also upregulated. Western blot data were quantified and normalized to the β-actin level for the
following: (B) total PI3K and total BDNF, (C) phospho-AKT and total AKT, and (D) phospho-CREB and total CREB levels
(n = 3, ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, compared with the SPS group). BDNF, brain-derived neurotrophic factor; CREB,
cAMP response element-binding protein; PI3K, phosphatidylinositol 3-kinase.

Fig. 2. Treatment with PI3K rescued AKT and BDNF expression. (A) Active PI3K was injected into the culture medium to
restore the defect of PI3K level. This addition significantly increased levels of phosphorylated AKT and total AKT and rescued
BDNF expression. (B) Western blot data were quantified and normalized to the β-actin level for phospho-AKT, total AKT and
total BDNF levels (n = 3, ∗p < 0.05, ∗∗p < 0.01, compared with SPS group). BDNF, brain-derived neurotrophic factor.
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Fig. 3. Heatmap of predicted binding sites for lincRNA 02023 and PTEN. The x- and y-axes represent indices of RNA nucleotides
and protein sequences respectively. The colour of the heatmap refers to the interaction score (−3 to 3) of individual amino
acid-nucleotide pairs; higher interaction scores (red) indicate higher binding affinity.

To further confirm that lincRNA 02023 mediates the effects of EA, we compared the expression of
lincRNA 02023 in the SPS group with that in SPS+EA group and the control group. The results (Fig. 4A)
indicate that lincRNA 02023 was significantly overexpressed in the hippocampus of the SPS group
compared to the control group and the SPS+EA group (p < 0.01). More importantly, we investigated the
effect of lincRNA 02023 overexpression on the binding of WWP2 to PTEN. For comparison with the SPS
group, the control microglia were cotreated with lincRNA 02023. As shown in Fig. 4B, both the lincRNA
02023 overexpression (lincRNA 02023) group and the SPS group exhibited decreased ubiquitination
of PTEN and decreased binding between PTEN and WWP2; these decreases rescued the expression of
PI3K and AKT (p < 0.01, Fig. 4C). We further verified that EA influenced the binding of WWP2 to
PTEN. As shown in Fig. 4B, compared with the SPS group, both the lincRNA 02023+EA and EA groups
exhibited greater ubiquitination of PTEN and increased protein expression of PTEN, ultimately enhancing
the binding affinity of PTEN for WWP2. These results suggest that EA increases the ubiquitination of
PTEN (and thus promotes its degradation) by inhibiting the expression of lincRNA 02023; the lack of
competition of lincRNA 02023 at the binding site of PTEN promotes the binding of WWP2 to PTEN,
thereby upregulating the expression of PI3K and AKT (p < 0.01, Fig. 4C).

3.4. EA restores synaptic plasticity of the hippocampal CA1 region by activating the PI3K-AKT-CREB
signalling pathway in microglia

Recent studies have shown that the PI3K-AKT-CREB pathway influences synaptic plasticity by
regulating BDNF; therefore, we tested the effect of EA on LTP in PTSD rat models, in which the PI3K-
AKT-CREB signalling pathway was compromised. In addition to the control, SPS, and SPS+EA groups,
we also created a PI3K inhibitor (PI3Ki) group and a PI3K agonist (PI3Ka) group for comparison with the
SPS group and SPS+EA group, respectively. An SPS + restraint group was created to assess the effect
of grasping restraint on LTP in rat models of PTSD (Fig. 5). We used the mean value of basal fEPSP
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Fig. 4. Activation of PI3K is achieved by inhibiting the expression of lincRNA 02023, which increases the binding affinity of
PTEN for WWP2. (A) The relative expression of lincRNA 02023 in the hippocampus of rats in the control, SPS and SPS+EA
groups was measured by RT-PCR (n = 3, ∗∗p < 0.01, compared with the SPS group). (B) Hippocampal tissue lysates were
immunoprecipitated with anti-PTEN antibody or control immunoglobulin G (IgG), followed by a coimmunoprecipitation assay
to detect the interaction between PTEN and WWP2 as well as the level of PTEN ubiquitination (n = 3). (C) Western blot data
were quantified and normalized to the β-actin level for p-AKT/AKT and total PI3K levels (n = 3, ∗p < 0.05, ∗∗p < 0.01,
compared with the SPS group).

before HFS as the baseline value (100%). As shown in Fig. 6, the average amplitude of fEPSP in the
control group was 270.32 ± 15.77% at 30 min after HFS and remained at a high level (204.03 ± 10.88%
and 171.69 ± 6.96%, respectively) at 60 min and 90 min after HFS, indicating successful induction of
hippocampal LTP. However, compared with the control group, the SPS group, restraint group, and PI3Ki
group exhibited a gradual decrease in fEPSP amplitudes over time, suggesting that the PI3Ki inhibited
LTP. The SPS group showed a similar trend as the PI3Ki group, and no statistical difference was found
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Fig. 5. Positions of electrodes during recordings. The red arrow points to the location of the stimulation electrode in the
hippocampal section, and the blue arrow points to the location of the recording electrode.

Fig. 6. The effect of EA on LTP. We set the mean value of the basal fEPSP before high frequency stimulation (HFS) as the
baseline value (100%) and observed the fEPSP at each time point before and after HFS as well as changes in hippocampal LTP
(and the effect of EA on LTP). These values in the control, SPS, and SPS + restraint groups were compared with those of the
PI3Ki and PI3Ka groups (n = 5). As shown in Fig. 6, the average values of the EPSP slopes over time were analysed with the
Wilcoxon signed-rank test for comparisons within groups and the Mann-Whitney U test for comparisons among groups; p <
0.05 was considered statistically significant.

between the two groups (p > 0.05). In contrast, the fEPSP amplitudes of the SPS+EA group and the
PI3Ka group were higher than those of the SPS group (p < 0.05) at 90 min, suggesting that EA, similar
to a PI3Ka, rescued LTP.

In the present study, we found that the expression of lincRNA 02023 was abnormally upregulated,
weakening the ability of WWP2 to bind to PTEN. Further investigation indicated that EA inhibited
lincRNA 02023 and thus rescued the binding of WWP2 to PTEN, promoting PTEN ubiquitination and
degradation to activate the PI3K-AKT pathway, which is a key factor in regulating LTP and restoring
synaptic plasticity.

4. Discussion

Existing studies have shown that the expression of PI3K in microglia is regulated by epigenetics. PI3K
may play an important targeted role in the maintenance of LTP through post-translational modification.
We verified the effect of EA treatment on PI3K levels and its downstream effectors as well as on LTP.

One of the core PTSD symptom is the persistence of memories of the traumatic event that triggered
PTSD (i.e., traumatic fear memory) [22]. Recent studies have confirmed that acupuncture can suppress or
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eliminate fear memory [23,24] as well as improve sleep architecture, relieve depression, and alleviate
spatial learning and memory deficits [25]; moreover, acupuncture has relatively long-term effects and few
side effects. Therefore, exploring the neurobiological mechanism underlying the effects of acupuncture
may enhance its beneficial effects. Animal models of PTSD have a guiding role in identifying the
neurobiological mechanisms by which exposure to traumatic stress leads to specific PTSD symptoms [26].
The PI3K signaling pathway is sensitive to traumatic stress in various animal models of PTSD; inhibiting
PI3K-AKT signalling has been shown to enhance persistent fear memory [27]. Synaptic plasticity is the
neurobiological basis of learning and memory, and the PI3K-AKT pathway regulates BDNF to participate
in the induction and maintenance of LTP in hippocampal CA1 region, thus contributing to synaptic
plasticity. However, the level of PI3K in microglia is mainly related to its role in microglia-mediated
inflammation [14]. This study explored the mechanism of EA-induced extinction of fear memory from
the perspective of the relationship between the PI3K signalling pathway in microglia and its effects
on synapses. The PI3K-AKT signalling pathway was inhibited in hippocampal glial cells of PTSD
model rats, and PI3K played a key mediating role in restoring this pathway; thus, activation of PI3K
increased the expression of downstream effectors (AKT, CREB and BDNF). Our research suggests that
electroacupuncture promotes the expression of downstream pAKT, pCREB and other proteins in microglia
by activating the level of PI3K in microglia, thus activating BDNF to increase synaptic transmission and
plasticity. Microglia promote synaptic formation through BDNF signal transduction to play the role of
learning and memory [13]. In the present study, BDNF expression was not completely eliminated as
BDNF expression is also regulated by other pathways. However, we clearly showed that microglial PI3K
levels affect BDNF expression and that EA treatment significantly alters microglial PI3K expression. To
further explore whether microglial PI3K levels are directly involved in modulating neuronal LTP, field
recordings were conducted in hippocampal brain slices. The results showed that LTP in hippocampal
slices (inhibited by SPS) was rescued by EA treatment in a similar manner to the effect of PI3K addition,
suggesting that microglial BDNF levels by inhibiting the PI3K-AKT pathway, contributes to neuronal
LTP and synaptic plasticity. However, the level of PI3K/BDNF may also be mediated by neurons and
other microglial pathways to reduce the inhibition of this pathway in brain slices.

Protein ubiquitination is an important posttranslational modification that regulates many biological
processes including signalling pathways. WWP2 ubiquitinates and regulates various biological processes
by degrading different substrate proteins as well as activating or inhibiting the downstream signalling
pathways of different substrate proteins. For example, WWP2 regulates PTEN degradation, affecting
the PI3K-AKT signalling pathway [28]. PTEN is an important substrate of WWP2, a major ubiquitin
ligase that regulates PTEN protein levels. Studies have found that PTEN is a potent negative regulator of
the PI3K-AKT pathway; that is, WWP2 promotes the ubiquitination and degradation of PTEN, thereby
exciting the PI3K-AKT signalling pathway [29]. In recent years, studies have reported that PTEN levels
can be regulated by acupuncture, such as at “Bai hui” and “Tai chong” acupuncture [30] as well as
EA [31]; acupuncture increases the expression of the downstream targets PI3K, AKT and mTOR by
suppressing the expression of PTEN, thus activating the PI3K-AKT signalling pathway. PTEN-mediated
dysregulation of the PI3K-AKT signalling pathway is an important mechanism underlying the decline in
learning and memory.

Noncoding RNAs are critical for the regulation of gene and protein expression and are implicated in
neurodevelopmental disorders. The largest subclass of long noncoding RNAs (lncRNAs) are lincRNAs.
A study found 43 differentially expressed lincRNAs and 190 differentially expressed mRNAs associated
with fear extinction. Microarray analysis of rats exposed to stress, fear and anxiety showed that LincRNA
was differentially expressed in brain regions represented by hippocampus [32], and subsequent enrichment
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analysis [33] indicated that lincRNAs were involved with many biological functions including neuroactive
ligand receptors, interactions, calcium signalling, and the PI3K-AKT pathway. However, the role of
lincRNAs in the functional regulation and posttranslational modification of proteins involved in signal
transduction pathway remains unclear. Using catRAPID, we predicted that the binding region of the
PTEN protein for lincRNA 02023 highly overlaps with that of WWP2; that is, lincRNA 02023 competes
with WWP2 for binding to PTEN, influencing the ubiquitination of PTEN protein (Fig. 3). A recent study
showed that lincRNA 02023 directly binds to a special site on the PTEN protein, inhibits WWP2-mediated
ubiquitination and degradation of the PTEN protein, and inhibits phosphorylation of the AKT protein,
thereby inhibiting downstream signalling pathways [28].

5. Conclusion

In this study, we found that the expression of lincRNA 02023 was abnormally upregulated in the
hippocampus of PTSD model rats and that the binding affinity of PTEN for WWP2 was weakened.
Further investigation indicated that EA inhibited lincRNA 02023 expression, rescuing the binding of
WWP2 to PTEN, and thereby promoting the ubiquitination and degradation of PTEN, activating the
PI3K-AKT pathway (Fig. 4). Our future studies may provide insight into the mechanisms underlying
interactions between synaptic tags and plasticity-related products (PRPs) that stabilize cellular associative
plasticity.
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