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As the global population ages, the incidence of neurodegenerative diseases has risen. Furthermore, it has been suggested that
depression, especially in elderly people, may also be an indication of latent neurodegeneration. Stroke, Alzheimer’s disease (AD),
and Parkinson’s disease (PD) are usually accompanied by depression. The urgent challenge is further enforced by psychiatric
comorbid conditions, particularly the feeling of despair in these patients. Fortunately, as our understanding of the
neurobiological substrates of maladies affecting the central nervous system (CNS) has increased, more therapeutic options and
novel potential biological mechanisms have been presented: (1) Neurodegenerative diseases share some similarities in their
pathological characteristics, including changes in neuron structure or function and neuronal plasticity. (2) MicroRNAs
(miRNAs) are small noncoding RNAs that contribute to the pathogenesis of diverse neurological disease. (3) One ubiquitous
neurotrophin, brain-derived neurotrophic factor (BDNF), is crucial for the development of the nervous system. Accumulating
data have indicated that miRNAs not only are related to BDNF regulation but also can directly bind with the 3′-UTR of BDNF
to regulate BDNF and participate in neuroplasticity. In this short review, we present evidence of shared biological substrates
among stroke, AD, PD, and depression and summarize the possible influencing mechanisms of acupuncture on the
neuroplasticity of these diseases. We discuss neuroplasticity underscored by the roles of miRNAs and BDNF, which might
further reveal the potential biological mechanism of neurodegenerative diseases and depression by acupuncture.

1. Introduction

Neurodegenerative diseases, including stroke, Alzheimer’s
disease (AD), and Parkinson’s disease (PD), are chronic pro-
gressive diseases caused by the apoptosis, loss, and degenera-
tion of neurons in the central nervous system (CNS) and alter
neuroplasticity [1]. Moreover, major depressive disorder has
strong relationships with neurodegenerative diseases and the
natural processes of ageing: they have not only overlapping
clinical features, such as mood disorder [2], but also neuro-
plasticity mediated by neurotrophic factors that also orches-
trate adaptive defensive behaviours [3]. Hence, the links

among brain plasticity, neurodegenerative diseases, and
depression are of interest to researchers [4].

Neuroplasticity is the ability of the brain’s neural network
system to adapt to changes in internal and external environ-
ments and to alter the structure and function of neurons
accordingly. In other words, neuroplasticity can be defined
as “the ability of the nervous system to respond to intrinsic
or extrinsic stimuli by reorganizing its structure, connec-
tions, and function” [5]. Neuroplasticity includes structural
plasticity and functional plasticity of the nervous system,
which makes up the physiological basis for repair when the
nervous system is damaged [6]. Brain structural plasticity is
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an extraordinary tool that allows the mature brain to adapt to
environmental changes and repair itself after lesions or
disease and slow ageing. Its function involves behavioural
performance, learning and memory, mental activity, and
other neurobiological processes.

Brain-derived neurotrophic factor (BDNF) stands out
due to its high level of expression in the brain and its potent
effects on synapses [7]. BDNF regulates the structural plas-
ticity of nerves not only by promoting the growth, recon-
struction, and synaptic formation of axons and dendrites
but also by changing synaptic transmission and affecting
the functional plasticity of nerves through presynaptic and
postsynaptic mechanisms. BDNF also regulates activity-
dependent forms of synaptic plasticity, such as long-term
potentiation (LTP), which is thought to underlie learning
and memory [8]. Simultaneously, converging evidence
strongly suggests that deficits in BDNF signalling or
decreased BDNF leads to the pathogenesis of several major
diseases and disorders, such as AD and PD [7, 9]. BDNF
has emerged as a key facilitator of neuroplasticity involved
in motor learning and rehabilitation after stroke [10]. In
addition, BDNF has been shown to be critically involved
in the regulation of synaptic plasticity and the pathophysi-
ology of mood disorders [11, 12]. Remarkably, according to
the published literature, AD, stroke, and PD are usually
accompanied by depression, and these neurodegenerative
diseases and depression are related to BDNF. If a common
way to regulate BDNF was determined, it could be used to
regulate neuroplasticity to delay the progression of diseases.

Fortunately, emerging studies have shown that micro-
RNAs (miRNAs) not only contribute to the pathogenesis of
neurological disease but also play important roles in neuro-
genesis, neurodevelopment, and neural plasticity [13, 14].
miRNAs can posttranscriptionally degrade mRNA or inhibit
the translation of mRNA by binding the 3′-UTR section of
mRNAs, further influencing the expression of target genes
[15]. In a limited number of studies published thus far, we
searched electronic bibliographic databases and found that
some miRNAs not only are related to BDNF regulation but
also can directly bind with the 3′-UTR of BDNF to regulate
BDNF and participate in neuroplasticity [16]. Hence, miR-
NA/BDNF regulatory networks may be closely related to
neural plasticity. Numerous previous studies have shown
that acupuncture has positive clinical effects on stroke, AD,
PD, and depression. We reviewed recent publications related
to acupuncture on related miRNAs and BDNF in neurode-
generative diseases and depression. The aim of this study
was to explore the biological mechanisms underlying the
comorbidity of these diseases and the effect of acupuncture
on regulating neural plasticity.

2. Main Text

2.1. Stroke

2.1.1. BDNF Plays Important Roles in Stroke. A previous
study identified that several therapeutic interventions, such
as exercise and rehabilitation, enhance functional recovery
after stroke. The beneficial effects of these therapies include

improved learning and memory, improved motor function,
and increased expression of proteins involved in brain
plasticity, such as BDNF [17]. A clinical study showed an
increased number of BDNF-producing Treg cells after stroke,
suggesting the possibility that Treg cells may be able to sup-
ply BDNF to the site of injury to confer neuroprotection after
stroke [18]. Similarly, in middle cerebral artery occlusion
(MCAO) model rats, strategies that widely increase BDNF
within the nervous system were found to enhance neuroplas-
ticity processes involved in motor relearning during stroke
rehabilitation, whereas attenuating BDNF levels in the brain
completely negated the recovery of skilled motor movements
[19]. Hence, capitalizing on the beneficial effects of BDNF in
the CNS may be effective for facilitating recovery after stroke.

2.1.2. miRNAs Play Important Roles in Stroke. miRNAs are
increasingly believed to play important roles in neuroprotec-
tion and synaptic plasticity during and after ischaemia. For
instance, miR-124 is highly specific to neurons in cerebral
ischaemic injury and may play a dual role in regulating apo-
ptosis and exerting detrimental effects on synaptic plasticity
and axonal growth [20]. Upregulation of miR-191a-5p exac-
erbated neuronal injury in ischaemic stroke. Conversely,
downregulation of miR-191a-5p expression in the cortex
partly reversed this injury [21]. Similarly, miR-195 downreg-
ulated Kruppel-like factor 5 (KLF5) and blocked the JNK
signalling pathway, ultimately inhibiting neuronal apoptosis
in rats with ischaemic stroke [22]. Additionally, miR-133b
can regulate gene expression, promote neurite remodelling,
and improve functional recovery in rats subjected to MCAO
[23]. Intracerebroventricular injection of miR-494 agomir
reduced neuronal apoptosis and infarct volume during the
acute stage of MCAO and promoted axonal plasticity and
long-term outcomes during the recovery stage [24]. Simi-
larly, miR-181a can regulate synaptic function in stroke
recovery, and the dendrites of miR-181a-overexpressing neu-
rons have fewer and smaller spines [25]. Consistent with
these general observations, miR-134 was enriched in the neu-
ronal dendrites of a rat model of stroke hippocampal CA1
and negatively controlled the size of dendritic spines; thus,
regulating synaptic-dendritic plasticity may ameliorate cog-
nitive impairment in rats withMCAO-induced cognitive def-
icits [26]. According to the above results, miRNAs could
potentially predict stroke outcomes as novel biomarkers.

2.1.3. miRNAs May Regulate Stroke via Influencing BDNF.
The miRNA-related BDNF signalling pathway plays a signif-
icant role in the pathogenesis of stroke and seems to be a
promising therapeutic target, as summarized in Table 1. In
acute ischaemic stroke patients, miR-124 was targeted by
the 3′-UTR of BDNF mRNA [27]. Additionally, a dual-
luciferase reporter assay identified BDNF as the direct target
of miR-210, which is a crucial ischaemic stroke-associated
miRNA and a potential target for stroke therapy [28]. Inter-
estingly, the SNP rs7124442 in the 3′-UTR of BDNF might
also act as a protective factor in patients with ischaemic
stroke by affecting the regulatory role of miR-922 in BDNF
expression [29]. Similarly, in MCAO brain tissues, bioinfor-
matic analysis showed that miR-10b-5p could bind directly
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to the 3′-UTR sites of BDNF and negatively regulate its
expression [30]. In a recent study, miR-155 targeted BDNF,
and downregulation of miR-155-targeted BDNF transcripts
protected against ischaemic brain injury [31]. Another study
reported a similar conclusion: miR-155, miR-1, miR-10b,
and miR-191 directly repressed BDNF by binding to their
predicted sites in the 3′-UTR of BDNF [32]. Although we
found that miR-9 regulates axon extension and branching
by targeting Map 1b (not BDNF) in mouse cortical neurons,
the associations are intriguing (short stimulation with BDNF
decreases miR-9 expression, whereas prolonged stimulation
with a high concentration of BDNF increases miR-9 expres-
sion in the axon) [33]. The potential regulatory signalling
pathway between miRNA and BDNF acts in a biphasic man-
ner and is worthy of being analysed and studied further.

2.1.4. Acupuncture Plays a Therapeutic Role in Stroke by
Regulating the Expression of BDNF and miRNAs. Previous
studies have shown that the number of BDNF-positive
neurons or neurons with localized BDNF expression was

downregulated in the peri-infarct cortex, the striatum, the
subventricular zone, and the hippocampus of ischaemia
and reperfusion- (I/R-) injured rats [34, 35]. However, Jiang
reported that electroacupuncture (EA) can increase the
synthesis and release of BDNF after ischaemia [36]. As sum-
marized in Table 1, Min et al. reported that EA at GV20
increased the expression of BDNF associated with motor
recovery [37]. Zhou further explored a possible compensa-
tory part of the functional mechanism of EA that involves
regulation of the contralateral cerebral cortex. It was revealed
that EA can improve the symptoms of neurological deficits
and motor function recovery in rats [38]. In addition, Teng
showed the mechanism of acupuncture at the GV20-GB7
scalp cave on intracerebral haemorrhage. According to their
results, acupuncture can play a role in protecting the brain
[39]. Similarly, nape cluster acupuncture exerts protective
and reparative effects on the brain tissue in rats with post-
ischaemic stroke sequelae [40]. EA was administered at acu-
points LI11 and ST36 to promote the repair of ischaemic
injured neurons and reduce their apoptosis [41]. The above

Table 1: Deregulated miRNAs and target genes of stroke and summary of related acupuncture literatures.

Study Species/tissue miRNA Result/target genes

Wang et al. [27] Stroke patient miR-124 BDNF

Zeng et al. [28] Striatum miR-210 BDNF

Liu et al. [29] Stroke patient miR-922 The SNP rs7124442 in BDNF 3′-UTR, through affecting the regulatory role
of miR-922 in BDNF expression

Lu et al. [31] Hippocampus miR-10b-5p BDNF

Varendi et al. [32] Cellular model miR-155 BDNF

Summary of related acupuncture literatures

Study Species/tissue Method/acupoint Stimulation parameter Result

Tao et al. [34] Cortex and striatum EA at LI11, ST36 1Hz/20Hz, 30min BDNF ↑

Kim et al. [35]
Striatum and
hippocampus

EA at GV20,
GV14

2Hz, 1mA, 20min BDNF ↑

Jiang [36] Whole brain
EA at GV20,

GV16
2Hz/30Hz, 30min, 2V BDNF ↑

Kim et al. [37] Whole brain EA at GV20, GB7 3Hz, 5min BDNF ↑

Zhou [38] Cortex EA at PC6, ST36 2Hz/30Hz, 30min, 5mA BDNF ↑

Teng. [39] Whole brain
MA at GV20-
GB7 scalp cave

Needles were turned at a rate of three revolutions per
second, twirled 3 times for 5min, and retained for 30min

BDNF ↑

Zhang et al. [40] Hippocampus
MA at nape

cluster acupoints
15min/day BDNF ↑

Ye et al. [41] Cortex EA at LI11, ST36 1Hz/20Hz, 30min, 6V BDNF ↑

Liu [42] Hippocampus
EA at GV20,

GV24
2Hz/20Hz, 30min, 6V miR-219a ↓

Zhou et al. [21] Neurons and cortexes EA at GV20 1mA, 30min miR-191a-5p ↓

Zhao et al. [43] Ischaemic penumbra EA at GV20 2Hz/10Hz, 1-2mA, 30min miR-132 ↑

Liu et al. [26] Peri-infarct cortex
EA at GV20,

GV24
1Hz/20Hz, 0.2mA, 6V, 30min miR-134 ↓

Liu et al. [44] Peri-infarct cortex EA at LI11, ST36 1Hz/20Hz, 4 V, 30min miR-9 ↑

Zheng et al. [45] Cortex EA at GV26, PC6 2Hz, 3mA, 1min
miR-494 ↓,
miR-206 ↑

Deng et al. [46] Ischaemic penumbra EA at GV20 2Hz/10Hz, 1-2mA, 30min miR-181b ↑

MA: manual acupuncture; EA: electroacupuncture.
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studies all showed that after administration of acupuncture,
neurological deficits and cerebral infarcts were also
improved, and the mechanism of action of EA may involve
effective upregulation of rat brain tissue BDNF protein
expression.

Many studies have reported how acupuncture can regu-
late the expression of miRNAs in stroke. Liu published a
study in which a bioinformatic analysis of 48 miRNAs in
the ischaemic hippocampus CA1 was used to test the under-
lying mechanism of EA in ischaemic stroke. According to the
results, miR-132, miR-134, miR-125b, miR-181a, etc. were
downregulated, which was related to learning memory. In
addition, miR-219a, which is closely related to synaptic plas-
ticity, was also downregulated by EA treatment at the GV20
and GV24 acupoints [42]. However, upregulation of miR-
191a-5p exacerbated neuronal injury and partly reversed
the neuroprotective effect of EA treatment after I/R injury
[21]. Zhao et al. aimed to identify whether upregulation of
miR-132 by EA improved the damaged nerves after stroke.
After administration of EA, upregulated miR-132 suppressed
SOX2 in primary neurons after oxygen-glucose deprivation,
which promoted neurite outgrowth [43]. Liu et al. found that
the density of dendritic spines and the number of synapses in
hippocampal CA1 pyramidal cells were obviously reduced in
stroke model rats. In this study, EA decreased the expression
of miR-134, thereby negatively regulating LIMK1 to enhance
synaptic-dendritic plasticity [26]. Intriguingly, Liu et al. also
investigated the neuroprotective mechanism of miR-9-
mediated activation of the nuclear factor-κB signalling
pathway by EA at acupoints LI11 and ST36. Compared
with pre-EA treatment conditions, the expression of miR-
9 in the peri-infarct cortex was increased; conversely,
miR-9 inhibitors suppressed the cerebral protective efficacy
of EA treatment [44]. Zheng et al. evaluated changes in the
cerebral cortical miRNA profile, cerebral blood flow, and
neurological function induced by EA in a rat model of
stroke. In that study, miR-494 was downregulated, and
miR-206 was upregulated in the penumbra. Simultaneously,
EA increased cerebral blood flow and alleviated neurologi-
cal impairment in rats [45]. Similarly, Deng et al. treated
acupoint GV20 after ischaemic stroke. EA increased miR-
181b levels in the penumbras and improved neurobeha-
vioural function [46].

In summary, the above studies indicated that acupunc-
ture may play an important role in the neural plasticity of
stroke by regulating the expression levels of miRNAs and
BDNF. These studies also suggest that epigenetic regulation
is critical for synaptic plasticity and warrants specific investi-
gations in the setting of stroke recovery.

2.2. PD

2.2.1. BDNF Plays Important Roles in PD. PD is a disabling
neurodegenerative disease that may be associated with non-
motor symptoms, such as cognitive deficits, and is often
accompanied by altered BDNF production [47]. Neurons
expressing particularly low levels of BDNF may be at greatest
risk of injury in PD and possibly a trigger for degeneration
itself [48]. BDNF was positively correlated with a longer time

span of disease, the severity of PD symptoms, and more
advanced stages of disease [49]. These findings suggest
that BDNF may be implicated in the pathogenic mecha-
nisms of PD. Excitingly, in recent years, clinical studies
have demonstrated that treatment with antiparkinsonian
drugs may increase BDNF levels [50]. Similarly, exercise
therapy can trigger several plasticity-related events in the
human PD brain, including corticomotor excitation and
changes in BDNF levels [51]. In general, BDNF may be
a potential biomarker for evaluating cognitive changes in
PD and other neurological syndromes associated with cog-
nitive decline [47].

2.2.2. miRNAs Play Important Roles in PD. Over the past
decade, many studies have reported dysregulation of miRNA
expression in PD [52]. Specific miRNAs of interest that have
been implicated in PD pathogenesis include miR-29, miR-26,
miR-485, miR-30, and let-7 [53]. For instance, miR-29 has
been shown to regulate various processes that are important
in PD development, such as apoptosis, neuronal survival, and
epigenetic modulation [54]. Similarly, miR-26 can modulate
processes such as DNA repair and LTP maintenance [55].
One study further identified a developmentally and activity-
regulated miR-485 that controls dendritic spine number
and synapse formation in an activity-dependent homeostatic
manner [56]. Furthermore, miR-132 widely participates in
axon growth, neural migration, and plasticity. However, dys-
regulation of miR-132 results in the occurrence and exacer-
bation of neural developmental degenerative diseases, such
as AD and PD. Regulating miR-132 expression relieves
symptoms, alleviates severity, and finally affects a cure [57].
Hence, it is important to identify and validate these miRNAs
in the ageing PD brain.

2.2.3. miRNAs May Regulate PD via Influencing BDNF. The
analysis of miRNA expression in biopsy specimens from
the PD brains combined with target mRNA identification
might provide new therapeutic options. As summarized in
Table 2, previous studies have shown that miR-494-3p plays
a role in promoting the development of PD [58], and the
online starBase database predicted the existence of comple-
mentary sequences between miR-494-3p and BDNF,
indicating that BDNF might be a target of miR-494-3p.
According to their results, abnormally expressed miR-494-
3p and BDNF might be associated with the development
of PD [59]. On the other hand, it has been reported that
miR-30a-5p is a potential biomarker for PD [60], targeting
and suppressing BDNF expression in the prefrontal cortex
[61], and a lower BDNF level is associated with greater cog-
nitive impairments in PD patients [9]. In addition, a recent
study reported that miR-7 was upregulated in the brain
tissue of rats with atrazine-induced PD. The study also
identified that miR-7 regulated the expression of BDNF
through an autoregulatory mechanism [62]. Similarly, it
has been reported that miR-210-3p targets BDNF mRNA.
Therefore, according to the study conclusion, interfering
with miRNA expression could be a strategy for BDNF reg-
ulation in PD pathogenesis [63].
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2.2.4. Acupuncture Plays a Therapeutic Role in PD by
Regulating the Expression of BDNF and miRNAs. Accumu-
lating clinical evidence has shown that using EA as a com-
plementary therapy ameliorates motor and nonmotor
symptoms of PD and improves the plasticity of synaptic
activity [64]. Acupuncture can cause changes in the neuro-
plasticity of PD, manifested by increasing BDNF expression
levels and promoting nerve regeneration [65], as summa-
rized in Table 2. On the one hand, BDNF may change the
mechanism of synaptic plasticity, which is critical for cogni-
tion and memory. EA responsiveness to PD was studied by
Huang et al., whereby EA was administered to acupoints
LR3 and GV16 in a PD rat model. After EA treatment, learn-
ing and memory abilities were significantly improved, and
BDNF was increased compared with the model group [66].
On the other hand, PD is characterized by dopaminergic
neuron loss in the substantia nigra. EA therapy may attenu-
ate this loss by promoting the expression of endogenous
BDNF [67]. For instance, in a rat model of PD, EA treatment
ameliorated motor impairments and dopaminergic neuron
loss, and these changes were accompanied by significantly
upregulated BDNF expression in both the substantia nigra
and the striatum [68]. Furthermore, acupuncture, especially
combined therapy with medoba, at the control area of
dancing tremors in PD mice improved the absence of dopa-
minergic neurons in the substantia nigra by enhancing the
expression of BDNF in the brain [69]. In addition, 6-
hydroxydopamine (6-OHDA) lesion rat models of PD were
used by Zhang, who reported that EA induced an increase in
BDNF mRNA expression in PD model rats [70]. Moreover,
Wang tested the effects of different amounts of electricity on
the positive cell count of black striatum BDNF in PD model

rats which were compared, and the related mechanism was
discussed. According to their results, one of the therapeutic
mechanisms of music and pulse EA in PD model rats was
achieved by regulating the number of black striatum
BDNF-positive cells [71]. Interestingly, Sun et al. and Liang
et al. compared the effects of different frequencies of chronic
EA stimulation in a rat model of PD. The results indicated
that 4 weeks of EA treatment at 100Hz reversed the 6-
OHDA-induced abnormal expression of BDNF on the
lesioned side in the ventral midbrain and the hippocampus
[72]. Similarly, compared with pre-EA treatment conditions,
the levels of BDNF mRNA in the SN and the ventral teg-
mental area of the lesioned side were significantly increased
in the 100Hz EA group but unchanged in the 0 and 2Hz
groups. The authors also suggested that activation of
endogenous BDNF by long-term high-frequency EA may
be involved in the regeneration of injured dopaminergic
neurons, which may underlie the effectiveness of EA in
the treatment of PD [73].

Previous studies have shown that miR-124 is closely
related to PD [74], and the overexpression of miR-124
diminished the production of CDK5 by inhibiting the cal-
pain1/p25/CDK5 pathway. Furthermore, CDK5 silencing
could give rise to upregulated BDNF and relieve synaptic fail-
ure in PD [20]. Liu further studied whether acupuncture
could regulate the expression of miR-124 in the striatum of
transgenic mice with PD. Acupuncture was performed on
acupoints GB34 and LR3. Compared with preacupuncture
treatment conditions, the expression of miR-124 and BDNF
protein was upregulated. The author also suggested that the
miR-124/BDNF signalling pathway may be involved in the
pathogenesis of PD [75].

Table 2: Deregulated miRNAs and target genes of Parkinson and summary of related acupuncture literatures.

Study Species/tissue miRNA Result/target genes

Deng et al. [59] Cellular model miR-494-3p BDNF

Mellios et al. [61] Prefrontal cortex miR-30a-5p BDNF

Li et al. [62] Whole brain miR-7 BDNF

Zhang et al. [63] Cellular model miR-210-3p BDNF

Summary of related acupuncture literatures

Study Species/tissue Method/acupoint Stimulation parameter Result

Huang et al. [66] Nigra EA at LR3, GV16 100Hz, 0.5mA, 30min BDNF ↑

Yang et al. [67] Nigra EA at GV20, GV16 100Hz, 1mA, 30min BDNF ↑

Pak et al. [68] Nigra and striatum EA at GV20, GV14 2Hz, 1mA, 20min BDNF ↑

Feng et al. [69] Whole brain
MA at chorea-tremble controlled

zone
20min/day BDNF ↑

Zhang [70] Nigra EA at GV20, GV21 2Hz/100Hz, 1V, 20min BDNF mRNA ↑

Wang [71] Nigra and striatum
EA at EX-HN1, EX-HN5, CV12,

ST25, LR3, HT7, SP6
20Hz, 1mA, 20min BDNF ↑

Sun et al. [72]
Midbrain and
hippocampus

EA at GV20, GV14
0Hz/100Hz, 1mA, 10min→2mA,

10min→3mA, 10min
BDNF ↑

Liang et al. [73]
Nigra and ventral
tegmental area

EA at GV20, GV14
2Hz/100Hz, 30min

1mA, 10min→2mA, 10min→3mA,
10min

BDNF mRNA ↑,
BDNF ↑

Liu [75] Striatum MA at GB34, LR3 2Hz, 1mA, 20min miR-124 ↑

MA: manual acupuncture; EA: electroacupuncture.
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To summarize, acupuncture treatment appears to be a
promising approach for the management of PD. Acupunc-
ture regulated miRNA levels and promoted BDNF expres-
sion, which seem to play important roles in the
development of PD.

2.3. AD

2.3.1. BDNF Plays Important Roles in AD.AD is a progressive
neurodegenerative disorder resulting in memory loss and
eventually dementia [76]. BDNF is required for learning
and memory, and this crucial protein is significantly reduced
in the brains of AD patients, leading to reduced plasticity and
neuronal death [77]. Accumulating data have also indicated
that there is a general reduction in BDNFmRNA and protein
in AD animal models [76]. These findings have contributed
to the development of BDNF treatment regimens for AD.

2.3.2. miRNAs Play Important Roles in AD. There is now con-
siderable evidence that the dysregulation of miRNAs corre-
lates with the progression and severity of AD [78]. The
differential expression of miRNAs has been reported in many
brain regions [79]. miRNAs can also regulate synaptic trans-
mission and plasticity in the hippocampus and neocortex
and regulate memory formation [80]. It has been reported
that miR-132 exerts neuroprotective function as it has been
shown to regulate both neuron morphogenesis and plasticity,
and it is the most significantly reduced miRNA in the brains
of AD patients. Research has further confirmed that genetic
deletion of miR-132 in mice promotes Aβ deposition, leading
to impaired memory and enhanced Tau pathology [81].
However, the upregulation of miR-142-5p and miR-134-5p
expression contributes to the pathogenesis of AD by trigger-
ing synaptic dysfunction associated with Aβ-mediated path-
ophysiology [79, 82]. In learning memory aspects, miR-124
and miR-181a, which are two miRNAs that are upregulated
in the hippocampus, are directly associated with deficits in
synaptic plasticity [83, 84]. Similarly, overexpression of
miR-338-5p and miR-181 functionally prevented impair-
ments in synaptic plasticity, learning ability, and memory
retention in an animal model of AD [85, 86]. Furthermore,
overexpression of miR-153 has provided new insight into
the molecular mechanism of presynaptic plasticity impair-
ment at the miRNA level and suggests that chronic brain
hypoperfusion obstructs presynaptic vesicle fusion with the
presynaptic membrane via miR-153-mediated downregula-
tion of multiple synaptic vesicle-related proteins [87]. Previ-
ously, miR-34a and miR-34c were confirmed to be involved
in synaptic deficits in AD pathological development, to influ-
ence synaptic plasticity and to play key roles in AD pathogen-
esis [88, 89]. Evidence from a recent study indicated that the
miR-34a gene and miR-34a-mediated concurrent repression
of its target genes in neural networks may result in dysfunc-
tion of synaptic plasticity, energy metabolism, and resting
state network activity [90]. In addition, the dysregulation of
certain miRNAs is also strongly correlated with the presence
of AD-type neuropathological changes. There are notable
miRNAs that are regulated in AD. For example, in postmor-
tem AD brains, three miRNAs were upregulated—miR-30a-

5p, miR-206, and miR-92b-3p [61, 91]—and four miRNAs
were downregulated—miR-132/212 cluster, miR-9, miR-
129, and miR-136 [78, 92]. In summary, our results provide
insights into polygenetic AD mechanisms and reveal that
miRNAs may be involved in neural plasticity as potential
therapeutic targets for AD.

2.3.3. miRNAs May Regulate AD via Influencing BDNF. The
miRNA-related BDNF signalling pathway seems to be both
profitable and promising for AD treatment, as summarized
in Table 3. Two previous studies confirmed that BDNF exerts
its beneficial effects on CNS neurons via upregulation of
miR-132 [93, 94]. A later study pointed out that both AD
patients and AD models have high levels of miR-206 in the
brain, which contributes to memory impairments by sup-
pressing the expression of BDNF [95, 96]. Similarly, recent
evidence suggests that the miR-134-5p-mediated posttran-
scriptional regulation of CREB-1 and BDNF is an important
molecular mechanism underlying plasticity deficits in AD
[79]. Luciferase assays confirmed that miR-30a-5p, miR-
195, and miR-613 can target specific sequences surrounding
the proximal polyadenylation site within the BDNF 3′
-untranslated region [61, 97]. Neuronal overexpression of
miR-30a-5p resulted in downregulation of BDNF protein
[61]. Another dual-luciferase reporter gene assay demon-
strated that miR-10a targeted BDNF, and the authors indi-
cated that miR-10a restrains synapse remodelling and
neuronal cell proliferation while promoting apoptosis in
AD rats by inhibiting the BDNF-TrkB signalling pathway
[98]. Furthermore, miR-322 is significantly increased with
the decrease in BDNF in the AD mouse brain, and a lucifer-
ase reporter assay identified that miR-322 can directly conju-
gate to the 3′-UTR of BDNF [16]. As such, there is a novel
miRNA-dependent mechanism of BDNF degradation in
AD pathogenesis, which may drive miRNA- or BDNF-
based therapeutic strategies against AD.

2.3.4. Acupuncture Plays a Therapeutic Role in AD by
Regulating the Expression of BDNF. Previous studies have
shown that electrotherapy can repair the synaptic form and
inhibit synaptic degeneration of hippocampal neurons in
AD rats [99]. More importantly, the efficacy of EA was
demonstrated by regulating the expression of BDNF, as sum-
marized in Table 3. Both studies showed that EA can upreg-
ulate the expression of hippocampal BDNF, maintain
hippocampal LTP to a certain extent [100], and enhance neu-
rogenesis to improve learning and memory in AD rats [101].
Similarly, Li et al. also showed that repeated EA stimulation
may improve cognitive function, upregulate the expression
of BDNF, and promote neurogenesis in AD [102]. Moreover,
Lin et al. showed that EA at acupoint GV20 can significantly
increase the expression levels of mature BDNF and a precur-
sor protein, proBDNF, in APP/PS1 mice. EA may serve as a
promising treatment strategy for AD, which may exert neu-
roprotective effects by adjusting the expression and process-
ing of BDNF [103].

Intriguingly, Keifer et al. published a study aimed at
exploring the interrelationship of the miRNA-BDNF signal-
ling loop in the AD brain. According to their results, the
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reduction in BDNF that occurs in the AD brain is the result
of two independent mechanisms: (1) a failure in the proteo-
lytic conversion of BDNF precursor protein to its functional
mature form and (2) posttranscriptional inhibition of target
BDNF gene expression by miRNAs [76]. Hence, the role of
miRNAs in BDNF regulation should be considered when
developing BDNF-based therapeutic acupuncture treatments
for AD.

2.4. Depression

2.4.1. BDNF Plays Important Roles in Depression. Depression
affects a growing number of patients both physically and
mentally. Depression can result in cognitive impairment in
addition to mood changes. Severe depression not only results
in impaired learning and memory but also compromises the
structural and functional integrity of the brain and exhibits
maladaptive synaptic plasticity and degenerative changes in
the hippocampus and amygdala [104]. Many studies have
shown that BDNF is closely related to depression and that
BDNF mediates neurogenesis and synaptic plasticity [105].
In animal models of stress, BDNF levels are reduced in both
the cortex and the hippocampus [106, 107]. Similarly, the
expression of BDNF was significantly decreased in postmor-
tem brain samples of depressed patients [108, 109], whereas
the expression of BDNF in the hippocampus of subjects
who took antidepressants was higher than that of subjects
who did not take antidepressants. Further study revealed that
antidepressant-dependent BDNF levels may prevent or min-
imize hippocampal changes in human samples [110]. Hence,
the BDNF imbalance expression in the brain may help to
clarify the relationship between neuroplasticity and the path-
ophysiology of depression.

2.4.2. miRNAs Play Important Roles in Depression. By analys-
ing the above literature, we found that miR-132 and miR-124

participate in neural plasticity. miR-132 dysregulation in
major depressive disorder is associated with multiple facets
of brain function and structure in the frontolimbic network
(the key network for emotional regulation and memory)
[111]. Additionally, miR-124 contributes to chronic ultra-
mild stress- (CUMS-) induced dendritic hypotrophy and
reduced spine density of dentate gyrus granule neurons,
which controls resilience/susceptibility to chronic stress-
induced depression-like behaviours [112]. Further research
has revealed that miR-124-3p-mediated stress is also related
to synaptic plasticity [113]. Similarly, the combined effect of
miR-92a and miR-485 on transcription factors, along with
histone-modifying enzymes, may have functional relevance
by producing changes in gene regulatory networks that mod-
ify the neuroplastic capacity of the adult dorsal hippocampus
under stress [114]. In the depression model, miR-137 loss-of-
function results in altered synaptic transmission and plastic-
ity and anxiety and depression-like behaviour in mice [115].
Moreover, amelioration of depression-like behaviour also
involves modulation of the synapse-associated factor miR-
134 within the basolateral amygdala [116]. The literature also
suggests that late-life depressive symptoms are associated
with downregulation of prefrontal cortex miR-484, which is
related to synaptic transmission [117]. In addition, miR-99a
may be involved in the regulation of hypothalamic synaptic
plasticity and might be a potential therapeutic target for
peri/postmenopausal depression [118].

2.4.3. miRNAs May Regulate Depression via Influencing
BDNF. In in vivo or in vitro rat experiments, miR-206 has
been proven to be an important regulator and participator
in depression via its direct target gene BDNF [119]. Addi-
tionally, inhibition of miR-124 may be a strategy for treating
depression by activating the BDNF-TrkB signalling pathway
in the hippocampus [120]. Intriguingly, a previous study
demonstrated that miR-16 mediates the action of the

Table 3: Deregulated miRNAs and target genes of Alzheimer’s disease and summary of related electroacupuncture literatures.

Study Species/tissue miRNA Result/target genes

Vo et al. [93] Cortical neurons miR-132
BDNF triggered the rapid induction and
persistent expression of mature miR-132

Numakawa et al. [94] Cortical neurons miR-132
BDNF increased levels of synaptic

proteins via upregulation of miR-132

Tian et al. [96] Hippocampus miR-206 BDNF

Mellios et al. [61] Prefrontal cortex
miR-30a-5p
miR-195

Both miR-30a-5p and miR-195 targeted
BDNF

Li et al. [97] AD patients and mouse model miR-613 BDNF

Wu et al. [98] Neuronal cells miR-10a BDNF

Zhang et al. [16] Mouse brain miR-322 BDNF

Summary of related electroacupuncture literatures

Study Species/tissue Method/acupoint Stimulation parameter Result

Wang et al. [100] Hippocampus EA at BL23, GV14, PC6 2Hz, 1mA, 20min BDNF ↑

Zhang et al. [101] Hippocampus and cortex EA at GV20, GV16 150Hz, 15min BDNF ↑

Li et al. [102] Hippocampus and cortex EA at GV20 2Hz/15Hz, 1mA, 30min BDNF ↑

Lin et al. [103] Hippocampus EA at GV20 1Hz/20Hz, 30min BDNF ↑

EA: electroacupuncture.
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antidepressant fluoxetine by acting as a micromanager of
hippocampal neurogenesis [121]. The 3′-UTR of BDNF
was found to be targeted by miR-16 using miRNA analysis
software [122]. Hence, the miR-16/BDNF signalling pathway
is involved in depressive disorder and seems to be promising
[121]. One study that employed in silico approaches, reporter
systems, and analysis of endogenous BDNF showed that
miR-1, miR-10b, miR-155, and miR-191 directly repress
BDNF expression by binding to their predicted sites in the
BDNF 3′-UTR [32]. Simultaneously, evidence revealed that
BDNF performs antidepressant functions and can be regu-
lated by miR-155 [123]. Thus, miR-155 may affect the
depressant status of patients via BDNF, as summarized in
Table 4.

2.4.4. Acupuncture Plays a Therapeutic Role in Depression by
Regulating the Expression of BDNF and miRNAs. Acupunc-
ture therapy has been shown not only to be an effective treat-
ment modality for depression but also to improve
depression-like behaviours and reverse the impairment of
LTP [124]. The neuroprotective effects include upregulating
the gene and protein expression of BDNF in the hippocam-
pus [125]. Acupuncture markedly increased BDNF protein
levels, which provided further evidence supporting its posi-
tive effects [126]. As summarized in Table 4, Luo et al. per-
formed EA at acupoints GV20 and GV29 in animals with
depression induced by CUMS. Compared with preacupunc-
ture treatment conditions, depression-like behaviours were
ameliorated and induced an increase in BDNF expression
in the hippocampus after treatment [127]. Acupuncture
may exert neuroprotective effects in several nervous system
diseases through the modulation of BDNF. Duan et al. fur-
ther investigated the antidepressant mechanism of EA at
GV20 and GV29. According to their results, EA increased

BDNF levels by regulating multiple targets in the cyclic aden-
osine monophosphate response element-binding protein sig-
nalling pathway, thereby promoting nerve regeneration
[128]. Similarly, Jiang et al. published a study suggesting that
the antidepressant effect of acupuncture might be mediated
by regulating the DNA methylation and histone modifica-
tions of BDNF [129]. Interestingly, Yang et al. revealed that
2Hz EA plus 5mg/kg citalopram produced a remarkably
increased expression of BDNF in the hippocampus [130].
In addition, in maternally separated depression rat pups, acu-
puncture stimulation at HT7 significantly increased the
BDNF level of the prefrontal cortex [131].

Interestingly, based on previous studies, miR-16 is closely
related to depression, and the 3′-UTR of BDNF was found to
be targeted by miR-16 [122]. Zhao et al. evaluated the under-
lying epigenetic mechanism of EA in depression. The CUMS
rat model was used, and EA was administered at acupoints
GV20 and GV29. After the administration of EA,
depression-like behaviours were improved, and high expres-
sion of miR-16 in the hippocampus was inhibited as well
[132]. Regrettably, this study did not directly explore the rela-
tionship between EA regulation of BDNF and neural plastic-
ity. In summary, acupuncture-promoted plasticity protein
BDNF expression seems to play an important role in the
development of depression. However, further studies are
required to investigate the effects of acupuncture on miRNA
expression in depression, as acupuncture could target BDNF
and related plasticity mechanisms.

3. Discussion

We reviewed various studies that have shown neuroplasti-
city effects caused by regulation of BDNF and miRNAs in
different neurodegenerative diseases. The results of the

Table 4: Deregulated miRNAs and target genes of depression and summary of related acupuncture literatures.

Study Species/tissue miRNA Result/target genes

Yang et al. [119] Hippocampus miR-206 BDNF

Wang et al. [120] Hippocampus miR-124
miR-124 produced antidepressant-like effects by activating the BDNF-

TrkB signalling pathway

Sun et al. [122]
Cellular
model

miR-16 BDNF

Varendi et al. [32]
Cellular
model

miR-155 BDNF

Summary of related acupuncture literatures

Study Species/tissue Method/acupoint Stimulation parameter Result

Zhang et al. [126] Hippocampus MA at GV20, GV29 Needles were twirled for 1min and retained for 10min BDNF ↑

Luo et al. [127] Hippocampus EA at GV20, GV29 2Hz, 2mA, 20min
BDNF mRNA
↑, BDNF ↑

Duan et al. [128] Hippocampus EA at GV20, GV29 2Hz, 0.6mA, 30min BDNF ↑

Jiang et al. [129] Hippocampus MA at GV20, GV29 20min/day BDNF ↑

Yang et al. [130] Hippocampus
EA at GV20 and GV29

combined with citalopram
2Hz/100Hz BDNF ↑

Park et al. [131]
Prefrontal
cortex

MA at HT7
Needles were turned at two revolutions per second for

15 s and removed immediately afterward
BDNF ↑

Zhao et al. [132] Hippocampus EA at GV20 and GV29 2Hz, 1mA, 20min miR-16 ↓

MA: manual acupuncture; EA: electroacupuncture.
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abovementioned studies suggest that the expression levels
of BDNF and various miRNAs, which are thought to play
significant roles in various diseases, are changed by acu-
puncture treatment.

Analysing the literature on stroke suggested that miR-
219a and miR-134, which are closely related to synaptic plas-
ticity, were downregulated by EA treatment [26, 42]. Simi-
larly, EA increased miR-181b levels in the penumbra and
improved neurobehavioural function [46]. miR-494 was
downregulated and miR-206 was upregulated in the penum-
bra [45]. EA increased cerebral blood flow and alleviated
neurological impairment in rats. Moreover, upregulated
miR-132 suppressed SOX2 in primary neurons after
oxygen-glucose deprivation, which promoted neurite out-
growth [43]. Intriguingly, miR-9 responds locally to BDNF.
The expression level of miR-9 in the peri-infarct cortex was
increased by EA in stroke rat models [44]. However, upregu-
lation of miR-191a-5p exacerbated neuronal injury and
partly reversed the neuroprotective effect of EA treatment
after ischaemia/repercussion injury [21]. Other miRNAs are
also potentially associated with stroke. For instance, miR-
124, miR-210, miR-10b-5p, and miR-155 were shown to
directly target BDNF [27, 28, 30, 31]. Numerous studies have
reported that the expression levels of BDNF in rat brain
tissue surrounding the haematoma, the cerebral cortex,
the peri-infract cortex, the subventricular zone, the stria-
tum, the hippocampus, etc. are significantly increased after
acupuncture [34–41]. Simultaneously, acupuncture has
protective and reparative effects on brain tissue, which
can improve the symptoms of cerebral infarct, neurological
deficits, and motor function in rats. Its mechanism may be
related to the upregulation of BDNF and the promotion of
nerve cell growth. These changes and distinct roles of
many miRNAs may provide an intriguing connection
between the effect of acupuncture on stroke and BDNF.

Remarkably, one of the characteristics of PD is the loss of
dopaminergic neurons in the substantia nigra. EA therapy
may attenuate this loss by promoting the expression of
endogenous BDNF [67]. Similarly, the learning and memory
abilities of PD rats were significantly improved compared
with those of the model group after EA, accompanied by
increased BDNF expression levels [66–73], which may
underlie the effectiveness of EA in the treatment of PD.
Another study investigated whether acupuncture could regu-
late the expression of miR-124 in the striatum of transgenic
mice with PD. According to the study conclusions, the
expression levels of miR-124 and BDNF protein were upreg-
ulated after treatment [75]. More significantly, many studies
have shown that there are complementary sequences among
miR-494-3p, miR-30a-5p, miR-7, and miR-210-3p and
BDNF [59, 61–63], suggesting that interfering with the
expression of these miRNAs could be a strategy for BDNF
regulation in PD pathogenesis. Therefore, miRNAs that can
directly target BDNF genes might be associated with the
potential acupuncture treatment mechanism in PD.

With regard to AD and its link with miRNAs and BDNF,
the expression level of miR-132 was increased via BDNF reg-
ulation [93, 94]. Furthermore, miR-322, miR-30a-5p, miR-
206, miR-195, miR-10a, and miR-163 were identified to tar-

get BDNF [16, 61, 96–98]. Interestingly, EA improved learn-
ing and memory in AD rats, promoted neurogenesis in AD,
and maintained hippocampal LTP to a certain extent. Almost
all studies have suggested that EA can increase BDNF expres-
sion levels in the brains of AD model animals [100–103].
Hence, the role of miRNAs in BDNF regulation should be
considered when developing BDNF-based acupuncture
treatment for AD.

Other miRNAs are also potentially associated with
depression. For instance, miR-132, miR-124, miR-124-3p,
and miR-137 loss-of-function resulted in altered synaptic
transmission and plasticity [113, 115]. Similarly, miR-134,
miR-92a, and miR-485 are involved in depression brain
neuroplastic capacity [114, 116]. Interestingly, miR-206 and
miR-155 were shown to directly regulate BDNF in depres-
sion studies [32, 119]. The 3′-UTR of BDNF was also tar-
geted by miR-16, which mediates the action of the
antidepressant fluoxetine by acting as a micromanager of
hippocampal neurogenesis [122]. Most interestingly, numer-
ous studies have shown that EA can not only inhibit the
expression of miR-16 in the hippocampus [132] but also
increase the levels of BDNF in the brains of depression model
rats [126–130]. Therefore, acupuncture promoted synaptic
plasticity via BDNF protein expression and regulated a few
miRNAs that were found to target BDNF, which seem to play
important roles in the development of depression.

Based on the current analysis of the published literature,
we summarize that acupuncture treatment seemingly
restores the level of BDNF, which is thought to play signifi-
cant roles in depression and neurodegenerative diseases such
as AD, stroke, and PD. Although it should be critically con-
sidered that there are methodological and conclusion differ-
ences among the studies, the associations are intriguing and
worthy of further analysis and study, especially with respect
to neuroplasticity.

Major depressive disorder is a highly prevalent psychiat-
ric disorder that is commonly associated with neurodegener-
ative diseases. In the actual clinical situation, poststroke
depression is one of the most common and well-studied phe-
nomena in poststroke patients. Depression worsens the
course of poststroke neurological disorders, with poorer
functional recovery [133]. Similarly, psychiatric and mood
disturbances are common comorbidities with AD and PD.
Depressive symptoms increase the overall burden of illness,
mainly due to the negative impact on the quality of life of
patients (increased disability and morbidity) [134]. In addi-
tion, stroke patients also exhibit an increased risk of depres-
sion and dementia [135]. A high comorbidity between
stroke, AD, PD, and depression suggests there might be sim-
ilar mechanisms underlying the course of these diseases, and
their shared comorbidity mechanism is worth exploring.

Although the structural and functional changes impli-
cated in the relationship between depression and neurode-
generation seem to be highly complex, excitingly, several
studies have shown altered BDNF production and secretion
in a variety of neurodegenerative diseases as well as in
depression [136]. Overall, BDNF is one of the key molecules
modulating and linking brain plasticity, and the neuroplasti-
city hypothesis postulates that the loss of BDNF plays a major
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role in the pathophysiology of poststroke depression and
depression with AD [137, 138]. Similarly, in a short review,
while providing evidence of shared biological substrates
between PD and depression, neuroplasticity was underscored
by the roles of BDNF [139]. Hence, it is possible that depres-
sion and neurodegenerative diseases could be improved by a
common neuroplasticity mechanism by regulating BDNF
expression.

In addition to the coestablished roles of BDNF in modu-
lating neuroplasticity in neurodegenerative diseases and
depression, a few other fundamental factors that may have
a profound effect in such diseases are currently being
explored, such as miRNAs, a class of small noncoding RNAs
that can typically bind to the 3′-UTRs of mRNAs to induce
repression or degradation. Evidence indicates that the 3′
-UTR of BDNF is a significant target of miRNAs, and an in
silico analysis suggested that it may have 17 binding sites
potentially recognized by as many as 26 miRNAs [61]. In this
study, we identified that the expression of BDNF in AD brain
neurons is controlled by miR-132, miR-206, miR-30a-5p,
miR-195, miR-10a, miR-322, and miR-613; in stroke, the
expression of BDNF in brain neurons is controlled by miR-
124, miR-210, miR-922, miR-9, miR-10b-5p, and miR-155;
in PD brain neurons, the expression of BDNF is controlled
by miR-494-3p, miR-30a-5p, miR-7, and miR-210-3p; and
in depression brain neurons, it is controlled by miR-206,
miR-124, and miR-155. Intriguingly, miR-206 has been
proven to be a coregulator in AD and depression. Simulta-
neously, miR-124 and miR-155 have been shown to be
coparticipants in stroke and depression. It is therefore
intriguing to speculate that miRNAs might participate in a
molecular network involving multiple diseases as the miR-

NAs that are abundantly expressed seem to overlap between
neurodegenerative diseases and depression brain states. We
further speculate that BDNF is referred as a “master regula-
tor” because BDNF can be regulated by various miRNAs;
thus, the gene expression networks can exert a substantial
effect on BDNF. Based on the above multiple regulatory
mechanisms, miRNAs build a complex point-to-surface reg-
ulatory network, which can not only relate to numerous neu-
rodegenerative diseases and depression states by regulating
individual miRNAs but also finely regulate the expression
of BDNF by combining several miRNAs. The characteristics
of miRNA-BDNF network regulation are highly consistent
with the characteristics of multichannel, multitarget, multi-
level regulation of acupuncture (Figure 1).
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Figure 1: Model illustrating the biological mechanism by which acupuncture regulates the miRNA-BDNF network.
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Acupuncture has been practiced in China for over
2000 years to regain the dynamic balance of the organism
based on the “meridian theory” as described in the Yellow
Emperor’s Classic of Internal Medicine. Two types of acu-
puncture treatment, MA and EA, are distinguished by its
treatment method. By manual manipulation or stimulation
using a low current and frequency, acupuncture has been
shown to modulate neurogenesis and synaptogenesis
[140]. According to studies investigating the diseases, the
most frequently applied acupoints are GV20, GV29, and
GV14 (Figure 2), which are localized on the Governor

Vessel (GV). GV runs along the middle of the back and
connects with the brain; thus, GV acupoints have always
been used for brain and nervous system disorders.
Although GV acupoints are frequently used, there are
few studies comparing the overlapped molecular outcomes
of them with each other or other acupoints among differ-
ent diseases. In our study, we identified that GV20 elicited
the best effects on plasticity (Figure 3), which may con-
tribute to understanding the mechanisms of acupuncture.
Overall, the associations are intriguing and worthy of
being analysed and studied further.
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Figure 3: Venn diagram showing acupoints that were differentially administered across the stroke, Alzheimer’s disease (AD), Parkinson’s
disease (PD), and depression relevant studies.

Striatum, nigra,
midbrain, ventral

tegmental area

Cortex

Cortex

HippocampusStroke

Depression

PD

AD

Cortex, striatum,
neurons,
ischemic

penumbra
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(PD), and depression relevant studies.
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In summary, we propose that it should be critically con-
sidered that there are methodological and hypothetical differ-
ences between the studies: (1) the regulatory impact of
miRNAs on BDNF expression in the brain needs to be
strongly considered in the development of therapeutic treat-
ments for neurodegenerative diseases and depression. (2)
Although we briefly reviewed the evidence for a positive
action of BDNF on miRNA expression and a negative action
of miRNAs on BDNF, the miRNA-BDNF pathway may not
be a closed loop system, and many other regulatory elements
are at play that control specificity of miRNA expression.
Hence, this manuscript highlighted the effect of acupuncture
and in what way miRNAs have taken part in elucidating
mechanism of acupuncture and neuroplasticity. (3) Based
on the analysis of the published literature, we summarized
that acupuncture treatment seemingly has a bidirectional
regulatory ability to restore levels of diverse miRNAs and
BDNF to their normal states (Figure 1). (4) Intriguingly,
when the same acupoint was used in all four diseases, the
underlying effects on the hippocampus may show similar
and overlapping molecular outcome among different diseases
(Figures 3 and 4). New findings could lead to the discovery of
the biological mechanism by which acupuncture regulates
the miRNA-BDNF network and could identify the underly-
ing neurodegenerative disease-depression comorbidity
mechanism of acupuncture treatment in the near future.
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