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[ABSTRACT] Objective To investigate the ameliorative effect of electroacupuncture (EA) on cognitive
dysfunction in Alzheimer’ s disease (AD) mice, and observe whether EA exerts neuroprotective effects by regulating
ubiquitin-proteasome system (UPS)-mediated microglial inflammatory response and the signal transducer and activator
of transcription 3 (STAT3)/inflammasome/synaptic damage axis, so as to explore its underlying mechanism.
Methods Wild-type mice were set as the normal control group. Tau-P301S transgenic mice were randomly divided
into model group, EA group, sham EA group, EA combined with MG132 group and MG 132 group, with 6 mice in each
group. Mice in the EA group and EA+MG132 group received acupuncture at “Dazhui” (GV14), “Mingmen” (GV4) ,
“Baihui” (GV20) and “Shenting” (GV24) ; electrodes were connected to GV20 and GV24 with dense-disperse waves
at frequencies of 2 Hz/100 Hz for 20 min per session, once daily. A treatment course consisted of 6 consecutive days of
acupuncture followed by 1 day of rest, with a total of 4 courses. Mice in the EA+MG132 group and MG 132 group were
injected with 2 yL MG132 (5 mmol/L) into the bilateral hippocampal CA1 region. Morris water maze test and open field
test were performed to evaluate cognitive function and anxiety-like behaviors. Hematoxylin-eosin (HE) staining was
used to observe pathological changes in hippocampal tissues. Transmission electron microscopy (TEM) was adopted to
detect ultrastructural damage of hippocampal neuronal synapses and mitochondria. Immunofluorescence staining was
applied to examine microglial activation and the fluorescence positive expression of transmembrane protein 16F
(TMEM16F) in the hippocampus. Western blot was utilized to detect the expression levels of UPS-related proteins,
STAT3/suppressor of cytokine signaling 3 (SOCS3) pathway proteins, inflammasome components, inflammatory
factors and synaptic proteins. Results Compared with the normal control group, the model group exhibited
significantly prolonged escape latency ( P<0.05, P<0.01), markedly reduced times of crossing the original platform (P<
0.05) and shortened residence time in the target quadrant (P<0.05). In the open field test, total movement distance,
times of entering the central zone, residence time and movement distance in the central zone were all significantly
decreased (P<0.05). In the hippocampal CA1 region of model mice, neurons were disorganized with shrunken somata,
severe pyknosis, widened intercellular spaces and reduced neuronal number; mitochondria were swollen with fractured
or disappeared cristae and cytoplasmic vacuolation; synaptic clefts were widened and synaptic vesicles were
decreased. The fluorescence intensity and number of ionized calcium-binding adapter molecule 1 (Iba1)-positive cells,
as well as the number of TMEM16F/Iba1 double-positive cells in the hippocampus were significantly elevated (P<0.01).
The protein expression ratios of phosphorylated signal transducer and activator of transcription 3 to total STAT3
(p-STAT3/STAT3) , NOD-like receptor pyrin domain-containing protein 3 (NLRP3) , cysteinyl aspartate specific
proteinase-1 (Caspase-1), tumor necrosis factor-a (TNF-a) and cyclooxygenase 2 (COX-2) in hippocampal tissues
were remarkably up-regulated (P<0.01). Meanwhile, the protein levels of SOCS3, ubiquitin carboxyl-terminal hydrolase
L1 (UCHL1) , interleukin-10 (IL-10) , postsynaptic density protein 95 (PSD95) and synaptophysin (SYP) were
markedly down-regulated (P<0.01). Compared with the model group, all above indicators were significantly improved in
the EA group (P<0.01) ; hippocampal CA1 neurons were arranged more regularly with relatively intact somata,
alleviated pyknosis and narrowed intercellular spaces; mitochondrial swelling was relieved with relatively complete
cristae, cytoplasmic vacuolation was reduced, and partial recovery of synaptic structure was observed. In contrast with
the EA group, almost all indicators were reversed in the sham EA group and EA+MG132 group, except for SYP
expression in the sham EA group (P<0.05). Conclusion EA can alleviate cognitive dysfunction in AD model mice. Its
therapeutic effect may partially depend on the regulation of UPS dysfunction-related microglial inflammation, which is
associated with the normalization of UPS-mediated abnormal STAT3/SOCSS signaling, suppression of inflammasome
activation and alleviation of synaptic damage.

[KEYWORDS] Electroacupuncture; Alzheimer’s disease; Microglia; Inflammasome; Synaptic damage; Ubiquitin-

proteasome system
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Fig.2 Comparison of anxiety-like behaviors in the open field test of mice in the 6 groups (z+s, 6 mice/group)
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Fig. 4 Comparison of ultrastructure of hippocampal neurons of mice in the 6 groups (transmission electron microscope)
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Fig. 6 Comparison of protein expression of STAT3/SOCS3/UPS/inflammasome signaling axis of mice in the 6 groups

(x+s, 3 mice/group)
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