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1. Introduction
In children with neurodevelopmental problems, autism 

spectrum disorder (ASD) has a 1% [1] incidence rate. 
Recently, it has been a major topic of discussion because 
of its impact on family and social life. Social interaction 
difficulties, particularly difficulties in verbal communica-
tion and socializing, are among the hallmarks of ASD, a 
broad cognitive disorder [2]. Mental retardation (about 
45%) and attention deficit hyperactivity disorder (ADHD) 
in children (28% to 44%), tic dyskinesia (14% to 38%), 
gastrointestinal issues (9%-70%), immune disorders 
(38%), anxiety (42% to 56%), depression (12% to 70%), 
and obsessive-compulsive symptoms (19% to 32%) are all 
common co-morbid conditions. ASD has a multifactorial 
etiology, encompassing both genetic and environmental 
influences. About a quarter of people are genetically pre-
disposed to the condition. More than 102 genes that have 
been linked to autism have been identified so far [3]. For 
all that has been learned about autism over the past few 
decades, there is no obvious cohesive mechanism for how 
the disorder manifests itself.

Autophagy is a self-destruction process in cells and is 
responsible for degrading and recycling cellular compo-
nents such as misfolded, stacked, or aggregated proteins 
and damaged organelles [4]. Changes in environmental 

circumstances like dietary deficit or stress might alter au-
tophagy [5]. Along with component renewal, autophagy 
plays a role in the development, differentiation, and tissue 
remodeling of various biological organisms [6]. If the au-
tophagy process cannot correctly destroy waste cell com-
ponents, they will accumulate in cells, causing aberrant 
function and potential illness [7]. Numerous publications 
indicate that aberrant autophagy regulation plays a critical 
role in the pathophysiology of significant diseases [8-10]. 
Additionally, autophagy is required to regulate neuronal 
homeostasis and plasticity, which results in cognitive dete-
rioration. Although the precise mechanism of autophagy 
in neurons is unknown, activating the phosphoinositol 3 
kinase (PI3K)/protein kinase B (AKT)/mammalian target 
of rapamycin (mTOR) pathway may be a critical element. 
The PI3K/Akt/mTOR signaling pathway belongs to one of 
the main cellular signaling pathways, which plays a cru-
cial part in basic intracellular functions [11]. The PI3K/
Akt/mTOR signaling pathway plays a critical role in cell 
growth, proliferation, and survival [12, 13]. Dysregulation 
of the PI3K/Akt/mTOR pathway has become a conver-
gence point in ASD. Downregulation of PI3K/Akt/mTOR 
pathway activity is a latent therapeutic mechanism with 
broad applicability in ASD-associated diseases [14]. Trig-
ger receptor 2 (TREM2), expressed on myeloid cells, is an 
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innate immune receptor found in microglia and has been 
linked to an elevated risk of early-onset dementia, progres-
sive dementia, and Alzheimer's disease [15, 16]. In addi-
tion, studies have discovered that the autophagy of micro-
glia in mice with the TREM2 gene knockout is inhibited 
[17], which strongly suggests that there is a link between 
TREM2 and autophagy [18, 19]. In this context, we be-
lieve that TREM2 affects autophagy and the development 
of ASD through the PI3K/AKT/mTOR signaling pathway.

In this study, we established a model for ASD, and then 
investigated the effects of TREM2 on cognitive function 
during the development of ASD, and explored whether 
TREM2 regulated the PI3K/Akt/mTOR mediated auto-
phagy in vivo and in vitro. 

2. Materials and Methods
2.1. ASD model construction

Mice of the C57BL/6J strain (specific pathogen-free 
(SPF) grade, 8-10 weeks old, provided by Unilever Bei-
jing, China) are mated with males of the C57BL/6J strain 
according to the timing of estrus. The successfully mating 
female mice were separated into two groups using a ran-
dom number generator: the normal saline group and the 
valproic acid (VPA) group. Female mice were examined 
and recorded as having a vaginal embolism as early as 0.5 
days of pregnancy, after which the pregnant female mice 
were maintained on their own. The VPA group received a 
subcutaneous injection of VPA (600 mg/kg) at 12.5 days 
of gestation to replicate VPA autistic spectrum disorder 
[20] in the laboratory. Female mice in the control group 
were given an intraperitoneal injection of normal saline 
in an equal volume, and the results were analyzed. After 3 
weeks of weaning, 15 males were randomly picked from 
each litter and raised separately. It was decided that males 
born to mothers who received normal saline would be in-
cluded in the control group, and males born to mothers 
who received VPA would be included in the autism spec-
trum disorder (ASD) group. Male mice were fed until they 
reached the age of 8 weeks. This study was approved by 
the Ethics Committee of our hospital before its implemen-
tation.

2.2. Stereotactic brain injection
The mice in the ASD group were sedated with isoflu-

rane before an incision was made along the midline of 
the scalp. TREM2 overexpressing virus (ASD+TREM2 
group), TREM2 silencing virus (ASD+siTREM2 group), 
and empty vector virus (NC group) were injected into the 
following coordinates of each hippocampus [21] (relative 
to the bregma): anterior-posterior -2 mm, medial-lateral 
-1.75 mm, and dorsal-ventral -1.75 mm. all viruses were 
purchased from GenePharma (Shanghai, China). The vi-
rus was administered in a volume of 0.3 mL. The injec-
tion rate was 0.5 liters per minute. After each injection, 
the needle remained in the brain for 5 minutes. Following 
the operation, the wound on the scalp was sutured. Place 
the mouse back in its cage after the anesthetic effect has 
gradually faded away. According to the manufacturer, the 
pain was controlled by kalofen (5 mg/kg, SQ) 48 hours 
after the operation.

2.3. Open-field test
When experimental animals were placed in a new habi-

tat, field tests were utilized to analyze those animals' neu-

rological and autonomic behavior. The box measures 50 
cm, 50 cm, and 40 cm in height, width, and depth. In the 
center of the room is a black inner wall, and the bottom is 
separated into two sections: the core region and the peri-
phery area. The background noise in the laboratory is less 
than 65 decibels. Mice were placed in a central area during 
the experiment and allowed to roam freely. The behavior 
analysis system began recording the video and automati-
cally recorded the activity of the experimental mice for 
5 minutes. It then examined the amount of time the mice 
spent in the central region and the overall distance travel-
led by the mice during the experiment. After each experi-
ment, wipe the box with 75 percent alcohol to avoid inter-
ference with unusual odors or excrement.

2.4. New object recognition test
Set up the observation boxes one day before the expe-

riment and allow the mice to become acclimated to the 
boxes in a quiet setting for one hour before starting the 
experiment. Exclusion criteria were applied to mice exhi-
biting anomalous activity in the opening (e.g., too little 
activity, too much activity, circling, etc). The mice were 
placed in the laboratory for one hour on the experiment 
day to allow them to become acclimated to the surroun-
dings before the formal experiment could begin. Two 
identical objects were placed in the center of the opening 
box in two different sections of the opening box, and the 
mice were placed separately in the opening box for a total 
of ten minutes in each area. After the exploration, the mice 
were removed from the cage and placed back into the fee-
ding cage. Remove any strange odors from the observation 
boxes by cleaning them. After a 4-hour interval, one of the 
objects was swapped out for a different one, and the mice 
were placed in the opening box to investigate for a further 
5-minute period. After the experiment is completed, care-
fully clean the observation box with rubbing alcohol.

2.5. Morris water maze test 
Using the Morris waters maze experiment, data acquisi-

tion and analysis software were utilized to record pertinent 
data and photographs, then analyzed to determine the co-
gnitive level of spatial learning and memory in mice. The 
following are the specific contents: Adaptability training: 
The hidden platform was removed, and the mice were per-
mitted to swim in the pool at the same time every day to 
acclimate to the new environment. This stage will persist 
for three days. An experiment on positioning navigation 
was conducted in which mice were placed in the water 
facing the pool wall at a fixed time every morning, and the 
time it took for them to find the pool and climb onto the 
platform was recorded, i.e., the incubation period of esca-
ping from the pool wall was determined. Unless the ani-
mal can locate the platform within 120 seconds, the escape 
incubation period is reported as 120 seconds. The mice 
were allowed to remain on the platform for ten seconds 
under the experimenter's supervision. While the positional 
navigation experiment was carried out over four days, the 
space exploration experiment was conducted after a one-
day break. Experimental procedure for space exploration: 
The experimenter removed the platform from the water's 
surface, designated the quadrant where the platform was 
located as the target quadrant, dropped the mouse into the 
pool from this quadrant, and recorded the mouse's move-
ment track for 120 seconds, along with the time and dis-
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dy (1:1000, Proteintech, USA). For chemiluminescence, 
TBST was rinsed three times for ten minutes each time.

2.9. Preparation of TEM sections
It was necessary to remove the fixed hippocampus tis-

sue from a 4 percent paraformaldehyde solution before 
treating it with 1 M phosphate buffer (5 minutes), fol-
lowed by washing and fixing in 1 percent osmic acid for 
30 minutes. Afterwards, the tissue was washed twice with 
0.1 M phosphate buffer (5 minutes each time) and then 
embedded in 3-4% agarose, which was then cut, and the 
agarose solidified. The implanted tissue was sliced into 
portions 1-3 mm thick. After that, the parts were immersed 
in 50 percent solution, 70 percent and 90 percent ethanol, 
90 percent and 10 percent acetone, and then dehydrated 
in TURS, followed by transit with propylene oxide, im-
mersion, embedding, polymerization in ethoxy resin, and 
finally slicing with a super slicer to achieve the desired 
thickness. After drying, the sections were doubly stained 
with uranyl acetate and lead citrate and then examined un-
der a transmission electron microscope to determine their 
composition (Fei TECNAI G2 12, USA). It was decided 
to examine five different areas, and the number of auto-
phagosomes in each area was counted under a scanning 
electron microscope and averaged out.

2.10. Transfection of cells
The mouse BV2 microglia used in this study were ob-

tained from the Type Culture Bank of the Chinese Aca-
demy of Sciences Cell Bank (Shanghai, China). Storage 
of the cells was accomplished using Dulbecco-modified 
Eagle medium (High glucose, GIBCO), which contained 
10% heat-inactivated fetal bovine serum (FBS, GIBCO), 
and the cells were maintained at 37℃ in a humidified in-
cubator with 5% CO2. They were employed in the expe-
riment once they had grown to a density of around 80% 
confluence.

The adherent cells were inserted in a 24-well plate with 
1×105 cells per well 24 hours before lentivirus transfection 
by the experimenter. The number of cells transfected by 
the lentivirus was around 2 × 105 cells per well. A sui-
table amount of virus suspension was added on the second 
day, and the original media was replaced with a 2ml fresh 
medium containing 6 g/ml polybrene and an acceptable 
amount of virus suspension. The culture was continued for 
another 24 hours, after which the virus-containing culture 
medium was replaced with a brand-new culture medium. 
The passage was conducted 72 hours later, and the sub-
sequent studies were carried out after that. In our investi-
gation, the TREM2 virus was transfected into BV2 cells, 
and the results were separated into four groups: the control 
group (Con), the negative control group (NC), the ove-
rexpression of TREM2 group (overexpression TREM2), 
and the low expression of TREM2 group (low expression 
TREM2).

2.11. Statistical analyses
The statistical analysis of the restudy was carried out 

using GraphPad Prism 8.0 (San Diego, CA, USA) and 
IBM SPSS Statistics 22.0 (Aramonk, NY, USA) software. 
The LSD and Tukey’s post hoc test assessed all data re-
ported as means and standard deviations. The variation in 
the control group, the ASD group, and the ASD + TREM2 
and ASD + siTREM2 groups were all analyzed using the 

tance of the target quadrant and the number of times the 
mouse had travelled past that quadrant previously.

2.6. Three boxes of social experiments
The experimental contraption measures 120 centime-

ters in length, 20 centimeters in width, and 22 centime-
ters in height. It is necessary to insert an empty cage in 
the left and right cavities of the apparatus. Stage 1: The 
mice were allowed to run about freely for 10 minutes to 
get used to the environment. Stage 2: The scientist placed 
a tinder in an empty cage in the left compartment, animal 
1 and observed how the mice interacted (Stranger 1). The 
tested mice were replaced and monitored for a total of ten 
minutes. The length of time the mice spent in each room 
was measured and compared to the length of time Stranger 
1 communicated with them and the length of time the mice 
spent in the empty cage (Object). The experimenter placed 
the empty cage in the right chamber of another odd mouse 
and observed his social preference (Stanger 2). The mice 
were replaced, and the social preferences of mice were 
measured within 10 minutes of the mice being replaced.

2.7. Immunofluorescence staining
The mice were sedated and then perfused with 0.9 

percent normal saline and 4 percent paraformaldehyde, 
after which the brain tissue was removed and dried with a 
sucrose gradient, as previously described. After that, fro-
zen sections with a thickness of 15 microns were created. 
PBS was rinsed three times, five minutes each time, 0.3 
percent Triton X100 was broken for one hour, PBS was 
rinsed three times for five minutes each time, and sheep 
serum was blocked and incubated at 37 degrees Celsius 
for one hour. It was then treated at 4℃ overnight with the 
primary antibodies NeuN (Rabbit-anti-mouse 1:400, CST, 
USA) and LC3II (Mouse-anti-mouse 1:400, CST, USA) 
before being washed. The following day, PBS was rinsed 
three times for a total of five minutes each time, and fluo-
rescent secondary antibodies goat anti-rabbit (Alexa Fluor 
594, 1:300, Proteintech, USA) and goat anti-mouse (Alexa 
Fluor 488, 1:300, Proteintech, USA) were added and in-
cubated at 37°C for 40 minutes before being rinsed three 
times for a total of five minutes each time. Following the 
addition of the DAPI (1:1000, MCE, China), the sample 
was incubated for 5 minutes at room temperature. It was 
viewed under a confocal laser microscope after the solu-
tion had been sealed against fluorescence attenuation.

2.8. Western blot
Protease inhibitors and RIPA lysate (from General Bio-

systems, China) were added to the excised tissue and then 
pulverized. The supernatant was collected and centrifuged, 
and the protein content was calculated as previously des-
cribed. To prepare for the experiment, the protein sample 
concentration was normalized, thermally denatured, and 
frozen at -20°C. In this experiment, the protein samples 
were exposed to constant pressure electrophoresis, while 
the PVDF membrane was treated to constant current elec-
trophoresis. Afterwards, the samples were sealed with 5 
percent skim milk powder solution before being incubated 
at 4 degrees Celsius overnight with the appropriate antibo-
dies (all of which were produced from CST in the United 
States, Rabbit, 1:1000). Following that, TBST was rinsed 
three times for 10 minutes each time. It was then incubated 
at 37 degrees Celsius for 1 hour with the secondary antibo-
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t-test. A two-way ANOVA was performed to determine 
whether there was an interaction between autism spectrum 
disorder and overexpression of TREM2 (two independent 
variables) on mice's cognitive behaviour. In both the in 
vivo and in vitro experiments, a p-value of less than 0.05 
was considered statistically significant (n=5 per group in 
the vivo experiment and n=3 per group in the vitro experi-
ment, respectively).

3. Result
3.1. TREM2 restores cognition in mice with ASD

According to the results of open field tests, mice in the 
ASD group travelled less distance and spent less time in 
central area than mice in the control group. Mice in the 
ASD + TREM2 group had significantly far traveling dis-
tances and more time in central area than mice in the ASD 
group (Figure 1A). These findings indicated that TREM2 
could improve neurological and autonomic behavior in 
ASD mice.

When the ASD group mice were compared to the 
control group, the recognition index of the ASD group 
mice declined dramatically (P<0.001) however, when the 
ASD + TREM2 group was compared to the ASD group, the 
recognition index of the ASD + TREM2 group increased 
significantly (P<0.001). This finding implied that the lear-
ning and memory abilities of ASD mice were impaired but 
that TREM2 could help increase the learning and memory 
abilities of ASD mice, which was a promising develop-
ment (Figure 1B).

The Morris water maze test findings revealed that the 
number of mice crossing the platform in the ASD group 
was substantially lower than that of the control group 
(P<0.01) when compared to that of the control group. 
Compared to the ASD group, the time and time spent cros-
sing the platform by the ASD + TREM2 group mice in-
creased (P<0.01, P<0.05, respectively). This demonstrated 
that overexpression of TREM2 could improve individuals’ 
learning and memory abilities with autism spectrum disor-
der (ASD) (Figure 1C).

The three-box social interaction study revealed that the 
time required to identify unusual mice in the control group 
was much longer than in the empty cage. Compared to the 
control group, the contact time of ASD mice with strange 
mice was reduced, suggesting that the social ability of 
ASD mice had decreased significantly (P<0.001), which 
is also one of the hallmark behaviors of autism spectrum 
disorder. TREM2 overexpression resulted in the restora-
tion of social abilities in ASD mice. This demonstrated 
that TREM2 could also help restore social competence and 
minimize the symptoms of autism (Figure 1D).

In conclusion, the cognitive function and social ability 
of ASD mice were significantly reduced, but mice’s cogni-
tive function and social ability were significantly impro-
ved after overexpression of TREM2.

3.2. Autophagosomes in the hippocampus of mice
Under the transmission electron microscope, autopha-

gy hippocampal neurons were found in the control group 
(1.30±0.65) and the ASD+TREM2 group (2.12±1.42) but 
not in the ASD group (Figure 2). First, the bilayer separa-
tion membrane is induced, and then it continues to expand 
and wrap until autophagy is formed. Once autophagosomes 
are formed, some of them continue to fuse with lysosomes 
to produce autolysosomes, resulting in lysosomal degrada-

tion. Autolyase was formed into the ASD+TREM2 group, 
suggesting that the ASD+TREM2 group had completed 
the process of autophagy.

3.3. Location of LC3 II/NeuN by double immunofluo-
rescence staining

Following staining, we used a laser scanning confocal 
microscope to evaluate the expression of LC3 II (green 
fluorescence) and NeuN (red fluorescence) (Figure 3). The 
green fluorescence of hippocampal CA1 neurons was not 
detectable in the ASD group, and the percentage of auto-
phagy-positive cells was lower (2.46±0.43%). In compari-
son to the ASD group, the control group (6.95±1.09%) and 
the ASD+TREM2 group (7.18±1.12%) had significantly 
higher levels of green fluorescence in hippocampal CA1 
(P<0.05).

Fig. 1. Behavioral test results. A: Open filed test; B: New object reco-
gnition test; C: Morris water maze test; D: Three boxes of social expe-
riments. All data were statistically calculated as the means ± SD; ***P 
<0.001 compared with the control group, ##P <0.01, ###P <0.001 
compared with the ASD group.

Fig. 2. The formation of autophagy bodies was observed and imaged 
under transmission electron microscope.

Fig. 3. After double immunofluorescence staining, the LC3 II/NeuN 
in each group was observed by laser scanning confocal microscope 
(×400). scale plate 50; LC3 II, green fluorescence; NeuN, red fluores-
cence; PI, blue fluorescence.
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3.4. Expression of PI3K/Akt/P-S6 pathway protein in 
the mouse hippocampus

The autophagy process was characterized by several 
essential proteins, including PI3K, p-Akt, Akt, and P-S6. 
Increased P-S6 expression is associated with decreased 
autophagy activity, attributed to PI3K and Akt activa-
tion [22]. According to the results of Western blot analy-
sis, when compared to the control group, the expression 
of p-PI3k, p-Akt, p-53 and P-S6 in the ASD group was 
significantly increased (P>0.05), while the expression of 
TREM2 and BCL-2 was significantly decreased (P<0.01). 
However, there was no statistically significant difference 
in PI3K and Akt (P>0.05). p-PI3k, p-Akt, p-53 and P-S6 
expression were considerably lower in the ASD+TREM2 
group than in the ASD group (P<0.05), the expression of 
TREM2 and BCL-2 was significantly increased (P<0.05), 
although the expression of PI3K and Akt was like that in 
the ASD group (P<0.05) (Figure 4).

3.5. Expression of PI3K/Akt/P-S6 pathway protein in 
BV2 cells

Based on the results of the Western blot analysis, the 
levels of p-PI3K, p-Akt, and P-S6 in the overexpression 
of the TREM2 group were significantly lower than those 
in the control group (P<0.001), while the levels of p-PI3K, 
p-Akt, and P-S6 in the low expression of TREM2 group 
were significantly higher than those in the control group 
(P<0.05) (Figure 5).

4. Discussion
Autism spectrum disorder (ASD) is a severe and 

widespread social interaction, genetic, and diverse neuro-
developmental disorder characterized by impaired com-
munication skills, cognitive impairment, and stereotyped 
behaviours, interests, and activities. It is also referred to 
as autism spectrum disorder (ASD) in some circles [23].

The social interaction and cognitive function of the 
ASD group were significantly worse than those of the 
control group, which suggested that our ASD models were 
successfully generated in the experiment, according to the 
results of the behavioural studies conducted on the included 
mice. To test the hypothesis that TREM2 may be implica-
ted in the onset and progression of autism spectrum disor-
der (ASD) through the PI3K/Akt/mTOR pathway-driven 
autophagy, we developed ASD overexpression TREM2 
and ASD knockdown TREM2 groups. In the beginning, 
TREM2 was discovered on the surface of dendritic cells 
produced from monocytes, and it is now located prima-
rily on the surface of immature dendritic cells, osteoclasts, 
and microglia [15]. TREM2 was highly expressed only 
in microglia found in the brain. It has been demonstrated 
that activation of the TREM2 receptor on microglia can 
activate two essential functions: enhancing the phagocy-
tic activity of microglia and raising the anti-inflammatory 
response to microglia [16]. According to the most recent 
research, a decrease in TREM2 can result in neurodegene-
rative diseases, whereas activation of the TREM2 receptor 
can inhibit the overactivation of microglia and reduce the 
secretion of proinflammatory factors and enhance the pha-
gocytosis of microglia [24-28]. TREM2 is also closely as-
sociated with autophagy. During the early stages of brain 
development, it has been discovered that the transcription 
factor TREM2 is required for microglia-mediated synap-
tic refinement. Specifically, the loss of TREM2 results in 

poor synaptic clearance, accompanied by increased exci-
tatory neurotransmission and a reduction in far functional 
connections. Additionally, the levels of TREM2 protein 
were found to be adversely linked with the severity of 
symptoms in people with autism [29]. TREM2 effectively 
improved social interaction and cognitive function in ASD 
mice. Interestingly, when compared to the ASD group, 
ASD mice with TREM2 deficiency showed no social and 
cognitive function differences.

A recent study has reported ASD-related exon copy 
number variation mutations in autophagy-associated 
genes, which suggested that autophagy dysfunction is one 
of the triggers of ASD [30]. It was discovered that auto-
phagy bodies were present in the CA1 region of the hip-
pocampus of the control group. TREM2 was associated 
with significantly increased autophagy bodies in the ASD 
+ TREM2 group, indicating that TREM2 may be associa-
ted with increased autophagy activity in the ASD group. 
On the other hand, autophagy is a dynamic process that 
consists of two main steps: autophagic lysosomal fusion 
and lysosomal degradation. Because of this, autophagic 
activity can be seen not only in the aggregation of lyso-
somes but, perhaps more importantly, in both the forma-
tion of autophagic fluxes and the degradation of lysosomes 
[31, 32]. As a result, LC3 II is an autophagy marker for 
monitoring autophagy flux. As a result, we detected the 
co-localization expression of LC3 II and NeuN, which 
further demonstrated the relationship between autophagy 
and neurons while also clarifying the effect of autophagy 

Fig. 4. PI3K/Akt/P-S6 related proteins in the hippocampus were de-
tected by Western blot. All data were statistically calculated as the 
means ± SD; **P <0.01, ***P <0.001 compared with the control 
group, #P <0.05, ##P <0.01, ###P <0.001 compared with the ASD 
group.

Fig. 5. PI3K/Akt /P-S6 related proteins in BV2 cells were detected 
by Western blot. All data were statistically calculated as the means ± 
SD; ***P <0.001.
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on cognitive function. However, we discovered that com-
pared to the ASD group, the expression of LC3 II/NeuN 
increased and decreased compared to the ASD + TREM2 
group, indicating that the autophagy of ASD mice was 
significant. Based on these findings, we proposed that 
TREM2 may be beneficial in treating ASD by regulating 
autophagy.

By modulating the PI3K/Akt/FOXO3a signaling 
pathway, TREM2 has improved neuroinflammatory res-
ponse and cognitive impairment in Alzheimer’s disease 
mice [33]. Additionally, TREM2 has been shown to inhi-
bit the proinflammatory response by activating the PI3K/
NF-B signaling pathway [34]. More importantly, PI3K/
Akt/mTOR signaling pathway is the main pathway impli-
cated in the initiation and regulation of autophagy. Targe-
ting PI3K/Akt/mTOR-mediated autophagy is a vital thera-
peutic strategy for various diseases [35]. We hypothesized 
that TREM2 may be involved in autophagy via the PI3K/
Akt/mTOR pathway based on these findings. Our findings 
showed that the expression of PI3K/Akt/mTOR pathway-
related proteins in TREM2 overexpressed ASD mice was 
significantly lower than that in the ASD group, which was 
consistent with this inference. Overexpression of TREM2 
resulted in significantly decreased expression of proteins 
associated with the PI3K/AKT/mTOR pathway in micro-
glia, whereas TREM2 knockdown resulted in significantly 
increased expression of proteins associated with the PI3K/
AKT/mTOR pathway in microglia when compared with 
the control group. In summary, we believed that TREM2 
mediated autophagy through the PI3K/Akt/mTOR pa-
thway, thereby contributing to the occurrence and deve-
lopment of autism spectrum disorder. However, due to 
time and financial constraints, further research into the 
biological characteristics of TREM2 in ASD is required.

There are several limitations in our study. First, the 
samples of our study were relatively small. In addition, the 
biological characteristics of PI3K/Akt/mTOR signaling 
pathway in ASD were not explored.

This study overexpressed and knocked down TREM2 
in mice with autism spectrum disorder (ASD). Using in vi-
tro experiments, we discovered that TREM2 could inhibit 
the PI3K/Akt/mTOR signaling pathway, increase autopha-
gy, and improve social communication ability and cogni-
tive function in ASD mice. We demonstrated that TREM2 
could reduce phosphorylated protein levels of the PI3K/
Akt/mTOR signaling pathway in ASD mice, which provi-
ded a new target and direction for the treatment of ASD.

Conflict of interests
The author has no conflicts with any step of the article 
preparation. 

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
We have received approval from the Ethics Committee of 
Guizhou Medical University, The Affiliated Hospital of 
Guizhou Medical University.

Informed consent
The authors declare not used any patients in this research. 

Availability of data and material 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Authors' contributions
TY: Conceptualization, Methodology, Writing original 
draft. AR: Methodology, Investigation, Formal analy-
sis, Validation. XX: Investigation, Formal analysis, Data 
curation. LW and CS: Methodology, Validation, Writing 
review & editing, Supervision. ZX: Writing review & 
editing, Supervision.

Funding
None.

Acknowledgements
We thanked Guizhou Medical University and the Affilia-
ted Hospital of Guizhou Medical University.

References 

1. Mattila ML, Kielinen M, Linna SL, Jussila K, Ebeling H, Bloigu 
R, Joseph RM, Moilanen I (2011) Autism spectrum disorders 
according to DSM-IV-TR and comparison with DSM-5 draft cri-
teria: an epidemiological study. J Am Acad Child Adolesc Psy-
chiatry 50 (6): 583-592.e511. doi: 10.1016/j.jaac.2011.04.001

2. Lai MC, Lombardo MV, Baron-Cohen S (2014) Autism. Lancet 
383 (9920): 896-910. doi: 10.1016/s0140-6736(13)61539-1

3. Berg R (2009) AUTISM - AN ENVIRONMENTAL HEALTH 
ISSUE AFTER ALL? Journal of Environmental Health 71 (10): 
14-18. doi: 

4. Yu L, Chen Y, Tooze SA (2018) Autophagy pathway: Cellular 
and molecular mechanisms. Autophagy 14 (2): 207-215. doi: 
10.1080/15548627.2017.1378838

5. Mathew R, Karp CM, Beaudoin B, Vuong N, Chen G, Chen H-Y, 
Bray K, Reddy A, Bhanot G, Gelinas C, DiPaola RS, Karantza-
Wadsworth V, White E (2009) Autophagy Suppresses Tumorige-
nesis through Elimination of p62. Cell 137 (6): 1062-1075. doi: 
10.1016/j.cell.2009.03.048

6. Shintani T, Klionsky DJ (2004) Autophagy in health and di-
sease: A double-edged sword. Science 306 (5698): 990-995. doi: 
10.1126/science.1099993

7. Martinez-Vicente M, Talloczy Z, Wong E, Tang G, Koga H, Kau-
shik S, de Vries R, Arias E, Harris S, Sulzer D, Cuervo AM (2010) 
Cargo recognition failure is responsible for inefficient autophagy 
in Huntington's disease. Nature Neuroscience 13 (5): 567-U574. 
doi: 10.1038/nn.2528

8. Wong E, Cuervo AM (2010) Autophagy gone awry in neurode-
generative diseases. Nature Neuroscience 13 (7): 805-811. doi: 
10.1038/nn.2575

9. Hu Z, Yang B, Mo X, Xiao H (2015) Mechanism and Regulation 
of Autophagy and Its Role in Neuronal Diseases. Molecular Neu-
robiology 52 (3): 1190-1209. doi: 10.1007/s12035-014-8921-4

10. Maiese K, Chong ZZ, Shang YC, Wang S (2013) Novel directions 
for diabetes mellitus drug discovery. Expert Opinion on Drug Dis-
covery 8 (1): 35-48. doi: 10.1517/17460441.2013.736485

11. Alzahrani AS (2019) PI3K/Akt/mTOR inhibitors in cancer: At the 
bench and bedside. Seminars in Cancer Biology 59: 125-132. doi: 
10.1016/j.semcancer.2019.07.009

12. A C, LJ X, Y T, M M - Neuroprotective effect of brain-derived 
neurotrophic factor mediated by autophagy. D - 101475259(- 
1791-3004 (Electronic)): - 1011-1016. doi: 

13. Sarbassov DD, Guertin DA, Ali SM, Sabatini DM (2005) Phospho-
rylation and regulation of Akt/PKB by the rictor-mTOR complex. 



72

TREM2 on cognitive function.                                                                                                                                                                         Cell. Mol. Biol. 2024, 70(6): 66-72

Science 307 (5712): 1098-1101. doi: 10.1126/science.1106148
14. Zhang J, Zhang J-X, Zhang Q-L (2016) PI3K/AKT/mTOR-me-

diated autophagy in the development of autism spectrum disorder. 
Brain Research Bulletin 125: 152-158. doi: 10.1016/j.brainres-
bull.2016.06.007

15. Ahmad A, Ali T, Park HY, Badshah H, Rehman SU, Kim MO 
(2017) Neuroprotective Effect of Fisetin Against Amyloid-Beta-
Induced Cognitive/Synaptic Dysfunction, Neuroinflammation, 
and Neurodegeneration in Adult Mice. Molecular Neurobiology 
54 (3): 2269-2285. doi: 10.1007/s12035-016-9795-4

16. Turnbull IR, Gilfillan S, Cella M, Aoshi T, Miller M, Piccio L, 
Hernandez M, Colonna M (2006) Cutting edge: TREM-2 atte-
nuates macrophage activation. Journal of Immunology 177 (6): 
3520-3524. doi: 10.4049/jimmunol.177.6.3520

17. Satoh J, Motohashi N, Kino Y, Ishida T, Yagishita S, Jinnai K, 
Arai N, Nakamagoe K, Tamaoka A, Saito Y, Arima K (2014) LC3, 
an autophagosome marker, is expressed on oligodendrocytes in 
Nasu-Hakola disease brains. Orphanet J Rare Dis 9: 68. doi: 
10.1186/1750-1172-9-68

18. Almeida LE, Roby CD, Krueger BK (2014) Increased BDNF 
expression in fetal brain in the valproic acid model of autism. Mol 
Cell Neurosci 59: 57-62. doi: 10.1016/j.mcn.2014.01.007

19. Aulston B, Liu Q, Mante M, Florio J, Rissman RA, Yuan SH 
(2019) Extracellular Vesicles Isolated from Familial Alzheimer's 
Disease Neuronal Cultures Induce Aberrant Tau Phosphorylation 
in the Wild-Type Mouse Brain. J Alzheimers Dis 72 (2): 575-585. 
doi: 10.3233/jad-190656

20. Al-Amin MM, Rahman MM, Khan FR, Zaman F, Mahmud Reza 
H (2015) Astaxanthin improves behavioral disorder and oxidative 
stress in prenatal valproic acid-induced mice model of autism. 
Behav Brain Res 286: 112-121. doi: 10.1016/j.bbr.2015.02.041

21. Saré RM, Torossian A, Loutaev I, Smith CB (2022) Confirmation 
of Decreased Rates of Cerebral Protein Synthesis In Vivo in a 
Mouse Model of Tuberous Sclerosis Complex. eNeuro 9 (4). doi: 
10.1523/eneuro.0480-21.2022

22. Liu WN, Jiang XY, JunRen, Zhuang JC, Chen MH, Zhu SG, Yang 
TC, Yan JH, Liu LL (2019) Tp47 induces cell death involving 
autophagy and mTOR in human microglial HMO6 cells. Int Im-
munopharmacol 74: 105566. doi: 10.1016/j.intimp.2019.04.013

23. Klin A (2022) Frontiers in the research of autism pathogenesis. 
Medicina (B Aires) 82 Suppl 1: 33-36. doi: 

24. Xie M, Liu YU, Zhao S, Zhang L, Bosco DB, Pang YP, Zhong 
J, Sheth U, Martens YA, Zhao N, Liu CC, Zhuang Y, Wang L, 
Dickson DW, Mattson MP, Bu G, Wu LJ (2022) TREM2 interacts 
with TDP-43 and mediates microglial neuroprotection against 
TDP-43-related neurodegeneration. Nat Neurosci 25 (1): 26-38. 
doi: 10.1038/s41593-021-00975-6

25. Xie M, Zhao S, Bosco DB, Nguyen A, Wu LJ (2022) Microglial 
TREM2 in amyotrophic lateral sclerosis. Dev Neurobiol 82 (1): 
125-137. doi: 10.1002/dneu.22864

26. Brown GC, St George-Hyslop P (2021) Does Soluble TREM2 
Protect Against Alzheimer's Disease? Front Aging Neurosci 13: 
834697. doi: 10.3389/fnagi.2021.834697

27. Olufunmilayo EO, Holsinger RMD (2022) Variant TREM2 Si-
gnaling in Alzheimer's Disease. J Mol Biol 434 (7): 167470. doi: 
10.1016/j.jmb.2022.167470

28. Reifschneider A, Robinson S, van Lengerich B, Gnörich J, Logan 
T, Heindl S, Vogt MA, Weidinger E, Riedl L, Wind K, Zatcepin 
A, Pesämaa I, Haberl S, Nuscher B, Kleinberger G, Klimmt J, 
Götzl JK, Liesz A, Bürger K, Brendel M, Levin J, Diehl-Schmid 
J, Suh J, Di Paolo G, Lewcock JW, Monroe KM, Paquet D, Capell 
A, Haass C (2022) Loss of TREM2 rescues hyperactivation of 
microglia, but not lysosomal deficits and neurotoxicity in models 
of progranulin deficiency. Embo j 41 (4): e109108. doi: 10.15252/
embj.2021109108

29. Filipello F, Morini R, Corradini I, Zerbi V, Canzi A, Michalski B, 
Erreni M, Markicevic M, Starvaggi-Cucuzza C, Otero K, Piccio 
L, Cignarella F, Perrucci F, Tamborini M, Genua M, Rajendran L, 
Menna E, Vetrano S, Fahnestock M, Paolicelli RC, Matteoli M 
(2018) The Microglial Innate Immune Receptor TREM2 Is Requi-
red for Synapse Elimination and Normal Brain Connectivity. Im-
munity 48 (5): 979-991.e978. doi: 10.1016/j.immuni.2018.04.016

30. Poultney CS, Goldberg AP, Drapeau E, Kou Y, Harony-Nicolas 
H, Kajiwara Y, De Rubeis S, Durand S, Stevens C, Rehnström K, 
Palotie A, Daly MJ, Ma'ayan A, Fromer M, Buxbaum JD (2013) 
Identification of small exonic CNV from whole-exome sequence 
data and application to autism spectrum disorder. Am J Hum Ge-
net 93 (4): 607-619. doi: 10.1016/j.ajhg.2013.09.001

31. Deretic V (2021) Autophagy in inflammation, infection, and 
immunometabolism. Immunity 54 (3): 437-453. doi: 10.1016/j.
immuni.2021.01.018

32. Rao JY, Wang Q, Wang YC, Xiang F, Tian XC, Liu DH, Dong Z 
(2020) [β-caryophyllene alleviates cerebral ischemia/ reperfusion 
injury in mice by activating autophagy]. Zhongguo Zhong Yao Za 
Zhi 45 (4): 932-936. doi: 10.19540/j.cnki.cjcmm.20191112.402

33. Wang Y, Lin Y, Wang L, Zhan H, Luo X, Zeng Y, Wu W, Zhang X, 
Wang F (2020) TREM2 ameliorates neuroinflammatory response 
and cognitive impairment via PI3K/AKT/FoxO3a signaling pa-
thway in Alzheimer's disease mice. Aging (Albany NY) 12 (20): 
20862-20879. doi: 10.18632/aging.104104

34. Zhu Z, Zhang X, Dong W, Wang X, He S, Zhang H, Wang X, Wei 
R, Chen Y, Liu X, Guo C (2020) TREM2 suppresses the proin-
flammatory response to facilitate PRRSV infection via PI3K/
NF-κB signaling. PLoS Pathog 16 (5): e1008543. doi: 10.1371/
journal.ppat.1008543

35. Xu Z, Han X, Ou D, Liu T, Li Z, Jiang G, Liu J, Zhang J (2020) 
Targeting PI3K/AKT/mTOR-mediated autophagy for tumor the-
rapy. Appl Microbiol Biotechnol 104 (2): 575-587. doi: 10.1007/
s00253-019-10257-8


