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Abstract

Background: Apoptosis and pyroptosis are two types of programmed cell death related to the neuroinflammatory reaction after subarach-
noid hemorrhage (SAH). Research indicates that triggering receptor expressed onmyeloid cells 2 (TREM2) can regulate the SAH-induced
inflammatory response. However, whether TREM2 regulates programmed cell death (apoptosis and pyroptosis) remains to be clarified.
The purpose of the present study was to investigate the effects of TREM2 on cell death in SAH.Methods: SAHwas induced in adult male
C57BL/6J mice by endovascular perforation. An in-vitro cellular model of SAH was established by treating cocultured BV2 microglia
and HT22 neuronal cells with oxyhemoglobin. TREM2 overexpression or knockdown was carried out by intraventricular lentivirus in-
jection at 7 d before SAH induction in mice or lentiviral transfection, respectively. Neurobehavioral tests as well as western blot, reverse
transcription–quantitative polymerase chain reaction (RT-qPCR), immunofluorescence, Evans blue (EB) staining, Nissl staining, and
flow cytometry assays were performed to investigate the neuroprotective role of TREM2 after SAH. Results: After SAH, the TREM2
mRNA and protein levels were elevated in SAH mice, exhibiting a peak at 72 h. TREM2 overexpression improved the SAH-induced
neurological deficits in mice, while TREM2 knockdownworsened them. In the brains of mice with TREM2 overexpression, less neuronal
death and more neuronal survival were detected at 72 h post SAH. Meanwhile, TREM2 overexpression showed an inhibitory effect on
microglial activation, neutrophil infiltration, and the expression of cell death marker proteins. Consistent results were obtained in vitro.
Conclusions: Our research indicates the important role of TREM2 on cell death after SAH, suggesting that targeting TREM2 might be
an effective approach for treating SAH.
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1. Introduction
Subarachnoid hemorrhage (SAH), which is bleeding

in the subarachnoid space, is a common cerebrovascular
disease. The symptoms of SAH include headache, vom-
iting, unconsciousness, numbness, and even seizures [1].
The overall crude incidence of SAH globally is reported to
be 6.2–10.0 per 100,000 persons [2]. Up to 30% of SAH
patients have a poor outcome or even death, while most
survivors suffer from long-term disability or cognitive im-
pairment [3]. SAHmay result from a traumatic brain injury
or a spontaneous aneurysm rupture. Family history, smok-
ing, alcoholism, and high blood pressure have been con-
firmed to be the main risk factors for spontaneous SAH [4].
SAH patients are often diagnosed by computed topography
and managed by stabilization and prevention of rebleeding,
mostly symptomatic treatment. Many mechanisms have
been proposed to explain the brain injury damage following
SAH. For cerebral vasospasm, which is one typical compli-

cation of SAH, blood products are thought to be released
from the SAH, which trigger the activation of the tyrosine
kinase pathway and cause calcium ion release, making the
smoothmuscle of the cerebral arteries contract [5]. Besides,
oxyhemoglobin released into the cerebrospinal fluild (CSF)
can also increase the release of free radicals, endothelin-1,
prostaglandin, etc., resulting in vasoconstriction. In addi-
tion, studies have shown that the inflammatory reaction,
which is featured by microglial activation, inflammatory
cell infiltration, and cytokine release, contributes to the
pathogenesis of SAH-induced brain injury [6]. Further-
more, oxidative stress, mitochondrial dysfunction, etc. also
have been widely accepted as detrimental factors in SAH-
induced brain injury [7]. However, based on the current sit-
uation that SAH patients still have poor neurological func-
tion outcomes, more investigations are needed to clarify the
detailed mechanism.
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The triggering receptor expressed on myeloid cells
2 (TREM2), which is selectively and highly expressed
on microglia, is the main receptor for inducing the anti-
inflammatory response [8]. It can be activated by damage-
associated molecular patterns (DAMPs) and pathogen-
associated molecular patterns (PAMPs), and then it can
combine with adaptor proteins, triggering the immune re-
sponses in microglia [9,10]. TREM2 also can be regu-
lated by nuclear factors, which play an important role in in-
flammation [11]. Many researchers have reported the neu-
roprotective effect of TREM2 by promoting phagocytosis
and suspending inflammation in experimental intracerebral
hemorrhage [12,13]. Moreover, TREM2 overexpression
can decrease the expression of proinflammatory cytokines,
such as interleukin (IL)-1β, IL-6, and tumor necrosis fac-
tor alpha (TNF-α) in microglia [14,15]. However, TREM2
deficiency enhances the expression of these cytokines, and,
furthermore, TREM2 deficiency can affect the number of
microglia [16]. After SAH, TREM2 plays a critical role in
driving microglial polarization, and its neuroprotective ef-
fect might be potentially inhibited by Toll-like receptor 4,
which is the main proinflammatory receptor on microglia
in early SAH [17]. Additionally, in the brain, the soluble
form of TREM2, sTREM2, can be cleaved by a disintegrin
and metalloproteinase and released extracellularly [18]. An
increased sTREM2 level has been detected in the blood and
CSF from patients with Alzheimer’s disease and ischemia
[19,20]. Given the central role of TREM2 in the function of
microglia and the brain, further investigations on the rela-
tionship between TREM2 and brain diseases, such as SAH,
should be performed.

Apoptosis and pyroptosis are two types of pro-
grammed cell death related to the neuroinflammatory re-
action in intracranial hemorrhagic disease [21,22]. The ac-
tivation mechanisms of apoptosis include both intrinsic and
extrinsic pathways. Generally, when apoptosis begins, the
TNF-α or Fas pathway is activated, and the proapoptotic
(Bax, Bak, Bid, etc.) and antiapoptotic (Bcl2, Bcl-xl) mem-
bers in the Bcl family are balanced [23]. The proapoptotic
homodimers can cause caspase activators (e.g., cytochrome
c) to be released in the mitochondria. Caspases play a cen-
tral role in the apoptotic cascade. The initial caspases, in-
cluding caspases 2, 8, and 9, are activated and then activate
the effector caspases, such as caspases 3, 6, and 7, through
proteolytic cleavage. Finally, the effector caspases degrade
the intracellular proteins to execute the cell death program
[24]. Meanwhile, pyroptosis is initiated by the formation of
pyroptosomes (also known as inflammasomes) in response
to intracellular danger signals [25]. The innate immune sys-
tem in the body can recognize PAMPs and DAMPs, which
trigger the formation of pyroptosomes. The pyroptosomes
then activate another set of caspases, including caspases 1,
4, and 5, by autocatalytic cleavage. Activated caspase 1 can
cleave pro-IL-1β into IL-1β, and pro-IL-18 into IL-18. It
can also cleave gasdermin D (GSDMD) into the N-terminal

form of GSDMD (GSDMD-N) and the C-terminal form
of GSDMD (GSDMD-C). GSDMD-N can form oligomers
and transmembrane pores, which allow the release of IL-
1β and IL-18 [26]. In previous studies, neuronal apoptosis
has been found in intracerebral hemorrhage, and TREM2
activation attenuates neuroinflammation [12]. Since there
is a connection between inflammation and programmed
cell death, especially apoptosis and pyroptosis, the role of
TREM2 in apoptosis and pyroptosis in brain injury, such
as SAH, needs to be thoroughly investigated. Furthermore,
the cerebral spreading of microglia-induced inflammation
after SAH leads to secondary brain injury, and interven-
tional reduction of microglial activation reduces neuronal
cell death [12,27]. Whether manipulation of TREM expres-
sion can change programmed cell death remains to be de-
termined.

The present study aimed to clarify the effects of
TREM2 in neuroinflammation and programmed cell death
in in-vivo and in-vitro SAH models. By using lentiviral
transfection for bidirectional intervention of TREM2 ex-
pression, we compared the results of TREM2 knockdown
and overexpression on the cognitive status, neuroinflam-
matory response, and programmed cell death in mice. We
hypothesized that TREM2 activation would attenuate the
neuroinflammatory reaction and interfere with programmed
cell death as well as alleviate brain injury in experimental
SAH; therefore, TREM2 may serve as a pharmacological
target in SAH therapy.

2. Materials and Methods
2.1 Animals and Treatments

Male C57BL/6J mice (6–8 weeks old, 20–25 g) were
fromGemPharmatech Co., Ltd. (Nanjing, China). All mice
were housed under a 12-h light/dark cycle and had access to
food and water ad libitum. Animal handling and all of the
related experimental procedures were carried out according
to the National Institutes of Health guidelines and approved
by the Animal Ethics Review Committee of Wannan Med-
ical College (approval number: WNMC-AWE-2023293).

To explore the expression pattern and localization of
TREM2 in the brain, mice were randomly divided into six
groups: Sham, SAH 1 d, SAH 2 d, SAH 3 d, SAH 5 d,
and SAH 7 d (n = 6). To evaluate the neurological function
in mice after SAH, mice were randomly divided into four
groups: Sham, SAH, SAH+sh-NC, and SAH+sh-TREM2.
To verify the role of TREM2 in programmed cell death,
mice were randomly divided into four groups: Sham, SAH,
SAH+sh-NC, and SAH+sh-TREM2. The brain water con-
tent, open field test, neurological evaluation, western blot,
reverse transcription–quantitative polymerase chain reac-
tion (RT-qPCR), and immunofluorescence assays were per-
formed at 72 h after SAH.

The SAH model was built via endovascular perfora-
tion, as reported previously [28]. The animals were first
anesthetized by isoflurane (Sigma-Aldrich, St. Louis, MO,
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USA) inhalation. Then, the right common carotid artery,
internal carotid artery, and external carotid artery were ex-
posed clearly under a microscope. A MACO nylon suture
(0.2 ± 0.01 mm in diameter, Beijing Cinontech Co., Ltd.,
Beijing, China) with a sharp tip was inserted into the ex-
ternal carotid artery and then slowly moved into the inter-
nal carotid artery. When resistance was felt, the suture was
further advanced by 2 mm. Next, the bifurcation of the in-
ternal carotid artery was punctured, followed by the imme-
diate retrieval of the suture bolt. Afterwards, ligation of
the external carotid artery and skin was done sequentially.
For the shammice, the same operation was performed with-
out puncture of the internal carotid artery. Lentiviral vec-
tors were administered intraventricularly to induce TREM2
knockdown or overexpression at 7 d before SAH induction.

2.2 Behavior Assessment

At 72 h after the operation, the animals were evalu-
ated by the modified Garcia Neuroscore [29,30]. The Gar-
cia Neuroscore includes six subtests: spontaneous activ-
ity, limb extension, forepaw outstretching, climbing, side
stroking, and vibrissae touch. The mice were graded, and
the total score was calculated, ranging between 0 (greatest
deficits) and 18 (without deficits).

2.3 Open Field Test

The open field test was performed in a 40 cm × 40
cm square with 40-cm-high walls (RWD Life Science Co.,
Ltd., Shenzhen, China). The 5-min activity of the mice was
recorded by a video camera, and the total distance travelled
and the percentage of active space were analyzed by soft-
ware.

2.4 Evans Blue (EB) Diffusion Assay

Themice were injected with 0.4mL of 1%EB (Acmec
Biochemical Technology (ACMEC), Shanghai, China) so-
lution through the tail vein and sacrificed 0.5 h later. A
100-mg sample of brain tissue was taken and homogenized.
After centrifugation at 1000 g for 15 min, the supernatant
was mixed with acetone (supernatant:acetone = 3:7) and in-
cubated at room temperature for 24 h. The centrifuged su-
pernatant (2000 g, 15 min) was used for the determination
of the optical density at 620 nm. The content of EB was
calculated according to the EB standard curve.

2.5 Brain Water Content Measurement

The mice were sacrificed at 72 h after SAH surgery,
and the brains were removed. The wet weight (W) was im-
mediately recorded. Then, the specimens were put in an
oven at 105 °C for 24 h, and the dry weight (D) was also
recorded. The brain water content was calculated by the
following formula: [(W–D)/W] × 100%.

2.6 Immunohistochemistry
Themouse brain tissues were put in 4% paraformalde-

hyde for 72 h after dissection. Then, the tissues were em-
bedded with paraffin and cut into sections (4 µm). Nissl
staining (Beyotime, Shanghai, China) was performed ac-
cording to the manufacturer’s instructions. Normal neurons
have relatively big cell bodies and are rich in cytoplasm,
with one or two big round nuclei, whereas damaged cells
have shrunken cell bodies, condensed nuclei, a dark cyto-
plasm, and numerous empty vesicles.

2.7 Cell Culture
Microglial BV-2 cells were cultured in Dulbecco’s

modified Eagle medium. Lentivirus (Hanbio Co., Ltd.
Shanghai, China) bearing TREM2 shRNA or the whole-
length TREM DNA sequence was used for the construc-
tion of cell lines with TREM2 interference or overex-
pression, respectively. The sequence of siRNA used
for TREM2 knockdown was ACAGTCATCGCAGAT-
GACACCCTTG. TREM2 overexpression was done with
Mouse-tagged ORFClone Lentiviral Particle (NM-031254,
NCBI). Lentiviral transfection was screened by puromycin
for 2–3 passages until the establishment of stably trans-
fected cell lines. All cell lines were validated by short tan-
dem repeat profiling and tested negative for mycoplasma.
Cells were all cultured in a humidified incubator at 37 °C
and 5% CO2.

BV-2 microglial cells and HT22 neuronal cells were
cocultured by using polycarbonate membrane transwell
chambers (pore size of 1.0 µm, JET BIOFIL, Guangzhou,
China). BV2 cells were placed in the upper chamber (in-
terfering cells), and HT22 cells were placed in the lower
chamber (effector cells). The SAHmodel was simulated by
oxygenated hemoglobin (40 µM, MilliporeSigma, Burling-
ton, MA, USA) treatment for 24 h.

2.8 Immunofluorescence
Frozen brain sections (7 µm) and cultured neurons

were both used for immunofluorescence staining. The
slices were treated with 0.3% Triton X-100 for 30 min
and 5% donkey serum for 1 h, sequentially. Then, anti-
ionized calcium-binding adapter molecule 1 (Iba-1) (1:200,
Cell Signaling Technology, 20825, USA), anti-neuronal
nuclear protein (NeuN) (1:200, Abcam, ab177487, UK),
anti-glial fibrillary acidic protein (GFAP) (1:200, Ab-
cam, ab68428, UK), anti-myeloperoxidase (MPO) (1:200,
Santa Cruz Biotechnology, sc-390109, USA), or anti-CD68
(1:250, Abcam, ab201844, UK) antibody was incubated
with the tissue slices at 4 °C overnight. After washing with
phosphate-buffered saline (PBS), the brain slices were incu-
bated with anti-TREM2 antibody (1:200, Abcam, ab86491,
UK). After washing with PBS–Tween, the slices were in-
cubated with the proper fluorescently labeled secondary
antibody. Subsequently, 4′,6-diamidino-2-phenylindole
(DAPI; 1:2000, MilliporeSigma, Burlington, MA, USA)
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was added and incubated with the tissue slices for 4 min.
The slices were washed, dried, sealed, and observed under
a fluorescence microscope.

2.9 Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labeling (TUNEL) Staining

A One Step TUNEL Assay Kit (KeyGen BioTECH,
Nanjing, China) with either brain tissue or cultured cells
was used, according to the manufacturer’s instructions.

2.10 Flow Cytometry

An annexin V-adenomatous polyposis coli (APC)/7-
aminoactinomycin D (7-AAD) apoptosis detection kit
(KeyGen BioTECH) was employed for staining cells, and
flow cytometry was adopted to detect and analyze the cells.
The cells were cultured in 60-mm dishes. After oxygenated
hemoglobin (40 µM) treatment for 24 h, the lower HT22
cells were digested and collected with 0.25% EDTA-free
trypsin. Then, the cells were washed twice with PBS (cen-
trifugation at 1000 rpm, 5 min), and 5 × 105 cells were
collected. The cells were suspended in 500 µL of binding
buffer. After mixing with 5 µL of annexin V-APC, 5 µL
of 7-AAD was added, and the cells were incubated for 5–
15 min in the dark at room temperature. The cells were
immediately assayed by flow cytometry to analyze the per-
centages of apoptotic cells.

2.11 Western Blot

Temporal cortical tissues or cultured neurons were
collected and lysed in radioimmunoprecipitation assay
buffer (Beyotime, Shanghai, China) for 10 min, and then
the supernatant was collected after centrifugation at 12,000
g for 15 min. The protein concentrations were determined
by using a detergent-compatible protein assay (Beyotime,
Shanghai, China).

After separation by 12% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis, the proteins were trans-
ferred onto a polyvinylidene difluoride membrane (Mil-
lipore, Billerica, MA, USA). After blocking with 5%
nonfat milk for 2 h, the membrane was then serially
incubated with primary antibodies (TREM2, GeneTex,
GTX53229, 1:1000; cleaved caspase 3, ImmunoWay,
YC0006, 1:1000; cleaved caspase 1, ImmunoWay, YC0003
1:1000; GAPDH, Proteintech, 60004-1-lg, 1:50,000; Bcl-2,
Abcam, ab182858, 1:2000; Bax, Proteintech, 50599-2-lg,
1:2000; GSDMD-N, ImmunoWay, TY7991, 1:1000; IL-
1β, Cell Signaling Technology, 12426S, 1:1000) at 4 °C
overnight. Then, the membrane was washed with Tris-
buffered saline (TBS)–Tween (3 × 10 min) and cultured
with the proper secondary antibody for 1 h at room tem-
perature. After washing with TBS–Tween, the protein
on the membrane was detected by an enhanced chemi-
luminescence kit (Millipore) and recorded by G:BOX
chemiXR5 (Syngene Europe, Cambridge, UK).

2.12 RT-qPCR

Total RNA was extracted and converted to cDNA, ac-
cording to the manufacturer’s guidelines. The primers used
are listed in Table 1. PCR was performed in a 20-µL re-
action mixture, including 10 µL of 2 × SYBR Green PCR
Master Mix, 1 µL of cDNA, 2 µL of primers, and 7 µL of
ddH2O. The amplification procedure was set as follows: 5
min at 95 °C; 40 cycles of 15 s at 95 °C, 20 s at 60 °C,
and 40 s at 72 °C; 15 s at 95 °C, 1 min at 60 °C, and 15 s
at 95 °C. Afterwards, the dissolution curve was generated,
and the real-time data were collected and analyzed. All data
were normalized according to the GAPDH value with the
2−∆∆Ct method.

2.13 Statistical Analysis

All experimental results are shown as themean± stan-
dard deviation. Analysis of variance (ANOVA) was used
for comparing different groups. Tukey’s multiple compar-
isons test was used for checking the significant difference
from the ANOVA result. p < 0.05 was considered a statis-
tically significant difference.

3. Results
3.1 SAH Animal Model Establishment

A total of 251 mice were used for this study, includ-
ing 209 mice that were exposed to SAH. All mice in the
sham group survived. The total mortality rate was 17.70%
(37/209). SAH was successfully induced in 156 mice. Six-
teen mice were excluded from this study due to a lack of
hemorrhage. The typical brains of SAH and sham mice are
shown in Fig. 1a.

3.2 TREM2 Expression Was Increased in SAH Mice

By performing western blot and RT-qPCR assays, we
determined the protein and mRNA levels of TREM2. Com-
pared to the levels in the sham mice, the results indicated
that the TREM2 protein and mRNA levels were signifi-
cantly increased in the SAH mice at 2 d after SAH, peaked
at 3 d, and decreased at 5 d (Fig. 1b–d). Co-immunostaining
of TREM2 with Iba1, GFAP, or NeuN showed that TREM2
was mainly expressed in the microglia (Iba1) after SAH
(Fig. 1e). Only trace TREM2 immunostaining signals
were observed in astrocytes (GFAP) and neurons (NeuN)
(Fig. 1e). These results indicate that TREM2 plays a role in
SAH, which may be mediated by microglia.

3.3 TREM2 Overexpression Rescued Impaired Neural
Function

Since TREM2 exerted an immediate response in SAH,
we wondered whether the change in the TREM2 level af-
ter SAH was protective or destructive. Thus, we manipu-
lated the expression level of TREM2 in the mouse brain by
shRNA knockdown and overexpression intraventricularly.
First, we evaluated the neurobehavior of the mice. The Gar-
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Table 1. Primers for quantitative real-time polymerase chain reaction (RT-qPCR).
Gene name Primer sequence

Cleaved caspase 3
Forward: TGGAGGCTGACTTCCTGTATGC
Reverse: GAACCACGACCCGTCCTTTGA

Bcl-2
Forward: GCTACGAGTGGGATGCTGGAGA
Reverse: GGTTGCTCTCAGGCTGGAAGGA

Bax
Forward: CCAGGATGCGTCCACCAAGAAG
Reverse: CCGTGTCCACGTCAGCAATCAT

Cleaved caspase 1
Forward: GGACTGACTGGGACCCTCAAGT
Reverse: GGCAAGACGTGTACGAGTGGTT

GSDMD-N
Forward: ACTGAGGTCCACAGCCAAGAGG
Reverse: CCACTCGGAATGCCAGGATGCT

IL-1β
Forward: TCGCAGCAGCACATCAACAAGA
Reverse: CCACGGGAAAGACACAGGTAGC

GAPDH
Forward: AAGGTCGGTGTGAACGGATT
Reverse: TGAGTGGAGTCATACTGGAACAT

cia Neuroscores of the SAH mice were found to be lower
than those of the sham mice (Fig. 2a). In addition, the sh-
TREM2 mice were shown to have a lower score after SAH
compared to the mice that only underwent SAH. These re-
sults indicate that TREM2 may play a protective role after
SAH.

Afterwards, the brain water content of all mice was
also determined (Fig. 2b). The brain water content of the
SAH mice was significantly increased, while sh-TREM2
treatment aggravated it. By immunohistochemistry and an
EB diffusion assay, we found that the blood–brain bar-
rier (BBB) permeability (Fig. 2c), neuronal degeneration
(Fig. 2f), neutrophil infiltration (MPO+, Fig. 2d), and mi-
croglia activation (CD68+, Fig. 2e) were all increased in
the SAH mice. sh-TREM2 showed a deteriorating effect
on neutrophil infiltration and phagocytic activation, while
oe-TREM2 showed a rescuing role in these deteriorating ef-
fects, confirming the protective role of TREM2 in the neu-
rons of SAH mice.

In the open field test (Fig. 2g–i), the SAH mice trav-
elled significantly less than the sham mice, while the sh-
TREM2 mice were shown to be less active than the SAH
mice. However, the oe-TREM2 mice exhibited a better
performance in the open field test, showing a greater total
travelling distance and a higher activity compared to those
of the SAH mice. Therefore, TREM2 was demonstrated to
rescue the impaired neural function in the SAH mice.

3.4 TREM2 Knockdown Worsened Inflammation and
Programmed Cell Death in the SAH Mice

TREM2 was shown to suspend inflammation. Be-
sides, cell apoptosis and pyroptosis also were shown to fol-
low brain damage after SAH. Here, to clarify the regula-
tory role of TREM2 in SAH, we further detected cell apop-
tosis and pyroptosis in the brain. As shown in Fig. 3a–
c, the levels of cleaved caspase 3, Bax, cleaved caspase

1, GSDMD-N, and IL-1β were all increased in the SAH
mouse brain, while the level of Bcl-2 was decreased, indi-
cating the promotion of cell apoptosis and the pyroptotic ef-
fect of SAH on the brain neuronal cells. The TUNEL stain-
ing results also showed an increase in cell apoptosis after
SAH in the mouse brain (Fig. 3d). However, when TREM2
was knocked down in the SAH mouse brain, cell apoptosis
and pyroptosis were worsened, indicating that TREM2may
regulate cell apoptosis and pyroptosis and thus exert a neu-
roprotective effect.

3.5 TREM2 Showed a Neuroprotective Effect in an in-vitro
SAH Cell Model

To confirm the protective effect of TREM2 on neu-
rons, we adopted an in-vitro SAH cell model for further
investigation. By lentiviral transfection, sh-TREM2 (by
shRNA) and oe-TREM2 (by overexpression of TREM2)
stable BV-2 cell lines were constructed. After the coculture
of BV-2 microglia and HT22 neuronal cells, cell apopto-
sis and inflammation were detected in HT22 neurons. As
shown in Fig. 4a–c, the levels of cleaved caspase 3, Bax,
cleaved caspase 1, GSDMD-N, and IL-1β were increased
in the SAH neurons, while the level of Bcl-2 was decreased,
indicating the promotion of cell apoptosis and pyroptosis
by SAH on neuronal cells. The annexin V-APC/7-AAD
staining and TUNEL staining results also showed an in-
crease of cell apoptosis in HT22 neurons (Fig. 4d–f). How-
ever, when TREM2 was overexpressed in BV-2 cells, neu-
ronal cell apoptosis and pyroptosis were alleviated, indicat-
ing that TREM2 may regulate cell apoptosis and pyroptosis
and thus exert a neuroprotective effect.

4. Discussion
In the brain, neurons are responsible for neuronal

functions, while microglia serve an auxiliary role. Mi-
croglia can exert either a protective or deleterious impact
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Fig. 1. Increased basal cortex TREM2 expression after subarachnoid hemorrhage (SAH).Male C57BL/6J mice were assigned into
the sham or SAH group (n = 6). The SAH model was built by endovascular perforation. Brain samples were obtained at the indicated
time points. The protein and mRNA levels of TREM2 were determined by western blot and RT-qPCR, respectively. (a) Typical mouse
brains of sham and SAH mice post SAH. (b) Western blot result of TREM2 protein in the basal cortex at 72 h post SAH. GAPDH was
used as the loading control. (c) Quantitative analysis of the western blot results. (d) RT-qPCR results of TREM2 mRNA at the indicated
time points. (e) Immunofluorescence staining of TREM2 (green) in the basal cortex at 72 h post SAH, while Iba1 (microglia), NeuN
(neuron), and GFAP (astrocyte) are shown in red. The cell nuclei stained with DAPI are shown in blue. ****p< 0.0001. Scale bar = 50
µm.

upon neurons, depending on the time and conditions [31].
In SAH, neuroinflammation caused by microglial activa-
tion is tightly connected to the secondary injury. A ther-
apeutic strategy targeting neuroinflammation has been re-

ported to reduce neuronal damage and to improve neurolog-
ical dysfunction [32]. However, until now, the underlying
mechanism has not been elucidated. Recently, evidence has
shown that TREM2, a specific anti-inflammatory receptor
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Fig. 2. TREM2 overexpression rescued impaired neural function. C57BL/6J mice were randomly divided into five groups: sham,
SAH, SAH nc-TREM2, SAH sh-TREM2, and SAH oe-TREM2. Seven days before SAH model construction, lentivirus (8 µL) was
injected into the right ventricle using an automatic brain stereotaxic apparatus. Neurobehavior assessment and the open field test were
performed at 72 h after SAH. After sacrifice, the brain water content of the mice was evaluated. Evans blue (EB) staining, Nissl staining,
and immunofluorescence staining of MPO and CD68 were performed. (a) Neurobehavior score. (b) Brain water content. (c) EB staining
of the blood–brain barrier. (d,e) Immunofluorescence staining of MPO and CD68. Scale bar = 50 µm. (f) Nissl staining. Scale bar = 100
µm. (g–i) Open field test. Typical pictures of the route (g), total traveled distance (h), and percentage of area of activity (i) are shown.
ns, no significance, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Fig. 3. TREM2 knockdown worsened inflammation and cell death in SAH mice. C57BL/6J mice were randomly divided into four
groups: Sham, SAH, SAH+sh-NC, and SAH+sh-TREM2. At 72 h post SAH, the brain samples were prepared for western blot and
RT-qPCR assays for cleaved caspase 3, Bcl-2, Bax, cleaved caspase 1, GSDMD-N, and IL-1β as well as terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining. (a) Typical blots. (b,c) Quantification of the western blot and RT-qPCR results.
(d) TUNEL staining. Scale bar = 50 µm. ns, no significance, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Fig. 4. TREM2 showed a neuroprotective effect in an in-vitro SAH cell model. sh-TREM2 (by shRNA) and oe-TREM2 (by overex-
pression of TREM2) stable BV-2 cell lines were constructed by lentiviral transfection. BV-2 and HT22 neuronal cells were cocultured,
and the SAH model was simulated by adding 40 µM oxygenated hemoglobin for 24 h. The protein levels of cleaved caspase 3, Bcl-2,
Bax, cleaved caspase 1, GSDMD-N, and IL-1β in HT22 neuronal cells were determined by western blot analysis. Cell apoptosis was
analyzed by both annexin V-APC/7-AAD and TUNEL staining. (a) Typical blots. (b,c) Quantification of the western blot results. (d)
Flow cytometry results. (e) Quantification of the flow cytometry results. (f) TUNEL staining. Scale bar = 50 µm. ns, no significance,
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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in the microglia, plays a pivotal and protective role in mod-
ulating neuroinflammation [33]. Here, we explored the pro-
tective effect of TREM2 in the early secondary brain dam-
age after SAH. By using the SAH mouse model, we deter-
mined the expression level of TREM2 after SAH. By com-
paring the behavioral and biochemical results from themice
with TREM2 knockdown (sh-TREM2) and overexpression
(oe-TREM2), we found that the cognitive performance of
the mice with oe-TREM2 after SAH was better than that in
those without TREM2 alteration after SAH, while the cog-
nitive performance of the mice with sh-TREM2 after SAH
was worse than that in those without TREM2 alteration af-
ter SAH. The water brain content, BBB permeability, and
programmed cell death (including apoptosis and pyropto-
sis) were all deteriorated in the sh-TREM2 mice compared
with those in the mice without TREM2 alteration. This re-
sult was confirmed by an in-vitro SAH cell model. The
overexpression of TREM2 in microglia can decrease the
cell population in apoptosis in cocultured SAH neurons,
while downregulated TREM2 expression in microglia can
increase the population of cocultured SAH neurons in apop-
tosis. Both apoptosis and pyroptosis were manipulated by
the alteration of TREM2 expression. Our results provide
more evidence of the protective function of TREM2 in brain
injury induced by SAH and especially underline its role in
programmed cell death, including apoptosis and pyroptosis.

The TREM2 pathway has been confirmed to play roles
in several diseases. For example, variants of TREM2 have
been found to be associated with neurodegeneration, such
as in Alzheimer’s disease [33]. In addition, TREM2 has
been demonstrated to be involved in the microglial acti-
vation against amyloid plaques, which are the main char-
acteristic of Alzheimer’s disease. Loss of TREM2 func-
tion also has been shown to reduce the microglial responses
to amyloid plaques, which become more toxic [34]. Evi-
dence indicates that the overexpression of TREM2 can de-
crease the formation of amyloid plaque and alleviate cogni-
tive deficits [35], and this process is mediated by microglia.
The sTREM2 level in the CSF has been suggested to be
used as a biomarker of Alzheimer’s disease [36]. In cancer,
TREM2 is normally overexpressed and used as a marker for
macrophages and monocytes [37]. In hepatocellular carci-
noma, the disruption of TREM2 expression promotes tumor
development and exacerbates inflammation in the liver. In
the intestine, TREM2 is expressed in humanmonocyte den-
dritic cells and is limited to inflamed sites, contributing to
the pathogenesis of inflammatory bowel diseases [38]. Be-
sides, in many types of strokes, such as ischemic stroke,
TREM2 can reduce inflammation via the Toll-like recep-
tor signaling pathway, thus promoting the migration, sur-
vival, and regeneration of microglia [39]. Previous stud-
ies and our present results all showed that the expression
of TREM2 responded quickly to SAH, reaching a peak at
24–72 h after brain injury [17]. The pathophysiological
changes following SAH, including erythrocyte leakage to

the subarachnoid space and resident microglia/macrophage
(Mi/MΦ) activation, may contribute to the upregulation of
TREM2 [40]. TREM2 can then promote the phagocytic
activity of Mi/MΦ, displaying its regulatory role in brain
injury after SAH. Furthermore, to the best of our knowl-
edge, we confirmed for the first time that TREM2 is in-
volved in neuronal cell death after SAH. In the SAH mice,
the neuronal cells exerted more cell death compared to the
control. However, when TREM2 was overexpressed in the
brain, the cell death (including apoptosis and pyroptosis)
was decreased in neurons; thus, TREM2 displayed a neu-
roprotective function. All of the markers for cell apoptosis
(cleaved caspase 3, Blx-2, and Bax) and pytoptosis (cleaved
caspase 1, GSDMD-N, and IL-1β) showed a significant
change in the SAH+sh-TREM2 mice compared to the SAH
mice, indicating that TREM2 modulates cell death. The
same results were obtained from the in-vitro experiments.
In cocultured microglia and neurons, the expression level
of TREM2 in the microglia could significantly influence
the neuronal cell death (apoptosis and pyroptosis). Since
all previous research emphasized the role of TREM2 in in-
flammatory regulation, here, we proposed that TREM2 can
also affect cell death, and it may even result from the inter-
play of inflammation and cell death. Kawabori et al. [41]
have suggested that the clearance of apoptotic neurons is
induced by TREM2-mediated attenuation of neuronal in-
flammation. Nevertheless, further investigations regarding
the mechanism should be carried out in the future.

Since the neuroprotective function of TREM2 in SAH
and other related disorders has been confirmed in many
studies, TREM2 is thought to be a good therapeutic tar-
get. However, TREM2 displays a distinct role in differ-
ent disorders and even at different stages of one disease;
therefore, the modulation of TREM2 should be based on
clarification of the related mechanism. For example, cou-
pling TREM2 and apolipoprotein to promote phagocytosis
of impaired neurons or clearance of amyloid plaque by mi-
croglia may be used to treat Alzheimer’s disease [42,43].
Regulating the release rate of sTREM2 is another strategy
to cope with the pathology of Alzheimer’s disease [44].
In stroke, whether TREM2 is involved in erythrocyte and
metabolite clearance still needs to be investigated. Besides,
since both TREM2 overexpression and activation can en-
hance the phagocytic ability of Mi/MΦ, the choice of strat-
egy needs to be further validated. TREM2 also has been
shown to decrease neuronal inflammation both in vitro and
in vivo [14]; however, research indicates that the inflamma-
tory reaction is not that different between wild-type mice
and TREM2-knockout mice in the early stage of middle
cerebral artery occlusion/reperfusion, which may be due to
the state of Mi/MΦ [45]. The neuroinflammatory process
in stroke is complex, and we found in the present study that
TREM2 also has an effect on cell death (apoptosis and py-
roptosis). Therefore, the interplay of neuroinflammation
and cell death needs further investigation.
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5. Conclusions
In conclusion, by constructing in-vivo and in-vitro

SAH models, the neuroprotective mechanisms of TREM2
after SAH were investigated. The knockdown of TREM2
in the mouse brain aggravated cognitive impairment, BBB
permeability, and cell death (apoptosis and pyroptosis).
Moreover, in cocultured microglia and neurons, the over-
expression of TREM2 in microglia decreased the cell apop-
tosis and pyroptosis of neurons after SAH. Thus, TREM2
alleviates secondary brain injury through attenuating cell
death in both mice and cultured neurons with SAH, making
TREM2 a promising therapeutic target for SAH.

Availability of Data and Materials
The datasets used and/or analyzed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
JL and ZZ performed the experiments and drafted the

manuscript. JL, ZZ, MZ, SL, XZho, and ZL participated in
the experimental design and conceived. MQ and YH de-
signed the feeding protocol, helped to feed the mice, and
coordinated the study. BY and FQ performed the neurobe-
havioral studies as well as participated in the sample col-
lection and staining experiments. SL, XZho, XZha, and ZL
participated in data analysis and reviewed the manuscript.
All authors have participated sufficiently in the work and
agreed to be accountable for all aspects of the work. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript.

Ethics Approval and Consent to Participate
Animal handling and all of the related experimental

procedures were carried out according to the National In-
stitutes of Health guidelines and approved by the Animal
Ethics Review Committee of WannanMedical College (ap-
proval number: WNMC-AWE-2023293).

Acknowledgment
Not applicable.

Funding
This work was supported by Shandong Provincial

Third Hospital [3450019009], the Anhui Provincial De-
partment of Education Natural Science Major Projecti
[2023AH040240], and the Professional Science Research
Project of the First Affiliated Hospital of Wannan Medical
College [YR202004].

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Ziu E, Khan Suheb MZ, Mesfin FB. Subarachnoid Hemorrhage.
StatPearls Publishing: Treasure Island (FL). 2023.

[2] Korja M, Lehto H, Juvela S, Kaprio J. Incidence of subarach-
noid hemorrhage is decreasing together with decreasing smok-
ing rates. Neurology. 2016; 87: 1118–1123.

[3] Geraghty JR, Lara-Angulo MN, Spegar M, Reeh J, Testai FD.
Severe cognitive impairment in aneurysmal subarachnoid hem-
orrhage: Predictors and relationship to functional outcome.
Journal of Stroke and Cerebrovascular Diseases: the Official
Journal of National Stroke Association. 2020; 29: 105027.

[4] Sundström J, Söderholm M, Söderberg S, Alfredsson L, Ander-
sson M, Bellocco R, et al. Risk factors for subarachnoid haem-
orrhage: a nationwide cohort of 950 000 adults. International
Journal of Epidemiology. 2019; 48: 2018–2025.

[5] Pluta RM, Hansen-Schwartz J, Dreier J, Vajkoczy P, Macdonald
RL, Nishizawa S, et al. Cerebral vasospasm following subarach-
noid hemorrhage: time for a newworld of thought. Neurological
Research. 2009; 31: 151–158.

[6] Chen J, Zheng ZV, Lu G, Chan WY, Zhang Y, Wong GKC.
Microglia activation, classification andmicroglia-mediated neu-
roinflammatory modulators in subarachnoid hemorrhage. Neu-
ral Regeneration Research. 2022; 17: 1404–1411.

[7] Wu F, Liu Z, Li G, Zhou L, Huang K, Wu Z, et al. Inflammation
and Oxidative Stress: Potential Targets for Improving Progno-
sis After Subarachnoid Hemorrhage. Frontiers in Cellular Neu-
roscience. 2021; 15: 739506.

[8] Roussos P, Katsel P, Fam P, Tan W, Purohit DP, Haroutunian V.
The triggering receptor expressed on myeloid cells 2 (TREM2)
is associated with enhanced inflammation, neuropathological le-
sions and increased risk for Alzheimer’s dementia. Alzheimer’s
& Dementia: the Journal of the Alzheimer’s Association. 2015;
11: 1163–1170.

[9] Wu R, Li X, Xu P, Huang L, Cheng J, Huang X, et al. TREM2
protects against cerebral ischemia/reperfusion injury. Molecular
Brain. 2017; 10: 20.

[10] Konishi H, Kiyama H. Microglial TREM2/DAP12 Signaling: A
Double-Edged Sword in Neural Diseases. Frontiers in Cellular
Neuroscience. 2018; 12: 206.

[11] Lefterov I, Schug J, Mounier A, Nam KN, Fitz NF, Koldamova
R. RNA-sequencing reveals transcriptional up-regulation of
Trem2 in response to bexarotene treatment. Neurobiology of
Disease. 2015; 82: 132–140.

[12] Chen S, Peng J, Sherchan P, Ma Y, Xiang S, Yan F, et al. TREM2
activation attenuates neuroinflammation and neuronal apoptosis
via PI3K/Akt pathway after intracerebral hemorrhage in mice.
Journal of Neuroinflammation. 2020; 17: 168.

[13] Kurisu K, Zheng Z, Kim JY, Shi J, Kanoke A, Liu J, et al. Trig-
gering receptor expressed on myeloid cells-2 expression in the
brain is required for maximal phagocytic activity and improved
neurological outcomes following experimental stroke. Journal
of Cerebral Blood Flow and Metabolism: Official Journal of the
International Society of Cerebral Blood Flow and Metabolism.
2019; 39: 1906–1918.

[14] Wang Y, Lin Y, Wang L, Zhan H, Luo X, Zeng Y, et al. TREM2
ameliorates neuroinflammatory response and cognitive impair-
ment via PI3K/AKT/FoxO3a signaling pathway in Alzheimer’s
disease mice. Aging. 2020; 12: 20862–20879.

[15] Yang J, Fu Z, Zhang X, Xiong M, Meng L, Zhang Z. TREM2
ectodomain and its soluble form in Alzheimer’s disease. Journal
of Neuroinflammation. 2020; 17: 204.

[16] Hwang M, Savarin C, Kim J, Powers J, Towne N, Oh H, et
al. Trem2 deficiency impairs recovery and phagocytosis and
dysregulates myeloid gene expression during virus-induced de-
myelination. Journal of Neuroinflammation. 2022; 19: 267.

11

https://www.imrpress.com


[17] Hu Y, Li C, Wang X, Chen W, Qian Y, Dai X. TREM2, Driving
theMicroglial Polarization, Has a TLR4 Sensitivity Profile After
Subarachnoid Hemorrhage. Frontiers in Cell andDevelopmental
Biology. 2021; 9: 693342.

[18] Kleinberger G, Yamanishi Y, Suárez-Calvet M, Czirr E,
Lohmann E, Cuyvers E, et al. TREM2 mutations implicated in
neurodegeneration impair cell surface transport and phagocyto-
sis. Science Translational Medicine. 2014; 6: 243ra86.

[19] Suárez-Calvet M, Araque Caballero MÁ, Kleinberger G, Bate-
man RJ, Fagan AM, Morris JC, et al. Early changes in CSF
sTREM2 in dominantly inherited Alzheimer’s disease occur af-
ter amyloid deposition and neuronal injury. Science Transla-
tional Medicine. 2016; 8: 369ra178.

[20] Kwon HS, Lee EH, Park HH, Jin JH, Choi H, Lee KY, et
al. Early increment of soluble triggering receptor expressed on
myeloid cells 2 in plasma might be a predictor of poor outcome
after ischemic stroke. Journal of Clinical Neuroscience: Offi-
cial Journal of the Neurosurgical Society of Australasia. 2020;
73: 215–218.

[21] Zhang Y, Khan S, Liu Y, Zhang R, Li H, Wu G, et al. Modes of
Brain Cell Death Following Intracerebral Hemorrhage. Frontiers
in Cellular Neuroscience. 2022; 16: 799753.

[22] Song D, Yeh CT, Wang J, Guo F. Perspectives on the mecha-
nism of pyroptosis after intracerebral hemorrhage. Frontiers in
Immunology. 2022; 13: 989503.

[23] Singh R, Letai A, Sarosiek K. Regulation of apoptosis in health
and disease: the balancing act of BCL-2 family proteins. Nature
Reviews. Molecular Cell Biology. 2019; 20: 175–193.

[24] McIlwain DR, Berger T, Mak TW. Caspase functions in cell
death and disease. Cold Spring Harbor Perspectives in Biology.
2015; 7: a026716.

[25] Shao F, Fitzgerald KA. Molecular mechanisms and functions of
pyroptosis. Journal of Molecular Biology. 2022; 434: 167461.

[26] Evavold CL, Hafner-Bratkovič I, Devant P, D’Andrea JM, Ngwa
EM, Boršić E, et al. Control of gasdermin D oligomerization and
pyroptosis by the Ragulator-Rag-mTORC1 pathway. Cell. 2021;
184: 4495–4511.e19.

[27] Han X, Cheng X, Xu J, Liu Y, Zhou J, Jiang L, et al. Activation
of TREM2 attenuates neuroinflammation via PI3K/Akt signal-
ing pathway to improve postoperative cognitive dysfunction in
mice. Neuropharmacology. 2022; 219: 109231.

[28] Golanov EV, Bovshik EI, Wong KK, Pautler RG, Foster CH,
Federley RG, et al. Subarachnoid hemorrhage - Induced block
of cerebrospinal fluid flow: Role of brain coagulation factor III
(tissue factor). Journal of Cerebral Blood Flow andMetabolism:
Official Journal of the International Society of Cerebral Blood
Flow and Metabolism. 2018; 38: 793–808.

[29] Matsumura K, Kumar TP, Guddanti T, Yan Y, Blackburn SL,
McBride DW. Neurobehavioral Deficits After Subarachnoid
Hemorrhage in Mice: Sensitivity Analysis and Development of
a New Composite Score. Journal of the American Heart Associ-
ation. 2019; 8: e011699.

[30] Garcia JH, Wagner S, Liu KF, Hu XJ. Neurological deficit and
extent of neuronal necrosis attributable to middle cerebral artery
occlusion in rats. Statistical validation. Stroke. 1995; 26: 627–
34; discussion 635.

[31] Patrycy M, Chodkowski M, Krzyzowska M. Role of Microglia

in Herpesvirus-Related Neuroinflammation and Neurodegener-
ation. Pathogens (Basel, Switzerland). 2022; 11: 809.

[32] Liu P, Wang Y, Sun Y, Peng G. Neuroinflammation as a Poten-
tial Therapeutic Target in Alzheimer’s Disease. Clinical Inter-
ventions in Aging. 2022; 17: 665–674.

[33] Xue F, Du H. TREM2 Mediates Microglial Anti-Inflammatory
Activations in Alzheimer’s Disease: Lessons Learned from
Transcriptomics. Cells. 2021; 10: 321.

[34] Parhizkar S, Arzberger T, Brendel M, Kleinberger G, Deuss-
ing M, Focke C, et al. Loss of TREM2 function increases amy-
loid seeding but reduces plaque-associated ApoE. Nature Neu-
roscience. 2019; 22: 191–204.

[35] MeilandtWJ, Ngu H, Gogineni A, Lalehzadeh G, Lee SH, Srini-
vasan K, et al. Trem2 Deletion Reduces Late-Stage Amyloid
Plaque Accumulation, Elevates the Aβ42:Aβ40 Ratio, and Ex-
acerbates Axonal Dystrophy and Dendritic Spine Loss in the
PS2APP Alzheimer’s Mouse Model. The Journal of Neuro-
science: the Official Journal of the Society for Neuroscience.
2020; 40: 1956–1974.

[36] Suárez-Calvet M, Kleinberger G, Araque Caballero MÁ, Bren-
del M, Rominger A, Alcolea D, et al. sTREM2 cerebrospinal
fluid levels are a potential biomarker for microglia activity in
early-stage Alzheimer’s disease and associate with neuronal in-
jury markers. EMBO Molecular Medicine. 2016; 8: 466–476.

[37] Katzenelenbogen Y, Sheban F, Yalin A, Yofe I, Svetlichnyy D,
Jaitin DA, et al. Coupled scRNA-Seq and Intracellular Protein
Activity Reveal an Immunosuppressive Role of TREM2 in Can-
cer. Cell. 2020; 182: 872–885.e19.

[38] GenuaM, Rutella S, Correale C, Danese S. The triggering recep-
tor expressed on myeloid cells (TREM) in inflammatory bowel
disease pathogenesis. Journal of Translational Medicine. 2014;
12: 293.

[39] Gervois P, Lambrichts I. The Emerging Role of Triggering
Receptor Expressed on Myeloid Cells 2 as a Target for Im-
munomodulation in Ischemic Stroke. Frontiers in Immunology.
2019; 10: 1668.

[40] Galea I. Microglial heterogeneity after subarachnoid haemor-
rhage. Clinical and Translational Discovery. 2022; 2: e61.

[41] Kawabori M, Kacimi R, Kauppinen T, Calosing C, Kim JY,
Hsieh CL, et al. Triggering receptor expressed on myeloid cells
2 (TREM2) deficiency attenuates phagocytic activities of mi-
croglia and exacerbates ischemic damage in experimental stroke.
The Journal of Neuroscience: the Official Journal of the Society
for Neuroscience. 2015; 35: 3384–3396.

[42] Atagi Y, Liu CC, Painter MM, Chen XF, Verbeeck C, Zheng H,
et al. Apolipoprotein E Is a Ligand for Triggering Receptor Ex-
pressed onMyeloid Cells 2 (TREM2). The Journal of Biological
Chemistry. 2015; 290: 26043–26050.

[43] Reitz C, Mayeux R, Alzheimer’s Disease Genetics Consortium.
TREM2 and neurodegenerative disease. The New England Jour-
nal of Medicine. 2013; 369: 1564–1565.

[44] Filipello F, Goldsbury C, You SF, Locca A, Karch CM, Piccio L.
Soluble TREM2: Innocent bystander or active player in neuro-
logical diseases? Neurobiology of Disease. 2022; 165: 105630.

[45] Sieber MW, Jaenisch N, Brehm M, Guenther M, Linnartz-
Gerlach B, NeumannH, et al. Attenuated inflammatory response
in triggering receptor expressed on myeloid cells 2 (TREM2)
knock-out mice following stroke. PLoS ONE. 2013; 8: e52982.

12

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Animals and Treatments
	2.2 Behavior Assessment
	2.3 Open Field Test
	2.4 Evans Blue (EB) Diffusion Assay
	2.5 Brain Water Content Measurement
	2.6 Immunohistochemistry
	2.7 Cell Culture
	2.8 Immunofluorescence
	2.9 Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL) Staining
	2.10 Flow Cytometry
	2.11 Western Blot
	2.12 RT-qPCR
	2.13 Statistical Analysis

	3. Results
	3.1 SAH Animal Model Establishment 
	3.2 TREM2 Expression Was Increased in SAH Mice
	3.3 TREM2 Overexpression Rescued Impaired Neural Function
	3.4 TREM2 Knockdown Worsened Inflammation and Programmed Cell Death in the SAH Mice
	3.5 TREM2 Showed a Neuroprotective Effect in an in-vitro SAH Cell Model

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

