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Microglia play an important role in mediating inﬂammatory processes in the central nervous system (CNS). Triggering
receptor expressed on myeloid cells 2 (TREM2) is a microglia-speciﬁc receptor and could decrease neuropathology in
Alzheimer’s disease (AD). However, the detailed mechanism remains unclear. This study was designed to elucidate the eﬀect of
TREM2 on microglia. We showed that lipopolysaccharide (LPS) stimulation signiﬁcantly increases proinﬂammatory cytokines
and suppressed TREM2 in microglia. In addition, TREM2 overexpression inhibited LPS-induced microglia activation and
elevated M2 phenotype of microglia. Together, our results demonstrate that TREM2 overexpression reduced LPS-induced
proinﬂammatory cytokine release in microglia and increased M2 phenotype of microglia. These ﬁndings provide novel
insights that the regulation of microglia polarization may be an approach for ameliorating microglia inﬂammation in
neurodegenerative diseases.

1. Introduction
Neuroinﬂammation plays a pivotal role in the pathophysiology of neurocognitive disorders such as AD and Parkinson’s
disease (PD) [1]. Both epidemiological and genetic studies
support a pivotal role of neuroinﬂammation in the pathophysiology of neurocognitive disorders [1, 2]. Lipopolysaccharide (LPS) is one of the most potent activators of
systemic inﬂammation for stimulating proinﬂammatory
cytokine release in experimental animals and humans [3].
Systemic inﬂammation could induce neuroinﬂammation
and result in memory impairment and progressive neurodegeneration [4, 5].
Microglia are the resident immune cells in the brain and
exert protective responses to inﬂammation in the CNS [6].

They play a critical role in neurodegenerative disease. Inhibition of the excessive microglial proinﬂammatory response
may alleviate the symptom of neurodegenerative diseases
[7, 8]. Microglia can be activated by stimulation such as
LPS, exerting high expression of proinﬂammatory cytokines
(i.e., TNF-α, IL-6, and IL-1β) [4].
Triggering receptor expressed on myeloid cells 2
(TREM2) is a cell-surface receptor involved in transport
and phagocytosis. It is found in microglia, osteoclasts, and
macrophages in vivo as well as macrophage cell lines
in vitro [9, 10]. It couples with DAP12, an associated transmembrane adapter, to trigger cell activation for its signaling
and biological functions [11, 12]. An in vivo study found that
overexpressing TREM2 ameliorated neuronal and synaptic
loss and alleviated cognitive impairments in P301S mice
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[13]. Moreover, an in vitro study showed that reduced microglial TREM2 expression impaired phagocytosis of apoptotic
neurons [14]. However, it has been unclear whether TREM2
overexpression has salutary eﬀects on the primary microglia.
The primary aim of this study was to explore the role of
TREM2 in LPS-induced proinﬂammatory mediator production in primary microglia.

2. Material and Methods
2.1. Primary Microglia Culture. Primary microglia were prepared as in previous study with a slight modiﬁcation [15].
Brieﬂy, the cerebellum of postnatal 1- to 3-day-old mice
was dissected and the meninges were removed. After mashing with trypsin and centrifuging, the cerebral cortices were
passed through 100 μm and 40 μm meth sequentially. Then,
the mixed glial cells were plated and cultured in DMEM with
40 ng/mL MCSF (R&D Systems, Minneapolis, MN). Microglial cells were harvested by shaking the ﬂask for 1 to 2 h after
10 to 12 days in culture. The microglia purity was detected by
Iba-1(>90%). All media were replaced with serum-free
DMEM before the experiment.
2.2. Lentiviral Vector Preparation and Microglia Transduction.
The mouse TREM2 gene lentiviral vectors and control lentiviral vectors were constructed as described in a previous
study [13]. Then, the TREM2 lentiviral vectors were transfected with packaging vectors into 293FT cells. After 48 h
culture, the lentiviral particles in the supernatant were collected and concentrated. The lentiviral particle titers were
determined by ELISA kit. Primary microglia were seeded
at 5 × 105 cells/well per mL into 12-well plates with incubation medium. After adding the lentiviral particle to the culture, the supernatant was replaced with DMEM containing
10% fetal calf serum after 2 h infection. The transduction
eﬃciency was determined by polymerase chain reaction
(PCR) and Western blot analysis. The microglia were pretreated with LPS (Sigma, St. Louis, MO, 100 ng/mL) and/
or TREM2 lentivirus before incubation.
2.3. Real-Time Polymerase Chain Reaction. Total microglial
RNA was extracted with RNAiso Plus and then converted
to cDNA. The cDNA of microglia was used as a template
for PCR (7300 PCR System). Then, the cDNA was ampliﬁed
by PCR with primers of TNF-α (sense primer: 5′-AGC CCA
CGT CGT AGC AAA CCA C-3′, antisense primer: 5′-AGG
TAC AAC CCA TCG GCT GGC A-3′); IL-1β (sense primer:
5′-CCT GCA GCT GGA GAG TGT GGA T-3′, antisense
primer: 5′-TGT GCT CTG CTT GTG AGG TGC T-3′); IL6 (sense primer: 5′-CCT GCA GCT GGA GAG TGT GGA
T-3′, antisense primer: 5′-TGT GCT CTG CTT GTG AGG
TGC T-3′); Arg1 (sense primer: 5′-CTC CAA GCC AAA
GTC CTT AGA G-3′, antisense primer: 5′-AGG AGC TGT
CAT TAG GGA CAT C-3′); and IL-10 (sense primer:
5′-AGG CGC TGT CAT CGA TTT CTC-3′, antisense
primer: 5′-TGC TCC ACT GCC TTG CTC TTA-3′) and βactin (sense primer: 5′-TTG TAA CCA ACT GGG ACG
ATA TGG-3′, antisense primer: 5′-GAT CTT GAT CTT
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CAT GGT GCT AG-3′). β-Actin was used as an internal
control to evaluate the expression of inﬂammatory cytokines.
2.4. Western Blot Analysis. Microglial proteins were extracted
using RIPA buﬀer (Sigma). The concentration of protein in
the lysate supernatant ﬂuid was measured by BCA protein
assay. The gels were transferred to PVDF membranes after
electrophoresis. Membranes were blocked with 5% bovine
serum albumin and then incubated overnight with rabbit
anti-TREM2 antibody (1 : 100; Santa Cruz) and anti-β-actin
antibody (1 : 1000; Sigma). Horseradish peroxidase conjugated secondary antibodies (1 : 10,000; Jackson ImmunoResearch) were used to detect immunoreactivity. The density
of the protein band was detected by image analysis system
(Image-Pro Plus version 6.0).
2.5. Statistical Analysis. The data were analyzed using onesample t-test or one-way ANOVA with Graphpad Prism 5
software. The Newman-Keuls multiple comparison test was
used for post hoc analysis. Data were represented as mean ±
SEM and P < 0 05 was considered statistically signiﬁcant.

3. Results
3.1. Eﬀects on the Expression of TNF-α, IL-6, IL-1β, IL-10, and
Arg1 Induced by LPS. Our previous results indicated that
100 ng/mL could induce increase in inﬂammatory response
in microglia and do not aﬀect the viability of microglia.
Therefore, 100 ng/mL was used in this study. After stimulation with LPS, microglial cells produced signiﬁcant increase
of TNF-α, IL-6, and IL-1β in the media in a timedependent manner before 12 hours and decreased in 24
hours (Figures 1(a), 1(b), and 1(c)).
Compared with those of the control group, the levels of
TNF-α, IL-6, and IL-1β in the media were increased in
microglia after being treated with 100 ng/mL LPS. Moreover,
the levels of IL-10 and Arg1 in the media were obviously
decreased (Figures 1(d) and 1(e)).
3.2. Eﬀect of LPS on TREM2 Expression in Microglia. To
evaluate the inﬂuence of LPS and TREM2 lentivirus on
TREM2 expression in microglia, the microglia were pretreated with LPS and/or TREM2 lentivirus before incubation.
Our results indicated that LPS inhibited microglial TREM2
expression and TREM2 lentivirus signiﬁcantly increase
TREM2 expression (Figure 2).
3.3. TREM2 Overexpression Inhibited LPS-Induced Microglia
Activation and Elevated M2 Phenotype of Microglia. To
elucidate the eﬀect of TREM2 in microglial polarization,
we use lentivirus to overexpress TREM2. Our results
showed that in response to LPS, overexpression of microglial TREM2 restrains the production of proinﬂammatory
cytokines (TNF-α, IL-6, and IL-1β) (Figures 3(a), 3(b),
and 3(c)). However, overexpression of TREM2 in microglia
increased the M2 polarization of microglia (Arg1 and
IL-10) (Figures 3(d) and 3(e)).
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Figure 1: Eﬀect of 100 ng/mL LPS on TNF-α, IL-6, IL-1β, IL-10, and Arg1 gene expression in primary microglia (∗∗ P < 0 01 versus control
group, each data represents the mean ± SEM of at least three separate experiments).
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Figure 2: LPS decreases TREM2 expression and TREM2 lentivirus
increases TREM2 expression in microglia. Primary microglia were
treated with LPS (100 ng/mL) for 12 h. Cell lysates were analyzed
by Western blotting. Microglia treated with LPS showed decrease
in TREM2 levels. Overexpression of TREM2 showed a marked
increase in TREM2 levels compared with LPS alone (∗ P < 0 05,
∗∗
P < 0 01 versus control group; ##P < 0 01 versus LPS group).

The present study demonstrates that LPS could induce
microglial activation, and overexpression of TREM2 could
suppress LPS-induced microglial activation.
Microglial cells are innate immune mediators in CNS and
could release proinﬂammatory mediators [16]. Generally,
activated microglia are referred to M1-like and M2-like
[17]. The M1 phenotype is featured by enhanced proinﬂammatory activity, whereas M2 phenotype of microglia exerts
phagocytic activity as well as neuroprotective eﬀect [18].
Studies showed that systemic LPS is connected with
memory impairment [19, 20], chronic neuroinﬂammation,
and progressive neurodegeneration [4]. Hypoxia, acidosis,
and LPS administration favored the primary microglia to
the proinﬂammatory M1 phenotype, whereas 17-betaestradiol (E2) and progesterone shifted the microglia to the
neuroprotective M2 phenotype [21]. In PD and AD model
rats, microglia mainly express M1-like cytokines than M2
[22–24]. Mesenchymal stem cells (MSCs) exert a neuroprotective eﬀect by controlling microglia M2 polarization [25].
However, in some other diseases, the cytokines and antigens
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Figure 3: Overexpression of TREM2 in primary microglia attenuated LPS-induced elevation of TNF-α, IL-6, and IL-1β (a, b, c) and increased
IL-10 and Arg1 level with/without LPS (d, e). Microglia were treated with TREM2 lentivirus before LPS stimulation. The level of M1 and M2
phenotype of microglia was detected by RT-PCR (∗∗ P < 0 01 versus control group, ##P < 0 01 versus LPS treatment group).

expressed by activated microglia cut across the M1 and M2
categories [26, 27].
TREM2 is mainly expressed on microglia and functions
in the human brain including hippocampus as a hub gene.
TREM2 plays a key role in the microglial phagocytosis and
migration [28, 29]. The level of TREM2 is upregulated in
the cells surrounding Aβ plaques in the CNS of AD models
mice [30]. AD and other neurodegeneration diseases are
most probably due to reduced shedding or dysfunction of
TREM2 [11, 31]. The role of TREM2 in the pathogenesis of
neurodegeneration disease remains unclear.

In addition to TREM2, several other receptors of TREM
family, such as TREM1, are also involved in regulating phenotype of microglia as well as microglial cytokine release.
While TREM1 activation promotes the secretion of proinﬂammatory cytokine reduction, TREM2 activation instead
suppresses LPS-induced proinﬂammatory eﬀects [32, 33].
To explore whether TREM2 aﬀected microglial polarization, local lentivirus was injected into media of microglia
to overexpress TREM2. Lipopolysaccharides are considered
to be a potent stimulator-induced TREM2/Dap12 gene
expression and signiﬁcantly exacerbated proinﬂammatory
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responses [34]. Our results revealed that TREM2 overexpression induced M2 phenotype and inhibited the inﬂammatory
response of microglia. This observation was consistent with a
previous study which showed that overexpression of TREM2
protected neuron injury and prevents synaptic loss in the
brain [35].
Moreover, several studies also revealed that overexpression of either full-length TREM2 or C-terminal fragment of
TREM2 reduced LPS-induced inﬂammatory responses [33],
and TREM2 deﬁciency disrupts the microglia barrier formation and regulates amyloid insulation and compaction [36].
Trem2−/− microglia showed reduced transcripts indicative
of phagocytosis and lipid catabolism [37]. During early to
middle stage of AD, TREM2 showed neuroprotective eﬀect
[38], whereas in aging mice, TREM2 overexpression fails to
provide neuroprotection eﬀect because of microglial Aβ
phagocytosis deﬁcit at the late stage of disease progression.
Our study also suﬀered several limitations; we demonstrated the eﬀect of TREM2 on cytokines with overexpression;
however, to knockdown TREM2 and assess its eﬀect on microglial phenotype, proinﬂammatory cytokine release is needed
to elucidate the eﬀect of TREM2 on microglial activation. In
addition, the signaling pathway of TREM2 remains unknown
and further studies are required to illustrate the underlying
mechanisms of TREM2 which modulate polarization.
In conclusion, our ﬁndings demonstrate that TREM2
overexpression reduced LPS-induced proinﬂammatory
cytokine release in microglia and increased M2 phenotype
of microglia. These ﬁndings provide novel insights that
the regulation of microglia polarization may be an approach
for ameliorating microglia inﬂammation in neurodegenerative diseases.
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