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Abstract. To the best of our knowledge, our previous study 
demonstrated the expression of triggering receptor expressed 
on myeloid cells 2 (TREM‑2) in human bone marrow mesen-
chymal stem cells (MSCs) for the first time. However, the 
inflammation regulatory role of TREM‑2 in MSCs remain 
elusive. The aim of the present study was to investigate the 
immune regulation and the underlying mechanism of TREM‑2 
in rat bone marrow MSCs. MSCs were divided into three 
groups: NullMSCs, TREM‑2MSCs, and NormMSCs. TREM‑2 was 
expressed in MSCs at the mRNA and protein level. Following 
stimulation by lipopolysaccharide (LPS), the gene transcrip-
tion levels of TREM‑2 and inflammatory cytokines were 
increased. The expression levels of inflammatory cytokines, 
including tumor necrosis factor‑α (TNF‑α) and interleukin‑1β 
(IL‑1β), in the TREM‑2MSCs lentiviral vector group were 
significantly downregulated, and the expression of IL‑10 
was significantly upregulated compared with the controls. 
Western blot analysis revealed that TREM‑2 downregulated 
the LPS‑induced inflammatory response in MSCs, which was 
probably associated with regulating AKT serine/threonine 

kinase and p38 mitogen‑activated protein kinase downstream 
signaling proteins. The results of the current study demon-
strated that TREM‑2 negatively regulates the LPS‑mediated 
inflammatory response in MSCs suggesting that TREM‑2 is a 
potential target of immune regulation in rat MSCs.

Introduction

Mesenchymal stem cells (MSCs) are multipotent progenitor 
cells that can differentiate into a variety of cell types. In addition, 
MSCs exert extensive immunomodulatory effects and show 
versatile functions in tissue engineering and immune regula-
tion (1‑3), such as inhibiting T cell proliferation, suppressing 
both proliferation and differentiation of B cells, and regulating 
the activity of natural killer cells as well as the maturity 
and function of dendritic cells  (4,5). It is widely accepted 
that MSCs play a role in immune regulation by secreting 
factors including indoleamine 2,3‑dioxygenase (IDO), nitric 
oxide (NO), human leucocyte antigen‑G (HLA‑G), prosta-
glandin E2 (PGE2), transforming growth factor‑β (TGF‑β), 
heme oxygenase‑1 (HO‑1), hepatocyte growth factor (HGF) 
and galectin‑1 (6). Different cytokines probably play diverse 
roles during the process of immune regulation in MSCs.

Triggering receptors expressed by myeloid cells (TREM) 
were found to be part of an immune pattern receptor 
family in 2000 (7). TREM‑2 is widely expressed in macro-
phages, dendritic cells, microglia and osteoclasts.  (8‑10). 
TREM‑2 has been identified as a risk factor for Alzheimer's 
disease  (AD)  (11,12). TREM‑2 participates in regulating 
inflammation, cell differentiation and maturity, tissue repair, 
bone reconstruction and absorption (13‑15). Peritoneal macro-
phages from the TREM‑2 gene knockout mouse produces 
increased TNF‑α and IL‑6 in response to LPS (16). TREM‑2 
negatively regulates dendritic cell and macrophage function in 
the presence of TLR ligands derived from bacteria and viruses, 
such as LPS and CpG DNA (17,18). TREM‑2 is responsible for 
the DAP12‑mediated inhibition in mouse macrophages (19). 
However, overexpression of TREM‑2 in the microglia signifi-
cantly decreases the production of TNF‑α (20). TREM‑2 has 
drawn considerable attention due to its role in inflammation 
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regulation  (21). Interestingly, a recent study by our group 
detected the expression of TREM‑2 in human bone marrow 
MSCs for the first time (22).

Under specific infectious status, the pro‑inflammatory capa-
bility of MSCs with expression of pro‑inflammatory factors has 
previously described (23). In our previous studies, an upregu-
lated secretion of inflammatory cytokine were presented by 
silencing TREM‑2 expression in MSCs. However, the inflam-
mation regulatory functions of TREM2‑overexpressed MSCs 
remain to be studied. In the present study, MSCs from rat bone 
marrow were transfected with TREM‑2 via lentiviral vector to 
investigate the regulatory effects and potential mechanisms in 
a lipopolysaccharide (LPS)‑mediated inflammatory response.

Materials and methods

Ethics statement. The study was approved by the research 
Ethics Committee of Sun Yat‑sen Memorial Hospital of Sun 
Yat‑sen University. All animals care and experimentation were 
approved by the experimental animal center of Sun Yat‑sen 
university [license no. SCXK (Yue) 2011‑0029]. Efforts were 
made to reduce the number of animals used and minimize 
animal suffering. All surgery was performed under anesthesia 
by an intraperitoneal injection of sodium pentobarbital. All 
rats were sacrificed by anesthesia.

Animals. All animals were handled in compliance with the 
China Animal Welfare Legislation, and the protocols were 
approved by the Ethics Committee on the Care and Use of 
Laboratory Animals in Sun Yat‑sen University (Guangzhou, 
China). Four‑week-old Sprague Dawley  (SD) rats were 
purchased from the experimental animal center of Sun Yat‑sen 
University (Guangzhou, China). The animals were housed in 
the specific pathogen‑free class animal room with standard 
humidity, temperature and illumination circle hours (50±5%; 
23±1˚C; 12 h). All animals had access to water and food freely 
throughout the experiments.

Reagents and antibodies. Fetal bovine serum, low‑glucose 
Dulbecco's Modified Eagle's medium (L‑DMEM), osteo-
blast, adipocyte and chondrocyte differentiation culture 
solutions were purchased from Gibco (Grand Island, NY, 
USA). Alizarin red, Alcian blue and oil red O staining kits 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
CD44, CD90, CD29, CD34, CD14 and CD45 primary 
antibodies were provided by BD Biosciences (San Jose, 
CA, USA). TREM‑2 primary antibody was purchased from 
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Goat 
anti‑rabbit immunofluorescence kit (secondary antibody) was 
supplied by ZSGB‑Bio Company (Beijing, China). Reverse 
transcription polymerase chain reaction (RT‑PCR) kits were 
purchased from Takara Bio (Dalian, China). LPS, TREM‑2 
lentiviral solution, and Enzyme‑linked immunosorbent assay 
(ELISA) kits for rat TNF‑α, IL‑1β and IL‑10 were purchased 
from Sigma-Aldrich. Primer synthesis was performed by 
Invitrogen Life Technologies, Shanghai, China. Puromycin 
was purchased from Abcam (Cambridge, MA, USA); AKT, 
p‑AKT, p38 MAPK, p‑p38 MAPK, ERK1/2, p‑ERK1/2 
and p‑NF‑κB p65 were purchased from Cell Signaling 
Technology, Inc. (Beverly, MA, USA).

Isolation and culture of rat MSCs. MSCs from SD rats were 
isolated and cultured as previously described. In brief, bilateral 
femur and tibia were removed under sterile conditions. After 
irrigated repeatedly by L‑DMEM culture medium, the douche 
was collected. Cells were digested in 0.25% Trypsin‑EDTA 
for continuous passage until 90% confluence was obtained. 
The differentiation of these cells into osteoblasts, adipocytes 
and chondrocytes was validated. Surface antigen of MSCs 
was assessed by flow cytometry and prepared for subsequent 
experiments (24).

RT‑PCR. The obtained cells samples were collected and 
supplemented with 1 ml of TRIzol reagent according to the 
manufacturers' instructions. The synthesis of PCR primer was 
performed by Invitrogen Life Technologies, as illustrated in 
Table I. The ratio of product and internal standard gray scale 
was calculated using ImageJ software.

Immunofluorescence and confocal microscopy. After the 
culture medium was aspirated, the cells were irrigated by 
phosphate buffer saline (PBS) 3 times, fixed in ice methanol 
for 10 min, soaked in 0.3% TritonX‑100 for 10 min at room 
temperature, blocked in goat serum for 30  min at room 
temperature, blocked in primary antibody at 4˚C overnight 
and rewarmed for 30 min the next day. Next, the cells were 
incubated with secondary antibody labeled with green fluo-
rescence and nuclear stained by 4'6‑diamidino‑2‑phenylindole 
(DAPI) and mounted in 5% glycerin for microscopic examina-
tion under immunofluorescence and confocal microscope. The 
fluorescent expression of TREM‑2 and subcellular localization 
were observed.

Western blot analysis. The protein concentration was measured 
by bicinchoninic acid assay and subjected to SDS‑PAGE 
gel electrophoresis and transferred onto the polyvinylidene 
fluoride  (PCDF) membrane, which was then blocked in 
5% skimmed milk powder for 1 h. Primary antibody was 
added at 4˚C overnight and washed in Tris‑buffered saline and 
Tween 20 (TBST); incubated with secondary antibody for 1 h 
at room temperature and protein detection by ECL kit. The 
ratio of product and internal standard gray scale was calcu-
lated using ImageJ software.

Validating MSCs transfected with over‑expressed lentiviral 
plasmid. The third‑passage MSCs were inoculated cells 
and divided into three groups: Blank plasmid‑transfected 
group (NullMSCs), TREM‑2‑transfected group (TREM‑2MSCs) 
and controls (NormMSCs). The MSCs were transfected with 
blank or lentiviral plasmids carrying the TREM‑2 gene, 
supplemented with LV‑5‑GFP‑TREM‑2 (MOI=200) and 
polybrene at a concentration of 5 µg/ml, cultured at 37˚C 
and 5% CO2, and cultured for another 24 h with fresh culture 
solution. At 72 h, the cells were observed under fluorescence 
microscope and the expression of GFP and the transfection 
efficiency was measured. The cell lines stably expressing 
target gene were screened by puromycin. The morphology 
and proliferation of MSCs after transfection were detected 
by 3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay according to the MTT assay manufac-
turer's instructions in 1, 3, 5, 7 and 9 days.
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ELISA. After 1 µg/ml LPS stimulation for 6 h, the supernatant 
of the culture solution was collected and the levels of TNF‑α, 
IL‑1β and IL‑10 proteins of the solution were assessed by 
ELISA according to the manufacturer's instructions.

Statistical analysis. All data were analyzed by SPSS 20.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). Measurement 
data are expressed as the mean ± standard deviation (SD). 
Statistical comparison between two groups was analyzed 
by t‑test. Statistical comparison among multiple groups was 
performed using one‑way ANOVA. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Isolation and culture of rat bone marrow‑derived MSCs. 
Rat bone marrow MSCs were isolated from the whole bone 
marrow. When the medium was replaced for the first time 
at 24 h, a slight amount of MSCs were allowed to attach. 
Along with the medium replacement and cell passage, the 
cells were gradually purified and grew in a shuttle and spiral 
pattern (Fig.  1Aa). Following osteogenic differentiation 
of MSCs for 21  days, Alizarin red staining revealed the 
formation of calcified nodes (Fig. 1Ab). Alcian blue staining 
at 14  days for chondrogenic differentiation indicated the 
MSCs were differentiated into cartilage‑like cells (Fig. 1Ac). 
Oil red O staining revealed the formation of lipid droplet and 
vacuolization at 7 days of adipogenic induction (Fig. 1Ad). 
Flow cytometry was performed to detect the surface antigens 
of the third‑passage MSCs and indicated the following: CD44 
(99.35%), CD90 (99.06%), CD29 (99.83%), CD34 (0.58%), 
CD14 (1.34%) and CD45 (0.72%). These results demonstrated 
that the isolation and culture of MSCs were successful and 
qualified for subsequent experiments.

The expression of  TREM‑2 in MSCs. RT‑PCR analysis 
revealed that TREM‑2 mRNA was expressed in MSCs 
(Fig. 1C). Furthermore, western blot analysis confirmed the 
expression of TREM‑2 protein in MSCs (Fig. 1D). Confocal 

microscopy was performed to further locate the expression of 
TREM‑2 protein in MSCs (Fig. 1E).

Effects of LPS on TNF‑α, IL‑1β and TREM‑2 mRNA. TREM‑2 
mRNA expression in rat MSCs changed with the duration 
of LPS stimulation (Fig. 2A). TREM‑2 expression peaked 
at 6 h after LPS treatment (P<0.05) (Fig. 2B). The expres-
sion levels of TNF‑α and IL‑1β mRNA at 2, 4 and 6 h were 
significantly higher than those in controls (both P<0.05) 
(Fig. 2C and D).

Transfection of TREM‑2 recombinant lentiviral plasmid in 
MSCs. After 72 h of transfection, fluorescence microscopy 
was used to observe the expression and cell status of MSCs 
(Fig.  3A). Fluorescent expression of MSCs was reduced 
with <200 MOI. Expression fluorescence intensity of MSCs 
increased significantly at an MOI of 200 and the solution did 
not lead to cell death or affect normal cell growth. However, 
cell death occurred over 200 MOI. Thus, the optimal MOI of 
MSCs transfected with TREM‑2 was 200.

MTT assay revealed no significant differences in cell 
growth activity at 1, 3, 5, 7 and 9 days between the NormMSCs, 
NullMSCs and TREM‑2MSCs groups (all P>0.05) (Fig.  3A1), 
suggesting that TREM‑2 and blank lentiviral vectors exerted 
no effect upon the growth activity of MSCs.

RT‑PCR showed that the expression level of TREM‑2 
mRNA was 1.99±0.90 in the TREM‑2MSCs group, which was 
significantly higher than 0.32±0.04 and 0.38±0.05 in the 
NormMSCs and NullMSCs groups (both P<0.01). No statistical 
significance was found between the NormMSCs and NullMSCs 
groups (P>0.05), as illustrated in Fig. 3A3‑4.

The expression of TREM‑2 protein in MSCs was detected 
by western blot analysis (Fig. 3A5‑6); a protein band at 26 kD 
was observed in each group. The relative value of protein was 
0.61±0.26 in the TREM‑2MSCs group, which was significantly 
higher than 0.28±0.14 in the NullMSCs group and 0.23±0.08 
in the NormMSCs group, suggesting that the transfection could 
significantly increase the expression level of TREM‑2 protein 
in MSCs.

Table I. Primers used for RT‑PCR.

Gene (accession no.)	 Primer sequence	 Product size (bp)

TREM‑2 (NM_001106884.1)	 5'‑TCCTGTTGCTGGTCACAGAG‑3'	 220
	 5'‑CTCCCATTCTGCTTCCTCAG‑3'	
TNF‑α (NM_012675.3)	 5'‑CCACGTCGTAGCAAACCACCAAG‑3'	 319
	 5'‑CAGGTACATGGGCTCATACC‑3'	
IL‑1β (NM_031512.2)	 5'‑CTGTGACTCGTGGGATGATG‑3'	 210
	 5'‑GGGATTTTGTCGTTGCTTGT‑3'	
IL‑10 (NM_012854.2)	 5'‑CCTGCTCTTACTGGCTGGAG‑3'	 350
	 5'‑TGTCCAGCTGGTCCTTCTTT‑3'	
β‑actin (NM_031144.3)	 5'‑GGAGATTACTGCCCTGGCTCCTA‑3'	 150
	 5'‑GACTCATCGTACTCCTGCTTGCTG‑3'	

RT‑PCR, reverse transcription polymerase chain reaction; TREM‑2, triggering receptor expressed on myeloid cells 2; TNF, tumor necrosis 
factor; IL, interleukin.
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TREM‑2 downregulates LPS‑mediated expression of inflam‑
matory cytokines and enhances anti‑inflammatory factor 
expression. ELISA revealed that the expression levels of 
TNF‑α and IL‑1β protein were significantly elevated 6 h after 
LPS stimulation (both P<0.05) (Fig. C1 and C2), whereas the 
level of IL‑10 protein was not considerably altered (Fig. 3C3). 
The results of RT PCR finding were consisted with the protein 
levels (data not shown).

Altered expression of downstream signaling molecules AKT 
and p38MAPK after TREM‑2 transfection. Effects of LPS 

stimulation at different time points on the expression of phos-
phory protein in MSCs were not shown. Phosphorylated and 
total protein levels of AKT, p38 MAPK, ERK1/2 and NF‑κB in 
the NullMSCs and TREM‑2MSCs were examined by western blot 
analysis before and after LPS stimulation for 15 min (1 µg/ml) 
(Fig. 4A1 and B1). Western blot analysis revealed significantly 
elevated phosphorylation of AKT in the LPS‑stimulated 
NullMSCs group. The expression of p‑AKT was significantly 
higher in LPS stimulated TREM‑2MSCs group than that in 
LPS‑stimulated NullMSCs group (P<0.05) (Fig. 4A2). However, 
the phosphorylation levels of p38MAPK were dramatically 

Figure 1. Transfection efficiency and growth activity of MSCs transfected with TREM‑2. (Aa) The third passage undifferentiated MSCs were inoculated at a 
density of 5x106 cells/ml and MSCs grew in a unicellular cluster cloning pattern. (Ab) The osteogenic ability and a substantial amount of sulfating proteoglycan 
was aggregated. (Ad) The adipogenic ability at 7 day culture was assessed and changes were observed. Original magnification: x16 for Aa; x100 for Ab‑d. 
(B) Flow cytometry was used to detect the surface antigens of MSCs: CD44 (99.35%), CD90 (99.06%), CD29 (99.83%), CD34 (0.58%), CD14 (1.34%) and 
CD45 (0.72%). (C) The expression of TREM‑2 mRNA in MSCs was detected by RT‑PCR (n=3). (D) The expression of TREM‑2 protein in MSCs was detected 
by western blot analysis (n=3). (E) The expression of TREM‑2 protein in MSCs was detected by immunofluorescence staining with anti‑TREM‑2 antibody. 
The nuclei were counterstained with DAPI. Original magnification: x400 for all micrographs. MSCs, mesenchymal stem cells; TREM‑2, triggering receptor 
expressed on myeloid cells 2; RT‑PCR, reverse transcription polymerase chain reaction.
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Figure 3. TREM‑2 transfection efficiency and effect of TREM‑2 on the expression of TNF‑α, IL‑1β and IL‑10 in LPS‑treated MSCs. (A1) With MOI 200, 
the expression of fluorescence protein was observed at 72 h MSCs transfected with TREM‑2 via lentiviral vector, original magnification: x40. (A2) The 
MSCs transfected with TREM‑2 or blank vectors exerted no significant influence on cell growth activity by MTT assay. (B1) The expression of TREM‑2 
mRNA using RT‑PCR with quantification (B2) in the TREM‑2MSCs group was considerably elevated. (B3) The expression level of TREM‑2 protein 
measured using western blotting and (B4) quantified, was significantly enhanced in the TREM‑2MSCs group. *P<0.01, compared with the NormMSCs 
group; #P<0.01, compared with NullMSCs group (n=7, mean ± SD). The secretion of (C1) TNF‑α, (C2) IL‑1β and (C3) IL‑10 proteins in LPS‑stimulated 
MSCs was assessed by ELISA. Overexpression of TREM‑2 significantly reduced the proteins of TNF‑α and IL‑1β but remarkably upregulated the secretion 
of IL‑10. *P<0.01, compared with the NullMSCs group; ▲P<0.05, compared with the LPS‑stimulated the NullMSCs group (n = 6, mean ± SD). TREM‑2, 
triggering receptor expressed on myeloid cells 2; TNF, tumor necrosis factor; IL, interleukin; LPS, lipopolysaccharide; MSC, mesenchymal stem cells; MTT,  
3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide RT‑PCR, reverse transcription polymerase chain reaction.

Figure 2. Expression of TREM‑2 and cytokines in LPS‑stimulated MSCs at different time points. (A) The changes in the expression of TREM‑2, TNF‑α and 
IL‑1β mRNA in MSCs under LPS stimulation at 0, 2, 4, 6, 12 and 24 h were assessed by RT‑PCR. The transcriptional levels of (C) TNF‑α and (D) IL‑1β 
at 2, 4 and 6 h were significantly enhanced, whereas the transcriptional level of (B) TREM‑2 peaked at 6 h and diminished gradually afterward; *P<0.05, 
compared with 0 h control group; #P<0.01, compared with 0 h control group; β‑actin was amplified as a positive control (n=5, mean ± SD). TREM‑2, triggering 
receptor expressed on myeloid cells 2; LPS, lipopolysaccharide; MSC, mesenchymal stem cells; TNF, tumor necrosis factor; IL, interleukin; RT‑PCR, reverse 
transcription polymerase chain reaction.
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decreased (P<0.05) compared to those in the LPS‑stimulated 
NullMSCs group (Fig. 4A3). The phosphorylation levels of 
ERK1/2 and NF‑κB p65 did not significantly differ between 
two groups (both P>0.05) (Fig. 4B2 and B3).

Discussion

As a recently found immune pattern receptor, TREM‑2 is 
widely expressed in macrophages, dendritic cells, microglia 
and osteoclasts (25). TREM‑2 is a pivotal regulating factor and 
its expression levels in alternative types of cells continue to 
garner attention from scholars. In the present investigation, we 
confirmed that TREM‑2 protein and mRNA were expressed 
in MSCs.

The present study showed that TREM‑2 was highly 
expressed in MSCs. Consequently, the exact role of TREM‑2 
in MSCs could be elucidated by deep analysis of the influence 
of TREM‑2 on LPS‑mediated inflammatory factors. In 
previous studies  (26), silencing of TREM‑2 significantly 
exacerbates pro‑inflammatory responses induced by LPS 
in HEK293 cells, and overexpression of TREM‑2 reduces 
LPS‑induced inflammatory responses. TREM‑2 recombinant 
plasmid was constructed and successfully transfected into the 
MSCs. Subsequent experiments found that the transcriptional 
and translational levels of inflammatory cytokines TNF‑α and 
IL‑1β were elevated in LPS‑stimulated MSCs, whereas the 
expression of TNF‑α and IL‑1β mRNA and the secretion of 
protein were reduced after TREM‑2 transfection. These results 
indicating that TREM‑2 can block inflammatory chain reaction 
mediated by LPS during early stage, thereby suppressing the 
inflammation cascade effect. Our data demonstrated that 
TREM‑2 exerts negative regulatory effects on inflammatory 
response. Moreover, TREM‑2 was able to upregulate the 

expression levels of anti‑inflammatory factor IL‑10 mRNA 
and protein in LPS‑stimulated MSCs. Considering the multiple 
functions of IL‑10 in immune responses, it is assumed that 
TREM‑2 could inhibit the release of inflammatory factors and 
decrease the antigen presentation of MSCs towards pathogenic 
bacteria, and possess self‑limiting effect on inflammation.

In MSCs, LPS induces inflammatory response mainly 
through downstream signaling molecules including MAPKs, 
ERK1/2, JNK and P38 MAPK. Recent studies have revealed 
that the underlying mechanism of negative regulation of 
TREM‑2 on the secretion of inflammatory factors is probably 
that TREM‑2 binds to its ligand and then transduces activation 
signal through immune receptor tyrosine‑based activation 
motif, which accelerates the phosphorylation of growth factor 
receptor‑bound protein‑2, activates the signaling transduction 
pathways of PI3K and PLCγ, provokes the changes of 
intracellular Ca2+ and eventually suppresses the release of 
pro‑inflammatory factors (16,27,28).

The activation of TREM‑2/DAP12 complex in microglia 
transfected with TREM‑2 arouses the phosphorylation 
of signaling molecule ERK1/2  (29). Moreover, the phos-
phorylation of ERK1/2 is associated with suppressing the 
inflammatory response and the phagocytosis of apoptotic cells. 
However, previous studies have found that the phagocytosis 
of external granules and bacteria is intimately correlated with 
the activation of downstream signaling pathway PI3K/AKT of 
TREM‑2/DAP12 complex rather than ERK (30,31). TREM‑2 
activates the PI3K/AKT signaling pathway, whereas ERK, 
JNK and P38 are not associated with the anti‑inflammatory 
effect in keratitis patients infected with pseudomonas aerugi-
nosa (32,33). In the present study, the phosphorylated levels of 
downstream signaling molecules AKT, p38MAPK, ERK1/2 
and NF‑κB p65 were upregulated at 15 and 30 min of LPS 

Figure 4. Protein expression of AKT, p38 MAPK, ERK1/2 and NF‑κB in TREM‑2‑transfected MSCs. (A1, B1) Phosphorylated and total protein levels of 
AKT, p38 MAPK, ERK1/2 and NF‑κB in NullMSCs and TREM‑2MSCs were examined by Western blot before and after LPS stimulation for 15 min. (A2‑3) 
Overexpression of TREM‑2 enhanced downstream protein AKT and decreased p38 MAPK. (B2‑3) No significant changes in phosphorylation levels of ERK1/2 
and NF‑κB were observed. *P<0.05, compared with the NullMSCs group; ▲P<0.05, compared with the LPS‑stimulated NullMSCs group (n=5, mean ± SD).
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stimulation. The phosphorylated level of LPS‑mediated AKT 
was significantly elevated in MSCs with overexpressing 
TREM‑2, but that of p38MAPK was dramatically downregu-
lated. The results in our study were consistent with previous 
findings (30,33).

Clinical treatment with MSCs application may not be 
efficient (34). Owning to its potential dangerous pro‑inflam-
matory capability, further research about the inflammation 
regulatory role of MSCs should be tabled. We demonstrated 
that TREM‑2 was expressed in rat bone marrow MSCs. Under 
LPS stimulation, the expression of TREM‑2 was upregulated 
in MSCs. Overexpression of TREM‑2 significantly inhibited 
the production of TNF‑α and IL‑1β in MSCs and promoted 
the secretion of anti‑inflammatory factor IL‑10, which is prob-
ably correlated with upregulating the signaling protein AKT 
and downregulating the expression of p38MAPK. Our results 
further indicate that TREM‑2 might play a vital role in the 
immune regulation and might serve as a potential target of 
immune regulation.
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