
Am J Transl Res 2020;12(10):6351-6365
www.ajtr.org /ISSN:1943-8141/AJTR0113145

Original Article
MEK inhibitor trametinib attenuates neuroinflammation 
and cognitive deficits following traumatic  
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Abstract: Microglia-mediated neuroinflammation is one of the hallmark pathological features following traumatic 
brain injury (TBI) that contributes to aggravated brain damage and cognitive deficits. These pathologies require 
novel effective treatments to improve prognosis. Trametinib, a mitogen-activated protein kinase inhibitor approved 
by the Food and Drug Administration in treating various malignant tumors, has been shown to exert anti-inflamma-
tory effects. The present study demonstrated that TBI mice treated with trametinib exhibited improved cognitive 
function. Trametinib treatment rescued oligodendrocytes and decreased infiltrating microglial density in the TBI 
area. Furthermore, this study revealed that ameliorated lipopolysaccharides (LPS) induced inflammatory reaction 
in microglial cells. Besides, trametinib attenuated inflammation factors expression during the early stages of TBI. 
In addition, trametinib inhibited LPS-induced microglial chemotactic activity. In conclusion, the results indicate that 
trametinib efficiently suppresses microglia-induced neuroinflammation and improves cognitive function of TBI mice, 
providing a potential therapy strategy for TBI patients. 
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Introduction

Traumatic brain injury (TBI) remains a major 
cause of disability and mortality in trauma 
patients worldwide [1, 2]. Among individuals 
between 1 and 45 years of age, trauma is the 
leading cause of death, while TBI constitutes 
the majority of cases, thus leading to signifi-
cant socioeconomic burden [1, 3]. Therefore, 
TBI represents an enormous challenge to the 
society and treatments require continuous 
improvement. 

The pathological time-course of TBI may be 
divided into primary and secondary injury [3]. 
Primary injury, such as brain contusion and epi-
dural/subdural hematoma, occurs at the time 
of injury and induces direct damage to the brain 
tissue [4, 5]. Secondary injury arises from min-
utes to months following the primary impact, 

which progressively exacerbates the neurologi-
cal impairment [6, 7]. Increasing evidence has 
shown that neuroinflammation contributes to 
TBI secondary injury. In addition, several re- 
searchers have demonstrated that severe and 
continuous neuroinflammation is detrimental to 
neural cell repair, leading to worse clinical out-
come [6-8]. The secretion of inflammatory fac-
tors is a critical component of the secondary 
damage, by promoting inflammation and cell 
death [8]. Immune activation occurs rapidly and 
involves several cellular components, including 
microglia, astrocytes and recruited peripheral 
immune cells [3, 4, 9].

Microglia are immune cells of the central ner-
vous system (CNS), detecting and reacting to 
damage stimuli, which in turn initiate pro-
inflammatory responses during the early stages 
[10, 11]. Pro-inflammatory factors, such as 
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tumor necrosis factor alpha (TNF-α) and inter-
leukin (IL)-1β, are highly expressed at focal 
traumatic sites. These factors have also been 
reported to negatively associate with TBI cogni-
tive outcome in animal models and TBI patients 
[9]. Therefore, targeting microglia-induced neu-
roinflammation may be a potential neural pro-
tective strategy. 

Mitogen-activated protein kinase (MAPK) is 
involved in directing cellular responses that 
regulate a wide range of cellular functions, 
including cell proliferation and migration, and 
cytokine release [12-14]. Mitogen-activated 
protein kinase kinase (MEK)/extracellular sig-
nal-regulated protein kinase (ERK) are distal 
and important components of the MAPK signal-
ing pathway [15, 16]. ERK serves as the down-
stream kinase cascade of MEK, which is phos-
phorylated and activated by MEK. Since MEK/
ERK pathway regulates several cellular func-
tions, blocking this pathway provides a feasible 
way to intervene or modulate cell proliferation. 
This approach has already provided promising 
effects in animal models and clinical trials on 
several diseases, such as melanoma and leu-
kemia [17-20]. Interestingly, it has been shown 
that MEK/ERK pathway plays an important role 
in microglial pro-inflammatory responses [14, 
21]. Trametinib is an effective MEK/ERK inhibi-
tor that has already been tested in mice models 
and clinical trials on metastatic melanoma, 
with promising tumor remission effects and low 
toxic complications [22, 23]. Therefore, the cur-
rent study aimed to investigate the effect of tra-
metinib in modulating neuroinflammation and 
cognitive protection in microglia and a TBI 
mouse model. 

Materials and methods 

Animals

BL6/C57J mice used in this study were pur-
chased from Huazhong Kej, Co. All animals 
were housed in a controlled environment and 
fed with standard chow, in the animal facility of 
Tongji Medical College of Huazhong University 
of Science and Technology. All the experiments 
using laboratory animals were approved by the 
Huazhong University of Science and Technology 
Committee for the Care of Animals. 

Cell culture

The primary microglia cultures from neonatal 
rodents were established as previously de- 

scribed [24]. Briefly, brains from postnatal day 
0-2 (P0-P2) mixed male and female newborns 
were deprived of blood vessels and me- 
ninges, mechanically dissociated into 1 mm3 
pieces and digested with 1% trypsin and 0.05% 
deoxyribonuclease. Subsequently, digested tis-
sues were mechanically dissociated with a fire-
polished pipette and washed twice with Hanks’ 
Balanced Salt Solution (HBSS; Thermo Fisher 
Scientific, Inc.). Dissociated tissues were plat-
ed and cultured for 9-12 days in Dulbecco’s 
modified Eagle’s medium (DMEM) supplement-
ed with 10% fetal calf serum and 1% penicillin 
and streptomycin (all from Thermo Fisher 
Scientific, Inc.). Following culture for 7 days, 
33% L292-conditioned medium was added to 
the plates and the microglial cells were isolated 
by gentle shaking at 37°C for 1 h on a shaker 
(100 rpm). Freshly isolated microglia were then 
directly seeded into plates for further experi-
ments. To investigate the effects of lipopoly-
saccharides (LPS) and trametinib, cells were 
pre-treated with 5 or 10 nM trametinib for 2 h 
and subsequently stimulated with 100 ng/ml 
LPS (InvivoGen, Inc.) for 6 h or 24 h. 

Controlled cortical impact (CCI) model of TBI 
and drug administration

Surgical procedures were previously described 
[25]. Briefly, after anesthesia (5% isoflurane in 
oxygen with a delivery rate of 0.5 L/min for 
induction and 2% isoflurane for maintaince), 
mice were subjected to a unilateral, moderately 
CCI of 2.0 mm depth at 3.5 m/secs and 500 
msec dwell time using the TBI 0310 pneumatic 
impacting device (Precision Systems and 
Instrumentation) with a hard stop Bimba cylin-
der (Bimba Manufacturing). The size of the bev-
eled impactor was 5 mm. All craniotomies were 
performed midway between the bregma and 
the lambda sutures in the left hemisphere of 
the skull. Furthermore, 2 h following establish-
ment of TBI model, mice were randomized into 
the vehicle- and trametinib-treated (Selleck 
Chemicals) groups. Trametinib was dissolved in 
sterile 100% DMSO and diluted 1:9 in sterile-
filtered 1% carboxymethylcellulose solution 
supplemented with 0.4% Tween-20 (Sigma 
Aldrich; Merck KGaA). Finally, vehicle or tra-
metinib were orally administered to mice at 
doses of 1 mg/kg for 7 consecutive days. 

Cognitive assay

Morris water maze test was previously 
described. Briefly, after TBI surgery, mice were 
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first pre-trained for 5 days. The apparatus used 
for this test was a circular stainless steel tank 
filled with water supplemented with skimmed 
milk (24-26°C) at a depth of 40 cm. Morris 
water maze test was performed daily for 7 days. 
Mice were placed in water randomly facing the 
wall at one of the four starting points of the 
pool and the time for the mice to successfully 
find the platform was recorded. The endpoint 
escape latency, which was defined as the avail-
able time for mice to find the platform, was set 
to 60 sec. 

For the eight-arm radial maze test, a previously 
described method was performed [26]. Briefly, 
mice were first pre-trained for 7 days prior to 
the TBI and tests were performed for an addi-
tional 7 days. During the 7-days of pre-training 
period, each mouse was placed in the central 
starting platform and allowed to explore and 
consume food pellets. In the spatial working 
memory task of the eight-arm radial maze, all 
eight arms were baited with food pellets. This 
task aimed to record the error arm entries of 
rodents (the animal enters an arm previously 
entered). Mice who re-entered into a previously 
visited arm were recorded for working memory 
errors (WME), or namely revisiting errors. The 
test was completed when a mouse obtained all 
eight food rewards or 15 min had elapsed. 
Behavioral motor function was unbiased mea-
sured daily post TBI for 7 days using rotarod 
(Ugo Basile Srl) test. Mice with consciousness 
disorders or severe paralysis were excluded 
from the rotarod test. Prior to rotarod test, mice 
were trained on a rod at a rotation speed of 15 
rpm for 15 min, followed by three trials with an 
accelerating rotation speed between 4 and 40 
rpm for 5 min. Therefore, baseline latency over 
the three trials was obtained prior to TBI. 
Subsequently, the average retention time on 
rod over three trials for each mouse was 
recorded.

Quantitative PCR (qPCR)

Total RNA was extracted from primary microgli-
al cells treated with LPS (100 ng/ml) with or 
without the addition of trametinib (5 or 10 nM) 
using a RNeasy lipid tissue mini kit (Qiagen, 
Inc.). Subsequently, cDNA was synthesized with 
random primers using a reverse transcription 
kit (Thermo Fisher Scientific, Inc.). The expres-
sion levels of M1 phenotype biomarkers, includ-
ing IL-1β, TNF-α, nitric oxide synthase 2 (NOS2), 
and M2 biomarkers, IL-10, vascular endothelial 

growth factor (VEGF) and arginase 1 (Arg1; all 
from GeneCopoeia, Inc.) were determined using 
PCR with SYBR green technology on a AB7500 
fast real-time thermal cycler (Applied Biosys- 
tems; Thermo Fisher Scientific, Inc.). GAPDH 
was used as a normalization control. Gene 
expression relative to the control group at 24 h 
was calculated using the 2-ΔΔCq method. The 
primer sequences used were as follows: PDG- 
Fa forward, 5’-GAGGAAGCCGAGATACCCC-3’, 
and reverse 5’-TGCTGTGGATCTGACTTCGAG-3’; 
SOX10 forward, 5’-ACACCTTGGGACACGGTTT- 
TC-3’, and reverse 5’-TAGGTCTTGTTCCTCGGC- 
CAT-3’; CSPG4 forward 5’-GGGCTGTGCTGTCT- 
GTTGA-3’, and reverse 5’-TGATTCCCTTCAGGT- 
AAGGCA-3’; CLDN11 forward 5’-ATGGTAGCCA- 
CTTGCCTTCAG-3’, and reverse 5’-AGTTCGTCCA- 
TTTTTCGGCAG-3’; TNF-α forward, 5’-TAGTCCT- 
TCCTACCCCAATTTCC-3’ and reverse, 5’-TTGGT- 
CCTTAGCCACTCCTTC-3’; IL-1β forward, 5’-GCA- 
ACTGTTCCTGAACTCAACT-3’ and reverse, 5’-AT- 
CTTTTGGGGTCCGTCAACT-3’; NOS2 forward, 5’- 
GTTCTCAGCCCAACAATACAAGA-3’ and reverse, 
5’-GTGGACGGGTCGATGTCAC-3’; IL12 forward, 
5’-CTGTGCCTTGGTAGCATCTATG-3’ and reverse, 
5’-GCAGAGTCTCGCCATTATGATTC-3’; gm-csf for-
ward, 5’-GGCCTTGGAAGCATGTAGAGG-3’, and 
reverse, 5’-GGAGAACTCGTTAGAGACGACTT-3’; 
IL-10 forward, 5’-GCTCTTACTGACT-GGCATGAG- 
3’ and reverse, 5’-CGCAGCTCTAG-GAGCATG- 
TG-3’; VEGF forward, 5’-GCACATAGAGAGAATG- 
AGCTTCC-3’ and reverse, 5’-CTCCGCTCTGAAC- 
AAGGCT-3’; and Arg1 forward, 5’-CTCCAAGC- 
CAAAGTCCTTAGAG-3’ and reverse, 5’-AGGAG- 
CTGTCATTAGGGACATC-3’; and GAPDH forward, 
5’-AGGTCGGTGTGAACGGATTTG-3’ and reverse, 
5’-TGTAGACCATGTAGTTGAGGTCA-3’. 

Western blot analysis

Cultured microglial samples were lysed using 
RIPA lysis buffer (Beyotime Institute of Bio- 
technology). In addition, cell lysates from 
murine TBI tissues were harvested using RIPA 
lysis buffer. Protein concentration was deter-
mined using a protein assay dye (Bio-Rad 
Laboratories, Inc.). Protein electrophoresis and 
protein transferring onto membranes were per-
formed as described previously [27]. Following 
blocking with 1X phosphate buffered saline 
(PBS) supplemented with 5% w/v non-fat dried 
milk for 1 h at room temperature, the mem-
branes were then incubated with specific anti-
bodies against β-actin (dilution, 1:2,000, 
Cat#sc-47778), myelin basic protein (MBP; di- 
lution, 1:500, Cat#ab62631, Abcam), Myelin 
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oligodendrocyte glycoprotein (MOG; dilution, 
1:1000, Cat#AF2439), phospho-ERK (dilution, 
1:1,000, Cat#4370S), total-ERK (dilution, 1: 
1,000, Cat#4965S), phospho-nuclear factor-
κB (p-NF-κB; dilution, 1:1,000, Cat#3033S), 
NLR family pyrin domain containing 3 (NLRP3; 
dilution, 1:1000, Cat#13158S), myeloid differ-
entiation factor 88 (MyD88; dilution, 1:1,000, 
Cat#4283S; all from Cell Signaling Technology, 
Inc.). Following incubation with primary antibod-
ies at 4°C overnight and washing step, mem-
branes were further incubated with a goat anti-
rabbit or goat anti-mouse secondary antibody 
(Cat#115-035-008, Cat#111-035-003, Jack- 
son ImmunoResearch Labs, Inc.) for 1 h at 
room temperature. The relative protein expres-
sion levels were quantified by measuring the 
density of the immunoreactive bands on the 
X-ray films using a GS-700 Imaging Densitome- 
ter (Bio-Rad Laboratories, Inc.). The intensity of 
the bands was determined using the ImageJ 
software and the results were presented as 
relative expression of specific target markers 
normalized to β-actin expression in each 
sample. 

Enzyme-linked immunosorbent assay (ELISA)

IL-1β, TNF-α, Granulocyte-macrophage colony-
stimulating factor (GM-CSF) secretion levels 
were measured using an ELISA kit (R&D Sy- 
stems, Inc.). All reagents were prepared accord-
ing to the manufacturer’s protocol. Superna- 
tants from primary cultured microglia treated 
with LPS (100 ng/ml) or LPS plus trametinib (5 
or 10 nM) for 24 h were collected and were sub-
sequently measured. Standard diluting solution 
was added to each well in 96-well plates and 
then standard solution or microglial superna-
tants were also added to each well. The plates 
were incubated for 2 h at room temperature. 
Following washing, murine IL-1β, TNF-α or GM- 
CSF conjugate solution was supplemented into 
each well and plates were incubated for an 
additional 2 h at room temperature. Finally, a 
substrate solution was added to each well and 
plates were incubated for 30 min at room tem-
perature in dark. The optical density of each 
well was determined at 450 nm using a micro-
plate reader and the results were evaluated 
using a standard curve. 

Immunofluorescence staining

Experimental mice were transcardially per-
fused and fixed with PBS followed by 4% para-

formaldehyde (PFA). Murine brains were excised 
and sectioned into 40 μm-thick sections. The 
slices were rinsed three times with tris-buffered 
saline (TBS) for 5 min. Subsequently, following 
blocking with 5% donkey serum (Sigma-Aldrich; 
Merck KGaA) in TBS supplemented with 0.1% 
Triton-X (Sigma-Aldrich; Merck KGaA) for 1 h in 
room temperature, slices were then incubated 
overnight with primary antibodies against allo- 
graft inflammatory factor 1 (Iba1; dilution, 1: 
500, Cat#ab178846), oligo2 (dilution, 1:200, 
Cat#ab109186; both from Abcam), CD86 (dilu-
tion, 1:100, Cat#ab119859) and IL-1β (dilution, 
1:100, Cat#NB600-633) in 5% donkey serum 
in TBS at 4°C. After washing for three times 
with TBS, slices were then incubated with  
a secondary antibody (cy3-conjugated goat 
anti-rabbit antibody, Cat#A10520, and 4’,6- 
diamidino-2-phenylindole (DAPI); all from Ther- 
mofisher) in 5% donkey serum in TBS for 2 h. 
Finally, tissue samples were washed again for 
three times and cells were photographed and 
counted in four random fields for each sample 
using confocal microscopy. The number of 
labelled cells was quantified using the ImageJ 
software.

Agarose spot and Boyden chamber assays

Agarose spot assay was performed as previ-
ously described [28]. Briefly, low-melting point 
agarose was diluted into 0.5% agarose solution 
with PBS. Subsequently, LPS or trametinib was 
mixed with 0.5% agarose solution at a final con-
centration of 100 ng/ml and 10 nM, respec-
tively. The mixed agarose solution was then 
added onto 35 mm glass bottomed dishes 
(MatTek Corporation) and four spots were pipet-
ted in each dish, two containing PBS as nega-
tive control and two with the selected solutions. 
Subsequently, primary cultured microglia were 
plated into the dishes and incubated at 37°C 
for 3 h. Cells in each spot were counted under 
microscope. The results were presented as the 
number of cells in the selected group normal-
ized to the PBS group. 

Boyden chamber assay was also performed as 
previously described [29]. Briefly, the upper 
and lower wells of the chamber were separated 
with a polycarbonate filter (8 µm pore size; 
Poretics Corp.). Culture medium supplemented 
with 100 ng/ml LPS or LPS plus 10 nM tra-
metinib was pipetted in the lower chamber. 
Subsequently, primary cultured microglia were 
seeded into the upper chamber and both cham-
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bers were then incubated at 37°C for 3 h. 
Following incubation, the upper side of mem-
brane was wiped with cotton and cells were 
stained with crystal violet solution (Beyotime 
Institute of Biotechnology). Finally, the rate of 
microglial migration was calculated by counting 
cells in four random fields from each well under 
bright-field microscope with 20× objective lens.

Statistical analysis

All experiments were performed independently 
at least in triplicate. The data are presented as 
mean ± standard error of the mean (SEM). For 
all the other datasets comparing between 
groups, one-way ANOVA with post-hoc Tukey’s 
test was performed. P<0.05 was considered to 
indicate a statistically significant difference. 

Results

Trametinib improves cognitive function in a TBI 
mouse model

Cognitive function deficits, including short-term 
memory loss and body control impairment, are 
major clinical symptoms of TBI, resulting to sig-
nificant disease burden [30]. To investigate 
whether trametinib could improve the cognitive 
function following TBI, a murine TBI model was 
established using the CCI method. Therefore, 
the Morris water maze and eight-arm radial 
maze tests, and rotarod test were performed, 
to assess the behavioral memory, and motor 
deficits following TBI and the effect of tra-
metinib, respectively [31]. Mice were divided 
into three groups, namely normal, vehicle- and 
trametinib-treated groups. In the first group, 
mice did not receive any treatment, while in the 
second and third group mice were treated daily 
with vehicle PBS or trametinib, respectively. 
The treatment was administrated 2 h following 
TBI. From day 1 after TBI, Morris water maze, 
rotarod and eight-arm radial maze tests were 
performed daily to evaluate the behavior of 
mice following TBI. Although, following TBI, 
mice had more possibilities of revisiting errors, 
eight-arm radial maze assay showed that mice 
treated with trametinib exhibited dramatically 
reduced revisiting error time compared with 
that noted to the vehicle-treated group (Figure 
1B). Furthermore, in the Morris water maze 
test, mice in the treated group showed a signifi-
cantly shortened escape latency to find the 
platform (Figure 1C). In terms of rotarod assay, 
TBI mice treated with trametinib demonstrated 

a significantly longer latency to fall time com-
pared with the TBI vehicle-treated group (Figure 
1D). 

Recent evidence suggests that oligodendro-
cytes or oligodendrocyte progenitor cells (OPCs) 
play vital roles in neural repairing or remyelin-
ation in injured CNS, which strongly associate 
with the cognitive outcome post TBI [32-35]. 
Therefore, oligodendrocytes or OPCs of the 
white matter close to the TBI zone were exam-
ined by labeling cells with an oligo2 antibody 
following trametinib treatment. The number of 
oligo2-positive cells in the focal injury site was 
significantly decreased compared with the TBI 
vehicle and normal control groups. In addition, 
indeed, trametinib rescued the number of oli-
go2-positive cells on both 3 and 7 days follow-
ing TBI (Figure 2A). Furthermore, the density of 
oligo2-positive cells in the trametinib-treated 
group was increased after 7 days compared 
with 3 days. However, significant increase was 
also observed in the TBI vehicle-treated group 
(Figure 2A). Additionally, the effect of tra-
metinib in remyelination was investigated. Total 
proteins were extracted from murine brain tis-
sues at 3- and 7-days post TBI. Subsequently, 
western blot assay was performed to evaluate 
myelin basic protein (MBP) and myelin oligo-
dendrocyte glycoprotein (MOG) protein expres-
sion levels. Indeed, MBP and MOG expression 
were significantly increased in the trametinib-
treated group compared with that noted to the 
vehicle-treated group (Figure 2B), indicating 
that trametinib induced remyelination following 
TBI. To further validate trametinib induced 
remyelination, we assessed the expression of 
oligodendrocyte specific genes including plate-
let-derived growth factor (PDGFa), SRY-Box 
Transcription Factor 10 (SOX10), Chondroitin 
sulfate proteoglycan 4 (CSPG4), and Claudin-11 
(CLDN11) in the murine brain tissues at 7 days 
post TBI. Up-regulation of these markers was 
observed in trametinib treated TBI mice com-
pared to controls (Figure 2C). 

Trametinib ameliorates neuroinflammation 
and reduces microglial density post TBI

Microglial activation plays a crucial role in neu-
roinflammation during the early TBI, which 
aggravates cognitive impairment [7, 9]. To 
determine microglial density and neuro-inflam-
mation after TBI, first, the microglial cell num-
ber was measured in the traumatic zone of the 
murine brain cortex on days 3 and 7. The den-
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sity of microglia in the TBI vehicle-treated group 
was dramatically increased approximately 
3-folds compared with control mice after 3 
days, while in the -treated TBI mice the density 
of microglia was decreased compared with the 
TBI vehicle-treated group (Figure 3A). In addi-
tion, following 7 days, in the trametinib-treated 
TBI mice the density of microglia was decreas- 
ed to similar levels to the control mice group 
(Figure 3A). Up-regulation of inflammatory fac-
tors, such as IL-1β, is extremely detrimental to 
post TBI cognitive function [36, 37]. Therefore, 
using immunofluorescence staining, pro-inflam-
matory markers IL-1β and CD86 were deter-
mined in the TBI mice. We observed that tra-
metinib treatment significantly ameliorated the 
IL-1β and CD86 expression levels in the trau-
matic mice brains (Figure 3B). To further inves-
tigate whether the expression of inflammatory 
factors was suppressed, total RNA were ex- 

tracted from murine brain tissues and the 
mRNA expression levels of IL-1β, TNF-α, NOS2, 
IL12, and GM-CSF, which are important inflam-
mation-associated cytokines, were determined 
using qRT-PCR analysis. The results showed 
that the protein expression levels of IL-1β, TNF-
α, NOS2, IL12, and GM-CSF were remarkably 
down-regulated in the trametinib-treated TBI 
mice compared with those of the TBI control 
mice after 3 days (Figure 3C). Similarly, tra-
metinib decreased the expression of inflamma-
tory factors 7 days following TBI (Figure 3C). 

Trametinib attenuates LPS-induced microglial 
activation and cell migration

Microglial cells are rapidly activated following 
TBI and release several inflammatory factors, 
which in turn participate actively in the neural 
damage during the early stages of TBI. The 

Figure 1. Trametinib improves the cognitive function in a murine TBI model. (Α) Trametinib (1 mg/kg/day) was ad-
ministrated to mice by oral gavage 2 h after TBI. Following 24 h, mice were then subjected to (B) eight-arm radial 
maze test, (C) Morris water maze test and (D) rotarod test. *P<0.05, **P<0.01. TBI, traumatic brain injury.
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above results demonstrated that trametinib 
suppressed pro-inflammatory factors protein 
expression after TBI, therefore, the direct effect 
of trametinib in microglia was then investigat-
ed. Primary microglia were pre-treated or not 
with 5 or 10 nM trametinib for 2 h and subse-
quently stimulated with 100 ng/ml LPS for 6 h. 
IL-1β, TNF-α and NOS2 mRNA levels were mea-
sured using qPCR. The results showed that 
upregulation of IL-1β, TNF-α and NOS2 evoked 

by LPS was attenuated by both 5 and 10 nM 
trametinib treatment. However, mRNA expres-
sion levels of anti-inflammatory factors Arg1, 
VEGFA and IL-10 were not affected by tra-
metinib in both concentrations (Figure 4A). The 
aforementioned findings were also confirmed 
using ELISA. Following pre-treatment or not 
with trametinib for 2 h, cells were treated with 
LPS for 24 h and supernatants ware harvested 
to measure IL-1β, TNF-α, GM-CSF and Nitric 

Figure 2. Trametinib increases the density of oligodendrocytes in the traumatic area of TBI mice. (A) On the left, red 
signal indicates the immunofluorescence staining of oligodendrocyte marker oligo2 in the traumatic area of normal 
control, TBI control and trametinib-treated (1 mg/kg/day) TBI mice at days 3 and 7 post TBI. On the right, bar graph 
shows the quantification of oligo2-positive cells within the traumatic area. *P<0.05. Scale bar =50 μm. (B) Western 
blot analysis of MBP and MOG protein expression levels in murine TBI brain tissues (same treatment as A) at days 
3 and 7 posts TBI. (C) Relative gene expression of oligodendrocyte specific genes in murine TBI brain tissues (same 
treatment as A) at days 7 post TBI using qPCR. *P<0.05, ***P<0.001. TM, trametinib; MBP, myelin basic protein; 
MOG, Myelin oligodendrocyte glycoprotein; PDGFa, Platelet Derived Growth Factor Subunit A; SOX10, SRY-Box Tran-
scription Factor 10; CSPG4, Chondroitin sulfate proteoglycan 4; CLDN11, Claudin 11. 
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Figure 3. Trametinib ameliorates neuro-inflammation and reduces microglial density post TBI. (A) On the left, red 
signal indicates the of microglial specific marker Iba1 in the traumatic area of normal control, TBI control and 
trametinib-treated (1 mg/kg/day) TBI mice at days 3 and 7 post TBI. On the right, bar graph shows the quantification 
of Iba1-positive cells within the traumatic area. *P<0.05. Scale bar =50 μm. (B) On the left, representative figures 
of IL-1β and CD86 immunofluorescence staining on TBI mice brains at days 3 posts TBI (same treatment as A). On 
the right, bar graph shows the quantification of Average optical density (AOD) of each marker. *P<0.05, ***P<0.001. 
(C) Relative expression of the pro-inflammatory genes, including TNF-α, IL-1β, NOS2, IL12 and GM-CSF in TBI murine 
tissues at days 3 and 7 post TBI. *P<0.05, **P<0.01, ***P<0.001. TM, trametinib; Iba1, allograft inflammatory factor 
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1; TNF-α, tumor necrosis factor alpha; IL-1β, interleukin 1β; NOS2, oxide synthase 2; IL-12, interleukin 12; GM-CSF, 
granulocyte-macrophage colony-stimulating factor.
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Oxide (NO) secretion levels. Consistent with  
the previous qPCR results, IL-1β, TNF-α, 
GM-CSF and NO secretion evoked by LPS was 
also notably alleviated by trametinib (Figure 
4B). 

Since the suppression of microglial infiltration 
by in murine TBI model was confirmed, the 

present study further investigated the effects 
of LPS stimulation with or without trametinib in 
microglial chemotactic activity using agarose 
spot and Boyden chamber assays. Both chemo-
taxis models demonstrated that LPS induced 
microglial migration, which was attenuated by 
tramtetinib treatment (Figure 5A and 5B). This 
finding may explain the changes in the density 

Figure 4. Trametinib attenuates LPS-induced microglial activation. A. Cultured microglia was treated with 100 ng/ml 
LPS supplemented or not with 5 or 10 nM trametinib for 6 h. Subsequently, the mRNA expression levels of NOS2, 
TNF-α, IL-1β, Arg1, VEGF and IL-10 were determined by qPCR, using β-actin as a house-keeping gene. The results 
were normalized to the control group. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. B. Cultured microglia were 
pre-treated with or without 5 or 10 nM trametinib for 2 h and subsequently stimulated with 100 ng/ml LPS for 24 
h. Supernatant was collected and the secreting levels of IL-1β, TNF-α, NOS2 and GM-CSF were detected via ELISA. 
*P<0.05. LPS, lipopolysaccharide; TM, trametinib; Arg1, arginase 1; VEGF, vascular endothelial growth factor.

Figure 5. Trametinib attenuates LPS-induced microglial migration. A. Chemotactic activity of cultured microglia was 
determined by Agarose spot assay. Representative figures are shown on the left. On the right, the number of cells 
migrated into the agarose spot was normalized to the number of cells in the inner control PBS group. ***P<0.001, 
****P<0.0001. B. Chemotactic activity of cultured microglia was determined by Boyden chamber assay. The repre-
sentative figures are on the left and the quantification of cells migrating into the down chamber is presented on the 
right. ***P<0.001. LPS, lipopolysaccharide; PBS, phosphate buffered saline.
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of infiltrating microglia in TBI mice following 
treatment with trametinib. 

Trametinib effectively inhibits microglial MEK/
ERK signaling cascade activation

MAPK (MEK/ERK) undergoes sequential phos-
phorylation on various types of substrate pro-
teins via a multitude of cytoplasmic and nuclear 

effectors, including transcription factors, mul-
tiple regulators, kinases and phosphatases. 
These effectors serve a crucial role in regulat-
ing immune responses and the inflammation 
process [21, 38]. Furthermore, it has been 
reported that NF-κΒ phosphorylation regulates 
microglial cytokine production in different path-
ological conditions [39-41]. To verify that tra-
metinib inhibited MEK/ERK signaling pathway, 
primary microglial cells were stimulated with 
LPS in the presence or not of tramtetinib for 24 
h. Subsequently, protein extraction was per-
formed to detect the phosphorylation status of 
ERK and NF-κΒ. In addition, important mediater 
of inflammatory NF-κB signialing, NLR family 
pyrin domain containing 3 (NLRP3) was also 
determined. The results demonstrated that tra-
metinib treatment significantly inhibited LPS-
induced ERK and NF-κΒ phosphorylation, as 
well as down-regulating NLRP3 expression 
(Figure 6A). Furthermore, protein lysates from 
murine TBI tissues treated with or without tra-
metinib were used to examine phosphorylated 
ERK protein levels. Western blot analysis 
revealed that the protein expression levels of 
phosphorylated ERK were drastically increased, 
while treatment with trametinib efficaciously 
inhibited TBI-mediated ERK phosphorylation 
(Figure 6B). These findings indicate that tra-
metinib inhibits TBI-induced neuroinflamma-
tion via the MEK/ERK signaling pathway.

Discussion 

TBI is the consequence of indirect or direct 
external mechanical impact on the brain. It is 
widely recognized that TBI is a highly complex 
disease characterized by multiple cellular and 
molecular pathological changes. Therefore, 
drugs selectively targeting a single factor may 
not be as effective as multitarget drugs in the 
treatment of TBI. Microglia are the resident 
immune cells in the brain. It has been demon-
strated that microglial activation during the 
early stages of TBI, may contribute to the resto-
ration of homeostasis in the brain. However, 
when microglia remain chronically activated, 
these cells display a classically activated phe-
notype, resulting in further tissue damage and 
potentially contributing to neurodegeneration 
by releasing proinflammatory factors [42]. 
Inflammation is one of the hallmarks of the TBI-
induced brain damage, while multiple inflam-
matory factors have been elucidated to be 
closely associated with the outcome of TBI 

Figure 6. Trametinib effectively inhibits MEK/ERK 
signaling pathway activation in microglia. A. Cultured 
microglia were pre-treated with or without 5 or 10 
nM trametinib for 2 h and subsequently stimulated 
with 100 ng/ml LPS for 24 h and the protein levels 
of p-ERK, total ERK, p-NF-ĸB, NLRP3, MyD88 and 
β-actin were determined using western blot analysis. 
B. The protein expression levels of p-ERK and total-
ERK were detected at days 3 and 7 via western blot 
analysis in protein extracts isolated from TBI mice 
treated with trametinib (1 mg/kg/day). MEK/ERK, 
mitogen-activated protein kinase kinase/extracellu-
lar signal-regulated protein kinase; LPS, lipopolysac-
charide; TM, trametinib; p-ERK, phosphorylated ERK; 
p-NF-ĸB, phosphorylated NF-ĸB; MyD88, myeloid dif-
ferentiation factor 88; NLRP3, NLR family pyrin do-
main containing 3. 
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patients. For instance, elevated levels of IL-1β 
in severe TBI have been associated with acute 
brain edema during the early stages of TBI. By 
contrast, lower concentrations of IL-1β are 
related to more favorable neurological out-
comes, according to the Glasgow Outcome 
Scale [43]. Another crucial cytokine, TNF-α, 
mainly originates from microglia and plays a 
central role in initiating and regulating cytokine 
cascade. No direct association between TNF-α 
levelsα level and Glasgow Outcome Scale in TBI 
patients has been reported. However, when 
TNF-α is considered along with other inflamma-
tory cytokines, its expression has been associ-
ated with worse clinical outcome [44]. Besides, 
MEK/ERK signaling pathway has been consid-
ered as a vital factor in mediating a pro-inflam-
matory environment in the brain. Therefore, in 
the present study, a MEK/ERK inhibitor, tra-
metinib, was used to treat TBI mice and the 
results showed that trametinib treatment sig-
nificantly improved the cognitive function of TBI 
mice and reduced inflammation. 

Trametinib is a third-generation, orally available 
and highly selective allosteric ATP non-compet-
itive inhibitor of the two isoforms MEK1 and 
MEK2 [45]. Trametinib has been approved by 
the Food and Drug Administration (FDA) in 
treating BRAFV600E/K mutated melanoma. How- 
ever, its role in regulating TBI-induced brain 
inflammatory damage has not yet been stud-
ied. In the present study, trametinib increased 
the number of oligodendrocytes and remyelin-
ation in the brain trauma region during 3 and 7 
days following TBI. Oligodendrocytes partici-
pate in the myelination of neurons of the CNS. 
It has been demonstrated that the proliferation 
of oligodendrocytes serves a crucial role in 
post-TBI cognitive recovery. These findings elu-
cidated why trematinib-treated mice exhibited 
improved cognitive function following TBI. 
MAPK/ERK pathway is involved in tissue inflam-
mation. Moreover, it has been previously re- 
ported that trametinib suppresses LPS-induced 
TNF-α secretion by macrophages [46]. In the 
present study, trametinib inhibited the expres-
sion of LPS-induced microglial pro-inflammato-
ry cytokines, such as IL-1β and TNF-α. However, 
the expression levels of Arg1, VEGF and IL-10 
were not affected following treatment with 
trametinib.

The results of the present study demonstrated 
that trametinib significantly attenuated microg-
lial density and the expression of pro-inflamma-

tory factors in the brain tissue. However, the 
results did not verify whether these effects 
were microglia-dependent. Subsequently, we 
investigated the trametinib-mediated effects in 
the phenotype of microglia and their chemotac-
tic activity in vitro. Trametinib drastically inhib-
ited LPS-induced activation and chemotactic 
activity of microglia. This result mimicked the 
TBI-induced microglia activation condition. 

Notwithstanding the promising results of trem-
etinib, the suppression of microglial activation 
needs further investigation, since microglia has 
also been implicated in facilitating brain tissue 
wound healing during the late phase of TBI [7, 
9, 47]. Except the induction of neuroinflamma-
tion, microglia cells are able to polarize into 
‘M2’ anti-inflammatory phenotype and release 
anti-inflammatory and growth factors, such as 
tissue growth factor β (TGF-β) and VEGF [10, 
11]. These factors promote fibroblast and glial 
cells proliferation, and myelin repair, which in 
turn mediate tissue healing post TBI [48-51]. 
Further investigation will identify the potential 
role of trametinib in the late phase of TBI 
healing. 

However, there are still some limitations in the 
present study. Firstly, we evaluated only the 
brain functions following trametinib treatment 
during 8 days post TBI, while the long-term out-
comes were not explored. Secondly, as in the 
case with other TBI models, only a ‘single-hit’ 
model was used. However, some repetitive in- 
jury models have been emerged showing simi-
lar effects with repetitive injuries [52]. Finally, 
the results could not fully describe the compli-
cated immune environment in the traumatic 
brain tissue, since in the current study we only 
determined the expression of few cytokines. 
Therefore, all these issues should be consid-
ered in future studies. 

In summary, trematinib, a FDA approved drug, 
attenuated microglial activation and microglial-
induced neuroinflammation during the early 
stages of TBI. Moreover, trametinib decreased 
microglial chemotactic activity and improved 
the cognitive function in a murine TBI model. 
Therefore, these findings may provide a poten-
tial therapy strategy for TBI patients. 
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