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Abstract 

Background: Existing studies have found that some inflammatory factors 
cause brain cell damage through the TLR4/NF-κB pathway, and that mild 
hypothermia has a protective effect on nerve cells. It is not clear whether the 
mild hypothermic brain protection is achieved through the TLR4/NF-κB 
pathway in microglia. Objective: To investigate the impacts of mild hypo-
thermia on lipopolysaccharide (LPS)-mediated TLR4/NF-κB signaling path-
way in microglia. Method: The cultured microglia cells in vitro were divided 
into the NS group and the LPS group at 33˚C and 37˚C, respectively; quantit-
ative RT-PCR was performed to detect the expressions of TLR4 and NF-κB 
mRNA in the microglia, Western blot was used to detect the expressions of 
TLR4 and NF-κB protein in the microglia, and ELISA was performed to 
detect the levels of tumor necrosis factor α (TNF-α) and interleukin-10 
(IL-10) in the culture medium. Results: Under the LPS stimulation, the 
mRNA and protein expressions of TLR4 and NF-κB at different time points 
had significant changes between the normothermia group and the mild hy-
pothermia group, in which the expressions in the former group were firstly 
increased and then decreased, while those in the latter showed a continuous 
increasing trend (P < 0.01); and the expressions of TNF-α in all the groups 
presented the trend of first-increasing then-decreasing, while IL-10 exhibited 
one slow linear increasing trend (P < 0.01). Conclusions: Mild hypothermia 
could inhibit the mRNA and protein expressions of LPS-mediated TLR4/NF-κB 
signaling pathway in the microglia, and inhibit the production and release of 
downstream inflammatory cytokines (TNF-α and IL-10).  
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1. Introduction 

The large amount releasing of LPS is the main reason of G-bacterial infection 
caused sepsis associated encephalopathy (SAE) [1] [2], in which the released LPS 
could specifically activate the main immune effector cells—microglia (MG) in 
the central nervous system (CNS); through identifying and binding the Toll-like 
receptor 4 complex (TLR4) on the MG cell membrane, LPS could then activate 
the intracellular MyD88-dependent and non-dependent signaling pathways, ac-
tivate the downstream signaling molecule Toll-like receptor 4 and a series of bi-
ological effects, thus releasing huge amounts of inflammatory cytokines such as 
tumor necrosis factor-α (TNF-α), interleukin 1β (IL-1β), and interleukin-10 
(IL-10), as well as such cytotoxic substances as peroxides and oxygen free radi-
cals. So LPS is considered as the main instigator and participant towards brain 
inflammations, plays an important role in the occurrence and development of 
CNS diseases, and leads to the CNS damages [3] [4] [5]. Under stationary status, 
MG plays a major role of immune surveillance, and the early activated MG plays 
the roles of phagocytizing cell debris, releasing neurotrophic factors, protecting 
and promoting tissue repair, but the excessively activated MG would release a 
large number of pro-inflammatory substances, thus directly or indirectly causing 
secondary neuronal injury, thus being involved in the occurrence and develop-
ment of CNS diseases [6] [7]. Numerous studies had shown that inhibiting the 
MG activation-induced inflammations and oxidative stress could reduce the ex-
tent of nerve damages [8] [9] [10] [11] [12]; therefore, regulating the immune 
inflammatory responses in CNS had become a target for the treatment of CNS 
disorders [13] [14]. Mild hypothermia could reduce the metabolic rate of cells, 
inhibit the release of excitatory neurotransmitter Glu and free radicals, improve 
the cerebral blood flow, reduce the cerebral edema, protect the blood-brain bar-
rier, and block the apoptosis, etc., thereby slowing the development speed and 
degree of nerve inflammatory responses in general, and gaining time for pro-
tecting the nerve cell functions and further comprehensive treatment; mean-
while, it could also significantly reduce the cerebral ischemia-reperfusion injury 
and improve the prognosis during the processes of cerebral infarction, toxic en-
cephalopathy, and cardiopulmonary resuscitation [15] [16], so it was recom-
mended as the first class I evidence in the treatment of hypoxic-ischemic ence-
phalopathy and neonatal asphyxia after cardiopulmonary resuscitation [17] [18]. 
Current, remedial mild hypothermia therapy has become a hot spot in treating 
acute brain injury, although its protective effects are exact, its specific mechan-
isms are still unclear. This study mainly investigated whether mild hypothermia 
could downregulate the expressions of inflammatory substances in the activated 
MG’s TLR4/NF-κB signaling pathway, thereby reducing the CNS inflammations. 

2. Materials and Methods 
2.1. Reagents and Drugs 

LPS was purchased from Sigma; DMEM high-glucose medium was purchased 
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from Gibco; FBS (fetal bovine serum) was purchased from Australia Origin; 
Dimethylsulfojdde (DMSO) was purchased from Amresco; total RNA extrac-
tion TRIzol reagent was purchased from Life Technologies; the first strand 
cDNA synthesis kit was purchased from TaKaRa; real-time quantitative PCR 
(qRT-PCR) kit was purchased from Sunshine biotechnology Co. Ltd.; Quantita-
tive ELISA kits of Mice TNF-α and IL-10 were provided by R & D systems 
(Minneapolis, MN, USA); mouse anti-TLR4 antibody, mouse anti-NF-κB, and 
HRP labeled goat anti-mouse antibody were purchased from Abcam; chemilu-
minescent fluid was purchased from Thermo. 

2.2. Cell Culture and Intervention 

MG were isolated from the brain tissues of newborn rats (SPF grade, 1 - 3 days 
old) referring to the previous report [19]: sampled all the brain tissues, rinsed, 
and stripped the piamater and blood vessels carefully under one dissecting mi-
croscope; removed the residual blood, transferred and soaked the tissues into a 
penicillin-filling vial; cut and pipetted the separated brain tissues; after digested 
with trypsin, filtrated, centrifuged and discarded the supernatant; re-suspended 
the precipitate in 10% FBS-containing DMEM culture medium (three brain tis-
sues/per culture flask) and cultured at 37˚C and 5% CO2 for 2 - 3 weeks; changed 
the medium once every 2 - 3 days and observed the cells’ growth state under an 
inverted microscope; performed trypsin digestion and vibrated the culture flask, 
then collected the cell suspension into a centrifuge tube; centrifuged at 1000 
r/min for 10 min, collected and transferred the cells into 10% FBS-containing 
culture flask for 12-hour stand culture; rinsed twice, changed the medium, and 
removed the non-adherent cells, including the astrocytes; cultured the rest cells 
in an thermostated incubator. The cultured cells were then seeded in one 6-cm 
dish (with 5 ml of 10% FBS-containing DMEM), and cultured at 37˚C and 5% 
CO2, and passaged the cells every 48 h. When the cells were in good growing 
conditions, inoculated the cells into the culture dish (5 × 106 cells/dish) and cul-
tured for 24 h for the experiments. The cells were divided into the normother-
mia control group (37˚C-NS), the normothermia intervention group (37˚C-LPS), 
the mild hypothermia control group (33˚C-NS), and the mild hypothermia in-
tervention group (33˚C-LPS). The stimulation concentration of LPS was 10 
ng/ml [20]. The 37˚C-NS group was cultured at 37˚C and 5% CO2, while the 
33˚C-NS group was cultured at 33˚C and 5% CO2. Each group was sampled after 
0-h, 2-h, 6-h, 12-h, 24-h culture for the measurement, with 0-h as the starting 
time point of intervention. Each experiment was set 3-repeated dishes, and all 
the experiments were repeated three times. 

2.3. Expression Detection of TLR4 and NF-κB mRNA by RT-qPCR 

Extracted the total RNA using TRIzol; after detected the concentration and pur-
ity by spectrophotometer, performed the reverse transcription to synthesize the 
first strand cDNA; confirmed the PCR amplification fragments by 3% agarose 
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gel. The primer sequences were independently designed and synthetized by 
Sangon Biotech (Shanghai) Co., Ltd. The target TLR4 gene: sense primer: 
5’-CCTGATGACATTCCTTCTTC-3’, antisense primer:  
5’-TTGAGAGGTGGTGTAAGC-3’, amplified fragment: 172 bp; the target 
NF-kB gene: sense primer: 5’-AAAGGTTATCGTTCAGTTGGT-3’, antisense 
primer: 5’-TAATACACGCCTCTGTCATC-3’, amplified fragment: 209 bp; 
housekeeping gene glyceraldehyde 3-phosphate catalase (GAPDH): sense pri-
mer: 5’-ATCAAGAAGGTGGTGAAGCA-3’, antisense primer:  
5’-AGGTGGAAGAGTGGGAGTTG-3’, amplified fragment: 113 bp. RT-qPCR 
reaction conditions: 95˚C for 10 min, 95˚C for 15 s, 60˚C for 40 s, with 40 stan-
dard cycles. The 2−ΔΔCt method was used to relatively quantify the expression le-
vels of TLR4, NF-κB and GAPDH. 

2.4. Expression Detection of TLR4 and NF-κB Protein by Western  
Blot 

Extracted the total proteins at each sampling time point, after detected the pro-
tein content using Coomassie brilliant blue method, sampled10ul of protein spe-
cimens for 10% SDS-PAGE electrophoresis, respectively; after the electrophore-
sis, transferred the proteins onto one nitrocellulose membrane, closed with 5% 
skim milk + 2% goat serum for 1 hour; incubated with the primary antibodies 
overnight at 4˚C, rinsed with TNST for 3 × 5 min; incubated with the secondary 
antibodies in darkness at room temperature for 2 h, rinsed with TNST for 6 × 5 
min; scanned using the Odyssey bicolor infrared laser imaging system, and used 
the Quantity One image analysis system to measure the gray values; used 
GAPDH as the internal control to reflect the expressions of the target proteins. 

2.5. Detection of Inflammatory Cytokines by ELISA 

Extracted the culture supernatant at each designed time point for the measuring 
the levels of TNF-α and IL-10 levels referring to the ELISA kit instructions; used 
the Curve Expert 1.3 software for the fitting of the standard ELISA curve. 

2.6. Statistical Analysis 

GraphPad Prism 5.0 statistical software was used for data processing; the data 
were expressed as mean ± standard error ( x  ± s). The comparison of statistical 
data used the paired t test or ANOVA, with P < 0.05 considered as statistically 
significant. 

3. Results 
3.1. Expressions of TLR4 and NF-κB mRNA at Different Time  

Points in Each Group 

As shown in Figure 1, the expressions of TLR4 and NF-κB mRNA in the 
37˚C-NS group and the 33˚C-NS group did not appear significant change when 
lacked the LPS stimulation, and the differences between these two groups at each  
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Figure 1. Expressions of TLR 4 receptor mRNA and NF-κB mRNA in each group at dif-
ferent time points. (a) Electrophoresis results of the RT-qPCR products of TLR4 receptor 
mRNA in the 37˚C-NS group (upper) and the 33˚C-NS group (lower); (b) Relative abun-
dance of TLR4 receptor mRNA on GAPDH protein mRNA, 2−ΔΔCt; (c) Electrophoresis 
results of the RT-qPCR products of NF-κB mRNA in the 37˚C-NS group (upper) and the 
33˚C-NS group (lower); (d) Relative abundance of NF-κB mRNA on GAPDH protein 
mRNA, 2−ΔΔCt. ***: the 37˚C-LPS group vs. the 37˚C-NS group, P < 0.001; $$$: the 
33˚C-LPS group vs. the 33˚C-NS group, P < 0.001; ###: the 37˚C-LPS Group vs. the 
33˚C-LPS group, P < 0.001; Note: TLR4: toll-like receptor 4; NF-κB: nuclear factor B; 
GAPDH: glyceraldehyde 3-phosphate catalase; LPS: lipopolysaccharide; NS: normal sa-
line; normal temperature: room temperature: 37˚C; mild hypothermia: 33˚C. 
 
time point were not statistically significant (P > 0.05). When stimulated by LPS, 
the 37˚C-NS group and the 33˚C-NS group showed significant changes at each 
time point. TLR4 exhibited the trend of first-increasing then-decreasing (Figure 
1(a) and Figure 1(b)), while NF-κB showed one continuous increasing trend 
(Figure 1(c) and Figure 1(d)), Compared with the control group in different 
time points, the expression of TLR4 and NF-κB mRNA decreased significantly 
and the difference was statistically significant (P < 0.01). 

3.2. Expressions of TLR4 and NF-κB Protein at Different Time  
Points in Each Group 

As shown in Figure 2, the expressions of TLR4 and NF-κB protein in the 
37˚C-NS group and the 33˚C-NS group did not appear significant change when 
lacked the LPS stimulation, and the differences between these two groups at each 
time point were not statistically significant (P > 0.05). When stimulated by LPS, 
the 37˚C-NS group and the 33˚C-NS group showed significant changes at each 
time point. TLR4 exhibited the trend of first-increasing then-decreasing (Figure 
2(a) and Figure 2(b)), while NF-κB showed one continuous increasing trend 
(Figure 2(c) and Figure 2(d)), Compared with the control group in different 
time points, the expression of TLR4 and NF-κB protein decreased significantly 
and the difference was statistically significant (P < 0.01). 
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Figure 2. Expressions of TLR 4 receptor and NF-κB protein in each group at different 
time points by western blot. (a) Western blot results of TLR4 receptor protein in the 
37˚C-NS group (upper) and the 33˚C-NS group (lower); (b) Relative grey value of TLR4 
receptor protein on GAPDH protein (%); (c) Western blot results of NF-κB protein in the 
37˚C-NS group (upper) and the 33˚C-NS group (lower); (d) Relative grey value of NF-κB 
protein on GAPDH protein (%). ***: the 37˚C-LPS group vs. the 37˚C-NS group, P < 
0.001; $$$: the 33˚C-LPS group vs. the 33˚C-NS group, P < 0.001; ###: the 37˚C-LPS 
Group vs. the 33˚C-LPS group, P < 0.001; Note: TLR4: toll-like receptor 4; NF-κB: nuc-
lear factor B; GAPDH: glyceraldehyde 3-phosphate catalase; LPS: lipopolysaccharide; NS: 
normal saline; normal temperature: room temperature: 37˚C; mild hypothermia: 33˚C. 

3.3. Contents of TNF-α and IL-10 at Different Time Points in Each  
Group 

As shown in Table 1, the expressions of TNF-α in the 37˚C-NS group and the 
33˚C-NS group exhibited the similar trend when lacked the LPS stimulation, and 
there was statistically significant difference (all P values > 0.05). When stimu-
lated by LPS, the TNF-α content in the 37˚C-NS group reached the peak at 2 h, 
while that in the 33˚C-NS group reached the peak at 6 h, and the peak was sig-
nificantly lower than that in the 37˚C-NS group. Except for the contents at 0 h, 
the differences in the TNF-α content at other sampling time points between the 
two group were statistically significant (P < 0.01). 

As for the releasing of IL-10, as shown in Table 2, when lacked the LPS sti-
mulation, the release of IL-10 in the two groups showed one slow linear change, 
and no difference could be found at each time point between the two groups 
(P > 0.05). When stimulated by LPS, the 37˚C-NS group and the 33˚C-NS group 
both showed continuous increasing trend of the IL-10 release; except for the 
contents at 0h, the differences in the IL-10 content at other sampling time points 
between the two groups were statistically significant (P < 0.01). 

4. Discussion 

SAE is a common complication of sepsis mainly characterized by the systemic 
inflammatory response caused diffuse brain dysfunction. The mortality of SAE  
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Table 1. Changes of serum TNF-α at other sampling time points (pg/ml). 

Group 
Time points 

0 h 2 h 6 h 12 h 24 h 

37˚C-NS 8.70 ± 0.61 12.96 ± 0.65 15.75 ± 0.98 18.55 ± 1.51 22.61 ± 3.06 

37˚C-LPS 8.55 ± 0.50 17.90 ± 0.64 94.53 ± 3.13 120.41 ± 5.44 177.65 ± 5.52 

33˚C-NS 8.56 ± 0.55# 11.62 ± 0.43 13.36 ± 1.02 16.79 ± 1.21 18.99 ± 1.57 

33˚C-LPS 9.65 ± 0.52 11.99 ± 0.48 55.87 ± 2.39 65.44 ± 1.52 88.18 ± 3.98 

Note: The expressions of TNF-α in the 37˚C-NS group and the 33˚C-NS group exhibited the similar trend 
when lacked the LPS stimulation (P > 0.05). The TNF-α contents in the 37˚C-LPS group and the 33˚C-LPS 
group exhibited the first-increasing then-decreasing trend with time extending, but the peak of TNF-α con-
tent in the 33˚C-LPS group was decreased and delayed, and difference at each time point between the two 
groups was statistically significant (P < 0.01). 

 
Table 2. Changes of serum IL-10 at other sampling time points (pg/ml). 

Group 
Time points 

0 h 2 h 6 h 12 h 24 h 

37˚C-NS 13.20 ± 1.10 18.91 ± 1.83 22.89 ± 1.83 28.24 ± 3.02 27.51 ± 3.44 

37˚C-LPS 12.44 ± 0.97 25.65 ± 2.49 61.66 ± 1.43 110.82 ± 2.60 139.92 ± 5.39 

33˚C-NS 14.07 ± 1.45 14.96 ± 1.14 18.39 ± 0.99 23.58 ± 1.96 27.06 ± 2.01 

33˚C-LPS 13.14 ± 1.75 19.35 ± 1.19 41.16 ± 2.86 78.03 ± 1.77 98.06 ± 2.52 

Note: The IL-10 contents in the 37˚C-NS group and the 33˚C-NS group were gradually increased with the 
intervention time extending, and the content in the 33˚C-NS group at each time point was relatively higher 
than the 37˚C-NS group, and the differences were statistically significant (P < 0.01). 

 
patients was significantly higher than those without encephalopathy, its patho-
genesis was still not clear yet, and there was no specific treatment towards it [2] 
[21] [22] [23]. Lots of in vivo and in vitro experiments had demonstrated that 
mild hypothermia had protective effects towards sepsis, acute lung injury, acute 
pancreatitis, acute cerebral infarction, and brain injury, etc., [15] [17] [18] 
[24]-[30], and blocking TLR4 also showed certain protective effects towards the 
acute inflammatory diseases [31] [32]. But so far, few studies had investigated 
the protective mechanisms of remedial mild hypothermia towards the endotoxin 
induced brain injury, including whether mild hypothermia might have certain 
impacts on the transcriptions and expressions of the TLR4 signaling pathway in 
the endotoxin-activated MG. One study had shown that the uncontrolled re-
leasing of inflammatory mediators was one of the pathogeneses of sepsis; these 
cytokines could enter the brain, stimulate the glial cells and the neurons to se-
crete large amounts of cytokines [33]; when CNS was infringed by the patho-
gens, TNF-α was essential towards the body defense and neuron protection, but 
the excessively produced TNF-α would injury the endothelial cells, thus de-
structing the blood-brain barrier and enhancing the permeability of the 
blood-brain barrier; meanwhile, it might mediate the destruction of the myelin 
sheath and the oligodendrocytes [34]; it could also act on the cerebral vascular 
endothelial cells, resulting in the destruction of the blood-brain barrier, so that 
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the LPS and inflammatory mediators in the peripheral blood could largely enter 
the brain to activate the microglia and astrocytes, thus further aggravating the 
inflammatory responses in the brain and creating vicious cycles [35] [36]. 
MG-secreted IL-10 in the late stage could inhibit the immune inflammatory 
responses and promote the tissue repairing [37]. Numerous studies had shown 
that [38] [39] LPS could induce the massive release of the inflammatory factors, 
and the LPS concentration used in this study was 10 μg/mL, which could better 
induce the viability of MG. 

It’s well known that [3] [4] [5] MG was the main immune cells in CNS, and its 
surface mainly expressed TLR4. TLR4 belongs to the Toll-like receptor family, 
after stimulated by LPS, it could activate a variety of signaling pathways, and 
would eventually be activated by the hydrolysis of NF-κB suppression protein; 
the activated NF-κB would immediately translocate into nuclei, start gene tran-
scription, and upregulate the expressions of a series of cytokines and chemokines 
[40] [41]. The study found that after the LPS stimulation, the transcription and 
expression of NF-κB in both groups were gradually increased with time extend-
ing. However, the increasing trend in the mild hypothermia group was signifi-
cantly lower than the normothermia group, which might be related with the fact 
that mild hypothermia reduced the activation and transcription of TLR4 protein, 
or directly inhibited the hydrolysis of NF-κB-conjunctive suppression protein; 
the above presumptions still needed further studies. 

This study used MG for the in vitro experiment, through detecting the expres-
sions of TLR4 and NF-κB mRNA, as well as the levels of TNF-α and IL-10, in 
order to explore the impacts of mild hypothermia on the CNS inflammatory 
responses. The results showed that when under the LPS stimulation, the expres-
sions of both TNF-α and IL-10 in the two groups were significantly increased, 
while at the same time point, the levels of TNF-α and IL-10 in the mild hypo-
thermia group were lower than the normothermia group, and it was because 
mild hypothermia could inhibit the transcription and expression of TLR4mRNA, 
and this inhibition would become more and more significant with intervention 
period extending. 

Using MG and inflammatory mediators as the targets had important practical 
significance in broadening the therapeutic approaches of SAE. Currently, the 
signaling pathways in MG had become the focus of numerous studies, including 
the JNK pathway [42], the MAPKs signaling pathway [32], the P38-MAPK sig-
naling pathway, and the JNK signaling pathway [43], as well as the newly dis-
covered possible inflammatory signaling pathways in MG [44]. This study 
mainly focused on the impacts of mild hypothermia on the LPS-induced 
TLR4/NF-κB signaling pathway in SAE, and found that mild hypothermia could 
delay the time bar of inflammatory responses; therefore it could save time for the 
treatment of SAE, and the combination of the above found therapeutic strategies 
and mild hypothermia might achieve better results. 

This study suggested that the brain-protective effects of mild hypothermia might 
be realized by inhibiting the mRNA and protein expressions in the TLR4/NF-κB 
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signaling pathway, thereby reducing the secretion of its downstream inflamma-
tory cytokines TNF-α and IL-10, and reducing the inflammation damages. 
However, whether the protective effects of mild hypothermia were realized via 
influencing other proteins in the TLR4 signaling pathway still needed further 
researches. 

The limitation of this study is that it is only found in cells cultured in vitro 
and needs to be further confirmed in the body, and even in the human body. 
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