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Abstract

This study aimed to determine the effects of different concentrations of propofol (2,6-diisopropylphenol) on lipopolysaccharide

(LPS)-induced expression and release of high-mobility group box 1 protein (HMGB1) in mousemacrophages. Mouse macrophage

cell line RAW264.7 cells were randomly divided into 5 treatment groups. Expression levels of HMGB1mRNA were detected using

RT-PCR, and cell culture supernatant HMGB1 protein levels were detected using enzyme-linked immunosorbent assay (ELISA).

Translocation of HMGB1 from the nucleus to the cytoplasm in macrophages was observed by Western blotting and activity of

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) in the nucleus was detected using ELISA. HMGB1mRNA

expression levels increased significantly in the cell culture supernatant and in cells after 24 h of stimulating RAW264.7 cells with

LPS (500 ng/mL). However,HMGB1mRNA expression levels in the P2 and P3 groups, which received 500 ng/mL LPS with 25 or

50 mmol/mL propofol, respectively, were significantly lower than those in the group receiving LPS stimulation (P,0.05). After

stimulation by LPS, HMGB1 protein levels were reduced significantly in the nucleus but were increased in the cytoplasm (P,0.05).

Simultaneously, the activity of NF-kB was enhanced significantly (P,0.05). After propofol intervention, HMGB1 translocation from

the nucleus to the cytoplasm and NF-kB activity were inhibited significantly (each P,0.05). Thus, propofol can inhibit the LPS-

induced expression and release of HMGB1 by inhibiting HMGB1 translocation and NF-kB activity in RAW264.7 cells, suggesting

propofol may be protective in patients with sepsis.
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Introduction

Sepsis is a systemic inflammatory response syndrome

(SIRS) that develops when the host organism immune

response to severe infection by various pathogenic micro-

organisms in blood or tissue triggers a life-threatening whole-

body inflammatory response. In clinical settings, sepsis has

a higher morbidity rate than myocardial infarction and is the

major cause of death for patients in intensive care units

without heart disease. Sepsis in patients can be detected by

identifying the pathogenicmicroorganism or observing highly

suspicious infection foci. The occurrence and development

of the disease is followed by pathological processes and

eventual regulation. In recent years, although anti-infective

therapy and organ function support technology have been

improved greatly, the mortality rate of sepsis remains bet-

ween 30 and 70%. In particular, the mortality rate of patients

with septic shock might be as high as 50% (1). Because of

the expense of treatments and large consumption of medical

resources, sepsis seriously affects the quality of human life

and poses a great threat to human health.

The basic pathogenesis of sepsis not only involves the

contributions of pathogenic bacterial toxins and metabolic

products but also the generation and release of host inflam-

matory mediators. Bacterial endotoxins, host inflammatory

mediators, host immune dysfunction, intestinal bacteria/en-

dotoxin translocation, coagulopathy, and gene polymorph-

isms contribute concurrently to disease progression (2).

Multiple factors, such as complex systemic inflammation

network effects, gene polymorphisms, immune function

barriers, coagulation disorders, tissue damage, and abnor-

mal host reactions to infection by different pathogenic mic-

roorganisms and their toxins, have a close relationship

with multiple systems in the host organism and pathological

physiological changes in multiple organs. Among these,

the excessive release of inflammatory mediators is a crucial

and core mechanism in SIRS (3), and the high-mobility

group box 1 protein (HMGB1) is an important late inflam-

matorymediator (4-7). HMGB1, a nuclear factor and secreted

protein, functions as an architectural chromatin-binding
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factor that bends DNA and promotes protein assembly on

specific DNA targets in the cell nucleus (8,9). Macrophages

are released into the extracellular environment after stim-

ulation. Then, multiple receptors expressed on macro-

phages induce the release of early inflammatory mediators

that strengthen the inflammatory cascade (10). HMGB1

can also be released extracellularly as a late mediator of

lethality in sepsis, as well as after necrotic death (11), thus,

the role of HMGB1 is crucial in immunoreactions.

HMGB1 stimulates monocytes to secrete a specific sub-

set of proinflammatory cytokines (including tumor necro-

sis factor [TNF]-a and interleukin [IL]-1) (12). Monocytes/

macrophages are stimulated by lipopolysaccharide (LPS),

TNF, or IL-1, and secrete HMGB1 as a delayed response

(4,13). Studies have indicated that propofol (2,6-diisopro-

pylphenol) inhibits the release of many early inflammatory

cytokines in LPS-stimulated mononuclear macrophages

(14,15), as well as pressure-stimulated macrophage phag-

ocytosis (16). However, the effects of propofol on the

expression and release of HMGB1 in mononuclear macro-

phages are unclear. Based on the importance of HMGB1 in

immunoreactions and the potential relationship between

HMGB1 and LPS, this study aimed to investigate whether

propofol has an inhibitory action on the expression and

release of HMGB1 in RAW264.7murinemacrophages. The

findings will provide a theoretical basis for the application of

propofol in treating sepsis in clinical settings.

Material and Methods

Cell culture and grouping
RAW264.7 cells were cultured in RPMI-1640 culture

solution at 376C in a 5%-CO2 incubator. The culture solution

was composed of 100 U/mL penicillin, 100 mg/mL strepto-

mycin, 10% fetal calf serum, and 2 mol/L glutamine (Gln).

After RAW264.7 cells had differentiated to 80%, they were

digested using a solution of 0.25% pancreatic enzymes and

0.02% EDTA.

Digested cells were divided into five groups: negative

control group (control group), treated with 500 ng/mL LPS

(LPS group), P1 group treated with 500 ng/mL LPS and an

equal quantity of fat emulsion (a volume of fat emulsion

comparable to low dose propofol), P2 group treated with

500 ng/mL LPS and 25 mmol/mL propofol, and P3 group

treated with 500 ng/mL LPS and 50 mmol/mL propofol. The

composition of fat emulsion included fatty acids and triglyc-

erides (Xian Janssen Pharmaceutical Ltd., China). After

24 h incubation, these cultured cells were used for further

experiments.

Propofol was obtained from AstraZeneca Pharmaceu-

ticals (UK). RPMI-1640 culture medium was obtained from

Shanghai Enzyme-linked Biological Technology Company

(China). LPS from Escherichia coli 011:B4 was obtained

from Sigma-Aldrich Company (USA). Fetal calf serum was

obtained from Shanghai Xinran Biological Technology Com-

pany (China).

Detection of relative expression levels of HMGB1
RNA

Total RNA from RAW264.7 cells in each group was

isolated with Trizol (Invitrogen, USA). The A260/A280 value

of RNA was determined to be 1.8-2.0 by measuring the

absorbance of isolated RNA samples at wavelengths of 260

and 280 nm using a spectrophotometer. The total RNA yield

was 2 mg, which was then transcribed into cDNA using

reverse transcription kits. The primers for amplification of

mouse HMGB1 and b-actin were obtained from Invitrogen

(China). The HMGB1 primer sequences were: sense 59-

CAC CGT GGG ACT ATT AGG AT-39 and antisense 59-

GCT CAC ACT TTT GGG GAT AC-39. The b-actin primer

sequences were: sense 59-CCT CTA TGC CAA CAC AGT-

39, antisense 59-AGC CAC CAA TCC ACA CAG-39. The

amplification conditions were as follows: 956C/5 min, 956C/

5 s, 606C/30 s, 956C/15 s, 726C/10 s, and 956C/15 s (40

cycles). PCR products (the amplified sequences were 181

and 155 bp for HMGB1 and b-actin, respectively) were

validated using agarose gel electrophoresis and visualized

under a UV lamp. The relative expression levels of HMGB1

and b-actin were estimated based on the absorbance ratios

using the Tanon 4.00 gel image processing system (China).

Detection of HMGB1 protein levels
Total protein in cells from each group was extracted

according to the NE-PER Nuclear Protein Extraction kit

instructions (Thermo Scientific Company, USA). In parti-

cular, cells were washed first with PBS, collected using a

cell scraper, centrifuged at 500 g for 5 min, and the cell

pellets collected. To each 20 mL cell pellet, 200 mL PMSF

and cytoplasmic protein extraction reagent I were added,

and samples were vibrated vigorously for 15 s before

incubation in an ice-bath for 10 min. Cytoplasmic protein

extraction reagent II was added and vigorously vibrated for

5 s, followed by incubation in an in ice-bath for 1 min.

Treated cells were centrifuged at 160,000 g for 5 min at

46C. The supernatants, which contained cell cytoplasmic

proteins, were collected in precooled Eppendorf (EP) tubes.

Overall, 100 mL nucleoprotein extraction reagent and PMSF

were added to the remaining cell pellets, which were vib-

rated vigorously for 15 s before incubation in an ice-bath

for 10 min. This process was repeated 4 times, for a total of

40 min. Treated cell pellets were centrifuged at 160,000 g
for 10 min at 46C. The supernatants containing cell nuclear

proteins were collected in precooled EP tubes.

The protein levels of the samples were measured using

a BCA kit (Solarbio Science, China). Samples mixed with a

double amount of loading buffer were heated at 956C for

5 min and then electrophoresed through a 15% polyacryl-

amide gel. The proteins were transferred to a nitrocellulose

membrane via an electric drill, and the membranes were

blocked for 1.5 h in Tris-buffered saline and Tween-20

buffer with 5% skim milk powder. Rabbit anti-HMGB1 poly-

clonal antibody (AbcamCompany, USA; 1:300) was added

to the blocking solution and incubated with vibration for 2 h.
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Membranes were washed 3 times (5 min each time) before

sheep anti-rabbit horseradish peroxidase labeling antibody

(Shuji Biological Technology Company, China) was added

(1:1000) and incubated with vibration for 1 h. Finally, the

membranes were washed 3 times (5 min each time). Simul-

taneously, for normalized comparisons, anti-b-actin anti-

body (1:1000) and anti-histidine H3.1 antibody (Santa Cruz

Company, USA; 1:1000) were used as internal controls for

nuclear and cytoplasmic proteins, respectively. Bands of

proteins and internal controls were scanned to determine

their absorbance and analyzed using GeneTools Gel

imaging analysis software (Syngene, USA). The levels of

target protein and control proteins were determined and

further statistical analyses were performed.

NF-kB activity in cell nuclear fractions
Proteins in cell nuclear fractions were obtained from

each group and were used to detect nuclear factor kappa-

light-chain-enhancer of activated B cells (NF-kB) activity

using an NF-kB kit (Active Motif Company, USA).

Statistical analysis
The SPSS v13.0 software was used to perform statis-

tical analysis. Data are reported as means±SD. ANOVA

was used to estimate the difference among multiple groups,

and the t-test was used to estimate the difference between

two groups. If the P value was less than 0.05, the differences

were considered statistically significant.

Results

HMGB1 mRNA expression levels were high after LPS
stimulation

The expression level of HMGB1 mRNA in the control

group was lower than in the other groups, while HMGB1

mRNA was highly expressed at 24 h after LPS stimulation

(P,0.05). In contrast, treatment with propofol in the P2 and

P3 groups significantly inhibited HMGB1mRNA expression

levels in mouse macrophages (P,0.05; Figure 1A and B).

HMGB1 protein levels were increased significantly
after LPS stimulation

Compared with the control group, HMGB1 protein levels

were increased significantly at 24 h after LPS stimulation

(P,0.05). Fat emulsion had no significant inhibitory effect on

HMGB1 expression or release in the P1 group (P.0.05).

However, propofol showed a significant inhibition of HMGB1

expression and release in the P2 group (P,0.05). A similar

level of inhibition was detected in the P3 group (P,0.01;

Figure 1C and D). The change in the level of HMGB1 protein

in the supernatant from each group was consistent with a

change of HMGB1 mRNA expression levels.

Figure 1. Gel electrophoresis of HMGB1mRNA and HMGB1 protein levels in each group. A, B, Gel electrophoresis of HMGB1mRNA;

C, HMGB1 protein levels in cell nucleus and cytoplasm; D, HMGB1 protein levels in cytoplasm. *P,0.05; **P,0.001 (ANOVA).

Groups: C, negative control; LPS, treated with 500 ng/mL lipopolysaccharide (LPS); P1, treated with 500 ng/mL LPS and equal

quantity of fat emulsion; P2, treated with 500 ng/mL LPS and 25 mmol/mL propofol; P3, treated with 500 ng/mL LPS and 50 mmol/mL

propofol. HMGB1: high-mobility group box 1 protein.
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Propofol intervention reversed HMGB1 translocation
from the nucleus to cytoplasm after LPS stimulation

Nuclear and cytoplasmic HMGB1 protein levels were

detected using Western blotting. Nuclear HMGB1 protein

levels were reduced significantly after LPS stimulation

(P,0.05), whereas nuclear levels were increased signifi-

cantly after propofol intervention (P,0.05; Figure 1C and D,

and Table 1). In contrast, cytoplasmic HMGB1 protein levels

were increased significantly after LPS stimulation (P,0.05),

whereas cytoplasmic levels were reduced significantly after

propofol intervention (P,0.05; Figure 1C and Table 1).

HMGB1 translocated from the nucleus to the cytoplasm

after LPS stimulation, but propofol intervention inhibited this

translocation.

Propofol inhibited increased activity induced by LPS
stimulation

NF-kB activity, detected with an NF-kB kit, was signi-

ficantly increased after LPS stimulation (P,0.05), but was

reduced after propofol intervention (P,0.05; Table 2). Thus,

propofol inhibited increased NF-kB activity resulting from

LPS stimulation.

Discussion

Typical reactions of sepsis pathogenesis include the

release of early proinflammatory factors (TNF-a and IL-1)

and late proinflammatory factors (HMGB1) that excessively

activate the host systemic inflammatory response to

bacterial infections. Excessive generation of these proin-

flammatory factors can lead to very serious complications,

including whole-body blood capillary leak syndrome, dam-

age of tissues, and fatal multi-organ failure (17,18). As such,

intervention against the over-activity of proinflammatory

mediators has been an effective means to treat sepsis.

Neutralizing early proinflammatory factors such as TNF-a
and IL-1 inhibited the process of septic shock in animal

models (17), but targeting these factors showed poor clinical

effects in critical patients (19). One major reason for this

clinical failure may be caused by a shorter therapeutic

window of intervention against early inflammatory media-

tors. HMGB1 protein, a late proinflammatory factor that

can induce sepsis, is closely associated with morbidity and

fatality rates (4,20). HMGB1 is a DNA-binding protein in the

cell, which is released into the extracellular environment

after macrophages are activated. As a proinflammatory

factor, extracellular HMGB1 induces plasminogen activator,

stimulates the generation of other proinflammatory factors

(TNF-a, IL-1b, and IL-8), and increases the permeability of

epithelial cells (21-23). Treatment targeting HMGB1 can

significantly improve the survival rate of rats with sepsis and

can reduce multiple organ dysfunctions. Moreover, targeting

HMGB1 has good clinical effects in patients with critical

illness. Taken together, inhibition of the late proinflammatory

factor HMGB1 is an effective method to treat sepsis (24).

Propofol is widely used for the induction and main-

tenance of anesthesia in clinical settings. It is a novel, fast-

and short-acting intravenous anesthetic in critical patients

in the ICU. As an important narcotic, propofol can reduce

the occurrence of awareness, protect the heart in patients

with surgery (25), has the potential to treat sepsis (26,27),

and can protect important organs in ischemia reperfusion

injury (28-30). Some reports suggest that propofol can

inhibit the release of many early inflammatory cytokines in

mononuclear macrophages after LPS stimulation (14-16).

However, it is unclear whether propofol inhibits the expres-

sion and release of HMGB1 in mononuclear macrophages.

In this study, mouse RAW264.7 macrophages were used

to study the anti-inflammatory mechanism of propofol, spe-

cifically by observing the effects of different concentrations

of propofol on the expression of HMGB1 mRNA and re-

lease of HMGB1 protein in culture supernatants of LPS-

stimulated RAW264.7 cells. We found that in RAW264.7

cells induced by LPS the characteristics of HMGB1mRNA

expression and of HMGB1 protein release were similar to

Table 1. HMGB1 protein levels in cell nucleus and cytoplasm in

mouse macrophages.

Groups HMGB1 in nucleus HMGB1 in cytoplasm

C 0.280 ± 0.037 0.077 ± 0.011

LPS 0.048 ± 0.06a 0.161 ± 0.015a

P1 0.063 ± 0.008a 0.184 ± 0.026a

P2 0.097 ± 0.010ab 0.148 ± 0.015ab

P3 0.160 ± 0.031ac 0.111 ± 0.017ac

Data are reported as means ± SD (n=9). Groups: C, negative

control; LPS, treated with 500 ng/mL lipopolysaccharide (LPS);

P1, treated with 500 ng/mL LPS and equal quantity of fat

emulsion; P2, treated with 500 ng/mL LPS and 25 mmol/mL

propofol; P3, treated with 500 ng/mL LPS and 50 mmol/mL

propofol. HMGB1, high-mobility group box 1 protein. aP,0.05,

compared with C group; bP,0.05, cP,0.01, compared with LPS

group (Student’s t-test).

Table 2. NF-kB activity in cell nucleus of mouse macrophages.

Groups NF-kB activity

C 100.28 ± 8.79

LPS 324.83 ± 39.68a

P1 318.34 ± 35.45a

P2 235.48 ± 25.65ab

P3 176.78 ± 20.54ac

Data are reported as means ± SD (n=9). Groups: C, negative

control; LPS, treated with 500 ng/mL lipopolysaccharide (LPS);

P1, treated with 500 ng/mL LPS and equal quantity of fat

emulsion; P2, treated with 500 ng/mL LPS and 25 mmol/mL

propofol; P3, treated with 500 ng/mL LPS and 50 mmol/mL

propofol. NF-kB: nuclear factor kappa-light-chain-enhancer of

activated B cells. aP,0.05, compared with C group; bP,0.05,
cP,0.01, compared with LPS group (Student’s t-test).
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those described by others (31-33) (Figure 1A and B).

Intervention with either 25 mmol/mL or 50 mmol/mL propo-

fol inhibited the expression and release of HMGB1 in LPS-

induced RAW264.7 cells (Figure 1C and Table 1). Although

there was no significant difference between the two groups

(P2 and P3), intervention with 50 mmol/mL propofol had a

stronger inhibitory effect on the release of HMGB1 protein

than intervention with 25 mmol/mL propofol (Table 2); how-

ever, this simultaneously increases cardiovascular side

effects associated with an increased dosage. As such,

25 mmol/mL propofol may be a better dose for intervention

in clinical settings based on the side effects observed at

higher doses.

By observing LPS and P3 groups in RAW264.7 cells

at 23 h after LPS stimulation, we observed that HMGB1

protein was translocated from the cell nucleus to the

cytoplasm. Western blotting showed that the protein band

from the cytoplasmic fraction of LPS-stimulated cells had

an increased density, while the density of the protein band

from the nuclear fraction was thinner (Figure 1A and B).

Compared with the LPS treated group, the density of the

HMGB1 protein band from the propofol treated group was

thinner, suggesting propofol inhibited HMGB1 transloca-

tion under LPS stimulation. LPS can also activate NF-kB
and lead to further expression and release of HMGB1 in

RAW264.7 cells. In the control group, NF-kB formed

inactive complexes with the inhibitor protein, IkB, in the

cytoplasm. When cells are stimulated by LPS, IkB is

phosphorylated and degraded. Dissociated NF-kB is

transferred to the cytoplasm, where it further induces

HMGB1 gene transcription. LPS also activates the Toll-like

receptor (TLR)4-NF-kB signal transduction pathway

through LPS-LBP-CD14 complexes, as well as promoting

gene transcription and gene expression of many cytokines.

Taken together, this study indicates that propofol can

significantly reduce the release of HMGB1 protein in mouse

macrophages stimulated by LPS, inhibit the expression of

HMGB1 mRNA, and inhibit the activity of NF-kB. These

results provide experimental evidence for the application of

propofol for the treatment of sepsis and other inflammatory

diseases. However, further studies should be performed

in vivo to validate whether propofol can inhibit systemic

inflammatory responses induced by endotoxins and protect

against multi-organ dysfunction.
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