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A B S T R A C T

Septic lung injury is one of main causes of high mortality in severe patients. Inhibition of excessive inflammatory
response is considered as an effective strategy for septic lung injury. Previous studies have shown that canna-
binoid receptor 2 (CB2), a G protein-coupled receptor, play an important role in immunosuppression. Whether
CB2 can be used as a therapeutic target for septic lung injury is unclear. The aim of this study is to explore the
role of CB2 in sepsis and its potential mechanism. In this study, treatment with HU308, a specific agonist of CB2,
could reduce lung pathological injury, decrease the level of inflammatory cytokines and strengthen the ex-
pression of autophagy-related gene after cecal ligation puncture (CLP)-induced sepsis in mice. Similar results
were obtained in RAW264.7 macrophages after LPS treatment. Furthermore, the effect of HU308 could be
blocked by autophagy blocker 3-MA in vivo and in vitro. These results suggest that CB2 serves as a protective
target for septic lung injury by decreasing inflammatory factors, which is associated with the enhancement of
autophagy.

1. Introduction

The endocannabinoid system, which has immunoregulatory prop-
erties, has emerged as a promising target for the treatment of numerous
diseases, including inflammatory diseases, neurodegenerative dis-
orders, and metabolic syndromes [1]. The endocannabinoid system is
composed of cannabinoid receptors, the endogenous ligands, and the
enzymatic systems [2,3]. Two major cannabinoid receptors are identi-
fied as cannabinoid receptor 1 (CB1) and cannabinoid receptor 2 (CB2).
The CB1 is one of the most abundant G protein-coupled receptors in the
brain whereas the CB2 is mostly expressed in peripheral organs with
immune function [4]. CB2 agonists have been used as an attractive drug
for the treatment of many diseases. For example, CB2 activation could
reduce release of pro-inflammatory mediators in rheumatoid arthritis
[5], and activation of CB2 had a decrease in myocardial inflammation
and oxidative stress [6]. However, there are still some conflicting re-
sults regarding the effects of CB2R activation particularly with specific
regard to the complex disease progression of sepsis [7,8]. Therefore, the
specific contribution of CB2R to sepsis and the underlying mechanism
needs to be further explored.

Sepsis is a common syndrome of multiorgan dysfunction char-
acterized by an imbalance between pro-inflammatory and anti-

inflammatory factors in response to a systemic infection [9]. Among the
injured organs, the lung is one of the most vulnerable target organs in
sepsis. The sepsis-associated acute lung injury (ALI) is manifested as
inflammatory cell infiltration, endothelial cell damage, and pulmonary
edema. Unfortunately, there are no approved effective preventive
strategies or treatment options available for the treatment or prevention
of ALI [10–12]. Autophagy is an evolutionarily conserved catabolic
mechanism, which is recognized as one of the major pathways for de-
gradation and recycling of cellular constituents [13]. Accumulating
evidence shows that autophagy is involved in the regulation of cell
survival process in response to multiple stresses and is also important
for maintaining cellular homeostasis [14,15]. Autophagy as an im-
munological process is activated initially in sepsis, followed by a sub-
sequent dysfunctional response to infection. Recent studies showed that
autophagy plays a protective role in multiple organ injuries partly by
regulating inflammation, inhibiting apoptosis and suppressing immune
reactions [16–18]. These findings suggested that the autophagic ma-
chinery paticipated in the pathogenesis of sepsis and may serve as a
potential therapeutic target for sepsis.

It has been reported that CB2 activation protects from alcoholic
liver diseases by inhibiting hepatic inflammation through an autop-
hagy-dependent pathway [19]. However, in ALI induced by sepsis,
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whether autophagy is involved in the beneficial effect of CB2 for lim-
iting inflammation remains controversial. In the current study, we ex-
plored the mechanism underlying the protective effects of CB2 against
ALI. Using autophagy inhibitor, we further demonstrate that autophagy
is a key mediator of the anti-inflammatory properties of CB2 in sepsis-
induced ALI.

2. Materials and methods

2.1. Animals and experimental model

SPF male C57BL/6 mice, aged 8–10 weeks, weighing 20-25 g, were
purchased from Beijing Vital River Laboratory Animal Technology Co.,
Ltd. (Beijing, China). The mice were housed in cages on a 12 h light/
dark cycle, with the room temperature kept at 20–25 °C and relative
humidity at 40–60%. They were allowed free access to a standard diet
of rodent chow and drinking water. All experiments were approved in
accordance with the guidelines of the Animal Care Committee of
Zhongnan Hospital, Wuhan University.

Cecal ligation and puncture (CLP) model was created to induce
septic ALI as previously reported [20]. Briefly, male mice were an-
esthetized with pentobarbital sodium (60 mg/kg, administered in-
traperitoneally). Then the cecum was ligated with a 4–0 silk ligature,
punctured with a 20-gauge needle, and a small amount of cecal con-
tents were extruded from the perforation sites. At last, incisions were
closed in layers. In the Sham and drug alone group, mice were under-
went laparotomy but without CLP.

2.2. Culture and treatment of macrophages

Murine macrophage RAW264.7, purchased from the Cell Bank of
the Chinese Academy of Sciences, was cultured in a humidified in-
cubator with Dulbecco's Modification of Eagle's Medium (DMEM)
(Gibco, USA) supplemented with 10% fetal bovine serum (Gibco, USA)
at 37 °C with 5% CO2. Cells were seeded with the density of 1 × 105

cells/ml.

2.3. Reagents

HU308 (a specific agonist of CB2) and AM630 (a specific antagonist
of CB2) were purchased from APExBIO Technology (APExBIO, Houston,
USA). 3-Methyladenine (3-MA, an autophagy inhibitor) was from
MedChemexpress CO.,Ltd. (Medchemexpress CO.,Ltd., USA). Methyl
thiazolyl tetrazolium (MTT) was provided by Amresco Inc. (Amresco
Inc., Ohio, USA). LDH kit was from Nanjing Jiancheng Bioengineering
Institute (Nanjing Jiancheng Bio, Nan Jing, China). Trizol reagent was
purchased from Invitrogen Life Technologies (Invitrogen Life
Technologies, Grand Island, NY, USA). ReverTra Ace qPCR RT Kit and
SYBR Green Real-time PCR Master Mix were from Toyobo Co., Ltd.
(TOYOBO CO., LTD, OSAKA, JAPAN). Enzyme-linked immunosorbent
assay (ELISA) Kits were provided by Bio-Swamp Life Science Lab (Bio-
Swamp, Wuhan, China). Antibody against LC3B (Microtubule
Associated Protein 1 Light Chain 3 Beta), Beclin1 and p62 were pur-
chased from Abcam Inc. (Abcam Inc., Cambridge, United Kingdom).

2.4. Lung histology analysis

After the mice were sacrificed, the lungs were quickly removed and
immersion-fixed in 4% phosphate-buffered saline-buffered formalin.
The lung tissues were embedded in paraffin, sectioned, and stained with
hematoxylin-eosin using standard histological techniques. Pathological
changes and lung injury score was observed and performed under light
microscope. Briefly, 10 pulmonary regions were randomly chosen per
sample and graded on a scale of 0–4 (0, absent and appears normal; 1,
light; 2, moderate; 3, strong; 4, intense) for inflammation, edema, ne-
crosis, hemorrhage and hyaline membrane formation. The assessments

were performed by two pathologists blinded to experimental groups.
The lung injury was then calculated based on the mean score [21].

2.5. Respiratory index PaO2/FiO2 (arterial oxygen pressure/fraction of
inspired oxygen)

At 12 h after surgery, a cervical incision was made. Blood samples
were collected by inserting into the right common carotid artery
through a stretched PE10 polyethylene catheter filled with heparinized
saline. Blood gas analysis was performed for examing respiratory index.

2.6. Cell viability

Cell viability was assessed by the methyl thiazolyl tetrazolium
(MTT) conversion test. Briefly, RAW264.7 macrophages were seeded on
96-well microtiter plates and allowed to adhere for 24 h. After in-
cubation, 20 μl/well of MTT solution (5 mg/ml) was added and in-
cubated for 4 h. The medium was aspirated and replaced with 150 μl/
well of dimethyl sulfoxide solution (DMSO). The plates were shaken for
10 min, and absorbance was determined at 490 nm using an automated
microplate reader (RT-6000, Shenzhen Rayto Life Science Limited
Company, China). Each assay was performed in ten pores.

2.7. LDH determination

Culture supernatants of RAW264.7 macrophages were collected for
determination of LDH as an indicator of cell survival. The levels of LDH
were measured by 2, 4-dinitrophenylhydrazine chromogenic assay ac-
cording to the manufacturer's instructions.

2.8. Reverse transcription and real-time PCR analysis

Total RNA was extracted from lung tissues and RAW264.7 macro-
phages using Trizol reagent according to the manufacturer's instruc-
tions. The RNA was subjected to reverse transcription with ReverTra
Ace qPCR RT Kit. Real-time PCR was conducted in the CFX Connect™
quantitative PCR apparatus (Bio-Rad, CA, USA) using the SYBR Green
Real-time PCR Master Mix. GAPDH was used as an internal control for
normalization of RNA quantity and quality differences in all samples.
The sequences of the primer pairs were as follows:

GAPDH: 5′-TGGAAGGACTCATGACCACA, TTCAGCTCAGGGATGA
CCTT-3′;

CB2: 5′-CGGCTAGACGTGAGGTTGGC，GGCTCCTAGGTGGTTTT
CAC-3′;

TNF-α: 5′-CCCTCACACTCAGATCATCTTCT, GCTACGACGTGGGCT
ACA-3′;

IL-1β: 5′-GCAACTGTTCCTGAACTCAACT, ATCTTTTGGGGTCCGTC
AACT-3′;

IL-18: 5′-GACTCTTGCGTCAACTTCAAGG, GCAACTGTTCCTGAACT
CAAC-3′;

Atg5: 5′-AGCCAGGTGATGATTCACGG，GGCTGGGGGACAATGC
TAA-3′;

Atg7: 5′-GTTCGCCCCCTTTAATAGTGC, TGAACTCCAACGTCAAG
CGG-3′;

Beclin1: 5′-ATGGAGGGGTCTAAGGCGTC, TCCTCTCCTGAGTTAGC
CTCT-3′;

LC3B: 5′-TTATAGAGCGATACAAGGGGGAG, CGCCGTCTGATTATC
TTGATGAG-3′;

p62: 5′-AGGATGGGGACTTGGTTGC, TCACAGATCACATTGGGG
TGC-3′;

NLRP3: 5′-ATTACCCGCCCGAGAAAGG, TCGCAGCAAAGATCCACA
CAG-3′.

2.9. Immunohistochemical staining

Lung tissues of mice were deparaffinized and rehydrated in alcohol.
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Slides were heated at 110 °C for 8 min in citric acid (pH 6.0) antigen
retrieval buffer followed by 7 min at 95 °C and then cooled to 20 °C. The
slides were placed in 3% hydrogen peroxide solution and incubated at
room temperature without light for 25 min. Then the slides were wa-
shed with phosphate buffered saline (PBS) before blocking with 5%
bovine serum albumin in phosphate buffered saline-Tween-20 (PBST),
and incubated with primary antibodies (anti-Atg5, 1:100,
ProteintechGroup, Inc., Wuhan, China) overnight at 4 °C. After being
washed, the slides were incubated with horseradish peroxidase (HRP)-
labeled secondary antibody (1:100, Aspen) at room temperature for
50 min. Each section was stained with diaminobenzidine (DAB) and
counterstained with hematoxylin after being washed. The positive-
staining sections were analyzed with the Image pro-plus 6.0 automatic
image analysis system. Five high-power fields were randomly chosen to
obtain the mean values.

2.10. Immunofluorescence staining

Lung tissues were deparaffinized and rehydrated in alcohol and
RAW 264.7 macrophage were seeded on coverslip-bottom dishes for
24 h, followed by fixation with 4% paraformaldehyde. The slides were
then rinsed with PBS before blocking with 5% bovine serum albumin in
PBST, and incubated overnight at 4 °C with primary antibodies. The
primary antibodies used were as follows: rabbit anti-LC3 (1:100,
Abcam), rabbit anti-LAMP-2(1:100, Aspen), rabbit anti-NLRP3 (1:100,
Abcam). After being washed three times with PBS, slides were in-
cubated with the fluorescein isothiocyanate (FITC) or Cy3-labeled goat
anti-rabbit IgG secondary antibody (1:100, Aspen) at room temperature
for 1 h. After being washed, slides were exposed to DAPI (Beyotime
Institute of Biotechnology, China) in dark at room temperature for
10 min. The slides were sealed to microscope slides with anti-fluores-
cence quenching sealed tablets.

2.11. ELISA analysis

Supernatant of RAW264.7 macrophages was harvested from each
group after the treatment. Using commercially available kits, TNF-α, IL-
18 and IL-1β levels were measured by a two-step sandwich ELISA
method, according to the manufacturer's instructions. Background ab-
sorbency of blank wells was subtracted from the standards and un-
knowns prior to determination of sample concentrations. The standard
curve and regression equation were calculated, and the absorbance
value was substituted into the standard curve to calculate the protein
concentrations of inflammatory mediator in each group.

2.12. Western blot analysis

The lysates with RIPA buffer (Sigma, USA) containing a mixture of
protease inhibitor cocktail kit (Roche, Germany) was used to lyse the
lung tissues and RAW264.7 macrophages for 30 min. The tissues and
cells were then lysed for 30 min with a non-contact, fully automatic
ultrasonic crusher. The concentrations of proteins were measured by
BCA protein assay kit (Shanghai, China). Equal amounts of proteins
were loaded onto SDS-polyacrylamide gel. Separated proteins were
transferred to PVDF membranes and incubated with primary antibody
overnight at 4 °C. β-actin polyclonal antibody (Proteintech Group, Inc.,
Wuhan, China) was used to monitor protein loading. Excess antibody
was then removed by washing the membranes in TBST, and the mem-
branes were incubated in HRP-labeled secondary antibody (1:10000,
Proteintech Group, Inc., Wuhan, China) for 2 h. After being washed in
TBST the bands were detected by enhanced chemiluminescence (ECL)
and Image-pro Plus 6.0 image analysis software was used to quantify
the density of the individual bands.

2.13. Statistical analysis

All measurement data were presented as mean ± SD. One-way
ANOVA was used for statistical analysis to compare values among all
groups, followed by the Student-Newman-Keuls Q test and Dunnett's T3
test to measure the differences between any two groups. Data were
analyzed using SPSS 21.0 software. Non-parameter rank test was used
for the lung injury scores, and Kaplan-Meier method was used for the
comparisons of survival rates. P-values< .05 were considered to be
statistically significant.

3. Results

3.1. CB2 activation protected against sepsis-induced ALI in mice

Male mice were randomly divided into six groups: sham, HU308
alone (HU308), AM630 alone (AM630), CLP, CLP treated with HU308
(CLP + HU308), and CLP treated with AM630 (CLP + AM630). In
CLP + HU308 and CLP + AM630 group, mice were intraperitoneally
injected with 2.5 mg/kg HU308 or AM630 at 15 min after the CLP
procedure. An equal volume of saline was intraperitoneally injected in
sham and CLP group. In HU308 and AM630 group, mice were in-
traperitoneally injected with 2.5 mg/kg HU308 or AM630 at 15 min
after sham procedure. Then mice were killed at 12 h after surgery, and
lung injury scores were examined as mentioned above.

Compared with sham group, there were no differences in HU308
and AM630 groups. The alveolar edema, lung hemorrhage, necrosis and
the inflammatory cells infiltration were aggravated in CLP group. As
shown in Fig. 1A, the lung injury induced by CLP was attenuated sig-
nificantly in HU308-treated mice, as evidenced by reduced alveolar
edema, less inflammatory cell infiltration, and lower levels of lung
hemorrhage and necrosis in the lungs, while AM630 has no effect.

Another sixty mice were randomly assigned to six equal groups to
observe survival status during 96 h after CLP. The cumulative survival
curve was depicted using the Kaplan-Meier method. Administration of
HU308 and AM630 alone after sham surgery both revealed 100% sur-
vival rates the same as sham group (Fig. 1B). Post-administration of
HU308 conferred significant protection from sepsis, while AM630 has
no effect on the survival rates of mice compared with CLP-treated mice.

PaO2/FiO2 (oxygenation index), was measured as an index of lung
injury when its value was less than or equal to 300 mmHg. As shown in
Fig. 1C, compared with sham group, there were no significant differ-
ences in HU308 and AM630 alone groups, while oxygenation index was
obviously decreased at 12 h post-CLP. Compared with CLP group, post-
administration of HU308 could improve oxygenation index, while
AM630 has no effect.

3.2. The effects of autophagy in attenuating CLP-induced inflammatory
response by CB2 activation in model mice

As CB2 inhibition by AM630 showed no impact on ALI in our mice
model, we used only the agonist HU308 in the subsequent experiments.
Then mice were randomly divided into four groups: sham, CLP alone
(CLP), CLP treated with HU308 (CLP + HU308), and CLP treated with
HU308 plus 3-MA (CLP + HU308 + 3-MA). In CLP + HU308 + 3-MA
group, mice were intraperitoneally injected with 10 mg/kg 3-MA at
15 min after the CLP procedure, and injected with 2.5 mg/kg HU308 at
15 min after the 3-MA injection.

The expression of CB2, TNF-α, IL-18 and IL-1βmRNA in lung tissues
increased during sepsis-induced ALI. HU308 were shown to play a
protective role in sepsis-induced ALI through specifically activation of
CB2 by inhibiting inflammatory release in lung tissues (Fig. 2A-D).

Next, we evaluated whether CB2 activation could modulate autop-
hagy proteins in the context of the CLP model. Western blot, im-
munofluorescence analysis and immunohistochemical staining showed
the expressions of autophagy associated proteins Atg5, LC3B-II/LC3B-I
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ratio and Beclin1 in the lungs were further increased, and the expres-
sion of p62 was further decreased, as well as the integration of LC3B
with LAMP-2 was enhanced after HU308 treatment in comparison with
that in CLP group (Fig. 2E-J).

We hypothesized that the enhancement of autophagy was re-
sponsible for the protective effects of CB2 activation in attenuating the
release of inflammatory cytokines after CLP-induced sepsis. To test this
hypothesis, we used autophagy inhibitor 3-MA to block autophagic
activities as demonstrated by attenuation of Atg5, LC3B-II/LC3B-I ratio
and Beclin1 expressions as well as enhancement of p62 expression and
the integration of LC3B with LAMP-2. We found that the protective
effects of CB2 activation against CLP-induced inflammatory responses
were constrained by 3-MA treatment.

3.3. Activate CB2 attenuated cell injury in LPS-stimulated RAW264.7
macrophages

As macrophages were the most typical cells in inflammation, we
chose RAW264.7 for the subsequent studies.

RAW264.7 macrophages were divided into six groups: control,
HU308 alone, 3-MA alone, LPS, LPS + HU308, and LPS + HU308 + 3-
MA. Cells were treated with 1 μg/ml LPS (Sigma, USA) for 15 min in
LPS group, LPS + HU308 group and LPS + HU308 + 3-MA group. In
LPS + HU308 + 3-MA group, cells were treated with 3-MA (10 mM)
for 15 min, then added with HU308 (10 μM). In LPS + HU308 group,
cells were treated with HU308 (10 μM). An equal volume of medium
was added in control group.

Mitochondrial succinate dehydrogenase in living cells could convert
MTT into visible formazan crystals during incubation. The formazan
crystals were then solubilized in DMSO. These reactions do not occur in
dead cells. Thus absorbance represents the number of surviving cells. As
shown in Fig. 3A, HU308 or 3-MA alone exerted no cytotoxic effect on
cell survival, and cell survival significantly decreased after LPS chal-
lenge. Compared with LPS group, cell survival significantly increased in
LPS + HU308 group. However, the increase was diminished in
LPS + HU308 + 3-MA group.

The level of LDH is a pathological manifestation associated with cell
death. As shown in Fig. 3B, after 24 h, an increase in LDH level was
detected after 1 μg/ml LPS stimulation compared with control group.
Compared with LPS group, there was a measurable decrease in

LPS + HU308 group. However, the decrease was disappeared in
LPS + HU308 + 3-MA group.

3.4. The effects of autophagy in attenuating LPS-induced inflammatory
response by CB2 activation in RAW264.7 macrophages

We investigated the contribution of CB2 on LPS-induced in-
flammation. RAW264.7 macrophages were divided into four groups:
control, LPS, LPS + HU308, and LPS + HU308 + 3-MA.

LPS increased the levels of CB2, TNF-α, IL-18, and IL-1β, as well as
NLRP3 expressions (Fig. 4A-D). As compared to LPS group, CB2 acti-
vation displayed anti-inflammatory response, as reflected by lower
expression of pro-inflammatory factors. Meanwhile, we also evaluated
the effect of CB2 on autophagic activities shown as Atg5, Atg7, LC3B,
Beclin1 and p62 expressions and the ratio of LC3B-II/LC3B-I, indicating
that CB2 activation could increase autophagy in vitro (Fig. 4E-G).

Similarly, to confirm whether the protective effects of CB2 activa-
tion were involved in attenuating the release of inflammatory cytokines
by regulating autophagy, we used autophagy inhibitor 3-MA and ob-
served its effectiveness in LPS-stimulated RAW264.7 macrophages. As
shown in Fig. 4, 3-MA treatment dismissed the effort of HU308 in de-
creasing of inflammatory mediator levels.

4. Discussion

In this study, we have demonstrated the protective effect of CB2
activation against sepsis using a mouse model of CLP and LPS-stimu-
lated macrophages. Our findings focused on the potential of CB2 as a
new therapeutic target for sepsis. Activation of CB2 attenuates the in-
flammatory reaction induce by CLP and LPS, in part, through the en-
hancement of autophagy.

CB2 as a G-protein coupled receptor, have been implicated in pro-
gression of clinical diseases such as sepsis and acute kidney injury
[22,23]. CB2 activation is immunosuppressive, which might be bene-
ficial during the hyper-inflammatory phase of sepsis [24]. Studies have
shown that CB2 can inhibit inflammation, and the major actions may be
related to the modulation of the endothelial inflammatory activation
[25], inhibition of monocyte migration [26], inhibition of in-
flammatory proliferation and migration of vascular smooth muscle cells
[27], and down-regulation of T cell activation levels [28]. Lehmann C

Fig. 1. CB2 activation ameliorates CLP-induced ALI
in mice.
All of these mice were sacrificed at 12 h after dif-
ferent treatment and lung tissue sections were made
and stained with hematoxylin and eosin. (A)
Representative photographs (×200) were shown
and the severity of histopathological changes in the
lung tissues was scored by observing the morpholo-
gical structure (n = 3–5).Scale bars, 200 μm. (B) The
survival rates were monitored for 96 h in each group
(n = 10). Values are shown as survival percentage.
(C) Oxygenation index (PaO2/FiO2) in each group
was measured as an index of lung injury (n = 8–10).
⁎P<0.05 versus Sham group; #P<0.05 versus CLP
group. CB2: Cannabinoid receptor 2; CLP: cecal li-
gation puncture.
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Fig. 2. The protective effects of CB2 activation against CLP-induced inflammatory responses were constrained by inhibition of autophagy in mice.
All of these mice were sacrificed at 12 h after different treatment and lung tissue was collected for detecting inflammatory factors and autophagy-related indicators.
(A) The expression of CB2 mRNA was up-regulated after CLP administration. (B-D) The expression of TNF-α, IL-18 and IL-1βmRNA was measured by qRT-PCR. (E-H)
The level of autophagy-associated protein LC3B, Beclin1 and p62 was measured by Western blot analysis. (I) Atg5 was measured by immunohistochemical staining
and positive rate of Atg5 was shown. Magnification: 20×, Scale bar: 100 μm. (J) Integration of LC3B with LAMP-2 was measured by immunofluorescence double
staining. Magnification: 40×, Scale bar: 20 μm. Data are represented as mean ± SD (n = 3–5), ⁎P<0.05 versus Sham group; #P<0.05 versus CLP group; &

P<0.05 versus CLP + HU308 group. CB2: Cannabinoid receptor 2; CLP: cecal ligation puncture.
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et al. found that CB2 expression was upregulated during sepsis and CB2
activation could reduce intestinal leukocyte recruitment and systemic
inflammatory mediator release [29]. Similarly, our results also showed
that CLP or LPS exposure increased the expression levels of CB2 mRNA.
Simultaneously, activating CB2 with HU308 significantly alleviated
lung injury and improved survival status in septic mice. Consistently,
HU308 treatment resulted in significant decreasing in pro-in-
flammatory mediator (TNF-α, IL-18 and IL-1β) levels following CLP
exposure, demonstrating that CB2 activation exerted a protective role
through inhibiting pro-inflammatory mediator generation.

Autophagy, a major intracellular digestion system, is important in
innate immunity, as it is responsible for the clearance of various pa-
thogens [30]. Autophagy is also a complicated biological process in-
volving multiple steps, each of which is coordinated by specific genes,
such as Beclin-1, autophagy-related gene 5 (Atg5) and microtubule-
associated proteins light chain 3B (LC3B) [31]. There are growing
evidences that autophagy is critical for the control of inflammatory
responses. Previous study indicated that LPS-induced sepsis could sti-
mulate the increasing of autophagy protein LC3B in kidney tissues [32];
moreover, impaired autophagy may contribute to neuromuscular dys-
function in CLP-induced sepsis [18]. Consistent of these results, our
results also showed that there were significant increases in the autop-
hagy-related genes Atg5, LC3B, Beclin1 and decrease in p62 expression
after ALI induced by CLP operation. This study indicated that autop-
hagy is potentially involved in inflammation during sepsis-induced ALI.

As CB2 inhibition by AM630 showed no impact on ALI in our model,
we used only the agonist HU308 in the subsequent experiments. To
clarify the relationship between CB2 activation and autophagy in
sepsis, we determined the autophagy status in CLP-treated mice with
HU308, and found that HU308 could increase the expressions of au-
tophagy-related genes. To explore the role of autophagy in CB2 pro-
tection against sepsis, we further used autophagy inhibitor 3-MA.
Blocking autophagy by 3-MA dismissed the effort of HU308 in reducing
inflammatory mediator release.

Utilizing CB2 as pharmacological targets to modulate the autop-
hagic activity is a promising strategy for the treatment of different
patho-physiological conditions and diseases [33]. Accumulating evi-
dences link activation of CB2 to inflammation via the regulation of
autophagy. For example, knocking out CB2 led to a detrimental effect
by decreasing the level of autophagy in heart issues from myocardial
infarction mice [34]. Another study showed that activating CB2 by
HU308 improved cardiac function through enhancing the level of au-
tophagy in the heart tissues from diabetic cardiomyopathy mice [35].
In keeping with these results, our study also found a significant re-
duction of the inflammatory mediator production in CLP + HU308
mice. Furthermore, we also observed that the beneficial effects of CB2
agonists could be attenuated by the reduction or inhibition of

autophagy. Several groups have shown that blockade of autophagy
attenuated the protective effects of HU308 on different diseases
[36,37]. In support of this hypothesis, our data also provided evidence
that HU308 suppressed the expression of inflammatory mediators via
autophagy induction, suggesting that autophagy induction contributes
to the modulation of inflammatory responses by CB2 activation.

The NOD-like receptor family (NLR) protein NLRP3 is an in-
tracellular signaling molecule, whose activation is implicated in the
inflammatory process in ALI, by cleavage of downstream secretion of
mature IL-1β and IL-18 [38,39]. Mechanistically, we identify NLRP3 as
the mediator of autophagy increased by CB2. In order to test this hy-
pothesis, we then used LPS-stimulated macrophages in our vitro study.
Activating CB2 with HU308 inhibited NLRP3 expressions and sub-
sequent IL-1β and IL-18 release under LPS stimulation, while inhibition
of autophagy by 3-MA enhanced NLRP3 expressions in macrophage. It
has been reported that electro acupuncture could inhibit the activation
of NLRP3 inflammasome through stimulating CB2, which suggest a
signaling pathway between CB2 and NLRP3 (36). Our study also
showed that inhibiting NLRP3 may be involved in the inhibitory effect
of inflammatory responses by autophagy induction through CB2 acti-
vation.

In consistent with the results of in vivo CLP-induced ALI model, CB2
activation resulted in significant increasing autophagy, which could
inhibit the release of TNF-α, IL-18 and IL-1β in our in vitro model.
Furthermore, decreases in inflammatory response caused by CB2 acti-
vation were aggravated with 3-MA treatment.

In summary, in this study we found that CB2 activation has a pro-
tective effect in a model of CLP-induced sepsis. CB2 activation increases
the survival of mice and improves ALI induced by CLP through en-
hancement of autophagy. Moreover, the present study highlights au-
tophagy as a major signaling pathway in the anti-inflammatory effect of
CB2 in CLP-induced sepsis and LPS-stimulated macrophages. However,
given the importance of inflammasome activation in sepsis, further
mechanistic studies are warranted to investigate the molecular me-
chanism of autophagy in NLRP3 inflammasome activation.
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