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Abstract: Objective: To investigate the effect of peritoneal macrophage autophagy on immune function in sepsis 
mice. Methods: Seventy-two male BALB/C mice were intraperitoneally injected with LPS to induce sepsis. The mice 
were randomly divided into six groups: LPS+2 h, LPS+6 h, LPS+12 h, LPS+24 h and LPS+36 h. LPS with a dose of 
10 mg/kg was intraperitoneally injected into the abdominal cavity of the sepsis mice, and the control group was 
injected with the same dose of saline. ELISA was used to detect the concentrations of inflammatory factors IL-2, 
IL-10 and TNF-α in the peripheral blood, and the CD4+T/CD8+T ratio in the peripheral blood was detected by flow 
cytometry. The expression levels of LC3II and Beclin-1/beta-action in the mouse macrophages were measured 
using Western blot to determine the level of autophagy. Results: The expression levels of LC3II and Beclin-1 were 
significantly higher in the peritoneal macrophages of the mice from the LPS+2 h group than in those of the mice 
from the normal group (p<0.05). Meanwhile, these levels continuously declined in the LPS+6 h, LPS+12 h, LPS+24 
h and LPS+36 h groups (P<0.05). The peripheral blood CD4+T/CD8+T cell ratio was significantly higher in the 
LPS+2 h and LPS+6 h groups than in the normal group (p<0.05). The ratio peaked at 6 h and then continuously 
declined (P<0.05). Furthermore, the concentrations of IL-2 and Tnf-α were significantly higher in the peripheral 
blood serum of the LPS+2 h, LPS+6 h and LPS+12 h groups than in those of the normal group (p<0.05). The peak 
was observed at 12 h followed by a continuous decline in the LPS+24 h and 3 LPS+6 h groups (p<0.05). The 
peripheral serum IL-10 concentration was significantly higher in the LPS+2 h, LPS+6 h, LPS+12 h, LPS+24 h and 
LPS+36 h groups than in the normal group (p<0.05). In the LPS+6 h, LPS+12 h, LPS+24 h and LPS+36 h groups, 
the peritoneal macrophages LC3II, Beclin-1 and peripheral serum CD+4T/CD+8T ratio correlation index R2=0.716 
(P=0.043), R2=0.954 (P=0.023). Conclusion: Autophagy in peritoneal macrophages plays an important role in the 
immune function of sepsis mice. In addition, the autophagy of peritoneal macrophages and the immune function 
of sepsis mice are strongly correlated. Furthermore, macrophage autophagy plays an important role in the immune 
function changes in sepsis mice, and the underlying mechanism may be involved in inflammation and macrophage 
antigen presentation by regulating the secretion of inflammatory cytokines and lymphocyte apoptosis antagonism.
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Introduction

Sepsis is a complex clinical syndrome charac-
terised by sepsis shock and organ dysfunction. 
The occurrence of sepsis is closely related to 
immune function disorder, which induces ex- 
cessive inflammatory response accompanied 
by low immune function [1]. Immune cell apop-
tosis is the main cause of immunosuppression 
in sepsis development and immunosuppres-

sion prevents the immune system from control-
ling primary and secondary infections, leading 
to death [2]. As an important part of the im- 
mune system macrophages play various roles 
in infection control and pathogen identification 
these cells also assist the antigen-present- 
ing function, release of inflammatory cytokines 
and activation of the specific immune system 
[3]. Autophagy is activated in sepsis, and mac-
rophage heterophagy way not only through the 
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clearance of apoptotic lymphocytes, but also 
through the autophagy pathway, macrophage 
autophagy has direct and indirect participa-
tions in the removal of apoptotic lymphocytes 
[4, 5]. The present study uses a mouse model 
of LPS-induced sepsis to investigate the ef- 
fect of peritoneal macrophage autophagy on 
the immune function of sepsis mice, elucidate 
the mechanisms underlying the occurrence 
and development of sepsis and provide a th- 
eoretical basis for sepsis treatment. 

Materials and methods

Materials

Laboratory animals and materials

Animal origin and management: Clean-grade 
BALB/c mice, aged 6-8 weeks, with a body 
mass (of 200 ± 10) g, were purchased from 
Xinjiang Medical University (experimental ani-
mal production license No. XJYK (New) 0011, 
2011). Randomisation of the groups was con-
ducted before the operation. The mice were 
housed in a special cage with 12 randomly 
selected rats per cage. 

Main reagent: IL-2 was purchased from Shang- 
hai West Tang Company. IL-10 and TNF-α were 
obtained from Cloud-Clone Corp. LC3B and 
Beclin-1 were procured from CST. LPS, RIPA 
and PMSF were purchased from Sigma Com- 
pany.

Animal grouping

Seventy-two rats were randomly divided into 
the LPS+2 h, LPS+6 h, LPS+12 h, LPS+24 h, 
LPS+36 h and normal control groups.

Processing methods

The mice were fasted for 12 h and allowed 
access to drinking water before the experi- 
ment.

Normal group: The normal control group was 
injected with the same dose of normal saline.

Sepsis group: The abdomen of the experimen-
tal mouse group was intraperitoneally injected 
with LPS at a dose of 10 mg/kg. The mice were 
divided into the LPS+2 h, LPS+6 h, LPS+12 h, 
LPS+24 h and LPS+36 h groups, and each 
mouse was injected with LPS solution with a 
volume of about 180-250 µL.

Sepsis group: Experimental group of mouse 
abdominal line LPS.

Model preparation

LPS (10 mg/kg) was intraperitoneally adminis-
tered, and the control group received the same 
amount of normal saline. After LPS injection, 
the animals were observed for malaise, diar-
rhoea, piloerection, incontinence and eating 
drinking activities.

Specimen collection

The mice were sacrificed by draining the orbital 
vein blood.

Methods

ELISA of peripheral blood to detect the inflam-
matory factors secreted in sepsis mice

Blood was removed from the eyes of the sepsis 
mice using ophthalmic forceps. The peripheral 
blood obtained was placed in an EP tube, cen-
trifuged (12,000 × g, 10 min) and then stored in 
a refrigerator at 70°C for further use. ELISA was 
used to detect the inflammatory factors in each 
group.

Flow cytometry to detect the CD4+T/CD8+T 
ratio in the peripheral blood of sepsis mice

Peripheral blood T cell subsets of the blood 
samples were collected in sterile EDTA contain-
ing blood vessels and then added with FITC-
CD4+T and PE-CD8+T. The expression levels of 
CD4+T and CD8+T were detected using flow 
cytometry.

Extraction of peritoneal macrophages from 
different groups of sepsis mice

The mice were killed by cervical dislocation, 
submerged in 75% ethanol for 3 min, placed in 
a sterile paper and then fixed in supine position 
after collecting peritoneal macrophages.

(1) The abdominal skin was removed, and the 
peritoneum was exposed. A 5 mL aliquot of  
pre-cold serum-free medium was injected into 
the abdominal cavity. The abdomen was gently 
massaged for 5 min after the slow return to the 
peritoneal lavage fluid. The above operation 
was repeated two times with about 10-15 mL  
in a liquid suction centrifugal tube.
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(2) The 300 g/min samples were centrifuged 
for 5 min, and the upper suspension was dis-
carded. Culture medium with RPMI-1640 (10% 
foetal bovine serum).

(3) The liquid was cleared of the suspension 
cells to adjust the cell density to 5 × 10^5/mL 
after inoculation in the six-well plate that was 
cultured overnight.

(4) High-purity peritoneal macrophages were 
obtained.

Western blot detection of the expression of 
LC3-II and Beclin-1 in each group of mice to 
detect the autophagy level

After reaching the boiling point in 12% sodium 
dodecyl sulphate, the total protein of the sep- 
sis mouse peritoneal macrophages was extra- 
cted. The protein was subjected to polyacryla-

Results

Basic situation of mice

Normal control mice were in good general con-
dition. The LPS-treated group exhibited poor 
mental response, shortness of breath, vertical 
hair, body temperature, decreased muscle 
tone, incontinence and other performances.

Peripheral serum inflammatory mediator ex-
pression

The peripheral serum IL-2 and Tnf-α concentra-
tions were significantly higher in the LPS+2 h, 
LPS+12 h and LPS+6 h groups than in the nor-
mal group (p<0.05). The concentrations peak- 
ed in the LPS+12 h group and then continued 
to decline in the LPS+24 h and 36 h groups 
(p<0.05) (Figures 1, 3). The serum IL-10 con-
centration significantly elevated in the LPS+ 

Figure 1. Expression of IL-2 in the peripheral blood of each group. Note: 
*compared with the normal group p<0.05.

Figure 2. Expression of IL-10 in the peripheral blood of each group. Note: 
*compared with the normal group p<0.05.

mide gel electrophoresis, ele- 
ctrotransferred to a PVDF 
membrane and then incubat-
ed with anti-LC3 antibody 
(1:1000) and two goat anti-
rabbit antibodies (1:20000). 
After washing with TBST, the 
specimens were subjected  
to anti-chemiluminescence, 
exposed to a dark room and 
then developed. The film was 
fixed and then subjected to  
a gel imaging system. The 
amount of autophagosomes 
and the expression of LC3II 
are proportional to the calcu-
lated LC3 II/beta-actin LC3II 
expression that represent the 
absorbance ratio.

Statistical analysis

SPSS 19 software was used 
for data analysis. Data are 
presented as mean ± S.D. 
Different time points were 
compared through single- 
factor ANOVA, and the two 
groups were compared by 
using t test and curve fitting 
regression analysis. Differen- 
ces at P<0.05 were statisti-
cally significant.
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2 h, LPS+6 h, LPS+12 h, LPS+24 h and LPS+ 
36 h groups compared with the normal group 
(p<0.05) (Figure 2).

Peripheral serum CD4+T/CD8+T cell ratio

The peripheral blood CD4+T/CD8+T cell ratio 
was significantly higher in the LPS+2 h and 
LPS+6 h groups than in the normal group 
(p<0.05). This ratio peaked in the LPS+6 h 
group and then continued to decline (P<0.05) 
(Figures 4, 5).

Autophagy level in the peritoneal macrophages 
of sepsis mice

The expression of Beclin-1 in the peritoneal 
macrophages of mice LC3II significantly incre- 
ased in the LPS+2 h group compared with that 

cells, IL-2 is involved in cellular immunity and 
stimulates the proliferation and differentiation 
of CD8+T cells. IL-10 is an indicator of cytokines 
in type-Th2 cells; its activation stimulates B 
cells and promotes CD4+T cells to differenti- 
ate into Th2 cells. The regulation of Th1-type/
Th2 cytokine balance is conducive to the sta- 
bility of the body immune system [8]. T cells are 
the most important regulatory components in 
cellular immunity; these cells contribute to the 
up- and down-regulation of immune response. 
Peripheral mature T cells are divided into CD4+ 
helper T cells and CD8+ cytotoxic T cells. CD4+T 
cells often assist B cells to differentiate and 
produce antibodies that are involved in the pro-
motion of cell-mediated immune responses. 
CD8+T cells kill and inhibit, and the ratio of 
CD4+T/CD8+T is used to evaluate the immune 

Figure 3. Expression of Tnf-α in the peripheral serum of each group. Note: 
*compared with the normal group p<0.05.

Figure 4. CD4+T/CD8+T cell ratio in the peripheral serum of each group. 
Note: *compared with the normal group p<0.05.

in the normal group (p<0.05). 
The expression continued to 
decline in the LPS+6 h, LPS+ 
12 h, LPS+24 h and LPS+ 
36 h groups (p<0.05) (Figure 
6). The LC3II, Beclin-1 and 
peripheral serum CD+4T/CD+ 
8T ratio (Figure 4) in the peri-
toneal macrophages have a 
correlation index of R2=0.716 
(P=0.043) and R2=0.954 in 
the LPS+6 h, LPS+12 h, LPS+ 
24 h and LPS+36 h groups 
(P=0.023). 

Discussion

Many mechanisms are invol- 
ved in the development of 
immune paralysis in sepsis,  
in which lymphocyte dysfunc-
tion plays an important role. 
The development of sepsis is 
accompanied by inflammato-
ry reaction. Early in the main 
inflammatory reaction, TNF-α, 
IL-2, IL-4, IL-10 and other cy- 
tokines induce the apoptosis 
of lymphocytes in the blood. 
High rates of lymphocyte pro-
liferation and apoptosis sh- 
ow immunity to helper type  
T2 cell reaction and Th1/Th2 
drift, rendering the body im- 
mune to paralysis [6, 7]. As  
an important cytokine of Thl 
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status of the body. The value of the positive 
regulation of the immune response is domi- 
nant [9]. The immune response is enhanced by 
regulating the Th1/Th2 balance in the periph-
eral blood and increasing the CD4+T/CD8+T 
ratio. The balance changes of Thl/Th2 reflect 
the imbalance of SIRS/CARS (compensatory 
anti-inflammatory response syndrome) and the 
immune function of the body [10].

The immune response function in sepsis state 
of T lymphocytes on pathogenic microorgan-
isms decreased, the cell factor including IL-2 
secretion decreased, due to a large number  
of apoptotic CD4+T lymphocytes, T cells de- 
creased in number, to further reduce the se- 
cretion of IL-2, IL-2 levels in peripheral blood 
decreased, decreased the level of IL-2 and fur-
ther makes the activation and proliferation of T 
cells disorder that exacerbated the occurrence 

of immunosuppression [11, 12]. The growth 
and decline of CD4+T and CD8+T are closely 
related to the direction and degree of inflam-
mation/inflammation inhibition [13]. The early 
stage of sepsis is characterised by the expres-
sion of TNF-α and IL-2 pro-inflammatory cyto- 
kines, particularly the explosive release of pro-
inflammatory response. As the disease pro-
gresses, the inflammatory reaction is gradually 
replaced by the early inflammatory response, 
which includes reduced TNF-α and IL-2 levels 
and elevated IL-10 levels. These phenomena 
inhibit the secretion of macrophage TNF-α and 
the expression of macrophage and T cell cos- 
timulatory molecules. Therefore, in the late 
stage of sepsis, the elevated IL-10 levels are 
associated with immunosuppression [14, 15].

The autophagy of macrophages is involved in 
the normal growth and development of cells 

Figure 5. Flow cytometry of CD4+T and CD8+T in the peripheral blood of each group.
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and in the physiological and pathological pro-
cesses. Autophagy plays an important role in 
the development of neurodegenerative dise- 
ases, tumours, cardiomyopathy and infectious 
diseases. Autophagy is involved in catabolic 
processes and mainly functions in the recycl- 
ing of intracellular macromolecules and the 
removal of damaged organelles and intracellu-
lar pathogens; thus, autophagy maintains cell 
homeostasis, ensures cell energy supply and 
exerts a cell protective effect [16, 17]. In ad- 
dition, autophagy assists antigen-presenting 
cells for antigen presentation, confers resist-
ance to intracellular bacterial and viral infec-
tions, stimulates innate and acquired immune 
responses and maintains immunity to steady-
state yeast [18, 19].

The mice were injected with LPS to establish  
a sepsis model. The CD4+T/CD8+T cell ratio 
increased in the LPS+2 h group and peaked in 
the LPS+6 h group. The immune response was 
up-regulated and then continued to decline. 

The peripheral serum levels of TNF-α and IL-2 
increased, peaked at 12 h, and then declined 
thereafter. The explosive release of pro-inflam-
matory response is the main characteristic of 
immunity state in hyperthyroidism. The immu- 
ne response was reduced, the CD4+T/CD8+T 
ratio decreased, the Th1/Th2 drift persistently 
increased and the expression of IL-10, TNF-α 
and IL-2 continued to decline. The performance 
and anti-inflammatory reaction of lymphocyte 
apoptosis were significantly induced, which ren- 
dered the body immune to paralysis. Macro- 
phage autophagy was activated in the sepsis 
model mice at 2 h. At 6 h, the autophagy level 
continued to decline; the immune response of 
the sepsis mice was reduced. The effects of 
macrophage phagocytosis, antigen presenta-
tion, secretion of inflammatory cytokines and 
removal of apoptotic lymphocyte function are 
due to the up- and down-regulation of mac-
rophage autophagy in the abdominal cavity, 
thereby affecting the immune function. Auto- 
phagy also maintains T lymphocyte homeosta-

Figure 6. A. Expression levels of the autophagy-related protein LC3II and Beclin-1 in the peritoneal macrophages 
of each group. b. Expression levels of the autophagy-related protein LC3II in the peritoneal macrophages of each 
group. Note: *compared with the normal group p<0.05. c. Expression levels of the autophagy-related protein Be-
clin-1 in the peritoneal macrophages of each group. Note: *compared with the normal group p<0.05.
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sis and promotes T cell differentiation and mat-
uration. Autophagy defects lead to apoptosis. 
The lack of autophagy-related proteins Atg5 
and Atg7 leads to the development of CD4+ 
and CD8+T lymphocyte maturation disorder 
and significantly increases the apoptosis rate 
in peripheral lymphoid organs [20, 21].

The protective role of autophagy against vari-
ous pathophysiological conditions may be relat-
ed to its regulatory effect on lymphocyte apop-
tosis [22]. Studies have shown that the pro- 
tective mechanism of autophagy is associated 
with the inhibition of apoptosis [23]. Some  
common upstream regulatory factors are acti-
vated during autophagy and apoptosis to main-
tain dynamic balance [24, 25]. Macrophages 
are the major effector cells of innate immune 
responses and are also the hub of innate and 
adaptive immunities. Macrophage phagocyto-
sis involves antigen presenting and secretion of 
various cytokines in senescent cells. This pro-
cess removes pathogens, causes inflamma-
tion, induces adaptive immune response and 
tissue damage repair and reconstruction [25]. 

Conclusions

(1) The autophagy of peritoneal macrophages 
protects immune function in sepsis mice. (2) 
The autophagy of peritoneal macrophages is 
strongly dependent on immune function. (3) 
The autophagy of peritoneal macrophages 
plays an important role in the changes of im- 
mune function in sepsis mice. Its underlying 
mechanism may involve inflammation and mac-
rophage antigen presentation, regulation of the 
secretion of inflammatory cytokines and lym-
phocyte apoptosis antagonism.
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