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agy of LPDCs. These events show that the 
autophagy of LPDCs is dependent on immune 
function and plays a protective role in the sep-
sis mice. However, the relationship between 
the autophagy of LPDCs and the immune func-
tion may also involve some other underlying 
mechanisms, including inflammation, lamina 
proprial barrier dysfunction [5], gut bacteria 

translocation [16], DC antigen presentation by 
regulating the secretion of inflammatory cyto-
kines [45], lymphocyte apoptosis [46] and self-
apoptosis antagonism of DCs [47] and so on.

During the maturation of DCs, the peripheral 
tissues of the contact antigen migrate into the 
secondary lymphoid organs, which are exposed 
to T cells and stimulate the immune response 
[9]. DC phagocytosis involves antigen presenta-
tion and secretion of various cytokines in 
senescent cells. The distribution of molecules 
as MHC class II (MHC-II) type is limited and 
mainly expressed in DCs, such as antigen-pre-
sented cells and sperm cells. Several activated 
cells also have MHC-II molecules. To provide 
such information outside the cell, after entering 
an organization and gobbling up by the DCs, 
pathogen fragments with MHC and alerts the T 
helper cells about the immune response [48, 
49]. We detected MHC-II in the peripheral blood 
in each phase to comprehensively assess the 
antigen presentation during inflammation and 
demonstrated that antigen presentation ability 
was weakened after 6 h (Figures 2 and 3). It 
suggests that the body’s immune response is 
increased first and then weakened in sepsis. In 
acquired immunity, we speculate that MHC-II is 
an important link that causes immunosuppres-
sion on sepsis mice.

IL-12 is an interleukin and naturally produced 
by DCs in response to antigenic stimulation. It 
is involved in the differentiation of naive T cells 
into Th1 cells and known as a T cell-stimulating 
factor because it can stimulate the growth and 
function of T cells. IL-12 stimulates the produc-
tion of TNF-α from T cells [50, 51]. We demon-
strated that IL-12 generation of DCs, which 
leads to the metastasis of Th1/Th2 to Th2, 
aggravated the immunosuppression after 6 h 
of the LPS-injection (Figure 5B). The intestinal 
DCs mainly release IL-10, inducing the Th2 
reaction to prevent the occurrence of destruc-
tive inflammation and maintain the stability of 
the intestinal environment [32]. The expression 
of IL-10, as an immunosuppressive factor, con-
tinued to increase and reach a peak at 36 h 
after the LPS injection (Figure 5A). At the same 
time, the release of cytokines in the LPDCs 
homogenate significantly changed, indicating 
that the pro-inflammatory cytokines reduced 
the generation of IL-12 and anti-inflammatory 
medium increased the secretion of IL-10. These 
reflect the level of inflammatory response in the 

Figure 7. Expression of MHC-II of the LPDCs from 
the mouse small intestine of each group. Note: *in-
dicates a significant difference compared with the 
normal group (P<0.05).

Figure 8. Expression levels of the autophagy-related 
protein LC3-II and Beclin-1 in the LPDCs from the 
mouse small intestine of each group. A. Western 
blot; B. LC3II/β-actin; C. Beclin-1/β-actin. Note: *in-
dicates a significant difference compared with the 
normal group (P<0.05).
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small intestine. High inflammatory response 
resulted in the damage to the immune cell 
function, excessive apoptosis, short survival 
cycle, and excessive activation of anti-inflam-
matory reaction in sepsis [29]. These events 
are consistent with the changes in the expres-
sion of IL-12 and IL-10, which may indicate 
whether or not the intestinal immune response 
enter immunosuppression and the Th1/Th2 
reaction is unbalanced at 6 h [52].

A study shows that sepsis leads to apoptosis 
and reduces the depletion of seplenic interdigi-
tating and follicular DCs [53]. The apoptotic 
level of LPDCs was increased in each group 
after the LPS injection (Figures 9 and 10). This 
phenomenon leads to the reduction in the num-
ber of LPDCs mainly in the late stage of sepsis. 
We also found that the peak period of autopha-
gy of LPDCs in sepsis model mice appears 

on immune cell responses in sepsis may reveal 
new therapeutic approaches for the detection 
and treatment of sepsis. Because its unpredict-
able side effects may undermine the potential 
benefits of apoptosis inhibition, we speculate 
that it is possible to restore apoptosis-autopha-
gy balance by inducing autophagy. Autophagy, 
which suppresses the apoptosis of immune 
cells, can re-engage in the host immune func-
tion and can avoid the side effects of complete-
ly inhibiting apoptosis. 

Some studies indicate that there are large 
migrations of early peripheral blood DCs to the 
intestinal tract in sepsis [14]. We speculate that 
the change trend of the number of DCs in 
peripheral blood is the opposite of that of 
LPDCs. After intraperitoneal injection of LPS, 
the number of LPDCs in the sepsis mice was 
significantly increased at 1.5 h of sepsis and 

Figure 9. Flow cytometry of apoptosis in the LPDCs from the mouse small 
intestine of each group. Note: Q1-2 is a necrotic area, Q2-2 reflects late-stage 
apoptosis, Q3-2 is a double-negative area, and Q4-2 reflects early apoptosis. 
The Q2-2 and Q4-2 quadrants in Figure 9 above reflect the apoptotic rate of 
LPDCs (Q2-2 and Q4-2 quadrants represent total apoptotic rates. From left to 
right and from top to bottom, normal control group, LPS + 1.5 h, 6 h, 12 h, 24 
h, 36 h groups). 

before the peak of apopto-
sis. With the increase in the 
number of LPDCs, the ability 
of autophagy was improved. 
It further sped up the apop-
tosis of LPDCs. With the 
development of sepsis, the 
apoptosis of LPDCs dramati-
cally decreased the number 
of LPDCs, which resulted in  
the evident decrease in the 
autophagy of LPDCs at 24 h 
(Figure 8). Accordingly, the 
apoptosis of LPDCs inhibited 
the occurrence of autopha-
gy, which eventually led to 
the death of mice. Our re- 
sults demonstrate that the 
autophagy and apoptosis of 
the LPDCs were intricately 
linked with the change in 
immune suppression [8]. In- 
hibition of the LPDC autoph-
agy results in the increased 
sensitivity of LPDCs to apop-
totic stimuli, while the in- 
creased autophagy of LPDCs 
improves the cell survival by 
inhibiting apoptosis. The bal-
ance between apoptosis and 
autophagy may influence 
cell homeostasis during sep-
sis development. The inter-
action between autophagy 
and apoptosis and the effect 
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began to decline after 12 h (Figure 11). Pro-
inflammatory response induced by LPS was 
dominant within 6 h, DCs activated the immune 
response. The immature DCs in the peripheral 
blood migrated to the intestinal tract and grad-
ually matured. The immature LPDCs swallowed 
the antigen. The intake of antigen (including in 
vitro processing) or LPS stimulation resulted in 
the differentiation of these cells into mature 
LPDCs [54]. The mature LPDCs expressed high-
er levels of MHC-II and secreted high level of 
IL-12 (Figures 5 and 7). We conclude that there 
depletion in numbers of peripheral blood DCs 

leads to the increase in the number of LPDCs. 
Meanwhile, only a small number of LPDCs was 
on apoptosis. The autophagy of LPDCs was sig-
nificantly enhanced. It plays a protective role on 
the body within 6 h. The mice gradually entered 
the sepsis immune paralysis period after 6 h, 
which leads to DCs in the peripheral blood 
depleted. So DCs that are transferred to the gut 
are reduced. The number of LPDCs decreased 
autophagy ability. In addition, the mature LP- 
DCs were also made less autophagy. And the 
apoptosis of LPDCs decreased, leading to the 
protective effect of autophagy reduced in sep-
sis, which in turn leads to sepsis body into 
immunosuppressive state quickly and further 
becomes the key cause for the death of the 
sepsis mice. Therefore, anti-immunosuppres-
sive therapy such as the supplement the num-
ber of LPDCs is important in the treatment of 
sepsis. As a major target that can regulate the 
immune system, DCs has gradually become 
one of the latest immunotherapy tools for sep-
sis. Since the attack of sepsis on the body 
greatly affects the DCs and causes immuno-
suppression, the immunotherapy for DCs in 
order to change this state is imminent. Prev- 
enting excessive maturation of DCs may pre-
vent depletion of DCs, replenish DCs, and 
reduce DC apoptosis in sepsis, and is consid-
ered to be one of the most important sepsis 
DCs immunotherapy mechanisms. Since sep-
sis is a series of severe and complex syn-
dromes, the combination of various methods 
using DCs as a target, carrier, or effector will 
treat sepsis more effectively.

In summary, we speculated that autophagy of 
DCs retards the progression of the disease, 
resulting in the loss of the deadly sepals, includ-
ing the excessive secretion of tissue inflamma-
tion and inflammation-associated cytokines. 
The peak period of autophagy of LPDCs in sep-
sis model mice is earlier than the peak period 
of peripheral blood inflammatory mediators. 
Our study also validates that autophagy of the 
LPDCs promotes apoptosis during the high 
inflammation stage of sepsis. By contrast, 
apoptosis of the LPDCs inhibited autophagy 
during the immunosuppression stage. Thus, 
autophagy and apoptosis play a dichotomous 
role in this model during the different sepsis 
period, which affects the immune dynamics. 
Hence, autophagic and apoptotic responses of 
the LPDCs during different periods of sepsis 
will be critical to the development of novel strat-

Figure 10. Apoptosis of the LPDCs from the mouse 
small intestine of each group. Note: *indicates a sig-
nificant difference compared with the normal group 
(P<0.05).

Figure 11. Effect of LPS-injection on the number of 
dendritic cells in peripheral blood of each group (A) 
and The number of LPDCs from the mouse small in-
testine in each group of mice (B). Note: *compared 
with the normal group (P<0.05).
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egies to fight this deadly disease. We appreci-
ate that the current study did not focus on the 
mechanism of the autophagy and apoptosis of 
LPDCs. The relationship between autophagy 
and apoptosis may be related to the family pro-
tein of bcl-2 and mitochondria [55]. These will 
be main focuses in our future studies.

Conclusions

(1) The level of autophagy in small intestine 
LPDCs is correlated with the immune response 
ability at different stages of sepsis. LPDCs 
autophagy plays an important role in immune 
protection of sepsis. (2) During the develop-
ment of sepsis, the autophagy and apoptosis of 
murine small intestine and murine lamina pro-
pria dendritic cells (LPDCs) are reciprocally reg-
ulated. (3) The change in autophagy and apop-
tosis of LPDCs are related to immunosuppres-
sion of sepsis.
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