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The study aimed to explore the impact and potential mechanism
of Porphyromonas gingivalis lipopolysaccharide (LPS-PG) on
esophageal squamous cell carcinoma (ESCC) cell behavior. ESCC
cells from the Shanghai Cell Bank were used, and TLR4, MYD88,
and JNK interference vectors were constructed using adenovirus.
The cells were divided into six groups: Control, Model, Model +
radiotherapy + LPS-PG, Model + radiotherapy + 3-MA, Model +
radiotherapy + LPS-PG + 3-MA, and Model + radiotherapy. Various
radiation doses were applied to determine the optimal dose, and
a radioresistant ESCC cell model was established and verified.
CCK8 assay measured cell proliferation, flow cytometry and
Hoechst 33258 assay assessed apoptosis, and acridine orange
fluorescence staining tested autophagy. Western blot analyzed
the expression of LC3II, ATG7, P62, and p-ULK1. Initially, CCK8 and
acridine orange fluorescence staining identified optimal LPS-PG
intervention conditions. Results revealed that 10 ng/ml LPS-PG for
12 h was optimal. LPS-PG increased autophagy activity, while 3-MA
decreased it. LPS-PG + 3-MA group exhibited reduced autophagy.
LPS-PG promoted proliferation and autophagy, inhibiting apoptosis
in radioresistant ESCCs. LPS-PG regulated TLR4/MYD88/JNK
pathway, enhancing ESCC autophagy, proliferation, and radio‐
resistance. In conclusion, LPS-PG, through the TLR4/MYD88/JNK
pathway, promotes ESCC proliferation, inhibits apoptosis, and
enhances radioresistance by inducing autophagy.
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E sophageal cancer (EC) is the second most common tumor of
digestive tract in the world. About 300,000 people die of EC

every year in the world, which is one of the main tumor types
threatening human health.(1,2) Up to now, the incidence of EC in
China ranks the first in the world, and the mortality rate ranks the
fourth. Therefore, the prevention and treatment of EC is one of
the major public health problems that need to be solved urgently
in China.(3,4) At present, endoscopic treatment is the main treat‐
ment for EC in the early stage,(5) and surgery is the first choice
for the treatment of EC in the middle and late stage. However, as
the surgical treatment of EC requires clear indications, the
patients who can be treated with radical surgery only account for
1/4 of all EC patients.(6,7) Thus, radiotherapy is one of the main,
effective and safe treatment methods for middle-advanced EC at
present. It has a wide indication and can effectively improve the
symptoms of patients. However, due to adverse reactions such as
drug tolerance, its efficacy is seriously affected, and even leads to

radiotherapy failure. Therefore, it is of great clinical significance
to find the potential mechanism of radiotherapy tolerance in the
treatment of EC.

Studies have found that radiation can induce the increase of
autophagy activity and lead to radiation resistance in liver cancer
cells, breast cancer cells and brain glioma cells. Autophagy
plays a crucial role in adapting cells to multiple stresses,
recycling excess or damaged cellular material, quality control of
organelles, removal of protein aggregates, and destruction of
intracellular pathogens.(8) Clinicopathological studies have
shown that autophagy activity is elevated in patients with
NSCLC and is associated with worsening health status.(9)

Autophagy activation is a tumor survival strategy, through which
it can resist radiation-mediated cell damage. Inhibition of
autophagy activation leads to radiosensitivity of HNSCC cells.(10)

Autophagy plays a dual role in the response of cancer cells to
ionizing radiation. On the one hand, autophagy inhibition can
increase radiation-induced tumor cell death and inhibit tumor
growth, while reducing the survival rate of cell clonogenesis. On
the other hand, defects in autophagy can reduce the efficacy of
radiotherapy.(11) Liu et al.(12) demonstrated that autophagy flux
was accelerated after 5 consecutive 2 Gy fractions were applied
in A549 lung cancer cells. In previous studies, our research team
found that autophagy activation can promote the survival of
esophageal squamous cell carcinoma cells. The autophagy
inhibitor chloroquine combined with radiotherapy can effectively
reduce the size of esophageal squamous cell carcinoma (ESCC),
increase the apoptosis of ESCC.(13,14) Studies have found that
LPS-PG also plays an important role in ESCC,(1–3) and LPS-PG
can affect the proliferation, migration and autophagy of
ESCC,(4–6) but there are few studies on the effect and mechanism
of LPS-PG on the production of radiation resistance to ESCC.
On this basis, we conducted preliminary experiments, suggesting
that porphyromonas gingivalis can induce autophagy activation
through TLR4/MYD88/JNK pathway and promote the radio‐
resistance of ESCC.
Thus, the aim of this study was to evaluate the effect of

porphyromonas gingivalis lipopolysaccharide (LPS-PG) on
ESCCS proliferation, apoptosis and autophagy, explore the
mechanism by which LPS-PG contributes to radioresistance in
ESCCs by inducing autophagy activation, and identify the impor‐
tant role of TLR4/MyD88/JNK pathway.
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Materials and Methods

Cell culture. KYSE-150 cells were obtained from the
Shanghai Cell Bank, Chinese Academy of Sciences. The cells
were cultured in RPMI-1640 (SH30809.01B; Hyclone, Logan,
UT) supplemented with 10% fetal bovine serum (FBS, 10270-
106; Gibco, Grand Island, NE), and cultured in a 37°C constant
temperature incubator (5% CO2). The medium was replaced
every 24 h, and the cells were subcultured or cryopreserved
when the confluence reached 80~90%.

Construction of acquired radioresistant esophageal
squamous cell carcinoma cell model. KYSE-150 cells in
exponential growth stage were irradiated with 6MVX-ray using a
linear accelerator (irradiation field 10 cm × 10 cm, source-target
distance 100 cm, dose rate 200 cGy/min), and the first irradiation
was 100 cGy. After that, the cells were returned to the incubator
and cultured. When the cells grew to 90%, they were subcultured
by trypsin digestion and irradiated with 100 cGy. The above
process was repeated, and each dose of 100, 200, and 400 cGy
was irradiated 3 times, with a total of 2,100 cGy.
KYSE-150 cells were intervention with LPS-PG and auto‐

phagy inhibitor (3-MA, 6 mM) for 12 h, and respectively divided
into six groups: Control, Model (acquired radioresistant ESCC),
Model + radiotherapy + LPS-PG (tlrl-pglps; InvivoGen, Toulouse,
France), Model + radiotherapy + 3-MA, Model + radiotherapy +
LPS-PG + 3-MA, and Model + radiotherapy group.

Cell transfection. The full-length cDNA of TLR4 (GI:
194068428), MYD88 (GI: 1764714898), and JNK (GI:
1890270517) were obtained from the NCBI database. Cells
were transfected with sh-TLR4, sh-MYD88 or sh-JNK using
Lipofectamine 2000 reagent according to the manufacturer’s
instructions. 2 h before transfection, 2 μg of recombinant adeno‐
virus vector plasmid and 4 μg of skeleton plasmid pHBAd-BHG
were transfected. Diluted with 300 μl of DMEM (31985-062;
Hyclone) medium and left at room temperature for 5 min, then
dilute 15 μl Lipofectamine® RNAiMAX (11668-027; Invitrogen,
Carlsbad, CA) in 300 μl DMEM, mixed and incubated at 4°C
for 5 min. Then place the cell culture plate in a 37°C, 5% CO2
incubator for 6 h. Then, the phenomenon of cell toxicity was
observed every day. When most of the cell lesions fell off from
the bottom, the cells were collected and expanded, purified and
dialyzed, and then the cells were separated and stored at −80°C
refrigerator.

Cell counting kit-8. 3 × 103 cells were seeded in a 96-well
plate using RPMI 1640 medium containing 10% FBS and treated
for 12, 24, 48, and 72 h. To evaluate cell proliferation, 10 μl of
cell counting kit-8 (CCK-8) solution was added to each well and
the cells were cultured at 37°C for 4 h. The optical density (OD)
was measured using a microplate reader (Multiskan FC; Thermo,
Waltham, MA) at 450 nm.

Clone formation assay. 2 × 103 cells were seeded in a 6-
well plate using RPMI 1640 medium containing 10% FBS and
incubated in an incubator with 5% CO2 at 37°C. When macro‐
scopic cloning appeared in the 6-well plate, 0.25% trypsin
(T1350; solarbio, Beijing, China) was added to stop the culture.
After washing twice with PBS, 2 ml of 4% paraformaldehyde
was added and fixed at 4°C for 15 min. Then 1 ml of Reis-
Giemsa composite dye solution (G1020; solarbio) was added
for 20 min, and the plates were observed under an inverted
microscope (DMIL LED; Leica, Heidelberg, Germany).

Hoechst 33258 assay. Cells were immobilized with 4%
paraformaldehyde for 20 min and washed twice with PBS in
12-well plates. 1 ml of Hoechst 33258 dye solution was added
and the cells were stained at 4°C for 5 min. Cell morphology and
apoptosis were observed by fluorescence microscopy (DMIL
LED).

Flow cytometry. Cells in each group were cultured for 12 h
and then harvested, added in 1 ml pre-cooled PBS, and centrifuge

at 1,000 × g, cell apoptosis analyzed using flow cytometry
according to the manufacturer’s instructions (556547; BD) and
the data were analyzed by flow cytometry (Beckman Coulter,
Brea, CA).

Acridine orange fluorescene staining. Cells were immo‐
bilized with 4% paraformaldehyde for 20 min and washed twice
with PBS. AO Stain Buffer and AO Stain (DA0037; Regan,
Beijing, China) were mixed at a ratio of 19:1, and cells were
cultured in it for 15 min at room temperature. Then wash with
PBS twice, 1 min each time, and place it under an inverted
microscope for observation (DMIL LED).

Quantitative reverse transcription polymerase chain
reaction. Whole RNA of the cell samples were extracted using
Trizol reagent according to the manufacturer’s procedures, cDNA
was synthesized using reverse transcriptase kit (TAKARA, Osaka,
Japan). Quantitative reverse transcription polymerase chain reac‐
tion (qRT-PCR) was performed in Real-Time System (BIO-RAD,
Hercules, CA) by using YBR Green PCR Kit (KM4101; KAPA
Biosystems, Santiago, CA). Each qPCR reaction was performed
in duplicate. The results analysis by 2−ΔΔCt method. The primers
were designed and configured by Nanjing Kingsy Biotechnology
Co., Ltd., Nanjing, China (Table 1).

Western blot analysis. The protein from cells was extracted
and the concentration was measured by BCA protein assay
kit (Beyotime, Shanghai, China). Total protein was separated in
12% SDS-PAGE and transferred to PVDF membranes. The
membranes were blocked with a buffer containing 5% non-fat
milk in PBS with 0.05% Tween-20 for 2 h and incubated with
primary antibody used included anti-p62 antibody (1:1,000,
PAB35470; Bioswamp, Wuhan, China), anti-LC3II antibody
(1:1,000, PAB34124; Bioswamp), anti-p-ULK1 antibody (1:1,000,
ab179458; abcam), anti-ULK1 antibody (1:1,000, PAB35960;
Bioswamp), anti-ATG7 antibody (1:1,000, PAB30187; Bioswamp),
anti-TLR4 antibody (1:1,000, PAB33926; Bioswamp), anti-
MYD88 antibody (1:1,000, PAB36760; Bioswamp), anti-JNK
antibody (1:1,000, PAB30101; Bioswamp), and anti-GAPDH
antibody (1:1,000, PAB36269; Bioswamp). After three washes
with PBS/Tween 20, the membranes were incubated with
horseradish peroxidase-conjugated secondary goat anti-rabbit
IgG (1:20,000, SAB43714; Bioswamp) for 2 h at room tempera‐
ture. Protein bands were visualized by enhanced chemilumines‐
cence color detection (Tanon-5200; TANON, Shanghai, China)
and analyzed using TANON GIS software.

Data analysis and statistics. All data are presented as mean
± SD. The SPSS 19.0 software was used for statistical analyses
and the GraphPad prism 5.0 was used to draw the figures. The
data were evaluated for statistical significance using the one-way
ANOVA test. Statistical significance was established at p<0.05.

Results

Effect of LPS-PG on ESCC cell autophagy. Firstly, CCK8
and acridine orange staining were used to detect the autophagy
and proliferation ability of ESCC cells, respectively. According

Table 1. Primer sequences

Primer Sequence (5'-3')

TLR4-F AGGATGAGGACTGGGTAAGGA

TLR4-R TGCTGGGACACCACAACAAT

MYD88-F GGATGGTGGTGGTTGTCTC

MYD88-R CTTCATTGCCTTGTACTTGATG

JNK-F TGGGCTACAAGGAAAACG

JNK-R TGGGAAAAGGACATCAGG

GAPDH-F GGGAAACTGTGGCGTGAT

GAPDH-R GAGTGGGTGTCGCTGTTGA
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to the activation degree and proliferation ability of autophagy, the
optimal intervention concentration and time of LPS-PG were
screened. As shown in Fig. 1A and B, the optimal intervention
concentration of LPS-PG was 10 ng/ml and the action time was
12 h. The optimal concentration and time of LPS-PG selected in
the above experiments were then used for subsequent experi‐
ments, and the results were shown in Fig. 1C, compared with the
control group, the autophagy activity of the cells in the LPS-PG
group was significantly increased, while the autophagy activity
of the cells in the 3-MA group was decreased. Compared with
the LPS-PG group, autophagy was decreased in the LPS-PG + 3-
MA group. Autophagy related proteins p62, LC3II, p-ULK1 and
ATG7 were tested by Western blot. Compared with the control
group, the expression of LC3II and ATG7 in LPS-PG group was
significantly increased (p<0.05), while the expression of p62 and
p-ULK1 was significantly decreased (p<0.05). In 3-MA group,
the expression of LC3II and ATG7 decreased significantly
(p<0.05), while the expression of p62 and p-ULK1 increased
significantly (p<0.05). Compared with the LPS-PG group, the
expressions of LC3II and ATG7 in the LPS-PG + 3-MA group
were decreased (p<0.05), and the expressions of p62 and P-
ULK1 were increased (p<0.05) (Fig. 1D), suggesting that LPS-
PG could promote autophagy in ESCC cells.

Effect of LPS-PG on cell proliferation and autophagy of
acquired radioresistant ESCCs. In order to determine the
optimal radiation dose, we used different doses of radiation

to intervene the cells, and then detected the cell activity and
apoptosis through CCK8 and flow cytometry. The results showed
that the optimal radiation dose was 2 Gy (Fig. 2A and B). Plate
cloning experiment showed that the clone number of cells in the
2 Gy group was decreased compared with that in the control
group (p<0.05) (Fig. 2C), indicating that the acquired radioreduc‐
tive ESCC cell model was successfully constructed. Compared
with the control group, the cell proliferation of the Model group
was decreased (p<0.05). Compared with Model + radiotherapy
group, the cell proliferation of Model + radiotherapy + LPS-PG
group was increased (p<0.05), while that of Model + radio‐
therapy + 3-MA group was decreased (p<0.05). Compared with
Model + radiotherapy + LPS-PG group, the cell proliferation of
Model + radiotherapy + LPS-PG + 3-MA group was decreased
(p<0.05) (Fig. 2D). We further tested the autophagy associated
proteins and the results showed that compared with the control
group, the expressions of P62 and p-ULK1 in the Model group
were increased (p<0.05), while the expressions of LC3II and
ATG7 were decreased (p<0.05). Compared with Model + radio‐
therapy group, The expressions of LC3II and ATG7 in Model +
radiotherapy + LPS-PG group were significantly increased
(p<0.05), while the contents of P62 and p-ULK1 in Model +
radiotherapy + 3-MA group were significantly increased
(p<0.05). Compared with Model + radiotherapy + LPS-PG group,
the levels of P62 and p-ULK1 in Model + radiotherapy + LPS-
PG + 3-MA group were increased (p<0.05), while the levels of
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Fig. 1. Effect of LPS-PG on ESCC cell autophagy. (A) CCK8 was used to detect the esophageal squamous cell carcinoma cell proliferation at 12, 24,
48, and 72 h. (B, C) Autophagy was detected by acridine orange fluorescence staining at different time points (scale bar = 100 μm). (D) Western
blot analysis of LC3II, ATG7, p62, and p-ULK1 expression. *p<0.05 vs Control; #p<0.05 vs LPS-PG. n = 3.
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LC3II and ATG7 were decreased (p<0.05) (Fig. 2E). These
results suggest that LPS-PG can promote the proliferation and
autophagy of acquired radioresistent ESCCs, and inhibit their
apoptosis.

Effect of LPS-PG on TLR4/MYD88/JNK pathway. We first
constructed the interference recombinant adenovirus of TLR4,
MYD88, and JNK respectively, and then used PCR to verify the
transfection efficiency. As shown in Fig. 3A, compared with the
control group, the expression of target protein in each interfer‐
ence group was significantly decreased (p<0.05), indicating
successful transfection. Compared with the control group, the
expressions of TLR4, MYD88, and JNK in 3-MA group were
decreased (p<0.05). Compared with 3-MA group, the contents of
TLR4, MYD88, and JNK in LPS-PG + 3-MA group had no

significant differences (p>0.05) (Fig. 3B). Acridine orange
staining was used to detect whether LPS-PG played a role in
ESCC cell autophagy by regulating TLR4/MYD88/JNK
pathway. The results showed that under the precondition of
inhibiting TLR4, MYD88, and JNK activities, autophagy
increased in the LPS-PG group and LPS-PG + 3-MA group
compared with the control group (Fig. 3C). We further detected
the expression changes of LC3II, ATG7, p62, and p-ULK1 in
each group, and the results were shown in Fig. 3D. Compared
with the control group, the expression levels of LC3II and ATG7
in the LPS group and LPS-PG + 3-MA group were increased
(p<0.05), while the contents of P62 and p-ULK1 were decreased
(p<0.05), and the autophagy-related proteins in the 3-MA group
showed an opposite trend, suggesting that LPS-PG could regulate
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Fig. 2. Effect of LPS-PG on cell proliferation and autophagy of acquired radioresistant ESCCs. (A) CCK8 was used to detect the cell vitality at
different radiation dose. (B) Cell apoptosis were detected by flow cytometry at 2, 4, 6, and 8 Gy. (C) Clone formation assay was used to measure
the number of clone cells. (D) CCK8 was used to measure cell proliferation. (E) LC3II, ATG7, p62, and p-ULK1 expression was test by Western blot.
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216 doi: 10.3164/jcbn.22-138
©2024 JCBN



A

sh-TLR4

TLR4 MYD88 JNK

TLR4

MYD88

JNK

Co
nt

ro
l

sh
-T

LR
4-

1

sh
-T

LR
4-

2

sh
-T

LR
4-

3 NC

TL
R
4 

ex
pr

es
si

on
1.5

1.0

0.5

0.0

*

* *

B

D

C

TL
R
4 

ex
pr

es
si

on

1.5

1.0

0.5

0.0

* * *

Co
nt

ro
l

sh
-M

YD
88

-1

sh
-M

YD
88

-2

sh
-M

YD
88

-3 NC

M
YD

88
 e

xp
re

ss
io

n

1.5

1.0

0.5

0.0
*

* *

Co
nt

ro
l

sh
-JN

K-
1

sh
-JN

K-
2

sh
-JN

K-
3 NC

JN
K
 e

xp
re

ss
io

n

1.5

1.0

0.5

0.0
*

* *

LP
S-

PG

+3-
MA

3-
MA

LP
S-

PG

Co
nt

ro
l

P62

LC3

p-ULK1

ULK1

ATG7

GAPDH

sh-MYD88

LP
S-

PG

+3-
MA

3-
MA

LP
S-

PG

Co
nt

ro
l

sh-JNK

sh-TLR4

LP
S-

PG

+3-
MA

3-
MA

LP
S-

PG

Co
nt

ro
l

LPS-PG+3-MA
3-MA
LPS-PG
Control

LPS-PG+3-MA
3-MA
LPS-PG
Control

LPS-PG+3-MA
3-MA
LPS-PG
Control

LPS-PG+3-MA
3-MA
LPS-PG
Control

LPS-PG+3-MA3-MALPS-PGControl

P62 LC3II p-ULK1 ATG7

1.0

1.5

0.5

0.0Pr
ot

ei
n 

ex
pr

es
si

on

*

*
*

*

*
*

*

*

*

*

*
*

sh-MYD88

P62 LC3II p-ULK1 ATG7

1.0

1.5

0.5

0.0Pr
ot

ei
n 

ex
pr

es
si

on

*

*

*

*

*
*

*

*

*
*

*

*

sh-JNK

P62 LC3II p-ULK1 ATG7

1.0

1.5

0.5

0.0Pr
ot

ei
n 

ex
pr

es
si

on

*

*
*

*

*
*

*

*

*
*

*

*

Fig. 3. Effect of LPS-PG on TLR4/MYD88/JNK pathway of ESCCs. (A, B) TLR4, MYD88, and JNK mRNA were observed by RT-PCR. (C) Acridine orange
fluorescene staining was used to test cell autophagy (scale bar = 100 μm). (D) Under the premise of sh-TLR4, sh-MYD88, and sh-JNK intervention
respectively, Western blot analysis of LC3II, ATG7, p62, and p-ULK1 expression. *p<0.05 vs Control, n = 3.
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Fig. 4. Effect of LPS-PG on TLR4/MYD88/JNK pathway of acquired radioresistent ESCCs. (A) Under the premise of sh-TLR4, sh-MYD88, and sh-JNK
intervention respectively, Hoechst 33258 method was used to detect the apoptosis of cells in each group (scale bar = 100 μm). (B) Acridine orange
fluorescene staining was used to test cell autophagy (scale bar = 100 μm). (C) LC3II, ATG7, p62, and p-ULK1 expression was detected by Western
blot after intervening separately with sh-TLR4, sh-MYD88, and sh-JNK. *p<0.05 vs Control; #p<0.05 vs Model + radiotherapy, n = 3.
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the autophagy activation of ESCC cells through TLR4/MYD88/
JNK pathway. Thus, we wondered whether LPS-PG could also
regulate autophagy in acquired radioresistent ESCCs through the
TLR4/MYD88/JNK pathway. Acridine orange staining, Hoechst
33258 staining and WB staining were used to observe the
changes of cell characteristics. Compared with the control group,
cell apoptosis in the Model + radiology group was reduced.
Compared with Model + radiology group, apoptosis in Model +
radiology + LPS-PG group decreased, while the cell apoptosis in
Model + radiology + 3-MA group increased (Fig. 4A). Acridine
orange staining and WB were used to detect autophagy. The
results are shown in Fig. 4B and C. Compared with the control
group, autophagy in Model + radiotherapy group was increased,
LC3II and ATG7 contents were increased (p<0.05), and the
expression of P62 and P-ULK1 was decreased (p<0.05).
Compared with Model + radiotherapy group, cell autophagy,
LC3II and ATG7 levels were increased in LPS-PG + Model +
radiotherapy group (p<0.05). Autophagy activity in 3-MA +
Model + radiotherapy group was decreased, and the P62 and
p-ULK1 expression were significantly increased (p<0.05).

Discussion

EC has a high morbidity and mortality rate, with a 5-year
survival rate of less than 20%. ESCC and esophageal adenocarci‐
noma are more common in histopathology.(15) ESCC is caused by
the malignant differentiation of esophageal squamous epithelial
cells, and its main characteristics are the overexpression of
EGFR and cyclin D1 and the mutation of P53.(16) The poor prog‐
nosis of EC patients is mainly related to late diagnosis, frequent
metastasis and drug resistance.(17) The local recurrence and poor
local control rate of esophageal cancer are one of the main
reasons for the failure of radiotherapy for esophageal cancer, and
there are individual differences in the response of esophageal
cancer to radiotherapy, which are related to the generation of
radiation resistance. Therefore, the study of tumor radioresistance
has always been a hot topic in tumor radiotherapy.
Autophagy is a process in which self-damaged organelles and

proteins are separated in autophagic vesicles (AVs) and trans‐
ported to lysosomes for catabolism.(18) AVs fuse with lysosomes
to degrade autophagy products, produce energy and serve as
substrates for biosynthesis, which play an important role in cell
proliferation, differentiation and senescence. Autophagy has been
proved to be closely related to a variety of diseases, and its role
in tumors is very complex. Autophagy plays a tumor suppressor
role in early tumors, while in advanced tumors or anti-tumor
treatment, stress factors such as nutritional deficiency, DNA
damage and cytotoxic effects can induce autophagy and promote
the malignant progression of tumors.(19) Chen et al.(20) found that
autophagy could be induced in the same cell line by very low
doses of radiation, while it was resistant to subsequent higher
doses of radiation. Autophagy is known to be essential for
cellular homeostasis because it involves the degradation of
misfolded proteins and the removal of dysfunctional organelles
such as mitochondrial lysosomal degradation machinery. Thus, as
a stress response pathway, autophagy can confer protective
effects against external stress to promote cell survival.(21)

Numerous evidences show that autophagy is up-regulated by
chemotherapy, radiotherapy or hypoxia.(22) Cell populations with
high autophagy activity (such as hypoxic cells and stem cells)
persist in tumors, which may be one of the reasons for radioresis‐
tance of tumors. As a sorting protein of AVs, LC3 is involved in
the formation of autophagosomes. The expression level of LC3
in EC is helpful to monitor the disease progression of patients.
EC patients with high LC3 expression have an increased rate of
adverse reactions and a decreased overall survival rate after adju‐
vant chemoradiotherapy,(23) which may be caused by the accumu‐
lation of undegraded autophagosomes caused by the activation of

autophagy pathway or autophagy injury. Compared with ESCC
patients with low expression of LC3 and p53, patients with high
expression of LC3 and p53 have lower 5-year survival rate.(24)

LC3 positive signal was mainly stained in cytoplasm, and its
punctate structure aggregation was also positively correlated with
ki-67.(25) P62 is a ubiquitin binding protein involved in cell
signaling, oxidative stress and autophagy degradation. P62
promotes the turnover of polyubiquitinated protein aggregates
and is a target for the regulation of lysosomal degradation path‐
ways. P62 level in EC tumor tissues is higher than that in normal
esophageal mucosa, and the mortality of EC patients with low
P62 expression is high.(26) Therefore, in this study, we first
observed the effect of LPS-PG on autophagy of ESCC cells, and
the results showed that after LPS-PG intervention, the autophagy
activity of ESCC cells significantly increased, the expression of
LC3II and AT67 increased, and the levels of p62 and p-ULK1
decreased. We further examined the effect of LPS-PG on ESCC
cells which had become radiation-resistant. The results showed
that compared with the control group, the cells treated with LPS-
PG had increased autophagy activity, increased cell proliferation
and decreased apoptosis. Compared with the LPS-PG group, the
above situation was reversed after the simultaneous administra‐
tion of LPS-PG and 3-MA.
Inflammation is a defense response of living tissues to the

damage caused by external factors. It is a complex protective
measure used by the body’s own immune system to remove
harmful stimuli and promote tissue repair. The initiation of
inflammation in the body is mainly through pattern recognition
receptors (PRRs) to recognize relevant molecular patterns, and
then activate the defense mechanism and release inflammatory
mediators. Toll-like receptor (TLR) is one of the important
inflammatory recognition receptors, which is a very important
molecular receptor in the process of pathogen related risk factors.
TLR4, as a pattern recognition receptor, mainly functions to
mediate endogenous immunity and immune presentation, mediate
inflammatory response and participate in the expression of
inflammatory factors. It has become one of the research hotspots
in tumor immunology in recent years, and plays an important role
in inhibiting the regulation of tumor cell apoptosis. According
to the different adaptor proteins, TLR4 can regulate tumor
cell apoptosis mainly through two signaling pathways: one is
MyD88-independent signaling pathway; the other is MyD88-
dependent signaling pathway.(27,28) When the endogenous ligand
binds to TLR4, a ligand receptor complex that aggregates
MYD88 is formed, which further mediates the activation of
tumor necrosis factor receptor-related factor 6 and further
triggers downstream signal transduction. After activation of
TRAF-6, it binds to TAK1 binding protein and subsequently acti‐
vates TAK-1. Activated TAK-1 further mediates the activation of
NF-κB, p38, and JNK signaling pathways. Our previous experi‐
ments showed that autophagy inhibitors combined with radio‐
therapy could effectively promote the apoptosis of ESCC, while
LPS-PG could induce the activation of autophagy through TLR4/
MYD88/JNK pathway, and then promote the radioresistance of
ESCC. In order to further clarify the potential mechanism of
LPS-PG on ESCC cells, adenovirus corresponding to TLR4,
MYD88, and JNK were used for interference, and autophagy
inhibitor 3-MA was added for intervention. The results suggested
that LPS-PG could not only promote the autophagy activation of
ESCC cells through TLR4/MYD88/JNK signaling pathway, but
also promote the radioresistance of ESCC cells through TLR4/
MYD88/JNK pathway. These results suggest that LPS-PG
can induce autophagy activation through TLR4/MYD88/JNK
pathway and promote the radioresistance of ESCC cells. As this
study mainly focused on an exploratory study on the effects
of PG-LPS on the proliferation, apoptosis and autophagy of
acquired radiation-tolerant esophageal squamous cell cancer cells
and the possible mechanism of action, parallel cell lines were not
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selected for double verification. We will conduct further studies
in subsequent studies. In order to further confirm the PG-LPS of
radioresistance of ESCC cells role and the potential mechanism.
In this study, we only used adenovirus interference for the test,
without overexpression verification, which is also one of the
defects of this paper.

In conclusion, LPS-PG can promote cell proliferation, inhibit
cell apoptosis, promote autophagy and thus promote cell radiore‐
sistance. and its effect may be achieved by regulating the activity
of TLR4/MYD88/JNK pathway.
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