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Lung Carcinoma Cells Secrete Exosomal MALAT1 
to Inhibit Dendritic Cell Phagocytosis, 
Inflammatory Response, Costimulatory Molecule 
Expression and Promote Dendritic Cell 
Autophagy via AKT/mTOR Pathway
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Objective: To investigate the potential mechanism underlying the effect of lung carcinoma 
cell-derived exosomes on dendritic cell function.
Materials and Methods: C57BL/6 (B6) mice were randomly divided into five groups: 
control, dendritic cell (DC), DC-NC, DC-siMALAT1, and siMALAT1. Tumor cell prolifera-
tion was measured by Ki-67 staining. LLC cells were divided into control, NC, and si- 
MALAT1 groups, and exosomes secreted by each group were labeled as PEX, PEXN, and 
PEX-si, respectively. Exosomes and autophagic vacuoles were observed by transmission 
electron microscopy. MALAT1 expression in LLC, A549, and Beas-2b cells was examined 
by RT-PCR. The expression of IFN-γ, IL-12, IL-10, and TGF-β was observed by Elisa assay. 
Flow cytometry was used to observe the phagocytic function of DCs, costimulatory molecule 
expression, and T cell proliferation and differentiation. The protein expression of p-AKT, 
AKT, p-mTOR, mTOR, ALIX, TSG101, and CD63 was detected by Western blot.
Results: Compared with Beas-2b cells, MALAT1 expression was significantly increased in 
both LLC and A549 cells and in their secreted exosomes, and LLC cells showed the highest 
expression of MALAT1 (P < 0.05). Tumor cell proliferation and tumor volume were 
significantly decreased in the siMALAT1 and DC-siMALAT1 groups compared to those in 
the control group. DC phagocytosis, inflammatory response, costimulatory molecule expres-
sion, and T cell proliferation in the siMALAT1 and PEX-si groups were significantly 
enhanced (P < 0.05), while DC autophagy and T cell differentiation were reduced (P < 
0.05). The levels of p-AKT, AKT, p-mTOR, and mTOR in the PEX and PEXN groups were 
increased compared with those in the control group, while those in the siMALAT1 and PEX- 
si groups were significantly decreased (P < 0.05).
Conclusion: Inhibition of MALAT1 expression in LLC-derived exosomes promoted DC 
function and T cell proliferation and suppressed DC autophagy and T cell differentiation, 
suggesting that MALAT1 inhibition may be a potential strategy for the clinical treatment of 
lung cancer.
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Plain Language Summary
1. Dendritic cells are the most powerful antigen-presenting cells in the body and have the 
ability to induce the production of specific cytotoxic T lymphocytes. LLCs secrete exosomal 
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MALAT1 to inhibit DC function and T cell proliferation, while 
promoting DC autophagy and T cell differentiation. 
2. Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) plays an important role in tumorigenesis and devel-
opment,16 and its expression is abnormally high in various 
tumors including lung cancer. In this study, we found that 
MALAT1 may be a key molecule affecting the function of 
DCs in LLCs. 3. Inhibition of MALAT1 in LLC-derived exo-
somes promoted DC phagocytosis, inflammatory response, costi-
mulatory molecule expression, and T cell proliferation but 
suppressed DC autophagy and T cell differentiation. 4. Lung 
cancer is one of the most common malignancies worldwide, 
with the highest fatality rate among all types of malignant 
tumors. Treatment methods include radiotherapy, chemotherapy, 
and surgical intervention, but their curative effect remains 
unsatisfactory. Through this study, we verify that MALAT1 can 
be a potential strategy for the clinical treatment of lung cancer.

Introduction
Lung cancer is one of the most common malignancies 
worldwide, with the highest fatality rate among all types 
of malignant tumors and a five-year survival rate of lower 
than 20%.1,2 Treatment methods include radiotherapy, che-
motherapy, and surgical intervention, but their curative 
effect remains unsatisfactory. As a characteristic of tumors, 
immune escape is an important mechanism of tumor occur-
rence, and targeting tumor immune escape is the main-
stream strategy in tumor immunotherapy.3 Dendritic cells 
(DCs) are the most powerful antigen-presenting cells in the 
body and have the ability to induce the production of spe-
cific cytotoxic T lymphocytes. Studies have shown that the 
occurrence, development, and prognosis of malignant 
tumors are associated with DCs. Because of the decreased 
number of DCs in tumor and adjacent tissues, DCs cannot 
present tumor-related antigens and activate cytotoxic 
T lymphocytes to carry out specific immune killing on 
tumor cells. The purpose of immunotherapy is to initiate 
the tumor-immune cycle,4 wherein inhibiting the immune 
evasion of tumor cells and improving DC function play 
important roles in tumor treatment.

The tumor microenvironment plays a critical role in the 
process of tumorigenesis, drug sensitivity, metastasis, and 
recurrence. Exosomes are vesicles with a diameter of 30–100 
nm that are secreted by various stem cells and progenitor cells, 
forming an essential part of the tumor microenvironment. 
Exosomes regulate cell-to-cell communication through factors 
such as nucleic acids, proteins, and active lipids contained 
within vesicles.5–8 Long non-coding RNAs (lncRNAs) are 

a class of RNAs with a length of greater than 200 nucleotides 
that lack protein-coding ability.9 Studies have found that 
lncRNAs participate in various biological processes by regulat-
ing gene expression.10–12 Imbalance of lncRNA expression has 
been observed in tumors and is related to tumor prognosis.13–15 

Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) plays an important role in tumorigenesis and 
development,16 and its expression is abnormally high in various 
tumors including lung cancer. Zhang et al found that the expres-
sion of MALAT1 in exosomes secreted by tumor cells was 
abnormally high.17 DCs are regulated by a variety of lncRNAs, 
and DC-derived lncRNAs can affect the differentiation of DCs 
and inhibit antigen presentation.18,19 MALAT1 carried by exo-
somes that are secreted by different cells can regulate the 
function of target cells.17,20,21 However, whether exosomes 
secreted by lung cancer cells carry MALAT1, which affects 
the function of DCs, has not yet been reported.

Autophagy is an evolutionarily conserved cell degradation 
process that maintains the stability of immune response, parti-
cipates in the regulation of cell function, and affects the survival 
and proliferation of immune cells.22,23 The autophagic activity 
of DCs is necessary for their ability to activate T cells. Studies 
have found that treatment of DCs with tumor-derived exosomes 
can cause functional changes in DCs.24 AKT/mammalian target 
of rapamycin (mTOR) is highly expressed in a variety of tumor 
cells, including lung cancer cells, and is involved in regulating 
their proliferation and autophagy. However, whether exosomes 
released by lung tumor cells affect DC autophagy and thus 
affect the function of DCs is rarely reported.

In this study, we examined the expression of MALAT1 in 
lung cancer cells and their secreted exosomes and studied its 
effects on DC phagocytosis, inflammatory factor expression, and 
DC-mediated T cell activation. We constructed an in vivo xeno-
graft model to investigate the proliferation of tumor cells and to 
elucidate the possible mechanism of tumor cell immune evasion, 
providing a theoretical basis for further improving the effect of 
immunotherapy.

Materials and Methods
Cell Culture
The lung cancer cell lines LLC and A549 and pulmonary 
epithelial cells Beas-2b were kindly provided by the Stem 
Cell Bank, Chinese Academy of Sciences. Cells were cultured 
in RPMI 1640 medium (SH30809.01B, Hyclone) or BEGM 
Bullet Kit (CC3170, Lonza) supplemented with 10% fetal 
bovine serum (10,270–106, Gibco) in an atmosphere containing 
5% CO2 and 95% air at 37°C. The medium was replaced every 
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24 hours and the cells were subcultured or cryopreserved when 
the confluence reached 70–80%.

Mouse bone marrow-derived DCs were isolated and cultured 
according to previously reported protocols.25,26 After C57BL/6 
(B6) mice were anesthetized, the tibia and femur were extracted 
under aseptic conditions and the medullary cavity was washed 
with 1 mL of RPMI 1640 medium. The bone marrow cell 
suspension was centrifuged at 1500 rpm for 10 min, and 3 mL 
of red blood cell lysate was added and centrifuged at 1500 rpm 
for 5 min. The cells were cultured in 6-well plates at 1 × 106 cells 
per well, and granulocyte-macrophage colony-stimulating factor 
(GM-CSF) and interleukin (IL)-4 were added at 20 ng/mL and 
10 ng/mL, respectively. The cells were incubated at 37°C in 5% 
CO2 for 48 h, after which the medium was replaced with 
complete medium containing GM-CSF and IL-4 was added. 
The cells were stained with mouse CD11c monoclonal antibo-
dies and DCs were identified using flow cytometry. DCs were 
successfully isolated if the proportion of CD11c+ cells was 
greater than 85%.

T cells were isolated from the spleen of C57BL/6 (B6) 
mice according to the method reported by Jiang et al.27 

The expression of CD3 was detected by flow cytometry to 
determine the purity of T cells. A CD3+ proportion of 
greater than 85% indicated high T cell purity, suggesting 
that the isolation was successful.

Animals
Thirty male C57BL/6 (B6) mice (16–20 g) were purchased 
from the Hubei Province Disease Control Center (no. 
211002300042744). The animals were maintained in 
a specific-pathogen-free laboratory in a regular 12 h/12 
h light/dark cycle at an average temperature of 24.5°C and 
50–60% relative humidity. All protocols and procedures 
were performed in accordance with the National Institutes 
of Health Guide for the Care and Use of Laboratory 
Animals and were approved by the Animal Care and Use 
Committee, Wuhan Myhalic Biotechnology Co. Ltd.

Eight days before the experiment, 200 μL of LLCs 
were injected subcutaneously at 1 × 107 cells/mL into 
the right temporal region of the mice. The mice were 
randomly divided into five groups (n = 6 per group): 
Control, DC, DC-siMALAT1, DC-negative control (NC), 
and siMALAT1. Mice in the DC, DC-siMALAT1, and 
DC-NC groups were intratumorally injected with the 
respective DCs at 1 × 105 cells/mL on days 8, 11, and 
14, and intramuscular injection was performed at 1 × 105 

cells/mL on days 8, 11, and 14 in the siMALAT1 group. 

The length and width of the tumors were measured every 
other day for 21 consecutive days. Tumor tissue was 
collected after the experiment and tumor cell proliferation 
was measured according to the method of Tang et al.28

Isolation and Identification of Exosomes 
Derived from LLC, A549, and Beas-2b Cells
Exosomes were extracted according to the instructions of an 
exosome extraction kit (EXOTC50A-1, SBI). After 48 h of cell 
culture, the medium was centrifuged at 4 °C at 3000 × g for 15 
minutes. Exosome precipitation solution was added, kept at 4 ° 
C overnight, and centrifuged at 1500 × g for 15 minutes. After 
the supernatant was discarded, 2 mL of phosphate-buffered 
saline (PBS) was added and the exosomes were stored at −80 
°C. To identify the exosomes, the exosome suspension was 
added to a copper mesh and after 5 minutes, uranyl acetate 
was added in the absence of light. After 5 minutes, the sample 
was washed with double-distilled water and observed under 
a transmission electron microscope (HT7700, Hitachi).

Construction of MALAT1 interference vectors and 
exosome extraction

MALAT1 interference vectors pSICOR (shMALAT1-1: 
5ʹ-TCCACTTGATCCCAACTCATC-3ʹ; shMALAT1-2: 5ʹ-A 
TAACGAAGAGATACCTGTCT-3ʹ; shMALAT1-3: 5ʹ-TGT 
ACTATCCCATCACTGAAG-3ʹ; shMALAT1-3: 5ʹ-ATCTG 
ATTCTAACAGCACATC-3ʹ) were purchased from 
Addgene (Cambridge, MA, USA). T293 cells were seeded 
in T25 petri dishes and when they reached 70–80% conflu-
ence, they were transfected using Lipofectamine 2000 reagent 
according to the manufacturer’s instructions. The transfection 
efficiency was detected by quantitative reverse transcriptase 
polymerase chain reaction (qRT-PCR).

LLCs were divided into control, NC, and si-MALAT1 
groups. After 72 hours of infection, the culture medium was 
collected and exosomes were separated and labeled as PEX 
(control), PEXN (NC), and PEX-si (si-MALAT1), respectively.

Transmission Electron Microscopy (TEM)
Cells were pre-fixed with 2.5% glutaraldehyde (10–20 
times the tissue volume) at 4 °C for 30 min, fixed with 1% 
osmic acid for 1 h, dehydrated, soaked in a 1:1 mixture of 
acetone:epoxy at 40 °C for 6 h, fixed with pure epoxy resin 
at 40 °C for 4 h, and embedded. The samples were then 
sectioned and subjected to double staining and lead citrate 
staining for 15 min. After rinsing with double-distilled 
water, the ultrastructure of the mitochondria was observed 
using TEM (HT7700, Hitachi).
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Enzyme-Linked Immunosorbent Assay 
(ELISA)
The expression of interferon (IFN)-γ, IL-12, IL-10, and 
transforming growth factor (TGF)-β was observed by 
ELISA. Samples and enzyme were added to a test tube 
and incubated at 37°C according to the experimental 
instructions. The reaction was stopped 10 min after color 
appeared and the optical density was measured at 450 nm.

Flow Cytometry
Cells were resuspended in 100 μL of flow cytometry 
buffer and mixed with 2 μL of dextran (46945, Sigma), CD3 
(85–11-0114-81, 0.5 µg/test, eBioscience), CD80 (85–12- 
0801-81, 0.25 µg/test, eBioscience), or CD11c (12–0116-41, 
5 µL/test, eBioscience). The tubes were incubated at 4°C for 
45 min in the dark, and after the addition of 2 μL of flow 
dyeing buffer to each tube, they were centrifuged at 4°C at 300 
× g for 5 min. The supernatant was discarded and 400 μL of 
flow cytometry dyeing buffer was added to each tube. Flow 
cytometry was performed (NovoCyte, ACEA) and the results 
were analyzed using NovoCyte software.

To examine the effect of DCs on T cell proliferation, DCs 
were divided into the following groups: Control, NC (empty 
vector), PEX (MALAT1 exosomes), PEXN (MALAT1 exo-
some-NC), PEX-si (MALAT1), and siMALAT1 (MALAT1- 
siRNA). After 24 h of virus intervention, mitomycin 
C (10 mg/mL, A4452, Apexbio) was added and the DCs were 
co-cultured with T cells at a DC:T ratio of 10:1, 20:1, or 40:1 for 
2 h.29 The procedure was performed in accordance with the 
BeyoClick™ Edu-488 cell proliferation assay kit (C0071S, 
Beyotime) and analyzed by flow cytometry. The ability of DCs 
to regulate T cell differentiation was detected by adding 2 μL of 
CD4 (85–11-0041-81, 0.25 g/test, eBioscience) and CD25 (85–-
17-0251-81, 5 μL/test, eBioscience). After membrane rupture 
and resuspension, 2 μL of foxp3 antibodies (85–12-4771-82, 
0.25 g/test, eBioscience) were added and incubated at 4°C for 
45 min. Then 400 μL of flow dyeing buffer was added and flow 
cytometry was performed (NovoCyte, ACEA). The results were 
analyzed using NovoCyte software.

qRT-PCR
RNA was extracted using Trizol reagent according to the manu-
facturer’s procedures and cDNA was synthesized using a reverse 
transcriptase kit (TAKARA, Osaka, Japan). qPCR was per-
formed with a real-time system (BIO-RAD, CA, USA) using 
the SYBR Green PCR Kit (KM4101, KAPA Biosystems, 
Massachusetts, USA). Each qPCR reaction (95 °C, 3 min for 

denaturation; 95 °C, 5 s and 56 °C, 10 s, and 72 °C, 25 s for 39 
cycles; 65 °C, 5 s and 95 °C, 50 s) was performed in duplicate. 
The results were analyzed by the 2−ΔΔCt method. The primers 
were designed and configured by Nanjing Kingsy Biotechnology 
Co., Ltd. and are listed in Table 1.

Western Blot
Protein extracts (10 or 20 μg) prepared from LLCs were 
separated by 6% or 12% sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis and transferred to polyvi-
nylidene fluoride membranes (IPVH00010, Millipore, 
Wisconsin, USA). The membranes were blocked with 5% 
milk in Tris-buffered saline (pH 7.6) containing 0.1% Tween 
20 and incubated overnight at 4°C with specific primary anti-
bodies against the following proteins: ALG-2-Interacting pro-
tein X (ALIX, 1:1000, PAB33277, Bioswamp, China), 
TSG101 (1:1000, PAB33278, Bioswamp), CD63 (1:1000, 
PAB33929, Bioswamp), beclin-1 (1:1000, PAB35215, 
Bioswamp), LC3I/II (1:1000, MAB37400, Bioswamp), p62 
(1:1000, PAB35470, Bioswamp), AKT (1:1000, PAB30596, 
Bioswamp), p-AKT (1:1000, PAB43158-P, Bioswamp), 
mTOR (1:1000, PAB33332, Bioswamp), p-mTOR (1:1000, 
PAB36313-P, Bioswamp), and GAPDH (1:1000, PAB36269, 
Bioswamp). After three washes with PBS/Tween 20, the 
membranes were incubated with horseradish peroxidase- 
conjugated secondary goat anti-rabbit IgG (1:20000, 
SAB43714, Bioswamp) for 2 h at room temperature. Protein 
bands were visualized by enhanced chemiluminescence color 
detection (Tanon-5200, TANON, Shanghai, China) and ana-
lyzed using AlphaEase FC gel image analysis software.

Immunohistochemistry
Sections were incubated at 65 °C for 1 h, transparentized with 
xylene, immersed in alcohol, subjected to antigen retrieval, and 
incubated with 3% H2O2 to remove endogenous peroxidases. 
Blocking was performed in 0.5% bovine serum albumin, after 

Table 1 Primer Sequences

Primer Sequence (5ʹ-3ʹ)

M-MALAT1-F TGGCTTGTCAACTGCG

M-MALAT1-R TCAAGGAATGTTACCG

H-MALAT1-F TAACCAGGCATAACAC
H-MALAT1-R CGAAGACACAGAGACC

M-GAPDH-F CCTTCCGTGTTCCTAC

M-GAPDH-R GACAACCTGGTCCTCA
H-GAPDH-F CCACTCCTCCACCTTTG

H-GAPDH-R CACCACCCTGTTGCTGT
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which the sections were incubated with primary antibodies 
against Ki67 (1:50, PAB30684, Bioswamp) overnight at 4 °C. 
Positive staining was assessed using the MaxVision™ HRP- 
Polymer HRP Detection System (KIT-5020, MXB, China). Six 
sections were stained from each group and five areas were 
randomly selected from each section for image acquisition. The 
integrated optical density was calculated in Image Pro-Plus 6.0.

Statistical Analysis
Data are expressed as the mean ± standard deviation (SD). 
To analyze the differences between groups, data compar-
ison was performed by t-tests and one-way analysis of 
variance using SPSS 22 statistical software. P < 0.05 was 
considered statistically significant.

Results
Identification of Exosomes Derived from 
LLC, A549, and Beas-2b Cells
Exosomes derived from LLC, A549, and Beas-2b cells were 
identified by TEM and Western blot. As shown in Figure 1A, 
the exosomes were cup-shaped with diameters ranging from 50 
to 200 nm. We further detected the expression levels of ALIX, 
TSG101, and CD63, which are surface markers of exosomes. 
Almost no expression of these markers was detected in the 
culture medium, but positive expression was found in exosomes 
(Figure 1B), suggesting the successful isolation of exosomes.

MALAT1 Expression in LLC, A549, and 
Beas-2b Cells
Compared with Beas-2b cells, the expression of MALAT1 
was significantly increased in both LLC and A549 cells 
and in their secreted exosomes (Figure 2), with LLCs 
showing the highest MALAT1 expression (P < 0.05, 
P=0.031, P=0.029). Thus, we selected LLCs for the sub-
sequent experiments.

Controls for Interference Expression
To determine the efficiency of the MALAT1 interference 
vector, the expression of MALAT1 was evaluated in the 
control, NC, and si-MALAT1 (1–4) groups (Figure 3A). 
The results showed that the expression of MALAT1 in the 
si-MALAT1 groups was significantly decreased compared to 
that in the control and NC groups (P < 0.05, P=0.014, 
P=0.002, P=0.003, P=0.008). Among them, si-MALAT1-3 
showed the strongest interference efficiency and was 
selected for the subsequent experiments. We then character-
ized the exosomes secreted by cells from each group. As 
revealed in Figure 3B, the exosomes were cup-shaped with 
diameters ranging from 50 to 200 nm, and showed positive 
expression of ALIX, TSG101, and CD63 (Figure 3C).

Inhibition of MALAT1 Suppressed Tumor 
Growth in vivo
Compared with the control group, siMALAT1 and DC- 
siMALAT1 reduced the volume of tumors formed by LLCs, 
and the inhibitory effect increased with time (Figure 4A). At the 
end of the in vivo experiment, we collected tumor tissues and 
examined the change in tumor proliferation ability by Ki-67 
staining. Compared with the control group, tumor proliferation 
was significantly decreased in the other groups (P < 0.05, 
P=0.000, P=0.001), the Ki-67 index in each group showed 
the similar trends (Figure 4B). In particular, siMALAT1 
induced the greatest reduction in proliferation, suggesting that 
inhibition of MALAT1 suppressed tumor proliferation.

Isolation and Identification of DCs and 
T Cells
As shown in Figure 5A, the percentage of CD11c+ cells was 
92.51%, suggesting that DCs were successfully isolated. In 
terms of T cells, the percentage of CD3+ cells was 96.01% 
(Figure 5B), revealing that T cells were also successfully 
isolated.

Figure 1 Identification of exosomes derived from LLC, A549, and Beas-2b cells. (A) Detection of exosomes by TEM (scale bar = 500 nm). Arrows indicate exosomes. (B) 
Protein expression of ALIX, TSG101, and CD63 was measured by Western blot.
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LLC-Derived Exosomes Inhibited DC 
Phagocytosis, Inflammatory Response, 
and Costimulatory Molecule Expression
To investigate the effect of LLC-derived exosomes on DC 
phagocytosis and CD80 expression, flow cytometry was car-
ried out (Figure 6A and B). Compared with the control, CD80 
expression and phagocytic function were significantly 

decreased in the PEX and PEXN groups but were increased 
in the siMALAT1 and PEX-si groups. Compared with the 
control group, the expression levels of the pro-inflammatory 
factors IFN-γ and IL-12 was significantly increased in the 
siMALAT1 and PEX-si groups (P < 0.05, P=0.000), while 
those of IL-10 and TGF-β were significantly decreased 
(P < 0.05, P=0.000). The opposite was observed in the PEX 
and PEXN groups (P < 0.05, P=0.000), suggesting that LLC- 
derived exosomes inhibited inflammatory response 
(Figure 6C).

LLC-Derived Exosomes Promoted DC 
Autophagy
The formation of autophagic vacuoles in DCs was visua-
lized by TEM. More autophagic vacuoles were observed 
in the PEX and PEXN groups than in the control, NC, 
PEX-si, and siMALAT1 groups (Figure 7A). To further 
clarify the effect of LLC-derived exosomes on DC autop-
hagy, the expression of autophagy-related proteins was 
evaluated (Figure 7B). Compared with the control group, 
the expression of LC3I/II, Beclin-1, and p62 was signifi-
cantly increased in the PEX and PEXN groups (P < 0.05, 
P=0.000), and siMALAT1 and PEX-si showed the oppo-
site trend (P < 0.05, P=0.000). These results revealed that 
LLC-derived exosomes promoted DC autophagy.

Figure 2 qRT-PCR measurement of MALAT1 expression. The results are presented 
as the mean ± SD, n = 3. *P < 0.05 vs Beas-2b.

Figure 3 Controls for interference expression. (A) MALAT1 expression in Control, NC, and si-MALAT1 (1–4) groups. (B and C) Identification of exosomes in PEX, PEX-si, 
and PEXN groups by Western blot and TEM (scale bar = 500 nm). Arrows indicate exosomes. *P < 0.05 vs Control.
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LLC-Derived Exosomes Promoted T Cell 
Differentiation and Inhibited T Cell 
Proliferation
The effect of LLC-derived exosomes on the DC-mediated regula-
tion of T cell proliferation and differentiation was investigated by 
flow cytometry. Compared with the control, T cell proliferation 
was increased in the siMALAT1 and PEX-si groups (P < 0.05, 
P=0.000), while that in the PEX and PEXN groups was decreased 
(P < 0.05, P=0.000). The change in T cell proliferation was not 
related to the DC:T ratio (Figure 8A). Compared with the control 
group, the Treg ratio in the PEX and PEXN groups was increased 
significantly (P < 0.05, P=0.000), while that in the siMALAT1 and 
PEX-si groups was decreased (P < 0.05, P=0.000) (Figure 8B).

Effect of LLC-Derived Exosomes on 
AKT/mTOR Pathway
To investigate the influence of LLC-derived exosomes 
on the AKT/mTOR pathway in DCs, we measured the 

protein expression of p-AKT, AKT, p-mTOR, and 
mTOR using Western blot (Figure 9). The protein 
expression levels of p-AKT, AKT, p-mTOR, and 
mTOR in the PEX and PEXN groups were increased 
compared with those in the control, while those in the 
siMALAT1 and PEX-si groups were significantly 
decreased (P < 0.05, P=0.000).

Discussion
MALAT1, located on human chromosome 11q13, is an inter-
genic transcript with a length of approximately 8 kb. It is 
highly conserved in mammalian evolution and the homology 
of its nucleotide sequence at the 3ʹ terminal of 5 KB between 
human and mouse is as high as 90%. The RNA processing 
factors RNPS1, SRm160, and IBP160 were found to speci-
fically induce the localization of MALAT1 in nuclear speck-
les. After siRNA interference, MALAT1 is dispersed into the 
nucleus and loses its regulatory function on gene expression. 
MALAT1 also participates in pre-mRNA modification and 

Figure 4 In vivo detection of tumor volume and proliferation. (A) Tumor volume was measured every two days and the inhibitory effect of siMALAT1 increased with time. 
(B) Tumor proliferation was observed by Ki-67 staining. The results are presented as the mean ± SD, n = 3. *P < 0.05 vs Control.

Figure 5 Identification of DCs and T cells. (A and B) The purity of DC and T cells was measured by flow cytometry.
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splicing by recruiting multiple splicing factors to the tran-
script activation site, thereby regulating gene expression at 
the post-transcriptional level.30 MALAT1 is abnormally 
expressed in many human tumor tissues and has the function 
of altering the biological phenotype of tumor cells, promot-
ing tumor cell proliferation, metastasis, and invasion. 
Schmidt et al.31 found that the expression of MALAT1 in 
non-small cell lung cancer was significantly higher than that 
in adjacent normal tissues. After siRNA interference, the 
migration ability of lung cancer cells and the tumorigenic 
ability of nude mice were significantly reduced, indicating 
that MALAT1 is capable of promoting lung tumor formation. 
After MALAT1 expression was silencing with siRNA, Tano 
et al found that lung cancer cell migration was significantly 
reduced.32 In our study, we found that the expression of 
MALAT1 in lung cancer cells was much higher than that in 

normal lung epithelial cells in vitro and in vivo. Inhibiting the 
expression of MALAT1 significantly reduced the tumori-
genicity of nude mice.

Exosomes are the most well-defined vesicles thus far. 
Intracellular lysin microparticles are invaginated to form 
polyvesicles, which fuse with the cell membrane under 
external stimulation and secrete exosomes with diameters 
of 50–200 nm to the exterior of the cell. Because of their 
special formation mode, exosomes do not contain proteins 
in the endoplasmic reticulum but express high levels of 
endogenous proteins such as ALIX and TSG101. 
Exosomes are specifically recognized by target cells in 
three main ways.33 They can directly fuse with the cell 
membrane to release mRNAs, which enter the cytoplasm; 
they can be ingested by target cells through endocytosis; 
and they can recognize specific antibodies on the cell 

Figure 6 Effect of LLC-derived exosomes on DC phagocytosis, inflammatory response, and costimulatory molecule expression. (A and B) Cell phagocytosis and CD80 
expression were observed by flow cytometry. (C) Levels of IFN-γ, IL-12, IL-10, and TGF-β were observed by ELISA. The results are presented as the mean ± SD, n = 3. 
*P < 0.05 vs Control.
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surface. Exosomes are an important means for cancer cells 
to alter the tumor microenvironment and even transfer to 
other tissues and organs.34,35 Both normal and cancer cells 
produce exosomes, but secretion from cancer cells is sig-
nificantly higher and the types of molecules carried by 
exosomes are different from those secreted by normal 
cells. Studies have shown that under hypoxia, the number 
of exosomes secreted by breast cancer cells increased 
significantly, and exosomes inhibited the proliferation of 
T cells, thereby improving the immunosuppressive effect 
of the tumor microenvironment.36 Cheng et al found that 
exosomes from M1-polarized pro-inflammatory macro-
phages were mainly absorbed by macrophages and DCs 
in vivo, thus inducing T cell response.37 Numerous studies 
have shown that tumor cell-derived exosomes stimulated 
DC maturation,38 which is accompanied by the up- 
regulation of major histocompatibility complex (MHC) 

molecules and costimulatory molecules. DCs exhibit an 
effective immunogenic phenotype, which is characterized 
by the release of IL-12,39 and secrete IL-12 to trigger 
immune response dominated by potent T (Th1) and cyto-
toxic T lymphocytes.40 The costimulatory molecule CD80 
plays an important role in inducing in vivo anti-tumor 
immunity, which mainly corresponds to T cell-mediated 
cellular immunity. CD80 binds to CD28 on the surface of 
T cells to enhance costimulatory signaling and promote 
T cell activation. In this study, LLC-derived exosomes 
exerted immunosuppressive effect by suppressing the 
expression of CD80, inhibiting phagocytic function and 
inflammatory response, and promoting DC autophagy. 
When MALAT1 was inhibited in LLC-derived exosomes, 
the above phenomena were suppressed, suggesting that the 
effect of exosomes on DC function is related to the abnor-
mal expression of MALAT1.

Figure 7 Effect of LLC-derived exosomes on DC autophagy. (A) Autophagic vacuoles were detected by TEM (scale bar = 2 μm). The black arrows represent autophagic 
vacuoles. (B) Autophagy-related proteins were examined by Western blot. The results are presented as the mean ± SD, n = 3. *P < 0.05 vs Control.
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DCs are antigen-presenting cells that stimulate the 
proliferation of naive T cells and are the initiator of the 
body’s immune response. Mature DCs not only present 
exogenous antigens to T helper cells via the MHC II 
molecular pathway, but also present antigenic peptide seg-
ments to cytotoxic T cells via alternative MHC I molecular 
pathways.41,42 T cell activation mainly consists of two 

parts. First, DCs present antigens to T cells, or T cells 
directly recognize specific antigens to promote the expres-
sion of costimulatory molecules in DCs. Second, active 
molecules expressed by DCs activate T cells through the 
co-action of CD28/CTLA-4 and threshold TCR, thus indu-
cing immune response. In addition to activating T cells, 
DCs play an important role in the peripheral immune 

Figure 8 Effect of LLC-derived exosomes on T cell proliferation and differentiation. (A) Proliferation and (B) differentiation of T cells were detected by flow cytometry. The 
results are presented as the mean ± SD, n = 3. *P < 0.05 vs Control.

Figure 9 Effect of LLC-derived exosomes on AKT/mTOR pathway. The results are presented as the mean ± SD, n = 3. *P < 0.05 vs Control.
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tolerance of T cells.43 When DCs interact with T cells for 
a long time and are stable, they promote T cell prolifera-
tion, but when the interaction between the two is transient 
and unstable, DCs induce T cell differentiation and pro-
mote T cell apoptosis.44 In this study, after DCs were co- 
cultured with LLC-derived exosomes, T cell proliferation 
was significantly inhibited while differentiation was pro-
moted, and this trend was reversed by MALAT1 inhibi-
tion. It is suggested that LLC-derived exosomes inhibited 
the proliferation and promoted the differentiation of 
T cells, which may be related to the expression of 
MALAT1 in the exosomes. Whether MALAT1 affects 
the interaction time and stability of DCs and T cells 
remains to be confirmed by further experiments in subse-
quent studies.

Autophagy, also known as type II programmed cell 
death, is a biological process characterized by the presence 
of long-lived proteins encapsulated by bilayer membrane 
structures and organelle autophagosomes in the cytoplasm. 
As an intracellular degradation process, autophagy is cri-
tical for the survival of eukaryotic cells and mammals. In 
tumor cells, autophagy is regulated by a variety of signal-
ing pathways,45 among which the AKT/mTOR pathway is 
the most common and regulates tumor cell growth and 
proliferation while inhibiting autophagy. AKT, the central 
molecule of the AKT/mTOR signaling pathway, promotes 
protein synthesis and cell growth by inhibiting TSC1/2 and 
activating mTOR and regulates cell proliferation by inac-
tivating cell cycle inhibitors. Under growth conditions, the 
AKT/mTOR signaling pathway regulates cell growth and 
survival, whereas under stress, the mTOR pathway is 
inhibited, autophagosomes are formed, and autophagy is 
ultimately induced.46 Studies have shown that the use of 
RAD001 as an inhibitor of the mTOR pathway induced 
autophagy, thereby promoting tumor survival and combat-
ing anti-tumor effects.47 Cancer cells also promote autop-
hagy in surrounding cells to degrade their own proteins 
and release amino acids for further growth and prolifera-
tion of cancer cells.48 In this study, LLC-derived exosomes 
promoted the activity of AKT/mTOR in DCs. Previous 
experiments have shown that LLC-derived exosomes pro-
moted DC autophagy, suggesting that the effect of LLC- 
derived exosomes on DC function may be mediated by the 
mTOR/AKT signaling pathway.

Conclusion
LLCs secrete exosomal MALAT1 to inhibit DC function 
and T cell proliferation, while promoting DC autophagy 

and T cell differentiation. MALAT1 may be a key mole-
cule affecting the function of DCs in LLCs. Inhibition of 
MALAT1 in LLC-derived exosomes promoted DC phago-
cytosis, inflammatory response, costimulatory molecule 
expression, and T cell proliferation but suppressed DC 
autophagy and T cell differentiation. The findings suggest 
that MALAT1 inhibition may be a potential strategy for 
the clinical treatment of lung cancer.
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