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Dong et al.: Inhibition of Lung Adenocarcinoma by Sulfamethoxazole

Sulfamethoxazole suppress the secretion of exosomes from tumors, however its roles in modulation 
of proliferation, invasion and metastasis of adenocarcinoma cells, and tumor associated macrophages 
polarization remained unclear, therefore this study was carried on to elaborate the mechanisms. Exosomes 
of lung adenocarcinoma cell line A549 were extracted by ultracentrifugation; sulfamethoxazole was 
added and identified by Western blot method. The expression levels of surface markers of M1-type and 
M2-type macrophages were detected by quantitative polymerase chain reaction. A549 cells were co-
cultured with polarized M2-type macrophages, and the proliferation and migration ability of A549 cells 
was examined by cell counting kit-8 and scratch assays. Western blot was used to detect the expression of 
phosphoinositide-3-kinase, phospho-phosphoinositide-3-kinase, protein kinase B and phospho-protein 
kinase B. Animal experiments showed that lung adenocarcinoma-derived exosomes could promote the 
growth of tumor by the polarization of M2-type macrophages, and identification of lung adenocarcinoma-
derived exosomes by the addition of sulfamethoxazole and exosomes. Lung adenocarcinoma-derived 
exosomes were activated by phosphoinositide-3-kinase/protein kinase B signaling pathway to promote 
the polarization of M2-type macrophages to enhance the proliferation and migration of cancer cells. 
In addition, lung adenocarcinoma-derived exosomes can promote tumor growth in a subcutaneous 
mouse tumor model. Lung adenocarcinoma-derived exosomes promote the polarization of M2-type 
macrophages and promote the development of lung cancer through phosphatidylinositol-3-kinase/
protein kinase B signaling pathway.

Key words: Sulfamethoxazole, lung adenocarcinoma, phosphoinositide-3-kinase, cell counting kit-8, Western 
blot

Lung Cancer (LC) is one of the most common 
cancers and the leading cause of cancer morbidity 
and mortality worldwide[1,2]. According to the World 
Health Organization classification of lung tumors 
in 2021, Non-Small Cell LC (NSCLC) accounts 
for about 85 % of all diagnosed LC[2]. Although 
the current diagnosis and treatment technology 
of NSCLC has been rapidly developed, the 5 y 
survival rate is only 15 % due to the majority 
of patients with locally advanced or extensive 
metastasis[3]. Therefore, it is particularly important 
to clarify the mechanism of LC progression and 
find new targets for NSCLC treatment. The Tumor 

Microenvironment (TME) is complex and diverse, 
compromising tumor-suppressive immune cells and 
tumor-promoting immune cells[4]. Tumor-associated 
macrophages are one of the immune cell populations 
of TME that promote tumor growth by inhibiting 
the tumor-suppressive immune cells, often leading 
to poor prognosis in patients with malignancy[5]. 
Macrophages can differentiate into different 
phenotypes according to microenvironments and 
there are mainly two phenotypes; classically (M1) and 
alternatively (M2) activated macrophages. M1-type 
macrophages exhibit pro-inflammatory, pro-immune 
and anti-tumor features, while M2-type macrophages 
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orchestrate an immunosuppressive phenotype and 
can promote tissue remodeling and tumor progression 
through the secretion of anti-inflammatory 
cytokines[6]. Tumor-associated macrophages are 
considered to be M2-type macrophages, present in 
the TME and influence the metastasis of various 
cancers by interacting with cancer cells[7]. Studies 
have shown that the communication between tumor 
cells and macrophages plays a key role in mediating 
Tumor-Associated Macrophage (TAM) polarization. 
For example, Transforming Growth Factor-Beta 
(TGF-β) can promote the differentiation of inactivated 
macrophages into TAM-like immunosuppressive 
phenotype, which increases the expression levels 
of anti-inflammatory cytokines and decreases the 
expression levels of pro-inflammatory cytokines. 
Exosomes are small vesicles derived from cells 
and carry various biomolecules. Exosomes are key 
mediators of intercellular communication in TME. 
It has been reported that tumor-derived exosomes 
can promote tumor angiogenesis, metastasis and 
immune suppression by changing the phenotype and 
function of recipient cells[8]. Oral antibacterial drug 
Sulfamethoxazole (SFX) acts as a specific inhibitor 
of exosomes secretion in cancer cells, thereby 
effectively inhibiting the growth and metastasis of 
cancer without obvious toxicity. In the current study, 
we aimed to investigate how lung adenocarcinoma-
derived exosomes induce macrophage polarization 
and the effect on tumor progression.

MATERIALS AND METHODS
Cell culture:

A549 lung adenocarcinoma (CL-0016, Pricella), 
cells were cultured in Dulbecco’s modified eagle 
medium (Grand Island Biological Company 
(GIBCO), United States of America (USA)) 
containing 10 % fetal bovine serum (GIBCO, 
USA) and 1 % penicillin-streptomycin and put in 
incubators at 37°, with 5 % Carbon dioxide (CO2) 
and 90 % relative humidity. THP-1 human monocyte 
cell line (CL-0233, Pricella) was cultured in THP-
1 cell special medium (CM-0233, Pricella) and 

placed in 37°, 5 % CO2 incubator. THP-1 cells 
were induced to differentiate into macrophages by 
Phorbol Myristate Acetate (PMA) (100 ng/ml). The 
experiment was divided into three groups; control 
group, M0 macrophage and in M0+exosome group, 
macrophages after exosomes treatment of A549 cells 
(PMA (100 ng/ml) induced THP-1 cells for 48 h, 
gently washed twice with Phosphate Buffer Solution 
(PBS); 200 μg/ml exosomes treated this macrophage, 
cultured for 24 h); in M0+SFX group, macrophages 
treated with SFX (macrophages are treated with 100 
μm SFX for 24 h) and in M0+Interleukin-4 (IL-4) 
group, M0 macrophages were induced by IL-4 (20 
ng/ml) for 72 h.
Extraction and identification of exosomes:

A549 cell culture supernatants were collected after 
48 h of culture with 10 % exosomes-free serum, 
centrifuged at 300 ×g at 4° for 10 min, at 3000 ×g 
at 4° for 25 min and at 10 000 ×g at 4° for 1 h. The 
supernatant was then collected, filtered with a 0.22 
μm filter, centrifuged at 100 000 ×g 4° for 3 h and 
the supernatant was discarded, resuspended in 100 
μl PBS and stored at -80°. Western blot was used to 
identify the protein markers CD9, CD63 and Tumor 
Susceptibility Gene-101 (TSG101) of exosomes 
to confirm the quality of exosomes. Exosomes 
quantification was performed using the Bicinchoninic 
Acid (BCA) protein detection kit.
Real-Time quantitative Polymerase Chain Reaction 
(RT-qPCR):

The messenger Ribonucleic Acid (mRNA) level of 
CD163 in M0 macrophages was detected by RT-
qPCR. Total RNA was extracted from cell lines with 
TRIzol reagent (Takara). The total RNA was reverse 
transcribed into complementary Deoxyribonucleic 
Acid (cDNA) with gold standard reverse transcription 
kit, and RT-qPCR was performed on a Z480 PCR 
machine. Amplification condition predenatured 
94° 30 s (1 cycle) , 94° 5 s, 60° 30 s (40 cycles), 
Glyceraldehyde 3-Phosphate Dehydrogenase 
(GAPDH) as parameter, calculated by 2-ΔΔCt. The 
primers are shown in Table 1.

Genes Forward primers (5'-3') Reverse primers (5'-3')

ARG1 ACTTAAAGAACAAGAGTGTGATGTG GGCAACCCAGGTAACCCTTA

IL-10 GGCACCCAGTCTGAGAACAG CCGGTAGTGAACCCGTTGAT

CD163 TTTGTCAACTTGAGTCCCTTCAC TCCCGCTACACTTGTTTTCAC

iNOS TTCAGTATCACAACCTCAGCAAG TGGACCTGCAAGTTAAAATCCC

GAPDH ACGGATTTGGTCGTATTGGG CGCTCCTGGAAGATGGTGAT

TABLE 1: DEMOGRAPHICS AND BASELINE INFORMATION FOR BOTH GROUPS
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Cell Counting Kit-8 (CCK-8) for cell proliferation:

A549 cells were co-cultured with macrophages 
polarized to the M2 phenotype and plated in 96-well 
plates in 100 μl of suspension. Each sample was 
repeated three times. After culturing the cells in the 
incubator for 12, 24, 36 or 48 h, 10 μl of CCK-8 
reagent (Tokyo, Dojindo, Japan) was added to each 
well and incubated for 1-4 h. The absorbance was 
measured at a wavelength at 450 nm.
Scratch wound assay:

A549 cells were co-cultured with macrophages 
polarized to the M2 phenotype, and then A549 cells 
were prepared into cell suspensions, which were 
evenly seeded on a six-well plate. After 24 h, the 
cells in each group were treated according to the 
respective requirements and incubated in incubator 
with 5 % CO2 at 37°. After the cell density reaches 90 
%, used a 100 μl sterile pipette to conduct a scratch 
experiment, with the scratch tip as perpendicular to 
the cell as possible to ensure that the scratch widths 
in each group are basically the same. Cells were 
washed twice with PBS and then cultured for 24 h 
in serum free medium at 37°, 5 % CO2. Photographs 
were taken at 0 and 24 h after the cell was scratched 
and the cell migration rate was calculated based on 
the change in the scratch distance.
Western blot analysis:

Total protein was extracted by 
radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology). Protein 
concentrations were determined by the BCA 
protein detection kit (Beyotime Institute of 
Biotechnology). It was separated by 8 %-12 % 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis and transferred to polyvinylidene 
difluoride membrane. After incubation, Tris Buffered 
Saline Tween-20 (TBST) with 5 % skim milk for 
1 h at room temperature 4°, then it was incubated 
overnight with the corresponding primary antibody. 
Primary antibodies used were CD9, CD63, TSG101, 
Phosphatidylinositol-3-Kinase (PI3K), phospho-
PI3K (p-PI3K), Protein Kinase B (AKT), and 
phospho-AKT (p-AKT). After incubation with 
horseradish peroxidase anti-rabbit secondary 
antibody for another 2 h, band gray value analysis 
was performed using ImageJ software (National 
Institutes of Health (NIH)) with GAPDH as internal 
reference for comparative analysis.

Animal models and tumor Hematoxylin and Eosin 
(HE) stain:

Adult male Bagg and Albino (BALB/C) nude mice, 
(6-8) w, (Shanghai Laboratory Animal Research 
Center, China, Shanghai) were fed in a 25°±1° 
environment with a relative humidity of 50 %-60 
% and worked for 12 h alternately day and night 
with enough food and water. The design and the 
process of this animal experiment were approved 
by the animal ethics committee and in accordance 
with the NIH guidelines. Nude mice were randomly 
divided into two groups (n=5 in each group). Control 
group has M0 macrophages; exosomes group has 
A549 cells after exosomes-stimulated macrophages. 
The cell solution was injected subcutaneously into 
the posterior flank of the nude mice, and the tumor 
volume and weight were measured and recorded 
every 5 d. At the end of the experiment, the mice 
were euthanized and the tumor tissues were obtained 
for subsequent experiments and then the tumor nude 
were sectioned at 5 μM and stained with HE stain to 
evaluate the volume of tumor.
Statistical methods:

All statistical analysis and graphs were performed by 
GraphPad Prism 9.0 software and ImageJ software, 
and all values are shown as Standard Deviation 
(SD)±mean. Comparison between the two groups 
was performed using the t-test and the Chi-square 
(χ2) test for independent samples, and p<0.05 was 
considered statistically significant.

RESULTS AND DISCUSSION
Lung adenocarcinoma-derived exosomes can 
promote the growth of M2 macrophages. With SFX 
treatment, we found significantly reduced expression 
of CD9, CD63 and TSG101 (fig. 1). Through the 
detection of the surface markers of exosomes derived 
from A549 cells, we found that CD9, CD63 and 
TSG101 expression was significantly elevated in the 
A549+exo group relative to the A549 group. This 
indicates that exosomes were successfully extracted 
from lung adenocarcinoma as shown in fig. 2.
M1 and M2 phenotypes of macrophages play different 
roles in tumor. We detected the expression of M1 
macrophage marker (inducible Nitric Oxide Synthase 
(iNOS)) and M2 macrophage marker (CD163, IL-
10, Arginase 1 (ARG1)) by Reverse Transcription-
Polymerase Chain Reaction (RT-PCR). The result 
showed that the expression of iNOS in control group 
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The PI3K/AKT pathway can regulate a variety 
of cellular functions, including the polarization 
of macrophages. Therefore, it was speculated 
that exosomes can promote the polarization of 
macrophages through PI3K/AKT signaling pathway. 
The result of Western blot (fig. 5) showed that the 
expression level of p-PI3K and p-AKT was higher in 
the exosomes group compared with the control group. 
These results suggested that lung adenocarcinoma-
derived exosomes promote the activation of PI3K/
AKT signaling pathway.
The effect of lung adenocarcinoma derived exosomes 
on M2 macrophage polarization and tumor growth 
was verified by establishing the subcutaneous tumor 
mouse model. The results of animal experiments 
showed (fig. 6A) that the tumor volume of the 
exosomes group was significantly larger than that of 
the control group. RT-qPCR results showed (fig. 6B) 
that the expression levels of CD163, IL-10 and ARG1 
in M0+exosome group were significantly higher than 
those in control group (p<0.05). The results of animal 
experiments showed that lung adenocarcinoma 
derived exosomes can accelerate the growth of tumor 
through macrophage M2 polarization.

was significantly higher than that in M0+exosome 
group and M0+IL-4 group (p<0.05). The expression 
of CD163, IL-10 and ARG1 in M0+exosome group 
and M0+IL-4 group was significantly higher than that 
in control group (p<0.05). These results suggested 
that lung adenocarcinoma-derived exosomes promote 
the polarization of M0 macrophages toward M2 as 
shown in fig. 3.
In order to study the effects of secretions 
derived from lung adenocarcinoma cells on the 
polarization of M2 type macrophages and their 
biological functions in lung adenocarcinoma cells, 
we co-cultured the polarized M2 type macrophages 
with A549 cells and then tested the proliferation 
and migration abilities of A549 cells. The results of 
CCK-8 test and the scratch wound assay showed that 
(fig. 3A and fig. 3B) the proliferation and migration 
abilities of A549+exosome group were significantly 
higher than those of A549+PBS group. These results 
suggested that exosomes induced M2 macrophages 
derived from lung adenocarcinoma promote the 
proliferation and invasion of LC cells as shown in 
fig. 4.

Fig. 2: Identification of lung adenocarcinoma derived exosomes. (A): Western-blot detection and (B): CD9, CD63 and TSG101 expression 
Note: *p<0.05 and **p<0.01, (B) (  ): A549 and (  ): A549+exosome

Fig. 1: SFX inhibits the production of lung adenocarcinoma-derived exosomes. (A): Western-blot detection and (B): CD9, CD63 and TSG101 
expression 
Note: *p<0.05 and **p<0.01, (B) (  ): A549 and (  ): A549+SFX
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Fig. 5: Exosomes promote M2 macrophage polarization through PI3K/AKT signaling pathway. Western-blot detection of PI3K, p-PI3K, AKT and 
p-AKT expression 
Note: Data are expressed as mean±SEM, *p<0.05 and **p<0.01, (  ): Control and (  ): Mo+exosome 

Fig. 3: Lung adenocarcinoma derived exosomes promote M2 macrophage polarization. RT-qPCR detection of iNOS (M1 marker), CD163, IL-10 
and ARG1 (M2 marker) 
Note: Data are expressed as mean±SEM, *p<0.05 and **p<0.01, (  ): Control; (  ): Mo+exosome and (  ): Mo+IL-4

Fig. 4: M2 macrophage can enhance the proliferation and migration of LC cells. (A): CCK-8 assay for A549 cell viability and (B): The  
proliferation of A549 cells was detected by cell scratch assay
Note: *p<0.05 and **p<0.01, (A) (  ): A549+PBS and (  ): A549+exosome; and (B) (  ): A549+PBS and (  ): A549+exosome
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over-expression of immune regulatory molecules, 
ARG1, IL-10, Programmed Death-Ligand 1 (PD-L1) 
and Cytotoxic T Lymphocyte Antigen 4 (CTLA-4). 
The study showed that the polarization of M2-type 
macrophages can promote the growth of tumors[14].
Exosomes are closely related to cancer, and 
exosomes derived from cancer cells can regulate the 
phenotype of immune cells in TME[15]. Exosomes 
are small vesicles with a lipid bilayer membrane 
structure, and the diameter is 30~150 nm. Exosomes 
can be secreted into the blood, urine and cerebrospinal 
fluid by various cells, including tumor cells[16]. 
Exosomes can transfer biologically active substances 
such as nucleic acids, proteins and lipids between 
cells. In cancer, exosomes can induce angiogenesis, 
cell migration and proliferation, inflammatory 
responses, immunosuppression, escape from immune 
surveillance and metastasis[17]. For example, Chen et 
al.[18] found that exosomes derived from epithelial 
ovarian cancer cells can convert macrophages into 
TAM, which can promote tumor proliferation and 
migration; exosomes can promote liver metastasis 
of colorectal cancer by promoting M2 macrophage 
polarization to enhance epithelial-mesenchymal 
transition and secrete vascular endothelial growth 
factor[19]. Studies have found that SFX acts as an 
inhibitor of Extracellular Vesicles (EVs) secreted by 
cancer cells by interfering with Endothelin Receptor 
A (ETA). SFX is an food and drug administration-
approved oral antibiotic that has shown significant 
antitumor and anti-metastatic effects in mouse 
models of cancer xenografting, participating in the 

The role of TME in tumor is the focus of research 
in recent years. TME refers to the environment 
around the tumor[9], which consists of immune cells, 
fibroblasts, tumor cells, surrounding blood vessels 
and extracellular matrix, and plays a crucial role 
in the development of cancer. Because immune 
cells are an important component of the TME and 
matter much, interactions between the host defense 
of the immune system and tumor cells have been 
intensively studied over the past decade. TAM is 
a major component of TME immune cells and is 
considered to play a central role in the progression 
of tumor and to be a therapeutic target. Studies have 
shown that tumor metastasis may be influenced by 
non-tumor cells in the TME[10]. In addition, it has 
been demonstrated that TAM performs different 
functions at different stages of tumor progression, 
including promoting tumor killing, angiogenesis, 
cancer cell migration and invasion, inhibiting 
anti-tumor immune cells and mediating chemo-
resistance. Numerous studies have shown that 
tumor-promoting factors in the TME influence 
macrophage polarization[11]. Macrophages are mainly 
polarized to M1 or M2 phenotype and fulfill different 
functions. In the TME[12], the M1-type macrophages 
mainly function as a tumor-suppressor and M2-
type macrophages mainly play a tumor-promoting 
role. M2-like TAM account for approximately 70 
% of NSCLC[13]; M2-like TAM can inhibit the cell 
Cluster of Differentiation (CD) 4 and CD8 T and can 
induce an immunosuppressive microenvironment 
that promotes the development of tumors by the 

Fig. 6: Exosomes promote tumor growth and induce the polarization of M2-type macrophages in vivo. (A): The pathological volume of the tumor 
(mm3) and (B): RT-qPCR detection; M2 polarization-related factors (CD163, IL-10 and ARG1) expression 
Note: Data are expressed as mean±SEM, *p<0.05 and **p<0.01, (A and B) (  ): Control and (  ): Mo+exosome 
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