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Abstract. Gastric cancer is one of the most common types of 
human cancer, and it is additionally one of the leading causes of 
cancer‑associated mortality worldwide. Previous studies have 
suggested that interleukin (IL)‑10 may contribute to the patho-
genesis of gastric cancer. However, the underlying mechanisms 
remain unclear. In the present study, it was observed that the 
expression of IL‑10 was significantly upregulated in gastric 
tumor tissues and serum samples of patients with gastric cancer. 
Furthermore, IL‑10 was increased in the cell culture supernatant 
of cancer‑associated macrophages (CAMs). Treatment with cell 
culture supernatant from CAMs induced a significant increase 
in proliferation and migration, while it suppressed apoptosis, 
in MGC‑803 and BGC‑823 gastric cancer cells. Notably, 
application of an inhibitory IL‑10 antibody partially blocked 
the cell culture supernatant of CAM‑induced oncogenic effects. 
RNA‑sequencing analysis was then performed to identify the 
differentially expressed genes in MGC‑803 cells treated with 
IL‑10. Based on the sequencing results and in vitro analysis, it 
was demonstrated that IL‑10‑induced carcinogenic behaviors 

in MGC‑803 cells were potentially mediated by activation 
of the c‑Met/STAT3 signaling pathway. In conclusion, the 
present results demonstrated that IL‑10 secreted by CAMs may 
be involved in the pathogenesis of gastric cancer, suggesting 
that IL‑10 may serve as a potential therapeutic target for the 
treatment of gastric cancer.

Introduction

Gastric cancer is a common human gastrointestinal cancer, 
and it is additionally one of the leading causes of cancer‑asso-
ciated mortality (1). Similar to numerous other cancer types, 
the majority of patients with gastric cancer are diagnosed 
at an advanced or metastatic stage when they came to the 
hospital (2), leading to the poor prognosis of the disease (3‑5). 
As a result, identifying novel biomarkers and therapeutic 
targets for the early diagnosis and prognosis of gastric cancer 
is urgently required.

Interleukin (IL)‑10 is a cytokine that is encoded by the 
IL10 gene. The receptor consists of two different chains: 
IL‑10 receptor 1 and IL‑10 receptor 2  (6). In the human 
body, IL‑10 is primarily produced by immune cells, 
including monocytes, type  2 T  helper cells and regula-
tory T cells. IL‑10 may exert its functions by regulating 
important signaling pathways, including the extracellular 
signal‑regulated kinase 1/2, signal transducer and activator 
of transcription 3 (STAT3) and nuclear factor‑κB signaling 
pathways, and affecting the expression of downstream 
genes (7,8). The roles of IL‑10 in carcinogenesis have been 
discussed previously; however, the underlying mechanism 
requires further investigation.

In recent years, research on the tumor microenvironment 
has attracted increasing attention. Previous studies have 
demonstrated that the tumor microenvironment serves a key 
role in the progression of cancer (9,10). In the majority of solid 
tumors, cancer‑associated macrophages (CAMs) are typically 
identified as M2 phenotype macrophages and an increased 
number of CAMs is correlated with poor prognosis in numerous 
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types of cancer (11,12), including gastric cancer (13,14). The 
results of previous studies have demonstrated that the under-
lying interactions among CAMs, cancer cells and cytokines, 
serve important roles in the pathogenesis of various types of 
cancer, and targeting CAMs has emerged as a novel method 
for the treatment of cancer.

The present study aimed to examine the roles and 
associated mechanisms of IL‑10 secreted by CAMs in the 
pathogenesis of gastric cancer. The expression levels of IL‑10 
were examined in tumor tissues and serum samples of patients 
with gastric cancer. The expression of IL‑10 in CAMs and 
normal macrophages was compared. Furthermore, the roles 
of IL‑10 in proliferation, apoptosis and migration of gastric 
cancer cells were investigated. RNA‑sequencing analysis was 
performed to identify critical genes that were differentially 
expressed in gastric cancer cells with and without IL‑10, 
and the effect of IL‑10 on the activation of the c‑Met/STAT3 
signaling pathway was examined. The present results may 
provide novel insight for IL‑10 as a potential therapeutic 
target for gastric cancer.

Materials and methods

Patients and clinical tissue samples. In total, 20 pairs of gastric 
tumor tissues and adjacent normal tissues were collected from 
patients (11 males and 9 females, 58‑72 years old, median 
age 63) with gastric cancer that enrolled at the Institute of 
Digestive Endoscopy and Medical Center for Digestive 
Disease between May 2017 to March 2018 at the Second 
Affiliated Hospital, Nanjing Medical University (Nanjing, 
China). The tissue samples were immediately frozen in liquid 
nitrogen following surgery and stored at ‑80˚C until required. 
The serum of every patient was additionally collected 
and stored at ‑80˚C, and the serum samples of 20 healthy 
volunteers served as the control group. All patients were 
pathologically diagnosed with gastric cancer, and patients 
subjected to pre‑operative radiotherapy and/or chemotherapy 
were excluded from the present study. All patients signed an 
informed consent form, and the present study was approved 
by the Ethical Committee of Nanjing Medical University.

Cell culture and treatment. For the in vitro differentiation 
of human monocytes (THP‑1 cells; American Type Culture 
Collection) into CAMs, the cells were incubated for 48 h 
with 20 ng/ml IL‑4 and 20 ng/ml IL‑13 (PeproTech, Inc.) to 
obtain M2 polarized macrophages. Human gastric cell lines 
MGC‑803 and BGC‑823 (American Type Culture Collection) 
were cultured in RPMI‑1640 medium (Invitrogen; Thermo 
Fisher Scientific, Inc.) supplemented with 10% fetal bovine 
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C 
in a humidified incubator at 5% CO2. Cells were either treated 
with the supernatant from CAMs or the supernatant from 
CAMs+IL‑10 antibody (cat. no. ab133575; 1:2,000; Abcam) 
for 72 h for further analysis. For cell profiling, MGC‑803 cells 
were treated with IL‑10 overexpression vector (Origene) and 
empty vector (Origene).

ELISA. The serum expression level of IL‑10 in patients and the 
expression of IL‑10 in the cell culture supernatant of CAMs 
were measured using an ELISA kit (cat. no. H009; Nanjing 

Jiancheng Bio‑Engineering Institute Co., Ltd.) according to 
the manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from the clinical tissue 
samples using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
cDNA was synthesized using the PrimeScript RT Master Mix 
kit (Takara Biotechnology Co., Ltd.). Subsequently, qPCR 
was performed to examine the expression of IL‑10 using 
SYBR premix Ex Taq (Takara Biotechnology Co., Ltd.) on an 
ABI 7500 Real‑Time PCR System. Relative mRNA expres-
sion levels were calculated using the 2‑∆∆Cq method (15), with 
GAPDH as the internal control. The thermocycling conditions 
were 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec 
and 60˚C for 30  sec. The primers were as follows: IL‑10, 
5'‑GCC​AGA​GCC​ACA​TGC​TCC​TA‑3' (forward) and 5'‑GAT​
AAG​GCT​TGG​CAA​CCC​AAG​TAA‑3' (reverse); and GAPDH, 
5'‑AAA​TGG​TGA​AGG​TCG​GTG​TGA​AC‑3' (forward) and 
5'‑CAA​CAA​TCT​CCA​CTT​TGC​CAC​TG‑3' (reverse).

Cell proliferation analysis. Following treatment for 72 h, the 
proliferation of MGC‑803 and BGC‑823 cells was determined 
by Cell Counting Kit‑8 (CCK‑8), according to the manufac-
turer's protocol. Cells were collected and seeded onto 96‑well 
plates, and 10 µl CCK‑8 reagent was added to each well. 
Subsequently, the plate was incubated for 4 h. The optical 
density value was measured at 450 nm with a microplate 
reader.

Cell apoptosis analysis. The apoptosis of MGC‑803 and 
BGC‑823 cells following different treatments was analyzed 
using an Annexin  V‑fluorescein isothiocyanate (FITC) 
apoptosis kit (BD  Biosciences) by flow cytometry. Cells 
were collected and stained with Annexin V‑FITC and prop-
idium iodide solutions. Subsequently, the apoptosis of the 
cells was examined using a FACSCalibur flow cytometer 
(BD Biosciences) with CellQuest 6.0 software (BD Biosciences, 
Franklin Lakes, NJ, USA).

Scratch wound healing assay. MGC‑803 and BGC‑823 
cells (~2x105) were cultured until they reached 100% conflu-
ence in 6‑well plates and the monolayer was then scratched 
using a 10 µl pipette tip. The plate was subsequently incubated 
at 37˚C with 5% CO2 for 24 h. The images of the migration 
area from five fields of the control group and treatment group 
were captured with an inverted light microscope (magnifica-
tion, x200) and analyzed using ImageJ (National Institutes of 
Health).

Matrigel invasion assay. A cell invasion assay was conducted 
using 24‑well plates with Transwell chambers (Corning, Inc.). 
Cells (4x104) were seeded onto the upper Matrigel‑coated cham-
bers containing DMEM culture medium (300 µl) without any 
bovine serum and the lower chambers were filled with DMEM 
medium containing 10% FBS. After incubation for 24 h, cells 
that had invaded the membrane were fixed with methanol and 
stained with crystal violet. The images of the stained membrane 
were captured from five randomly fields using an inverted 
fluorescence microscope (magnification, x200).
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Western blot analysis. Total protein was isolated from 
MGC‑803 and BGC‑823 cells using a lysis buffer (Beyotime 
Institute of Biotechnology). Protein concentrations were 
determined using a bicinchoninic acid protein assay kit 
(Beyotime Institute of Biotechnology). The proteins were 
subsequently separated by 10% SDS‑PAGE, and transferred 
onto a polyvinylidene fluoride membrane, blocked with 
5% non‑fat milk for 1 h at room temperature and incubated 
with primary antibodies against c‑Met (cat. no. ab51067; 
1:2,000), STAT3 (cat. no. ab76315; 1:5,000), phosphorylated 
(p)‑STAT3 (cat. no. ab32143; 1:2,000), matrix metallopro-
teinase (MMP) 9 (cat. no. ab219372; 1:2,000) and caspase‑3 
(cat. no. ab13847; 1:500; all purchased from Abcam) at 4˚C 
overnight. GAPDH was used for normalization. On day 2, 
the membranes were incubated with horseradish perox-
idase‑conjugated secondary antibodies (cat.  no.  ab6721; 
1:5,000) and detected using a ChemiDoc™ XRS+ imaging 
system (Bio‑Rad Laboratories, Inc.). Relative protein 
expression was quantified by ImageJ software (version 1.47; 
National Institutes of Health).

RNA isolation, construction of cDNA library and 
RNA‑sequencing. TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract the total RNA from the 
cell samples of different treatments, according to the manu-
facturer's instructions. The quality of the total RNA was 
evaluated by Nanodrop 2000 spectrophotometry (Thermo 
Fisher Scientific, Inc.). RNA samples with 260/280 nm optical 
density ratio 1.8‑2.0 were used for cDNA synthesis using the 
1st Strand Enzyme Mix (Vazyme). The second strand cDNA 
was synthesized with 2nd Strand Marking Buffer and 2nd 
Strand/End Repair Enzyme Mix (Vazyme). Then, the cDNA 
library was constructed by PCR as previously published (16), 
and RNA‑sequencing was performed with Illumina HiSeq 
XTen (Vazyme).

The quantitative analysis was based on reads per kb per 
million reads (RPKM). Differentially expressed genes (DEGs) 
were selected by adjusted P<0.05 for multiple tests using the 
Benjamini‑Hochberg Method (17). Functional annotation of 
the genes was performed by Gene Ontology (GO) analysis 
(http://geneontology.org). Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways were annotated using ggplot2 
program (https://ggplot2.tidyverse.org/reference/) and mapped 
onto KEGG pathways (18).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation. Comparisons between two groups were 
analyzed by a t‑test, and comparisons among multiple groups 
were analyzed by analysis of variance followed by Turkey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Increased expression of IL‑10 in tissue and serum samples of 
patients with gastric cancer. The expression levels of IL‑10 in 
tumor tissue sand adjacent normal tissues from patients with 
gastric cancer were detected by RT‑qPCR. As presented in 
Fig. 1A, the expression of IL‑10 was significantly increased in 
gastric tumor tissues compared with adjacent tissues (P<0.01; 

Fig. 1A). Furthermore, IL‑10 levels in serum samples from 
patients with gastric cancer and healthy volunteers were 
compared; the results revealed that the serum levels of IL‑10 
were significantly increased in patients with gastric cancer 
compared with healthy volunteers (P<0.01; Fig. 1B).

Increased IL‑10 levels in the cell culture supernatant of 
CAMs. Subsequently, THP‑1 cells were treated with IL‑4 and 
IL‑13 to induce their differentiation to CAMs in vitro, cultured 
for 72 h, and the IL‑10 levels in the cell culture supernatant 
were evaluated by ELISA. It was observed that, compared 
with the untreated THP‑1 cells, the expression of IL‑10 was 
significantly upregulated in the cell culture supernatant of 
CAMs (P<0.01; Fig. 2).

Figure 1. Increased expression of IL‑10 in tissue samples and serum of 
patients with gastric cancer. (A) mRNA expression levels of IL‑10 in tumor 
tissue samples and adjacent normal tissues from patients with gastric 
cancer. (B) IL‑10 levels in serum of patients with gastric cancer and healthy 
volunteers measured by ELISA. *P<0.05 and **P<0.01. IL‑10, interleukin‑10.

Figure 2. IL‑10 levels in CAMs and untreated THP‑1 cells. The levels of 
IL‑10 in the cell culture supernatant of control untreated THP‑1 cells and 
THP‑1 cells differentiated to CAMs were evaluated by ELISA. **P<0.01. 
IL‑10, interleukin‑10; CAM, cancer‑associated macrophage.

https://www.spandidos-publications.com/10.3892/or.2019.7206
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IL‑10 affects proliferation and apoptosis in gastric cancer 
cells in vitro. The effects of the cell culture supernatant of 
CAMs on the proliferation and apoptosis of MGC‑803 and 
BGC‑823 gastric cancer cells were evaluated by CCK‑8 and 
flow cytometry, respectively. It was observed that, compared 
with the untreated cells, treatment with the cell culture 
supernatant of CAMs induced a significant increase in the 
proliferation (P<0.01; Fig. 3) and a decrease in the apoptosis 
(P<0.01; Fig. 4) of MGC‑803 and BGC‑823 cells. Notably, 
addition of an IL‑10 inhibitory antibody blocked these effects 
(Figs. 3 and 4), suggesting that the tumor‑promoting function 
of the CAM‑conditioned media was mediated by IL‑10.

IL‑10 affects migration and invasion in gastric cancer cells 
in vitro. The effects of the cell culture supernatant of CAMs 
on the migratory and invasive abilities of MGC‑803 and 
BGC‑823 cells was examined. As presented in Figs. 5 and 6, 
treatment with the cell culture supernatant of CAMs induced 
a significant increase in the migratory and invasive abilities of 
MGC‑803 and BGC‑823 cells, whereas the addition of the IL‑10 
inhibitory antibody partially blocked the CAM‑conditioned 
media‑induced effects.

Differential gene expression profiling of MGC‑803 cells 
treated with or without IL‑10. To profile the differentially 
expressed genes of MGC‑803 cells treated with IL‑10 

overexpression vector (Origene) and empty vector (Origene), 
genome‑wide RNA‑sequencing was performed. As presented 
in Fig. 7, it was identified that 86 genes were significantly 
altered in MGC‑803 cells treated with IL‑10 compared with 
untreated MGC‑803 cells. Of those, 54 genes were upregu-
lated and 32 genes were downregulated. The top upregulated 
and downregulated genes are listed in Table I. The signifi-
cantly upregulated genes included oncogenes IL‑6, IL‑32, 
insulin like growth factor binding protein 3, C‑X‑C motif 
chemokine ligand 2, Pim‑2 proto‑oncogene and STAT3; the 
significantly downregulated genes included tumor suppres-
sors, such as tensin 2 and LIM domain and actin binding 1 
(Table I).

To understand the important biological processes affected 
by the IL‑10 treatment on MGC‑803 cells, a GO analysis was 
performed. The results revealed that IL‑10‑affected genes 
were enriched in the categories response to chemical, extra-
cellular region, extracellular region part, cellular response 
to chemical stimulus, defense response, extracellular 
space, receptor binding, plasma membrane part, response 
to cytokine, inflammatory response, integral component of 
plasma membrane, cell chemotaxis, cytokine activity, cyto-
kine receptor binding, cell surface, positive regulation of 
leukocyte chemotaxis, regulation of leukocyte chemotaxis, 

Figure 3. Effect of IL‑10 on the proliferation of gastric cells in  vitro. 
Proliferation of MGC‑803 and BGC‑823 cells following different treatments 
was evaluated by CCK‑8 assay. *P<0.05 and **P<0.01, with comparisons 
indicated by lines. IL‑10, interleukin‑10; OD, optical density; CAM, 
cancer‑associated macrophage; IL‑10a, IL‑10 inhibitory antibody.

Table I. Differentially expressed genes by RNA‑sequencing.

A, Upregulated	

Gene name	 Log2 fold change

CXCL2	 5.4087
CXCL8	 2.58106
STAT3	 2.52124
IL‑6	 2.33332
IL‑32	 2.23426
IGFBP3	 2.184
PIM2	 2.17285
ANGPTL4	 2.17171
RND1	 2.0646
CXCL3	 1.98878

B, Downregulated	

Gene name	 Log2 fold change

SNORD3A	‑ 3.47926
HIST1H2BF	‑ 2.68504
TNS2	‑ 2.53616
TRIM17	‑ 2.15445
OGFRP1	‑ 2.11346
LIMA1	‑ 2.07622
MARCO	‑ 1.83237
CLYBL	‑ 1.77506
RDH5	‑ 1.72344
FUT4	‑ 1.67064
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positive regulation of leukocyte migration and G‑protein 
coupled receptor binding (Fig. 8). Furthermore, in terms of 
cellular component, it was identified that the most abundant 
genes were focused on cytoplasm, organelle, membrane, 
membrane‑bounded organelle, intracellular organelle, intra-
cellular membrane‑bounded organelle, extracellular region, 
cytoplasmic part, extracellular region part, cell periphery 
(Fig. 8). In addition, as far as molecular function is concerned, 
the most enriched GO terms were binding, protein binding, 
ion binding, receptor binding, catalytic activity, heterocyclic 
compound binding, organic cyclic compound binding, metal 
ion binding and cation binding (Fig. 8). Finally, the results 
from KEGG pathway enrichment analysis are presented in 
Fig. 9. The Nod‑like receptor, the NF‑kB and the chemokine 
signaling pathways were amongst the top 20 most signifi-
cantly enriched.

IL‑10 regulates the expression of c‑Met/STAT3 in MGC‑803 
cells in vitro. Based on the sequencing results, the expression 
of STAT3 was significantly upregulated in IL‑10‑treated cells, 
thus, RT‑qPCR and western blot analysis were performed to 
verify the sequencing results and examine the roles of STAT3 
in IL‑10 induced tumor‑promoting effects. As presented in 
Fig. 10, treating MGC‑803 with the cell culture supernatant of 
CAMs induced a significant increase in the protein expression 
levels of STAT3, and additionally increased the phosphory-
lation of STAT3. c‑Met has been confirmed as an upstream 
regulator of STAT3 in several previous studies  (19,20); 
therefore, the effects of IL‑10 on the expression of c‑Met, as 
well as on the downstream effectors of STAT3 caspase‑3 and 
MMP9, were examined. It was observed that the cell culture 
supernatant of CAMs induced a significant increase in the 
expression of c‑Met at the protein level (Fig. 10). Furthermore, 

Figure 4. Effect of IL‑10 on the apoptosis of gastric cells in vitro. The apoptosis rates of MGC‑803 and BGC‑823 cells following different treatments were 
evaluated by flow cytometry. Representative plots and quantification is shown. *P<0.05 and **P<0.01, with comparisons indicated by lines. IL‑10, interleukin‑10; 
PI, propidium iodide; FITC, fluorescein isothiocyanate; CAM, cancer‑associated macrophage; IL‑10a, IL‑10 inhibitory antibody.

https://www.spandidos-publications.com/10.3892/or.2019.7206
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treatment with the cell culture supernatant of CAMs resulted 
in a decreased protein expression of caspase‑3 and increased 
expression of MMP9 (Fig. 10). Notably, addition of the IL‑10 
inhibitory antibody significantly blocked the effects of the 
CAM‑conditioned media on the c‑Met/STAT3 signaling 
pathway (Fig. 10).

Discussion

IL‑10 has been demonstrated to serve regulatory roles in 
inflammatory diseases; however, the roles of IL‑10 in carci-
nogenesis remain unclear. In the present study, the expression 
levels of IL‑10 in clinical gastric tumor tissues and serum 
samples from patients with gastric cancer were examined, and 
it was demonstrated that IL‑10 was significantly upregulated 
in gastric cancer. Furthermore, IL‑10 levels were significantly 
increased in the cell culture supernatant of CAMs compared 
with untreated THP‑1 cells. In addition, it was identified that 
IL‑10 was able to regulate the proliferation, apoptosis and 
migration of gastric cancer cells in vitro via activation of the 
c‑Met/STAT3 signaling pathway.

Accumulating evidence has revealed that the tumor 
microenvironment serves important roles in the pathogenesis 
of gastric cancer. Numerous studies have demonstrated that 
M2 macrophages contribute to cancer progression, including 
tumor growth, invasion and metastasis directly or indirectly, 
through paracrine activation by various growth factors and 

cytokines (21,22). Notably, the activation of these procarcino-
genic macrophages, termed CAMs, is not reversible. In the 
present study, it was demonstrated for the first time, to the best 
of our knowledge, that IL‑10 secreted by CAMs enhanced cell 
proliferation, migration and invasion in gastric cancer cells.

In the present study, genome‑wide RNA‑sequencing was 
performed to further elucidate the global genetic alterations 
resulting by IL‑10 stimulation in gastric cancer cells. Notably, 
86 genes were identified to be significantly altered between 
untreated cells and cells treated with IL‑10. GO analysis 
demonstrated that IL‑10 treatment regulated genes involved in 
a number of principal biological events, including in response 
to chemical, response to cytokine, inflammatory response, 
cell chemotaxis, cytokine activity, positive regulation of 
leukocyte chemotaxis, regulation of leukocyte chemotaxis, 
positive regulation of leukocyte migration and G‑protein 
coupled receptor binding. Therefore, CAMs may contribute to 
the reprogramming of the cancer cells via cytokine secretion, 
such as IL‑10.

STAT3 was identified as one of the significantly upregu-
lated genes upon IL‑10 stimulation, and the present results 
confirmed that treatment of gastric cancer cells with the cell 
culture supernatant of CAMs induced a significant increase 
in the protein expression levels and the phosphorylation of 
STAT3. c‑Met, also termed hepatocyte growth factor receptor, 
is an upstream regulator of STAT3, which has been identi-
fied as an oncogene and potential therapeutic target (23,24). 
Upregulation of c‑MET may increase the expression and 

Figure 5. Effect of IL‑10 on the migration of gastric cancer cells in vitro. 
The migration ability of MGC‑803 and BGC‑823 cells following different 
treatments was evaluated by scratch wound healing assay. *P<0.05 and 
**P<0.01, with comparisons indicated by lines. IL‑10, interleukin‑10; CAM, 
cancer‑associated macrophage; IL‑10a, IL‑10 inhibitory antibody.

Figure 6. Effect of IL‑10 on the invasion of gastric cancer cells in vitro. 
The invasion ability of MGC‑803 and BGC‑823 cells following different 
treatments was evaluated by Transwell assay. Scale bar. 50 µm. **P<0.01, 
with comparisons indicated by lines. IL‑10, interleukin‑10; CAM, 
cancer‑associated macrophage; IL‑10a, IL‑10 inhibitory antibody.
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Figure 8. GO analysis of the differentially expressed genes between untreated and IL‑10‑treated MGC‑803 cells. GO, gene ontology; IL‑10, interleukin‑10.

Figure 7. Differentially expressed genes between untreated and IL‑10‑treated MGC‑803 cells analyzed by RNA‑sequencing. The volcano plot was generated 
using the ggplot2 program (https://ggplot2.tidyverse.org/reference/). IL‑10, interleukin‑10.

https://www.spandidos-publications.com/10.3892/or.2019.7206
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phosphorylation of STAT3, wherein the activated STAT3 
directly regulates genes involved in proliferation (including 
cyclin D1, c‑Myc, p53 and p21), survival (including Bcl‑2, 
Bcl‑xL, MCL1 apoptosis regulator and survivin), metastasis 
(including MMP2 and MMP9) and angiogenesis (including 
vascular endothelial growth factor) in numerous types of 
cancer. The role of c‑MET/STAT3 signaling in gastric cancer 
has been previously discussed in multiple studies  (25,26), 
including a previous study from our group (27). To further 
examine whether c‑Met/STAT3 signaling may serve a key role 
in IL‑10‑induced tumor‑promoting behaviors of gastric cancer 
cells, the expression levels of c‑Met, and of downstream effec-
tors STAT3, MMP9 and caspase‑3, were examined following 
treatment with CAM‑conditioned media. It was observed that 
treatment with the cell culture supernatant of CAMs induced 
a significant increase in the expression of c‑Met, a decrease in 
the expression of caspase‑3, and an increase in the expression 
of MMP9; however, addition of an inhibitory IL‑10 antibody 
significantly blocked these effects, suggesting that IL‑10 
secreted by CAMs may regulate the proliferation, apoptosis 
and migration of the gastric cancer cells by activating the 
c‑Met/STAT3 signaling pathway. Notably, it was observed 
that the cell culture supernatant of CAMs had no effect on 
the expression of c‑Met at the mRNA level (data not shown), 
suggesting that the effect of IL‑10 on the expression of c‑Met 
may be post‑transcriptional.

Consistent with the present results, previous studies have 
suggested that CAMs may be novel prospective therapeutic 

Figure 10. Protein expression levels of c‑Met/STAT3 signaling proteins in 
different treatment groups. Western blot analysis was used to confirm the effects 
of IL‑10 on proteins associated with the c‑Met/STAT3 pathway. *P<0.05 and 
**P<0.01, with comparisons indicated by lines. c‑Met, MET proto‑oncogene; 
IL‑10, interleukin‑10; CAM, cancer‑associated macrophage; IL‑10a, IL‑10 
inhibitory antibody; p‑, phosphorylated; MMP9, matrix metalloproteinase 9.

Figure 9. Results of KEGG pathway analysis of the differentially expressed genes between untreated and IL‑10‑treated MGC‑803 cells. IL‑10, interleukin‑10.
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targets in cancer immunotherapy. As a crucial component 
within the cancer microenvironment, CAMs are activated 
at the early stages and widely contribute to tumor initiation, 
growth, invasion, metastasis and therapy resistance, via growth 
factors, cytokines and other biological molecules. Current 
CAM‑targeted cellular therapies have undergone preclinical 
evaluation and clinical trials  (28), including inhibition of 
CAM activation, blockage of CAM‑cancer cell interaction, 
and destruction of metabolism uncoupling between CAMs 
and cancer cells. For example, inhibition of IL‑10 secretion 
from CAMs in gastric cancer may be a promising therapeutic 
strategy.

In summary, it was demonstrated that there was an increased 
expression of IL‑10 in gastric cancer tumor specimens, which 
was correlated with the advanced clinicopathological stages 
of patients. Additionally, IL‑10 was markedly increased in 
the CAMs. Furthermore, treatment with IL‑10 induced an 
increase in the proliferation and migration of MGC‑803 and 
BGC‑823 cells; however, it decreased apoptosis via activation 
of the c‑Met/STAT3 signaling pathway. IL‑10 regulates a 
global altered gene expression profile in gastric cancer cells, 
including metabolic signaling pathways, cell proliferation 
and migration. Together, these results suggested that IL‑10 
produced by CAMs promoted the proliferation and invasion 
of gastric cancer.
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