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Abstract. The aim of the present study was to explore 
the potential role of cluster of differentiation CD68+ 
tumor‑associated macrophages (TAMs) induced by interleukin 
(IL)‑6 in the progression of gastric cancer (GC) and patient 
prognosis. The expression levels of IL‑6 and CD68 were 
detected by immunohistochemical staining in 60 samples of 
tumor and non‑tumor gastric tissues. CD14+ monocytes were 
isolated from peripheral blood mononuclear cells and stimu-
lated with macrophage colony stimulation factor (M‑CSF) 
and IL‑6, and the expression levels of IL‑10, IL‑12, vascular 
endothelial growth factor (VEGF)‑C and transforming growth 
factor (TGF)‑β were measured by reverse transcription poly-
merase chain reaction and ELISA. The GC MGC‑803 cell line 
was co‑cultured with monocytes stimulated by M‑CSF and 
IL‑6 and the invasion ability of the MGC‑803 was evaluated 
by Transwell analysis. The levels of STAT3, P‑STAT3 and 
interferon‑regulatory factor 4 (IRF4) in the monocytes stimu-
lated by M‑CSF and IL‑6 were detected by western blotting. 
The results demonstrated that the frequencies of IL‑6+ macro-
phages (Mφs) and CD68+ Mφs were significantly higher in 
tumor regions compared with the corresponding non‑tumor 
regions of GC tissues. Kaplan‑Meier analysis revealed that 
the densities of tumor‑infiltrating CD68+ or IL‑6+ Mφs were 
inversely associated with the overall survival rates of the 
patients. In vitro, the expression levels of IL‑10, VEGF‑C and 
TGF‑β significantly increased in CD14+ monocytes subse-
quent to M‑CSF and IL‑6 stimulation. The invasion abilities of 
MGC‑803 were increased by the monocytes stimulated with 
M‑CSF and IL‑6. The levels of STAT3, P‑STAT3 and IRF4 

proteins increased in the monocytes stimulated by M‑CSF and 
IL‑6. In conclusion, the results from the present study suggest 
that a high density of CD68+ TAMs predicts a poor prognosis 
in GC. IL‑6 may polarize the Mφs and promote tumor inva-
sion through the IL‑6/STAT3/IRF4 signaling pathway.

Introduction

Gastric cancer (GC) is the fifth most common type of cancer, 
and the third leading cause of cancer mortality in the world (1). 
The 7th edition of the tumor node metastasis (TNM) staging 
system indicates the importance of the depth of invasion and 
the number of lymph nodes metastases involved as major 
prognostic factors (2). Therefore, it is important to understand 
the mechanisms involved in gastric cancer progression and 
lymphatic metastasis.

The association between inflammation and cancer was 
proposed >100  years ago, and experimental, clinical and 
epidemiological studies have revealed that chronic inflam-
mation contributes to cancer progression and may increase 
predisposition to different types of cancer (3,4). Macrophages 
(Mφs) are one of the most important inflammatory cells in the 
tumor microenvironment (4,5). There are two types, M1 and 
M2, and they are derived from monocytes. M1 macrophages 
are produced by the classical complement pathway, and are 
pro‑inflammatory. M2 macrophages are activated through the 
alternative complement pathway, and secrete anti‑inflamma-
tory cytokines and participate in tissue repair (6). M1 Mφs 
produce large amounts of nitric oxide by expressing inducible 
nitric oxide synthase (iNOS) and tumor necrosis factor (TNF), 
and are essential for clearing bacterial, viral and fungal infec-
tions (7). M2 Mφs serve a role in the response to parasite 
infection, tissue remodeling, angiogenesis and tumor progres-
sion (8). In a previous study investigating GC, Ishigami et al (9) 
suggested that the expression of tumor‑associated Mφs 
(TAMs) was positively correlated with stomach lesions, tumor 
staging and lymph node metastasis. The differentiation of Mφs 
into the M1 or M2 phenotype is affected by the microenviron-
ment, and numerous types of cytokines present. Amongst the 
tumor‑derived factors that modulate myeloid cell polarization, 
macrophage colony stimulation factor (M‑CSF) promotes the 
recruitment and survival rates of Mφ, and M‑CSF enhances 
tumor growth and aggressiveness by stimulating the protumor 
activities of TAMs (10).
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Interleukin (IL)‑6 is a strong activator of signal transducer 
and activator of transcription 3 (STAT3), and IL‑6‑dependent 
STAT3 activation serves a pivotal role in tumor progression. It 
has been demonstrated in previous studies that IL‑6 is an inde-
pendent risk factor for poor prognosis inpatients with GC (11). 
Also, it has been reported that interferon‑regulatory factor 4 
(IRF4) may regulate M2 Mφ polarization, and contribute 
to the expression of M2 makers (8,11). In the present study, 
the significance of the correlation between IL‑6 and TAMs, 
and their role in GC progression and lymph node metastasis 
was investigated. Furthermore, it was demonstrated that 
M‑CSF and IL‑6 drive the differentiation of M2 polarization 
of TAMs through the IL‑6/STAT3/IRF4 signaling pathway, 
and that in vitro induced Mφs express high levels of IL‑10, 
transforming growth factor (TGF)‑β and vascular endothelial 
growth factor (VEGF)‑C. The elevated expression level of 
STAT3 indicates the activation of the IL‑6 signaling pathway. 
Collectively, these data suggest that the IL‑6/STAT3/IRF4 axis 
may facilitate tumor progression and lymph node metastasis in 
the GC microenvironment.

Materials and methods

Clinical data. GC tissue was collected from 60 patients by 
gastrectomy, subsequently embedded in paraffin, and diag-
nosed at the Southwest Hospital of Third Military Medical 
University (Chongqing, China). None of the patients had 
received radiation or chemotherapy prior to surgery, and 
clinicopathological classification was confirmed by a patholo-
gist. The age of the patients ranged between 28 to 82 years, 
and the median age was 54  years. There were 33  males 
and 27 females. According to the 2010 edition of Union for 
International Cancer Control staging of GC (12), there were 
7 patients with stage I, 14 patients with stage II, 34 patients 
with stage III and 5 patients with stage IV. According to tumor 
location, there were 11 patients with gastric cardia, 24 patients 
with gastric body and 25 patients with antrum. There were 
42 patients with lymph node metastasis and 18 patients without 
lymph node metastasis, as summarized in Table I. The present 
study was approved by the Ethics Review Board at the Third 
Military Medical University, and written informed consent 
was obtained from all patients.

Immunohistochemical staining. The GC tissues were fixed 
with 10% paraformaldehyde, and the paraffin‑embedded 
specimens were then cut into 5 µm sections. Subsequent to 
dewaxing and rehydration, the sections were submerged in 
EDTA buffer and heated in a microwave oven (100˚C) for anti-
genic retrieval. The sections were the treated with 3% hydrogen 
peroxide in methanol to prohibit the endogenous peroxidase 
activity, and incubated with normal goat serum at 37˚C for 
30 min. Rabbit antibodies against IL‑6 (1:400; cat. no. ab6672) 
and CD68 (1:400; cat. no. Ab125212; Abcam, Cambridge, 
MA, USA) were incubated with the sections overnight at 4˚C. 
Subsequent to washing, the tissue sections were treated with 
horseradish peroxidase labeled anti‑rabbit antibody (1:100; 
cat. no. A0208; Beyotime Institute of Biotechnology, Haimen, 
China) at 37˚C for 30 min. The sections were immersed in 
3‑amino‑9‑ethyl carbazole (DAB; OriGene Technologies). 
Subsequent to washing, the tissue sections were counterstained 

with 10% hematoxylin, and mounted in Clear‑Mount. The 
sections were then evaluated at magnification, x100, and 5 
representative areas where high densities (>5 cells/field) of 
IL‑6 or CD68 marker (brown) accumulation at were identified. 
They were then counted at magnification, x200 in each case, 
and the average value was used. All protocols were performed 
by 2 researchers (Third Military Medical University) who 
were blinded to the groups, with assistance from a professional 
pathologist.

Cell culture. The blood samples were obtained from the 
Department of Hematology, Southwest Hospital, Chongqing, 
China. The peripheral blood mononuclear cells (PBMC) 
were separated by centrifugation at 20˚C and 2,000 x g for 
20 min with lymphocyte separation medium (GE Healthcare 
Bio‑Sciences, Pittsburgh, PA, USA). CD14+ cells were isolated 
from the PBMC with the Human CD14 Positive Selection kit 
(Stemcell Technologies, Inc., Vancouver, Canada). The puri-
fied monocytes were then cultured with RPMI‑1640 (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Hyclone, Logan, UT, 
USA) and 100 ng/ml of M‑CSF. Fresh media and cytokines 
were added on day 3. Subsequent to 6 days of induction, the 
cells were stimulated for 24 h with or without 50 or 100 ng/ml 
human recombinant IL‑6 (PeproTech, Inc., Rocky Hill, NJ, 
USA). All cells were grown at 37˚C in a humidified atmo-
sphere of 5% CO2.

Reverse transcription quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from cultured 
cells using TRIzol® reagent according to the manufacturers' 
protocol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The RNA (1,000 ng in 10 µl volume) was reverse 
transcribed with a reverse transcription kit (Takara Bio., Inc., 
Otsu, Japan) at 37˚C for 15 min, then 85˚C for 12 sec. cDNA 
was obtained and diluted with 20 µl nuclease free water. qPCR 
was performed on a BIO‑RAD CFX96‑Tm Real‑Time System 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) by mixing 
2 µl diluted cDNA with SYBR Green Master Mix (Applied 
Biosystems, MA, USA). The reaction conditions were as 
follows: 95˚C for 2 min, 40 cycles at 95˚C for 5 sec, 55˚C for 
30 sec, and 60˚C for 2 min. The forward and reverse primers 
(Shanghai GenePharma Co., Ltd., Shanghai, China) listed in 
Table II. The relative expression levels of the target mRNAs 
(IL‑10, IL‑12, VEGF‑C and TGF‑β) were using the 2‑ΔΔCq 
method, using β‑actin as a calibrator (13).

ELISA analysis. The cytokines IL‑10, IL‑12, TGFβ and 
VEGF‑C in the supernatants of the cultured monocytes, 
centrifuged at 500 x g for 5 min at 20˚C, were examined 
using an ELISA, following the protocol of the manufacturer 
(BioLegend, Inc., San Diego, CA, USA). All of the samples 
were measured in triplicate.

Transwell analysis. Subsequent to 6 days of differentiation of 
the monocytes with M‑CSF, IL‑6 was added to a final concen-
tration of 100 ng/ml and they were cultured for an additional 
24 h. Subsequently, 1x105 MGC‑803 cells were seeded in 
the upper well of the Transwell in RPMI 1640 with 5% fetal 
calf serum (FCS) and 1x105 Mφs or IL‑6 induced Mφs were 
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seeded on the lower surface of the inverted filter membrane 
in RPMI 1640 with 5% FCS. Subsequent to 1 day of incu-
bation at 37˚C, the cells fixed with 3.7% paraformaldehyde 
in CS buffer, 0.1 M piperazine‑N,N'‑bis (2‑ethanesulfonic 
acid; PIPES), 1 mM EGTA, 4% polyethylene glycol 800 and 
0.1 M NaOH, for 20 min at room temperature for subsequent 
crystal violet staining. The number of MGC‑803 cells that 
penetrated the micropores were then counted at magnifica-
tion x200 with a light‑microscope (Nikon Corporation, 
Tokyo, Japan) (14).

Western blot analysis. Total protein was extracted from the 
cells cultured for 7 days with or without IL‑6 stimulation, 
and the concentration of proteins was determined using a 
BCA protein assay kit (Nanjing KeyGen Biotech., Co., Ltd., 
Nanjing, China). Equal quantities of protein were separated 
by 10% SDS‑PAGE gels and transferred onto polyvinylidene 
difluoride membranes (EMD Millipore, Billerica, MA, USA). 
Subsequent to blocking for 1 h with 3% bovine serum albumin, 

the membranes were incubated overnight at 4˚C with primary 
antibody against STAT3 (dilution, 1:1,000; cat. no. ab68153), 
P‑STAT3 (dilution, 1:1,000; cat. no. ab76315), IRF4 (dilution, 
1:1,000; cat. no. ab133590; all Abcam), and β‑actin (dilution, 
1:2,000; cat. no. sc‑130656; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA). Subsequently, the membranes were washed 
with 0.1% TBS‑Tween‑20 and incubated with goat anti‑mouse 
or rabbit horseradish peroxidase‑conjugated secondary 
antibodies (dilution, 1:5,000; Jackson ImmunoResearch 
Laboratories, Inc., West Grove, PA, USA) for 1 h at room 
temperature. The blots were detected using the SuperSignal™ 
West Dura Extended Duration Substrate enhanced chemi-
luminescence western blotting kit (Pierce; Thermo Fisher 
Scientific, Inc.).

Statistical analysis. The statistical analysis between the 
groups was performed by the Mann‑Whitney U test. Overall 
survival (OS) rates of patients and their differences were 
determined by Kaplan‑Meier method and log‑rank test. 

Table I. Association of IL‑6+ cells and CD68+ cells with clinicopathological characteristics.

	 CD68 expression	 IL‑6 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameter	 Low, n	 High, n	 P‑value	 Low, n	 High, n	 P‑value

Age, years						    
  <54	 10	 16	 0.181	 14	 12	 0.228
  ≥54	 19	 15		  13	 21	
Sex						    
  Male	 18	 15	 0.287	 16	 17	 0.586
  Female	 11	 16		  15	 12	
Location						    
  Cardia	 4	 7	 0.408	 6	 5	 0.607
  Body	 14	 10		  11	 13	
  Sinuses	 11	 14		  15	 10	
TNM Stage						    
  I+II	 16	 5	 0.007	 14	 7	 0.004
  III+IV	 14	 25		  11	 28	
Lymph node metastasis						    
  Yes	 12	 30	 0.018	 14	 28	 0.017
  No	 11	 7		  12	 6	

TNM, tumor node metastasis.

Table II. Primers for quantitative expression of IL‑10, IL‑12, VEGF‑C and TGF‑β.

Cytokine	 Forward	 Reverse	 Length, bp

IL‑10	 5'‑GCTGTCATCGATTTCTTCCC‑3'	 5'‑CTCATGGCTTTGTAGATGCCT‑3'	 103
IL‑12	 5'‑AGGGCCGTCAGCAACATG‑3'	 5'‑TCTTCAGAAGTGCAAGGGTAAAATTC‑3'	 68
VEGF‑C	 5'‑CAGCACGAGCTACCTCAGCAAG‑3'	 5'‑TTTAGACATGCATCGGCAGGAA‑3'	 117
TGF‑β	 5'‑AACTACTGCTTCAGCTCCAC‑3'	 5'‑TGTGTCCAGGCTCCAAATGTA‑3'	 155

IL, interleukin; VEGF‑C, vascular endothelial growth factor C; TGF‑β, transforming growth factor β.

https://www.spandidos-publications.com/10.3892/ol.2018.8119
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Analyses were performed using GraphPad Prism software, 
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). 
P<0.05 was considered to indicate a statistically significant 
difference. All of the data are presented as the mean ± stan-
dard deviation.

Results

The level of IL‑6+ and CD68+ Mφs were higher in the tumor 
regions of gastric tissues. Mφs exhibit diverse phenotypes 
during inflammation and tumor pathogenesis. To evaluate the 
types of Mφ phenotype and distribution patterns in human GC 
tissues, the present study used immunostaining to investigate 
IL‑6+ and CD68+ Mφs in situ. IL‑6+ Mφs were revealed to 
be distributed throughout the tissues, and were more frequent 
in the tumor regions compared with non‑tumor regions of 
gastric tissues, 23±13 and 13±8 cells/field, respectively, as 
demonstrated in Fig. 1. It was also demonstrated that CD68+ 
Mφs were distributed throughout the tissues, and were more 
frequent in tumor regions than non‑tumor regions of gastric 
tissues, 21±10 and 9±5 cells/field, respectively, as illustrated 
in Fig. 1. Additionally, the frequencies of IL‑6+ cells were 

positively associated with the frequencies of CD68+ cells. 
These results indicate that the level of IL‑6+Mφs and CD68+ 
Mφs is higher in the tumor regions of gastric tissues.

IL‑6 and CD68 were correlated with poor clinical patholog‑
ical features and prognosis of GC patients. As demonstrated 
in Table  I, the expression levels of IL‑6 and CD68 were 
positively associated with lymph node metastasis and TNM 
stages. The difference was statistically significant (P<0.05). 
In addition, to investigate the associations between IL‑6 and 
CD68 with GC progression, 60 patients with GC were divided 
into 2 groups based on the median frequencies of IL‑6+ and 
CD68+ Mφs, respectively. Kaplan‑Meier survival curves 
were then plotted to investigate the association with OS rate, 
as demonstrated in Fig. 1. The log‑rank statistic was used to 
compare OS rates between the low and high IL‑6 or CD68 
expression groups. There was a markedly positive association 
between OS and the densities of IL‑6+ (P=0.0202) and CD68+ 
Mφs (P=0.0229), as illustrated in Fig. 1F and G, respectively. 
These results indicate that IL‑6 and CD68 exhibit a positive 
correlation with poor clinical pathological features and prog-
nosis of patients with GC.

Figure 1. Levels of IL‑6+Mφs and CD68+ Mφs were higher in the tumor regions of gastric tissues. IL‑6 and CD68 were upregulated in the primary tumor 
tissues and correlated with poor prognosis of patients with gastric cancer. (A) Representative immunohistochemistry images of IL‑6+Mφs (magnifica-
tion, x100). (B) Numbers of IL‑6+Mφs in 60 pairs of matching tumor and normal tissues. (C) Representative immunohistochemistry images of CD68+Mφs 
(magnification, x100). (D) Numbers of CD68+Mφs in 60 pairs of matching tumor and normal tissues. (E) Scatter demonstrates that the positive correlation 
between the expression levels of IL‑6 and CD68 in the 60 gastric tumor tissues (R2=0.7526; P<0.01). (F) Kaplan‑Meier survival estimates and log‑rank tests 
were used to analyze the prognostic significance of IL‑6+ Mφs and (G) CD68+ Mφs in the tumor regions of gastric tissues. Patients were divided into 2 groups 
according to the median number of Mφs per x400 field. ***P<0.01. Red lines, low group; green lines, high group; Mφs, macrophages; IL, interleukin; CD, 
cluster of differentiation.
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Expression levels of IL‑10, IL‑12, VEGF‑C and TGF‑β in 
the CD14+ monocytes and in supernatants of cultured 
monocytes stimulated with M‑CSF alone, or M‑CSF and 
IL‑6. As M‑CSF may induce monocyte differentiation 
into Mφs, it has been demonstrated that M1 Mφs produce 
pro‑inflammatory cytokines such as IL‑12 and exert an 
antitumor effect, whilst M2 Mφs produce IL‑10, VEGF‑C 
and TGF‑β and promote tumor progression. Therefore, 
CD14+ monocytes were cultured for 6 days with 100 ng/ml 
M‑CSF and stimulated for 24 h with or without 100 ng/ml 
IL‑6. The Mφs induced by IL‑6 exhibited an M2 polarized 
phenotype, IL‑10high, IL‑12low, and high expression levels of 
lymph angiogenesis‑promoting l factor VEGF‑C and tumor 

progression‑promoting factor TGF‑β compared with the 
control group, which was cultured with M‑CSF, as demon-
strated in Fig. 2A. In addition, the differentiation of Mφs was 
also detected with ELISA analysis. CD14+ monocytes from 
the IL‑6‑treated model exhibited higher IL‑10 and TGF‑β 
expression levels but lower IL‑12 level compared with the 
control group, as illustrated in Fig. 2, which supports the 
hypothesis that IL‑6 treatment promotes the differentiation 
of M2 Mφs. The IL‑6‑treated M2 Mφs also generated a high 
expression level of VEGF‑C, which supported the hypothesis 
of the ability of M2 Mφs to induce the formation of lymphatic 
fluid. To determine the effect of TAMs on VEGF/VEGF‑C 
production, the expression levels of VEGF and VEGF‑C in 

Figure 2. IL‑10, VEGF‑C and TGF‑β levels increase and IL‑12 levels decrease in CD14+ monocytes and supernatants of cultured monocytes stimulated 
with M‑CSF alone, or M‑CSF and IL‑6. (A) Relative levels of IL‑10, IL‑12, VEGF‑C and TGF‑β in CD14+ monocytes stimulated with M‑CSF alone, or 
M‑CSF and IL‑6 at concentration of 50 and 100 ng/ml, quantified by reverse transcription quantitative polymerase chain reaction. Data are presented as 
the mean ± standard deviation (n=6, n, number of samples). (B) Measurements of IL‑10 (C) IL‑12 (D) VEGF‑C and (E) TGF‑β in supernatants of cultured 
monocytes stimulated with M‑CSF alone, or M‑CSF and 100 ng/ml IL‑6 were performed using ELISA in triplicate. *P<0.05, **P<0.01, ***P<0.001 vs. M‑CSF. 
M‑CSF, macrophage colony stimulation factor; IL, interleukin; TGF‑β, transforming growth factor β; VEGF‑C, vascular endothelial growth factor C.

https://www.spandidos-publications.com/10.3892/ol.2018.8119
https://www.spandidos-publications.com/10.3892/ol.2018.8119
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Mφs induced and not induced by IL‑6 were examined. In the 
IL‑6‑inducted model, a significant increase in the expression 
of VEGF and VEGF‑C in the Mφs was detected, indicating 
that the TAMs were a source of VEGF and VEGF‑C in the 
tumor microenvironment.

TAMs from IL‑6‑treated Mφs promote the invasion 
and metastasis capacity of tumor cells. It has been 
suggested that TAMs are critical regulators of the 
tumor microenvironment and directly affect the growth, 
survival, invasion and metastasis of tumor cells. In the 
Transwell assay analysis, it was identified that there were 
~70 cells/field in the control and the Mφs‑elicited groups. In 
contrast, there were ~130 cells per field in the IL‑6 induced 
M2 Mφs group, which supports the hypothesis that TAMs 
may promote the invasion of tumor cells, as demonstrated in 
Fig. 3A and B.

Janus kinase/signal transducers and activators of tran‑
scription 3 (JAK/STAT3) signal pathway was activated by 
IL‑6 and resulted in the activation of IRF4. IL‑6 is a major 
cancer‑promoting cytokine, which induces several pathways 
that lead to tumor growth, survival, angiogenesis, and drug 
resistance. In the present study, it was identified that IL‑6 
induced Mφ differentiation into the M2 phenotype, but 
the mechanism of this method of differentiation remains 
unknown. To additionally explore the mechanism of IL‑6 
inducing Mφs polarized in the in vitro culture system, the 
present study used western blot analysis to detect the produc-
tion of IRF4, STAT3 and P‑STAT3. The results from the 
western blot analysis demonstrated that the levels of expres-
sion of IRF4, STAT3 and P‑STAT3 proteins in M2 Mφ cells 
was markedly elevated compared with non‑IL‑6‑induced 
Mφs, as illustrated in Fig. 4.

Discussion

GC is one of the most common types of malignant tumor in the 
digestive tract, with high rates of incidence and mortality. The 
global incidence rate is 952,000 cases of GC and 723,000 inci-
dences of mortality in 2012  (1,15,16). The formation of 
lymphatic vessels and subsequent lymphatic metastasis is the 
primary cause of mortality in patients with GC (17). Therefore, 

Figure 4. Levels of STAT3, P‑STAT3 and IRF4 proteins were increased in 
the monocytes stimulated by M‑CSF and IL‑6. Levels of STAT3, P‑STAT3 
and IRF4 protein in the M‑CSF group and M‑CSF+IL‑6 group were 
detected by western blotting. β‑actin was used as the loading control. The 
assays were repeated in duplicate. STAT3, signal transducer and activator 
of transcription 3; pSTAT3, phosphorylated STAT3; M‑CSF, macrophage 
colony stimulation factor; IL, interleukin, IRF4, interferon‑regulatory 
factor 4.

Figure 3. Invasion abilities of MGC803 were increased by monocytes stimulated with M‑CSF and IL‑6. (A) Representative images Crystal Violet Staining 
at magnification, x200 depicting the invasion ability of MGC‑803 subsequent to co‑culturing with macrophages stimulated with M‑CSF alone, or M‑CSF 
and IL‑6. (B) Data are presented as mean ± standard deviation. (n=5, n, number of samples) and analyzed by a two‑tailed unpaired t‑test (***P<0.001), NS, not 
significant. M‑CSF, macrophage colony stimulation factor; IL, interleukin.
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studies investigating the mechanisms of lymphangiogenesis 
may identify novel methods for improving the effects of treat-
ment and prognosis of GC. The present study investigated 
IL‑6 and CD68+ Mφs in the GC microenvironment, and the 
correlation between prognosis. In addition, aspects of the 
IL‑6‑dependent induction of CD14+ monocytes Mφ differen-
tiation into M2‑like Mφs in vitro have been revealed.

The tumor microenvironment consists of tumor cells, 
mesenchymal cells and the infiltrated immune cells, 
and supports tumor growth and progression. It has been 
demonstrated that the infiltration of inflammatory immune 
cells into the tumor microenvironment is important in the 
mechanisms of tumor progression, invasion and metastasis. 
Previous studies have identified TAMs as a type of inflam-
matory immune cell present in tumor tissues, and that 
the number of TAMs is positively correlated with tumor 
lymphatic metastasis and poor prognosis (18‑20). Analysis 
of immunohistochemical staining of GC and normal tissues 
has revealed that the expression levels of VEGF‑C and IL‑6 
are positively correlated with the levels of CD68+ Mφs in 
GC tissues, that the expression of VEGF‑C in GC tissues is 
significantly higher compared with normal tissues and the 
level of VEGF‑C is positively correlated with the density of 
lymphatic vessels, levels of lymph node metastasis of GC 
tissue and poor prognosis of patients.

IL‑6 is a major cancer‑promoting cytokine, which 
induces several pathways that lead to tumor growth, survival, 
angiogenesis and drug resistance. The immunohistochemical 
staining results of the present study demonstrate that the 
level of IL‑6 increased in the tumor microenvironment, 
which induces Mφ differentiation into TAMs, consequently 
promoting tumor progression. The present study also 
demonstrated that the expression levels of IL‑6, CD68+ 
Mφs and VEGF‑C are positively correlated with the 
number of new lymphatic vessels, the depth of GC invasion, 
lymph node metastasis and TNM stages. The results of the 
immunohistochemical double‑staining analysis indicated that 
IL‑6 is expressed in TAMs, whilst a previous study (21) has 
demonstrated that there is an IL‑6 receptor expressed on the 
surface of TAMs. The present study speculates that IL‑6 may 
induce the differentiation of Mφs to the M2‑like phenotype 
with high expression levels of IL‑10, TGF‑β and VEGF‑c, and 
low expression levels IL‑12 through paracrine signaling.

It was revealed that the Mφs induced by IL‑6 exhibited 
an M2‑like polarized phenotype (IL‑10high, IL‑12low) and high 
expression levels of lymphangiogenesis‑promoting factor 
VEGF‑C and tumor progression‑promoting factor TGF‑β 
compared with the control group, which was cultured with 
M‑CSF. The supernatants were collected to detect expres-
sion levels of IL‑10, IL‑12, TGF‑β and VEGF‑C. The results 
suggests a M2 phenotype, which indicates that IL‑6 treatment 
promoted the differentiation of M2‑like Mφs. Subsequently, 
a Transwell experiment was used to determine if TAMs from 
IL‑6‑treated Mφs exhibited a similar capacity. Subsequent to 
crystal violet staining, there were ~130 cells/field in the IL‑6 
induced M2‑like Mφs group, but ~70 cells/field in the control 
group, which supported the hypothesis that IL‑6 induced 
M2‑like Mφs may promote the invasion of tumor cells.

A previous study identified that the activation of the 
JAK/STAT3 signaling pathway as one of the carcinogenic 

mechanisms of IL‑6 (22), and that transcription factor IRF4 is 
an important molecule that controls M2 Mφ polarization (8). To 
examine the mechanism of IL‑6 induction of Mφ polarization 
in vitro, western blot analyses were used to detect the production 
of IRF4, STAT3 and P‑STAT3. The results demonstrated that the 
levels of IRF4, STAT3 and P‑STAT3 proteins in IL‑6 induced 
Mφs was markedly elevated compared with non‑IL‑6‑induced 
Mφs, which indicates that IL‑6 may elicit the phosphorylation 
of STAT3 and the activation of the STAT3 signaling pathway, 
promote the transcription of IRF4 and regulate the production 
of IL‑10 or IL‑12, resulting in the M2‑like phenotype.
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