
Summary. Although M2 tumour-associated
macrophages (M2 TAMs) have been shown to be
associated with the progression and metastasis of breast
cancer, their role in oesophageal squamous cell
carcinoma (ESCC) remains less well understood.
Therefore, to understand the clinicopathological
significance of infiltrated M2 TAMs in ESCC, statistical
analysis was performed after immunohistochemical
evaluation of CD163 expression, a well-accepted surface
marker of M2 TAMs in ESCC. To gain insight into the
effect of M2 TAMs, ESCC cell lines Eca109 and
KYSE150 cells were co-cultured with M2 TAMs
artificially induced from THP-1 cells. The variations in
the proliferation, migration and invasion were assessed
using the MTT, wound-healing and Transwell assays,
respectively. The variation in the typical biomarkers of
the epithelial-mesenchymal transition (EMT) was
evaluated using western blotting. Infiltrated M2 TAMs
were confirmed to predominate in the stroma of ESCC
relative to normal controls. Moreover, it turned out that
M2 TAMs were shown to promote the migration and
invasion of ESCC cells but not proliferation.
Furthermore, M2 TAMs were observed to induce EMT
in ESCC cells. Together, our results showed that

infiltrated M2 TAMs in the stroma is a feature
accompanying ESCC metastasis and that M2 TAMs can
promote the migration and invasion, but not
proliferation, of ESCC cells, thereby inducing EMT.
Thus, M2 TAMs could be an alternative therapeutic
target in ESCC.
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Introduction

Oesophageal cancer (EC) is one of the most
common cancers in the world and the fourth leading
cause of cancer-related death in China (Chen et al.,
2016). Oesophageal squamous cell carcinoma (ESCC) is
the main histopathologic subtype (Rustgi and El-Serag,
2014). Despite the advancement in surgical techniques
and neoadjuvant therapy of ESCC，the 5-year prognosis
of patients with ESCC remains poor, and most patients
die of metastasis (Niwa et al., 2016). Consequently,
elucidation of the molecular mechanism underlying the
metastasis of ESCC will be crucial to improve the
clinical outcome of ESCC patients.

The tumour microenvironment is the local
pathological environment that has been reported to play
critical roles in tumour invasion and metastasis and has
become a focus in cancer research (Lin et al., 2016).
Tumour-associated macrophages (TAMs), the major
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component of the immune cell reaction (Hatogai et al.,
2016) reside in the tumour microenvironment, have
been found to be involved in tumour initiation,
progression and prognosis (Zhu et al.,  2017).
Considering the heterogeneity of macrophages, TAMs
are classically divided into two different subtypes (Hu
et al., 2016; Rhee, 2016)-M1 and M2. M1 macrophages
are usually regarded as playing a tumour-suppressor
role, whereas M2 macrophages are reported to promote
tumour-enhancing migration and invasion. Several lines
of evidence have revealed that the increased density of
infiltrated M2 TAMs in tumours is correlated with a
poor prognosis in many cancers, including ESCC (Hu et
al., 2017) and that M2 TAMs could increase tumour
growth and metastasis (Shigeoka et al., 2013). However,
the role of M2 TAMs in ESCC remains less well
unknown.

In our present study, to better understand the
clinicopathological significance of the infiltrated of M2
TAMs in ESCC, immunohistochemistry was performed
with the surface marker CD163, a well-accepted specific
marker of M2 TAMs in our own cases. Infiltrated M2
TAMs were demonstrated to be predominantly present in
the stroma of ESCC compared with those in matched
normal controls. Clinicopathologically, infiltrated M2
macrophages in the stroma were significantly correlated
with metastasis and a poor survival of ESCC. Moreover,
M2 TAMs were shown to promote the migration and
invasion of ESCC cells, but not proliferation, inducing
EMT in ESCC cells.
Materials and methods

Clinical samples

One hundred twenty cases of ESCC and paired
normal control were enrolled including one tissue
microarray comprising 90 paired cases of ESCC and
matched normal adjacent tissues from Shanghai Outdo
Biotech Co. Ltd. (Shanghai, China). Another additional
independent 30 cases of ESCC who underwent operation
were retrieved from the archives at the Department of
Pathology of the First Affiliated Hospital of Xinjiang
Medical University. Staging and grading were performed
in accordance with the World Health Organization
classification and grading system. None of the patients
had received treatment before surgery. Both the
carcinoma and its adjacent normal tissues were
confirmed by two experienced pathologists who were
blind to our study. Informed consent was obtained from
each patient involved, and the study was approved by the
Medical Ethics Committee of the Tumor Hospital
Affiliated to Xinjiang Medical University.
Cell lines and cell culture

The ESCC cell line Eca109 with high differentiation
potential was purchased from WuHan University
(WuHan, China). KYSE150 with low differentiation

potential was provided by the State Key Laboratory of
Chinese Academy of Medical Sciences (Beijing, China).
THP-1 cells (human acute monocytic leukaemia cell
line) were purchased from Shanghai Cell Bank. Phorbol
12-myristate13-acetate (PMA), IL-4 and IL-13 were
purchased from Sigma Chemical Company (St. Louis,
MO, USA). The cells were cultured in RPMI-1640
(Thermo Fisher Scientific, Waltham, MA, USA) medium
supplemented with 10% foetal bovine serum (FBS;
HyClone, Logan, UT, USA), 100 units/ml of penicillin,
and 100 μg/ml of streptomycin (Invitrogen, Carlsbad,
CA, USA) and were maintained at 37°C in a humidified
5% CO2 atmosphere.
Induction of M2 TAMs and co-culture with ESCC cells

The ESCC cell lines Eca109 and KYSE150 and
THP-1-derived M2 TAMs were co-cultured using a cell
culture insert (Corning, NY, USA) with a 0.4-μm porous
membrane to separate the upper and lower chambers.
The THP-1 monocytes (3×105 cells/ml), which were
seeded into the upper chamber of the Transwell
apparatus, were stimulated to differentiate into
inactivated macrophages by the addition of 3.2×107 mol
PMA (320 nmol/L; Sigma Chemical) for 24 h. To induce
M2 TAMs, the inactivated macrophages were treated
with IL-4 (20 ng/ml; Sigma Chemical) and IL-13 (20
ng/ml; Sigma Chemical) for 48 h. The Eca109 and
KYSE150 cells were placed in the lower chamber at a
density of 3×105 cells/ml for 24 h to allow their
adherence to the walls. The chambers with the THP-1-
derived M2 TAMs were then placed directly on top of
the six-well plates containing the Eca109 and KYSE150
cells, and the co-culture systems were incubated for 24 h
in serum-free RPMI 1640.
Immunohistochemistry (IHC)

Briefly, the tissue microarray was incubated at 60°C
for 12 hours and then was de-paraffinized and
dehydrated in gradient ethanol. The activity of
endogenous peroxide was blocked in 3% H2O2 for 10
minutes. The antigen was retrieved in 0.01 M citrate
buffer heated in a microwave oven at 98°C for 15
minutes and then was cooled at room temperature for 20
minutes. After washing in phosphate-buffered saline
(PBS), the tissue microarray was incubated with normal
serum to block nonspecific staining for 30 minutes.
Monoclonal mouse anti-CD163 (1:200 dilution; Beijing
Zhongshan Golden Bridge Biotechnology Co, Ltd) was
incubated with the tissue section overnight at 4°C in a
humidified chamber. After washing with PBS, the tissue
section was treated with biotinylated anti-mouse
secondary antibody, followed by further incubation with
streptavidin-horseradish peroxidase complex and
staining using the diaminobenzidine kit (Beijing
Zhongshan Golden Bridge Biotechnology Co, Ltd). IHC
staining was assessed in a series of randomly selected
four fields at ×400 magnification.
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Immunoscoring of infiltrated M2 TAMs

Four fields per section were randomly selected, and
the infiltration of M2 TAMs was estimated by
immunoscoring of CD163 expression by two separate
clinical pathologists. The infiltration of M2 TAMs was
classified into the following four categories: 0, absent
(no positive cells); 1, weak infiltration (between 20 and
40 macrophages per mm2); 2, moderate infiltration
(between 40 and 60 macrophages per mm2); 3, strong
infiltration (>60 macrophages per mm2). For statistical
analysis, these categories were categorized into two
groups, sparse (0-1) and dense (2-3) infiltration. 
Immunofluorescence

The THP-1 monocytes were plated onto glass-
bottomed cell culture dishes (NEST 801001). UaM
incubated with anti-CD68 antibodies (1:200; Beijing
Zhongshan Golden Bridge Biotechnology Co, Ltd) and
M2 TAMs incubated with anti-CD163 antibodies (1:200;
Beijing Zhongshan Golden Bridge Biotechnology Co,
Ltd), anti-E-cadherin antibody (dilution at 1:1000;
catalogue number: #3195, Cell Signaling Technology),
anti-Vimentin antibody (dilution at 1:1000; catalogue
number: #5741, Cell Signaling Technology) for 12 h at
4°C. After washing with PBS 3 times, the cells were
incubated with Anti-Mouse IgG Fab2 Alexa Fluor 488
(Mouse)-conjugated secondary antibody (Cell Signaling
Technology) for 2 h at room temperature in the dark.
The nucleus was stained with 4', 6-diamidino-2-
phenylindole (DAPI; Sigma, St. Louis, USA). After
washing with PBS, the cell expression was observed and
counted by fluorescent confocal microscope (Leica TCS
SP8). 
MTT 

Eca109 and KYSE150 cells were co-cultured with
THP-1-derived M2 TAMs were placed in a 96-well plate
at a density of 3×103/well and were incubated overnight.
At 0, 24, 48, 72, and 96 h, 20 μL (5 g/L) of MTT (3-[4,5-
dimethyl-2-thiazolyl]-2,5-diphenyl-2-H-tetrazolium
bromide) labelling reagent was added to the designated
wells. After a 4 h incubation, the MTT formazan
precipitate was dissolved in dimethylsulphoxide
(DMSO) (150 μL/well, Sigma-Aldrich, St. Louis, MO,
USA) in a shaker before reading the absorbance at 490
nm using a 96-well plate reader (Bio-Rad, Winooski, VT
USA). The results were the average of the four wells.
Non-co-cultured Eca109 and KYSE150 cells were used
as the controls.
Wound healing assay

Co-cultured Eca109 and KYSE150 were seeded in
6-well plates. After overnight incubation, the cells were
scraped with a 0.01-mL pipette tip to create a straight-
line cell-free scratch. Migrating cells were photographed

every 24 h. Each well was washed with PBS to remove
the remaining unattached cells before imaging. Cell
motility was quantified by measuring the distance
between the migrating cell boundaries. Non-co-cultured
Eca109 and KYSE150 cells were used as the controls.
Transwell assay

The invasion assays were conducted using a 24-well
Transwell chamber with a polycarbonate membrane with
a pore size of 8 μm (Corning, NY, USA). The membrane
was coated with 60 μl of a 1:5 mixture of Matrigel (BD
Sciences, San Jose, CA, USA) and serum-free RPMI
1640 medium to form a matrix barrier. After the
Matrigel was allowed to solidify at 37°C for 2 h, Eca109
and KYSE150 cells (1×105 cells/ml) that had been co-
cultured with THP-1-derived M2 TAMs in 200 μl of
serum-free RPMI-1640 medium were added to the upper
compartment of the chamber; the lower chamber was
filled with 0.6 ml of medium supplemented with 10%
FBS as a chemo-attractant. Untreated Eca109 and
KYSE150 cells were added to the lower compartment of
the chamber as control cells. After incubation at 37°C
for 24 h, co-cultured and non-co-cultured cells were then
rinsed with PBS and fixed in 100% methanol. The cells
remaining at the top of the polycarbonate membrane
were removed using a moist cotton-tipped swab. The
cells that had migrated through pores to the lower
surface were stained with haematoxylin solution and
distilled water several times, and the cell numbers in six
random fields at a magnification of ×200 were counted
and averaged.
Western blotting

Western blotting was performed as described
previously. Cells were lysed in RIPA lysis buffer. The
protein concentrations were determined using the BCA
protein quantitation assay (Bioteke, Beijing, China).
Equal amounts of protein (80 μg) were separated on
10% SDS-PAGE gels and were transferred to a PVDF
membrane (Millipore, Bedford, MA, USA). The
membranes were blocked for 1 h using blocking buffer
and then were probed overnight with an anti-E-cadherin
antibody (1:1000; #3195; Cell Signaling Technology),
anti-Vimentin antibody (1:1000; #5741; Cell Signaling
Technology); anti-Snail antibody (1:1000; #3879; Cell
Signaling Technology) and anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) antibody (1:1000;
Cell Signaling Technology) at 4°C. The membrane was
washed three times for 5 min each time with washing
buffer and was incubated with secondary antibody anti-
rabbit IgG, HRP-linked antibody (1:10,000; Cell
Signaling Technology) for 1.5 h. Proteins were detected
using an ECL detection reagent.
Statistical analysis

The data were expressed as the means±standard
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error of mean (SEM). Statistical analysis was carried
out using SPSS 19.0 software (SPSS, Chicago, IL,
USA). Independent sample T-test and one-way
ANOVA were used for statistical analyses between
groups of continuous variables that followed the
normal distribution. Cross-table analysis was
conducted for categorical variables. Kaplan-Meier
survival analysis was performed for overall prognostic
analyses. A value of P<0.05 was considered
statistically significant.
Results

M2 TAMs are predominantly infiltrated in the stroma of
ESCC relative to the normal control

To evaluate the specificity of the primary antibody,
we carried out antigen pre-adsorption trials as suggested
previously (Holmseth et al., 2012). The antigen pre-
adsorption result showed that the specificity of the
primary antibody to CD163 that was commercially

available was adequate (data not shown). To investigate
the infiltration of M2 TAMs in ESCC, IHC was
performed using CD163, a specific marker of M2 TAMs.
As shown in Fig. 1A, CD163-positive M2 TAMs were
overwhelmingly infiltrated in the stroma of cancerous
tissues. By contrast, only a few normal control cases
occurred to infiltrate in the stroma for M2 TAMs (Fig.
1B). Regarding subcellular localization, immunostaining
of infiltrated M2 TAMs was evident in both the
membrane and cytoplasm.
Infiltrated M2 TAMs in the stroma is significantly
correlated with lymph node metastasis, T classification
and overall survival 

Next, we sought to analyse the association between
the extent to which M2 TAMs infiltrated and
clinicopathological variables of ESCC. It was found that
a high density of infiltrated M2 TAMs was shown to
significantly correlate with lymph node metastasis and T
classification. Nonetheless, no significant correlation
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Fig. 1. Infiltrated M2 TAMs are markedly present
in ESCC relative to the normal control. A.
Immunostaining of CD163, a typical marker of M2
TAMs, in ESCC and paired normal control.
Shown are the representative figures selected
among all source data. B. Quantitative analysis of
immunohistochemical staining. C. Prognostic
analysis of infiltrated M2 TAMs using CD163
expression in ESCC using Kaplan-Meier survival
curves. The log-rank test was employed to
analyse the difference between ESCC patients
with a high density of infiltrated M2 macrophage
and low density of infiltrated M2 TAMs. ***
indicates p<0.001 compared with the control
group using the independent sample T-test
method. Scale bars: 100 µm.



was observed between the density of infiltrated M2
TAMs and other clinicopathological variables, including
gender, age, clinical stage, tumour diameter and gross
classification (Table 1). The association of infiltrated M2
TAMs with overall survival (OS) for ESCC patients was
analysed using the Kaplan-Meier survival curve with the
log-rank test. As shown in Fig. 1C, patients with high
infiltration of M2 TAMs had a shorter OS, whereas those
with a low infiltration of M2 TAMs had a longer OS,
with a statistically significant difference (log-rank,
P<0.01).
Detection of the immunofluorescence of M2 TAMs
induced from THP-1 cells

To gain insight into the role of M2 TAMs, we
attempted to artificially induce M2 TAMs from THP-1
cells as previously reported (Yamaguchi et al., 2016,

2017). THP-1 cells presented a small and round
morphology and grew in suspension as single cells or
partly in clusters (Fig. 2A). The THP-1 cells were
differentiated into inactivated macrophages after
stimulation with PMA for 24 h. During the differentiation
process, the cell morphology changed from round to
almost spindle shaped (Fig. 2A). Simultaneously, the cells
became attached to the bottom of the culture flask and
were increased in size. Next, the inactivated macrophages
were further induced into M2 TAMs after further
stimulation with IL-4 and IL-13 for 48 h. The cell
morphology became irregular or spindle shaped, and even
pseudopods can be observed in some cells (Fig. 2A). To
identify the M2 TAMs we induced, immunofluorescence
was performed. Given that almost all M2 TAMs
concomitantly expressed CD68 and CD163, two well-
established specific markers of M2 TAMs, we stained the
THP-1-derived M2 TAMs with an anti-CD68 (Fig. 2B)
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Fig. 2. M2 TAMs remarkably promote the migration and invasion, but not proliferation, of ESCC cells. A. Morphological variation of M2 TAMs induced
from the human monocyte cell line THP-1 stimulated with PMA (macrophage), IL4 and IL13 (M2 TAMs) for 48 hours. B. Identification of the induced
macrophages using immunofluorescence staining of CD68 (green colour), a well-accepted cell surface marker of pan-macrophages; the nucleus was
stained blue with DAPI. C. Similarly, identification of the induced M2 TAMs using immunofluorescence staining of CD163, a well-accepted cell surface
marker of M2 TAMs (the fold magnification was ×200, and the zoom factor was 10.50 when captured using laser confocal microscopy). D. Schema of
the in vitro cell co-culture system. E. M2 TAMs showed little effect on the proliferation of ESCC cells, as evidenced by the MTT assay. F. M2 TAMs
markedly promoted the migration of ESCC cells, as revealed by the wound-healing assay. G. M2 TAMs pronouncedly promoted the invasion of ESCC
cells, as evidenced by the Transwell assay. All experiments were performed independently in triplicate, and representative figures selected among the
candidates from three independent experiments are shown. ** p<0.01, *** p<0.001 compared with the control group using the independent sample T-
test method. 



and anti-CD163 antibodies (Fig. 2C). As expected, we
obtained and identified successfully M2 TAMs that were
induced from THP-1 cells.
M2 TAMs promote the migration and invasion, but not
proliferation, of ESCC cells in vitro

To understand the effect of M2 TAMs on cell
migration, we established an in vitro cell co-culture
system as reported previously (Fig. 2D). First, to observe
the proliferative variation of Eca109 and KYSE150
cells, the MTT assay was performed. As shown in Fig.
2E, it turned out that co-culture with M2 TAMs had little
effect on the proliferation of both Eca109 and KYSE150
cells. Next, to assess the migratory variation of co-
culture with M2 TAMs, the wound-healing assay was
carried out. After co-culture with M2 TAMs for 48 h, the
scrape was significantly narrower than that in the non-
coculture group in both Eca109 and KYSE150 cells
(Fig. 2F), suggesting that M2 TAMs can enhance the
migration of both Eca109 cell and KYSE150 cells. To
observe whether co-culture with M2 TAMs could
demonstrate a difference in the invasive ability of ESCC
cells, the Transwell assay was carried out. As shown in
Fig. 2G, the cell number of the group co-cultured with
M2 TAMs cells that passed through was significantly
greater than that of the non-cocultured group (Fig. 2G)
in Eca109 and KYSE150 cells, indicating that M2 TAMs
can promote the invasion of Eca109 and KYSE150 cells. 
M2 TAMs can induce the EMT process

Based on previous studies that M2 TAMs can induce
the EMT process in cancers (Liu et al., 2013; Dehai et
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Fig. 3. M2 TAMs can induce the epithelial-mesenchymal transition (EMT) of ESCC cells in vitro. A. Morphological variation of ESCC cell lines Eca109
and KYSE-150 before and after co-culture with M2 TAMs. The fold magnification was 100 for the whole and inset. B. Variation in the protein expression
of EMT biomarkers of ESCC cell lines Eca109 and KYSE-150 using immunoblotting before and after co-culture with M2 TAMs. All experiments involved
were performed independently in triplicate, and representative figures selected from among candidate images from at least three independent
experiments are shown.

Table 1. Correlation between CD163 expression and clinicopathological
characteristics of ESCC.

CD163 expression
Characteristics n high (++,+++）low (-,+） X2 P

Type
ESCC 120 69 51 30.625 0.000
Adjacent normal tissues 120 27 93

Gender
male 93 53 40 1.326 0.249
female 27 12 15

Age（y）
>60 79 43 36 0.03 0.862
≤60 41 23 18

Clinical stage
I 18 8 10 1.15 0.563
II 74 32 42
III 28 9 19

T classification
T1-T2 43 18 25 5.293 0.021
T3-T4 72 46 26

Lymph node metastasis
N0 64 25 39 5.602 0.018
N1-N3 56 34 22

Tumor diameter（cm）
≤5 63 28 35 0.017 0.898
>5 57 26 31

Gross classification
Medullary type 33 15 18 0.883 0.829
Fungating type 22 8 14
Ulcerative type 36 15 21
Protrude type 26 9 17



al., 2014), we confirmed whether M2 TAMs could do so
in ESCC. Initially, Eca109 and KYSE150 exhibited a
typical cuboid epithelial morphology with tight cell-to-
cell contacts. After co-culture with M2 TAMs for 48 h,
the cell morphology of both Eca109 and KYSE150 was
remarkably changed, with the morphology changing
from pebble like or cuboid shaped to fibroblast like or
spindle shaped, and the cell-to-cell contacts became less
intense (Fig. 3A), suggesting that the Eca109 and
KYSE150 cells could transit from the epithelial to
mesenchymal state. To further confirm the phenomenon,
the variation in the protein expression of typical
epithelial (E-cadherin) and mesenchymal (Vimentin)
biomarkers before and after co-culture with the induced
M2 TAMs was detected using western blotting. The
results showed that, because E-cadherin was missing in

Eca109 cells, E-cadherin was seldom detectable.
However, the typical mesenchymal marker Vimentin
was markedly upregulated after co-culture compared
with that in control Eca109 cells (Fig. 3B). Additionally,
in KYSE150, the basal level of Vimentin was
undetectable; thus, the variation in Vimentin expression
was sharp from undetectable to appreciable similar to the
trend observed with the E-cadherin level, which was
remarkably reduced compared with that of the control
(Fig. 3B), fundamentally corroborating the morphology
differences shown in Fig. 3A. As further confirmation,
immunofluorescence (IF) staining was employed and
indicated that the expression variation of EMT markers,
E-cadherin and Vimentin was consistent with that
observed by western blotting (Fig. 4), demonstrating that
M2 TAMs could induce EMT in ESCC cells.
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Fig. 4. Confirmation of the variation of EMT of ESCC cells using immunofluorescence staining. The variation of the expression of E-cadherin and
Vimentin in Eca109 and KYSE150 co-cultured with or without M2 TAMs was confirmed using immunofluorescence staining. Representative figures
selected from among candidate images are shown. Scale bars: 50 μm.



Discussion

In the present study, we showed that infiltrated M2
TAMs were overwhelmingly present in the stroma of
ESCC relative to paired normal controls and that the
density of the infiltrated M2 TAMs was significantly
correlated with lymph node metastasis, T classification
and inferior overall survival of ESCC. In the in vitro cell
co-culture system, M2 TAMs could promote the
invasion and migration, but not proliferation, of ESCC
cells. Additionally, we confirmed that M2 TAMs can
induce the EMT process in ESCC cells. 

The role M2 TAMs has been extensively reported in
different types of cancers, including breast cancer (Yang
et al., 2016), pancreatic cancer (Liu et al., 2013), and
gastric cancer (Yamaguchi et al., 2016). By contrast,
limited literature exists regarding M2 TAMs in ESCC
(Gao et al., 2014; Sugimura et al., 2015; Hu et al., 2017).
Therefore, both the expression and its clinico-
pathological significance was relatively less well
understood in ESCC than in other cancers that were
extensively reported. Thus, we confirmed the role of M2
TAMs in ESCC in our own cases. Because the M2
TAMs displayed high expression of CD204 (Shigeoka et
al., 2013) and CD163 (Hu et al., 2017), in our present
study, we chose CD163 as the detection marker of M2
TAMs in ESCC. Previous studies regarding M2 TAMs in
ESCC (Gao et al., 2014; Sugimura et al., 2015; Hu et al.,
2017), although from different study groups, have
consistently reported that the infiltrated M2 TAMs in the
stroma were significantly associated with lymph node
metastasis and poor overall prognosis, a finding that was
in agreement with our findings that infiltrated M2 TAMs
overwhelmingly presented in the stroma of ESCC
compared with those in paired normal controls.
Additionally, the density of the infiltrated M2 TAMs was
significantly associated with lymph node metastasis, T
classification and inferior overall survival of patients
with ESCC, confirming that the extent to which M2
TAMs infiltrated into the stroma of ESCC can be a
feature of the poor prognosis and metastasis of ESCC. 

Having understood the clinicopathological
significance of the infiltrated M2 TAMs in ESCC, we
extended the investigation from in vivo to in vitro ESCC
cells. Several lines of evidence have revealed that THP-1
cells can be artificially induced to M2-like macrophages
(Yamaguchi et al., 2016, 2017) displaying concomitantly
the positive expression of CD163 and CD68, general
indicators of macrophages. In our present study, we
reproduced successfully the induction of M2 TAMs from
THP-1 cells following those previous reports
(Yamaguchi et al., 2016, 2017). The results from wound-
healing and Transwell assays revealed that M2 TAMs
can promote the migratory and invasive abilities of
ESCC cells in our co-culture system established as
previously reported. Nevertheless, it turned out that M2
TAMs had little effect on the proliferation of ESCC
cells, which greatly differed from earlier reports (Fu et
al., 2015; Yamaguchi et al., 2016) that M2 TAMs could

promote the growth of cancer cells after co-culture. The
discrepancy remains unclear and might be due to the
technical limitation in our experimental setting-that is,
the effect exerted by M2 TAMs over proliferation was
rather subtle and could not be significantly detected
using the MTT approach. Additionally, the different cell
co-culture system that we and others have established
and used in vitro might have caused the different
outcome. Accordingly, it was not surprising that our
observation on proliferation differed from those of
previous reports. However, the result that M2 TAMs had
a negligible effect on proliferation could further rule out
the potential artificial effects that probably existed in the
migration and invasion of ESCC cells that could be
caused due to their proliferative effects. 

Considering the relationship between M2 TAMs and
EMT established by relevant earlier studies, we tried to
observe whether M2 TAMs could also induce EMT
(Dehai et al., 2014) in ESCC cells. Initially, we provided
morphological evidence that was strongly indicative of
EMT occurring in ESCC cells. As further supporting
biochemical evidence, we subsequently detected the
variation in the protein expression of two typical
markers associated with EMT, the epithelial marker E-
cadherin and mesenchymal marker Vimentin, using
western blotting. The date from western blotting
corroborated what has been morphologically presented
after co-culture with M2 TAMs, showing that the
Vimentin level was markedly upregulated whereas the
E-cadherin level was significantly reduced after co-
culture with M2 TAMs relative to the control group. Our
morphological and biochemical evidence was highly
concordant and fully supported what has been previously
reported for other cancers (Dehai et al., 2014) that is, M2
TAMs could induce EMT. Notably, in the western
blotting analysis of EMT biomarkers E-cadherin and
Vimentin in Eca109 and KYSE0-150 cells, we observed
that in Eca109 cells (an extensively used ESCC cell lines
in the study of ESCC), the endogenous level of E-
cadherin was negligible before co-culture with M2
macrophages induced from THP-1 cells, thus enabling
the detection of decreasing trend of E-cadherin of
Eca109 after being co-cultured with M2 macrophages.
Our results mentioned here were fully supported by the
data (Fang et al., 2013; Zhang et al., 2015) from Li En-
min’s studying group wherein they also found E-
cadherin was almost undetectable in Ecal09 cells that
they stored and used. However, our results strikingly
contrasted those from Li Feng’s serial reports (Pang et
al., 2014, 2016) in which the basal level of E-cadherin
was demonstrated to be normally detectable in Eca109
cells without undergoing any interference or treatment.
The cause might be due to the same cell line used in
different studying groups or laboratories showed
variation (Korch et al., 2012; Capes-Davis et al.,
2013a,b) to a certain extent, leading to the final labile
results. Consequently, authentication of cell lines used or
to be used is necessary in future studies.

Although we confirmed the phenomenon that M2
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TAMs can promote migration and invasion, but not
proliferation, in ESCC cells in our setting, the
underlying molecular mechanism remains largely
unknown and deserves to be further investigated.
According to the suggestion given by the mechanistic
studies available regarding M2 TAMs in cancer, the role
exerted on cancer cells could be indirect-that is, it may
be attributed to the cytokine/chemokine released from
M2 TAMs (Liu et al., 2013; Mohamed et al., 2014).
Consequently, additional studies are required to
determine which cytokine/chemokine can be secreted by
M2 TAMs. Taken together, our study confirmed that M2
TAMs can promote the migration and invasion, but not
proliferation, of ESCC cells, to induce the EMT process,
supporting that targeting M2 TAMs could be an
alternative novel strategy in the cure of ESCC with
metastasis.
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