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Novel mechanism of immune evasion mediated by
tumor-associated macrophages in esophageal squamous
cell carcinoma

Among all cancers worldwide, esophageal cancer was
ranked seventh as the most commonly diagnosed cancer
and sixth as the commonest cause of cancer-related deaths
in 2019.1 Esophageal squamous cell carcinoma (ESCC)
accounts for the vast majority of all esophageal cancer
cases.2 Compared with the rest of the world, China has the
highest incidence of ESCC. Around half of the global ESCC
cases occur in China.3 Due to the low rate of early diagno-
sis and treatment, the five-year survival rate of ESCC
remains at a very low level. Therefore, it is an urgent task
to better understand the initiation and progression of
ESCC and develop novel, preventive and therapeutic strate-
gies against ESCC.
In the past, studies on cancer initiation and progression

mainly focused on the identification and characterization
of (epi)genetic alterations within the tumor cells. However,
findings from these studies have not been well translated
from bench to bedside.4, 5 Currently, there is mounting
evidence indicating that the tumor microenvironment
(TME), especially tumor-associated immune cells, is
equally important for the initiation and progression of can-
cer.6 Therapeutic strategies that target tumor-associated
immune cells, rather than tumor cells, have shown signifi-
cant efficacy in multiple cancer types.7, 8

Previous studies have identified several tumor-associated
immune cells and investigated the immune landscape of
ESCC.9 Many preclinical or clinical studies on immuno-
therapy targeting such immune cells have been performed
in ESCC in recent years and some of them have yielded
promising results.10 These observations indicated that
targeting tumor-associated immune cells holds untold
prospects for possible applications in the treatment of
ESCC. A better understanding of the molecular mecha-
nisms by which tumor-associated immune cells promote
tumor initiation and progression can help to develop better
immunotherapy strategies for ESCC.
In a study recently published in Molecular Cancer,

“CCL2/CCR2 axis recruits tumor-associated macrophages
to induce immune evasion through PD-1 signaling in
esophageal carcinogenesis,”11 the research team led by Pro-
fessor Xudong Jia of the China National Center for Food
Safety Risk Assessment (Beijing, China) analyzed the tran-
scriptional profiling of an ESCC rat model to explore the
underlying mechanism of tumor-associated immune cells

in ESCC initiation. They found that the recruitment of
immune cells regulated by chemokines was markedly chan-
ged in the ESCC rat model. The expression of C-C motif
chemokine ligand 2 (CCL2) was upregulated continuously
during esophageal carcinogenesis. CCL2 is one of the lead-
ing chemokines in TME. CCL2/C-C motif chemokine
receptor 2 (CCR2) signaling axis has been reported to play
a major role in recruiting tumor-associated macrophages
(TAMs), which was subsequently found to contribute to
cancer progression.12 However, the tumor-promoting
mechanism of TAMs and the involvement of CCL2/CCR2
signaling axis in ESCC initiation has not yet been investi-
gated. Thus, the authors attempted to explore the role of
CCL2/CCR2 signaling axis in TAMs recruitment and acti-
vation during human esophageal carcinogenesis. First, they
determined CCL2 distribution in ESCC tissue microarray
and compared the number of TAMs (CD68-positive cells)
with CCL2 expression. Their results showed that CCL2
expression levels in ESCC tissues were positively correlated
with the number of TAMs. Further, multivariate Cox anal-
ysis suggested that CCL2 upregulation and an increase in
the number of TAMs were associated with poor prognoses
in patients with ESCC. In an ESCC rat model, the authors
observed that CCL2 was associated with TAM accumula-
tion in esophageal carcinogenesis induced by nitrosamine.
In addition, TAM accumulation and esophageal carcino-
genesis were inhibited when the CCL2/CCR2 axis was
blocked. In order to explore the underlying molecular
mechanism of TAM infiltration and TAM-mediated carci-
nogenesis, the authors analyzed the tumors harvested from
a CCR2−/− mouse model by RNA-sequencing. They
found that the programmed death-1 (PD-1) signaling path-
way in T cells was significantly suppressed by CCR2 in
mouse models. In other words, TAMs mediated the anti-
tumor effector T cell depletion and thereby facilitated
ESCC cell evasion via the PD-1 signaling pathway. Further-
more, gene set enrichment analysis using The Cancer
Genome Atlas (TCGA) data indicated a connection
between CCL2/CCR2 signaling axis and PD-1 signaling in
ESCC. These results suggested that the CCL2/CCR2 axis
could promote ESCC initiation by inducing immune
escape which was mediated by TAMs through the PD-1
signaling pathway. Previous studies have shown that TAMs
impacted tumor initiation and progression by generating
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TAMs subtypes with diverse properties.13 Similar evidence
was also observed in this study. As compared with the
CCL2+/+ mice, CCL2−/− mice had fewer M2-type of
TAMs but more antitumor effector T cells. Therefore, the
authors further examined the expression of programmed
death-ligand 1 (PD-L1) and programmed death-ligand
2 (PD-L2) in M1- and M2-type TAMs to evaluate the
impact of TAMs polarization on PD-1 signaling. They
found that M2 polarization of TAMs could upregulate PD-
L2 expression to enhance immunosuppression in ESCC.
The functional mechanisms of TAMs have been charac-

terized in various cancer types. Additionally, TAM-based
anticancer therapies have shown remarkable potential to
synergize with chemotherapy14 and immunotherapy.7

However, their functional mechanisms in ESCC were still
unclear. In the present study, the authors showed the criti-
cal role of TAMs in ESCC initiation by focusing on their
recruitment and polarization. Different from previous stud-
ies which reported that CCL2 could directly impact ESCC
cells,15 this study demonstrated that CCL2 played a role in
bridging tumor cells with TAM-mediated immune
response during the initiation of ESCC. Furthermore, a dis-
crepant expression of PD-L2 in the two subtypes of TAM
was also observed in this study. This discrepancy was
responsible for M2-type TAM-mediated esophageal carci-
nogenesis. Therefore, molecules that regulate the
M2-polarization of TAMs can be used as new immune
checkpoint targets for ESCC.

Disclosure

The author declares no competing interests.

Fei-Yu Diao
Department of General Surgery, Sun Yat-Sen Memorial
Hospital, Sun Yat-Sen University, Guangzhou, People’s

Republic of China

Correspondence
Fei-Yu Diao, Department of General Surgery, Sun Yat-Sen
Memorial Hospital, Sun Yat-Sen University, Guangzhou, China.
Email: diaofeiyu@126.com
Tel./Fax: +86 20 34071037

References
1 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA
Cancer J Clin 2019; 69 (1): 7–34. https://doi.org/10.3322/
caac.21551.

2 Then EO, Lopez M, Saleem S et al. Esophageal cancer: An
updated surveillance epidemiology and end results database

analysis. World J Oncol 2020; 11 (2): 55–64. https://doi.org/
10.14740/wjon1254.

3 Feng RM, Zong YN, Cao SM, Xu RH. Current cancer
situation in China: Good or bad news from the 2018 Global
Cancer Statistics? Cancer Commun 2019; 39 (1): 22. https://
doi.org/10.1186/s40880-019-0368-6.

4 Lee YT, Tan YJ, Oon CE. Molecular targeted therapy:
Treating cancer with specificity. Eur J Pharmacol 2018; 834:
188–96. https://doi.org/10.1016/j.ejphar.2018.07.034.

5 Yan L, Zhang W. Precision medicine becomes reality-tumor
type-agnostic therapy. Cancer Commun 2018; 38 (1): 6.
https://doi.org/10.1186/s40880-018-0274-3.

6 Liu Y, Cao X. Immunosuppressive cells in tumor immune
escape and metastasis. J Mol Med 2016; 94 (5): 509–22.
https://doi.org/10.1007/s00109-015-1376-x.

7 Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P.
Tumour-associated macrophages as treatment targets in
oncology. Nat Rev Clin Oncol 2017; 14 (7): 399–416. https://
doi.org/10.1038/nrclinonc.2016.217.

8 Wu T, Wu X, Wang HY, Chen L. Immune contexture
defined by single cell technology for prognosis prediction
and immunotherapy guidance in cancer. Cancer Commun
2019; 39 (1): 21. https://doi.org/10.1186/s40880-019-0365-9.

9 Huang TX, Fu L. The immune landscape of esophageal
cancer. Cancer Commun 2019; 39 (1): 79. https://doi.org/10.
1186/s40880-019-0427-z.

10 Mimura K, Yamada L, Ujiie D et al. Immunotherapy for
esophageal squamous cell carcinoma: A review. Fukushima J
Med Sci 2018; 64 (2): 46–53. https://doi.org/10.5387/fms.
2018-09.

11 Yang H, Zhang Q, Xu M et al. CCL2-CCR2 axis recruits
tumor associated macrophages to induce immune evasion
through PD-1 signaling in esophageal carcinogenesis. Mol
Cancer 2020; 19 (1): 41. https://doi.org/10.1186/s12943-020-
01165-x.

12 Murray PJ, Wynn TA. Protective and pathogenic functions
of macrophage subsets. Nat Rev Immunol 2011; 11 (11):
723–37. https://doi.org/10.1038/nri3073.

13 Salmaninejad A, Valilou SF, Soltani A et al. Tumor-
associated macrophages: Role in cancer development and
therapeutic implications. Cell Oncol 2019; 42 (5): 591–608.
https://doi.org/10.1007/s13402-019-00453-z.

14 Tang X, Mo C, Wang Y, Wei D, Xiao H. Anti-tumour
strategies aiming to target tumour-associated macrophages.
Immunology 2013; 138 (2): 93–104. https://doi.org/10.1111/
imm.12023.

15 Higashino N, Koma YI, Hosono M et al. Fibroblast
activation protein-positive fibroblasts promote tumor
progression through secretion of CCL2 and interleukin-6
in esophageal squamous cell carcinoma. Lab Invest 2019;
99 (6): 777–92. https://doi.org/10.1038/s41374-018-
0185-6.

2384 Thoracic Cancer 11 (2020) 2383–2384 © 2020 The Author. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Editorial F.-Y. Diao

https://orcid.org/0000-0001-6355-1908
https://doi.org/10.3322/caac.21551
https://doi.org/10.3322/caac.21551
https://doi.org/10.14740/wjon1254
https://doi.org/10.14740/wjon1254
https://doi.org/10.1186/s40880-019-0368-6
https://doi.org/10.1186/s40880-019-0368-6
https://doi.org/10.1016/j.ejphar.2018.07.034
https://doi.org/10.1186/s40880-018-0274-3
https://doi.org/10.1007/s00109-015-1376-x
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1186/s40880-019-0365-9
https://doi.org/10.1186/s40880-019-0427-z
https://doi.org/10.1186/s40880-019-0427-z
https://doi.org/10.5387/fms.2018-09
https://doi.org/10.5387/fms.2018-09
https://doi.org/10.1186/s12943-020-01165-x
https://doi.org/10.1186/s12943-020-01165-x
https://doi.org/10.1038/nri3073
https://doi.org/10.1007/s13402-019-00453-z
https://doi.org/10.1111/imm.12023
https://doi.org/10.1111/imm.12023
https://doi.org/10.1038/s41374-018-0185-6
https://doi.org/10.1038/s41374-018-0185-6

	 Novel mechanism of immune evasion mediated by tumor-associated macrophages in esophageal squamous cell carcinoma
	Disclosure
	References


