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Significance of tumor
microenvironment (TME) to cancer

Cancer is a complicated disease. With the deepening of the
research on the mechanism of tumor initiation, promotion
and progression in recent years, researchers have gradu-
ally shifted their focus from tumor itself to TME. The
concept of TME can be traced back to the relationship be-
tween tumor and inflammation and the theory of “seed and
soil” in the latter half of the nineteenth century [1]. TME
consists of non-malignant cells, vessels, lymph nodes,
nerves, intercellular components, and metabolites located
at the center, margin, or periphery of the tumor [1]. There is
increasing evidence that cellular and non-cellular com-
ponents of the TME can promote tumor initiation, growth,
invasion, metastasis, and response to treatment. The TME
is composed of three main cell types: immune cells, stro-
mal cells (e.g. cancer-associated fibroblasts), vascular
cells [2, 3]. For the past few years, the interaction between
tumor cells and immune cells has been gradually recog-
nized. Tumors are known to change markedly in terms of
the quantity and phenotypes of immune and stromal cells

in the TME [3]. TME is highly heterogeneous across
different patients, and the plasticity of immune cells is an
important part of tumor heterogeneity. The immunosup-
pression after immune evasion becomes a new hallmark of
cancer [2]. The infiltration of immune cells in TME, located
at the core or margin of tumor, the adjacent lymphoid or-
gan or lymph nodes (also called tertiary lymphoid struc-
tures), is closely related to the prognosis of cancer [1].

Immune cells in TME can be divided into lymphocytes
andmyeloid cells according to their diverse developmental
lineages. Immunosuppressive myeloid cells are one of
the major obstacles to cancer immunotherapy. At present,
although several therapeutic approaches targeting
myeloid cells are being tested in preclinical and clinical
studies, the study of lymphocytes is relatively in-depth [4].
Tumor‐infiltrating lymphocytes consist of all lymphocytic
cell populations that have invaded the tumor tissue,
including T cells, B cells, plasma cells and natural killer
(NK) cells. T cell‐mediated adaptive immunity is consid-
ered to play a major role in anti‐tumor immunity [5]. Ac-
cording to function, immune cells can be classified as
tumor-antagonizing and tumor-promoting immune cells.
The tumor-antagonizing immune cells mainly consist of
effector T cells (including CD8+ cytotoxic T cells and
effector CD4+ T cells), NK cells, dendritic cells (DCs),
M1-like macrophages and N1-like neutrophils [2]. The CD8+

cytotoxic T cells are considered to be the major subset of
lymphocytes that kill cancer cells. NK cells are also one
important subset of tumor-antagonizing immune cells that
mediate the immunosurveillance of tumor [2]. On the other
hand, T regulatory cells (Tregs) are able to inhibit the im-
mune response mediated by CD4+ and CD8+ T cells, by
suppressing T cell proliferation, antigen presentation, and
cytokine production [6]. The recent single-cell sequencing
revealed that T cells are highly heterogeneous and T cell
states associated with the prognosis of patients and ther-
apy response [7]. In a part of tumors, the tumor cells would
inhibit the activation of cytotoxic T cells via expressing
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inhibitory ligands such as PD-L1 or CTLA-4, which allows
tumor cells to escape from host immune surveillance and
resistant to cancer therapy [2]. Furthermore, immuno-
therapy targeting T cells has made great progress and
gradually become a new therapy for various tumors. And
the research targeting myeloid cells could also promote
current immunotherapies.

Tumor-infiltrating myeloid cells
(TIMs) are an important component
of TME

Myeloid cells constitute another type of important immune
cells in the TME and also work as key players in the innate
immune system. The tumor could recruit and modulate
endogenous myeloid cells, including macrophages, DCs,
myeloid-derived suppressor cells (MDSC) and neutrophils,
to sustain an immunosuppressive environment [8]. How-
ever, compared with lymphocytes, the heterogeneity of
myeloid cells is relatively poorly studied, and there is also a
lack of widely effective drugs targeting TIMs. Encourag-
ingly, a recent study [9] revealed the heterogeneity of
myeloid cells across different tumors from the perspective
of single cell.

It is commonly believed that tumor-associated macro-
phages (TAMs) couldpromote chronic inflammation, inhibit
the anti-tumor immune response of T cells, support tumor
growth through angiogenesis and promote metastasis [8].
While TAM infiltration usually correlates with a poor
outcome, correlations between high TAM density and
improved survival are also emerged [10]. In the past, the
classical (“M1”) or alternative (“M2”) activation has been
used to describe the in vitro state of macrophages. However,
it is now recognized that macrophages exhibit more com-
plex functional phenotypes in vivo. The study found that
pro-angiogenic TAMs exist in different types of cancer,
which are associated with poor prognosis, but they present
different markers [9]. Therefore, immunotherapy targeting
those angiogenesis-associated macrophages should take
their diverse characteristics in various cancer types into
consideration.

Similarly, conventional DCs exhibit diversity and
could be divided into cDC1 and cDC2 with different
functional specialization. cDC1s are mainly responsible
for antigen cross-presentation and are critical for initi-
ating CD8+ T cell response [10]. While, cDC2s mainly
activate CD4+ T cells through presentation of peptides on

MHC-II [10]. Besides, the complexity of cDC2s across tu-
mors is still not fully characterized. By single cells RNA
sequencing (scRNA-seq), three distinct subsets in cDCs
were identified, including two classical cDC subsets
(cDC1s and cDC2s) and a mature cDC subset (LAMP3+

cDC), which is a new subset previously reported in he-
patocellular carcinoma [9, 11]. Moreover, the study proved
that the LAMP3+ cDCs were broadly present and cDC1-
derived and cDC2-derived LAMP3+ cDCs are regulated by
different external stimulus and might have diverse
functions [9].

Although mast cells are one important component of
TIMs, they are still poorly studied compared to others [12].
Within the TME, mast cells could possess both tumor-
antagonizing and tumor-promoting properties through
different approaches, including angiogenesis, tissue
remodeling, disruption of the extracellular matrix, inva-
sion, and metastatic spread [12]. This study also made a
great breakthrough in exploring the functional diversity of
mast cells in TME. The frequencies of VEGFA+ mast cells
were much higher than TNF+ cells in most tumor types,
indicating their prevailing pro-angiogenic role. On the
contrary, nasopharyngeal cancer was the only cancer type
with dramatically higher frequency of TNF+ mast cells,
indicating a higher anti-tumor capacity [9].

However, neutrophils, an important component of
myeloid cells, were not studied in detail. Compared with
other immune cells, the number and level of gene expression
in neutrophils are lower and mRNA capture is more difficult.
On the other hand, neutrophils are sensitive to degradation
and have a short half-life, which requires high requirements
for experimental operation. So scRNA-seq of neutrophils re-
quires specific optimization steps.

Immunotherapy targeting TME

Nowadays, the goal of cancer immunotherapy is to turn
cold tumors into hot ones and break the immunosup-
pressive TME. Immunotherapy such as checkpoint in-
hibitors targeting T lymphocytes has been widely used in
clinical practice. But immunotherapy targeting myeloid
cells is still in its infancy [4, 8, 10]. The pan-cancer single-
cell transcriptional atlas of TIMs provides the basis for
subsequent translational research, exploration of thera-
peutic targets and selection of adaptation population.

There are several strategies for breaking immunosup-
pression in TME: controlling cancer-promoting inflamma-
tion; blocking the recruitment or survival of myeloid cells;
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altering the activation status of pro-tumorigenic myeloid
cells and reprogramming of a pro-tumorigenic phenotype of
myeloid cells [4, 10]. On the other hand, many of these tar-
gets and clinical trials did not target specific subpopulations
of myeloid cells and may cause some side effects and
toxicity. This study provided a better understanding of the
functional diversity and heterogeneity of myeloid subpop-
ulation across different types of cancer and laid the foun-
dation for the identification of novel targets specifically
expressed on unique myeloid subsets, such as macro-
phages, mast cells, and dendritic cells.
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