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Introduction

Breast cancer is the most common type of cancer in women 
worldwide. The treatment of breast cancer has evolved 
significantly over the past decades, with the five-year 
survival rate increased to 80–90% in most countries today. 
Although breast cancer has a relatively good prognosis, it 
remains the leading cause of cancer mortality worldwide. All 
the current treatments, including surgery, chemotherapy, 
endocrine therapy, radiation therapy and targeted therapy, 
are targeting cancer cells and reach a plateau that is difficult 
to improve. 

Cancer is not only formed by malignant cancer cells, 
but also comprised of many other non-malignant cells 
in the tumor microenvironment (TME) that behave as 
accomplices to support tumor growth. The strategy to 
target cancer cells alone has been shown to be ineffective 
in many cancer patients, especially in metastatic breast 
cancer patients that are incurable and inevitably become 

resistant to traditional treatments sooner or later. Cancer 
immunotherapy becomes a very hot topic in recent years, 
with promising results in melanoma and lung cancer. 
Different from most cancer treatments that directly target 
cancer cells, immunotherapy targets the immune cells in 
TME and only indirectly targets cancer cells by enhanced 
immunity against tumor. Immunotherapy may be a better 
strategy than traditional cancer cell-targeting treatments 
because cancer cells are very cunning and adaptable to 
develop resistance.

TME, the milieu cancer cells reside and grow, plays an 
important role in regulating the initiation, progression and 
metastasis of a tumor. TME has commanded the attention 
of researchers from early years (1,2). TME is a dynamic 
mixture of a variety of cells, including immune cells, 
non-immune cells, as well as multiple modules including 
cytokines, growth factors and enzymes (3). The immune 
cells, stromal cells and other components in TME interact 
with each other to determine whether foster or restrain 
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cancer cells. It is believed that TME is anti-tumor and helps 
to eliminate cancer cells at early stages of tumorigenesis. 
However, as the tumors progress and become hard to kill, 
TME is changed by malignant cells and turns to pro-tumor 
at later stages of tumorigenesis. Therefore, targeting the 
TME components that are accomplices of cancer cells will 
significantly improve the therapeutic response and the 
prognosis of cancer patients. 

However, the current understanding of TME is still poor 
and the immunotherapy in solid tumors has only shown 
limited success, with anti-PD-1/PD-L1 antibodies being 
the only clinically available treatments in advanced breast 
cancer so far. Moreover, the biomarkers for breast cancer 
patients are not well established. It is crucial to better 
understand the complexity and diversity of TME and its 
influence on treatment response to move immunotherapy 
forward. In this review, we will introduce the cellular 
components of the TME and their function to present a 
comprehensive picture of TME and future directions of 
immunotherapy.

Cellular components in the TME

Cellular components in the TME vary significantly, both 
in the number and phenotype of immune and stromal cells. 
They play a pivotal role in either promoting or suppressing 
cancer. Different cells are recruited into the tumor by 
multiple regulatory modules and come into play. 

Immune cells

Immune cells in TME consist of innate immune cells and 
adaptive immune cells. Innate immune cells mainly include 
tumor-associated macrophages (TAMs), myeloid-derived 
suppressor cells (MDSCs), dendritic cells (DCs), natural 
killer cells (NK cells), tumor-associated neutrophils (TAN), 
and mast cells. Adaptive immune cells are mainly comprised 
of T cells and B cells. The types, markers, classifications 
and functions of immune cells in TME are summarized in 
Table 1.

The immune cells in TME communicate with each 
other by cell-to-cell contact or secretion of cytokines and 
chemokines. Given their diversity, it is difficult to use a few 
markers to illustrate these cells in a comprehensive way. 
Based on gene expression profile data from bulk tumor 
tissues, several techniques including CIBERSORT (4) 
and XCell (5) can be used to estimate the abundance of 
immune cells infiltrating into tumor. These methods can 

provide the heterogeneity of immune cell composition 
in complex tissues, but lack cell proportion, spatial 
distribution and function. Mikhail Binnewies et al. (6) 
proposed a classification system to divide the tumor 
immune microenvironment (TIME) into three categories: 
infiltrated-excluded (I-E) TIMEs, infiltrated-inflamed 
(I-I) TIMEs, and tertiary lymphoid structures (TLS)-
TIMEs. Cytotoxic lymphocytes (CTLs) in I-E TIMEs 
are localized along the border of tumor or caught in the 
fibrotic nest, seemingly “excluded” from infiltrating into 
tumor. In contrast, I-I TIMEs have high infiltration of PD-
1-expressing CTLs. TLS-TIMEs, a subclass of I-I TIMEs, 
have immune cell components similar to lymph nodes. 
Moreover, tumors having I-E TIMEs are thought to be 
immunologically “cold”, whereas tumors with I-I TIMEs 
are considered as immunologically “hot”. This classification 
can help us understand the TME more thoroughly and 
facilitate the treatment decision.

TAMs are the most abundant immune cells in TME (7).  
It is reported that macrophages have two functional 
phenotypes, M1 (CD40+) and M2 (CD169+CD206+) 
macrophages (8). M1 macrophages, which are activated by 
IFN-γ or LPS to secret pro-inflammatory cytokines (IL-1β, 
IL-6 and TNF-α), are considered anti-tumor. Conversely, 
M2 macrophages, which are induced by IL-4 or IL-13 to 
secrete immunosuppressive factors like IL-10 and TGF-β, 
are pro-tumoral. In fact, most TMEs have M2 macrophages 
that promote angiogenesis and tissue remodeling. However, 
M1 and M2 phenotypes are two extreme polarization of 
TAMs. TAMs can exist in a continuous spectrum between 
M1 and M2 status, and the status of TAMs can be flexible 
and reversible. Therefore, switching the phenotype of 
macrophages from pro-tumor to anti-tumor could be an 
excellent way to change TIME for therapeutic strategies (9).  
For instance, it was shown that M2 macrophages had 
high phosphoglycerate dehydrogenase (PHGDH) activity 
to promote M2 polarization and supports macrophage 
proliferation, thus PHGDH could be a promising metabolic 
checkpoint to fine-tune macrophages against cancer (10). 

Myeloid-derived suppressor cells (MDSCs) are a group 
of myeloid cells with a potent immunosuppressive capacity 
that distinct them from other myeloid cells like monocytes 
and neutrophils (11). Based on their phenotypic and 
morphological features, MDSCs have two major subsets: 
polymorphonuclear-MDSCs (PMN-MDSCs) defined 
as CD11b+CD14-CD15+ or CD11+CD14-CD66b+, and 
monocytic-MDSCs (M-MDSCs) as CD11b+ CD14+HLA-

DR -/loCD15- (12). MDSCs will not appear in normal tissue, 
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Table 1 Immune cells in TME

Cell type Markers Classification Main functions in the TME

TAM CD40+; CD169+CD206+ M1; M2 M1 secret IL-1β, IL-6 and TNF-α as anti-tumor effectors. M2 
secret IL-10 and TGF-β to promote angiogenesis and tissue 
remodeling

MDSC CD11b+; CD14+/-;  
CD15+/-; CD66b+;  
HLA-DR -/lo

PMN-MDSC; M-MDSC Play a role in angiogenesis and metastasis by VEGF, MMP9, 
TGF-β, etc. Promote TAMs, Tregs, Th17 cells; Inhibit T cells, 
B cells, NK cells, and DCs. Associated with poor prognosis

DC CD8a+; CD103+;  
CD11b+; CD172a+

cDC; pDC; inflammatory  
DC; Langerhans cell

Crucial antigen-presenting cells. Dysfunctional in the TME

TAN CD11b+;  
Ly6G+; Ly6Clow

N1; N2 N1 TANs have pro-inflammatory cytokine profile. N2 TANs 
inhibit effector T cell functions

Mast cell CD63+; CCR1+; CCR3+; 
CCR4+; CCR5+; CXCR1+; 
CXCR2+; CXCR4+

– Source of various cytokines, chemokines and growth factors

NK cell CD16+; CD96+; CD161+ Cytotoxic; memory;  
immunoregulatory; others

Kill cells. May be hypofunctional in the TME

T cell CD3+; CD8/4+;  
CD2+; CD28+

CD4+: Treg, TFH, TH17. CD8+: naïve 
cell; memory cell; effector memory 
cell; activated cell; chronically 
activated/exhausted cell

Main components of cellular immunity. Regulate B cells and 
humoral immunity. Secret lots of cytokines participating in 
the interactions with other cells

B cell CD19+; CD20+; CD21+;  
CD40+; CD80+

Breg; plasma cell; memory cell Essential parts of humoral immunity. Associated with poor 
prognosis

The markers of cells above are a few examples and not all markers are involved. TME, tumor microenvironment; TAM, tumor-associated 
macrophage; TNF, tumor necrosis factor, MDSC, myeloid-derived suppressor cell; PMN-MDSC, polymorphonuclear-MDSC; M-MDSC, 
monocytic-MDSC; VEGFR, vascular endothelial growth factor receptor; MMP, Matrix metalloproteinase; TGF, tumor growth factor; DC, 
dendritic cell; cDC, conventional DC; pDC, plasmacytoid DC; TAN, tumor-associated neutrophils; CCR, C–C chemokine receptor; CXCR, 
C-X-C chemokine receptor; NK, natural killer; Treg, regulatory T ; TFH, follicular helper T; TH17, T helper 17; Breg, regulatory B.

but infiltrate into cancer due to chronic inflammation (13).  
The way of accumulating and activating MDSCs requires 
two subsets of signals (14). First, growth factors produced 
by tumor cells and stroma, such as CSF, mediates 
the expansion of immature myeloid cells. Then, pro-
inflammatory cytokines, including IL-6, IFN-γ, IL-1β 
and TNF-α, define the immunosuppressive phenotype 
of the MDSCs. However, these two signals are necessary 
but not sufficient (15). It has been reported that MDSCs 
play an important role in immunosuppressive TME (16). 
MDSCs can promote tumor angiogenesis and metastasis by 
secreting cytokines including VEGF, MMP9 and TGF-β. 
Furthermore, MDSCs also promote TAMs, Tregs, Th17 
cells while inhibiting T cells, B cells, NK cells, and DCs 
to induce the immunosuppressive effects. Importantly, 
the blood level of MDSCs was associated with the poor 
prognosis of breast cancer patients (17). The fraction of 
MDSCs in peripheral blood is about 10-fold higher in 

breast cancer patients than in healthy individuals (18). 
Furthermore, all-trans retinoic acid (ATRA) significantly 
decreased the frequency of circulating MDSCs compared to 
Ipilimumab treatment alone in advanced-stage melanoma 
patients (19), showing that targeting MDSCs could be 
promising in immunotherapy.

DCs are key antigen-presenting cells, which uptake, 
process and present antigenic peptides to T cells, leading 
to adaptive immune response and playing a pivotal role in 
TME. DCs contain several subsets, including conventional 
DCs (cDCs), plasmacytoid DCs (pDCs), inflammatory 
DCs and Langerhans cells (20). Among these DCs, CD103+ 

cDC1s seem to be the only cDC subset required to induce 
a cytotoxic T-cell response against tumors upon blockade 
of the checkpoint ligand PD-L1 (21). However, due to the 
immunosuppressive nature of the TME, DCs around the 
tumor are often dysfunctional (22). Tumor-derived factors 
play dual roles in DCs functions. Cancer cells undergo cell 
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death, resulting in the release of a host-derived damage-
associated molecular pattern (DAMP). DAMP associated 
proteins, such as high-mobility group box 1 (HMGB1), 
heat-shock proteins (HSP), histones, the S100 family of 
proteins and serum amyloid A, could be tumor-derived 
DC-activating factors. But VEGF, TGF-β, IL-10, IL-
8, IL-6, PSA and GDF-15 could be tumor-derived DC-
suppressive factors (23,24). Therefore, targeting DCs 
will be an interesting strategy to boost the specific T-cell 
response (25,26). For instance, combined FLT3L and 
polyriboinosinic: polyribocytidylic acid therapy enhances 
tumor responses to BRAF and checkpoint blockade in 
melanoma through inducing expansion and activation of 
CD103+ DC progenitors in tumors (27). 

The function of TANs is controversial, with both 
promoting or inhibiting tumor roles reported. Similar to 
TAMs, TANs also have two distinct functional phenotypes. 
TANs with the N1 phenotype are anti-tumor due to its 
pro-inflammatory cytokine profile producing hydrogen 
peroxide and being cytotoxic to tumor cells. N2 TANs, 
however, inhibit effector T cell functions by their high level 
of arginase 1 (ARG1) (28,29). During tumor progression, 
the TAN composition changes dynamically, resulting in a 
switch from anti- to pro-tumor contribution (30). To be 
specific, the pro-tumor mechanisms may include tumor 
initiation, growth, angiogenesis, invasion and migration 
through various factors including VEGF, TNFα, IL-17 
and hydrogen peroxide (31). On the other hand, TANs 
can directly lysis and induce apoptosis or regulate T cell 
functions to indirectly suppress tumors (32). Tumor cells 
express a number of cytokines and chemokines including 
CXCL8, CXCL5 and CXCL6, which are involved in the 
recruitment of the TANs (33). It was reported that an 
enhanced level of TANs associated with poor prognosis of 
colorectal cancer patients (34). Therefore, understanding 
the function and status of TANs can help to modulate TME 
into the anti-cancer setting.

Mast cells, one of the hematopoietic cells, are “treasure 
house” of cytokines, chemokines, and growth factors (35). 
Thus, mast cells are important in inducing and maintaining 
immune response. Mast cells are recruited into TME 
early and play a significant role in tumor angiogenesis 
and remodeling in breast cancer (36,37). Moreover, serine 
protease tryptase, one of the components of mast cells, 
could boost serum tryptase levels that correlate with 
poor prognosis in breast cancer patients (38). TNBC 
patients with high expression of annexin A1 also had 
more infiltration of mast cells and significantly shorter 

survival (39). Targeting mast cells are attractive therapeutic 
strategies for cancer treatment (40).

NK cells are genuine “natural killer” due to their 
spontaneous ability to kill cells through perforin- and 
granzyme-dependent mechanisms or by ligation of 
tumor-necrosis factor family (41). One of the most 
important functions of NK cells is the contribution to the 
immunosurveillance of cancer by innate lymphoid cells 
(42,43). Nevertheless, due to the immunosuppressive 
microenvironment, NK cells in TME seem to be inert 
phenotype and hypofunctional (44). Therefore, re-activating 
NK cells in TME is an effective approach in treating 
cancer. For instance, using allogenic activated NK cells has 
been shown to be capable of killing cancer cells and even 
cancer stem cells (45). Notably, it was reported that NK 
cells mediated clinically relevant anti-metastatic effects (46). 
Releasing the inhibitory signals that limit NK cell function 
(KIR, NKG2A, TIGIT, TIM-3, LAG-3) are promising 
ways of NK cell-based immunotherapy (47). Nevertheless, 
NK cells have different functional subsets including 
cytotoxic, memory, immunoregulatory and licensed-
unlicensed subsets. Considering that the heterogeneity of 
NK cells is not fully understood yet, mobilizing the right 
subset of NK cells into TME remains a challenging task (48).

T cells are a predominant population of tumor-
infiltration lymphocytes (TILs) and play a crucial role in 
coordinating multiple aspects of adaptive immunity (49). 
Antigens stimulate helper T cells to secrete cytokines 
(IL-2, 3, 4, 5, 6, 10, IFN-γ, TNF-α, GM-CSF, etc.) as 
messengers. These cytokines can interact with other cells in 
the TME. For example, IL-4 can induce the differentiation 
of B cells into plasma cells and the secretion of antibodies. 
Cytotoxic T cells are the major effector cells in the adaptive 
immune system and can kill cancer cells through perforin 
and granzyme-mediated apoptosis. Single-cell sequencing 
showed that 9 distinct clusters of T cells were infiltrated in 
tumors. CD4+ clusters included regulatory T cells (Treg), 
follicular helper T (TFH) cells and T helper 17 cells (TH17) 
cells. CD8+ clusters included naive cells, memory cells, 
effector memory cells, activated cells, chronically activated/
exhausted cells (50). Furthermore, in breast cancer, a study 
has shown that CD8+CD103+ tissue-resident memory T 
cells contribute to the immunosurveillance of cancer (51). 
Additionally, T cells with exhausted phenotype could not 
function well in the TME, so how to transform exhausted 
T cells to activated T cells will be a promising target for 
clinical therapy (52,53). As an example, using monoclonal 
antibodies to block cell surface markers, such as CTLA-4,  
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PD-1 or PD-L1, shows great potential to reinvigorate 
exhausted T cells (54). In addition, chimeric antigen 
receptor (CAR) T cell therapy, designed to reinforce T 
cell activity, is being tested in solid tumors including breast 
cancer (55). Yet, tumor antigen escape and downregulation 
could impact the duration of CAR-T cells and could be a 
potential target (56). 

Comparing to the well-established role of T cells in 
TME, the contributions of B cells to cancer are less studied. 
B cells and their effect cells, plasma cells, are essential 
parts of humoral immunity (57). BCR-related kinases, 
such as BTK, also make a difference in the TME of solid  
tumors (58). Regulatory B cells (B-regs) are capable to 
harness T-cell responses and promote tumor growth (57). 
B cells in the TME are a heterogeneous population with 
diverse functions, so the role of B cells is also dual (59). The 
balance of pro- and anti-tumor effects is dynamic (60). It 
was shown that an enhanced level of B cells in breast cancer 
was associated with poor prognostic biomarkers including 
negative estrogen receptor (ER) status, IL-10 secretion 
and PD-L1 expression and high-grade tumor (61,62). In 
contrast, other studies indicated B cells play a beneficial role 
in the majority of cancers (63). As a result, further studies 
are required to figure out the correlation between the 
subclasses of B cells and different subtypes of breast cancer.

Stromal cells

In addition to the above immune cells, stromal cells, 

including cancer-associated fibroblasts (CAFs), endothelial 
cells, adipocytes and pericytes, also play an essential 
role in TME. These cells work together to establish an 
immunosuppressive, angiogenetic TME (64). Moreover, 
factors secreted by these stromal cells have a great influence 
on tumor progression and metastasis (65,66) (Table 2).

Among all the stromal cells infiltrating in the TME, 
CAFs have received the most attention due to the critical 
contribution to cancer progression. The functions 
of CAFs are related to immune suppression, ECM 
remodeling and the secretion of pro-inflammatory and 
pro-metastatic cytokines, enzymes and microRNAs (67). 
CAFs shape extracellular matrix (ECM) structure by 
secreting collagen and other fibrous macromolecules as 
well as releasing proteolytic enzymes. Thus, CAFs are 
essential in maintaining cell mobility (68). It is known 
that activated fibroblasts regulate tumor progression, 
and markers like fibroblast specific protein 1 (FSP1 or 
S100A4), vimentin, αSMA, FAP, PDGFRα/β, DDR2 can 
identify the activated CAFs (69). Similar to the immune 
cells in TME, the functions of the CAFs also have two 
sides. Pro-tumoral CAF subsets are associated with 
tumorigenesis, tumor angiogenesis, tumor metastasis and 
drug resistance. In contrast, anti-tumoral CAF subsets can 
be tumor-suppressive (70). For instance, CD146+ CAFs 
sustain tamoxifen sensitivity in ER+ breast cancer (71). 
Therefore, with the fact that CAFs are a heterogeneous cell 
population of multiple origins, therapies targeting CAFs 
must be specific (72). It was shown recently that a subset 

Table 2 Stromal cells in the TME

Cell type Markers Classification Main functions in the TME

CAF α-SMA; FAP; S100A4; 
PDGFRβ

Diverse cell population. Distinguished  
by specific cell surface markers

Pro-tumor: associated with tumorigenesis, tumor 
angiogenesis, tumor metastasis and drug resistance. 
Anti-tumor: sustain drug sensitivity

Endothelial 
cell

CD31+; CD34+; CD105+; 
CD106+; CD144+

Vascular endothelial cell. Lymphatic 
endothelial cell

Help with angiogenesis, tumor metastasis and drug 
resistance

Pericyte PDGFRβ; NG2; CD13; 
αSMA; desmin

– Contribute to tumor progression, metastasis and drug 
resistance

Adipocyte Adipokines: adiponectin, 
resistin; leptin

– Interact with tumor cells in tumor initiation, tumor 
progression, invasion, and metastasis

MSC CD44+; CD73+; CD90+; 
CD105+; DDR2+

Can differentiate to various cells like 
adipocyte, osteocyte, chondrocyte, etc.

Communicate with tumor cells through paracrine 
signaling. MSC-derived exosomes are important in 
tumorigenesis, angiogenesis, and metastasis

The markers of cells above are a few examples and not all markers are involved. CAF, cancer-associated fibroblast; αSMA, α-smooth 
muscle actin; FAP, fibroblast activation protein; PDGFvR, platelet-derived growth factor receptor; MSC, mesenchymal stem cell.
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of CD10+GPR77+ CAFs promoted cancer formation and 
chemoresistance by sustaining cancer stem cells (73).  
Smoothened (SMO) inhibitors  ( i traconazole  and 
vismodegib), histone deacetylase (HDAC) inhibitors, 
which target CAFs or their precursors, have been testing 
in clinical trials (74,75). The prospect of CAFs-associated 
therapies seems promising and further investigations are 
needed.

Endothelial cells comprise vascular endothelial cells 
and lymphatic endothelial cells. The interactions between 
cancer cells and endothelial cells change the phenotype of 
the endothelial cells by soluble factors (VEGF), adhesion 
receptors, gap junctions and exosomes (64,76). Through 
these ways, cancer cells communicate with endothelial cells 
and promote angiogenesis. As for lymphatic endothelial 
cells, they can promote metastasis under the regulation of 
cancer cells. Cancer cells activated the IL-6/STAT pathway 
inducing CCL5 expression in the lymphatic endothelial 
cells (77). The crosstalk between endothelial cells and 
cancer cells can be therapeutic targets against tumor 
progression and drug resistance (78).

Pericytes are derived from mesenchymal cells and 
maintain the stability of capillaries. Also, pericytes can 
interact with endothelial cells during vessel formation. 
The markers of pericytes include PDGFR-β, NG2, CD13, 
αSMA and desmin (79). Aberrant pericytes result in aberrant 
tumor vessels which contribute to the tumor progression 
and drug resistance (80). Strikingly, pericytes also 
participate in the formation of the premetastatic niche (81).  
Therefore, maintain normal pericytes could be a promising 
negative regulator of tumor metastasis. 

Mesenchymal stem cells (MSCs) are multipotent 
stromal cells, which means they can differentiate into 
other mesenchymal cells like adipocytes in TME. The 
common surface protein expression pattern of the MSCs 
is CD44+CD73+CD90+CD105+ (66). Collagen receptor 
tyrosine kinases DDR2, activated by fibrillar collagen, is 
expressed specifically in the MSCs. It was reported that 
MSC-induced DDR2 mediated stromal-breast cancer 
interactions and metastasis growth (82). MSCs may interact 
with tumor cells through paracrine activity (83). Growing 
studies suggest that MSC-derived exosomes function as 
mediators in the tumor niche and play several roles in 
tumorigenesis, angiogenesis, and metastasis (84).

Researches on adipocytes are scanty compared to other 
cells in the TME. Adipocytes, take up 7% to 56% in breast 
tissue, closely interact with breast cancer cells in tumor 

initiation, tumor progression, invasion, and metastasis (85).  
Adipocytes involved in tumor progression are also called 
cancer-associated adipocytes (CAAs). It was shown 
that mature adipocytes secret IGFBP-2 promoting 
tumor metastasis in breast cancer cells (86). Adipokines 
(adiponectin, resistin, and leptin) secreted by adipocytes 
were associated with poor prognosis of breast cancer 
patients (87). Moreover, obesity was shown to be a driver 
of therapeutic resistance in breast cancer cells (88). Hence, 
exercise and other therapies targeting adiposity and 
adipokines may have potential in improving outcomes of 
breast cancer (89,90). 

Concluding remarks and perspectives

TMEs compromise malignant cells and non-malignant cells. 
Non-malignant cells in TME often function as accomplices 
to cancer cells. Therefore, cancer treatments should also 
target these non-malignant cells. More importantly, these 
non-malignant cells are not genetically “bad” (mutated), 
but are pro-tumor because of epigenetic dysregulation. 
Inducing these flexible non-malignant cells into the anti-
tumor phenotype is a very attractive and successful strategy, 
with much room to be improved. It is worth noting that 
understanding the complex interactions among different 
cells in TME can lead to more selective or precise cancer 
therapy. Novel techniques such as single cell sequencing 
provide plenty of chances to understand the components in 
the TME thoroughly. These findings may shed light on the 
immune regulatory mechanism in the TME, and eventually 
lead to more effective cancer treatment. 
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