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1. Introduction 
 

The continuous increase in the incidence and mortality of 

tumors poses a significant threat to human health. Finding 

safe and effective treatment methods is a formidable 

challenge for researchers worldwide. Traditional tumor 

treatment methods include surgical resection, radiotherapy, 

and chemotherapy, but their impact on patient survival rates is 

still controversial. With the development of disciplines such 

as oncology, immunology, and molecular biology, tumor 

immunotherapy has been developed based on the study of the 

mechanisms of tumor immune escape. Tumor immunotherapy 

can inhibit the pathways of tumor immune escape and 

reactivate the immune system to fight against tumors. The 

immune system plays an important role in the occurrence and 

development of tumors. As a promising, effective, and 

low-side-effect treatment approach, immunotherapy has 

received widespread attention, including antibodies, cancer 

vaccines, adoptive cell therapy, and immune checkpoint 

blockade therapy [1][2][3]. However, immunotherapy also 

faces many problems. For example, in some patients, it shows 

limited efficacy, adverse reactions, and a narrow anti-tumor 

spectrum, indicating the complexity of the regulatory factors 

of the tumor immune response. The components of the tumor 

microenvironment mainly include tumor cells, immune cells, 

cancer-associated fibroblasts, signaling molecules, and the 

extracellular matrix (EMC). Many studies have proven that 

the occurrence and development of tumors and tumor 

recurrence after treatment are affected by the TME. Recent 

studies have shown that the response of tumors to 

immunotherapy can be regulated by the TME. A profound 

understanding of the impact of the TME on the immune 

response will significantly improve the effectiveness of 

immunotherapy. 

 

The composition of the TME is very complex, and it has only 

recently become the focus of tumor research. Currently, our 

understanding of the TME is not comprehensive. This review 

mainly elaborates on the latest research progress on the 

impact of immune cells, cancer-associated fibroblasts, 

hypoxia, and other physical factors in the tumor 

microenvironment on tumor immunotherapy, aiming to find 

breakthrough points for enhancing anti-tumor effects in these 

aspects. 

 

2. Regulation of Tumor Immune Response by 

Immune Cells 
 

The tumor microenvironment is infiltrated with many innate 

and adaptive immune cells. Currently, treatments targeting the 

TME mainly focus on T cells, such as immune checkpoint 

blockade and chimeric antigen receptor (CAR)-T cell therapy. 

With in-depth research, it has been found that innate 

immunity can not only indirectly affect the TME by 

controlling the fate of T cells but also critically shape the 

TME. These innate immune cells mainly include regulatory T 

cells (Tregs), macrophages, dendritic cells (DCs), 

myeloid-derived suppressor cells (MDSCs), natural killer 

cells (NKs), etc. To enhance the effectiveness of tumor 

immunotherapy, it is necessary to have a comprehensive 

understanding of innate immune cells and conduct further 

research to find treatment methods for dysfunctional cells in 

the TME. 

 

2.1 Regulatory T Cells 

 

Regulatory T cells play a bidirectional regulatory role in 

immunity. They can not only prevent the occurrence of 

autoimmune diseases caused by excessive immunity in the 

body but also inhibit the immune response under pathological 

conditions. The classic marker combination on the surface of 

Tregs is CD4+CD25+Foxp3+. In the tumor microenvironment, 

CD4+CD25+Foxp3+ can secrete immune inhibitory molecules 

such as IL-10, TGF-β, and IL-35, and induce the occurrence 

and development of tumors by inhibiting the maturation and 

function of DC cells, suppressing T cell metabolism, and 

promoting the lysis of NK cells and CD8+ T cells [4]. 

Removing Treg cells from the tumor microenvironment or 

inhibiting the function of Treg cells is a method for treating 

tumors. CD137 is an important molecular target for 

anti-tumor immunity [5], and hypoxia can significantly 

increase the expression of CD137 on activated T cells. 

 

For naive T cells to effectively activate anti-tumor antigens, a 
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co-stimulatory signal provided by the binding of CD28 on the 

surface of T cells and the B7 molecule on the surface of 

antigen-presenting cells (usually DCs) is required. The 

activation of T cells will upregulate the surface expression of 

CTLA-4, so the activation of T cells is strictly regulated at the 

co-stimulatory level. CTLA-4 has a high degree of homology 

with CD28, and its ability to bind to the B7 molecule is 

stronger than that of CD28, resulting in CTLA-4 blocking the 

co-stimulation and ultimately inhibiting the function of T cells. 

Treg cells can also express a high level of CTLA-4. Therefore, 

anti-CTLA-4 antibody treatment can deplete these cells from 

the TME, thereby releasing the inhibition of anti-tumor CTL 

activity [6]. Treg cells secrete immune regulatory factors such 

as TGF-β, IL-10, and IL-35 [7]. Among them, TGF-β can 

promote tumor metastasis and the formation of the tumor 

stroma, inhibit NK cells and T cells, and further promote the 

generation and expansion of Tregs [8]. Some studies have 

proven that in several different types of tumors, the TME can 

induce the expression of the apoptosis inducer Fas ligand 

(FasL) on tumor vascular endothelial cells, which can 

effectively establish a selective immune barrier and promote 

tumor tolerance [9]. The expression of FasL enables 

endothelial cells to kill CTLs through Fas-mediated apoptosis, 

but not Tregs, because the increased surface expression of 

c-FLIP on Tregs confers resistance to FasL exposure. 

Therefore, the low infiltration of CTLs and the presence of 

Treg cells in tumors are advantageous for the expression of 

FasL. Downregulating the expression of FasL on endothelial 

cells by inhibiting VEGF-A or cyclooxygenase may become a 

target for enhancing cancer immunotherapy [9]. 

 

2.2 Tumor-Associated Macrophages 

 

The regulation of immune homeostasis requires macrophages. 

Macrophages have the functions of phagocytosing pathogens 

and presenting antigens, and they also play a role in 

promoting wound healing and tissue repair [10]. Macrophages 

are tissue-specific and ubiquitous, and they play important 

roles in wound healing, tissue formation, coagulation, 

inflammation, and tissue remodeling [11]. Many studies have 

shown that macrophages play an important role in eliminating 

tumor cells. According to their functions and cytokine 

secretion, macrophages can be divided into two types: 

classically activated (M1) and (M2). In solid tumors, some 

immunosuppressive signals can impair the function of 

macrophages [12]. Macrophages in solid tumors are called 

tumor-associated macrophages (TAMs), which are a subset of 

infiltrating immune cells in tumors and can assist in tumor 

development and metastasis [13]. TAMs can express a variety 

of receptors or ligands of inhibitory receptors, such as B7-1, 

PD-L1, and PD-L2, to inhibit the function of immune cells. 

TAMs can release a large number of cytokines, chemokines, 

and enzymes to inhibit the functions of CD4+ and CD8+ T 

cells. The TME will secrete cytokines such as IL-4 to enhance 

the immunosuppressive effect of M2 macrophages. 

Macrophages account for 50% of the cells in tumors, which 

can promote tumor growth and development [14]. The poor 

prognosis of the vast majority of tumors is related to the 

massive infiltration of macrophages, including lung cancer, 

breast cancer, liver cancer, gastric cancer, and other malignant 

tumors, further demonstrating the role of macrophages in 

tumor progression [15][16][17]. 

 

TAMs account for 50% of the tumor volume in some 

hematological malignancies and most solid tumors, but the 

classification of TAMs is highly dynamic and heterogeneous 

[18][19][20][21][22]. TAMs can be divided into 

pro-inflammatory M1 and anti-inflammatory M2 according to 

different phenotypes, metabolisms, and functions. M1 

macrophages are activated by interferon-γ (IFN-γ) secreted by 

Th1 cells, pathogen-associated molecular pattern (PAMP) 

signaling pathways, and interactions with toll-like receptors 

(TLRs). M1 macrophages produce pro-inflammatory 

mediators such as IL-1β, IL-6, IL-12, tumor necrosis factor-α 

(TNF-α), reactive oxygen species (ROS), and nitrogen. 

Conversely, M2 macrophages are stimulated by IL-3, IL-4, 

and IL-10 secreted by Th2 cells to produce another type of 

cytokine that helps to relieve inflammation [23][24]. However, 

this classification of macrophages has several limitations: (1) 

Macrophages cannot expand clonally like T cells, so there are 

differences between each macrophage [25][26][27]; (2) This 

classification reflects the response to in vitro stimulation, but 

these stimuli do not exist independently in tumor tissues. 

Macrophages are derived from the differentiation of 

monocytes, and the background and intensity of the stimuli 

they receive determine the activation and transcription of 

macrophages, often resulting in a mixed phenotype; (3) 

Macrophages can change their phenotypes through 

interactions with other immune cells, pathogens, or cancer 

cells, and they are highly plastic cells. 

 

2.3 Myeloid-Derived Suppressor Cells 

 

Myeloid-derived suppressor cells (MDSCs) include immature 

granulocytes, dendritic cells, and monocytes, and they have a 

significant inhibitory effect on T cells. They can not only 

prevent T cell-mediated adaptive immune responses but also 

prevent the innate immune system mediated by NK cells or 

TAMs, with the aim of killing tumor cells [28]. MDSCs can 

inhibit the function of effector T cells (Teff) from multiple 

aspects: first, they secrete IL-10 and TGF-β to induce the 

formation of Treg cells [29]; Second, MDSCs can promote the 

differentiation of TAMs through the CD45 dimer, which is 

beneficial to tumor proliferation [30];Third, MDSCs can 

express a large amount of nitric oxide synthase 2 to produce 

nitric oxide, which can inhibit the function of CD8+ T cells; 

fourth, in xenograft mouse models, MDSCs can reduce the 

expression of IFN-γ and decrease the expression of the 

NKG2D molecule to inhibit the formation and cytotoxicity of 

NK cells [31]; fifth, MDSCs can consume some nutrients that 

are crucial for T cell activity, thereby affecting the function of 

Teff cells. For example, the lack of arginine leads to T cell 

exhaustion mediated by protein biosynthesis, resulting in the 

inactivation of Teff cells [32]. There are factors in the TME 

that can change the fatty acid oxidation metabolism of 

MDSCs and upregulate Arg1 and NOS2 [33]. MDSCs can 

promote the occurrence, growth, and metastasis of tumors, so 

it has been proven that depleting or blocking MDSCs can 

effectively prevent tumor development. 

 

2.4 Natural Killer Cells 

 

Natural killer cells (NKs) are divided into two subsets, CD16 

and CD56, namely CD56hi CD16± and CD56lo CD16hi [34]. 

CD56hi CD16± NK cells secrete inflammatory factors, while 

CD56lo CD16hi NK cells have cytotoxic and killing functions. 
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NK cells can effectively limit tumor metastasis and eliminate 

malignant cells [35]. NK cells target tumor cells and inhibit 

tumor growth through perforin (granzyme)-mediated 

cytotoxicity and death receptor-mediated apoptosis [36]. 

Although NK cells have a killing and destructive effect on 

tumor cells, the killing effect of NK cells in the tumor 

microenvironment is greatly reduced. This is because tumors 

adopt various mechanisms to evade the killing of NK cells. 

For example, tumor cells use platelets as a shield, and NK 

cells cannot recognize tumor cells; tumor cells wrap 

themselves with collagen to contact inhibitory NK receptors 

[37]. In the tumor microenvironment, the inflammatory 

cytokines of both NK cell subsets will decrease, and their 

cytotoxicity will be reduced or absent. These two subsets of 

cells are called tumor-infiltrating natural killer cells (TINK). 

The cytokines in the TME will reduce the cytotoxicity of 

TINK cells and also inhibit the proliferation and expansion of 

T cells. Enhancing the cytotoxicity of NK cells or targeting 

tumor-infiltrating natural killer cells may be the direction of 

future tumor immunotherapy efforts. Therefore, it can also be 

inferred that NK cells may be a method for preventing cancer 

or metastasis. In the 1960s, it was reported that platelets have 

the ability to promote tumor metastasis [38]. Platelets can 

quickly bind to cancer cells that enter the bloodstream. 

Platelets can wrap cancer cells, directly inhibiting the killing 

of NK cells, and can also promote the epithelial-mesenchymal 

transition (EMT) of cancer cells [39][40]. 

 

2.5 Dendritic Cells 

 

Dendritic cells (DCs) are a bridge between the adaptive 

immune system and the innate immune system. They can 

initiate pathogen-specific T cell responses and are important 

for enhancing protective immunity. It should be noted that B 

cells and macrophages can also present antigens, but their 

activity is lower than that of DCs. To effectively stimulate an 

adaptive immune response, DCs must recognize, capture, and 

present antigens, upregulate co-stimulatory molecules, 

produce inflammatory cytokines, and then travel to secondary 

lymphoid organs to present antigens to T cells. If DCs cannot 

perform these functions, it will greatly hinder the immune 

response to tumors, pathogens, and viruses. cDCs can be 

further divided into cDC1 and cDC2. In tumors, dendritic 

cells are widely known as tumor-infiltrating dendritic cells 

(TIDCs). TIDCs can be immunogenic or tolerogenic, 

depending on the environmental signals. To support the 

survival of DCs, tumor cells usually reprogram their 

microenvironment. By secreting cytokines, they upregulate 

the transcription of metabolic pathways and tolerogenic 

phenotypes, such as the IDO, Arg1, iNOS, and STAT3 

pathways [41]. These pathways can trigger changes in DC 

metabolism, metabolite production, energy transfer, and 

chromatin accessibility [42]. Usually, when DCs patrol the 

TME, they will encounter immunosuppressive factors such as 

IL-10, VEGF, TGF-β, and prostaglandin E2 (PGE2) and other 

cytokines. These cytokines will inhibit the maturation of DCs 

into immunogenic cells and promote their development into a 

tolerogenic phenotype, not only hindering the initiation of 

Th1 but also promoting the ability of Th2 and T regulatory 

responses [43]. Once out of the TME, these DCs will regain 

the ability to process antigens and initiate T cells [44]. This 

indicates that stimulating the inflammatory function of DCs in 

the TME may be an effective treatment strategy. 

3. Regulation of Tumor Immune Response by 

Cancer-Associated Fibroblasts 
 

Cancer-associated fibroblasts (CAFs) are the main 

components of the tumor stroma, which highly express 

fibroblast activation protein α, platelet-derived growth factor 

receptor β, and prolyl-4-hydroxylase. CAFs are transformed 

during epithelial-mesenchymal transition, endothelial - 

mesenchymal transition, or during the differentiation of 

progenitor cells and stem cells, but the activation of CAFs 

mainly depends on adjacent quiescent fibroblasts. CAFs are 

prone to stable glycolysis and can secrete a large number of 

cytokines and chemokines to inhibit tumor immunity, such as 

IL-6, vascular endothelial growth factor (VEGF), CXCL12, 

CXCL8, CCL2, TGF-β, tumor necrosis factor (TNF), and 

co-regulatory molecules B7H1/B7DC [45][46]. CAFs can 

assist in tumor proliferation, invasion, and metastasis and 

have the function of wound healing. CAFs can promote the 

polarization of macrophages to the M2 phenotype, secrete 

immunosuppressive cytokines, and lead to the reduction and 

exhaustion of CD8+ T cells [47]. Some studies have shown 

that CAFs can increase the expression of PD-1 and Fas on the 

surface of T cells, leading to the depletion of CD8+ T cells in 

an antigen-dependent manner through PD-L2 and Fas ligand 

(FasL) [48][49]. The IL-6 secreted by CAFs can upregulate 

the expression of PD-L1 and recruit MDSCs to inhibit the 

tumor immune response, reducing the efficacy of anti-PD-L1 

immunotherapy for hepatocellular carcinoma (HCC), but 

blocking IL-6 can enhance the efficacy of PD-L1 [50]. In 

general, the cytokines and chemokines produced by CAFs can 

regulate tumor immune escape and promote tumor growth and 

metastasis [51]. Targeting CAFs for treatment can enhance 

the effect of the tumor immune response. The SynCon FAP 

DNA vaccine can induce the activation of CD8+ and CD4+ T 

cells and inhibit tumor growth and metastasis by reducing the 

expression of FAP+ CAFs [52][53]. 

 

4. Regulation of Tumor Immune Response by 

Hypoxia 
 

Hypoxia is a common feature of solid tumors. Hypoxia can 

severely affect the immune recognition of tumor cells. To 

avoid being recognized and eliminated by immune cells [54], 

tumor cells will reduce the expression of tumor antigens and 

MHC. The expression of these two factors will affect the 

migration and maturation of tumor-specific T cells and 

dendritic cells (DCs). "Hot tumors" are tumors infiltrated by a 

high density of T cells. PD-L1 on tumor cells can target PD-1 

on activated T cells, turn off the immune response of T cells, 

and protect tumor cells [55][56]. Hypoxia in the tumor 

microenvironment can inhibit the immune killing function 

and is beneficial for protecting cancer cells from immune 

attacks [57][58][59]. Hypoxia-inducible factor 1α (HIF-1α) is 

the main regulator of the hypoxic adaptive response, and its 

functions include regulating angiogenesis, cell proliferation, 

metastasis, invasion, and glucose metabolism [60]. HIF-1α 

can increase the expression of PD-L1 in tumor cells, thereby 

inhibiting the function of T cells. Liu et al. [61] found that 

using hyperbaric oxygen (HBO) can disrupt the 

immunosuppression caused by hypoxia, help immune 

checkpoint blockade antibodies (α-PD-1) to stimulate a strong 

cytotoxic T lymphocyte killing effect and long-lasting 
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immune memory, thereby enhancing the anti-tumor effect or 

inhibiting tumor. 

 

References 
 

[1] Waldmann, T.A. Immunotherapy: Past, present and 

future. Nat. Med. 2003, 9, 269–277. [CrossRef] 

[PubMed] 

[2] Pardoll, D.M. The blockade of immune checkpoints in 

cancer immunotherapy. Nat. Rev. Cancer 2012, 12,252–

264. [CrossRef] [PubMed]Cells 2019, 8, 889 15 of 18 

[3] Zhang, H.; Chen, J. Current status and future directions 

of cancer immunotherapy. J. Cancer 2018, 9, 1773–1781. 

[CrossRef] [PubMed] 

[4] Xiao Wenlu, Jiang Jingting, Lu Binfeng. Research 

Progress on the Mechanism of Action of Regulatory T 

Cells in Tumor Immunity and New Therapeutic 

Strategies[J]. Chinese Journal of Cancer Biotherapy, 

2019, 26(12): 1387-1391. 

[5] Palazon A, Martinez-Forero I, Teijeira A, 

Morales-Kastresana A, Alfaro C, Sanmamed MF, 

Perez-Gracia JL, Penuelas I, Hervas-Stubbs S, Rouzaut 

A et al. (2012) The HIF-1alpha hypoxia response in 

tumor-infiltrating T lymphocytes induces functional 

CD137(4-1BB) for immunotherapy. Cancer Discov 2, 

608–623. 

[6] Simpson TR, Li F, Montalvo-Ortiz W et al. 

Fc-dependent depletion of tumor-infiltrating regulatory 

T cells co-defines the efficacy of anti-CTLA-4 therapy 

against melanoma. J Exp Med 2013; 210: 1695–1710. 

[7] Banchereau J, Pascual V, O’Garra A. From IL-2 to 

IL-37: the expanding spectrum of anti-inflammatory 

cytokines. Nat Immunol 2012; 13: 925–931. 

[8] Ikushima H, Miyazono K. TGFbeta signalling: a 

complex web in cancer progression. Nat Rev Cancer 

2010; 10: 415–424. 

[9] Motz GT, Santoro SP, Wang LP et al. Tumor 

endothelium FasL establishes a selective immune barrier 

promoting tolerance in tumors. Nat Med 2014; 20:607–

615. 

[10] Chen H, Shi R, Luo B, Yang X, Qiu L, Xiong J, et al. 

Macrophage peroxisome proliferator-activated receptor 

gamma deficiency delays skin wound healing through 

impairing apoptotic cell clearance in mice. Cell Death 

Dis 2015;6:e1597. 

[11] Peiseler M, Kubes P. Macrophages play an essential role 

in trauma-induced sterile inflammation and tissue repair. 

Eur J Trauma Emerg Surg 2018; 44: 335–49. 

[12] Gul N & van Egmond M (2015) Antibody-dependent 

phagocytosis of tumor cells by macrophages: a potent 

effector mechanism of monoclonal antibody therapy of 

cancer. Cancer Res 75, 5008–5013. 

[13] Chang CH, Qiu J, O’Sullivan D, Buck MD, Noguchi T, 

Curtis JD, Chen Q, Gindin M, Gubin MM, van der 

Windt GJ et al. (2015) Metabolic competition in the 

tumor microenvironment is a driver of cancer 

progression. Cell 162, 1229–1241. 

[14] Kim J, Bae JS. Tumor-associated macrophages and 

neutrophils in tumor microenvironment. Mediators 

Inflamm 2016; 2016: 6058147. 

[15] Cardoso AP, Pinto ML, Pinto AT, Oliveira MI, Pinto 

MT, Gon  ̧calves R, et al. Macrophages stimulate gastric 

and colorectal cancer invasion through EGFR Y (1086), 

c-Src, Erk1/2 and Akt phosphorylation and small 

GTPase activity. Oncogene 2014; 33: 2123–33. 

[16] 16 Wang N, Liu W, Zheng Y, Wang S, Yang B, Li M, et 

al. CXCL1 derived from tumor-associated macrophages 

promotes breast cancer metastasis via activating 

NF-kappaB/SOX4 signaling. Cell Death Dis 2018; 9: 

880. 

[17] Zhao X, Qu J, Sun Y, Wang J, Liu X, Wang F, et al. 

Prognostic significance of tumor-associated 

macrophages in breast cancer: a meta-analysis of the 

literature. Oncotarget 2017; 8: 30576–86. 

[18] Ali, H.R.; Chlon, L.; Pharoah, P.D.P.; Markowetz, F.; 

Caldas, C. Patterns of immune infiltration in breast 

cancer and their clinical implications: A 

gene-expression-based retrospective study. PLoS Med. 

2016, 13. [CrossRef] 

[19] Cassetta, L.; Fragkogianni, S.; Sims, A.H.; Swierczak, 

A.; Forrester, L.M.; Zhang, H.; Soong, D.Y.; Cotechini, 

T.; Anur, P.; Lin, E. Y.; et al. Human tumor-associated 

macrophage and monocyte transcriptional landscapes 

reveal cancer-specific reprogramming, biomarkers, and 

therapeutic targets. Cancer Cell 2019, 35. [CrossRef] 

[20] Chevrier, S.; Levine, J. H.; Zanotelli, V.R.T.; Silina, K.; 

Schulz, D.; Bacac, M.; Ries, C.H.; Ailles, L.; Jewett, 

M.A.S.; Moch, H.; et al. An immune atlas of clear cell 

renal cell carcinoma. Cell 2017, 169. [CrossRef] 

[21] Wagner, J.; Rapsomaniki, M. A.; Chevrier, S.; 

Anzeneder, T.; Langwieder, C.; Dykgers, A.; Rees, M.; 

Ramaswamy, A.; Muenst, S.; Soysal, S.D.; et al. A 

single-cell atlas of the tumor and immune ecosystem of 

human breast cancer. Cell 2019, 177. [CrossRef] 

[PubMed] 

[22] Cuccarese, M. F.; Dubach, J. M.; Pfirschke, C.; Engblom, 

C.; Garris, C.; Miller, M. A.; Pittet, M. J.; Weissleder, R. 

Heterogeneity of macrophage infiltration and 

therapeutic response in lung carcinoma revealed by 3D 

organ imaging. Nat. Commun. 2017, 8. [CrossRef] 

[PubMed]. 

[23] Kmiecik, J.; Poli, A.; Brons, N.H.; Waha, A.; Eide, G.E.; 

Enger, P.Ø.; Zimmer, J.; Chekenya, M. Elevated CD3+ 

and CD8+ tumor-infiltrating immune cells correlate with 

prolonged survival in glioblastoma patients despite 

integrated immunosuppressive mechanisms in the tumor 

microenvironment and at the systemic level. J. 

Neuroimmunol. 2013, 264. [CrossRef] 

[24] Kwon, E.D.; Hurwitz, A.A.; Foster, B.A.; Madias, C.; 

Feldhaus, A.L.; Greenberg, N.M.; Burg, M.B.; Allison, 

J.P. Manipulation of T cell costimulatory and inhibitory 

signals for immunotherapy of prostate cancer. Proc. Natl. 

Acad. Sci. USA 1997, 94. [CrossRef][PubMed]. 

[25] Martinez, F.O.; Gordon, S. The M1 and M2 paradigm of 

macrophage activation: Time for reassessment. 

F1000Prime Rep. 2014, 6. [CrossRef] 

[26] Oshi, M.; Tokumaru, Y.; Asaoka, M.; Yan, L.; 

Satyananda, V.; Matsuyama, R.; Matsuhashi, N.; 

Futamura, M.; Ishikawa, T.; Yoshida, K.; et al. M1 

Macrophage and M1/M2 ratio defined by transcriptomic 

signatures resemble only part of their conventional 

clinical characteristics in breast cancer. Sci. Rep. 2020, 

10. [CrossRef] 

[27] Lawrence, T.; Natoli, G. Transcriptional regulation of 

macrophage polarization: Enabling diversity with 

258 



 

http://www.bryanhousepub.com

JJoouurrnnaall  ooff  CCoonntteemmppoorraarryy  MMeeddiiccaall  PPrraaccttiiccee  ((JJCCMMPP))                                        IS I SS NS :N :2  02 00 60 -6 2- 72 47 545

  
  
   

 

                                                                        Volume 7 Issue 3 2025Volume 7 Issue 4 2025    

    
 

               

                  
                 
                

       

identity. Nat. Rev. Immunol. 2011, 11, 750–761. 

[CrossRef]. 

[28] Gabrilovich DI & Nagaraj S (2009) Myeloid-derived 

suppressor cells as regulators of the immune system. Nat 

Rev Immunol 9, 162–174. 

[29] Novitskiy SV, Pickup MW, Gorska AE, Owens P, 

Chytil A, Aakre M, Wu H, Shyr Y & Moses HL (2011) 

TGF-beta receptor II loss promotes mammary 

carcinoma progression by Th17 dependent mechanisms. 

Cancer Discov 1, 430–441. 

[30] Kumar V, Cheng P, Condamine T, Mony S, Languino 

LR, McCaffrey JC, Hockstein N, Guarino M, Masters G, 

Penman E et al. (2016) CD45 phosphatase inhibits 

STAT3 transcription factor activity in myeloid cells and 

promotes tumor-associated macrophage differentiation. 

Immunity 44, 303–315. 

[31] Sadegh L, Chen PW, Brown JR, Han Z & Niederkorn JY 

(2015) NKT cells act through third party bone 

marrow-derived cells to suppress NK cell activity in the 

liver and exacerbate hepatic melanoma metastases. Int J 

Cancer 137, 1085–1094. 

[32] Talmadge JE & Gabrilovich DI (2013) History of 

myeloid-derived suppressor cells. Nat Rev Cancer 13, 

739–752. 

[33] Hossain F, Al-Khami AA, Wyczechowska D, 

Hernandez C, Zheng L, Reiss K, et al. Inhibition of fatty 

acid oxidation modulates immunosuppressive functions 

of myeloid-derived suppressor cells and enhances cancer 

ther-apies. Cancer Immunol Res 2015; 3: 1236–47. 

[34] Stabile H, Fionda C, Gismondi A, Santoni A. Role of 

distinct natural killer cell subsets in anticancer response. 

Front Immunol 2017; 8: 293. 

[35] Glasner A, Levi A, Enk J, Isaacson B, Viukov S, 

Orlanski S, et al. NKp46 receptor-mediated 

interferon-gamma production by natural killer cells 

increases fibronectin 1 to alter tumor architecture and 

control metastasis. Immunity 2018;48:396–398. 

[36] Langers I, Renoux VM, Thiry M, Delvenne P, Jacobs N, 

et al. Natural killer cells: role in local tumor growth and 

metastasis. Biologics 2012; 6: 73–82. 

[37] Maurer S, Kropp KN, Klein G, Steinle A, Haen SP, 

Walz JS, et al. Platelet-mediated shedding of NKG2D 

ligands impairs NK cell immune-surveillance of tumor 

cells. Oncoimmunology 2018;7:e1364827. 

[38] Gasic G J, Gasic T B, Stewart C C. Antimetastatic 

effects associated with platelet reduction.. Proc Natl 

Acad Sci USA, 1968, 61: 46–52 

[39] Labelle M, Begum S, Hynes R O. Direct signaling 

between platelets and cancer cells induces an 

epithelial-mesenchymal-like transition and promotes 

metastasis. Cancer Cell, 2011, 20: 576–590. 

[40] Palumbo J S, Talmage K E, Massari J V, et al. Platelets 

and fibrin(ogen) increase metastatic potential by 

impeding natural killer cell-mediated elimination of 

tumor cells. Blood, 2005, 105: 178–185 

[41] Sumpter TL, Dangi A, Matta BM, Huang C, Stolz DB, 

Vodovotz Y, et al. Hepatic stellate cells undermine the 

allostimulatory function of liver myeloid dendritic cells 

via STAT3-dependent induction of IDO.J Immunol 

2012;189:3848–58. 

[42] Basit F, Mathan T, Sancho D, de Vries IJM. Human 

dendritic cell subsets undergo distinct metabolic 

reprogramming for immune response. Front Immunol 

2018;9:2489. 

[43] Motta JM, Rumjanek VM. Sensitivity of Dendritic Cells 

to Microenviron-ment Signals. J Immunol Res 2016; 

2016: 4753607. 

[44] Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling 

L, et al. Polarization of tumor-associated neutrophil 

phenotype by TGF-beta: "N1" versus"N2" TAN. Cancer 

Cell 2009; 16:183–94. 

[45] Grum-Schwensen B, Klingelhofer J, Berg CH, 

El-Naaman C, Grigorian M, Lukanidin E 

&Ambartsumian N (2005) Suppression of tumor 

development and metastasis formation in mice lacking 

the S100A4(mts1) gene. Cancer Res 65, 3772–3780. 

[46] Chen L, Qiu X, Wang X & He J (2017) FAP positive 

fibroblasts induce immune checkpoint blockade 

resistance in colorectal cancer via promoting 

immunosuppression. Biochem Biophys Res Comm 487, 

8–14. 

[47] Lakins MA, Ghorani E, Munir H, Martins CP, Shields 

JD. Cancer-associated fibroblasts induce antigen - 

specific deletion of CD8 (þ) T cells to protect tumour 

cells. Nat Commun 2018; 9:948. 

[48] Zhang D, Wang Y, Shi Z, Liu J, Sun P, Hou X, Zhang J, 

Zhao S, Zhou BP & Mi J (2015) Metabolic 

reprogramming of cancer-associated fibroblasts by 

IDH3alpha downregulation. Cell Rep 10, 1335–1348. 

[49] Lakins MA, Ghorani E, Munir H, Martins CP & Shields 

JD (2018) Cancer-associated fibroblasts induce 

antigen-specific deletion of CD8 (+) T Cells to protect 

tumour cells. Nat Commun 9, 948. 

[50] Liu H, Shen J & Lu K (2017) IL-6 and PD-L1 blockade 

combination inhibits hepatocellular carcinoma cancer 

development in mouse model. Biochem Biophys Res 

Comm 486, 239–244. 

[51] Cazet AS, Hui MN, Elsworth BL, Wu SZ, Roden 

D,Chan CL, Skhinas JN, Collot R, Yang J, Harvey K et 

al. (2018) Targeting stromal remodeling and cancer stem 

cell plasticity overcomes chemoresistance in triple 

negative breast cancer. Nat Commun 9, 2897. 

[52] Duperret EK, Trautz A, Ammons D, Perales-Puchalt A, 

Wise MC, Yan J, Reed C & Weiner DB (2018) 

Alteration of the tumor stroma using a consensus DNA 

vaccine targeting fibroblast activation protein (FAP) 

synergizes with antitumor vaccine therapy in mice. Clin 

Cancer Res 24, 1190–1201. 

[53] Xia Q, Zhang FF, Geng F, Liu CL, Xu P, Lu ZZ, Yu B, 

Wu H, Wu JX, Zhang HH et al. (2016) Anti-tumor 

effects of DNA vaccine targeting human fibroblast 

activation protein alpha by producing specific immune 

responses and altering tumor microenvironment in the 

4T1 murine breast cancer model. Cancer Immunol 

Immunother 65, 613–624. 

[54] Garcia-Lora A, Algarra I & Garrido F (2003) MHC class 

I antigens, immune surveillance, and tumor immune 

escape. J Cell Physiol 195, 346–355. 

[55] Daud AI, Wolchok JD, Robert C, Hwu WJ, Weber JS, 

Ribas A, Hodi FS, Joshua AM, Kefford R, Hersey P et al. 

(2016) Programmed death-ligand 1 expression and 

response to the anti-programmed death 1 antibody 

pembrolizumab in melanoma. J Clin Oncol 34, 4102–

4109. 

259



 

http://www.bryanhousepub.com

JJoouurrnnaall  ooff  CCoonntteemmppoorraarryy  MMeeddiiccaall  PPrraaccttiiccee  ((JJCCMMPP))                                        IS I SS NS :N :2  02 00 60 -6 2- 72 47 545

  
  
   

 

                                                                        Volume 7 Issue 3 2025Volume 7 Issue 4 2025    

    
 

               

                  
                 
                

       

[56] Hugo W, Zaretsky JM, Sun L, Song C, Moreno BH, 

Hu-Lieskovan S, Berent-Maoz B, Pang J, Chmielowski 

B, Cherry G et al. (2016) Genomic and transcriptomic 

features of response to Anti-PD-1 therapy in metastatic 

melanoma. Cell 165, 3 5–44. 

[57] oyce JA & Pollard JW (2009) Microenvironmental 

regulation of metastasis. Nat Rev Cancer 9, 239–252. 

[58] Palazon A, Martinez-Forero I, Teijeira A, Morales - 

Kastresana A, Alfaro C, Sanmamed MF, Perez-Gracia 

JL, Penuelas I, Hervas-Stubbs S, Rouzaut A et al. (2012) 

The HIF-1alpha hypoxia response in tumor-infiltrating T 

lymphocytes induces functional CD137(4-1BB) for 

immunotherapy. Cancer Discov 2, 608–623. 

[59] Noman MZ, Messai Y, Carre T, Akalay I, Meron 

M,Janji B, Hasmim M & Chouaib S (2011) 

Microenvironmental hypoxia orchestrating the cell 

stroma cross talk, tumor progression and antitumor 

response. Crit Rev Immunol 31, 357–377. 

[60] Clambey ET, McNamee EN, Westrich JA, Glover LE, 

Campbell EL, Jedlicka P, de Zoeten EF, Cambier JC, 

Stenmark KR, Colgan SP et al. (2012) Hypoxia - 

inducible factor-1 alpha-dependent induction of FoxP3 

drives regulatory T-cell abundance and function during 

inflammatory hypoxia of the mucosa. Proc Natl Acad 

Sci USA 109, E2784–E2793. 

[61] Del Poggetto E, Ho I L, Balestrieri C, et al. Epithelial 

memory of inflammation limits tissue damage while 

promoting pancreatic tumorigenesis. Science, 2021, 373: 

eabj0486 

260 


