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Abstract 
 

The intricate relationship between inflammation and cancer is a well-established paradigm in oncology. Inflammation is 

recognized as one of the key hallmarks of cancer, profoundly influences tumor progression, malignant transformation, and the 

efficacy of chemotherapy. The tumor microenvironment, comprising various factors and signaling mechanisms, plays a 

pivotal role in shaping the biological characteristics of tumors. This review delves into the components of the tumor 

microenvironment, including inflammasomes, cytokines, and non-coding RNA, elucidating the impact of inflammation on 

tumor microenvironment dynamics throughout tumorigenesis. Particularly, inflammation exerts its influence by inducing 

immune suppression, with acute inflammation paradoxically fostering anti-tumor immune responses. The interplay of 

inflammatory factors significantly regulate immune responses within the tumor microenvironment, involving inhibiting 

immune cell activity, allowing tumors to evade surveillance, and promoting their proliferation and metastasis. Moreover, 

inflammation contributes to oxidative stress, generating reactive oxygen species and reactive nitrogen species. These oxidative 

agents can inflict damage on proteins, lipids, and nucleic acids, inducing genetic mutations and neoplastic transformations. 

Non-coding RNA molecules, crucial players in the tumor microenvironment, significantly contribute to the regulation of 

tumors and inflammation through diverse pathways. A comprehensive understanding of the interplay between inflammation 

and the tumor microenvironment holds immense potential for advancing cancer research and developing novel treatment 

strategies. This review provides a theoretical foundation for combating tumors by exploring the nuanced connections among 

inflammation, tumor microenvironment, and cancer development. 
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Introduction 
 

There has always been a connection between inflammation 

and tumors. When a French surgeon, Jean Nicholas 

Marjolin discovered that squamous cell carcinoma would 

appear near burn scars, describing them simply as ulcers; by 

1863, the German Doctor Rudolf Virchow first pointed out 

the interconnection between cancer and inflammation, and 

he found a large number of inflammatory cells in cancer 

specimens, proving that chronic inflammation sites can 

provide a good starting environment for the occurrence and 

development of cancer. In recent years, with the deepening 

of research on inflammation and cancer, Hanahan and 

Weinberg (2011) believe that some inflammation can 

enhance the occurrence and progression of cancer. 

Inflammation that promotes cancer is also considered to be 

one of the other characteristics of cancer; inflammation is 

considered to be related to various aspects of tumor 

occurrence, development, malignant transformation, 

invasion and metastasis. Chronic inflammation provides a 

favorable environment for tumor occurrence and metastasis 

by inducing immune suppression (Briukhovetska et al. 

2021). At the same time, the inflammatory response 

triggered by tumors promotes cancer by blocking anti-tumor 

immunity, remodeling the tumor microenvironment (TME) 

and directly acting on cancer cells (Greten and Grivennikov 

2019; Wajid et al. 2022). Acute inflammation can generate 

anti-tumor immune responses by promoting the maturation 

and function of dendritic cells and activating effector T 

cells, thereby promoting the formation of a tumor-

suppressive environment. In addition, acute inflammation 

may also promote cancer cell apoptosis in different types of 

cancer (Piotrowski et al. 2020; Wajid et al. 2022; Lochi et 

al. 2023). Further study of the process by which 

inflammation interacts with the TME may help improve 

cancer treatment and diagnosis. This review will delve into 
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the critical role of the interplay between inflammation and 

the TME in cancer development, progression, and 

metastasis. By analyzing this complex interaction, we hope 

to provide new ideas and strategies for cancer prevention 

and treatment. According to current relevant research 

progress, there is a direct fundamental connection between 

carcinogenesis and inflammation. According to relevant 

literature reports (Onuma et al. 2015), 15~20% of cancer-

related deaths are related to pre-existing inflammation. 

Some chronic inflammatory diseases, such as between 

hepatitis and liver cancer, or chronic infection or 

inflammation triggered through environmental exposure 

such as smoking or asbestos, increase the hazards of cancer 

(Würtz et al. 2020). Furthermore, the use of NSAIDs 

reduces the risk of various tumors and reduces mortality 

(Vidal et al. 2015), further emphasizing the role of 

inflammation in neoplastic transformation. Numerous 

studies have revealed that chronic infection is narrowly 

related to the majority of cancer-related deaths. A classic 

example is hepatitis caused by hepatitis B and hepatitis C 

viruses. If patients suffer from this disease for a long time 

and it is not eradicated, it may lead to the occurrence of liver 

cancer in the future. Some non-infectious causes may also 

lead to inflammation and cancer. For example, cancers such 

as esophageal cancer, pancreatic cancer, and gallbladder 

cancer are caused by inflammation of organs such as 

esophagitis, chronic pancreatitis and cholecystitis (Lin et al. 

2014; Memon et al. 2016). Inflammation promotes the 

occurrence and development of cancer in many ways. 

 

Tumor microenvironment (TME) and inflammation 

 

TME refers to a complex and rich environment composed 

of multiple cells, which plays a significant role in the 

development and growth of tumors. The TME includes 

primary tumor cells, various tissue cells (such as endothelial 

cells and fibroblasts), various immune cells, adipocytes and 

extracellular fluid. These diverse compositions make the 

TME a highly complex local environment. The TME is an 

important component of tumor growth and progression, has 

an important impact on the growth, metastasis and drug 

resistance of tumor cells (Ujjan et al. 2021; Shi et al. 2022). 

Immune cells performance an vital role in the TME, 

including inhibiting or promoting tumor growth and playing 

a key role in host immune investigation and removal of new 

cancer cells (Finn 2018), stromal cells and secreted 

molecules can affect the production and migration of tumor 

cells (Choi et al. 2021; Ali et al. 2023a, b, c). Number of 

studies have revealed that the TME can determine the 

function of abnormally growing or developing tissues in the 

body and shows a key role in the further evolution of these 

tissues into malignant tumors (Mroue and Bissell 2013). 

Changes in the TME have an important impact on tumor 

occurrence and development. The components and 

composition inside the TME change during different growth 

stages, and these changes can lead to metabolic 

reprogramming of immune cells and thereby change their 

functions (Vistro et al. 2020; Ning et al. 2021). 

Furthermore, the TME also affects immune response and 

tumor adaptation. The growing environment plays a certain 

role. Studies have shown that changes in the TME can cause 

immune cells to change their functions and reduce their 

killing effect on tumor cells, thus promoting tumor growth. 

This process may lead to immune escape of tumors and 

increase their resistance to immunotherapy (Arbab et al. 

2020; Jones et al. 2020). The remodeling of the TME has an 

important impact on tumor development and can regulate 

the metabolism and function of immune cells to shape a 

microenvironment suitable for tumor growth to promote 

tumor production and invasion, metastasis, angiogenesis and 

immune escape (Jiang et al. 2019; Malyar et al. 2021). In 

the past few years, over the past decade, research on the 

TME has impacted our understanding of cancer evolution, 

and treatment strategies have gradually shifted from a 

tumor-centric approach to the management of the tumor 

ecosystem. The communication between inflammation and 

the tumor microenvironment can promote the development 

of tumors. This conclusion has been extensively studied and 

proven. There are multiple ways to achieve the interface 

between inflammation and the tumor microenvironment. 

First, inflammation can cause cells in the tumor 

microenvironment to produce inflammatory mediators, such 

as cytokines and chemokines, which can affect the 

proliferation and invasion capabilities of tumor cells. 

Studies have confirmed that compared with normal tissues, 

cytokines such as interleukin β (IL) 1β, IL-6 and tumor 

necrosis factor α (TNF-α) are significantly increased in 

tumor tissues (Qeadan et al. 2020); Secondly, inflammation 

can also stimulate the activation and infiltration of immune 

cells in the tumor microenvironment. These immune cells 

can release anti-tumor factors, such as natural killer cells 

and T cells, which inhibit tumor initiation and progression. 

Such as T cells and tumor-associated macrophages, which 

can promote tumor growth and immune evasion (Triner and 

Shah 2016; Ayoob et al. 2021). In addition, inflammation 

can also change the extracellular matrix in the tumor 

microenvironment, making it more conducive to the growth 

and migration of tumor cells (Vadovics et al. 2022). The 

interplay between inflammation and the tumor 

microenvironment has important clinical implications for 

tumor development and progression. Therefore, the 

interface between inflammation and the tumor 

microenvironment is one of the important areas of tumor 

research. In-depth understanding of the mechanism and 

influencing factors of this interaction is of great significance 

for the development of new tumor treatment strategies. 

 

Immune cells and inflammation 

 

Immune cells not only play a huge role in inflammation, but 

also affect the occurrence of tumors (Fig. 1). In many 

tumors, immune cells are the most abundant non-cancer 
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cells in the TME, including different innate immune cells; in 

the TME, the cells most actively involved in regulating 

tumor progression are myeloid-derived suppressor cells, 

natural killer cells, macrophages, neutrophils, dendritic 

cells, and monocytes (Banchereau et al. 2000; Duan et al. 

2023a, b; Azhar et al. 2023). T cells are key regulators of 

anti-tumor function, and their recruitment and activation 

greatly increase the healing potential of immunotherapy by 

utilizing activated T cells to kill different tumor cells 

(Waldman et al. 2020). Once dendritic cells appear 

functional Therefore, dendritic cell dysfunction in tumors is 

related to tumor progression; the role of natural killer cells 

in tumor immune surveillance has been fully confirmed and 

it is considered to be involved in the clearance of tumor 

cells at the primary site and tumor cells at distant sites 

(Waldhauer and Steinle 2008; Sun et al. 2024a, b). Tumor-

associated macrophage (TAM) is an important type of 

immune cell in the TME. Its main function is to remove 

pathological cells and inflammatory mediators, participate 

in inflammation regulation and immune response, and the 

transformation process of M1 macrophages. Mainly 

regulated by inflammation (Zou et al. 2020). When an 

inflammatory response occurs in the body, macrophages are 

converted from M0 type to M1 type. This transformation 

process is mainly regulated by a variety of signaling 

pathways, including the nuclear factor kappa-B (NF-kB) 

signal transduction pathway and signal transduction and 

STAT3 signaling pathways. M2 macrophages are a 

macrophage subtype with immunosuppressive and tumor-

promoting properties. They can produce a variety of anti-

inflammatory factors, such as IL-10 and transforming 

growth factor-β (TGF) to inhibit immune responses and 

promote the growth and spread of tumor cells (Shima et al. 

2020; Sun et al. 2023a, b). The transformation process of 

M1 macrophages into M2 macrophages is closely related to 

the mediation of inflammation. Inflammatory factors can 

activate a variety of signaling pathways, such as signal 

transducer and activator of Transcription6 (STAT6) 

signaling pathway and the Toll-like receptors (TLR) 

signaling pathway, thereby promoting the transformation of 

M1 macrophages into M2 macrophages (Yi et al. 2020; Zhu 

et al. 2023). 

Inflammation can affect the occurrence and 

development of tumors by affecting the biological behavior 

of immune cells, mainly by changing the secretion of 

immune cells (Ahmed et al. 2018; Xu et al. 2021). For 

example, immune cells release different inflammatory 

mediators and cytokines, such as IL-1, TNF-α, IL-6, etc. 

Excessive release of these molecules can lead to the 

occurrence and persistence of inflammatory responses in the 

TME, thereby affecting tumor growth and metastasis. 

Therefore, in order to explore the mechanism of these 

excessively released cytokines and inflammatory mediators 

in promoting tumor growth, we can try to explore new 

tumor treatment options; at the same time, we can try to 

control inflammation to affect tumor progression. Further 

study of the interaction mechanism between inflammation 

and immune cells and their impact on the TME has great 

potential value in the treatment of tumors. 

 

Stromal cells and inflammation 

 

Stromal cells in the TME also play an essential role in the 

development of tumor growth. Stromal cells are a type of 

cells with diverse functions, including endothelial cells, 

cancer-associated fibroblasts (CAFs), and other cells. Their 

 
 

Fig. 1: Different immune cells are the most abundant non-cancer cells in the TME 
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main role is to maintain the structural integrity and functional 

balance of tissues. In tumors, the number and activity of 

stromal cells increase significantly, which is consistent with 

tumor cells. Forming a complex interaction network (Spary 

et al. 2014; Haseeb et al. 2019a, b). Fibroblasts are the most 

abundant stromal cells in the human body. Their role is to 

promote the growth and spread of tumors by secreting 

cytokines, growth factors, and chemokines, and remodeling 

the extracellular matrix (ECM) (Shi et al. 2020; Joshi et al. 

2021; Zhu et al. 2023). CAFs, which are activated fibroblasts 

seen in the tumor stroma, have been connected to the 

development of tumors and the aggressiveness of cancer. It 

has been discovered that CAFs encourage unchecked 

development, angiogenesis, invasion, metastasis, and 

resistance to therapy. CAFs are a component of the stroma 

that surrounds the tumor microenvironment (TME) and they 

secrete growth factors, cytokines and chemokines, as well as 

modify the extracellular matrix, to facilitate tumor 

development. It has been shown that interactions between 

tumor cells and CAFs can activate CAFs, which then allows 

tumor cells to take advantage of the growth factors and 

cytokines that CAFs emit. This can have pro-tumor 

consequences. Studies have confirmed that CAFs can secrete 

a variety of factors, such as hepatocyte growth factor (HGF), 

chemokine SDF-1 (stromal cell-derived factor 1), IL-1β, 

platelet-derived growth factor (platelet derived growth factor 

(PDGF), homologous phosphatase and tensin homolog 

(Pten) and human recombinant Sonic hedgehog (Shh) etc. 

(Togo et al. 2013). There is a complex interaction between 

stromal cells and inflammation. The two influence each other 

and jointly participate in the occurrence and development of 

tumors. CAFs have different subpopulations in different 

tissues and organs and can mediate different pathological 

reactions. Some studies have found that there are cancer-

related CAFs groups with different functions in different 

cancers (Öhlund et al. 2017; Ran et al. 2023). In the TME, 

the biology of CAFs, CAFs can help the growth and 

development of malignant tumors through a series of 

biological behaviors such as promoting angiogenesis, forming 

fibrotic matrix, mediating metastasis and regulating immune 

infiltration (Davidson et al. 2021). The occurrence of 

inflammation is inseparable from CAFs, which serve as 

immunomodulators. At the same time, CAFs can also help 

clear the inflammatory response. Therefore, there is an 

interrelationship between inflammation, CAFs and tumors in 

the TME. Further study of their specific interaction 

mechanisms will help Understanding the impact of the three 

on the occurrence and development of tumors. In addition, 

in-depth research on CAFs in the TME will help to play the 

role of CAFs in tumor treatment. For example, CAFs can 

stimulate inflammatory responses and promote anti-tumor 

immunity. 

 

Extracellular matrix and inflammation 

 

The ECM also plays a huge role in tumor development in 

the TME. ECM is a complex network structure composed of 

a series of proteins and polysaccharides. It not only provides 

cell support and structure, but also participates in cell 

growth, differentiation and migration by interacting with 

receptors on the cell surface. There is an imbalance between 

the synthesis and degradation of various substances in the 

ECM, involving machinery, metabolism and inflammation 

and many other factors (Palmer et al. 2013; Duan et al. 

2023a, b). However, when the ECM interacts with 

inflammatory processes, it can have an important impact on 

tumor initiation and progression. Inflammation is a 

physiological response of the body to injury or infection. 

The interaction between ECM and inflammation is a 

complex process, which involves the interaction of multiple 

cells and molecules, including the degradation of ECM, the 

migration of inflammatory cells, and inflammation release 

of factors, etc. The ECM plays a key role in tumor 

development and progression. Its primary role is to 

influence the development process of tumors by regulating 

the proliferation and differentiation of tumor cells. Studies 

have shown that the components and structure of ECM can 

regulate the proliferation and differentiation of tumor cells, 

thereby affecting the growth and development of tumors 

(Hu et al. 2019; Vistro et al. 2019a, b). ECM can influence 

tumor development by regulating the migration and 

activation of inflammatory cells. Studies have shown that 

the composition and structure of ECM can affect the 

migration and activation capabilities of inflammatory cells, 

thereby affecting the occurrence and progression of tumors 

(Li et al. 2021; Sun et al. 2024a, b). That secondly, 

inflammation can influence tumor progression by regulating 

the degradation and reconstruction of the extracellular 

matrix. The ECM is a non-cellular component of the TME 

and is mainly composed of collagen I, which has been 

shown to align with tumor boundaries, thereby promoting 

the migration of cancer cells (Ray et al. 2017). ECM 

proteins are also considered to be important components of 

the metastatic niche, maintaining the properties of cancer 

stem cells and promoting the growth of metastatic cells. 

Inflammation can activate a variety of proteases and 

kinases, and tumor ECM induces tumor cell metastasis 

through extracellular proteases such as matrix 

metalloproteinases (MMPs), thus affecting tumor metastasis 

and spread. The immune response caused by inflammation 

in the TME can secrete a series of cytokines and 

chemokines to directly regulate the structure and function of 

the ECM, and can also control the ECM by directly 

synthesizing ECM components and enzymes that 

decompose ECM (Vistro et al. 2019; Chen et al. 2022). At 

the same time, for tumor cells, ECM is equivalent to a 

barrier, which can protect cancer from treatment and support 

tumor progression (Yuan et al. 2023). ECM has an 

important impact on tumor occurrence, proliferation and 

metastasis, and it can even be said that ECM is a protective 

A rock-solid barrier to tumor survival and progression; 

however, without an unbreakable barrier, the ECM can also 
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serve as a breakthrough for anti-tumor therapies. Therefore, 

it is important to further study the impact of the interaction 

of inflammation and tumors in the TME on the ECM to 

explore how it changes. The molecular composition of the 

ECM and how to reshape the ECM are very helpful in 

finding new tumor treatment targets. 

 

Inflammatory factors and TME 

 

Inflammatory factors: Inflammatory factors participate in 

the inflammatory response in the TME and also have a 

certain impact on tumors. During inflammation, immune 

cells and stromal cells synthesize cytokines through 

intercellular signal transduction to regulate the inflammatory 

response; however, during chronic inflammation, some 

cytokines may cause cancer, for example, large amounts are 

produced in chronically inflammatory tissues. Inflammatory 

cytokines, some tumor cells can respond to these cytokines 

some tumor cells are able to respond to these cytokines and 

gain a growth advantage (Vanni et al. 2015). Cytokines play 

a crucial role in the occurrence and development of chronic 

inflammation and tumors. In an inflammatory state, the 

levels of cytokines will increase significantly, causing the 

proliferation and differentiation of tissue cells and also 

increasing the risk of cancer disease (Kim et al. 2017; Sun et 

al. 2023a, b). In addition, cytokines can also affect the 

regulation of the immune system, reducing the body's 

immunity to tumors, thus promoting the growth and spread 

of tumors (Yu et al. 2018). Therefore, to prevent and treat 

chronic inflammation and tumors, it is necessary to 

effectively control cytokine levels. Inflammation does not 

always have a positive effect on tumor cells. In fact, 

inflammation can also play an anti-tumor role. Immune cells 

during inflammation can release anti-tumor factors, such as 

NK cells, which can also secrete cytokines. The interferon-γ 

and TNF-α they secrete are used to inhibit tumor cell 

proliferation, tumor angiogenesis and multi-stage 

carcinogenesis (Fig. 2). The mechanisms by which 

inflammation affects tumor cells are complex and diverse. 

Cytokines and chemicals generated during inflammation 

can bind to receptors on the surface of tumor cells and 

activate a variety of signaling pathways. For example, TNF-

α is an important inflammatory mediator that can activate 

TNF receptors on the surface of tumor cells. It then activates 

the NF-KB pathway and MAPK pathway to promote the 

proliferation, survival and invasion of tumor cells, thereby 

promoting the development of tumors (Kang et al. 2022; Ali 

et al. 2023a, b, c). In addition, inflammation can also change 

the phenotype of tumor cells, making them more invasive 

and metastatic. Inflammation can also further promote the 

growth and spread of tumor cells by changing their 

metabolic pathways and increasing their demand for 

nutrients. 

TGF-β is a multifunctional cytokine belonging to the 

transforming growth factor superfamily, which plays an 

important role in physiological activities such as cell 

proliferation, survival and differentiation (Marquevielle et 

al. 2020). This family includes TGF-β subtypes TGF-β1, -

β2 and -β3, as well as factors such as growth inhibitory 

factors, On the other hand, TGF-β, an immunosuppressive 

cytokine, is produced in response to damage to stop 

inflammation from becoming out of control. TGF-β in the 

tumor microenvironment can help tumor cells proliferate, 

invade, and disseminate. Tumor-associated TGF-β can 

come from stromal cells, inflammatory cells invading the 

tumor, or the cancer cells themselves. This cytokine has a 

cytoplasmic serine/threonine kinase domain and interacts to 

the II Transforming Growth Factor Beta Receptor Type II 

(TGFBRII) to mediate its actions (Massagué 2008). 

Mutations in the TGFBRII gene are frequently seen in 

malignant tumors with microsatellite instability, which 

enables cancer cells to evade TGF-β's inhibitory action 

(Chou et al. 2012). TGF-β is a key player in malignancies, 

controlling the process of tumor cells' epithelial to 

mesenchymal transition (EMT) in addition to suppressing 

immune responses. Tumor invasion, metastasis, and 

dissemination are made possible by the increased 

invasiveness and mobility of tumor cells that result from the 

start of the EMT process. As a result, TGF-β modulation 

may be crucial in encouraging the growth of tumors. It has 

been established that the TGF-β signaling axis strongly 

induces the EMT process in hepatocellular cancer (Steinway 

et al. 2014; Huang et al. 2018). Cohen et al. (2015) 

demonstrated that EMT may be induced in inflammatory 

breast cancer by activated human T lymphocytes secreting 

inflammatory factors such as TNF-α, IL-6 and TGF-β. 

Additionally, TGF-β is crucial for local invasion. Clinical 

evidence, however, indicates that it also aids in the 

promotion of cancers' distant metastases (Dalal et al. 1993) 

observed that TGF-β levels were elevated in most 

metastases of breast invasive ductal carcinoma. Previous 

studies have shown that TGF-β is involved in two processes 

that are critical to the development of distant metastasis, 

namely the initiation of tumor cells and the colonization of 

new tumor metastases. TGF-β induces angiopoietin-like 4 in 

cancer cells and plays an important role in the growth and 

metastasis of primary breast tumors. It promotes the 

destruction of intercellular junctions in lung capillaries, 

increases their permeability, and allows cancer cells to 

Intrapulmonary dissemination C-reactive protein (CRP) is a 

biomarker synthesized by liver cells in response to pro-

inflammatory cytokines; the liver seems to be the main 

source of CRP in the blood, as shown by the research of 

Pierce et al. (2009), who showed that systemic CRP and 

human serum amyloid A protein (SAA) are indicators of 

chronic inflammation, and that there is a negative 

relationship between these markers and breast cancer 

survival; chronic inflammation may therefore raise the 

chance of breast cancer recurrence. Non-specific acute 

phase proteins, such as CRP and SAA, are released in 

reaction to several cytokines, including TNF-α, IL1 and IL-

6. When, inflammation or infection occurs, the amount of 
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CRP increases significantly, up to 1,000-fold. This increase 

causes CRP to participate in the activation of the classical 

complement pathway (Huang et al. 2019; Ali et al. 2022; 

Otero et al. 2022). CRP appears in the form of a 

homopentamer, called natural CRP (natural C-reactive 

protein, nCRP), and can dissociate at the site of 

inflammation to form monomeric CRP (monomeric C-

reactive protein, mCRP). Both CRP isoforms have 

biological functions. nCRP has anti-inflammatory properties 

and induces phagocytosis and promotes apoptosis upon 

activation of complement via the classical pathway, in 

contrast to mCRP, which is a chemotaxis inducer and 

recruits leukocytes to sites of inflammation. It can also 

enhance the expression of IL-8 and increase the amount of 

monocyte chemo attractant protein 1, and induce the 

production of nitric oxide. The recruitment of inflammatory 

cells is facilitated by SAA. Elevated CRP and SAA were 

linked to a worse disease-free survival rate in a research 

with 734 breast cancer survivors that connected post-

treatment inflammatory markers with breast cancer survival 

(Pierce et al. 2009). 

 

Inflammasomes 

 

As a multimeric protein complex, the inflammasomes 

participate in the inflammatory response and also has a 

certain impact on the development of tumors. 

Inflammasomes are involved in every aspect of tumor 

development and have tumor-promoting and tumor-

suppressing functions. Inflammasome plays an important 

role in the progression of malignant tumors, and its 

regulatory role is critical to the progression of many tumors. 

Depending on which inflammasomes are present in a given 

tumor, inflammasomes can either promote or hinder tumor 

growth, according to credible study findings that highlight 

their dual role in the TME (Julienne et al. 2019). Malignant 

tumor incidence, invasion, metastasis, immune evasion, 

chemotherapy, and radiation are all facilitated by 

inflammasomes. Notably, some TME cell subsets, including 

as tumor cells, tumor-associated macrophages, tumor-

associated fibroblasts, and myeloid-derived suppressor cells, 

can activate inflammasomes (Das et al. 2020). Furthermore, 

the inflammasomes can be activated under different 

conditions, leading to different downstream changes. 

According to separate research, a material called plasma 

may start entirely distinct or even opposing processes to 

control the activation of inflammasomes. For instance, via 

raising reactive oxygen species (ROS) levels, lactate 

stimulates nucleotide-binding oligomerization domain-like 

receptor protein 3 (NLRP3) in macrophages. Lactate 

simultaneously stimulates the production of TGF-β from 

tumor cells, which triggers autophagy in macrophages in a 

de-SMAD-dependent way, clearing ROS and reducing 

inflammation (Tu et al. 2021). 

 

The cancer-promoting effect of prostaglandins in TME 

 

Prostaglandin (PG) also has a certain influence on the 

occurrence and development of tumors. PG is an active 

substance, which is composed of unsaturated fatty acids and 

is synthesized from arachidonic acid through 

cyclooxygenase (COX). PG is ubiquitous in inflammatory 

reactions, and its synthesis is significantly increased in 

inflammatory areas. Therefore, prostaglandins play an 

important role in inflammation and pain processing and 

have also been extensively studied for their role in cancer, 

cardiovascular disease, and neuroscience (Dikalov et al. 

2022). To better understand their role in various 

physiological and pathological processes. 

Further in-depth research on the functions and 

regulatory mechanisms of prostaglandins is needed. There 

are usually two subtypes of COX, namely COX-1 and 

COX-2. Among them, COX-2 plays an important role in the 

occurrence and development of cancer. Studies have found 

 
 

Fig. 2: TAMs facilitate tumor progression by promoting tumor cell proliferation, invasion, migration, angiogenesis, 

immunosuppression and metabolism 
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that COX-2 is used in the diagnosis of prostate cancer 

patients. The expression of COX-2 is higher. Since COX-2 

is dose-related to prostate-specific antigen, COX-2 detection 

is expected to become a biomarker for the diagnosis and 

prognosis of prostate cancer patients. COX-2 can induce 

colon cancer cells to produce antigenic factors, which may 

contribute to the growth of new blood vessels and stimulate 

tumor growth (Tsujimoto et al. 2016; Gandahi et al. 2020). 

The stimulatory effect of COX-2 is not limited to colon 

cancer, as increased expression of this gene has also been 

observed in lungs, prostate, and breast cancers. 

Prostaglandins are also related to ROS and reactive nitrogen 

species (RNS). Peroxynitrite is a highly reactive product of 

the reaction between nitric oxide and superoxide and is a 

short-lived oxidant. Also, a potent inducer of cell death it 

can stimulate the production of COX-2. Animal models and 

epidemiological observations suggest that treatment with 

NSAIDs reduces the risk of gastrointestinal cancer, 

particularly in the treatment of colorectal cancer. COX-2 

specific inhibitors show a more obvious ability to inhibit 

colon cancer than traditional non-steroidal anti-

inflammatory drugs, but the mechanism between COX-2 

expression and colorectal cancer is unclear (Goodwin et al. 

1999); there are currently studies It is believed that COX-2 

plays an important role in the secretion of prostaglandin E2, 

which interacts with EP receptors. The E-series of 

prostaglandin receptors type 2 (EP2) is considered a tumor 

promoter mouse with EP2 receptor knockout develop lung, 

skin, and breast tumors after induction of carcinogenesis. 

The risk is significantly reduced. EP2 mainly promotes 

carcinogenesis by activating vascular endothelial growth 

factor to induce related angiogenesis. On the other hand, it 

also governs the motility and survival of endothelial cells, 

which in turn governs angiogenesis (Chang et al. 2005). 

Another receptor linked to the development of tumors is 

prostaglandin receptor 4. The activation of prostaglandin 

receptor 4 by PGE2 results in the formation of an 

immunological response that is tumorigenic. 

 

Oxidative stress caused by inflammation 

 

There is a close relationship between inflammation, 

oxidative stress and tumorigenesis. Oxidative stress has the 

ability to regulate inflammation, and inflammation causes 

damage through oxidative stress (Haseeb et al. 2019a, b; 

Wang et al. 2020). One of the mechanisms by which 

inflammation induces carcinogenesis involves the 

generation of ROS and RNS. Various inflammatory cells, 

such as activated neutrophils and macrophages, can generate 

ROS and RNS by activating a variety of oxidases, including 

reduced nicotinamide adenine dinucleotide phosphate 

oxidase and xanthine oxidase, inducible nitric oxide 

synthase and myeloperoxidase, etc. Various types of 

inflammatory cells, such as activated neutrophils and 

macrophages, can activate reduced nicotinamide adenine 

dinucleotide phosphate oxidase, xanthine oxidase, inducible 

nitric oxide synthase, and Oxidants such as 

myeloperoxidase generate ROS and RNS. Initially, when 

bacteria and parasites invade the human body, they will 

activate the human immune system, cause an inflammatory 

response, and generate oxidants such as ROS and RNS. 

These oxidants are produced to kill bacteria and 

parasites, but they cause damage to nucleic acids, proteins, 

and lipids, frequently with the induction of DNA damage 

leading to mutations and further neoplastic transformation. 

The oxidants synthesized in the above process can induce 

gene mutations. For example, the generation of ROS can 

lead to the above changes. 8-oxo-dG is a very important 

biomarker of oxidative DNA damage. It exists both in intact 

DNA and in free products formed during the repair process 

(Xiao et al. 2021). 8-oxo-dG can cause G:C to A:T 

transversion in cancer (Nguyen et al. 2020), causing DNA 

damage; The same RNS also induces mutations in the gene 

for which nitric oxide is synthesized by nitric oxide 

synthase. During inflammation, many inflammatory cells, 

especially macrophages and neutrophils, induce iNOS 

expression in the presence of bacterial products. Oxynitrite 

is the product of the diffusion-controlled reaction between 

nitric oxide and superoxide radicals (Cao et al. 2018). 

Compared with nitric oxide, it is more unstable and 

therefore causes greater damage to DNA. Peroxynitrite 

causes the production of 8-oxodG, leading to the conversion 

of nucleic acid bases and the occurrence of translocation 

production, thus causing gene mutations. Studies have 

found that nitric oxide is also related to the occurrence of 

gastric cancer, and Helicobacter pylori infection is one of 

the main factors in the occurrence of gastric cancer. 

Helicobacter pylori activates inflammatory genes in the 

gastric epithelium, leading to increased expression of nitric 

oxide synthase through activation of related pathways (Cai 

et al. 2024; Wang et al. 2024). 

 

Inflammation-related non-coding RNA and TME 

 

Long non-coding RNA and TME: Long noncoding RNA 

(lncRNA) is a distinct kind of RNA molecule with a length 

of more than 200 nucleotides, which is closely related to 

biological processes such as transcription regulation, 

chromatin remodeling and signal transduction. Research 

shows that lncRNA plays an important role in regulating the 

occurrence and development of tumors. This discovery 

provides new ideas and potential targets for further 

understanding of the pathogenesis of cancer and the 

development of new treatment strategies, epigenetically 

induced MYC interactions. The lncRNA 1 (epigenetically 

induced MYC interacting lncRNA 1 Gene, EPIC1) gene 

was first identified as an oncogene in luminal B breast 

cancer, and studies also found that EPIC1 was found to be 

highly expressed in prostate cancer and lung cancer (Wang 

et al. 2018). Research in recent years has shown that 

lncRNA plays a crucial regulatory role in the occurrence 

and development of tumors. They can regulate the 
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expression of genes and the activity of signaling pathways 

by interacting with DNA, RNA and proteins in the TME, 

therefore, it will affect the reproduction, invasion, spread 

and drug resistance of tumor cells. Some lncRNAs bridge 

the link between inflammation and tumors in the TME. For 

example, H19 is a type of lncRNA, and studies have shown 

that in some cancers, the expression level of H19 increases 

significantly and is involved in the invasion of tumor cells; 

in addition, H19 can target and regulate TGF-β1 in prostate 

cancer cells (Matouk et al. 2014; Tunio et al. 2024). This 

indicates that H19 plays an essential role in the regulation of 

inflammation. According to increasing evidence, H19 plays 

a vital role in tumor proliferation and differentiation. In 

addition, it is also involved in EMT and the process of 

mesenchymal cell epithelial cell transformation, which 

indicates that it plays a significant role in tumor proliferation 

and differentiation. Contributions are made during the 

occurrence and development process. Studies have found 

that lncRNA DANCR affects many types of cancer and is 

overexpressed in most cancers (Lu et al. 2018; Chen et al. 

2024). Recently, Zhang et al.( 2020) found that lncRNA 

DANCR is an important factor in inflammation and 

inflammation-mediated EMT and cancer stemness. The 

master regulator, lncRNA DANCR, not only maintains 

these phenotypes in advanced triple-negative breast cancer, 

but can also fully induce these phenotypes in normal breast 

epithelial cells or early breast cancer cells. ZFAS1 is a gene 

that is found in several cancers including hepatocellular 

carcinoma, colorectal cancer, gastric cancer, ovarian cancer, 

glioma, osteosarcoma, esophageal squamous cell 

carcinoma, acute myeloid leukemia, non-small cell lung 

cancer, breast cancer etc. There are abnormally expressed 

lncRNAs (Zhou et al. 2016) and up-regulation of ZFAS1 

expression is positively connected with lymph node 

metastasis of colorectal cancer, gastric cancer, ovarian 

cancer and non-small cell lung cancer (He et al. 2019); 

ZFAS1 can regulate miR-588 and regulate the body's 

inflammatory response through the miR-588/ROCK1 axis 

(Geng et al. 2022) and miR-588 has been reported to be 

involved in the pathogenesis of lung cancer, human breast 

cancer, colorectal cancer and other tumors (Yu et al. 2017; 

Fattahi et al. 2019; Dahiri et al. 2022); therefore, ZFAS1 

can regulate inflammatory responses and is abnormally 

expressed in many tumors, further exploring its mechanism 

of action will help discover the role of lncRNA in tumor 

occurrence and development. 

In the TME, lncRNA plays its role mainly in the pre-

transcriptional, during-transcriptional and post-

transcriptional stages. lncRNA can affect biological 

behaviors such as tumor cell proliferation, invasion and 

metastasis by regulating the expression of tumor-related 

genes. At the same time, some lncRNA it can affect the 

occurrence and development of tumors by regulating 

inflammatory responses. Some inflammation-related 

lncRNAs have also been found to be abnormally expressed 

in tumor tissues and are related to tumor immune evasion 

and drug resistance, because lncRNAs in the TME play an 

important role in tumor occurrence and development. It has 

an important impact on proliferation. Some lncRNA-based 

drugs have entered the clinical trial stage and have shown 

good tumor treatment effects. For example, mtlncRNA has 

been approved for clinical trials by the US Food and Drug 

Administration. mtlncRNA is a newly discovered gene in 

mitochondria. Encoded lncRNA, like lncRNA produced in 

the nucleus, mtlncRNA also participates in a variety of 

biological processes by regulating the permeability of the 

mitochondrial membrane, which can induce cell cycle 

disorders and ultimately lead to cell death (Shuo et al. 2023; 

Zou et al. 2024). Therefore, compared with traditional drug 

targets, gene therapy targeting lncRNA is still an emerging 

concept. Clinical trials that have been conducted have 

shown that lncRNA has great potential in tumor treatment. 

Continue to conduct in-depth research and development of 

lncRNA-related drugs can provide new strategies for tumor 

treatment. 

 

MicroRNA and TME 

 

miRNA is a type of non-coding RNA molecule consisting 

of approximately 22 nucleotides. They perform a vital role 

in regulating gene expression and cell function. Although 

the biosynthesis of miRNA is tightly regulated, in cancer 

cells, an imbalance in the regulation of miRNA can be 

observed due to changes in biosynthetic pathway proteins 

(Ma et al. 2007; Merritt et al. 2008). In addition to the 

effects of changes within cancer cells on miRNA, the tumor 

microenvironment can also directly affect the levels of 

miRNA. These changes may be due to biosynthetic defects 

caused by hypoxia or changes in miRNA transcription result 

(Ma Weinberg 2007; Rupaimoole et al. 2014). Although 

biosynthetic defects lead to decreased miRNA levels, many 

oncogenic miRNAs are significantly increased in cancer. 

The mechanisms by which oncogenic miRNA expression 

increases in cancer are diverse and complex; research by 

Chen et al. (2024) found that miRNAs contained in 

exosomes can regulate tumor immunity and 

microenvironment, and may promote tumor invasion, 

metastasis, and angiogenesis. Some miRNAs can regulate 

the link between inflammation and tumors. miR-146a is a 

type of miRNA that is highly expressed in inflammatory 

responses; it regulates the expression of multiple target 

genes and helps regulate the secretion of inflammatory 

cytokines (Taganov et al. 2006; Liang et al. 2019). The 

function of inflammatory miR-146a mainly works by 

inhibiting the activation of inflammatory signaling 

pathways. Abnormal expression of miR-146a is related to 

the occurrence and progression of various cancers. For 

example, the expression quantity of miR-146a is down-

regulated in breast cancer, hormone-refractory prostate 

cancer, and pancreatic cancer; in addition, in tumors, the 

activation of the inflammatory response can enhance the 

invasive ability of tumor cells, thereby leading to tumor 
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metastasis and spread. The research results of (Li et al. 

2010; Mangi et al. 2015; Bai et al. 2019) found that the 

expression of miR-146a is often suppressed in the early 

stages of cancer progression, while overexpression of 

inflammatory miR-146a can significantly inhibit the 

invasion and metastasis ability of tumor cells and reduce the 

risk of tumor metastasis. 

Studies have found that miRNAs are also involved in 

regulating TAMs to affect tumor progression. TAMs 

generally consist of two phenotypes, M1 macrophages are 

mainly involved in inflammatory responses and anti-tumor 

immunity, while M2 macrophages usually exhibit anti-

inflammatory and pro-tumor effects. miRNA affects TAM 

polarization. In colorectal cancer, extracellular vesicles 

released by cancer cells containing miR-145 can polarize 

macrophages to an M2 phenotype, thereby promoting tumor 

progression (Shinohara et al. 2017; Khan et al. 2016, 2019). 

In similar studies on EMT-mediated TAM activation, the 

EMT transcription factor Snai1 plays a significant role in 

tumors and can activate miR-21, thereby causing tumor 

cells to release exosomes containing miR21. These 

exosomes are taken up by CD14+ human monocytes, hinder 

the expression of M1 markers, increase the expression of 

M2 markers, and ultimately accelerate tumor progression. In 

addition, studies have found that colon cancer cells 

containing human mutant p53 can reprogram macrophages 

under tumor-supportive and anti-inflammatory conditions. 

MiR1246-enriched exosomes, in which human mutant p53 

is one of its major components, can be released from colon 

cancer cells and taken up by macrophages, which exhibit a 

miR-1246-dependent manner. 

miRNAs are expressed differently in immune cells 

involved in different inflammatory responses and can 

control the body's inflammatory response in various 

methods through directing the expression of key indication 

transduction molecules in inflammation. At the same time, 

as mentioned above, miRNA also affects the development, 

metastasis and drug resistance of tumors by regulating the 

expression of oncogenes and tumor suppressor genes; the 

important role of miRNA in inflammation and tumors 

makes miRNA a potential target for the treatment of tumors. 

Point, current miRNA treatment strategies include miRNA 

mimics and miRNA antagonists, and miRNA has unique 

advantages. The effect of miRNA is highly specific and 

selective, which can reduce the impact on non-target genes, 

and miRNA mimics and miRNA Antagonists can be 

delivered targeted through carriers such as nanoparticles, 

thereby improving therapeutic effects and reducing side 

effects. In addition, miRNA has high specificity and 

sensitivity in tumors and is a qualified biomarker that can be 

used to monitor tumors, occurrence and prognosis of cancer. 

In summary, miRNA has great potential in tumor treatment 

and monitoring. Continued in-depth research on miRNA is 

expected to discover new miRNA biomarkers and new 

tumors in future tumor treatment strategies. 

 

Conclusion 
 

TME is an important component of tumor growth and 

progression. It is a highly complex local environment in 

which tumors grow, and tumor cells have extremely strong 

adaptability and can quickly adapt to treatment and 

environmental changes. Therefore, tumors and 

inflammation play a vital role in TME. The specific 

mechanisms of interactions between them need to be 

studied in depth to further discover the connections between 

them. The mechanism of tumor genesis and clinical 

treatment has been an enduring topic; research has found 

that controlling inflammation can hypothetically change the 

dynamics of tumor development and can be used to design 

new treatment options for the treatment of different cancers 

while improving the efficacy of traditional anti-cancer 

treatments. Huang et al. (2021) and Zhang et al. (2024) 

found that oseltamivir, a drug used to treat influenza viruses, 

had differential effects on inducing liver cancer cell death in 

vitro and in vivo and suggested the use of non-tumor drugs 

as an alternative method for liver cancer treatment. 

Therefore, traditional tumor treatment and anti-

inflammatory treatment can be combined to exert a 

synergistic effect in tumor treatment; in addition, emerging 

targeted microenvironment treatments have also gained 

widespread recognition. By in-depth understanding of the 

characteristics of the TME and targeting the TME can bring 

new breakthroughs in tumor treatment. Emerging treatments 

for pancreatic ductal adenocarcinoma have begun to use 

treatment strategies targeting the TME. Finally, according to 

the different roles of different tumors in the TME, Different 

characteristics, collaborative treatment of stromal cells in 

multiple microenvironments and the continuous discovery 

of new target markers may be future research directions. 
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