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Inflammation-related cancer or cancer-related inflammation
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ABSTRACT

Inflammation is the body’s defensive action against various stimuli such as physical or chemical or infectious

agents. Acute inflammation and their mediators help in tissue repair and healing. If the inflammation aggravates

chronically, non-resolved, dysregulated immune system, results release of various inflammatory mediators

such as free radicals (ROS and RNS), cytokines, chemokines, growth factors and proteolytic enzymes produced

by innate and adaptive immune cells activate transcriptional factors (NF-KB,STAT3 and HIF-1α) results in

cell proliferation, angiogenesis, immunosuppression, genetic instability, invasion and metastasis. Oncogenes

related to cancer activate inflammatory mediators such as chemokines and cytokines, which alters the

inflammatory tumor microenvironment, promotes tumor progression. This article highlights about the role of

inflammation and oncogenes activate inflammatory mediators in tumor progression.
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Introduction

      Inflammation is the complex biological response

to physical or chemical or infectious stimuli. Acute

inflammatory response to tissue injury results in tissue

repair by various mediators such as neutrophils,

macrophages, and dendritic cells release mediators

such as COX-2, ROS, TGF-β. If the inflammation is

aggravated chronically, no resolving, chronic

smoldering inflammation results in dysregulated

immunity mediated release of cytokines, chemokines,

growth factors, proteolytic enzymes by innate and

adaptive immune cells. External environmental factors 

contribute very important roles in cancer. Single gene

mutation is insufficient to transform in to neoplastic

cell, instead it require four to five somatic cells genetic

mutations [1, 2]. 

      In extrinsic pathway of inflammation-related

cancer, some inflammatory conditions or injury that

are associated with malignancy are lichen planus, oral

submucous fibrosis, gingivitis and chronic

periodontitis associated oral squamous cell carcinoma,

sialadenitis related salivary gland carcinoma, gastric

acid associated Barrett’s metaplasia and reflux



esophagitis associated esophageal carcinoma,

Sjogren’s syndrome and Hashimoto’s thyroiditis

associated mucosa associated lymphoid tissue

lymphoma, UV radiation associated skin inflammation

melanoma, Silica, asbestosis, smoking associated

silicosis and bronchitis associated lung carcinoma,

prostatitis induced prostate carcinoma, chronic

pancreatitis induced pancreatic cancer, Hepatitis B

induced hepatocellular carcinoma, HPV induced

cervical cancer and pharyngeal cancer. Human herpes

virus 8 (HHV8) induced Kaposi’s sarcoma. 20% of all

cancers are associated with chronic infections, 35% of

cancers are attributed to dietary factors, of which 20

percent of cancers are due to obesity, by increasing

chronic inflammation promotes hepatocellular

carcinoma [1-7]. 

Inflammatory mediators involved in tumor

progression

      Most of all tumors are associated with

inflammatory microenvironment triggered by

inflammatory response, which is protumorigenic. In

intrinsic pathway of cancer-related inflammation,

some oncogenes such as RAS, RET and MYC induce

transcriptional  program by activating signaling

pathways results in remodeling of the tumor

microenvironment through leucocytes and

lymphocytes recruitment, expression of

protumorigenic chemokines, cytokines (IL-6, IL-8, IL-

1β, CCL2, CCL20) induce an angiogenic switch

leading to tumor progression and immune escape by

recruitment of Tregs or Th2 immunosuppressor cells

[1, 8-10]. 

      Chemokines are chemotactic cytokines that

involve in positioning and migratory patterns of

immune cells to the site of inflammation. Receptors

of chemokines are expressed on leukocytes produced

by stromal and tumor cells facilitates tumor

progression. Neutrophil recruitment is mediated by

CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7,

and CXCL8. Recruitment of macrophages, dendritic,

and natural killer cells are by CCL2, CXCL12-

CXCR4, CCL4, CCL5, and MCP-1. 

      Lymphocyte and natural killer cells recruitment by

CXCL12-CXCR4, CXCL9, CXCL10,CXCL11,

CCR7-CCL21, CXCL19, and CCL21 [11-13].

      In initiative phase ROS, RNI and RNS free

radicals produced by neutrophils, macrophages and

TNF-α in tumor microenvironment cause DNA

damage and genetic instability. In promotive phase

growth factors (EGF, FGF, VEGF), Cytokines (TNF-

α, IL-1, IL-6, IL-8, IL-10, TGF-β), proteolytic

enzymes (MMP-2 and 9, UPA) produced by tumor

associated neutrophils, tumor associated macrophages,

mast cells and T and B lymphocytes. IL-1 induced by

chemicals and TNF-α activates NF-kB key

transcriptional factor and also AP-1. IL-6, IL-10, IL-

22, IL-11, HGF and EGF activates STAT3

transcriptional factor for cellular proliferation, cell

survival, angiogenesis, immunosuppression, invasion

and metastasis in patients with oral squamous cell

carcinoma, prostate, hepatocellular, lung, colorectal,

gastric, bladder, ovarian, and esophageal cancers [14-

22]. 

      Damage associated molecular patterns (DAMP)

and pathogen associated molecular patterns (PAMP)

activated in response to Hsp70, HMGB-1, S100

calcium binding protein, IL-1α, LPS, microbes and

their microbial products recognized by pattern

recognition receptor (PRR) family belongs to Toll like

receptor family activates cytokines induced

transcriptional factors such as NF-KB, STAT3 favours

tumor progression. Cytokines induced  over

expression of activation induced cytidine deaminase

(AID) causes genomic instability in critical genes such

as TP53, C-MYC and BCl-6 involved in cancers such

as  liver, gastric and lymphoma [5, 12, 23-25].

      In hypoxic tumor microenvironment recruitment

of  tumor associated macrophages  induce HIf-1 α acts

as a transcriptional factor for IL-8, VEGF, COX-2

promotes angiogenesis and immunosuppression.

MMP-2,9, UPA, prokineticin 2 (BV8) and TGF-β

produced by tumor associated  neutrophils (TAN)

involved in tumor invasion and metastasis including

oncostatin M (OSM) and HGF, which induce tumor

progression. Tumor associated macrophages are

abundant innate immune cells in inflammatory tumor

microenvironment induce cell proliferation,

angiogenesis, invasion and metastasis by producing

cytokines (IL-1, IL-6, IL-8, IL-10, TNF-α, TGF-β, IL-

17), chemokines (CCL17, CCL18, CCL22, CXCL8),

growth factors (EGF, FGF, VEGF) and enzymes

(COX-2, UpA, iNOS, MMPs, Arginase1),

immunosuppressive factors (IDO, iNOS, B7-H1). B

cells producing IL-10 are called as Bregs induced by

STAT3 with ERK or p38 and elevated expression of

PD-1. CD4 T cells expressing CD25 and FOXP3 are

called Tregs, mediated by TGF-β, IL-10 and IL-4,

produce IL-10, TGF-β [26]. Alternatively activated

Th2 cells activates TAM (M2) phenotypic

macrophages, eosinophils through cytokines and B

cells, which activates phagocytes, mast and NK cells,
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produce IL-10, IL-4, IL-13 and TGF-β, increased

expression of arginase 1, programmed death ligand

(PDL1) acts as immunosuppressive on dendritic cells,

natural killer cells, T and B lymphocytes in patients

with oral squamous cell carcinoma, lung, pancreatic,

colorectal, breast, melanoma, esophageal, prostate,

ovarian, renal cell cancer. Th1 cells activate

macrophages through IFN-γ secretion and cell to cell

contact [6, 11, 27-46]. 

      B cells induced tumor progression is by activation

of myeloid and mast cells, and also production of IL-

10 induced immunosuppression. Mast cells are

produced by bone marrow involved in innate and

adaptive immunity, matured in tissue, have protumoral

activity by producing TNF-α, IL-10, IL-1, IL-6

cytokines. Ability to respond to an extrinsic signals

depends on surface expression of array of receptors

such as TLR, NOD like receptors and FC, complement

receptors, angiopoietin-1, VEGF, TGF-β, FGF-2

growth factors, release of proteases such as MMPs

activated by tryptase favours degradation of

extracellular matrix, angiogenesis, invasion and

metastasis in patients with oral squamous cell

carcinoma, colorectal, breast, bladder, lung,

pancreatic, prostate, melanoma, gastric, esophageal,

and ovarian cancer. Mast cells recruit eosinophils, T

and B cell immune response activity and MDSC

accumulation in tumor microenvironment. CD4 T and

CD8 T cells mediated immunosuppression by

expression of surface receptors PD-1 and CTLA-4 on

its surface [47, 48].

      IL-17 proinflammatory cytokine is a subtype of

CD4 T cells produced by Th17 cells, expressed by

tumor associated macrophages induced IL-23

procarcinogenic cytokine, mediated IL-6 and TGF-β,

promotes tumor progression by activating IL-1, TNF-

α, IL-6 in patients with hepatocellular carcinoma, oral

squamous cell carcinoma, prostate, colorectal,

esophageal, gastric cancer [1, 8, 12, 24, 49].

      Myeloid derived suppressor cells (MDSC) are

heterogeneous population of immature myeloid cells

that are precursors of dendritic cells, macrophages

and/or granulocytes derived from bone marrow is of

two types granulocytic or monocytic. Myeloid-derived

suppressor cells has a potent regulatory immune

response and have a major role in chronic

inflammation and tumor development by activation of

tumor-derived mediators or cytokines such as IL-1β,

IL-4, IL-6, IL-10, COX-2 and TGF-β induce

expression of arginase-1, inducible nitric oxide

synthase (iNOS) or ROS immunosuppressive factors.

Which, can initiate apoptosis in T cells, programmed

cell death and immunosuppression of effector cells

such as adaptive and innate immune cells. 

      Expansion of myeloid-derived suppressor cells by

factors such as GM-CSF, G-CSF, M-CSF, stem cell

factor and VEGF. Myeloid-derived suppressor cells

activates STAT3 and matrix metallo-proteases

(MMPs) there by promoting angiogenesis, invasion,

and cell proliferation by further activation of STAT3

induces the secretion of bFGF and VEGF. Myeloid-

derived suppressor cells activate MMPs, facilitate

cancer cell invasion and intravasation by disruption of

endothelial cadherins, degradation of extracellular

matrix, adhesion proteins or basement membrane

vessels in patients with head and neck cancer, prostate,

bladder, esophageal, and oral squamous cell

carcinoma. 

      MDSC also facilitate epithelial to mesenchymal

transition in cancer cells by using factors such as

epidermal growth factor (EGF), hepatocyte growth

factor (HGF) and TGF-β [12, 50-54]. 

      In extrinsic pathway, external environmental

factors play an important role such as tobacco, alcohol,

dietary factors, viruses, chemical ingestion, induced

inflammatory cells and their mediators such as

cytokines, chemokines, growth factors, enzymes,

released from innate and adaptive immune cells

activate transcriptional factors (NF-KB, STAT-3), in

majority of cancer, which is inflammation-related

cancer. In intrinsic pathway of cancer-related

inflammation the oncogenes-mediated activation of

inflammatory mediators induced tumor progression in

tumor microenvironment. 

      In tumor microenvironment, both intrinsic and

extrinsic pathway is activated or whether intrinsic and

extrinsic pathway activated individually need to be

known for future diagnostic, therapeutic or prognostic

purpose. 

Conclusion and future prospective

      Chronic inflammatory cells and their mediators

have a role in tumor initiation, promotion and

progression of cancer. These mediators are ROS, RNS

free radicals, chemokines, cytokines, growth factors

and  proteolytic enzymes produced by chronic

inflammatory cells in tumor microenvironment such

as innate and adaptive immune cells. Oncogenes-

related cancer induced activation of  inflammatory

mediators, promote tumor progression. Both intrinsic

and extrinsic pathways are activated simultaneously

or individually in tumor microenvironment need to be
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known. In future, identification of inflammatory

mediators will be suitable for cancer biomarkers,

therapeutic strategy and prognostic purpose.
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