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The involvement of inflammation in cancer progression has been the subject of research for many years.

Inflammatory milieu and immune response are associated with cancer progression and recurrence. In different

types of tumors, growth and metastatic phenotype characterized by the epithelial mesenchymal transition (EMT)

process, stemness, and angiogenesis, are increasingly associated with intrinsic or extrinsic inflammation. Among

the inflammatory mediators, prostaglandin E2 (PGE2) supports epithelial tumor aggressiveness by several

mechanisms, including growth promotion, escape from apoptosis, transactivation of tyrosine kinase growth factor

receptors, and induction of angiogenesis. Moreover, PGE2 is an important player in the tumor microenvironment,

where it suppresses antitumor immunity and regulates tumor immune evasion, leading to increased tumoral

progression.
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1. Introduction

The involvement of inflammation in cancer progression was first described in 1863 by Rudolf Virchow. He observed

that infiltrated immune cells reflect the place where cancer lesions appear in the inflamed tissue and hypothesized

that chronic inflammation is a condition that predisposes one to cancer development. Most recent observations

revealed that there is a direct causal link between inflammation and cancer: it is estimated that primary infections

(such as Helicobacter pylori, hepatitis B and C viruses) and inflammatory responses are linked to 7% to 30% of

cancer deaths worldwide . Consistently, epidemiological observation showed that daily aspirin or other non-

steroidal anti-inflammatory drugs (NSAIDs) reduced deaths due to several common cancers , indicating

that cyclooxygenase (COX) inhibition and the reduction of its main metabolic product, prostaglandin E2 (PGE2),

may prevent solid-organ cancers.

2. Prostaglandin E2 Biosynthesis and Functions

Several biological activities have been attributed to PGE2 both in physiological and pathological conditions. In

physiological processes, PGE2 regulates fever, kidney function, pain, mucosal integrity, blood vessel homeostasis,

and inflammation. In pathological conditions, as in cancer, PGE2 is produced by cancerous stromal cells and

enhances tumor cell proliferation and survival, promotes angiogenesis, and induces metastasis. During tumor
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progression, PGE2 exerts its activity through ligation with four E-type prostanoid (EP) receptors 1–4 (EP 1–4), by

acting on releasing cells (autocrine mechanism) and neighboring cells (paracrine mechanism) .

PGE2 belongs to the prostanoid family of lipids, a subclass of eicosanoids produced by oxidation of 20-carbon

essential fatty acids that are localized within cell membranes. Prostanoids are synthesized by sequential actions of

different and highly specific enzymes. Their synthesis is initiated after the release of arachidonic acid (AA) from

membrane lipids by phospholipases A2 (PLA2) family members.

Membrane-released AA is rapidly oxidized into the unstable metabolite, prostaglandin G2 (PGG2), which is

subsequently reduced to PGH2. Both steps are sequentially catalyzed by the COX enzymes. COX-1 is

constitutively expressed at basal levels in many cells, generating low levels of PGs that are cytoprotective and

maintain body homeostasis. In contrast, COX-2 is normally absent in most cells and it is induced in response to a

variety of stimuli including growth factors and cytokines . Once synthesized, PGH2 is rapidly converted into

PGE2 by three distinct terminal synthases (Figure 1).

These synthases include microsomal PGE synthase-1 (mPGES-1), mPGES-2, and cytosolic PGE synthase

(cPGES) and are tightly regulated under various conditions. mPGES-1 is frequently induced concomitantly with

COX-2 by several proinflammatory stimuli to generate a transient increase of PGE2 levels . The levels of

PGE2 can also be regulated by its metabolic turnover. The activation of two key catabolic enzymes, 15-

hydroxyprostaglandin dehydrogenase (15-PGDH) and 15-ketoprostaglandin-13-reductase (13-PGR), can

essentially eliminate the biological activity of PGE2 .

Following synthesis, the physiological activity of PGE2 is mediated by the activation of downstream signaling

cascades via seven transmembrane G-protein coupled receptors (GPCRs), referred as the EP receptors. The EP

receptor family consists of four isoforms (EP1-4) coupled to heterotrimeric G proteins containing stimulatory (GαS)

or inhibitory (Gαi) subunits that can modulate the levels of Ca2+, cyclic AMP (cAMP), and inositol phosphate, thus,

activating divergent downstream signaling pathways  (Figure 1). The interaction between PGE2 and EP

receptors is dependent on cell and tissue type and location. On cancer cells, the expression and localization of EP

receptors may be variable and may influence cell response to PGE2. Specific effects depending on the activation

of the different EP receptor subtype have been described, including EP1-dependent tumor cell migration and

invasion, EP2-induced angiogenesis and suppression of the anti-tumor immune response, and, finally, EP4-related

tumor cell migration and metastasis. The role of the EP3 receptor has yet to be clarified .
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Figure 1. Prostaglandin E2 (PGE2) biosynthesis. Arachidonic acid (AA) is a polyunsaturated fatty acid that

constitutes the phospholipid domain of most cell membranes and is released from the cellular membranes by

cytoplasmic phospholipases A2 (PLA2). Free AA can be metabolized to PGE2 through the cyclooxygenase (COX)

pathway. In this pathway, the key step is the enzymatic conversion of AA to the intermediate prostaglandin G2

(PGG2), which is then reduced to the intermediate PGH2 by the peroxidase activity of COX. PGH2 is sequentially

metabolized to PGE2 by specific PGE synthases (cytosolic PGE synthase (cPGES), microsomal PGE synthase-1

(mPGES1), and mPGES2). PGE2 exerts its effects through ligation with four G-protein-coupled receptors

(GPCRs), EP1–EP4. Each E-type prostanoid (EP) receptor couples to distinct signaling pathways. This figure was

created using Servier Medical Art templates, which are licensed under a Creative Commons Attribution 3.0

Unported License; https://smart.servier.com.

3. Prostaglandin E2 and Cancer

PGE2 is the most abundant prostaglandin that has been found in various human malignancies. Inhibition of its

production by unselective COX inhibitors such as aspirin or other NSAIDs have been associated with a reduced

risk of colon, breast, lung, prostate, and other solid cancers and their recurrence (see Table 1) .

Furthermore, it has been reported that COX-2 and/or mPGES-1 are constitutively expressed in several cancers,
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including non-small cell lung cancer , colorectal cancer , breast cancer , prostate cancer ,

melanoma , and hepatocellular carcinoma , suggesting that the COX-2/mPGES-1/PGE2 pathway is linked

to the neoplastic progression. To outline the importance of this pathway, several efforts have been conducted to

develop selective COX-2 inhibitors lacking the side effects of unselective COX inhibitors and provided with specific

activities . Among these, celecoxib showed antitumoral activity   being able to reduce the risk of colon, breast,

prostate, and lung cancer . However, long-term consumption of COX-2 inhibitors presents important side effects

 and their use as anticancer agents has to be better investigated.

Several animal models have been developed and used to assess the efficacy of COX inhibition in
vivo by using low-dose aspirin or NSAIDs, and to elucidate the molecular mechanisms of PGE2-
induced tumor progression. 

A large number of studies have been conducted to reveal the role of PGE2 in colon cancer carcinogenesis and

progression. For example, regression of small intestinal adenomas in ApcMin/+ mice induced by NSAIDs is

blocked by PGE2 treatment . Moreover, the adenoma-preventive activity of celecoxib is abrogated in 15-PGDH

KO mice that possess increased endogenous PGE2 levels . Genetic deletion of 15-PGDH increases

endogenous PGE2 levels and promotes colon tumor growth also in ApcMin/+ and azoxymethane (AOM) mouse

models . In addition, intraperitoneal PGE2 treatment boosts the AOM-induced colon tumor incidence and

multiplicity and significantly increases proliferative index and reduces apoptotic index . Likewise, it has been

demonstrated in three different mouse models of intestinal tumorigenesis that chronic low-dose aspirin prevents

tumor formation and that the aspirin antitumor effect is most pronounced when treatment is started before tumor

initiation .

To further outline the important role of PGE2 in colon carcinogenesis, different studies showed that mPGES-1

deletion suppresses the development of intestinal tumors in ApcMin/+ and AOM models . Moreover, Sasaki et

al. have reported that mPGES-1 deletion reduces AOM-induced colon polyp and aberrant crypt foci (ACF)

formation . Similar results were reported in animal models of breast cancer .

Additional information regarding the role of PGE2 signaling has been obtained from xenograft animal models, in

which reduction of PGE2 production results in decreased tumor growth .

It is now well accepted that a typical hallmark of tumors is an important immunosuppressive niche composed of

suppressive immune cells which play a major role in the regulation of tumor progression, supporting cancer

stemness and helping the tumor in the metastatic process. In the last decade, therapeutic strategies targeting

these cellular populations have been developed and found to be beneficial in clinical practice (e.g., anti-PD1 and

anti-CTLA4 therapies) . The immune subsets that orchestrate tumor immunosuppression include myeloid-

derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs), dendritic cells (DCs), natural killer

(NK) T cells, and regulatory T-cells (Tregs). Herein, as depicted in Figure 2, the major roles of PGE2 in the fine

regulation of these cells are summarized, with the aim of immunoregulation.
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Figure 2. PGE2 roles in immunosuppressive tumoral niche. PGE2 levels are increased in the tumoral

microenvironment. PGE2 is secreted by cancer cells and immune cells. In the figure are depicted the main

functions of PGE2 in myeloid-derived suppressor cells, tumor-associated macrophages, dendritic cells, natural

killer (NK) cells, and T-cells. Figure has been generated using BioRender.

This review has highlighted the pleiotropic role of PGE2 in controlling tumor cells but also the tumor

microenvironment, suggesting that targeting PGE2 could be a good strategy to act on tumor progression.
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