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Autophagy is a well-known intracellular elimination process, which provides degradation of damaged and

dysfunctional organelles and proteins under highly-stressed conditions. This term came from the Greek word which

represents ‘self-eating’. 
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1. Introduction

Inflammation is an adaptive response to tissue injury caused by infection, wound, or chemical irritation . It is also

known to be an essential process for the restoring of tissue functionality and homeostasis . The relationship

between inflammation and cancer has emerged as an important topic for numerous researchers for many years. In

1863, Rudolf Virchow suggested that the origin of cancer might be the chronic inflammation sites. This hypothesis

was supported by further studies dealing with the association of chronic inflammatory diseases and enhanced

cancer risks . Now it has been established that inflammatory cells, as well as the chemokines and cytokines

which they produce, strongly influence tumor development . At the initiation stage of the neoplastic process,

inflammatory cells act as effective cancer promoters. As the process progresses, they function to encourage

cancer spread and metastasis. On the other hand, the inflammatory cells may also suppress tumor growth.

Autophagy is a well-known intracellular elimination process, which provides degradation of damaged and

dysfunctional organelles and proteins under highly-stressed conditions. This term came from the Greek word which

represents ‘self-eating’. Figure 1 shows the overall autophagic process and the inhibitors targeting each step.

Several studies have shown that close communication between autophagy and apoptosis exists in determining the

fate of cells under pathophysiological conditions . It is well known that cells use autophagy as a survival

mechanism to avoid cell death. However, when the stress increases to a level that exceeds the limits of cellular

repair mechanisms, cells inhibit autophagy and initiate the apoptotic cascade . The interaction between

autophagy and apoptosis is very complex and entangled with necroptosis; autophagy can function either as an

antiapoptotic mechanism or as a proapoptotic mechanism at various stages leading to cell death . Recent

research supports the idea that autophagy also plays a pivotal role in regulating inflammation . Various signaling

pathways which control tumor-associated inflammation regulate autophagy as well . Inflammatory signals may

either induce or inhibit the autophagy process, then autophagy influences tumor-associated inflammation such as

induction or inhibition. In addition, autophagy may also regulate key inflammatory cytokines in tumors. Accordingly,
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autophagy leads to opposing consequences for the tumor since it works as both a tumor suppressor and a tumor

promotor . Figure 2 represents autophagy signaling pathways involved in cancer-associated inflammation. In

this review, we discuss the relationship between autophagy and the key inflammatory processes in cancer.

Figure 1. The overall autophagic process and the inhibitors targeting each step. Autophagy includes a multistep

procedure: (1) initiation, (2) nucleation, (3) elongation, (4) fusion, and (5) degradation. AMPK and mTOR are major

modulators of autophagy and ATGs are deeply associated with this procedure. When the autophagic process is

initiated, ULK phosphorylates ATG13 and FIP200 are activated. In nucleation, ULK1 phosphorylates Ambra1,

which interacts with Beclin-1, and Beclin-1 forms a PI3KC3 complex with other proteins. After that, cytoplasmic

components are enclosed by the phagophore that is expanded to form autophagosomes. These double

membranes are fused with lysosomes to form autolysosomes, and various cytoplasmic components are degraded

by several enzymes in the autolysosomes. (AMPK: AMP-activated protein kinase; mTOR: mammalian target of

rapamycin; ATG: autophagy related gene; ULK: Unc-51 like kinase; FIP200: Focal adhesion kinase family

interacting protein of 200-kDa; PI3KC3: Class III phosphatidylinositol 3-kinase).
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Figure 2. Autophagy signaling pathways involved in cancer-associated inflammation. Four signaling pathways,

including (1) toll-like receptor (TLR) signaling cascade, (2) reactive oxygen species (ROS) signaling pathway, (3)

inflammatory cytokine signaling pathway, and (4) IκB kinase (IKK)/Nuclear factor-κB (NF-κB) signaling axis, are

shown in a schematic illustration. See the text for details. (TLR: toll-like receptor; ROS: reactive oxygen species;

IKK: IκB kinase; NF-κB: Nuclear factor-κB).

2. Autophagy and TLR Signaling in Cancer

Toll-like receptors (TLRs) are immune regulators that modulate inflammatory response. They specifically recognize

damage-associated molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs) by the

innate immune system . Then activated TLRs stimulate diverse transcriptional pathways by the myeloid

differentiation primary response gene 88 (MyD88)-dependent or MyD88-independent process. Among them,

nuclear factor-κB (NF-κB), mitogen-activated protein kinase (MAPK), and interferon-regulatory factors (IRFs)

pathways are associated with the transcription of cancer-related genes that regulate tumor progression, including

inflammation, proliferation, angiogenesis, and metastasis. In particular, the NF-κB cascade induces the expression

of cytokines, including tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β), and IL-6, which may cause

tumorigenic inflammation . TLRs also regulate the autophagic activity via MyD88- and Toll/IL-1 receptor domain-

containing adaptor-inducing interferon-β (TRIF)-dependent pathways. The conjugation of these proteins and

Beclin-1 to TLR4 separates the Bcl-2/Beclin-1 complex and triggers the development of autophagosome .

In contrast, TLR4 enhances autophagy induction through beclin 1 (BECN1) ubiquitination by TNF receptor-

associated factor 6 (TRAF6) promoting cell migration and invasion in various cancer cell lines . Elevation of

LC3-II levels and reduction in cell migration/invasion were detected in additional treatment with chloroquine (CQ),

the lysosomal inhibitor. Moreover, the expression of IL-6, matrix metalloproteinase 2 (MMP2), and CC chemokine

ligand 2 (CCL2) was augmented in A549 cells and was significantly higher in p62KO A549. These results indicate

that TLR4 induces autophagy and cell migration/invasion, which is negatively controlled by p62.

Similarly, TLR9 induces autophagy and stimulates cell proliferation and invasion of HCC. TLR9, ATG, LC3B, and

BECN1 were known to be expressed in human HCC cell line, Huh7. Additionally, epithelial mesenchymal transition

(EMT) bioindicators, including vimentin and snail showed an increasing pattern as the TLR9 upregulated.

Hydroxychloroquine (HCQ) is a suppressor of TLR9 and autophagy. Therefore, HCQ inhibits formation of

autolysosome and affects progression of HCC. After treating with HCQ, TLR9 and EMT bioindicators were

reduced, and cell viability and migration/invasion were also inhibited .

Taken together, TLRs stimulate the activation of autophagy and play a dual role in tumorigenesis. Different

outcomes in tumor development are based on the type of TLR or cancer.

3. Regulation of Autophagy by ROS in Inflammation and
Cancer
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According to previous studies, ROS is known to stimulate autophagy. In breast and ovarian cancers, ROS

enhances activity of autophagy and improves cancer cell survival . Generated ROS induced autophagy by LC3

accumulation and increased the Beclin-1/Bcl-2 ratio . In a recent study, when the ROS level is increased in

prostate cancer, acidic vesicular organelles (AVO) and conversion of LC3-I to LC3-II hallmarks of autophagy are

triggered . In an oxygen and nutrient deficient environment, excess ROS increases the ratio of AMP/ATP,

activates AMP-activated protein kinase (AMPK) , and induces formation of autophagosome via activation of

UNC-51-like kinase (ULK) and phosphorylation of Beclin-1 . ROS also induces autophagy by repressing the

PI3K-Akt-mTOR pathway . When cancer cells are under starvation conditions, H 2O 2 is generated, and

cysteine protease ATG4 is restrained. This process elevates the formation of autophagy . Recent studies

demonstrated that the ROS level is increased in cancer cells and it stimulates autophagy. In colorectal and gastric

cancers, beclin-1, the autophagy-related gene is highly expressed . Autophagy impedes DNA mutations by

preventing ROS accumulation through elimination of damaged mitochondria. Therefore, inhibition of autophagy via

loss of Atg5 and Atg7 helps to initiate tumors by inducing accumulation of ROS and inflammation which is related to

IL-1β, IL-18 .

Cancer cells show a high correlation with hypoxia due to their active metabolism. The translational factor, hypoxia-

inducible factor (HIF), is the major mediator of hypoxia. The HIF-1 pathway encourages angiogenesis and provide

oxygen to oxygen-deficient tissue . In hypoxia, ROS is generated, and stabilized HIF-1α interacts with HIF-1β

and binds to specific DNA sequence to make epigenetic changes . This stimulates autophagy and promotes

survival of cancer cells. Moreover, ROS upregulates cyclin mRNA which progresses the cell cycle from the G1

phase to the S phase. A low ROS level decreases cell proliferation and induces apoptosis since G1/S transition is

restricted . An excess of ROS, especially H 2O 2, reduces activity of MAP kinase phosphatase 3 (MKP3) and

activates extracellular signal-regulated kinase (Erk)1/2  to promote cell survival and adhesion-independent cell

growth .

NADPH oxidase 2 induces ROS production and deactivates AMPK increasing colon cancer metastasis . In

addition, other important sources of ROS generation such as mitochondrial electron transport chain complexes ,

xanthine oxidase , and cyclooxygenase-2  also play critical roles in the regulation of autophagy and the

inflammatory process in cancer.

Taken together, ROS correlates with the whole inflammation process. Inflammatory factors influence activation of

autophagy. ROS production is related to massive metabolic process in cancers and this leads to the autophagy

process.

4. Autophagy and Inflammatory Cytokines in Cancer

IL-6 alleviates the induction of autophagy during tumor progression. In ovarian cancer cell NIH-OVCAR3, IL-6

blocked the accumulation of autophagosome and GFP-LC3 puncta at the area, which is deeply involved in

migration activity. Furthermore, it was observed that cell migration was suppressed by IL-6 stimulation. These

findings are associated with the expression of ARH-1 and AKT/mTOR/signal transducer and activator of
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transcription 3 (STAT3) pathway. ARH-1 acts as an autophagy inducer combining with Beclin-1 and activating the

PI3KC3 complex. Data showed that IL-6 decreased the expression of ARH-1 and stimulated the phosphorylation of

AKT, mTOR, and STAT3 and in turn, led to cell invasion .

Similarly, IL-8 secreted by cancer-associated fibroblasts (CAFs) also reduces autophagy and stimulates cell

migration of ovarian cancer . CAFs, major components of stromal cells, are included in the tumor

microenvironment (TME) with immune cells and the extracellular matrix (ECM). The interplay between the tumor

cell and TME, which is closely related to cytokines and autophagy, influences tumorigenesis . Ovarian cancer-

associated fibroblasts (OVCAFs) secreted a greater amount of IL-8 than ovarian normal-associated fibroblasts

(OVNFs). Due to enhanced IL-8, LC3-II/LC3-I decreased, and p62 accumulation increased in human ovarian

cancer cell lines. Moreover, cell migration was promoted in a wound healing assay.

Autophagy also regulates the level of cytokines in several cancers. Induced autophagy in CAFs can stimulate

secretion of IL-6 and IL-8 followed by aggressive tumor development. In head and neck squamous cell carcinoma

(HNSCC) cell lines, CAFs showed a potent autophagic activity compared to normal fibroblast (NF) and an increase

in LC3-II under CQ treatment. Moreover, the outcomes of this study displayed a decrease in the density of IL-6 and

IL-8 through knockdown of Beclin-1 and a reduction in cell migration and invasion of the tumor in siBECN, siATG7,

or CQ-treated CAF-CM. The addition of IL-6 and IL-8 to siBECN promoted cell migration. Importantly, autophagy

and cytokines such as IL-6 and IL-8 form a feedback loop during this process. IL-6 and IL-8 secreted by CAFs or

HNSCC cells may stimulate CAF autophagy .

In summary, cytokines and autophagy represent protumor or antitumor effects under the unclear roles for each

other, and the mechanisms have not been completely understood. The results discussed above showed the

relation between the duality of autophagy in tumorigenesis and cytokines. Generally, it is known that IFN-γ, TNF-α,

and IL-6 promote autophagy while IL-10 inhibits autophagy via diverse signaling cascades . However, in this

review we suggested that TNF-α and IL-6 may both promote and inhibit autophagy in certain cases. The action of

autophagy on cytokine secretion has also been suggested. Autophagy increases the production of IL-6 and TNF-α

in diverse cell types, which induces innate immune responses , and similar results were observed in cancer.

Conversely, some studies showed that autophagy inhibited the expression of IL-6  and TNF-α , and further

studies are required to determine the relationship with tumorigenesis.
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