1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Prev Res (Phila). Author manuscript; available in PMC 2017 December 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer Prev Res (Phila). 2016 December ; 9(12): 895-905. doi:10.1158/1940-6207.CAPR-16-0209.

Targeting Inflammation in Cancer Prevention and Therapy

Jelena Todoricl3:4, Laura Antonuccil4, and Michael Karin1:2

1L aboratory of Gene Regulation and Signal Transduction, Department of Pharmacology, School

of Medicine, University of California San Diego, La Jolla, CA 92093, USA

2Department of Pathology, School of Medicine, University of California San Diego, La Jolla, CA

92093, USA

3Department of Laboratory Medicine, Medical University of Vienna, 1090 Vienna, Austria

Abstract

Inflammation is associated with the development and malignant progression of most cancers. As
most of the cell types involved in cancer associated inflammation are genetically stable and thus
are not subjected to rapid emergence of drug resistance, the targeting of inflammation represents
an attractive strategy both for cancer prevention and cancer therapy. Tumor extrinsic inflammation
is caused by many factors, including bacterial and viral infections, autoimmune diseases, obesity,
tobacco smoking, asbestos exposure and excessive alcohol consumption, all of which increase
cancer risk and stimulate malignant progression. By contrast, cancer-intrinsic or cancer-elicited
inflammation can be triggered by cancer initiating mutations and can contribute to malignant
progression through the recruitment and activation of inflammatory cells. Both extrinsic and
intrinsic inflammation can result in immune suppression, thereby providing a preferred
background for tumor development. In clinical trials, lifestyle modifications including healthy diet,
exercise, alcohol and smoking cessation have proven effective in ameliorating inflammation and
reducing the risk of cancer-related deaths. In addition, consumption of certain anti-inflammatory
drugs, including aspirin, can significantly reduce cancer risk, suggesting that common non-
steroidal anti-inflammatory drugs (NSAIDs) and more specific COX2 inhibitors can be used in
cancer prevention. In addition to being examined for their preventative potential, both NSAIDs
and more potent anti-inflammatory antibody-based drugs need to be tested for their ability to
augment the efficacy of more conventional therapeutic approaches based on tumor resection,
radiation and cytotoxic chemicals.
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Chronic inflammation and invasive tumour growth: wounds that do not heal

A correlation between inflammation and cancer was identified in 1863, by Rudolf Ludwig
Carl Virchow(1), who recognized the inflammatory process as one of the predisposing
conditions for tumor development, described as an “Out of the ‘normal’ inflammatory
hyperplasia”(2), frequently associated with alteration of the physiological healing process.
In response to tissue injury, a multifactorial network of chemical signals, initiated and
amplified upon recruitment and infiltration of leukocytes (neutrophils, monocytes and
eosinophils) from the venous system to the sites of damage, initiates and maintains a host
response designed to ‘heal’ the afflicted tissue. In addition to cell proliferation and tissue
repair, inflammation is also responsible for clearing dead cells and other debris. This kind of
physiological inflammatory response is self-limiting, and is terminated after the assaulting
agent is removed or the repair is completed(3, 4). However, if inflammation is unregulated, it
can become chronic, inducing malignant growth and tumor initiation in the surrounding
tissue, due to the persistent production of growth factors as well as reactive oxygen and
nitrogen species that interact with the DNA of the proliferating epithelium and result in
permanent genomic alterations(5, 6). In addition to tumor initiation, inflammation plays a
decisive role in tumor promotion, malignant conversion and metastatic dissemination. Many
different inflammatory mediators can stimulate tumor development, including cytokines,
chemokines, growth factors, free radicals, prostaglandins and proteolytic enzymes. These
factors are produced by a variety of cells that populate the tumor microenvironment such as
macrophages, neutrophils, lymphocytes, dendritic cells, natural killer cells, fibroblasts,
adipocytes and endothelial cells and sometimes also by the cancer cells themselves. Some of
these factors act directly on cancer cells, stimulating their proliferation and inhibiting their
death while promoting the accumulation of oncogenic mutations, whereas other factors
manifest their protumorigenic activity by acting on other components of the tumor
microenvironment. While epidemiological studies indicate that at least 20% of all cancers
begin as a direct consequence of chronic inflammatory disease (Table 1)(7, 8), inflammatory
processes elicited by the tumor itself are likely to be involved in the majority of solid
malignancies, as recently demonstrated for colorectal cancer(9, 10). Inflammation is the
common mechanism of action for numerous cancer risk factors, including infection, obesity,
tobacco smoking, alcohol consumption, exposure to microparticles, dysbiosis and chronic
inflammatory diseases such as pancreatitis and colitis. Considering the extreme
commonality of inflammatory changes in different cancer types, preventing or reversing
inflammation is an important approach to cancer control.

The major goal of cancer prevention that can be divided into primary, secondary and tertiary
prevention is to reduce the risk of cancer occurrence or recurrence and disease complications
after diagnosis(11). Avoiding exposure to known risk factors is an important means in
primary prevention, since it has the potential to reduce the number of cancer deaths by 30%.
In addition to screening procedures that detect pre-clinical pathological changes, other
components of secondary prevention are chemoprevention and immunoprevention. The aim
of immunoprevention is to control initiation or development of cancer by modulating the
immune system, whereas chemoprevention entails the use of natural, synthetic, or biologic
chemical agents to reverse, suppress, or prevent malignant progression to invasive cancer.
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Only a relatively small number of agents have been specifically approved for cancer
chemoprevention, including the two anti-inflammatory drugs celecoxib and diclofenac,
while for other medications, including aspirin and statins, commonly used to treat a variety
of common, non-cancer-related medical situations, even if data are accumulating to support
a significant negative association with cancer occurrence, at the current level of evidence
their potential chemopreventive properties should be considered in high-risk situations or by
using a personalized approach of maximizing individual benefits and minimizing the
potential for adverse effects(12).

Preventable cancer risk factors

Obesity and cancer

According to the World Health Organization’s 2014 report 39% adults worldwide are
overweight and 13% are obese(13). Obese individuals are at a substantial elevated risk to
develop cancer and at least 3.6% of all new cancer cases in adults over 30 years of age are
obesity-related(14). There is a close relationship between obesity and inflammation, which
led to the development of a new concept of “metaflammation” (15). Furthermore, the major
mechanism through which obesity promotes cancer is inflammation related(16). A hallmark
of obesity, adipocyte hypertrophy is characterized by changes in the abundance and type of
mediators secreted by adipocytes. While lean adipocytes produce anti-inflammatory factors
such as adiponectin, IL-4 and IL-10, adipocytes from obese individuals are a source of pro-
inflammatory mediators including leptin, IL-1, IL-6 and TNF. These pro inflammatory
adipokines initiate a cascade of changes that result in broader adipose tissue inflammation,
characterized by proinflammatory macrophage infiltration, increased T cell proliferation,
Th1 cell polarization and inhibition of Treg expansion (Figure 1). Furthermore, NK cells that
produce IFN-y, mast cells and B cells accumulate in obese adipose tissue and impact
subsequent systemic metabolic changes(17). In addition to systemic metabolic
dysregulation, proinflammatory adipokines alter the tumor microenvironment and promote
angiogenesis and cancer cell proliferation. For example, leptin and IL-6 secreted by obese
adipocytes activate Janus kinases (JAK) and signal transducer and activator of transcription
(STAT3) resulting in inhibition of apoptosis and increased VGEF secretion, which promotes
tumor vascularization. STAT3 also stimulates cancer cell proliferation(18, 19). Metabolic
dysfunction in obesity is also characterized by increased systemic concentrations of insulin
and IGF-1, both of which stimulate cancer cell proliferation and enhance cancer growth(20).
Furthermore, free fatty acids released from adipose tissue in obesity accumulate in the liver
and lead to development of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatits (NASH), which increases the risk of hepatocellular carcinoma (HCC)(21).
Weight loss in obese subjects reduces serum concentrations of inflammatory markers
including C-reactive protein, IL-6, and TNF and decreases macrophage numbers in adipose
tissue, liver and colon. Weight loss is also associated with reduced activity of tumor
promoting transcription factors, including AP-1, STAT3 and NF-xB(18, 22-24). Bariatric
surgery is commonly used for weight reduction in extremely obese individuals and was
found to reduce cancer incidence and mortality(25). Therefore, weight loss represents an
effective anti-inflammatory strategy proven to be effective for cancer prevention and control.
Additional modulation of obesity-related inflammation is possible through the use of anti-
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inflammatory nutritional supplements such as omega-3 fatty acids, whose consumption
ameliorates adipose tissue inflammation(26). By reducing the concentration of
proinflammatory arachidonic acid (AA) metabolites, omega-3 fatty acids reduce the
production of eicosanoids that can activate AP-1 and NF-xB signaling and promote
angiogenesis(27). Recommendations made by the Joslin Diabetes Research Center at
Harvard Medical School for the treatment of obesity stated that Omega-3 fatty acids should
be taken twice a week using food sources such as fatty fish(28). Moreover, cholesterol-
lowering and antidiabetic drugs, such as statins and metformin, respectively, that are often
used in obese patients, have also shown beneficial effects in preventing some types of
cancer(29).

In particular, metformin, commonly used as oral antihyperglycaemic drug and statins (3-
hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors), was proposed to
decrease the risk of hepatocellular carcinoma up to 50% and 60% respectively, modifying
several steps of RAS/RAF/MEK/ERK, PI3K/AKT/mTOR and Wnt/B-catenin signaling(29).

cancer

There is a strong association between alcohol consumption and increased risk of cancer
especially head and neck, esophageal, breast, liver and pancreatic cancers(30-32). Much of
the effort to date has focused on alcoholic liver disease (ALD), which accounts for 70% of
alcohol related mortality(33). Alcohol intake leads to alcoholic steatohepatitis (ASH)
(Figure 2), fibrosis and cirrhosis, eventually culminating in HCC(34). The mechanisms
involved in the pathogenesis of ALD include endotoxin-induced liver damage, oxidative
stress and inflammation(35). Several inflammatory cytokines including TNF, IL-1 and IL-6,
all of which are tumor promoting(8), are elevated in ALD(36). All of these cytokines were
found to promote HCC development and also contribute to the pathogenesis of pancreatic
cancer(37). As shown in NASH-driven HCC(38), TNF antagonists may also inhibit the
development of ASH-driven HCC(39), but in this case they can increase the risk of
infection. A key mediator of ALD is lipopolysaccharide (LPS) released by Gram-negative
bacilli in the gut and transported to the liver through the portal vein(40). LPS activates liver
macrophages via TLR4 to produce tumor promoting cytokines, including TNF and I1L-6 and
activate hepatic stellate cells (HSC), which produce TGFp, a potent immunosuppressive
cytokine(41). By causing dysbiosis and destroying the gut permeability barrier, excessive
alcohol consumption can also increase the risk of colorectal cancer(42, 43). Meta-analysis
indicates that cessation of alcohol consumption decreases HCC risk by 6% to 7% a year(44).
Excessive alcohol consumption is also a major etiological factor in chronic pancreatitis and
pancreatic ductal adenocarcinoma (PDAC)(45, 46). Similar to its effects on liver cancer,
alcohol-induced deterioration of the gut permeability barrier and LPS entry into the pancreas
promote pancreatic inflammation and fibrosis(47), resulting in acinar-to ductal metaplasia,
an initiating event in PDAC development. Therefore reducing alcohol consumption should
significantly decrease the risk of some of the most aggressive cancers.

Tobacco smoking and cancer

Cigarette smoke induces the production and release of several inflammatory mediators(48—
50) and activates signaling pathways involved in the regulation of inflammation, cell
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survival and cell proliferation(51). Importantly, tobacco smoke enhances Ras activity
through activation of receptors for advanced glycation end-products (RAGE)(52). Elevated
Ras activity, is a characteristic of several epithelial-derived cancers including lung and
pancreatic cancers (53) and it induces downstream NF-xB activation and elevated expression
of inflammatory cytokines and chemokines(52). In addition to NF-xB, ROS in tobacco
smoke activate AP-1, which mediates IL-8 production, monocyte and macrophage activation
and development of corticosteroid-resistant inflammation(54). Short term tobacco smoke
exposure in mice, resulted in activation of IKKp and JNK signaling and induction of
inflammatory cytokines in myeloid cells and had a promoting effect on lung cancer
development in mice(55). Importantly, IKKp and JNK ablation reduced tobacco smoke-
induced malignant cell proliferation and lung cancer promotion. Therefore, it is likely that
anti-inflammatory intervention may slow down the development and progression of lung
cancer. Anti-inflammatory therapy and smoking cessation could be useful in secondary
prevention that attempts to address a disease at its earliest stage, such that prompt
intervention may slow down disease progression or in a best case, stop it completely!

Microbiome, inflammation and cancer

Helicobacter pyloriand hepatitis C virus are among the most-well described pathogens that
promote cancer development (Table.1), both of which induce tumorigenesis through
epithelial injury and inflammation(56). In addition to specific bacterial pathogens, global
microbiota changes and imbalance can also promote tumor development(57). Activation of
Toll like receptors (TLRs) by microbial products represents one of the strongest pro-
inflammatory signals(58). Mice lacking TLR4, whose activation by LPS results in
production of pro-inflammatory mediators, are protected against HCC, PDAC and
inflammation-induced CRC development(57, 59, 60). TLR4, whose basal expression in the
intestinal mucosa is low, is upregulated in patients with inflammatory bowel disease (IBD)
that are at high risk of developing colitis-associated cancer (CAC)(60, 61). Therefore, TLR4
signaling blockade may be of value in prevention or treatment of several different
inflammation-associated cancer types.

Localized loss of the intestinal epithelial barrier, resulting in increased translocation of
commensal microbiota was found to activate an inflammatory IL-23/IL-17 cytokine cascade
leading to accelerated colorectal tumorigenesis(9). Ablation of the NLRP6 inflammasome
component resulted in dysbiosis and increased abundance of colitogenic bacteria that
promote CRC development through a mechanism dependent on microbe-induced increase in
CCL-5 secretion by epithelial cells, leading to subsequent infiltration of IL-6 producing
immune cells and increased epithelial proliferation(62). However, the relationship between
inflammation and the microbiota during tumorigenesis is not one-sided. For instance, IL-10-
deficient mice that develop spontaneous colitis exhibit dysbiosis, which promotes
development of CRC(63). Colitis may also exacerbate tumorigenesis by inducing the
expansion of microorganisms with genotoxic capabilities(64). Such microorganisms are
enriched in IBD patients as well as in CRC(64). Consumption of probiotics and prebiotics
may exert some beneficial effects that can be used in cancer prevention(65). The World
Health Organization (WHO) defines probiotics as “Live microorganisms that, when
administered in adequate amounts, confer a health benefit on the host”(66). Prebiotics are
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“Selectively fermented ingredients that allow specific changes, both in the composition
and/or activity in the gastrointestinal microflora that confers benefits upon host well-being
and health” (67). Importantly, attenuated inflammation may be the major mechanism by
which some pre- and probiotic organisms inhibit cancer development(68).

Exercise, inflammation and cancer prevention

Inflammatory disorders and cancer progression are characteristically associated with
accumulation of distinctive genetic mutations, preceded by exposure to several risk factors,
classified as non-modifiable (sex, age, presence of genetic mutations, ethnicity) and
modifiable (specific behaviors, bad habits and lifestyle). For instance, exercise is beneficial
both for cancer prevention and as supportive therapy for cancer patients that in addition to
improving patients’ quality of life is capable of slowing down disease progression(69). The
recruitment of lymphocytes to the blood stream after physical exertion was observed in
1893, by Schulte(69), and may account for reduction of risk of breast, colon, and prostate
cancers(69, 70). During an acute bout of exercise, both epinephrine and norepinephrine drive
NK cell mobilization, thereby enhancing anti-tumor immunity(71). Additionally muscle-
derived factors, known as myokines, including IL-15, IL-7, and IL-6, can regulate NK cell
proliferation, maturation, and activation(72).

Drugs, inflammation and cancer prevention

Nonsteroidal anti-inflammatory drugs

NSAIDs (including aspirin, ibuprofen, naproxen) use has been linked to reduced cancer
risk(73). Acetylsalicylic acid (ASA), also known as aspirin, is one of the most widely used
drugs in the world, particularly for prevention of cardiovascular diseases(74). Multiple
clinical trials had demonstrated a link between long-term aspirin use and a reduction in the
incidence and mortality for several cancer types with an overall effect of 20%-25%(73). The
strongest beneficial effect has been found in esophageal adenocarcinoma, colorectal and
stomach cancers and a smaller effect was observed in breast, lung and prostate cancers(73).
No benefit was found for hematopoietic malignancies, pancreatic and endometrial
cancer(73). Several possible mechanisms were suggested to explain the association between
NSAID and aspirin use and cancer prevention including COX21/2 inhibition, immune
response modulation, effect on the phosphatidylinositol-3-kinase (P13K) signaling,
inhibition of certain pro-inflammatory and pro-tumorigenic transcription factors,
maintenance of cancer stem-cell homeostasis and decreased glycolytic rate in cancer
cells(75). The mechanism of action of COX1/2 inhibition seems to be reduced production of
inflammatory mediators such as prostaglandins and leukotrienes(76). Increased expression
of COX2 and its major metabolite prostaglandin E2 (PGE2) has been observed in many
different types of cancer in which they enhance angiogenesis, apoptosis resistance, tumor
growth, and metastasis(77). PGE2 activates MAPK, PI3K-AKT and NF-xB signaling, and
induces expression of several factors implied in tumorigenesis including VEGF, proto-
oncogene Bcl-2, epidermal growth factor receptor (EGFR) and different matrix
metalloproteinases (MMP-2 and MMP-9)(77). But NSAIDs may also act through different
mechanisms including induction of apoptosis through cytochrome C release from
mitochondria and subsequent activation of caspase-9 and -3, and/or interference with cell-
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cycle progression and inhibition of carcinogen activation and stimulation of immune
surveillance(78). Recent studies show that epigenetic modifications may also be involved in
the chemopreventive actions of ASA, leading to suppressed HDAC activity and increased
H3K27 acetylation which results in reduced expression of iNOS, TNF and I1L-6(74).

Nevertheless, long-term NSAID administration can result in side-effects including renal
failure and gastrointestinal (GI) symptoms including: mucosal lesions, bleeding, peptic ulcer
and intestinal inflammation which causes perforation and strictures in small and large
intestines(79). Such adverse effects may actually increase cancer risk. Furthermore, NSAID
intake increases the risk of deep vein thrombosis and its potentially life-threatening
complications of pulmonary embolism, myocardial infarction and stroke(80). Several
selective COX2 inhibitors that impair tumor growth and metastasis (celecoxib, rofecoxib,
valdecoxib, apricoxib, etoricoxib, and lumiracoxib) were approved for marketing, but later
withdrawn mostly due to increased risk of thromboembolic events. Celecoxib is the only
selective COX-2 inhibitor that is still available in the US and Europe(81). Combining COX2
inhibitors with 5-LOX inhibitors can block synthesis of both prostaglandins and
leukotrienes, resulting in reduced gastrointestinal toxicity(79). In this context, the herbal
medicines including the natural hydro-alcoholic extract of Cordia myxa fruit is considerably
effective in treatment of acute inflammation in rats, and the active ingredients of its seeds,
such as alpha-amyrins, have anti-cancer and anti-inflammatory activities by inhibiting COX2
and 5-LOX(79).

Corticosteroids

Corticosteroids, most commonly used as anti-emetic drugs that prevent chemotherapy-
induced nausea and vomiting, are the most effective anti-inflammatory drugs for many
chronic inflammatory diseases and were shown to have anti—cancer activity(82). For
example, pre-treatment with dexamethasone (DEX) increased effectiveness of chemotherapy
in xenograft or syngeneic experimental tumor models of glioma, breast, lung and colon
cancer(83). Dietary consumption of DEX has a chemopreventive effect in mice exposed to
tobacco smoke, leading to decreased lung tumor incidence(84). Recent studies had shown
that DEX in combination with carfilzomib and lenalidomide, significantly improved
progression-free survival of patients with relapsed multiple myeloma(85),
(ClinicalTrials.gov number, NCT01080391). In contrast high dose inhaled (ICS) and oral
corticosteroid (OCS) treatment, used to reduce local and systemic inflammation in asthma
and chronic obstructive pulmonary disease (COPD) patients, was found to increase the risk
of squamous lung cell carcinoma in men(86).

Statins and metformin

Statins are a family of drugs that lower blood cholesterol concentration by blocking the 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, which results in impaired
cholesterol synthesis and by enhancing cholesterol clearance from the circulation(87). In
addition to its cholesterol-lowering effects statins also have anti-inflammatory
properties(88), which makes them powerful agents in prevention of atherosclerosis and
resulting life-threatening conditions, heart attack and stroke. Statins are able of reducing
systemic pro-inflammatory cytokine and C reactive protein (CRP) levels and macrophage
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infiltration(89, 90). By exerting anti-inflammatory and other effects statins also reduce the
risk of development of several cancer types including CRC, HCC and breast cancer(91-93).
The proposed anti-tumoral mechanisms of statins are increased apoptosis due to
downregulation of the RAF/MEK/ERK pathway, inhibition of degradation of cell cycle
regulators p21 and p27, inhibition of c-Myc activation and inhibition of several key pro-
inflammatory pathways including NF-xB and COX2(94). Metformin, a drug used for
treatment of type 2 diabetes mellitus, was found to be associated with decreased incidence of
a variety of cancer types including colon, breast, lung, prostate, ovarian, and pancreatic
cancer(95). Its anti-neoplastic effect is mediated through activation of the AMPK pathway,
which counteracts the pro-tumorigenic effect of hyperinsulinemia, the reduction of systemic
glucose concentration, which counteracts Warburg effect and through its anti-inflammatory
properties(96).

Targeting recruitment and polarization of tumor-associated macrophages

(TAMS)

Macrophages, an essential component of the innate immune system in humans, can
represent up to 50% of the tumor mass, which makes them an important part of the tumor
stroma, where they are commonly referred to as tumor-associated macrophages (TAM).
TAM can generally promote cancer cell proliferation, stimulate tumor angiogenesis and
extracellular matrix breakdown, suppress anti-tumor immune responses and enhance tumor
invasion and metastasis(97). Their recruitment into the tumor microenvironment from the
blood stream, is primarily regulated by cytokines, chemokines, and growth factors that are
derived from tumor and stromal cells. The tumor-derived C-C chemokine ligand 2 (CCL2),
acting via its receptor C-C chemokine receptor 2 (CCR2), is a direct mediator of monocyte
recruitment into primary tumors(98). TAM are classified as either classically activated M1 or
alternatively activated M2 macrophages(99). The Thl cytokine interferon-y (IFN-) and
LPS are the major inducers of the M1 phenotype, whereas Th2 cytokines, such as IL-4,
IL-10 and IL-13, stimulate M2 polarization(100). During the course of tumor development
the TAM phenotype is modulated by different factors in the tumor microenvironment and it
changes from the M1 to the M2 phenotype, which is claimed to have stronger tumor
promoting properties(101). M2 macrophages are associated with poor prognosis in many
different cancer types and can promote cell cycle progression and angiogenesis while
inhibiting apoptosis(102). However, the M1/M2 model is an oversimplified representation of
the functional diversity of macrophages. In fact, M1 and M2 characteristics often coexist
within the same cell and there is a broad variety of macrophage subtypes between the M1
and M2 poles(103). Furthermore, the most potent tumor promoting cytokines, such as IL-6,
TNF, IL-1 and IL-23 are considered as M1 cytokines(104).

Due to their important role in linking inflammation and cancer, the targeting of TAM
recruitment and differentiation, provides an opportunity for cancer prevention and treatment.
Depletion of CCL2 with a neutralizing antibody prevents monocyte recruitment to the
primary tumor site and reduces pulmonary metastasis of human breast cancer cells(105). A
human anti-CCL2 antibody, CNTO 888, showed preliminary anti-tumor activity in patients
while being well tolerated(106). Blockade of CCR2 with small-molecule antagonist showed
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anti-tumor activity in pancreatic cancer in animal studies(107) and this strategy is now being
tested in clinical trials (ClinicalTrials.gov Identifier: NCT02732938). Trabectedin, a DNA-
binding drug approved in Europe for the treatment of soft tissue sarcoma has been shown to
selectively deplete mononuclear phagocytes /in vivo, including TAM(106). Rapidly growing
tumors often outgrow their blood supply, which results in formation of hypoxic areas with
TAM accumulation(108). Binding of Semaphorin 3A to its receptor Neuropilin-1 (Nrp1)
recruits TAM toward the hypoxic area where they adopt the M2 phenotype and release pro-
angiogenic factors(106). Inhibition of Nrp1 reduced TAM migration and prevented their
phenotypic switch to M2-like immunosuppressive cells with angiogenic activity making it
an interesting target for anti-cancer therapy. Several therapies convert macrophages from an
M2 to an M1 phenotype(109). Tasquinimod is a small-molecule compound that reduces the
immune suppressive potential of the tumor microenvironment(110). A recent study
demonstrated its ability to induce a shift of imunosuppresive M2 to pro-inflammatory M1
macrophages in colon and breast cancer models(111). Colony-stimulating factor 1 (CSF-1)
and its receptor, CSF-1R, mediate migration, differentiation, and survival of
macrophages(106). Treatment with anti-CSF-1R antibody resulted in TAM depletion in
several tumor types /n vitroand in vivo and a clinical benefit for patients with diffuse-type
giant cell tumors(106). Importantly, CSF-1 triggers M2 phenotype in macrophages and
treatment with anti-CSF-1R/GM-CSF antibodies resulted in their cell death(106). TAM
express significant amounts of COX2 and the selective COX2 inhibitor celecoxib was shown
to switch their phenotypic characteristics from M2- to M1-like, which was followed by a
reduction in number of colon polyps in an animal study on colon cancer(112). Recent
studies had shown that decreasing TAM survival, by the targeting folate receptor-g (FR-B), a
marker for the M2-polarized phenotype, is another promising strategy against cancer, in an
experimental glioma model(113).

Targeting pro-inflammatory pathways

NF-xB and STAT3 are two critical transcription factors that are activated in many types of
cancers(8, 114, 115). The STAT proteins family, which includes seven members, regulates
multiple processes related to cellular proliferation, survival, and angiogenesis(116).
Amongst the different STATS, the one most important for cancer is STAT3, whose activity is
stimulated by IL-6, IL-11 and other members of their cytokine family, as well as different
growth factors(117). In HCC and liver adenomas STAT3 activity is stimulated by various
oncogenic mutations(118), but more often than not STAT3 is maintained in an activated state
due to elevated production of IL-6 and other cytokines(117). STAT3 signaling also has
important roles in tumor microenvironment where it promotes 1L-23-mediated, pro-
tumorigenic immune responses while inhibiting expression of anti-tumorigenic 1L-12(119).
Inhibition or ablation of STAT3 can mediate tumor regression(120). Therefore, inhibition of
STAT3 provides a rational strategy to block carcinogenesis at an early stage and induce
regression of established tumors.

There are three major approaches to inhibit STAT3 signaling: inhibition of tyrosine kinases,
such as JAK1 and 2, that are responsible for STAT3 activation (AG- 490, ruxolitinib, etc.),
STAT3 dimerization inhibitors that target its SH2 domain (Static, S31-M2001, STAT3
inhibitory peptide, etc.) and non-specific compounds that indirectly inhibit STAT3, such as
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resveratrol and curcumin, which inhibit many other targets(116) (Figure 3). Among tyrosine
kinase inhibitors some are rather specific for JAK2 family members, while others inhibit
several different kinases that lead to STAT3 activation(116). JAK inhibitors have already
been tested in several clinical trials mostly for hematological/oncological and inflammatory
diseases and some of them such as Ruxolitinib and Tofacitinib have been approved for use in
psoriasis, myelofibrosis and rheumatoid arthritis(121, 122). Currently, these drugs are being
evaluated as neo-adjuvants in several types of cancer, including pediatric refractory or
recurrent solid tumors, hematologic malignancies (HMs)(123), pancreatic adenocarcinoma,
triple-negative breast cancer, urothelial cancer, multiple myeloma, acute myeloid leukemia,
myelodysplastic syndrome lymphoma (ClinicalTrials.gov number, NCT02265510),
endometrial cancer, gastric cancer, head and neck squamous cell carcinoma, melanoma,
microsatellite unstable colorectal cancer, non-small cell lung cancer (ClinicalTrials.gov
number, NCT02559492, NCT02646748) and estrogen-receptor positive Invasive Metastatic
Breast Cancer (ClinicalTrials.gov number, NCT01594216). Despite their clinical approval
and marketing in myelofibrosis and rheumatoid arthritis, JAK inhibitors exert rather serious
side effects including anemia, thromobocytopenia, headaches, nausea and
neurotoxicity(124). However, more selective inhibitors with fewer side effects are currently
being developed. Yet, it is doubtful whether such agents will ever find use in cancer
prevention.

The NF-xB pathway is constitutively activated in many cancers, both in malignant cells and
in components of the tumor microenviroment(115). NF-xB activation in malignant cells
increases the expression of genes, whose products promote cell survival and proliferation,
whereas NF-xB activation in components of the tumor stroma increases expression of
inflammatory cytokines and growth factors(8, 115). NF-xB activation also promotes
epithelial to mesenchymal transition (EMT) and tumor angiogenesis(125). Although NF-xB
activation plays a major role in the induction of inflammation, long term and extensive
inhibition of NF-xB can result in profound inflammation due to enhanced production of
IL-1B upon activation of the NLRP3 inflammasome(126). This can result in severe
neutrophilia(127), a serious condition that led to termination of any further clinical
development. Nonetheless, the cancer prevention literature is full of reports using natural
anti-inflammatory agents, including curcumin, resveratrol, ursolic acid, capsaicin, silibinin,
silymarin, guggulsterone, and plumbagin, all of which are claimed to act as NF-xB
inhibitors(128-132). Most likely, however, these are rather mild and non-specific NF-xB
inhibitors, most of which affect multiple targets, including STAT3. Due to their rather mild
effects, such agents, many of which are used as nutritional supplements, can be used in
cancer prevention(133), but it is doubtful whether they will ever find use as anti-cancer
drugs.

The major problem associated with NF-xB inhibition is enhanced activation of the NLRP3
inflammasome(126). The inflammasome is a multimeric complex consisting of the
intracellular Nod-like receptors (NLRs) and the adaptor protein ASC that serves as a
platform for activation of caspase 1(134). Inflammasomes have a crucial role in host defense
against infection as well as various autoinflammatory conditions(135). Upon NLR
oligomerization and subsequent interaction between the adaptor protein ASC and the CARD
domain, caspase-1 mediated processing results in production of the proinflammatory
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cytokines IL-1p and IL-18 or a rapid inflammatory form of cell death called
pyroptosis(126). NF-xB is the first signal that primes NLR and pro-1L-1f expression(136),
but persistent NF-xB activation is also responsible for dysregulated NLRP3 inflammasome
activation by inducing the mitophagic clearance of damaged mitochondria(126).

The role of NLR containing inflammasomes in mediating cancer initiation and progression
by creating a pro-inflammatory microenvironment for inducing malignant transformation
and suppression of local immunity caused by NK or T cells, open the way for novel strategy
in cancer prevention. Between the 22 NLRs in the human and the 34 NLRs in the mouse
genome, NLRP3 (NLR family, pyrin domain containing 3) is the best characterized. The
NLRP3 inflammasome plays an important role in several inflammatory disorders including
IBD(137), and its activation is negatively regulated by selective mitochondrial autophagy
(mitophagy)(126), whose dysregulation promotes inflammatory diseases, including
pancreatitis(138, 139) and may increase cancer risk(140). The natural diterpenoid
Andrographolide (Andro), which was approved in China for the treatment of various
inflammatory conditions, inhibit tumor growth in mice at a high dose (about 200 mg/kg),
and attenuates colitis progression and prevents carcinogenesis by inhibiting NLRP3 activity
and stimulating autophagy(135).

Cytokines as targets for cancer prevention and therapy

The complex of IL-6 and its nonsignaling receptor (IL-6R) binds glycoprotein 130 (gp130)
that forms a dimer, which results in activation of the JAK/STAT pathway and induces
expression of other inflammatory cytokines and suppresses apoptosis(141). During
tumorigenesis 1L-6 has served detrimental effects including stimulation of cell survival and
proliferation, regulation of stem cell renewal and induction of angiogenesis. A humanized
anti-IL-6 receptor monoclonal antibody Toclizumab is an FDA-approved
immunosuppressive drug that blocks IL-6 signaling. It is used in the treatment of rheumatoid
arthritis and systemic juvenile idiopathic arthritis(142). Chimeric monoclonal antibody
Siltuximab that binds IL-6 showed good tolerance in cancer patients in a phase | clinical trial
and is currently investigated for the treatment of several tumor types including prostate
cancer and metastatic renal cell cancer(142). Long-term treatment with anti-1L-6-blocking
antibody was associated with very few side effects in a mouse model of pancreatic cancer
prevention(142). Thus, IL-6 emerges as a promising potential target for cancer prevention.
The proinflammatory chemokine 1L-8 and its receptors CXCR1 and CXCR2 were also
linked to cancer and inflammation(142). Treatment with monoclonal antibodies, sSiRNA or
small molecule inhibitors of 1L-8 or CXCR1/2 reduced tumor growth in pre-clinical studies,
which makes them attractive targets for cancer prevention and therapy. A combination
therapy with a small molecule inhibitor of CXCR1/2 activation (reparixin) and paclitaxel in
HER-2 negative breast cancer patients is a major clinical study currently conducted(142).
Another proinflammatory cytokine with reported role in promoting tumorigenesis is
IL-17A(143). TGF-p and IL-6 are needed for the differentiation and 1L-23 for the
maintenance of T helper 17 cells (Th17) that produce IL-17A. Antibodies against IL-17A
(ixekizumab and secukinumab) and its receptor IL17AR (brodalumab) are in clinical trials
for chronic inflammatory conditions and autoimmune diseases and an anti-1L23 antibody
ustekinumab was FDA approved for the treatment of psoriatic arthritis(144). However,
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preventive application of such drugs should take in account reported antitumor effects of
IL-17 in established tumors(144) as well as its role in autoimmunity.

Immunoprevention meets inflammation

Vaccines that protect against certain viral infection play important role in cancer prevention.
For instance hepatitis B virus (HBV) is a major cause of HCC whose impact has been
dramatically reduced in all countries due to massive vaccination efforts(145). The most
effective way to prevent HBV infection and reduce HCC development is vaccination(146).
The prophylactic vaccine that is currently in use is generated by recombinant DNA
technology and contains HBsAg protein and adjuvants. For patients who have already been
infected by HBV and developed chronic hepatitis, secondary prevention becomes more
important. Currently antiviral drugs used in patients with chronic hepatitis B include the
immunomodulator pegylated IFN-a. and oral nucleos(t)ide analogues(147). IFNs activate
various IRF family members that regulates transcription of numerous targets, including
genes involved in control of viral mMRNA translation or degradation(147). However, the
mechanism of IFN-a-mediated cell protection against viral infection is not fully understood.
In addition to HBV, hepatitis C virus (HCV) is another important cause of HCC, against
which there is no preventive vaccine(148). However, the recent development of highly
effective anti-HCV drugs will lead to major decrease in HCV-induced HCC(148). Human
papilloma virus (HPV) is a major cause of cervical intraepithelial neoplasia that can progress
to invasive cervical cancer(149). Recently we have witnessed the development of an
effective HPV vaccine that if properly distributed amongst young adults, will lead to a major
decrease in the impact of cervical and other urogenital cancers. In summary vaccination
against cancer causing viruses is one of the most effective and economical ways to reduce
the toll of several inflammation-related cancers.
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Figure 1. Mechanismslinking obesity, inflammation and cancer
In obesity, enlarged adipocytes secrete pro-inflammatory adipokines such as leptin, TNF-a,

CCI-2 and IL-6 and localy induce an M1 macrophage phenotype. In addition to
macrophages mast- and T-cells infiltrate adipose tissue in obesity and aggravate an
inflammatory state. The adipose tissue-derived inflammatory mediators also exert their
effects systemically and may activate inflammatory pathways such as NF-kB and STAT3
pathway in pre malignant and malignant cells and promote a microenvironment favorable for
tumorigenesis.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2017 December 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Todoric et al.

Page 21

Alcohol
fLps tcs,c5
TLR4 C3R

Kupffer cell
& TRIF/IRF-3

v
T Pro-inflammatory cytokines
(TNF-a, IL-1, 1I-17...)

|

NF-xB,
JNK, AP1

Hepatocyte Q

|
v

T Chemokines (IL8...)

© 2016 American Association for Cancer Research

Figure 2. Inflammation in ALD
Alcohol consumption increases gut permeability and facilitates translocation of bacteria-

derived LPS from the gut to the liver. LPS activates TLR4-TRIF/IRF-3 pathway in Kupffer
cells, which results in increased proinflammatory cytokine production subsequently leading
to hepatocyte damage. Alcohol consumption also activates complement C3 and C5, which
bind to the receptors on Kupffer cells and increase their TNF-a production, which leads to
activation of NF-kB and other inflammatory pathways in hepatocytes and hepatocyte injury.
In response to pro-inflammatory stimuli hepatocytes secrete chemokines to attract more
inflammatory cells.
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Figure 3. Targeting STAT 3 pro-inflammatory pathway

Page 22

Schematic representation of the major targetable events during STAT3 activation, and the
corresponding compounds with cancer-preventive properties.
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Table 1

Risk factor and inflammatory conditions correlated with cancer development, and estimated new case from
Cancer Statistics, 2016 /.

Cancer Type Estimated new Risk factors correlated with inflammation
casesin 2016
Pancreas 53,070 Cigarette smoking, chronic pancreatitis diabetes, obesity, Lynch syndrome
Lung & bronchus 224,390 Cigarette, cigar and pipe smoking, bronchitis.
Stomach 26,370 Helicobacter pylori (H. pylori)
Colon & rectum 134,490 obesity, physical inactivity, long-term smoking, alcohol consumption, chronic
inflammatory bowel disease (e.g., ulcerative colitis or Crohn disease).
Esophagus 16,910 Reflux oesophagitis, Barret’s oesophagus
Lymphoma 81,080 Epstein-Barr virus, human immunodeficiency virus [HIV].

Liver & intrahepatic bile duct 39,230

Hepatitis B virus (HBV) and/or hepatitis C virus (HCV), heavy alcohol consumption,
obesity, diabetes, tobacco smoking, Cholangitis.

Melanoma of the skin 76,380

Skin inflammation.

Uterine cervix

12,990

human papillomavirus HPV

Uterine Corpus (Endometrium) 60,050

Obesity and abdominal fatness Lynch syndrome and diabetes.

Brest cancer 246,660 Obesity, long-term, heavy smoking, physical inactivity, and alcohol consumption.
Urinary Bladder 76,960 Smoking, Cystitis/Bladder Syndrome

Oral Cavity and Pharynx 48,330 Excessive alcohol consumption. HPV infection, tobacco use.

Kidney & renal pelvis 62,700 Obesity and tobacco smoking, chronic renal failure.

Leukemia 60,140 Obesity, Cigarette smoking, T-cell leukemia virus type I (HTLV-I)
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