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The relationships between components of gouty inflammation and cancers
Shun-Jen Chang1,*

Purpose: Gout is a chronic inflammatory disease, and gout patients are more
likely to develop cancer; here, we review the relationship between the components of gouty inflammation and cancer.
Findings: Multiple steps are required to evoke gouty inflammation, including
recognition and uptake of monosodium urate (MSU), ion exchange, inflammasome activation and release of interleukin (IL)-1β and IL-8. Most of the
components related to gouty inflammation are associated with carcinogenesis,
such as Toll-like receptor (TLR) 2, TLR4, ATP, connexins, pannexins, NLR
family pyrin domain containing 3 (NLRP3) inflammasome, IL-1β and IL-8.
Controversially, evidence also suggests that TLRs, connexins, NLRP3 inflammasome and IL-1β may be double-edged-swords in the influence of tumor
progression.
Conclusion: Most of the components of gouty inflammation are related to
carcinogenic, but some of the components exert promoting or inhibiting effects depending different tissues, stages and specific types of cancers.
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Introduction
Gout is initially caused by deposit of monosodium
urate (MSU) in joint spaces followed by induction of
inflammatory reaction. Besides hyperuricemia, multiple
steps are needed to evoke inflammatory reaction in gout:
(1) Recognition of MSU crystals by Toll-like receptor
(TLR) 2 or TLR4. (2) Uptake of MSU by macrophages
via TLR2/TLR4 recognition or lipid sorting. (3) Activation of the NRLP3 inflammasome. (4) Release of interleukin (IL)-1β. (5) Activation of endothelial IL-1β receptor (IL-1R). (6) Release IL-8 for neutrophil recruitment.
Each step is required to trigger gouty attack. Gout patients are more likely to have cancer. Studies show male
gout patients tend to have urinary track cancer such as renal, bladder, and prostate cancers [1,2]. Moreover, some
studies also found female gout patients with disease onset
at less than 50 years old were more likely to have renal [1],
liver and colorectal cancer [3]. There was no significant
association for those with gout onset over 50 years old.
Since gout disease is a chronic inflammatory disease,
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it is more like to be associated with higher cancer incidence. Moreover, the heritability of gouty inflammation
is higher than hyperuricemia. Therefore, the purpose is to
review the relationship between genetic components of
gouty inflammation and cancer.

The relationship between phagocytosis of
urate and cancer
Phagocytosis of urate is the key step to initial inflammatory reaction. There are many pathways for MSU
crystals to enter cells. The first pathway is lipid sorting,
where uric acid crystals could directly engage cellular
membranes, particularly with the cholesterol components
[4]. The second is through Toll-like receptors (TLRs)
pathway. MSU crystals were recognized by TLR4 [5].
Zhao et al. revealed ten TLRs exist in humans: TLR1,
TLR2, TLR4, TLR5 and TLR6 are expressed on cell surface, and TLR3, TLR7, TLR8 and TLR9 are found exclusively within endosomes [6]. TLR2 and TLR4 recognize
MSU and lipopolysaccharides (LPS) which are involved
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in gout inflammation. Increased expressions of TLRs 4
factor (EGF) induced signal transduction of the Janus
and 9 have been correlated with cancer malignancy [7,8].
kinase (JAK)/signal transducer and activator of transcripMoreover, recent studies have shown the involvement
tion (STAT) mediated pathway and further confirms that
of TLR in the pathogenesis of hepatocellular carcinoma
cGKII may be a cancer inhibitor [26].
[9], colorectal cancer [10], and pancreatic cancer [11,12]
(Table 1). Furthermore, Chang et al. identified HelicoThe relationship between ATP, connexin/
bacter pylori can signal through several TLRs, especially
pannexin hemi-channels and cancer
TLR2 and TLR4, which is associated with gastric cancer
and is considered an important gastric cancer cofactor
Phagocytosis of MSU crystals leads to the generation
[13]. Their study further revealed that H pylori induces
of reactive oxygen species (ROS) through activation of
invasion and angiogenesis through TLRs 2 and 9. TLRs
NADPH oxidases and may also induce the secretion of
are also associated with several tumor types, especially
ATP, which in turn activates P2X purinoceptor 7 (P2X7R)
TLR2, which plays a role in the development of laryngeal
to cause rapid exit of intracellular potassium that triggers
carcinoma [14] and epidermal tumors [15]. TLR4 has
the NLR family pyrin domain containing 3 (NLRP3) inbeen found to be associated with tumor pathogenesis [16].
flammasome activation. ATP plays a fundamental role in
Evidence also show TLR4 enhances metastatic potential
cellular communication, with its extracellular accumulathrough transforming growth factor β [17], and involved
tion triggering purinergic signaling cascades in a diversiin bladder cancer [18] and gastric cancer [19].
ty of cell types. In the extracellular environment, ATP has
Controversially, many TLRs also contribute to tumor
a short life due to its enzymatic conversion [27], and ATP
suppression, including TLRs 3, 4, 5 and 7 [6], which
activity is mediated by the activation of purinergic P2
might prevent the growth of prostate cancer [6]. TLR3
receptors, which are associated with chronic inflammamRNA level was clearly enhanced in prostate cancer
tion [28]. Moreover, ATP is linked to innate and adaptive
cells by stimulating with poly (I:C), which suggests a
immune responses [27,29], and evidence also showed
functional role of TLR3 in prostate cancer [20]. Paone et al. found
TLR3 activation directly triggers
Table 1. The summary of relationships between components of gouty inflammaapoptosis of human prostate cantion and cancer.
cer cells [21].
Components Cancer type
Description
References
On considering another comHepatocellular carcinoma
Pathogenesis
[9]
ponent for MSU phagocytosis,
TLRs
Colorectal cancer
Pathogenesis
[10]
we previously found the cyclic
Pancreatic cancer
Pathogenesis
[11,12]
GMP-dependent protein kinase
TLR2
Gastric cancer
Association
[13]
gene (cGKII; PRKG2) is associTLR3
Prostate cancer cells
Triggers apoptosis
[21]
Gastric cancer
Association
[13,19]
ated with gout [22], and regulates
TLR4
Bladder
cancer
Association
[18]
THP-1 (M1) phagocytosis function via TLR2, but not TLR4, to
cGKII
Gastric cancer cells
Cancer inhibitor
[26]
enhance phagocytosis of MSU
Tumor cells
[40]
Potential factors determining
[23]. Regarding oncogenesis,
the invasive and metastatic
Wang et al. demonstrated cGKII
Connexins
progression.
has an anti-proliferative and proContext-dependent suppressors
differentiation role in mouse colon
and facilitators of progression
Breast cancer
[41]
[24]. The homeostatic functions of
Cx43
Lung
tumor
Tumor
suppressive
roles
[48,49]
cGKII were reproducible in colon
Pannexins
Negatively correlated with procancer cell lines, and downregulaGallbladder carcinomas
[61]
(Panx1)
liferation
tion of Sox9 is a possible mechaNLRP3 inflam
Deletion of the inflammasome
Colorectal cancer
[71]
nism [24]. Another carcinogenic
masome
exacerbate metastatic growth.
effect is related to gastric cancer
Breast, lung, prostate, bladder Through regulating nitric oxide [81-85]
IL-1β
and colon cancers
synthase expression
through inhibiting Rho A activaNon-small cell lung cancer
Association
[89]
tion [25]. Wu et al. suggested that
IL-8
Colorectal cancers
Potential diagnosis marker
[94-97]
cGKII inhibits epidermal growth
Pancreatic cancer
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exogenous ATP can control cellular and tissue defense or
repair processes via signaling through P1, P2X, and P2Y
purinergic receptors. P2X7 signaling has been found to
be associated with tumor growth and metastasis [30-34].
Multiple mechanisms have been proposed to regulate
ATP release through connexin (Cx) hemichannels and
pannexin (Panx) channels [35]. There are 21 connexins
and 3 pannexins in the human genome, making it challenging to generalize their function in gout disease and
cancer. Cancer is one of the first pathologies found to be
associated with gap junction channel impairment, and
connexins have long been shown to possess tumor suppressive function, [36] as well as other members of the
connexin family such as Cx26 and Cx32 [37-39]. However, connexin expression has been positively correlated
with more invasive cancers and metastases [40,41] (Table
1). Mutations of connexins or loss of functional channels
are implicated in many diseases and disorders, including
congenital deafness, skin disorders, cataracts and cancers [42,43]. Jean et al. suggested a double-edged sword
theory for connexins where they would support a tumor
suppressor role in early stages of cancer progression, but
have an opposing role in late-stage or advanced cancer
and metastasis [44].
Loewenstein and Kanno postulated that liver cancer
cells were different from normal liver cells in that they
lacked intercellular communication [45]. Since then,
there have been numerous studies dedicated to uncovering the role of gap junctions and connexins in tumor progression [42,46,47]. Clinical studies have also reported
that deficient or abnormal connexins are frequently found
in tumor tissues and cell lines, such as breast cancer,
prostate cancer, lung cancer, and many other cancer types
[43]. In vivo studies demonstrate the tumor suppressive
roles of Cx43 and Cx32. Mice with decreased expression
of Cx43 or Cx32 exhibit increased carcinogen induced
tumor growth in comparison to control wild-type mice,
represented by an increase in number and size of tumor
nodules in the lung [48,49]. Moreover, Cx43 also showed
marked elevation at both RNA and protein levels in cells
with increased metastatic potential [50].
The main function of pannexins is to form large-pore
single membrane channels for the release of ATP and
other metabolites important for cellular communication and autocrine/paracrine signaling [51-56]. Panx1
has been reported to be ubiquitously expressed in most
mammalian cells and tissues [51,57]. At the protein level,
Panx1 expression is listed in 17 out of 20 tumor types,
especially in colorectal, lung, urothelial and stomach cancers [58]. Furlow et al. showed that breast cancer cells
Gout and Hyperuricemia. 2017; 4(1): 5-11
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expressing the mutant Panx1, increase ATP release in
vitro and in vivo under conditions of membrane stretch
where the mechano-sensitive Panx1 channel is activated
[59]. Furthermore, they proposed that cells expressing
mutant Panx1 have a survival advantage in metastatic
progression since the ATP released acts on purinergic receptors (P2Y) to suppress apoptosis and reduce cell death
in those tight spots of the microvasculature. It also act as
a tumor promoting factor implicated in cancer progression, angiogenesis, invasion and metastasis [60].
Regarding Panx1 immunostaining, Schalper et al. concluded that Panx1 expression was negatively correlated
with proliferation in gallbladder carcinomas [61]. While
Panx1 and Panx3 are expressed in normal adult human
facial skin, their expression is not detectable in either
basal or squamous cell carcinomas immunestained with
anti-pannexin antibodies. Jean et al. concluded that majority of studies point towards a tumor promoting effect
of Panx1 expression, and this effect may be different for
the other pannexin members on condition of different tissues and cancers [44].

The relationship between NLRP3 inflammasome and cancer
NLRP3 has been shown to act in a multiprotein complex termed the NLRP3 inflammasome, which is composed of NLRP3, the adaptor molecule apoptosis-associated speck-like protein containing a caspase recruitment
domain (ASC) as well as the cysteine protease caspase-1
[62]. Two signal models have been proposed to activate
NLRP3 inflammasome and explain the regulation of IL1β production [63]. The first model involves the synthesis
of pro-IL-1β and NLRP3 which is triggered by transcriptional induction via ligands for TLRs. The stimulus leads
to inflammasome oligomerization, resulting in the cleavage of pro-caspase-1, and then release of the mature IL1β. The second signal is induced by a broad variety of either pathogen-associated molecular patterns (PAMPs) or
danger associated molecular patterns (DAMPs). Activation of the NLRP3 inflammasome results in the assembly
of scaffold components such as the cytoplasmic receptor
NLRP3, the adaptor protein ASC and the effector protein
caspase-1 [62,64-68], which in turn cleaves pro-IL-1β to
produce biologically active IL-1β.
NLRP3 inflammasomes have been linked to many human diseases, including inflammatory bowel disease and
colitis-associated cancer [69,70]. Deletion of the inflammasome component of NLRP3 has shown to exacerbate
colorectal cancer metastatic growth [71]. Other molecular
DOI: 10.3966/GH1703040102

Gouty inflammation and cancer

networks take part in nuclear factor kappa-light-chainenhancer of activated B cells (NFκB)-driven inflammation, such as the described NLRP3 inflammasome, even a
number of inflammasomes have been identified related to
inflammation, the NLRP3 inflammasome has been found
associated with tumor development [72,73], but controversy exists from different models [74,75].

The relationships between IL-1β and IL-8
release and cancer
Three gene products of IL-1 family have been thoroughly studied, including two agonistic proteins, IL-1α
and IL-1β, and one antagonistic protein, the IL-1Ra. It is
well known that the addition of MSU crystals to mononuclear phagocytes induces IL-1β secretion [76,77], and
Joosten’s study further builds on the concept that MSU
crystals need a second signal to induce active IL-1β,
which explains why constitutionally-derived metabolic
events initiate attacks of gout via the induction of IL1β mediated joint inflammation [78]. Terkeltaub et al.
then demonstrated treatment with IL-1β blockade in gout
patients have an impressive and sustained reduction in
recurrent attacks of gouty arthritis [79].
Regarding IL-1β in relation to carcinogenesis, Hellwig-Burgel et al. described IL-1β and tumor necrosis
factor (TNF) as the cytokines that increase hypoxia-inducible factor-1 (HIF-1) activity in the human hepatoma
cell line [80]. IL-1β and TNF are important regulators
of inducible nitric oxide synthase (iNOS) which show
increased expression in a variety of human malignant
tumors, including breast [81], lung [82], prostate [83],
bladder [84] and colon [85] cancers (Table 1), and malignant melanoma. However, numerous reports suggest that
iNOS expression also has anti-tumor effects. It may be
postulated that the final effect of NO on cancer cells depends on its local concentration, the NO source, and the
tumor microenvironment [86].
Nonetheless, IL-1β was reported to promote tumor cell
growth and metastasis by inducing several pro-metastatic
genes such as matrix metalloproteinases and endothelial adhesion molecules, as well as transforming growth
factor (TGF)-β, chemokines and growth factors [87].
Moreover, evidence showed sustained induction of IL1β enhances the intensity of the inflammatory response
which can create an inflammatory micro-environment for
tumor initiation or promotion [88]. Bhat et al. showed the
genotype of IL-1β C31T was significantly associated with
increased risk of non-small cell lung cancer [89], whereas
Azad et al. found that IL-1β plays an important role in
Gout and Hyperuricemia. 2017; 4(1): 5-11

8

various inflammatory diseases including lung cancer [90].
Furthermore, neutrophil activation and recruitment
play a key role in the acute inflammatory response to
MSU crystals. Evidence show that MSU have dual effects on neutrophils – activation of IL-8 production and
downregulation of myeloid inhibitory C-type lectin expression (MICL) [91]; both IL-8 and MICL may play a
pathogenic role in gout by enhancing neutrophil effector
functions [92,93].
Concerning the carcinogenic effects of IL-8, several
studies have evaluated the application of IL-8 in the diagnosis of colorectal cancers; however, the results are
contradictory [94-97] (Table 1). A meta-analysis study
performed by Jin et al. concluded that serum IL-8 is a
promising biomarker for colorectal cancer detection.
Moreover, Xie suggested the mechanisms for IL-8 involvement in carcinogenesis were through its potential
functions as a mitogenic, angiogenic, and motogenic
factor, which may contribute to tumor cell proliferation,
angiogenesis, and migration directly or indirectly [98].

Conclusion
To our knowledge, most of the components related
to gouty inflammation can create risk associations with
carcinogenesis, such as TLR2, TLR4, ATP, connexins,
pannexins, NLRP3 inflammasome, IL-1β and IL-8.
Controversially, evidence suggests that TLRs, connexins, NLRP3 inflammasome and IL-1β play a doubleedged-sword role in its influence on tumor progression.
However, cancer is a complex disease; I propose that the
components of gouty inflammation exert promoting or inhibiting effects on carcinogenesis depending on different
tissues, stages and specific types of cancer.
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