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Abstract

Gout is a disease with acute and/or chronic inflammation and tissue damage induced by the precipitation of monosodium urate
crystal (MSU) crystals in bone joints, kidneys, and subcutaneous sites. In recent years, with the continuous research on gout
animal models and patient clinical investigations, the mechanism of inflammation activation of gout has been further discovered.
Studies have shown that pro-inflammatory factors such as interleukin (IL)-1f3, IL-8 and IL-17, NLRP3 inflammasome, and
tumor necrosis factor alpha (TNF-), anti-inflammatory factors such as IL-10, IL-37 are all involved in the MSU-induced gout
inflammatory process. And the immune cells in gout, including neutrophils, monocytes/macrophages, and lymphocytes, all play
important roles in the pathogenesis of gout. In this review, we mainly emphasize the understanding of various cytokines,
inflammasome, and immune cells involved in the onset of gout, in order to provide a systematic and theoretical basis for the

novel exploration of inflammatory therapeutic targets for gout.
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Introduction

Gout is a crystal-associated joint disease caused by the precipi-
tation of MSU, which is directly related to hyperuricemia caused
by a disorder of purine metabolism and/or a decrease in uric acid
excretion. The development of gout can be divided into several
stages. Hyperuricemia is a prerequisite for the development of
gout, and a significant concentration-dependent relationship ex-
ists between serum urate concentration and gout [1]. However,
most of the patients with hyperuricemia do not have gout, sug-
gesting that other stages in the clinical development of gout are
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also important since the clinical deposition of MSU crystals [2]
(Fig. 1). Great changes have taken place in the current human
living environment, lifestyle, and dietary structure, concurrent
with the incidence of gout increasing year by year. More and
more researchers are studying the pathogenesis of gout in terms
of inflammatory factors and immunology. Through the partici-
pation of macrophages, monocytes and neutrophils, TNF-«,
some interleukins (IL-1p3, IL-8, IL-10, IL-17, IL-37), and
NLRP3 inflammasome mediate the development of gout, in-
ducing a series of cascade inflammatory amplification reactions
[3]. This article briefly reviews the research progress of inflam-
matory mediators in MSU-induced gout inflammatory response,
to further understand the pathogenesis of gout inflammation and
to provide systematic theoretical basis and ideas for targeted
treatment and prevention of this immune inflammatory disease.

TLR recognition mode of monosodium urate
crystal

The traditional recognition mechanism mainly refers to the
interaction between the plasma membrane protein receptor
and the ligand to trigger the downstream signaling pathway.
MSU crystal itself does not contain any protein structure and
cannot activate immune cells and tissue cells by traditional
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Fig. 1 The mechanism of hyperuricemia. Hyperuricemia is caused by the
overproduction and underexcretion of urate. Underexcretion of urate
occurs mainly in the proximal tubules of the kidneys, but the gut is also
involved in the development of hyperuricemia. Many transmembrane
transporters are very important for urate reuptake and secretion in the
kidney, including ABC transporter G family member 2 (ABCG?2),
glucose transporter type 9 (GLUTY), and organic anion transporters

recognition mechanisms. The surface of MSU crystal is very
hydrophilic and can adsorb regulatory proteins and other se-
rum factors. IgG can adhere to the surface of MSU crystals
and is related to the initiation of inflammation. One early study
suggested that the phagocytosis of MSU crystals by macro-
phages requires the soluble CD14 coated on them [4], because
CD14 is a pattern recognition molecule expressed by phago-
cytes and can interact with Toll-like receptors (TLRs) to me-
diate immune inflammatory responses. After macrophages
engulf MSU crystals, they can cause a large amount of cathep-
sin B release and activate the NLRP3 inflammasome.
Interestingly, researches had shown that the inflammatory po-
tential of MSU crystals varied according to proteins coated on
the crystal surfaces, and that the coated proteins changed dur-
ing inflammation states [5]. Coating of the crystals by differ-
ent proteins may modify their inflammatory potential, for ex-
ample, IgG coating MSU crystals may enhance the inflamma-
tion; however, apolipoprotein B can displace the IgG by com-
petitively coating sites on crystals and can contribute in part to
the resolution of the acute gouty arthritis as the inflammation
subside [6, 7]. Other studies showed that the inflammatory
potential of MSU crystals increased with IgG coating while
it decreased with ApoE or LDL coating [8, 9].
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(OATs). In the gut, mutations in the ABCG2 gene can reduce the
function of the ABCG2 transporter, thereby hindering the excretion of
urate. When MSU crystals are engulfed by monocytes, the NLRP3
inflammasome are further activated by Toll-like receptors TLR2 and
TLR4, thereby pro-inflammatory IL-13 produced, and mature IL-1f3
formed after cleaved by active caspase-1

Uric acid is the end product of purine metabolism in the
body, and MSU is one of the causes of gout. TLRs are impor-
tant pattern recognition receptors (PRRs) in the innate im-
mune system and are widely involved in the recognition and
perception of pathogen-associated molecular patterns
(PAMPs). As a kind of dangerous-associated molecular pat-
terns (DAMPs), MSU crystal activates innate immunity main-
ly through a mechanism similar to PAMPs, resulting in a se-
ries of inflammatory factors-induced cascade amplification
reactions [10]. TLR is a type I transmembrane receptor and
mainly contains two important parts: one is the extracellular
leucine-rich repeats which can recognize PAMPs and partici-
pate in the formation of TLRs dimers combined with PAPMs
[11], another is the cytoplasmic Toll/IL-1 receptor (IL-1R)
domain which is required for the downstream signaling path-
way to activate nuclear transcription factor (NF-«B). NF-«B is
arapidly activated transcription factor of MSU crystals, which
is mainly involved in MSU-induced cell activation and in-
duces IL-13 production [12]. It has been found that the ex-
pression of IL-13 and TNF-« were decreased in mice lacking
TLR2, TLR4, or MYDS8 gene in the inflammatory responses
induced by MSU in the animal model [13]. However, other
studies suggested different views on the signaling pathways of
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MSU crystal-activated TLRs. Chen et al. [14] confirmed that
the neutrophil influx was unaffected when MSU crystal stim-
ulated the mice lacking TLR-1, TLR-2, TLR-3, TLR-4, TLR-
6, TLR-7, TLR-9, and TLR-11, suggesting these TLRs may
not be necessary in MyD88-dependent IL-1f3 activation, and
other factors may be involved in this process. They also dem-
onstrated the production of pro-inflammatory cytokines IL-
133, KC, and MIP-2 and neutrophil aggregation were reduced
in MyD88-deficient mice stimulated with MSU crystals.
Therefore, as a “danger signal” released by the injured cells
or the dead cells, MSU crystal activates TLRs, next stimulates
NF-kB through MyDS88 signaling pathway, and then initiates
the transcription and expression of inflammatory cytokines
and chemokines, such as the transcription and expression of
the pro-IL-13 gene, and ultimately leads to the production and
release of IL-13. These studies indicated that the inflammato-
ry response induced by MSU crystals required a cellular
adapter protein called MyD88, and the IL-1 signaling pathway
played a central role in gout inflammation through the IL-1R-
MyDS88 pathway.

The role of NLRP3 inflammasome
in MSU-induced joint inflammation

The NLRP3 inflammasome is the most typical member of the
NOD-like receptors (NLRs) and is similar to TLRs. It includes
NLRP3 protein, ASC, and caspase-1 protease. The NLRP3
protein molecule consists of three domains, and from the C-
terminus to the N-terminus is the leucine-rich-repeat domain
(LRR), the intermediate domain NACHT (the nucleotide bind-
ing oligomerization domain, NOD) and pyrin domain (PYD),
respectively. ASC consists of a N-terminal PYD domain and a
C-terminal CARD domain that can recruit and activate the pre-
cursor caspase-1 protease through the CARD domain [15] (Fig.
2). The three parts of NLRP3 inflammasome play an important
role in the onset of acute inflammation of gout. LRR can me-
diate the recognition of different ligands to identify dangerous
signals, while the CARD domain and PYD domain can interact
with downstream signaling proteins. Inflammasome activation
has two processes that require at least two signals to complete
(Fig. 3): the initial startup step shows rapid activation of NF-kB
by recognition of DAMP and PAMP, resulting in the synthesis
of Pro-IL-13 and increase expression of NLRP3 protein; the
second step means inflammasome assembly that oligomeriza-
tion of NLRP3 and ASC promotes hydrolysis of pro-caspase-1
protease, produces active caspase-1 protease, and then caspase-
1 can cut the precursor cytokines pro-IL-1[3 and pro-IL-18 into
biologically active forms [16].

Current research proposes that NLRP3 activation in-
cludes multiple upstream signals, because there are many
types and different structures of stimuli that activate
NLRP3 inflammasome. Most of them are not mutually
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Fig. 2 NLRP3 inflammasome activation. NLRP3 inflammasome is
composed of three parts: NOD-like receptor proteins (including LRR,
NACHT intermediate domain, and PYD domain), ASC, and pro-
caspase-1; these elements constitute NLRP3 cleavage and activation of
caspase-1, thereby cleaving the precursor pro-IL-1f3 into mature IL-1f3

exclusive, mainly including the following (Fig. 3): First,
potassium (K*) efflux: MSU can affect intracellular K*
levels by activating intracellular ATP-P2X7R signaling
pathway, and further activate NLRP3, so K" outflow is
an important upstream event for NLRP3 activation
[17-20]. Second, chloride (Cl") efflux: some studies have
shown that CI" channel blockers and extracellular high CI”
levels can inhibit the activation of NLRP3, suggesting CI
efflux plays an important role in the activation of NLRP3
[21-24]. Third, calcium ion influx (Ca®"): the intracellular
Ca" level can also affect the activation of NLRP3, there
are studies indicating that the secretion of IL-1(3 decreases
after adding the Ca®* chelator BAPTA-AM. Fourth, lyso-
somal destruction: mononuclear macrophages form
phagosomes after phagocytosing MSU, then the stability
of the lysosomal membrane can be disrupted, resulting in
cathepsin B exudation. NLRP3 activation can be inhibited
in macrophages lacking cathepsin B. Fifth, mitochondrial
damage and active oxygen: the activation of NLRP3 by
ROS and mitochondrial damage is a hot topic, but the
regulatory mechanism is unclear. Nevertheless, mitochon-
drial autophagy can clear damaged and dysfunctional mito-
chondria, so it is important in NLRP3 activation [25, 26].
Studies have found that antioxidants can effectively inhibit
the production of IL-13 by NLRP3, which indicates the
role of ROS in NLRP3 activation [27]. NADPH is driven
to generate ROS after phagocytosing MSU, release
thioredoxin-interacting protein (TXNIP) from the antioxi-
dant protein thioredoxin (TRX) and bind to the LRR re-
gion, make the dissociation of NLRP3 protein inhibitory
protein and then activate NLRP3 [28]. Sixth, the role of
trans-Golgi: phosphatidylinositol 4-phosphate (ptdIns4p) on
the decentralized trans-Golgi network (dTGN) can mediate
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Fig. 3 The initiation and activation process of the NLRP3
inflammasome. Activation of the NLRP3 requires at least two signals:
Signal 1 is mediated by microbial ligands recognized by TLRs or
cytokines, and upregulates precursor IL-1(3 and NLRP3 protein levels
by activating the NF-kB pathway. Signal 2 promotes the assembly of
ASC and pro-caspase-1 which is mediated by a large number of PAMP

NLRP3 activation, which is important for the oligomeriza-
tion of downstream ASC and caspase-1 activation [29].

A study found the number of inflammatory cell exudation
was reduced when MSU was injected subcutaneously or in-
traperitoneally in mice with NLRP3 protein deletion [14, 30].
Another study demonstrated that MSU-induced inflammatory
responses were attenuated, and the cleavage and activation of
casepase-1 and IL-1f3 release were also reduced in mice with
lacking the LRR structure [31]. ASC is an important linker
between NLRP3 protein and pro-casepase-1 protease in joint
inflammation of acute gout. Martinon et al. [32] found that
MSU and CPPD are both involved in the activation of NLRP3
inflammasome by caspase-1, resulting in massive activation
of macrophages and secretion of active IL-1 and IL-18
in vitro. Moreover, their experiments have also shown that
MSU-induced peritonitis was weakened in ASC-deficient
mice; simultaneously, the production of IL-1[3 and neutrophil
exudation was decreased. These studies all fully demonstrate
the NLRP3 inflammasome signaling pathway is pivotal in
MSU recognition and triggering inflammatory responses.
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or DAMP stimulation, then leads to the activation of the NLRP3. These
include K* efflux, Ca®* influx, CI” efflux, lysosomal destruction, and
mitochondrial active oxygen (mtROS) production. The formation of
inflammasome activates pro-caspase-1, and further cleaves pro-IL-1f3
and pro-IL-18

Tumor necrosis factor-a as a crucial mediator
in gout

TNF-oc is a multifunctional inflammatory cytokine, mainly
produced by monocytes and macrophages, which can acti-
vate neutrophils and lymphocytes to promote the synthesis
and release of other cytokines. Levels of TNF-« in synovial
fluid are elevated in patients with gout; therefore, uric acid
crystal deposition induces the release of TNF-o and the
production of IL-1{3. In addition, TNF-« is speculated to
be associated with inflammatory arthritis, which promotes
the activation and secretion of ATP-mediated caspase-1
without microbial stimulation [33].

Other studies showed that TNF-« pretreatment can induce
the activation and release of NLRP3 inflammasome in adipose
tissue [34]. Except for the cytokines that are dependent on
caspase-1 activation, MSU and CPPD can also induce
TNF-« release, suggesting the presence of other crystal acti-
vation pathways that are independent on inflammasomes. An
experiment [35] has shown that TNF-« is a potent inducer of
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neutrophil-expressing pro-IL-13 mRNA. Neither MSU nor
TNF-o alone is effective in inducing IL-1{3 secretion when
stimulating neutrophils; however, the TNF-o-pretreated hu-
man neutrophils stimulated by MSU crystal can significantly
increase IL-1[3 release and caspase-1 activation. The above
suggests that TNF-o initiation is essential for MSU-
mediated inflammasome activation in neutrophils, and uric
acid-induced IL-1f3 release was triggered by the induction of
inflammatory factor TNF-«. In addition, Amaral et al. [36]
have found that few neutrophils were recruited into the joint
cavity in TNF-o-/- mice and TNFR1/2-/- mice. All of these
indicates that TNF-« is important in the MSU crystal-induced
inflammation. Some studies report that tumor necrosis factor
alpha antagonists (etanercept) have achieved good results in
the treatment of refractory gout.

Many interleukin cytokines involving in gout
attack

Interleukin-like cytokines are the members in the family
of cytokines that play important roles in transmitting
information, activating and regulating immune cells.
They can be divided into pro-inflammatory cytokines
and anti-inflammatory cytokines according to their roles
in the inflammatory response. The onset of acute gout
involves multiple inflammatory factors, mainly including
IL-1p3, IL-6, IL-8, IL-10, IL-17, IL-37, and TNF-a.

Pro-inflammatory cytokines
IL-18

IL-13 called “endogenous pyrogen” is a potent pro-
inflammatory cytokine to induce the expression of adhesion
molecules in vascular endothelial cells and to activate macro-
phages is its main biochemical activity [37, 38]. As an endog-
enous risk signal, MSU can be recognized by PRRs in the cell
membrane and cytoplasm [13], for example, it can be recog-
nized by Toll-like receptors and NOD-like-receptors, activat-
ing TLRs and NLRP3 inflammasome to produce IL-1f3 (Fig.
3). IL-1f is originally produced by mononuclear macro-
phages, which synthesis and release are strictly controlled.
Its maturation process has two stages: first, MSU interacts
with MyD88-dependent TLR and MyD88-dependent IL-1 re-
ceptor on the cell surface to activate NF-kB and the transcrip-
tion of IL-1f3 and NLRP3 target genes, then to form inactive
pro-IL-1(3; subsequently, MSU crystals activate intracellular
NLRP3 inflammasome, and make casepase-1 protease cleave
pro-IL-1{3 to form mature IL-13 and release extracellularly
[10]. Mature IL-13 is considered to be one of the important
inflammatory mediators of acute gouty arthritis, and is the
initiating factor that regulates inflammation. A study has

showed that IL-1x or IL-13 could synergize with I1L-23 to
induce secretion of IL-17A by T cells in mice stimulated or
not stimulated by TCR [39]. However, IL-23-induced IL-17A
secretion was absent in IL-1R-deficiency mice. IL-17 can pro-
mote the maturation of various inflammatory cells and the
synergistic effects of multiple inflammatory factors.
Anyway, IL-1{3 releases heavily after MSU crystal activates
TLRs, eventually leading to a strong inflammatory response in
gout patients [10]. At present, studies have shown that IL-1
receptor antagonist (anakinra) is effective in the treatment of
refractory gout, but its safety and effectiveness need to be
further verified by more detailed clinical trials [40].

IL-8

IL-8 belongs to the CXC subfamily in the chemotactic cyto-
kine family, mainly produced by monocyte-macrophages and
neutrophils. The major biological activity of IL-8 is to trend
neutrophils and eosinophils as well as lymphocytes to the
local inflammation areas to cause inflammations or allergic
reactions. As a potent chemotactic and neutrophil-activating
cytokine, IL-18 can not only activate neutrophils and baso-
phils, but also dilate blood vessels and promote proliferation
of vascular and granulocyte. In fact, IL-8 also increases the
release of human monocyte inflammatory cytokines, includ-
ing IL-1p3, IL-6, and TNF-«, which can further modulate the
inflammatory response. MSU stimulates synovial endothelial
cells to significantly induce IL-8 mRNA production, thereby
activating and trending neutrophil aggregation. Moreover,
neutrophil-dependent inflammation is dependent on the in-
duction of IL-8 expression by MSU crystals, suggesting that
IL-8 release is closely related to the onset of acute gout in-
flammation [41]. MSU crystal stimulates monocytes and neu-
trophils in peripheral blood, leading to IL-8 production up to
abnormal levels. IL-8 locally accumulates and continues to
affect inflammatory response [42, 43].

IL-17

IL-17 is a pro-inflammatory cytokine produced primarily by
activated CD4"CD45RO" memory cells [41]. It is currently
believed that IL-17 exerts its biological effects mainly through
two pathways: the NF-kB-DNA pathway and the MAP kinase
pathway. In the presence of NF-kB signaling, uric acid crys-
tals stimulate dendritic cells and promote the release of cyto-
kines associated with Th17 polarization. IL-17 also promotes
T cell activation and stimulates epithelial cells, endothelial
cells, and fibroblasts to produce a variety of cytokines such
as IL-6, IL-8, granulocyte-macrophage stimulating factor, and
cellular adhesion molecule-1 [44]. In addition, IL-17 also
stimulates macrophages to produce IL-13, TNF-«, and IL-6
[45]. Studies have indicated that IL-17 has a strong chemotac-
tic effect on neutrophils mainly achieved by inducing the
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release of CXC chemokines and the increase of IL-8 synthe-
sis, which can be enhanced by TNF-«. Furthermore, neutro-
phil generation was also reduced in vitro animal models
knocking out the IL-17 gene. Moreover, IL-17 promotes the
maturation and differentiation of a variety of cells, and create
synergies of multiple cytokines to amplify the inflammatory
response. Liu et al. have discovered that serum IL-17 level
was increased after 8 h of acute gout attack [46]. The increase
of serum IL-17 level in patients with early gout acute attack
was mainly caused by the production of IL-17+ydT cells, and
the rapid activation of IL-17+y0T cells was more consistent
with the acute gout attack. Correspondingly, they also found
that serum IL-17 level and the proportion of IL-17+y0T cells
in lymphocytes were decreased with the reduction of disease
symptoms. Therefore, the IL-17 releasing by IL-17+ydT cells
can be considered a potential pathological mechanism of acute
gout attack.

Anti-inflammatory cytokines
IL-10

It is known that IL-10 is secreted mainly by monocytes,
macrophages, T and B lymphocytes, and is a multifunc-
tional cytokine that regulates cell growth and differentia-
tion, participates in inflammatory and immune responses,
and is currently recognized as a suppressive factor for in-
flammation and immune [47]. As a potent anti-
inflammatory cytokine, IL-10 can inhibit the production
of IL-1e, IL-1f3, IL-6, IL-12, IL-18, and TNF-« produced
by activating mononuclear macrophages, neutrophils, and
eosinophils. During the acute inflammation of gout, IL-10
can inhibit the transcription of the corresponding genes of
pro-inflammatory cytokines such as TNF-o and IL-f3, and
block their synthesis. Meanwhile, IL-10 also affects the
stability of mRNA of pro-inflammatory cytokines. Chen
[48] found that compared with wild-type mice, the inflam-
mation of collagen arthritis (CIA) was more severe in mice
lacking IL-10 (IL-10-). IL-10 restrained the expression of
IL-33 in macrophages, selectively destroyed the NF-kB
signal activated by IL-33 and blocked the response of
pro-inflammatory cytokines and chemokines to 1L-33,
thereby ameliorating the autoimmune arthritis. A study
found that the level of IL-10 in the articular fluid of pa-
tients with gout was significantly higher than that in pa-
tients with osteoarthritis and normal people [49]. In addi-
tion, IL-10 treatment can reduce the secretion of IL-13 and
TNF-« by peripheral monocytes and laminar monocytes in
patients with inflammatory bowel disease [50]. The above
suggested that the elevation of anti-inflammatory factor IL-
10 may be involved in the self-regulation of acute inflam-
matory immunity in gout patients.
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IL-37

IL-37 belongs to the seventh factor of the IL-1 family and is an
anti-inflammatory cytokine that has been widely studied in re-
cent years. IL-37 is mainly expressed in skin, lymph nodes,
thymus, bone marrow, NK cells, B cells, and testes. IL-37 is
produced when activating macrophages inhibit pro-
inflammatory cytokines, and its anti-inflammatory effect is to
inhibit the TLR-induced expression of pro-inflammatory cyto-
kines IL-13, IL-16, and IFN-y, thereby to attenuate the T cell-
mediated inflammation by downregulation of dendritic cell ac-
tivity [51, 52]. Nold et al. [53] discovered that the inflammatory
response in the IL-37 transgenic mice (IL-37tg) was lighter than
the wild control mice injected respectively by bacterial lipo-
polysaccharide (LPS), showing that IL-37 has a strong anti-
inflammatory effect. It was confirmed that recombinant human
IL-37 (thIL-37) can significantly reduce the recruitment of neu-
trophils and monocytes, weaken the pathological joint inflam-
mation by reducing the release of pro-inflammatory cytokines
and chemokines [54] (Table 1). thIL-37 can also inhibit the
MSU-induced innate immune response by enhancing the ex-
pression of Smad3 and IL-1RS, subsequently activating multi-
ple intracellular switches to block inflammation, which includes
inhibition of NLRP3 inflammasome and activation of cytokine
signal transduction inhibitor 3 (SOCS3). Thus, rhIL-37 limits
the inflammatory response caused by MSU crystals.
Meanwhile, a comparative study [55] found that the expression
of IL-1, IL-6, and TNF-« in the acute gouty arthritis (AGA)
group were significantly higher than those in the non-acute
gouty arthritis (NAGA) group and the healthy control (HC)
group; however, the anti-inflammatory IL-37 and TGF-{31 as
well as IL-10 in the NAGA group were significantly higher
than those in the AGA group and the HC group. This study
showed that IL-37 plays a special anti-inflammatory factor role
in AGA by inhibiting the production of pro-inflammatory cy-
tokines. In some AGA, elevated expression of IL-37 is likely
associated with some negative feedback mechanisms that in-
hibit excessive inflammation, and this conclusion is also con-
sistent with the self-limiting nature of MSU crystal-induced
acute episodes of gout.

The immune cells
Neutrophils

Neutrophil invasion and activation is an important process of
gout acute inflammation. Neutrophils engulf MSU crystals
and induce the production of phagolysosomes, causing the
production of reactive oxygen species, the release of inflam-
matory factors (IL-1[3, IL-6, TNF-«), and the appearance of
arachidonic acid products. Membrane damage can cause neu-
trophil death, lysosomal contents, and newly synthesized
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Table 1 Cytokines and
chemokines in gouty Cytokines Effects on gout inflammation Produced by References
inflammation
IL-1p * Locally low concentrations of IL-1(3: Monocyte-macrophages, [10, 13, 37, 38]
vascular endothelial cell adhesion fibroblasts, B lymphocytes,
* Locally high concentrations of IL-1[3: natural killer cells
promote the synthesis and secretion
of large quantities of acute phase
proteins, neutrophil chemotaxis
IL-8 » Monocyte-macrophages and neutro- Monocyte-macrophages, [41-43]
phil chemotaxis neutrophils
IL-17 * Upregulates the expression of Activated CD4*CD45RO* [41, 44, 45]
inflammatory factors memory cells
* Fibroblast-like synoviocyte survival
and neutrophil chemotaxis
IL-10 * Inhibits the production of Monocytes, macrophages, T [47-49]
inflammatory cytokines and B lymphocytes
1IL-37 * Reduces the release of Macrophages, dendritic Cells [51-53]
pro-inflammatory cytokines
and chemokines
» Downregulates dendritic cell activity
TNF-a * Neutrophil and lymphocyte survival Monocytes, macrophages [33-36]

* Promote the synthesis and release of

inflammatory cytokines
* Endothelial cell adhesion

inflammatory mediators diffuse into local tissues, triggering
an acute attack of arthritis. MSU crystals can also activate
locally associated immunoglobulins, causing rapid aggrega-
tion of neutrophils, triggering an acute attack of gout. As in-
flammation reaches a peak, neutrophils are stimulated to form
neutrophil extracellular trapping nets [56], then capture and
degrade inflammatory factors and rapidly attenuate the in-
flammatory response, which may explain the clinical manifes-
tations of acute and rapid remission of acute gouty arthritis.

Monocytes/macrophages (THP-1)

THP-1 inflammatory response induced by MSU crystal stim-
ulation has also been confirmed in animal gout models [57].
MSU crystals activate THP-1 through the Toll-like receptor
pathway and NALP3 inflammasomes, thereby activating cas-
pase-1, converting precursors IL-13 and IL-18 into active
forms, and this can also increase expression of the COX-2
and NF-kB (p65) on the THP-1, stimulating cells to secrete
TNF-x and causing inflammatory response [32, 58]. But
some differentiated macrophages can alleviate inflammation
induced by MSU crystals by secreting transforming growth
factor-B1 (TGF-f31). In short, MSU crystals interact with
macrophages to trigger inflammation and induce neutrophil
and monocyte infiltration to expand the inflammatory re-
sponse. However, with the involvement of various mecha-
nisms such as TGF-31, macrophages can induce spontancous

remission of inflammation. It is also consistent with the fea-
ture that clinical gout can relieve itself.

T lymphocytes

CD4+T cell subsets in peripheral blood can differentiate into
helper T cells (Th)1, Th2, Th17, and regulatory T (Treg), of
which Thl and Th2 cells are considered to be closely related
to the onset of gout. Thl cells mediate cellular immunity
mainly by secreting cytokines such as IFN-y, IL-2, and IL-
18. Th2 cells mainly secrete cytokines such as IL-4 and IL-10
to exert important anti-inflammatory effects. A study found
that Thl and the ratio of Th1l/ Th2 in peripheral blood of
patients with acute gout were significantly increased, but
Th2 cells were significantly decreased, indicating the imbal-
ance of Th1/Th2 cell subsets may run through the onset of
gouty arthritis [59]. Before that, another study also found that
Th17 and Treg cells are closely related to the pathogenesis of
gout. Th17 cells of patients with acute gout were increased
accompanied by a decrease in Treg cells, indicating that the
imbalance of Th17/Treg plays an important role in the acute
attack of gout [60]. In the presence of IL-1[3 and IL-18, MSU
can differentiate and activate Th17, thereby producing IL-17
to promote the inflammatory response [44]. Activated recep-
tors of NF-kB ligands (RANKL) on T cells can differentiate
osteoclasts and lead to bone destruction and gouty arthritis
[61]. In contrast, Treg cells can inhibit osteoclastogenesis by
secreting IL-4, IL-10, and TGF-f31, reducing gout bone
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damage [62]. Therefore, as previously mentioned, the release
of IL-17 by Th17 may be a potential pathological mechanism
for acute gout attacks (Fig. 4).

Relief of acute gout

The relief mechanism of acute gout is a complex process in-
volving multiple factors. It is still the focus and difficulty of
current research. The mechanism is currently believed to have
the following points. First, the upregulation of anti-
inflammatory factors: in the early and middle stages of inflam-
mation, the levels of inflammatory cells and IL-1{3, IL-6, and
TNF-o in synovial fluid are significantly increased, while in
the late stage of inflammation, anti-inflammatory factors
TGF-31 levels increased significantly [63]. TGF-1 is con-
sidered to be an important anti-inflammatory factor in sponta-
neous remission of gout. Second, with the progress of acute
gout inflammation, infiltrating monocyte-macrophages differ-
entiate into inflammatory M1-like macrophages, rather than
M2-like macrophages, and the increased production of
TGF-31 may be related to the enhanced devoured ability of

monocytes/macrophages to apoptotic neutrophils. In addition,
elevated IL-10 blocks the TNF-« production of macrophages
[57]. In short, increased production of anti-inflammatory fac-
tors plays an important role in the spontaneous remission of
gout. Third, the sterilized environment in the joint cavity dur-
ing acute gout prevents the TLR/NF-kB pathway from being
continuously activated, limiting the production of the pro-IL-
13 [12]. Fourth, neutrophils aggregate to form neutrophil ex-
tracellular trapping nets, phagocytize apoptotic cells, release
TGF-f1, capture and degrade inflammatory factors, so limit-
ing inflammatory cell infiltration and pro-inflammatory ef-
fects [56]. With the in-depth study of the self-limiting relief
mechanism of acute gout, more new targets for the treatment
of acute gout can be discovered.

Summary and prospect

The acute onset of gout inflammation is the MSU crystal-
mediated inflammatory cascade amplification, by the effects
of various cytokines and inflammatory bodies throughout the
process. As a pathogen-associated molecule, MSU crystal
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Fig. 4 The immune cells in gout MSU crystals can stimulate neutrophils
and monocytes/macrophages to produce IL-1(3, IL-6, and TNF-«,
stimulate Th17 cells to produce IL-17. Thl cells mediate cellular
immunity mainly by secreting cytokines such as [FN-y, IL-2, and IL-
18. They synergistically promote the occurrence of gout inflammation. In
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addition, NF-kB activated receptor ligands (RANKL) on T cells can
differentiate osteoclasts, leading to bone destruction and gouty arthritis.
However, Treg cells can produce IL-4, IL-10, and TGF-f31 to reduce gout
bone damage, and Th2 cells mainly secrete cytokines such as IL-4 and IL-
10 to exert important anti-inflammatory effects



Clin Rheumatol (2020) 39:2849-2859

2857

involved in the induction of acute inflammation of gout
through TLRs, stimulating the production of NLRP3
inflammasome, interleukin-like factors, and TNF-«, regulat-
ing the development of inflammation. With the in-depth study
about the mechanism of gout inflammation, the corresponding
treatment measures for gout inflammation have also in-
creased, especially for the targeted biologic treatment of re-
fractory gout cases, such as tumor necrosis factor alpha antag-
onists, IL-1R antagonist (anakinra), human monoclonal anti-
body of human IL-1{ (kananazumab), and human monoclo-
nal antibody of human IL-6R (tocilizumab) have been validat-
ed in clinical trials for a variety of diseases [64, 65]. Studies
have also found that the interaction of NLPR3 heterodimers
with NLPR3 can negatively regulate the activation of NLPR3
and thus control inflammation [66]. Therefore, further re-
search is necessary for the inflammatory mechanisms and
for the future inflammatory targets’ management of gout.
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