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Protein-misfolding diseases, such as Alzheimer's disease, type 2 diabetes, Prion diseases, and Parkinson's disease,
are characterized by inflammatory reactions. In all these diseases, IL-13 (Interlukine-1[3) has been shown to be an
important regulator, and the misfolded proteins are proved to be triggers of the release of IL-1[3. Recently, several
reports demonstrated that the inflammasome activation is involved in the progress of the misfolded protein dis-
eases, and that the inflammasome can recognize pathogenic proteins leading to the release of IL-1(. In this re-
view, we discuss the role of inflammasome in the pathogenesis of misfolded protein diseases and the potential
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1. Introduction

The accumulation of misfolded proteins can cause diseases, known
as protein-misfolding diseases. They have in common abnormal protein
conformations leading to an irreversible change into a sticky conforma-
tion rich in beta sheets that make the protein molecules interact with
each other, with an abnormal tendency to aggregate [3,5,65]. The
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resulting protein aggregates are organized in a cross-beta structure,
with specific tinctorial properties (binding to Congo red and thioflavin
S), higher resistance to proteolytic degradation and a fibrillar appear-
ance under electron microscopy (straight, unbranched, 10 nm wide fi-
brils) [65].

Protein-misfolding diseases can be divided into two groups depend-
ing on the localization of protein aggregation. The first group consists of
neuropathic diseases, which is characterized by protein aggregation in
the central nervous system, and includes Prion diseases, Alzheimer's
disease and Parkinson's disease. The second group or non-neurophathic
diseases are characterized by protein aggregation in the peripheral
tissues.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.lfs.2015.05.011&domain=pdf
http://dx.doi.org/10.1016/j.lfs.2015.05.011
sfs@zju.edu.cn
http://dx.doi.org/10.1016/j.lfs.2015.05.011
http://www.sciencedirect.com/science/journal/00243205
www.elsevier.com/locate/lifescie

At least three models have been proposed to explain the mecha-
nisms through which protein misfolding and aggregation lead to the de-
velopment of protein misfolding diseases [65]. The loss-of-function
model holds that the pathological condition is caused by the loss of nor-
mal activity of the protein, which is depleted during misfolding and ag-
gregation. The second and more widely accepted model is gain-of-toxic-
activity model, according to which misfolding and aggregation results in
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leading to caspase-1 activation and IL-1(3 release. Besides, the released
IL-13 could upregulate TNF-o¢ and CCL3 expression after NALP3
inflammasome activation [61]. Similar findings were later reported by
other researchers [20]. Our work also identified the molecular mecha-
nisms at play in NALP3 inflammasome activation in response to PrP
fibril stimulation (Fig. 1). First, hyperosmotic extracellular K™ signifi-
cantly decreases PrP fibril-induced release of IL-1(3 through downregu-
lation of NALP3 expression, but K™ has no effect on regulation of ASC
expression. This result is consistent with previous findings which dem-
onstrated that IL-1f3 processing in microglia is regulated by multiple
pathways that differentially regulate NALP3 and ASC [33]. Secondly,
generation of ROS in response to PrP fibril stimulation also seems to
play a key role in NALP3 inflammasome activation, and ROS inhibitor
NAC was shown to significantly reduce the release of IL-1(3, and block
NALP3 and ASC upregulation after exposure to PrP fibrils. Lastly, phago-
cytosis of PrP fibrils leads to lysosome destabilization, resulting in
NALP3 inflammasome activation. Inhibition phagocytosis and lysosom-
al acidification suppressed NALP3 inflammasome activation in PrP fibril
stimulated microglia [63]. It remains unclear whether these mecha-
nisms act in concert or independently.

We also found that NF-KB activation acts upstream of NALP3, as inhi-
bition of NF-KB activation abrogates PrP fibril-induced NALP3 mRNA up-
regulation. This is consistent with the role of NF-KB as the key regulator
of pro-IL-1f3 synthesis. Recently, a research has demonstrated that A20
negatively regulates NALP3 inflammasome by suppressing NF-KB-
dependent production of NALP3 and pro-IL-1[3 [74]. It would be there-
fore of interest to investigate the relationship between A20 and NALP3
inflammasome in the context of Prion diseases.

3.2. The inflammasome in Alzheimer's disease

Alzheimer's disease (AD) is a neurodegenerative, progressive and
chronic disease characterized by dementia, memory loss and cognitive
impairment. Deposition of misfolded protein amyloid-> (AP) in the
brain is supposed to be a principal event in AD pathogenesis. Mounting
evidences show that multiple inflammatory cytokines, such as TNF-q,
IFN-y and interleukins, are elevated in the brain of Alzheimer patients
[26]. In addition, inflammatory cytokines are also increased in the

peripheral blood and cerebrospinal fluid of Alzheimer patients. Studies
also indicate that interleukins, in particular IL-1(3 and IL-18, are the
main cause of the inflammatory process in the central nervous system
(CNS), both of which mediating the expression of other inflammatory
genes [56]. IL-1[3 can be released from many cell types including macro-
phages, microglia and neurons [8] and many types of inflammasome, in-
cluding NALP1, NLRC4 and NALP3 inflammasome, were shown to be
involved in the inflammasome-mediated release of IL-1[3 in the CNS
[70]. AR was the first misfolded protein to be shown to activate
inflammasome in the CNS. Specifically, AR activated caspase-1 of LPS-
primed microglia, leading to the release of IL-1(3, and this response
was dependent on NALP3 inflammasome activation [21]. The phagocy-
tosis of fibril AR can cause endosomal rupture and the release of cathep-
sin B in the cytosol, and this endosomal rupture was proved to be an
important endogenous signal for NALP3 inflammasome activation.
There is a relationship between neuroinflammation and the progress
of AD. Higher IL-1f3 in the CNS can exacerbate AD pathogenesis and af-
fect synaptic plasticity and long-term potentiation [52]. Besides, inhibi-
tion of IL-1[3 signaling has proved beneficial effects on AD mouse model.
NALP3 inflammasome activation by AR in CNS is necessary for caspase-1
cleavage and IL-1(3 release and subsequent inflammatory response;
however, the role of NALP3 inflammasome activation in AD in vivo is
still unclear. A recent study conducted on APP/PS1 mice, which develop
similar symptoms of AD, indicates that NALP3 inflammasome activation
has a critical role in the pathogenesis of AD [22]. The study showed that
APP/PS1/NALP3™'~ and APP/PS1/caspase-1~/~ mice were largely
protected from loss of spatial memory and other sequelae compared
to APP/PS1 mice. The deficiency of NALP3 reduced caspase-1 activation
and IL-13 secretion and enhanced AP clearance. Furthermore, NALP3 or
caspase-1 deficiency resulted in a skew of microglia activation towards
an M-2 like activated state, as markers of alternative activation of mi-
croglia of the M2 type such as “found in inflammatory zone 1 (FIZZ1)”
and arginase-1 are upregulated, and hallmark of classical activation
M1 type-NOS2 are downregulated [22]. This is consistent with our
previous study which demonstrated that inhibition of NALP3
inflammasome by Cytochalasin D reduced classical activation of mi-
croglia upon exposure to AR and PrP fibrils [61,62]. It has been
proved that activation of NALP3 inflammasome induced M1 type
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Fig. 1. Schematic model of NALP3 inflammasome activation in response to misfolded protein stimulation. The misfolded proteins can set fire to microglial NALP3 inflammasome via K*
efflux, lysosomal destabilization and ROS increase. Then, the activation of NALP3 inflammasome leads to caspase-1 activation and IL-1( release.



activation of microglia and resulted in the clearance of AP, but acti-



and the Fc domain of human immunoglobulin G1), and the neutralizing
monoclonal anti-IL-1f3> antibody canakinumab [15,50].

The blockade of IL-1( activity with anakinra or canakinumab in pa-
tients with T2DM has shown a remarkable clinical improvement in gly-
cemic control and beta cell function in parallel to a decrease in systemic
markers of inflammation [2,31,32,55,64]. Moreover, the investigation
of the effect of rilonacept on beta-cell function in animal models
has shown that it prolongs survival of transplanted pancreatic islets
to type 1 diabetic NOD mice [57].

IL-1f> targeting may also be a reliable target for protective therapies
in neurodegenerative diseases. In a study that highlights the potential
therapeutic benefit of IL-1(3 targeting in Alzheimer's disease, blocking
IL-1 signaling with an IL-1R blocking Ab in a mouse model of
Alzheimer's disease significantly altered brain inflammatory re-
sponses, rescued cognition, attenuated tau pathology, and restored
neuronal 3-catenin pathway function [29]. However, these results
need to be interpreted with caution, as the pleiotropic functions of
IL-1p make it difficult to predict the net therapeutic effect of


http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0005
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0005
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0005
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0010
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0010
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0010
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0015
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0015
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0020
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0020
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0020
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0025
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0025
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0030
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0030
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0030
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0035
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0035
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0040
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0040
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0045
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0045
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0045
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0050
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0050
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0055
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0055
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0055
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0060
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0060
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0060
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0065
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0065
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0065
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0070
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0070
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0070
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0070
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0075
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0075
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0075
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0080
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0080
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0080
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0085
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0085
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0085

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

B. Feve, J.P. Bastard, The role of interleukins in insulin resistance and type 2 diabetes
mellitus, Nat. Rev. Endocrinol. 5 (2009) 305-311.

F.G. Gervais, D. Xu, G.S. Robertson, J.P. Vaillancourt, Y. Zhu, J. Huang, et al., Involve-
ment of caspases in proteolytic cleavage of Alzheimer's amyloid-{> precursor protein
and amyloidogenic AP peptide formation, Cell 97 (1999) 395-406.

I. Hafner-Bratkovi¢, M. Bencina, K.A. Fitzgerald, D. Golenbock, R. Jerala, NLRP3
inflammasome activation in macrophage cell lines by prion protein fibrils as the
source of IL-1f3 and neuronal toxicity, Cell. Mol. Life Sci. 69 (2012) 4215-4228.

A. Halle, V. Hornung, G.C. Petzold, C.R. Stewart, B.G. Monks, T. Reinheckel, et al., The
NALP3 inflammasome is involved in the innate immune response to amyloid-beta,
Nat. Immunol. 9 (2008) 857-865.

M.T. Heneka, M.P. Kummer, A. Stutz, A. Delekate, S. Schwartz, A. Vieira-Saecker,
et al., NLRP3 is activated in Alzheimer's disease and contributes to pathology in
APP/PS1 mice, Nature 493 (2013) 674-678.

E.C. Hirsch, S. Hunot, B. Faucheux, Y. Agid, Y. Mizuno, H. Mochizuki, et al., Dopami-
nergic neurons degenerate by apoptosis in Parkinson's disease, Mov. Disord. 14
(1999) 383-384.

B. Howley, H. Fearnhead, Caspases as therapeutic targets, J. Cell. Mol. Med. 12 (2008)
1502-1516.

C.lJin, RA. Flavell, Molecular mechanism of NLRP3 inflammasome activation, J. Clin.
Immunol. 30 (2010) 628-631.

H. Johnston, H. Boutin, S. Allan, Assessing the contribution of inflammation in
models of Alzheimer's disease, Biochem. Soc. Trans. 39 (2011) 886.

C.Juliana, T. Fernandes-Alnemri, J. Wu, P. Datta, L. Solorzano, J.-W. Yu, et al., Anti-
inflammatory compounds parthenolide and Bay 11-7082 are direct inhibitors of
the inflammasome, J. Biol. Chem. 285 (2010) 9792-9802.

T.-D. Kanneganti, M. Lamkanfi, G. NUfiez, Intracellular NOD-like receptors in host
defense and disease, Immunity 27 (2007) 549-559.

M. Kitazawa, D. Cheng, M.R. Tsukamoto, M.A. Koike, P.D. Wes, V. Vasilevko, et al.,
Blocking IL-1 signaling rescues cognition, attenuates tau pathology, and restores
neuronal 3-catenin pathway function in an Alzheimer's disease model, J. Immunol.
187 (2011) 6539-6549.

M. Krebs, M. Roden, Molecular mechanisms of lipid-induced insulin resistance in
muscle, liver and vasculature, Diabetes Obes. Metab. 7 (2005) 621-632.

C.M. Larsen, M. Faulenbach, A. Vaag, A. Volund, J.A. Ehses, B. Seifert, et al., Interleu-
kin-1-receptor antagonist in type 2 diabetes mellitus, N. Engl. J. Med. 356 (2007)
1517-1526.

C.M. Larsen, M. Faulenbach, A. Vaag, J.A. Ehses, M.Y. Donath, T. Mandrup-Poulsen,
Sustained effects of interleukin-1 receptor antagonist treatment in type 2 diabetes,
Diabetes Care 32 (2009) 1663-1668.

E. Latz, The inflammasomes: mechanisms of activation and function, Curr. Opin.
Immunol. 22 (2010) 28-33.

M.C. Leal, J.C. Casabona, M. Puntel, F.J. Pitossi, Interleukin-13 and tumor necrosis
factor-au: reliable targets for protective therapies in Parkinson's Disease? Front.
Cell. Neurosci. 7 (2013) 53.

H.M. Lee, JJ. Kim, HJ. Kim, M. Shong, BJ. Ku, E.K. Jo, Upregulated NLRP3
inflammasome activation in patients with type 2 diabetes, Diabetes 62 (2013)
194-204.

JY. Lee, KH. Sohn, S.H. Rhee, D. Hwang, Saturated fatty acids, but not unsaturated
fatty acids, induce the expression of cyclooxygenase-2 mediated through toll-like
receptor 4, J. Biol. Chem. 276 (2001) 16683-16689.

S.-). Lee, Origins and effects of extracellular oi-synuclein: implications in Parkinson's
disease, J. Mol. Neurosci. 34 (2008) 17-22.

D. Litteljohn, E. Mangano, M. Clarke, J. Bobyn, K. Moloney, S. Hayley, Inflammatory
mechanisms of neurodegeneration in toxin-based models of Parkinson's disease,
Parkinsons Dis 2011 (2010).

L.E. Ludlow, R.W. Johnstone, C.J. Clarke, The HIN-200 family: more than interferon-
inducible genes? Exp. Cell Res. 308 (2005) 1-17.

F. Martinon, K. Burns, J. Tschopp, The inflammasome: a molecular platform trigger-
ing activation of inflammatory caspases and processing of prolL-{3, MolCell 10
(2002) 417-426.

F. Martinon, A. Mayor, J. Tschopp, The inflammasomes: guardians of the body, Annu.
Rev. Immunol. 27 (2009) 229-265.

F. Martinon, V. Pétrilli, A. Mayor, A. Tardivel, J. Tschopp, Gout-associated uric acid
crystals activate the NALP3 inflammasome, Nature 440 (2006) 237-241.

S.L. Masters, A. Dunne, S.L. Subramanian, R.L. Hull, G.M. Tannahill, F.A. Sharp, et al.,
Activation of the NLRP3 inflammasome by islet amyloid polypeptide provides a
mechanism for enhanced IL-1 [beta] in type 2 diabetes, Nat. Immunol. 11 (2010)
897-904.

S.L. Masters, L.A. O'Neill, Disease-associated amyloid and misfolded protein aggre-
gates activate the inflammasome, Trends Mol. Med. 17 (2011) 276-282.

AH. Minn, C. Hafele, A. Shalev, Thioredoxin-interacting protein is stimulated by glu-
cose through a carbohydrate response element and induces [>-cell apoptosis, Endo-
crinology 146 (2005) 2397-2405.

M. Mogi, A. Togari, T. Kondo, Y. Mizuno, O. Komure, S. Kuno, et al., Caspase activities
and tumor necrosis factor receptor R1 (p55) level are elevated in the substantia
nigra from Parkinsonian brain, J. Neural Transm. 107 (2000) 335-341.

M. Mraz, Z. Lacinova, J. Drapalova, D. Haluzikova, A. Horinek, M. Matoulek, et al., The
effect of very-low-calorie diet on mRNA expression of inflammation-related genes
in subcutaneous adipose tissue and peripheral monocytes of obese patients with
type 2 diabetes mellitus, The J Clin Endocrinol Metab 96 (2011) E606-E613.

R. Mufoz-Planillo, P. Kuffa, G. Martinez-Colén, B.L. Smith, T.M. Rajendiran, G. NUfiez,
K+ efflux is the common trigger of NLRP3 inflammasome activation by bacterial
toxins and particulate matter, Immunity 38 (2013) 1142-1153.

[49]
[50]
151]
52]
53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

A. Nath, E. Rhoades, A flash in the pan: dissecting dynamic amyloid intermediates
using fluorescence, FEBS Lett. 587 (2013) 1096-1105.

E. Ozaki, M. Campbell, S.L. Doyle, Targeting the NLRP3 inflammasome in chronic in-
flammatory diseases: current perspectives, J. Inflamm. Res. 8 (2015) 15-27.

H. Parikh, E. Carlsson, W.A. Chutkow, L.E. Johansson, H. Storgaard, P. Poulsen, et al.,
TXNIP regulates peripheral glucose metabolism in humans, PLoS Med. 4 (2007) e158.
M. Pickering, J.J. O'Connor, Pro-inflammatory cytokines and their effects in the den-
tate gyrus, Prog. Brain Res. 163 (2007) 339-354.

M. Porgba, A. Stré yk, G.S. Salvesen, M. ot g, Caspase substrates and inhibitors, Cold
Spring Harb. Perspect. Biol. 5 (2013) a008680.

J.-L. Poyet, S.M. Srinivasula, M. Tnani, M. Razmara, T. Fernandes-Alnemri, E.S.
Alnemri, Identification of ipaf, a human caspase-1-activating protein related to
Apaf-1, J. Biol. Chem. 276 (2001) 28309-28313.

P.M. Ridker, C.P. Howard, V. Walter, B. Everett, P. Libby, J. Hensen, et al., Effects of
interleukin-1beta inhibition with canakinumab on hemoglobin Alc, lipids, C-
reactive protein, interleukin-6, and fibrinogen: a phase Ilb randomized, placebo-
controlled trial, Circulation 126 (2012) 2739-2748.

J.M. Rubio-Perez, .M. Morillas-Ruiz, A review: inflammatory process in Alzheimer's
disease, role of cytokines, Sci. World J. 2012 (2012).

T. Rydgren, E. Oster, M. Sandberg, S. Sandler, Administration of IL-1 trap prolongs
survival of transplanted pancreatic islets to type 1 diabetic NOD mice, Cytokine 63
(2013) 123-129.

K. Schroder, J. Tschopp, The inflammasomes, Cell 140 (2010) 821-832.

K. Schroder, R. Zhou, J. Tschopp, The NLRP3 inflammasome: a sensor for metabolic
danger? Science 327 (2010) 296-300.

J. Scott, Scrapie pathogenesis, Br. Med. Bull. 49 (1993) 778-791.

F. Shi, L. Yang, M. Kouadir, Y. Yang, J. Wang, X. Zhou, et al., The NALP3 inflammasome
is involved in neurotoxic prion peptide-induced microglial activation, J. Neuroin-
flammation 9 (2012) 73.

F. shi, L. Yang, J. Wang, M. Kouadir, Y. Yang, Y. Fu, et al., Inhibition of phagocytosis re-
duced the classical activation of BV2 microglia induced by amyloidogenic fragments
of beta-amyloid and prion proteins, Acta Biochim. Biophys. Sin. 45 (2013) 973-978.

F. Shi, Y. Yang, M. Kouadir, Y. Fu, L. Yang, X. Zhou, et al., Inhibition of phagocyto-
sis and lysosomal acidification suppresses neurotoxic prion peptide-induced
NALP3 inflammasome activation in BV2 microglia, J. Neuroimmunol. 260
(2013) 121-125.

J. Sloan-Lancaster, E. Abu-Raddad, J. Polzer, J.W. Miller, J.C. Scherer, A. De Gaetano,


http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0090
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0090
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0095
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0095
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0095
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0100
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0100
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0100
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0105
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0105
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0105
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0110
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0110
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0110
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0115
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0115
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0115
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0120
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0120
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0125
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0125
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0130
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0130
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0135
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0135
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0135
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0140
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0140
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0145
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0145
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0145
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0145
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0150
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0150
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0155
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0155
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0155
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0160
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0160
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0160
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0165
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0165
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0170
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0170
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0170
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0175
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0175
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0175
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0180
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0180
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0180
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0185
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0185
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0190
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0190
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0190
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0195
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0195
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0200
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0200
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0200
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0205
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0205
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0210
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0210
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0215
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0215
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0215
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0215
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0220
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0220
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0225
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0225
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0225
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0230
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0230
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0230
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0235
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0235
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0235
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0235
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0240
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0240
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0240
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0240
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0245
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0245
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0250
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0250
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0255
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0255
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0260
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0260
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0265
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0265
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0270
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0270
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0270
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0275
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0275
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0275
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0275
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0280
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0280
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0285
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0285
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0285
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0290
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0295
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0295
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0300
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0305
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0305
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0305
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0310
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0310
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0310
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0315
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0315
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0315
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0315
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0320
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0320
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0320
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0320
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0325
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0325
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0330
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0330
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0335
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0335
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0335
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0340
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0340
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0340
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0345
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0345
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0350
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0350
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0350
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0355
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0355
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0355
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0360
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0360
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0360
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0365
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0365
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0365
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0370
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0370
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0370
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0375
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0375
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0380
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0380
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0380
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0385
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0385
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0390
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0390
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0390
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0395
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0395
http://refhub.elsevier.com/S0024-3205(15)00287-8/rf0395

	NALP3 inflammasome activation in protein misfolding diseases
	1. Introduction
	2. The inflammasome
	3. Neuropathic diseases
	3.1. The inflammasome in Prion diseases
	3.2. The inflammasome in Alzheimer's disease
	3.3. The inflammasome in Parkinson's disease

	4. Nonneurophathic diseases
	4.1. The inflammasome in type 2 diabetes

	5. Potential and challenges for therapeutic interventions
	6. Conclusion
	Conflict of interest statement
	Acknowledgments
	References


