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Abstract

Background: Both obesity and high dietary fat intake activdte NLRP3 inflammasome.

Objective: We aimed to examine NLRP3 inflammasome activitthim airways of obese asthmatics, following
macronutrient overload and in immune cells chakhlgy inflammasome triggers.

Methods: Study 1: Cross-sectional, observational study of non-oljesB1) and obese (n=76) asthmatic adults.
Sudy 2: Randomized, crossover, acute feeding study in 28regic adults (n=12 non-obese, n=11 obese).
Subjects consumed 3 isocaloric meals on 3 sepacatesions: saturated fatty acid (SFA), n-6 polyturséed
(PUFA) and carbohydrate (CHO); and were assesseatad 4 hours. For Study 1 and 2, airway inflaniomat
was measured using sputum differential cell couht4f protein (ELISA) and sputum cell gene expression
(Nanostring nCounteriudy 3: Peripheral blood neutrophils and monocytes wexatisd using Ficoll density
gradient and magnetic bead separation, and inadilétk or without palmitic acid, LPS or TNFor 24 hours
and IL-1B release measured (ELISA).

Results: Sudy 1: NLRP3 and NOD1 gene expression were upregulatedi sputum IL-f protein levels higher,
in obese versus non-obese asthma8iegly 2: The SFA meal led to increases in sputum %neuti®phd

sputum cell gene expression of TLR4 and NLRP3ladufs, in non-obese asthmatisdy 3: Neutrophils and
monocytes released ILBwhen challenged with a combination of palmiticdeand LPS or TNé&.

Conclusion: The NLRP3 inflammasome is a potential therapetatiget in asthma. Behavioural interventions
that reduce fatty acid exposure, such as weighd kosd dietary saturated fat restriction warranthimr

exploration.

Clinical implications. Both obesity and saturated fat intake cause NLRMammasome-mediated airway
inflammation in asthma. Hence weight loss and dyefat restriction warrant further exploration astia

inflammatory strategies in asthma.

Capsule summary: The NLRP3 inflammasome is upregulated in obetdenzics and following a high
saturated fat meal in non-obese asthmatics. Battrsal of obesity and restriction of dietary satienl fat

intake warrant further exploration as anti-inflantorg strategies in asthma.

Key words: fatty acids; saturated fat; obesity; inflammaspaiavay inflammation; interleukin 1 beta; asthma
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Abbreviations:

ANOVA, analysis of variance

BMI, body mass index

C10:0, capric acid

C14:0, myristic acid

C16:0, palmitic acid

C18:0, stearic acid

C18:2 n-6, linoleic acid

C20:4 n-6, arachidonic acid

CD, cluster of differentiation

CHO, carbohydrate

CXCL8, CXC chemokine ligand 8

EDTA, ethylenediaminetetraacetic acid
ELISA, enzyme linked immunosorbent assay
ER, endoplasmic reticulum

FA, fatty acid

FEV1, forced expiratory volume in 1 second
FVC, forced vital capacity

IL, interleukin

IL1-R, IL-1 receptor

IL-1RA, IL-1 receptor antagonist

IL-1RAP, IL-1 receptor accessory protein
IL-1RN, IL-1 receptor agonist

LPS, lipopolysaccharide

MUFA, monounsaturated fatty acid

NFkB, nuclear factor kappa-light-chain-enhancer oivatéd B cells
NLR, nod like receptor

NLRP3, nucleotide oligomerisation domain-like retoegorotein 3
NOD, nucleotide oligomerisation domain
PGKZ1, phosphoglycerate kinase 1

PUFA, polyunsaturated fatty acids

RNA, ribonucleic acid

SFA, saturated fatty acid

STRING, Search Tool for the Retrieval of Interagt®enes
TLR, toll like receptor toll like receptor

TNF, tumor necrosis factor



99 Introduction
100  Asthma is a chronic inflammatory airways diseaséhviaffects 300 million people worldwide, with pedgnce
101 rates of >10% in many westernized countries (1)esiip rates are also alarmingly high, with over 266
102 adults in developed countries estimated to be of@seObesity increases asthma risk and ‘obesevastis
103 recognised as a distinct clinical phenotype (3} thalifficult to manage, characterised by worsegldunction
104 (4) and symptoms (5) and reduced response to agtharanacotherapy, including glucocorticoids (6-B)e
105 unique inflammatory profile induced by excess ad@gtissue in obesity likely contributes to this pdiype (8).
106
107 In obesity, adipocytes and adipose tissue-residetdrophages release pro-inflammatory mediatordy sisc
108  tumour necrosis factor (TNF and interleukin (IL)-6, leading to chronic systermflammation. Integral to this
109 process is the activation of the nucleotide oligosagion domain (NOD)-like receptor protein 3 (NLRP).
110 NLRP3 can be activated by excess SFAs, cholesteiblcellular debris following adipocyte apoptosding
111 to the assembly of the NLRP3 inflammasome, thatuitcand activates caspase-1 (Caspl), leadingpdo t
112 secretion of IL-B (9). We (10) and others (11, 12), have descrilmetleased airway neutrophilia in obese
113 asthmaWhether NLRP3 inflammasome activation contributeadutrophil influx in obese asthma is unknown.
114
115 Independent of the effects of excess adipose tismaeronutrient loading, which is common in obese
116 individuals, induces postprandial inflammatiaia mechanisms such as direct activation of innate umenm
117 receptors and endoplasmic reticulum (ER) stresy {#/2 have previously shown that a high-energy fastl
118 meal induces airway neutrophilia and upregulategusp cell toll like receptor 4 (TLR4) gene expressin
119 asthma (14). However, the possible role of NLRH&immasome activity in postprandial airway inflantioa
120 has not been determined. Furthermore, the conipibutf different macronutrients to postprandialwaiy
121 inflammation has not been examined. Addressingetkey questions will provide a better understandihthe
122 nature of airway inflammation in obese asthma, Wwhidl enable the development of more effectiveatneent

123 strategies for this subgroup of asthmatics.

124  The aims of this study were to examine: 1) thevigtdf the NLRP3 inflammasome in obese asthmatiways;
125 2) the effect of macronutrient (SFA, n-6 PUFA and@) overload on inflammation and NLRP3 inflammasome
126 activity in asthmatic airways and; 3) the effectSifAs on NLRP3 inflammasome activity in specificninme
127 cells (neutrophils and monocytes).

128

129 Materialsand Methods

130

131 Study 1: Obese ver sus non-obese asthmatics: cross sectional comparison of inflammatory pathways

132 A cross-sectional, observational study was condudte 127 adult asthmatics, categorised as non-obese
133 (BMI<30 kg/n?; n=51) or obese (BMP30 kg/nf; n=76). Data from a subset of these subjects le&s b
134 previously reported (14-16). Subjects fasted owgniand asthma medications were withheld (short
135 actingbronchodilators, 6 hrs; long acting bronchodilatarsd inhaled corticosteroids, 24 hrs). Blood was
136 collected, spirometry and sputum induction werdgrared during hypertonic saline challenge (17).

137
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Study 2: Acute meal challenge effects on asthmatic airways. SFA and n-6 PUFA versusCHO

A randomized, crossover trial was conducted in @8ta (n=12 non-obese and n=11 obese) with staitherea.
Prior to each visit, subjects fasted overnight asthma medications were withheld (as above). AbOrd)
blood was collected and sputum induced (as abo¥g)then the study meal was consumed. At 4 holosdb
and induced sputum were collected again. On tHeviglg visits, subjects repeated these proceduits an
alternate study meal. Meals were consumed in ranofoler with a minimum washout period of 7 days lestw
visits.

Three different isocaloric meals were tested, iitheither SFA, n-6 PUFA or CHO. At 0 hours, subgect
consumed 200g potato. Subjects also consumed dordden and butter (SFA meal), safflower oil (n-6F2U
meal), or glucose confectionary (CHO meal). Meakrentimed to ensure peak nutrient concentration$ at
hours; 0 hours for the FA meals and 2 hours for @O meal. The nutrient composition of the meals is
described in Table 1. Study 1 and 2 were approyethé Hunter New England and University of Newaastl
Human Research Ethics Committees. Written inforroedsent was obtained from all subjects. Study 2 was
prospectively registered with the Australian and wNeZealand Clinical Trials Registry
(ACTRN12612000697886).

Procedures

Subject Characterization

Subjects were recruited from ambulatory care dirat John Hunter Hospital, Newcastle, AustraliathAs
was defined by clinical history and airway hypesgensiveness to hypertonic saline (4.5%), defireed18%

fall in forced expiratory volume in 1 second (FEMfrom baseline. Stable asthma was defined as no
exacerbation, respiratory tract infection or omdticosteroid use in the past 4 weeks. Skin pritdrgy testing

determined atopic status.

Blood collections and processing

Blood was collected into EDTA tubes and full blamalints were performed using a Beckman Coulter Li¢se
analyzer (Beckman Coulter Ltd, Brea, CA, USA) bynitar Area Pathology Service (Newcastle, Australia).
addition, plasma was separated by centrifugatié@,(40min, 3,000g) and stored at °80for FA analysis as
described previously (18), using gas chromatograpfii a 30m x 0.25mm (DB-225) fused carbon-silica
column, coated with cyanopropylphenyl (J & W ScignitFolsom, CA) and flame ionisation detector (idett
Packard 6890 Series Gas Chromatograph with Chaorstagoftware, version A.04.02, Hewlett-PackardpPa
Alto, CA).

Sputum collection and processing

Lower respiratory sputum portions were selecteddigplersed using dithiothreitol as previously dibsat (17).
Total cell counts and viability were performed bgemocytometer and cytospins used for different&l c
counts. Sputum supernatant concentrations ofpllwkre measured using ELISA Duoset (R&D Systems,
Minneapolis, USA), validated for use in sputum (1P9r gene expression analysis, 1Q0of selected sputum
was added to Buffer RLT (Qiagen, Hilden, Germamyg atored at -80°C for RNA extraction.
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Nanostring analysis

RNA was extracted from sputum using the RNeasy Mihi(Qiagen, Hilden, Germany) and quantitated gsin
the Quant-iT RiboGreen RNA Quantitation Assay Kiiolecular Probes Inc., Life Technologies, Carlst@4).
Using the Nanostring nCounter Analysis System (IS&nmy Technologies, Seattle, WA), gene expressiag

analyzed using a custom-designed codeset conta2di@gnflammation-related genes with 6 referenagege

Study 3: In vitro investigation of the effects of SFAs on neutrophilsand monocytes

Peripheral blood neutrophil and monocyte isolation

Peripheral blood was collected from healthy voleréeand neutrophils and monocytes isolated. Blatiéated

in citrate dextrose tubes was mixed with 10% dex{MP Biomedicals, Santa Ana, California, USA), tbp
layer was overlayed on Ficoll Paque-Plus densiadignt medium (GE Healthcare, Little Chalfont, Udtd
centrifuged (10 min, 2000g). Mononuclear cellstat interface of plasma and the Ficoll layer werkected
and monocytes isolated using CD14+ magnetic beRds. blood cells were lysed and neutrophils were
positively selected using CD16+ magnetic beads tévjli Biotec, Bergisch Gladbach, Germany)(20).
Neutrophils and monocytes were resuspended in RP84I0 containing 1% HEPES (Life Technologies,
Mulgrave, VIC, Australia), 1% FBS and 1% Antibio#mtimycotic and seeded (1 x 16ells/mL).

Treatment of cells

Cells were treated with palmitic acid (C16:0). $&eolutions of 0.5M palmitic acid (Sigma Aldrich,i$8ouri,
USA) were prepared in 100% ethanol and stored @G2Working solutions of 10mM were generated by
incubating palmitic acid in FA-free BSA (Sigma Alchn)(5:1) at 65°C for 10 min, then 39°C for 90 maiith
occasional vortexing. Neutrophils and monocytesewstimulated with O or 100uM palmitic acid and \addi
(EtOH/BSA/cell culture medium), with or without LR&pg/mL)(Sigma Aldrich) or TNé& (1ng/mL) (Sigma
Aldrich), then incubated at 37°C with 5% CO2 for 24h. Calkfrsupernatants were stored at -80°C for
measurement of ILfLby ELISA (R&D Systems, Minnesota, USA).

Statistical analysis

Analysis was conducted using Stata 11 (Stata Goofiege Station, TX). Parametric and non-parametata
are presented as mean + standard deviation (SDjnadian (quartile 1, quartile 3) respectively. Canigons
were conducted using Students t-test, Mann Whithidgst or Wilcoxon signed rank test for quantitatilata
and Chi-squared or Fisher’'s exact test for frequatata. Associations between variables were exainiiseg
Pearson’s correlation coefficient for parametridcadand Spearman’s rank correlation coefficient fion-
parametric data. For the acute meal study (Studgl#nges within intervention group compared tcelas
were compared using Wilcoxon signed rank test.dbéffices between intervention groups were compaied u
General Linear Models with atopy as a covariatendg&ring data was analyzed using nSolver Analysis
Software v2.5 (Nanostring Technologies, SeattleA)JJRaw counts were normalized to 6 positive costend
the reference gene, phosphoglycerate kinase 1 (P@HKd log transformed. Genes with a fold changé >1.
were assessed using unpaired (Study 1) or paitedy(2) t-tests using the Benjamini Hochberg adjestt for
multiple comparisons (false discovery rate 0.2%)ar8h Tool for the Retrieval of Interacting Gern®@sRING
v10 (http://string-db.org)(21) was used to investiiy pathway interactions between differentially resged



216 genes, using medium confidence scores >0.4. InyStutllanostring gene expression analysis was pagdrin
217 a subset of obese (n=11) and non-obese (n=14) astsmn Study 2, Nanostring analysis was perfarmehe
218 non-obese subjects for whom paired sputum sampes awvailable from both 0 and 4 hours after the &teal
219  (n=4).

220

221  Results

222 Obese ver sus non-obese asthmatics. cross sectional comparison of inflammatory pathways

223 Subject characteristics are described in Table [2s® asthmatics had higher plasma levels of tofal, F
224  saturated FAs, monounsaturated FAs, C16:0, C18m) @R0:4n-6, compared to non-obese asthmatics.
225 Nanostring analysis of sputum cell gene expressiasbese versus non-obese asthmatics, identifiegeb@s
226  with >1.5 fold change that were differentially eepsed (Table 3). The most significantly upregulaede in
227 obese asthma was IL-5, followed by NODL1. IL-5 eggien was positively associated with NLRP3 expoessi
228  (r=0.483, p=0.015).

229

230 As NLRP3 gene expression was upregulated in obsthenatics, we measured sputum If-doncentrations, a
231 marker of NLRP3 activity. Sputum ILBlconcentrations were higher in obese versus noeeobsthmatics
232 (Figure 1). Sputum cell NLRP3 gene expression gndusn IL-13 protein concentrations correlated with BMI
233 (Figure 2a and 2b). Sputum cell NLRP3 gene expoassorrelated with sputum ILBLprotein concentrations
234 (Figure 2c). TLR4 gene expression correlated withl B=0.448, p=0.025) and sputum %neutrophils (43B,
235 p=0.030). When analyzed by gender, in females ¢mhi4), IL-13 gene expression correlated with NLRP3
236 gene expression (r=0.877, p<0.001), TLR4 gene egmer (r=0.697, p=0.007) and sputum %neutrophils
237 (r=0.775, p=0.003) and inversely correlated withréslicted FEV1 (r=-0.649, p=0.014) and %predictedCFV
238  (r=-0.613, p=0.022).

239
240  Acute meal challenge effects on asthmatic airways. SFA and n-6 PUFA versus carbohydrate

241 Subject characteristics are described in Tablet44 Aours after the n-6 PUFA meal challenge, plasnta
242 PUFA increased compared to baseline (total n-6 PURA.9%, p=0.005; 18:2n-6: +16%, p=0.003). At 430
243 after the SFA meal challenge, plasma SFA increasetpared to baseline (total SFA: +11.9%, p=0.008:C:
244  +20.9%, p=0.001; C18:0: +19.7%, p=0.044). Followihg carbohydrate meal, there were no changesaanya
245 FA concentrations.

246

247 Changesin inflammatory cell counts following each intervention

248 Changes in blood and induced sputum leukocyte sdotibwing each intervention are described in €ahl In
249 blood, total white cell, lymphocyte and monocyteurts increased in each intervention group at 4 our
250 compared to baseline. Blood neutrophils increas#idwing the fat meals (SFA and n-6 PUFA) but noé t
251 carbohydrate meal. The increases in white cellredrophil counts were higher following the SFA inban
252 the carbohydrate meal. In induced sputum, total @etl macrophage counts decreased at 4 hours versus
253 baseline following both the carbohydrate and n-6-Runeals. An increase in eosinophils was eviderthén-
254 6 PUFA group only.

255
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When analysed according to BMI category, in bloadhf both non-obese and obese asthmatics, totat whlt
and neutrophil counts were increased at 4 hourpaosd to baseline after the fat meals (SFA andPUEA)
(Figure 3a). In the non-obese group, the changehite cells and neutrophils was higher following tfat

meals than the carbohydrate meal (Figure 3a).

In sputum from non-obese subjects, %neutrophilseased following the SFA meal only (Figure 3b).alatkell
counts decreased after the carbohydrate and n-&RHals, but not the SFA meal, at 4 hours compaitd
baseline (Figure 3b). In sputum from obese suhjebts only significant change was a decrease &l tll

count following the carbohydrate meal at 4 houmnmpared to baseline (Figure 3b).

Effect of SFA on sputum cell gene expression in non-obese asthmatics
Nanostring analysis in sputum from non-obese stihjedentified 9 genes with >1.5 fold change thatrev
differentially expressed at 4 hours after the SFéahtompared to baseline (Table 6). From thesesgameain

gene network containing 8 genes was identifiedu(fEat).

In vitro investigation of SFA effects on neutrophils and monocytes

In both neutrophils and monocytesx vivo exposure to palmitic acid alone did not induce P.1Elease.
However, in both cell types, the combination ofnpiic acid and LPS or TNF, led to increased ILfillrelease
(Figure 5).

Discussion

This study provides important new insight into @gNLRP3 inflammasome activity in asthmatics withigh
BMI and following excess macronutrient intake. Wavé shown increased circulating FA levels, actoratf
the innate immune receptor, NOD1, increased NLR®8ity and IL-1B protein levels in obese asthmatics. We
have also determined that SFAs induce postpraadiahy inflammation with increased TLR4, NLRP3 dhd

1 pathway gene expression, in non-obese asthmblsaisgin vitro models, we have confirmed that neutrophils
and monocytes, are a key source of NLRP3 inflammasdriven postprandial inflammation. Hence, our
studies describe the independent, yet consistéattefof both a high BMI and high saturated fatkat on

NLRP3 inflammasome activation in asthma, with bathtributing to airway inflammation.

We identified 13 genes that were differentially egsed in obese versus non-obese asthmatics. richisled
NOD1 and NLRP3, which are both members of the rikal-teceptor (NLR) family and involved in the
activation of the NLRP3 inflammasome. The NLRP3anfmasome integrates metabolic and inflammatory
processes, stimulated by various metabolites, detufatty acids, to induce production of 113;in a two-step
process (22). In the first step, triggers such B&sSor TNFa, bind to innate immune receptors such as TLR4,
NOD1, or TNFR1/2, inducing nuclear factor kappdiighain-enhancer of activated B ce(NFkB) activity
and production of pro-ILfi. In the second step, a stress signal, such as dkTéeramides (which can be
produced from SFAs (23)), triggers a signallingceal®e that mediates cleavage of procaspase-1 teeacti
caspase, then cleavage of pro-Btb mature IL-B (22). Ourex vivo experiments demonstrate the two-stage

process by which NLRP3 inflammasome activation c&chkree saturated fatty acid exposure (palmitid)ac

8
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alone did not stimulate inflammation. However, whedmitic acid was combined with another stimulblm

to be associated with the obese state, ie LPS dfaTN-1p release was induced from peripheral blood
inflammatory cells. Indeed, elevated plasma fatig devels and increased NOD1 and NLRP3 inflammasom
expression in adipose tissue are reflective obtiese state (24-27). (28). It has been demonsttiadéé¢dNLRP3

is also important in the airways, as in an allemgicuse model (29) the absence of NLRP3 andpllrebuced
the expression of IL-5, IL-13 and IL-3. Furthermoireexperimental models of severe, steroid resisiathma,
we have shown that NLRP3 and IB-tesponses are increased; that therapeuticallgtiaggNLRP3 reduces
IL-1p production, neutrophilic inflammation and airwdyger-responsiveness; and that administration dffiL
induces severe, steroid-resistant neutrophilicrast{80). We also observed an association betwed?PSLIL-

1B and neutrophil numbers and disease severity imasic patients (30). Here we report increased N&.RP
gene expression and increased protein levels dfjlin obese asthmatic airways, complementing a pusvio
report of increased sputum I3 Tollowing ozone exposure in obese subjects (3igréstingly, in females only,
IL-1B3 gene expression correlated with NLRP3 and TLR4egexpression and %sputum neutrophils, which
suggests that our previous report of increasedugp@bneutrophils in female obese asthmatics (10) beag
result of gender specific NLRP3 activation. Thisyrbe clinically important, as ILfl expression was inversely

correlated with lung function.

The upregulation of IL-5 expression in obese astanththe correlation between IL-5 and NLRP3 suggisit
the NLRP3 inflammasome may enhance Th2 cytokindymtion. Airway eosinophilia is a hallmark of astom
and IL-5 is the main cytokine associated with egghil development, mobilization, activation, redtstition
and survival (32). However, in the current studytsm %eosinophils were not increased in obeseradits,
which agrees with previous research from our graog others (11, 33, 34). A recent study in obesgemi
reported lower eosinophil counts in airway liningid, despite higher IL-5 and eotaxin levels andhier
eosinophil counts in the bone marrow and surroundlimg tissue (35). Another recent clinical stuthpwed
that airway sub-mucosal eosinophil numbers, butspottum eosinophils, were higher in obese subj@ets
Collectively, these results suggest that obesipnmtes eosinophil trafficking from bone marrow e tung,
but inhibits transit into the airways. They alsggest that other factors, possibly eotaxins, mainbelved in
eosinophil responses in obese asthma. The clinddavance of eosinophils in the mucosa versus tissye

requires investigation.

Using acute meal challenges, we examined the oslal effects of the macronutrients typically fduim
obesogenic diets; SFA, n-6 PUFA and simple carbadtgd. We found that both types of high fat meadstb
increases in circulating blood neutrophils and tewkes, which agrees with previous reports of iasegl blood
neutrophils following a high SFA meal (36, 37) dgthfat mixed meal (38). Our observation that digfat is
more pro-inflammatory than carbohydrate, is alsppsuted by previous acute feeding studies whichehav
shown that whilst both fat and carbohydrate inaezrculating neutrophils (36), NiEB activity and increased
TNF-o and IL-13 expression in mononuclear cells (39), dietaryirfdtices the greatest effect (36, 39). Increased
migration of leukocytes occurs following a high faeal, as cells exposed to excess free FAs aneatadi and

subsequently release chemokines such as CXCL8 dhds@an molecules such as CD11la (37). Indeed,
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neutrophils isolated from peripheral blood follogira SFA meal display increased chemotaxis towards

complement factor 5a (C5a), CXCL8 aNeormyl-methionyl-leucyl-phenylalanine (37).

We observed an increase in airway inflammation t(apu%neutrophils) following the saturated fat meal,
non-obese subjects only. We have previously regott@t neutrophilic airway inflammation is incredse
following a high fat, high energy mixed meal, whisfas high in saturated fat, but also carbohydratekn-6
PUFAs (14). The current study has allowed us teerdenhe which macronutrients activate inflammatory
pathways in asthmatic airways. Here we have demasst that only saturated fat increases
sputum %neutrophils, which is in agreement with pbsitive correlation that we previously reportestvieen
the change in plasma SFA and the change in sputneu®®phils following the high fat mixed meal (17his
also provides a potential explanation for previalservations that saturated fat intake is assatiaiich

increased asthma risk (40, 41).

Interestingly, there were no changes in airwayamfination in obese asthmatics, likely due to detizagon of
obese asthmatics due to chronic exposure to higlulating FA levels. Indeed, we have shown thatsebe
asthmatics have chronically elevated circulatingl&#els, likely to result from a combination of haxcessive

fat intake and metabolic abnormalities, which impair the hometistanechanisms responsible for cellular
uptake and storage of nutrients and maintenanagptifnal circulating fatty acid levels (42). Theyalhad
higher basal expression of the NLRP3 inflammasontkiacreased ILf3 release. Hence, it appears that obese
asthmatics do not experience further postprandiptegulation of inflammation. Desensitization of
inflammatory responses in asthmatics following cliccexposure to external stimuli, such as endotolas

been previously reported (43, 44).

In the non-obese asthmatics following the SFA irgation, there were 9 differentially expressed gefidiese
included NLRP3, TLR4, IL-1 receptor agonist (IL-1RMnd IL-1 receptor accessory protein (IL-1RAP),
which also suggest NLRP3 inflammasome activatidtR4 was upregulated, demonstrating the first stage
inflammasome activation, as SFAs bind to TLR4, kidg NF«kB activity and inflammatory cytokine
production (14, 45). This concurs with our previgastprandial study that showed increased genesssion

of TLR4 following a high fat, high energy mixed nh¢44). Here we also show upregulation of TLR6 gene
expression, which others have shown to form a bdierer with TLR2, which can be triggered by SFA to
activate an NReB-driven inflammatory cascade (46). Further, thelllpathway was modified by the SFA
meal in non-obese asthmatics, with transcriptsodifi bL-1RN and IL-1RAP being upregulated. IL-RNtise
gene that encodes the IL-1 receptor antagonistlRE) protein, which functions as an anti-inflammsto
cytokine by inhibiting the activities of ILeéland IL-13 through interaction with the IL-1 receptor (IL-1R)7).
IL-1RAP enhances IL-1 activity, being a necessampgonent of the IL-1R complex that initiates sidingl
events resulting in activation of IL-1-responsivengs. As described above, our previous studies $tawen
the importance of IL-1 pathway in inducing steraidensitive neutrophilic responses in mouse mo(B93

and predicting future exacerbations of airwaysalsg(48).

10



374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409

Our studies have several limitations. The studiessgnted in this paper examine NLRP3 inflammasome
activation in asthmatic airways, in relation to siheand saturated fat intake. As airway NLRP3anfmasome
activity increases in non-asthmatics with otheresxpes, such as ozone (31), we cannot excludeoselyility
that obesity and saturated fat would also activhée NLRP3 inflammasome in non-asthmatic airwayse Th
clinical implications of such a finding are unknoand this is an interesting area for further inigegton. The
cross sectional analysis cannot establish causesfiect, so our observations need to be furthetoezd in
longitudinal studies. Furthermore, the effect ofngorbidities such as obstructive sleep apnoeahoonic and
postprandial inflammation, are poorly understood ahould be considered in future research. Thecameial
study gene expression analysis had a small sariz@eas paired sputum samples could not be codiefcten
some individuals. This is difficult to address ths study design required two sputum inductionfiwit hours,
which reduces the likelihood of obtaining a suffici volume of mucus plugs on the second collection.
Nonetheless, we had adequate samples to identifiyges in airway cell numbers, which allowed usooug
our gene analysis. Another limitation of this stuslyhe absence of data on usual diets. This shHzalidcluded

in future studies to explore the effect of chronidrient intake on postprandial responses. Finally, studies
examined gene expression in sputum samples, whelka deterogeneous mixture of inflammatory celle W
have addressed this limitation by usigvitro experiments to confirm specific cell types that activated by
SFAs. Ourex vivo experiments also provide evidence of the tightiytmlled two-stage process by which
inflammasome activation occurs. In both neutrophildt monocytes, we found that a combination of lhaté

saturated fatty acid (palmitic acid) and LPS/TiNKere required to induce ILBlrelease.

Our analyses provide insight into the nature ofvayr inflammation in asthmatics with a high BMI aimdthe
postprandial phase. We have identified the NLRHARnmmasome as being differentially regulated in sabe
asthmatics and highlighted several targets, inolgddOD1 and NLRP3, which could be furthered exploi@
develop improved therapies for managing obese astl@ur study has also confirmed and extended our
previous observation that a high fat, high energgalminduces neutrophilic airway inflammation. Wevéa
shown that SFAs are the responsible macronutrigthtlze effect is confined to non-obese asthmatites have
also identified several genes involved in SFA-iretboeutrophilic airway inflammation, including TL®4and
NLRP3, which provide possible therapeutic targetsimmunomodulation. This study provides transladio
outcomes, suggesting that both reversal of obésigsthma and restriction of dietary saturatedirftke in

non-obese asthmatics warrant further investiga®anti-inflammatory strategies.
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525 Table 1: Nutrient composition of the isocaloric study meals. SFA, n-6 PUFA and carbohydrate meals.
526 Subjects consumed the following meals after anroght fast, in addition to 200g mashed potato piedi at
527  time 0 hours (720 kJ, 0.2g fat, 40g carbohydrate).

Carbohydrate n-6 PUFA Meal SFA Meal

Meal

Energy (kJ) 1850 1740 1840
Fat (g) <1 47 48
Fat (Y%energy) <1 100 >98
Saturated fatty acids (g) 0 4 34
Saturated fatty acids (%energy) 0 9 70
n-6 PUFA (g) 0 33 2
n-6 PUFA (%energy) 0 72 4
Carbohydrate (g) 100 0 <1
Carbohydrate (%energy) >99 0 <1
Protein (g) 0 0 <1
Protein (%energy) 0 0 <1

528

529
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Table 2. Clinical characteristics, sputum cell counts and plasma fatty acid concentrations of obese and
non-obese subjectsin Study 1

Non-obese (n=51) Obese (n=76) p-Value*
Clinical characteristics
Age (years) 48 (16) 52 (14) 0.231
Gender (M|F) 19|32 33|43 0.488
BMI (kg/nf)? 26.1+2.7 35.6+4.8 NA
Atopy, n(%) 30 (70) 33 (73) 0.711
FEV1%predictet 79.4+19.6 81.3+18.8 0.591
FVC%predicted 94.1+16.8 88.9+16.1 0.080
FEV1/FVCY% 67.7+£10.9 72.819.6 0.006
ICS dose (ug/da¥) 500 (0-1000) 500 (200-1000) 0.355
SABA use, n(%) 45 (88) 67 (88) 0.989
LABA use, n(%) 31 (61) 55 (72) 0.173
ACQ (units) 1.0 (0.4-1.6) 1.0 (0.6-1.4) 0.668
eNO (ppb) 18 (10-38) 20 (13-31) 0.568
Sputum cell counts”
Total cell count (1BmL) 3.1 (2.4-5.3) 2.1(0.8-5.0) 0.013
Neutrophils% 38.0 (24.0-54.8) 49.5 (24.5-64.3) 0.305
Neutrophils (1&/mL) 128.0 (53.0-301.0) 94.7 (24.4-259.2) 0.177
Eosinophils% 1.5(0.7-6.4) 2.0 (0.5-4.8) 0.932
Eosinophils (10mL) 6.7 (2.1-18.3) 5.1 (0.9-13.4) 0.287
Macrophages% 52.8 (35.8-65.5) 43.5(29.3-64.8) 0.341
Macrophages (£0nL) 177.5(114.1-235.3)  98.3 (34.1-202.9) 0.001
Plasma fatty acids (mg/L)?
C10:0 1.1+0.2 1.7+1.1 0.208
C14:0 37.243.2 39.3+£3.5 0.374
C16:0 710.0+39.4 807.8+45.5 0.042
C18:0 214.9+11.5 245.3+12.7 0.014
C18:2 n-6 877.9+30.8 940.3+41.0 0.274
C20:4 n-6 313.1+14.8 357.1+14.9 0.022
SFA 1017.04£54.9 1154.1+63.3 0.035
MUFA 887.1+55.1 1042.4+58.8 0.006
PUFA 1571.2+49.9 1701.4+62.8 0.107
Total FA 3475.3+153.7 3897.9+175.9 0.029

ACQ, Asthma Control Questionnaire; BMI, body masdeix; C10:0, capric acid; C14:0, myristic acid; @16
palmitic acid; C18:0, stearic acid; C18:2 n-6, leio acid; C20:4 n-6, arachidonic acid; eNO, extaldric
oxide; FEV1%, forced expiratory volume in 1 secasdpercentage of predicted value; FVC%, forced vita
capacity as percentage of predicted value; ICSl@thcorticosteroids; MUFA, monounsaturated fattigs;
PUFA, polyunsaturated fatty acids; SFA, saturagety facids®Mean+SD;°Median (Quartile 1-3);
“vbeclomethasone equivalents; *Parametric data weakyzed using the unpaired t-test and non-paramedtia
were analyzed using the Mann Whitney U test.
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545 Table 3. Sputum cell genes differentially expressed (>1.5 fold change) in obese (n=11) ver sus non-obese
546 (n=14) asthmaticsin Study 1

547
p value
Gene Symbol Gene Name Fold change (Obese vs
Non-obese)
IL5 interleukin 5 5.4 0.003
NOD1 nucleotide binding oligomerization domain @ining 1 1.8 0.015
TREM2 Triggering receptor expressed on myeloidsc2ll 2.4 0.023
GNGT1 G protein subunit gamma transducin 1 3.1 .02
FASLG Fas ligand 4.2 0.025
IRF7 Interferon regulatory factor 7 15 0.031
NLRP3 NLR family, pyrin domain containing 3 2.5 8D
IL9 interleukin 9 3.1 0.041
IL12B interleukin 12B 4.0 0.046
TBXA2R thromboxane A2 receptor 1.8 0.046
CI1R complement component 1, r subcomponent 3.0 80.04
TGFBR1 transforming growth factor beta receptor 1 1.5- 0.048
TGFB2 transforming growth factor beta 2 2.2 0.050
548

549 Data were assessed using unpaired t-tests witRehgmini Hochberg adjustment for multiple compainis.
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550

Table 4. Characteristics of asthmatic subjects who completed the acute meal challenge study in Study 2

551 (Visit 1, time=0 hours)
552
p value
(Obese vs
Non-
All samples Non-obese Obese obesé€)
N 23 12 11 NA
Age (years) 46.0(16.5) 41.2(16.8) 51.3(15.1) 0.145
Gender (F|M) 16|7 715 92 0.221
BMI, mean+SD 30.3+4.7 26.7+£2.0 34.3£3.5 NA
Atopy, n (%) 13 (62) 8 (67) 5 (56) 0.060
FEV1%, mean+SD 80.9+£19.6 79.6£22.9  82.5+16.3 0.730
FVC%, mean+SD 87.9+14.9 88.3+15.7 87.4+14.7 0.887
FEV1/FVC (%), mean+SD 73.4+11.8 72.4+14.4 74.6+£8.7 0.665
ACQ (units), median (Q1-Q3) 0,7 0.8 0.7 0.337
(0.41.1; (0.5-1.0 (0.€-0.7;
ICS use (g/dayf, median (Q1-Q3) 1000 625 1000 0.459
(75C-2000 (0-1000 (0-1750
Sputum cell counts. median (Q1-Q3)
Total cell count (x10mL) 3.7 2.5 4.7 0.472
(1.7-5.5) (1.4-6.3 (2.53-5.6]
Neutrophils% 24.8 23.5 25.3 0.762
(12.7-48.8 (14.¢-43.3,  (10.4-55.2
Eosinophils% 0.8 0.8 1.3 0.593
(0.5-2.4) (0.4-2.7, (0.4-2.6;
Macrophages% 64.0 58.3 70.0 0.650
(44.1-78.9) (48.¢-71.4, (39.6-80.7
Blood cell counts (x10%L). M edian (Q1-Q3)
5.9 5.2 6.0 0.308
Total white cells (5.¢-6.8 (4.4-7.0; (5.5-6.7,
34 3.3 3.4 0.411
Neutrophils (2.6-3.8; (2.5-3.6, (3.24.2
1,9 1.6 1.9 0.339
Lymphocytes (1.5-2.1 (1.2-2.0; (1.5-2.2
0.4 0.4 0.4 0.787
Monocytes (0.2-0.6 (0.2-0.6 (0.4-0.6;
0.1 0.2 0.1 0.697
Eosinophils (0.1-0.3 (0.1-0.3_ (0.1-0.3
553 BMI, body mass index; FEV1%, forced expiratory vokiin 1 second as percentage of predicted valu€d%Vv
554  forced vital capacity as percentage of predictdde/dParametric data were analyzed using the unpaitest t-
555 and non-parametric data were analyzed using thenMghitney U test’beclomethasone equivalents. Kruskal
556  Wallis testing confirmed that there were no diffezes in the baseline (time=0 hours) cell countefmh of the
557  study meals.
558
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Table 5. White blood cell and sputum super natant counts of subjects at baseline and 4 hours after each isocaloric meal in Study 2

Blood (x107/L) Carbohydrate (n=21) n-6 PUFA (n=22) SFA (n=21)
Oh 4h p Oh 4h P Oh 4h P p’
Total white cells 5.5(5.0,6.3) 6.2(5.4,7.4) 0.010 .8(5,6.7) 6.6(6.2,7.5) 0.001 6.2(5.4,6.8) 7.3(64),8 0.001 0.034
Neutrophils 3.2(2.6,3.5) 3.6(3.3,4.5) 0.062 3.228 3.9(3.6,4.4) 0.001 3.9(2.8,4.3) 4.3(3.5,5.6)0.001  0.036
Lymphocytes 1.7(1.5,2.1) 1.9(1.6,2.3) 0.001 13Q.1) 2.1(1.7,2.5) 0.001 1.9(1.5,2.2) 2.1(15),2. 0.002 0.476
Monocytes 0.4(0.3,0.5) 0.5(0.4,0.6) 0.01 0.4(0.3,0.5) 0.4(0.4,0.5) 0.040 0.4(0.3,0.5) @450.6) 0.007 0.347
Eosinophils 0.1(0.1,0.3) 0.1(0.1,0.3) 0.620 0.2M3) 0.2(0.1,0.3) 0.119 0.2(0.1,0.3) 0.2(0.1,0.2)0.565  0.194
Sputum Carbohydrate (n=20) n-6 PUFA (n=20) SFA (n=19)
Oh 4h pt Oh 4h pt Oh 4h pt p#
Total cell count (x18L) 3.6(2.6,6.4) 2.0(1.2,3.7) 0.003 2.6(1.3,6.0) 1(2.6,3.2) 0.012 3.0(1.5,4.6) 2.0(1.4,3.5) 0.382 748.
Neutrophils% 36.5(16.6,56.4) 47.6(11.8,59.8) 0.268.9(20.5,59.8) 28.1(14.8,60.8) 1.000 33.0(11.8)744.9(26.8,60.3) 0.140 0.530
Eosinophils% 1.1(0.3,3.1) 1.4(0.3,3.0) 0.849 0B@M3) 1.8(0.4,2.8) 0.029 1.0(0.5,2.8) 1.3(0.5,4.0)0.077  0.180
Macrophages% 58.1(41.3,77.6) 42.8(31.7,64.0) 9.084.3(35.6,71.6) 50.0(31.8,67.3) 0.044 53.3(38,8.850.5(23.5,57.5) 0.056 0.883
Lymphocytes% 0.9(0.0,3.4) 1.0(0.5,2.5) 0.304 (03p.8) 1.5(0.63,5) 0.238 1.3(0.5,4.5) 0.63(08,1. 0.209  0.208

Data is Median (Quartile 1 — Quartile 3ypomparison of 4hr vs Ohr (analyzed using the Wittosigned rank testjcomparison of change following each meal (analysed
using repeated measures ANOVA)P<0.05 for CHO vs SFA (analysed using General LlineModel with atopy as a covariate).
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Table 6. Sputum cell genes differentially expressed (>1.5 fold change) at 4 hours after consumption of a
SFA meal by non-obese asthmatics (n=4) in Study 2

Gene Gene name Fold P value
Symbol change  (4hrvs O hr)
NLRP3 NLR family, pyrin domain containing 3 29 03
TLR4 toll-like receptor 4 15 0.003
ILARN interleukin 1 receptor antagonist 2.7 0.007
PRKCB protein kinase C beta 2.0 0.009

prostaglandin-endoperoxide synthase 2

PTGS2 (prostaglandin G/H synthase and cyclooxygenase) 3. §.010
TLR6 toll-like receptor 6 15 0.010
CXCL10 chemokine (C-X-C motif) ligand 10 2.1 0.010
ILARAP interleukin 1 receptor accessory protein 2.0 0.025
CSE2 colony stimulating factor 2 (granulocyte- 24 0.026

macrophage)

Data were analysed using paired t-tests with thgaB®eini Hochberg adjustment for multiple comparison
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Figure Legends

Figure 1: IL-1B protein concentration in sputum supernatant fraon-obese (n=51) versus obese (n=76)
asthmatics. Data were analyzed using the Mann \&ithtest.

Figure 2: Associations between BMI, NLRP3 and IL1 levels. a) Sputum cell NLRP3 gene expression and
BMI (r=0.585 and p=0.003), b) Sputum supernatadfitoncentration and BMI (r=0.496 and p=0.012), and ¢
Sputum cell NLRP3 gene expression and sputum satzem IL]3 concentration (r=0.679, p<0.001).
Associations were examined using Spearman’s ranklation coefficient.

Figure 3: a) Changesin white blood cell counts after each isocaloric meal in non-obese and obese subj ects,
b) Changes in sputum cell counts after each isocaloric meal in non-obese and obese subjects. *p<0.05 for
comparison of 4 hours versus baseline (analyzawyusie Wilcoxon signed rank test)*p<0.05 for between
group comparison (analyzed using repeated mea8iNeyA).

Figure 4: Sputum cell genes differentially expressed (>1.5 fold change) at 4 hour s after consumption of a
SFA meal by non-obese asthmatics, interact in a network consisting of 8 genes. Data were assessed using
paired t-tests with the Benjamini Hochberg adjustiier multiple comparisons. Search Tool for therReal
of Interacting Genes, STRING v10 was used to ingatt pathway interactions between differentially
expressed genes using medium confidence scoresADnbdes are coloured indicating they are faisell
interactions. Green lines represent interactiomsrdened by text mining, black lines representrattions that
are co-expressed, blue lines are known interacfroms curated databases, and purple lines refprdtein
homology.

Figure 5: IL-1p release from a-b) neutrophils and c-d) monocytes collected from healthy control subjects,
following stimulation with LPS (a,c) and TNFa (b,d) alone and in combination with palmitic acid.
*p<0.05 versus controls; **p<0.001 versus controls. Data were analyzed using repeated measures ANOVA.
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Figureb5:
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