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Energy Expenditure: Energy expenditure was conducted utilizing the TSE Phenomaster (Teagasc, 

Moorpark, Co. Cork, Ireland). Age-matched mice exposed to chow, MUFA-HFD or SFA-HFD for 16 

weeks. Mice were housed (n=4/cage, n=8/ group) in metabolic cages for 48h prior to metabolic analysis 

to acclimatise. Body weight, food intake, VO2, heat production, locomotor activity and respiratory 

exchange rate were determined. 

 

Citrate Synthase Assay: Liver protein lysates were prepared in cell lysis buffer and protein content was 

determined using a bicinchoninic acid (BCA) protein assay kit (Thermo Scientific Pierce). 10µg of 

protein was added to a citrate synthase assay reaction and activity monitored every 10 seconds over 

1.5min. The delta absorbance was calculated and activity in µmoles/ml/min calculated as per 

manufacturer’s guidelines (Sigma, Ireland). 

 

Ex vivo Adipose Tissue Culture: Epididymal adipose tissue explants (100mg) were cultured in 

complete media (DMEM containing10% FBS and 1% penicillin/streptomycin) for 24 h. Media was 

harvested for cytokine profiling by ELISA. In a separate experiment adipose explants (50mg) were 

placed in PBS+0.2% BSA prior to stimulation ± insulin (100nM) for 15min. Tissue was homogenized in 

1ml assay (RIPA) buffer using a tissue lyser (Qiagen, West Sussex, UK) to generate protein lysates. 

 

Flow cytometry: To separate the SVF from adipocyte fraction, epididymal adipose tissue was minced 

and collagenase (2mg/ml) digested for 30-40 min. SVF was stained with fluorescently labelled 

antibodies; M1 macrophages were identified as F4/80-FITC
+
, CD11B-AF647/PE

+
, CD11C-RPE

+ 

CD206-Alexaflour647
 -

. M2 macrophages were identified as F4/80-FITC
+
, CD11B- PerCP cy5.5

+
, 

CD11C-RPE
-, 

CD206-Alexa Flour 647
+
 (AbD Serotec, Kidlington, UK; ebioscience, Hatfield, UK). 

Unstained, single stained and fluorescence minus one (FMO) controls were used for setting 

compensation and gates. Flow cytometry was performed on BD Accuri C6 (BD Biosciences, USA). 

 

Plasma metabolic analysis: Fasting plasma cytokine levels were measured using ultra-sensitive kits 

(R&D Systems, Europe, Ltd.). Fasting plasma triglyceride, NEFA, cholesterol (WAKO, Diagnostics, 

USA) were quantified using commercial available kits (BioVision, Inc.CA, USA).  

 

Histological Analyses: Adipose tissue and pancreas was fixed in 10% formalin and paraffin embedded. 

Cross sections were prepared (5M) using a microtome (Lecia Biosystems, Ashbourne, Ireland). Slides 

were then dried in an oven at 65°C for 2 h. Haematoxylin and Eosin staining was conducted using Leica 

Autostainer XLabd and Leica CV530. Digital images were collected using a digital camera (Olympus 

DP71) and microscope (Olympus BX51) and analyzed using imaging software (Cell A version 2.7). 

Investigator was blinded to all sample identities.  

 

RNA Isolation, Real Time (RT)-PCR and Western Blot analysis: RNA was extracted from white and 

brown adipose tissue (50mg/ml), adipocytes, stromal vascular fraction, liver and skeletal muscle using 

TRI reagent method as per manufacturer’s instructions. RNA (500ng-1000ng) was reverse transcribed 

using High Capacity cDNA archive kit (Applied Biosystems, Ireland). Expression levels of: TLR-4, 

NLRP3, Caspase-1, IL-1, GLUT-4, GLUT-2, IRS-1, IRS-2, IL-1R1,SIRT-1, IL-18, IL-1α, PPARγ , 

PGC-1α, FOXO-1, UCP-1, UCP-2, ACC, G-6-P and Pepck was measured by RT-PCR using ABI Prism 

GeneAmp 7900HT Sequence Detection System (Applied Biosystems, Ireland). Results were expressed 

in relative copy numbers after normalization against internal control GAPDH or 18S (Applied 

Biosystems, Ireland). For western blot analysis adipose tissue (50mg), liver (25mg) and BMM were 

lysed in RIPA buffer. Protein concentration was determined using a BCA kit (Thermo Scientific Pierce). 

Protein lysates (10-25μg) were heated at100C for 5 min and applied to 4-20% polyacrylamide gradient 
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gel (Thermoscientific, Ireland) and transferred to nitrocellulose membranes (Protan). Membranes were 

blocked in 5% skimmed milk in TBS-T (Marvel, Chivers Ireland Ltd.) for 1 h. Blots were probed 

(1:1000 dilution) with primary antibodies to phosphorylated (p) AKT, whole cell AKT, pAMPK, 

AMPK, ASC, pro-caspase 1, mature IL-1β, pJNK, pERK, pNFκB and whole cell JNK, ERK, pNFκB  

and control -actin or GAPDH over-night at 4C and detected using horseradish peroxidase conjugated 

anti-rabbit secondary antibody (1:1000-1:2000 dilution) for 90 min (ISIS, Dublin, Ireland). 

Immunoreactive bands were visualized using an ECL reaction (Thermoscientific, Ireland). Densitometry 

was determined using Image J software. 

 

ELISA: Cytokine profile of media collected from adipose tissue, primary adipocytes, SVF and BMM 

was quantified by ELISA (R&D Systems Europe, Abingdon, United Kingdom). Levels of tyrosine 

phosphorylated IRS-1 in adipose protein lysates were measured using a pathscan ELISA kit (ISIS, 

Dublin, Ireland). 

 

Caspase-1 assay: BMM were stimulated ±LPS (100ng/ml) for 3h, then treated ± ATP (5mM) for 1 h. 

SVF was stimulated ±ATP (5mM) for 24h. FAM-YVAD-fmk (5-carboxyfluorescein–Tyr-Val-Ala-Asp–

fluoromethylketone) was added according to the manufacturer's instructions (Immunochemistry 

Technologies). Caspase-1 activation was determined by degree of fluorescence. 

 

TUNEL assay: The pancreas was fixed in 10% formalin and paraffin embedded. Cross sections were 

prepared (5M) using a microtome (Lecia Biosystems, Ashbourne, Ireland). Slides were then dried in an 

oven at 65°C for 2 h. Detection of apoptotic cells was determined using the the DeadEnd fluoremetric 

TUNEL (TdT-mediated dUTP Nick-End Labeling) system (Promega) according to the manufacturer’s 

protocol. Briefly, fluorescein-12-dUTP is incorporated into the fragmented DNA of apoptotic cells, 

followed by the addition of Terminal Deoxynucleotidyl Transferase enzyme and the fluorescein-12-

dUTP labeled DNA is visualized by fluorescence microscopy. 

 

Preparation of palmitic acid (PA): PA was dissolved in 100% DMSO, conjugated to 2% BSA and 

diluted in complete media for immediate use in cell culture experiments. 

 

Human Study: Subjects with metabolic syndrome from the LIPGENE multicentre European wide 

dietary intervention study were categorized according to their habitual dietary MUFA intake. Two 

cohorts were chosen to represent high versus low habitual dietary MUFA intake (Oslo northern 

European cohort=low habitual MUFA (n=54), Cordoba southern European cohort=high habitual 

MUFA; n=74). At baseline the percentage plasma SFA and MUFA and associated adipose inflammation 

was determined. Subjects were then placed on high MUFA dietary intervention and insulin sensitivity 

determined. This work was approved by Adelaide & Meath Hospital (Dublin, Ireland). Informed consent 

was obtained from all subjects. 

 

Statistical Analysis: LIPGENE study; two-way ANOVA was used to determine significance between 

dietary cohorts and fatty acids. Paired t-tests were used to analyze pre and post intervention data. Linear 

regression determined which genes were significantly correlated with the SFA:MUFA ratio adjusting for 

age, gender and batch. PASW statistics version 20.0 (SPSS, Chicago, USA) was used for statistical 

analysis.  
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Supplementary Figure 1. Gene expression analysis of (A) IL-1β, (B) caspase-1, (C) SIRT1 and (D) IL-

1R1 in adipocytes and SVF as determined by RT-PCR. Recruitment of M1 (E) 

(F4/80
+
/CD11B

+
/CD11C

+
/CD206

-
) and M2 (F) (F4/80

+
/CD11B

+
/CD11C

-
/CD206

+
) macrophages into 

adipose tissue is presented as percentage of total SVF cells (n=8) (White bar=chow; striped bar=MUFA-

HFD; black bar=SFA-HFD; *p<0.05, **p<0.01, ;***p<0.001 Chow v. HFD, #p<0.05, ##p<0.01 MUFA 

v. SFA; n=3-6). 
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Supplementary Figure 2. (A) Gene expression analysis of TLR-4, IL-1β, IL-1α, IL-18, NLRP3, 

caspase-1 and IL-1R1 in liver (n=8, normalized to chow control) were quantified by RT-PCR. (B-C) 

Protein levels of pJNK, whole cell (WC) JNK, pERK, WC ERK, and β-actin in liver was determined by 

immunoblot analysis (representative images from n=7-8). (D) Gene expression analysis of Glut-2, IRS-1 

and IRS-2 in liver (n=8, normalized to chow control) were quantified by real-time PCR.  (E) Hepatic 

protein levels of pAKT, WC AKT and β actin in mice administered bolus of insulin (0.75U/Kg) 15min 

prior to euthanasia.  (F) Gene expression analysis of Glut-4, IRS-1, IRS-2 and IL-1β in skeletal muscle 

(n=8, normalized to chow control) were quantified by RT-PCR. ***p<0.001 Chow v. HFD, #p<0.05, 

##p<0.01, ###p<0.001 MUFA v. SFA for all graphs. White bars=chow, striped bar=MUFA-HFD, black 

bars=SFA-HFD in all graphs. 
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Supplementary Figure 3. (A) Cumulative weight of mice in response to chow, MUFA-HFD or SFA-

HFD (Black circles=chow; white squares=MUFA-HFD; black squares=SFA-HFD; ###p<0.001 MUFA 

v. SFA; (n=23). (B) Liver tissue weights after 24 weeks feeding intervention (White bar=chow; striped 

bar=MUFA-HFD; black bar=SFA-HFD; **p<0.01 Chow v. HFD, ##p<0.01 MUFA v. SFA; n=10-18). 

(C) VO2 and (D) % Heat production measured over 3 days and expressed relative to body weight in 

chow, MUFA-HFD and SFA-HFD fed mice after 16 weeks feeding (White bar=chow; striped 

bar=MUFA-HFD; black bar=SFA-HFD; ***p<0.001 Chow v. HFD, #p<0.05, MUFA v. SFA; n=8). (E) 

ITT (0.5U/kg insulin) in 4-6h fasted weight-matched mice (white square=MUFA-HFD; black 

square=SFA-HFD; #p<0.05, ##p<0.01 MUFA v. SFA; n=7-8). (F) Insulin secretion response in 

overnight fasted chow, MUFA-HFD and SFA-HFD fed weight-matched animals after intraperitoneal 

injection with 1.5g/kg glucose (Black circles=chow; white squares=MUFA-HFD; black squares=SFA-

HFD; ***p<0.001 Chow v. HFD, ###p<0.001 MUFA v. SFA; n=6).  
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Supplementary Figure 4. Gene expression analysis of; (A) ACC and UCP-2 in adipose tissue, (B) 

ACC, PGC-1α, UCP-1 and UCP-2 in brown adipose tissue, (C) ACC, PGC-1α, UCP-1 in skeletal 

muscle and (D) ACC, PGC-1α, UCP-1 and UCP-2 in liver, (n=8, normalized to chow control) as 

quantified by RT-PCR. (E) Citrate synthase assay was performed as per manufacturer’s instructions 

(n=8). *p<0.05, **p<0.01, ***p<0.001 Chow v. HFD, White bars=chow, striped bar=MUFA-HFD, 

black bars=SFA-HFD in all graphs. 
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Supplementary Figure 5. (A) Gene expression analysis of G-6-P and Pepck in liver (n=8, normalized 

to chow control) quantified by RT-PCR. (B) Basal blood glucose levels in over-night fasted mice.  (C) 

Percentage pancreatic cell death as determined by TUNEL Assay. (White bar=chow; striped 

bar=MUFA-HFD; black bar=SFA-HFD; *p<0.05, **p<0.01;***p<0.001 Chow v. HFD, #p<0.05, 

##p<0.01 MUFA v. SFA; n=3-6). BMM (1x10
6
 cells/ml) were harvested from lean mice and treated 

with LPS (10ng/ml) for 3h, treated with PA (250µM) or OA (250µM) for 24h and stimulated 

±ATP(5mM) for 1h. (D) IL-18 secretion into culture media measured by ELISA (*p<0.05 PA v. OA; 

n=4-6).  BMM (1x10
6
 cells/ml) were harvested from lean mice and treated with LPS (10ng/ml) for 3h, 

pretreated with Compound C (CC; 10µM) or DMSO for 1h, exposed to OA (250µM) for 24h and 

stimulated ± ATP (5mM) for 1h. Protein lysates and media were collected (n=4-6). (E) Protein levels of 

pAMPK, AMPK and GAPDH were determined by immunoblot and densitometry calculated. (F) IL-18 

secretion into culture media measured by ELISA.  
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Supplementary Figure 6. Subjects from the LIPGENE multicentre European wide dietary intervention 

study were categorized according to their habitual dietary MUFA intake. Two cohorts were chosen to 

represent high versus low habitual dietary MUFA intake (Oslo northern European cohort=low habitual 

MUFA (n=54), Cordoba southern European cohort=high habitual MUFA; n=74). Subjects were then 

placed on high MUFA dietary intervention (A) Plasma, SFA-palmitic acid (C16:0) and MUFA-oleic 

acid (C18:1), pre MUFA intervention. Correlation curves representing (B) caspase-1 (p= 0.005) and (C) 

pycard-1 (p=0.009) expression with respect to plasma SFA:MUFA ratio in both high and low habitual 

MUFA cohorts (Black circles=low habitual MUFA intake, white circles=high habitual MUFA intake; 

*p<0.05 pre v. post intervention; n=6-11). (D) Acute Insulin Response to Glucose (AIRg; mU/litre/min) 

and (E) First phase insulin response (FPIR; mol/L) pre and post MUFA intervention. (Black bars= low 

habitual MUFA intake, white bars=high habitual MUFA intake; *p<0.05, **p<0.01, ***p<0.001 pre v. 

post intervention; n=11-15).  
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Supplementary Table 1. Composition of chow, MUFA and SFA diets. 

 

Diet MUFA 

TriSun Sunflower Oil 

SFA 

Palm Oil 

 gm kcal gm kcal 

Protein 24 20 24 20 

Carbohydrate 41 35 41 35 

Fat 24 45 24 45 

Total  100  100 

Kcal/gm 4.7  4.7  

Ingredient     

Casein,80 Mesh 200 800 200 800 

L-Cystine 3 12 3 12 

Corn Starch 72.8 291 72.8 291 

Maltodextrin 10 100 400 100 400 

Sucrose 172.8 691 172.8 691 

Cellulose BW200 50 0 50 0 

Soybean oil 25 225 25 225 

Palm oil 0 0 177.5 1598 

Sunflower Oil 177.5 1598 0 0 

Mineral mix 10 0 10 0 

Dicalcium Phosphate 13 0 13 0 

Calcium Carbonate 5.5 0 5.5 0 

Potassium citrate 16.5 0 16.5 0 

Vitamin Mix V10001 10 0 10 0 

Choline Bitartrate 2 0 2 0 

Total 858.1 4057 858.1 4057 

 

Diet Chow 

Ingredients % kcal/g 

Protein 24 

Carbohydrate 58 

Fat 18 

Fat Composition  

Total Saturated fatty acids 0.9 

Total Monounsaturated fatty acids 1.3 

Total Polyunsaturated fatty acids 3.4 
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Supplementary Table 2. Plasma metabolic profile: Plasma was isolated from 6h fasted mice by 

cardiac puncture and metabolic markers were analyzed enzymatically (*p<0.05, chow v. HFD; #p<0.05, 

MUFA v. SFA; n=4-8 per diet group).  

 

Plasma profile Chow MUFA SFA 

Leptin (ρg/ml) 20,569±10,980 20,974±6,623 *
#
47,772±4,324 

Adiponectin (ρg/ml) 3,511±1,586 3,377±612 *
#
5,670±1,326 

TAG (mg/dL) 182±30 202±28 174±7.7 

NEFA (mg/dL) 26.1±2.9 31.9±8.1 21.5±2.8 

Cholesterol (mg/dL) 110±18 150±19.5 174.72±7.7 

IL-6 (ρg/ml) 31.9±7.0 34.3±10.3 47.1±16.9 

IL-1β (ρg/ml) 10.2±0.9 12.0±2.5 5.7±2.1 

 

Supplementary Table 3. Characteristics of CORDIOPREV Study in Type 2 Diabetic subjects. T2D 

patients from the CORDIOPREV study (NCT00924937) were categorized based on tertiles of fasting 

plasma SFA concentrations (n=160 – 184 per tertile) 

 

SFA Tertile 1 (n=160) 2 (n=165) 3 (n=184)  

 Mean   SD Mean   SD Mean  SD p-v. 

Age (years) 61.84 8.52 61.31 8.36 60.53 8.39 0.35 

BMI (kg/m2) 31.37 4.48 32.15 4.78 32.28 4.31 0.146 

Waist Circumference (cm) 106.93 11.23 107.47 12.41 108.17 11.34 0.610 

Glucose (mg/dL) 124.48 37.30 130.15 43.18 138.80 51.25 0.012 

Insulin (mU/L) 12.35 10.99 11.19 13.49 14.96 16.29 0.035 

hsCRP (mg/L) 2.44 1.76 2.54 1.98 3.20 2.37 0.002 

Total cholesterol (mg/dL) 149.57 31.21 154.45 24.36 165.44 33.60 0.000 

HDL-c  (mg/dL) 40.85 10.26 41.31 9.10 39.34 10.40 0.155 

LDL-c  (mg/dL) 81.53 23.15 87.46 23.23 89.30 30.22 0.019 

TG (mg/dL) 116.42 58.47 128.48 46.23 174.58 71.37 0.000 

SBP (mmHg) 138.59 21.17 141.77 20.57 143.11 19.91 0.117 

DBP (mmHg) 74.80 10.82 77.21 11.83 77.49 10.20 0.049 
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Supplementary Table 4. Multiple linear regression model of physical, metabolic and dietary variables 

predicting change in acute insulin response to glucose (AIRg) post-intervention in LIPGENE volunteers  

(r
2
 =.620, p= 0.015 (n=32), randomised to a MUFA rich diet.  

 

Physical markers β Sig. 

Age .648 .002 

Change in bodyweight .126 .444 

Metabolic markers β Sig. 

Pre HOMA-IR .505 .020 

Pre Resistin -.311 .113 

Pre Adiponectin .146 .461 

Dietary markers β Sig. 

Pre Total fat % -.983 .089 

Pre SFA % .733 .069 

Pre MUFA% 1.318 .037 

 


