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Scope: Omega-6 (n-6) PUFA-rich diets are generally considered obesogenic in rodents. Here,
we examined how long-term intake of a high-fat/high-sucrose (HF /HS) diet based on safflower
oil affected metabolism, inflammation, and gut microbiota composition.

Methods and results: We fed male C57BL/6] mice a HF/HS diet based on safflower oil—rich
in n-6 PUFAs—or a low-fat/low-sucrose diet for 40 wk. Compared to the low-fat/low-sucrose
diet, intake of the safflower-based HF/HS diet only led to moderate weight gain, while glucose
intolerance developed at week 5 prior to signs of inflammation, but concurrent with increased
levels of linoleic acid and arachidonic acid in hepatic phospholipids. Intake of the HF/HS diet
resulted in early changes in the gut microbiota, including an increased abundance of Blautia,
while late changes coincided with altered inflammatory profiles and increased fasting plasma
insulin. Analysis of immune cells in visceral fat and liver revealed no differences between diets
before week 40, where the number of immune cells decreased in the liver of HF/HS-fed mice.
Conclusion: We suggest thata diet-dependentincrease in the n-6 to omega-3 (n-3) PUFA ratioin
hepatic phospholipids together with gut microbiota changes contributed to early development
of glucose intolerance without signs of inflammation.
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Introduction



1.1 n-6 PUFAs

O &5t HiYIiH & 5 omega-6 (n-6) PUFAs,  Hei ik i 58 fek i o
T & AR W 30 Wk P A E S H AR A e e
@ BRI FATHENRNRES Y LRRY], S LM An-6 PUFAs 5Lk
JiE B R A R o

® n-6/n-3 PUFAs (Obesogenic effect);

N N
@ FHPid%; "iEHBRES; SR B

i AE (Ba) — n-6PUFAs | miy s 4R
& B PR P RAE




1.2 Energy-dense diets, microbiota, host metabolism, information
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Materials and methods



Supplementary table 3. Macronuirient composition and fatty acid profile of diets.

Diet HF/HS LF/LS
Casein 20 20
Corn starch - 52
| Sucrose 43.7 9.7 |
Cellulose power 5 5
L-Cysti 0.3 03 . 5 .
DL e 02 0 Male mice (8 wk of age) (Taconic, Ejby, Denmark)
Vitamin premix 1 1
Mineral & trace element premix 3.5 35
Choli hlorid 0.3 0.3 . .
VieminK3 @l <0 Low-fat/low-sucrose (LF/LS) diet (21-24 °C) 12-h light and dark cycle
Vitamin B12 <0.1 <0.1
Butylated hydroxytoluene <011 <().1
Dve (Blue / Green) <(.1 <().1
Na Carb hylcellul 0.1 0.1 = = s
e e B Acclimatization (2 wk )
I Safflower oil 22.5 - |
Macronutrients WE  WE
Carbohydrate 42.8 67.6
Fat 42.1 14.3
e vl ) Half (n = 4 per study, replicated once) were shifted
Fatty acids % %
C14:0 0.2 0.3 . . . .
flet I Safflower oil based high fat/high sucrose (HF/HS) diet 40 wk
C:.]8.:0 2:7 3:3
CI8:1n9 15.3 23.6 . c .
R s o Food intake was recorded twice a week , body weight once a week
C18:2n6 729 53.3
C18:3n6 0.4 0.3 .
C18:3n3 07 54 Body composition was measured by MRI scan
SAT 10.2 15.6
MUFA 15.9 254
PUFA 73.9 59.0
| n-6/n-3 ratio 105 99 |

Legend. Ingredients (per cent of weight) in diet, energy (per cent of total energy) derived from
macronutrients, per cent of total lipids. SAT: Saturated fatty acid.



2.2 Indirect calorimetry [aizmimix

After 4 wk on diets and a 3-day acclimatization period, activity, O, and CO, gas exchange

measurements were determined for a 72-h period.

2.3 Insulin and glucose tolerance test

Insulin tolerance test: 0.75 mU human insulin per gram lean body mass was injected i.p.

after a 2-h fast.

Glucose tolerance test: mice were injected i.p. with 3 mg glucose/g lean body mass after a
6-h fast.
Plasma insulin: tail vein/ EDTA tubes.

Blood glucose: glucometer (Contour, Bayer).



2.4 Termination and tissue harvest

Anesthetize the mice before dissection. >

Collect venous blood

For RNA,

liver samples: Ambion RNAlater (Invitrogen) overnight at 4°C;

epididymal white adipose tissue (eWAT) samples: flash frozen. stored at -80 ©

Luminal contents from cecum and colon: flash frozen.

For for histological analyses, stored at RT

Liver and eWAT samples: 4% paraformaldehyde.



2.5 Flow cytometry mztzmpaA

Liver and spleen tissue

Supplementary table 1. Antibodies

Panel Antibodies/conjugates/clones
CDI11b CX3CRI- CD45 IL-12p35 CDIle Slig]i?l;'_' CD103 F4/80
ySopErb i) Dendritic cell V500 Pacific Blue APC-Cy7 APC PE-Cy7 e PE FITC
(M1/70)* (polyclonal)? (30-F11)* (4D10p35)+ (HL3)* (4400t (M290)* (BM8)t
CDI1b CD206 CD45 A"’;‘;j? CDIle Ly6C TNFa F4/80
E Ik 2R pa Macrophage V500 BV421 APC-Cy7 (197 Arginase- PE-Cy7 PerCP-Cy5.5 PE FITC
(M1/70)* (CO68C2)% (30-F11)* i lfj “ (HL3)* (HK1.4)t (MP6-XT22)* (BMS)
CDI11b CX3CRI1 CD43 CDI115 Ly6G Ly6C CCR2 F4/80
=R A=F: | Monocyte V500 Pacific Blue APC-Cy7 APC PE-Cy7 PerCP-Cy5.5 PE FITC
(M1/70)* {polyclonal)? (30-F11)* (AFS98)F (1A8)T (HK1.4)t {polvelonal)§ (BMB)+
cKit CD45 IL-4 Ly6G i’i\fgﬁ“ Siglec-F CD49b
[\/Am " 3 a5 Ay F. 7 o T B
fI M B ¢AEE Granulocyte Empty ‘.,4::@ APC C}';‘. APC X PE Cyj‘ eFluor- 710 ) PE ) FITC...
(2B8)* (30-F11)* (L1B11)t (1A8) (MAR-1)t (E50-2440)* (HMa)
B220 lzD CD45 1L-10 1zgM CD19 CDI1d CD5
BZARf B cell V500 eFluor 450 APC-CyT APC PE-Cy7 PerCP-Cy5.5 PE FITC
(RA3-6B2)* (11-26¢)F (30-F11)* (JESS-16E3)% (1/41) (1D3)t (1Bt (53-7.3)t
CD3 TCRgd CD45 FoxP3 CD4 P‘i f :;‘i_, IL-4 CD8
TZRAE T cell V500 BV421 APC-Cy7 AF647 PE-Cy7 Ous 3 PE FITC
(500A2)* (GL3)1 (30-F11)* (FIK-16s)* (GK1.5)F e (11B11)f (53-6.7)*
D3 TCRgd CD45 L4 NKp46 P’f z’f;, IL-174 NK1.1
B R 1A AR NK/NKT V500 BV421 APC-Cy7 APC PE-Cy7 [‘i i PE FITC
(500A2)* (GL3)¢ (30-F11)* (11B11)% (29A1.4)F (XMG1.2)* (17BT)+ (PK136)*

Rows refer to panels, Columns to antibodies in panel. Clone marked by parenthesis. *BD Biosciences, TeBioscience, ¥Biolegend, §R&D Systems.



2.6 Reverse transcription and qPCR

Trizol (Ambion) — RNA

Nanodrop 2000 Spectrophotometer

1 ug liver and 100 ng eWAT RNA —

cDNA

RevertAid Reverse Transcriptase (Thermo Scientific, USA)

SensiFAST SYBR Lo-ROX kit (Bioline, USA)

Mx3000P system (Agilent Technologies, USA)

The thermal profile:
95°C, 5min;

95 °C, 155,

55-63 °C, 20 s,

72 °C, 15s.

40 cycles

— RT-PCR

Supplementary table 2. Primers used.

Gene Forward primer, 5°- Reverse primer, 5’-

Gépce ACCGGACCAGGAAGTCCC GCAATGCCTGACAAGACTCC
Pepck GTGCCTGTGGGAAGACTAAC CCTTAAGTTGCCTTGGGCAT
Cptla TACTGCTGTATCGTCGCACG GACGAATAGGTTTGAGTTCCTCAC
Acaca TGCTGCCCCATCCCCGGG TCGAACTCTCACTGACACG
Ppara AGAGAGGACAGATGGGGCTC CGTTTGTGGCTGGTCAAGTT
Srebpl GGAGCCATGGATTGCACATT GCTTCCAGAGAGGAGGCCAG
Tnf CCCTCACACTCAGATCATCTTCT | GCTACGACGTGGGCTACAG

Fasn ATTGGTGGTGTGGACATGGTC CCCAGCCTTCCATCTCCTG

Actb ATGGGTCAGAAGGACTCCTACG | AGTGGTACGACCAGAGGCATAC
Ppargl GTGTGACAGACAAGATTTGAAAG | GCTTGATGTCAAAGGAATGCG
Pparg2 ACAGCAAATCTCTGTTTTATGC TGCTGGAGAAATCAACTGTGG
Gapdh CAAATTCAACGGCACAGTCAA GTCTCGCTCCTGGAAGATGG
Thp ACCCTTCACCAATGACTCCTATG | ATGATGACTGCAGCAAATCGC
Adipoq GATGGCAGAGATGGCACTCC CTTGCCAGTGCTGCCGTCAT

Scd ACACCTGCCTCTTCGGGATT TGATGCCCAGAGCGCTG




2.7 Extraction and quantification of liver lipids

Samples were weighed and chloroform:methanol (2:1) con- . N
taining 100 wg/mL butylated hydroxytoluene and internal 207 Hiz (2:1)

standards (pentadecanoic acid, di C15:0 phophatidylcholine, 100 pg/mL T EEHREK

and tri C17:0 trialcylglycerol) were added. Samples were ho- — T "

mogenized and 20% volume of 0.73% NaCl was added fol- Pts (ThEER. WEREmRER. T6)

lowed by centrifugation (4000 rpm, 5 min, 5°C). The lower ~ 0.73% NaCl

phase was retrieved and stored at —20°C. Lipid extracts EFBZEENAE (Phenomenex Strata NH2, 500 mg)
were fractionated on an aminopropyl cartridge (Phenomenex

Strata NH2, 500 mg) as previously described [30].

2.8 Histological examinations

Paraffin embedded sections

Adipocyte numbers

Sackmann-Sala, L., Berryman, D. E., Munn, R. D., Lubbers, E. R.
et al., Heterogeneity among white adipose tissue depots in

200 intact cells, three to four sections male C57BL/6J mice. Obesity 2012, 20, 101-111.

Hematoxylin and eosin staining

Image) software.



2.9 Bacterial 16S rDNA amplicon sequencing and bioinformatics

Cecal and fecal samples

Greengenes database (4feb2011) QIIME v1.8.0 Quantitative Insights Into Microbial Ecology

Data filtering Operational taxonomic units:

a) Presentin fewer than three s

b) A relative abundance across all sa < 0.005%

Samples containing < 10 000 or = 60 00 sequences

Differences in bacterial composition and abundance
ANOSIM function Analysis of similarities 5 48 7 & & AN

LefSe Biomarker



2.10 Statistics

Unless specified, two-way ANOVA (on normally distributed
data) was used inmm p values lower than
0.05 were considered significant affer correction for multi-
ple comparisons by false-discovery rate. Differences between
experimental replications were tested using Wilcoxon Rank
Sum test as were differences in groups in case n < 6 for all
tlme points. Data are presented as mean & SEM, “p < 0.05,

“p < 0.01, "p < 0.001. Outliers were detected Tsing the
Grubbs tfestin Rv3.1.3.
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3.1 CS7BL/6J mice fed a safflower oil based n-6 PUFA-rich HF/HS diet

develop early glucose intolerance in absence of insulin resistance
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3.2 Intake of a safflower oil based n-6PUFA-rich HF/HS diet results in
adipocyte hypertrophy but not in hyperplasia

White squares, LF/LS-fed mice;
black squares, HF/HS-fed mice.
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Thus, the lack of adipocyte
hyperplasia in response to n-6
PUFA rich safflower oil based
HF/HS diets might contribute to
the development of persistent

glucose intolerance.

Supplementary figure 3. Expression of genes involved in adipocyte function and lipid
metabolism in eWAT. (A) Pparg2, (B). Adipoq, (C) Srebfl, (D) Cptla. For all data, n=6-8 from
two experiments. Black squares = HF/HS-fed mice, white squares = LF/LS-fed mice.
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3.3 Glucose intolerance associated with intake of a safflower-oil-based n-6

PUFA-rich HF/HS diet is not dependent on inflammation in eWAT
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3.4 Intake of a safflower-oil-based n-6PUFA-rich HF/HS diet leads to early

changes in hepatic phospholipid profiles without immune cell infiltration and
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3.3 Intake of safflower oil rich HFE/HS diet leads to

bacterial composition
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Supplementary figure 7. Microbiota composition in cecum and colon of abundant genera with
at least one significant difference between HF/HS and LF/LS diets but without difference in

abundance. Legend continues on next page.



Discussion



n-6 PUFA-rich HF/HS diet exhibited early onset of glucose intolerance prior
to increased fat mass and before development of insulin resistance.

The study design did not allow for correlations between microbiota and
metabolic parameters.

Changes in hepatic phospholipids (dominance of the n-6 PUFAs, linoleic
acid, and arachidonic acid, at the expense of the n-3 PUFAs).

Lower abundance of Barnesiella, Higher abundance of Alistipes.

The disparate results may relate to differences in baseline microbiota
composition resulting in different responses to high-fat feeding.

High levels of safflower oil and sucrose — highly obesogenic
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