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Abstract

Epicardial adipose tissue (EAT) inflammation is implicated in the development and progression of
coronary atherosclerosis. Dietary saturated and polyunsaturated fatty acids (SFAs and PUFA) can
influence adipose tissue inflammation. We investigated the influence of dietary patterns, with
emphasis on dietary fat type, and statin therapy, on EAT fatty acid (FA) composition and
inflammatory gene expression. Thirty-two Ossabaw pigs were fed isocaloric amounts of a Heart
Healthy (high in unsaturated fat) or Western (high in saturated fat) diets +/- atorvastatin for 6
months. EAT FA composition reflected dietary fat composition. There was no significant effect of
atorvastatin on EAT FA composition. Total and long-chain SFAs were positively associated with
inflammatory signaling ( 7LR2) and a gene involved in lipid mediator biosynthesis (PTGS2) (F<.
0003). Medium-chain SFAs capric and lauric acids were negatively associated with /L-6 (all /<.
0003). N-6 and n-3 PUFAs were positively associated with anti-inflammatory signaling genes
(PPARG, FFAR4 and ADIPOQ) and long-chain n-3 PUFAs were positively associated with a gene
involved in lipid mediator biosynthesis (ALOX5) (all A<.0003). These data indicate that dietary
patterns, differing in fat type, influence EAT FA composition. Associations between EAT SFAS,
PUFAs, and expression of genes related to inflammation provide a link between dietary quality
and EAT inflammation.
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1. Introduction

Chronic low-grade inflammation is thought to be a key mediator in the association between
obesity and the development of cardiometabolic diseases [1]. Adipose tissue dysfunction,
characterized by hypoxia, immune cell infiltration, increased free fatty acid release, and
increased production of pro-inflammatory adipocytokines, is a key source of inflammation
[1]. Epicardial adipose tissue (EAT) is an adipose tissue depot adjacent to the coronary
arteries and in direct contact with the myocardium [2]. It is hypothesized that EAT with this
inflammatory phenotype acts locally on the underlying coronary arteries, potentiating the
development of coronary artery disease (CAD) [2]. Evidence supporting this hypothesis in
humans includes positive associations of EAT volume with coronary artery calcification and
plaque severity, as well as a higher expression of pro-inflammatory cytokines and
macrophage infiltration in EAT from individuals with CAD, than those without CAD [3-5].
Thus, modulation of EAT inflammation is considered a potential therapeutic target for the
management of CAD [6].

Fatty acids can alter adipose tissue inflammation via direct/indirect changes in gene
expression and through their metabolism to lipid mediators [7,8]. Saturated fatty acids
(SFASs) bind to surface toll-like receptors ( 7LRs) and trigger an innate inflammatory
response and the production of pro-inflammatory adipocytokines [9]. SFAs have also been
found to activate the NOD-like receptor pyrin domain containing 3 (NVLRP3) inflammasome
[10,11]. In contrast, long-chain n-3 polyunsaturated fatty acids (PUFAS) reduce adipose
tissue inflammation. N-3 PUFAs, modulate inflammatory gene expression by signal
transduction leading to the inhibition of pro-inflammatory transcription factors and
activation of anti-inflammatory transcription factors [12,13]. N-3 PUFAs may also decrease
the production of pro-inflammatory n-6 PUFA derived lipid mediators and increase the
production of anti-inflammatory mediators [12]. Both de novo synthesized and dietary fatty
acids may affect inflammatory status. The former offers a potential approach to alter
inflammatory status.

In EAT, fatty acid composition and gene expression related to intracellular fatty acid
trafficking appear to differ by metabolic state [14,15]. This suggests a relation between EAT
fatty acid metabolism and metabolic dysfunction. A recent clinical trial has demonstrated
that the reduced risk of cardiovascular death by high-dose EPA supplementation (icosapent
ethyl) is not completely explained by reductions in triglyceride concentrations or systemic
inflammation [16]. This raises the integrating possibility that the intervention may in part
have provided cardio-protective effects by influencing local inflammation. It has previously
been found in humans that adipose tissue fatty acid composition relates to local adipose
inflammation [17]. Hence, dietary interventions that alter EAT fatty acid composition could
influence EAT inflammation and the development of CAD. The collection of EAT in
humans typically occurs during elective cardiac procedures, a situation not conducive to
prior dietary intervention. To our knowledge, no study has examined the effect of dietary
patterns, differing in fat quality, on EAT fatty acid composition or its association with EAT
inflammatory gene expression.
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The Ossabaw miniature pig develops an EAT depot similar to humans [18]. We previously
evaluated the Ossabaw miniature pig as a translational model to study dietary patterns and
atherosclerosis [19]. Using this experimental model our objectives were to 1) to determine
the influence of Western-type diet (WD; high in saturated fat) and Heart Healthy diet (HHD;
high in unsaturated fat), with and without atorvastatin, on EAT fatty acid composition; and
2) to determine if proportions of select EAT SFAs and PUFAs relate to EAT inflammatory
gene expression.

2. Materials and methods

2.1 Study design, animals, and diets

This study used samples generated from a previous investigation designed to determine the
effect of dietary patterns and statin therapy on atherosclerosis development in the Ossabaw
miniature pig [19]. Hence, the sample size was based on the original outcome of
atherosclerosis. Research protocols and procedures have previously been reported [19] and
were approved by the Beltsville Institutional Animal Care and Use Committee (IACUC).
Additional approval for biological sample/tissue storage and analysis was obtained from the
Tufts Medical Center/Tufts University IACUC. Thirty-two Ossabaw miniature pigs (16
boars, and 16 gilts, 5-8 weeks of age) were randomized into four groups using a 2x2
factorial design: WD, WD+statin (WD+S), and HHD+statin (HHD+S). Diets were designed
to be similar to human dietary patterns and were fed in isocaloric amounts for 6 months
following a 2-month acclimatization period. Both diets provided 38% energy from fat, 47%
energy from carbohydrate and 15% energy from protein, and 2.5% wet weight (%w/w) of a
vitamin and mineral mix [19]. Diets differed in the type and sources of dietary fat and
carbohydrate (Fig. 1). The primary source of dietary fat in the WD was anhydrous milk fat
(high in SFASs), while the primary sources in the HHD were canola, soybean and corn oils
(high in MUFASs and PUFAS). The primary source of carbohydrate in the WD was refined,
while the primary source in the HHD was whole grain. HHD-fed pigs were additionally fed
a daily freeze-dried fruit and vegetable mix and supplemented with fish oil capsules
(Epanova 1 g, 550 mg eicosapentaenoic acid [EPA, 20:5n-3]+200 mg docosahexaenoic acid
[DHA, 22:6n-3], AstraZeneca, Wilmington, DE) 3 times per week. Diets differed in the
amounts of fiber (HHD: 13 g/100 g, WD 7 g/100 g) and cholesterol (HHD: 0.1%w/w, WD:
1.5%w/w) [19]. The statin treated pigs received Atorvastatin (Lipitor, Pifzer, New York, NY)
at 20 mg/day during months 1-3, and 40 mg/day during months 4—6 of the intervention
period. Two pigs died during the course of the study; one in the WD group during the
acclimatization period and one pig in the HHD group during the baseline blood draw,
resulting in a final sample size of 30.

2.2 Sample collection

All samples were collected at the time of necropsy following euthanasia [19]. EAT adjacent
to the proximal left anterior descending artery was collected, flash frozen in liquid nitrogen,
and stored at —80°C until processing.
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2.3 Measurement of EAT fatty acids

Lipids were extracted using a modified Folch procedure [20]. Individual fatty acids were
separated by gas chromatography, identified using an authentic fatty acid internal standard
(Nu-Chek Prep, Elysian, MN, USA), and expressed as molar percent (mol%) as described
previously [21]. Thirty-six fatty acids were resolved. Fatty acid product-to-precursor ratios
were calculated to estimate desaturase enzyme activities (stearoyl-CoA-desaturase 1 [SCD1,;
161n-7/16:0], stearoyl-CoA-desaturase 2 [SCD2; 18:1n-9/18:0], delta-5-desaturase [D5D;
20:4n-6/20:3n-6]), and delta-6-desaturase [D6D; 20:3n-6/18:2n-6]) [22].

2.4 EAT gene expression

Gene expression of EAT homogenates was determined by RNA sequencing as described
previously [23,24]. EAT RNA was isolated using RNeasy Universal Midi kit (Qiagen,
Valencia, CA) per the manufacturer’s instructions. RNA was treated with Turbo DNase
(Ambion, Waltham, MA) and RNA quality was assessed using an Experion RNA analysis
electrophoresis kit (Bio-Rad, Hercules, CA). Only samples with an RNA Quality Indicator
(RQI) greater than 7 were sequenced. Samples were prepared for sequencing using the
Illumina TruSeq RNA Sample Preparation Kit v2 (Illumina, San Diego, CA) and AMPure
XP beads (Beckman Coulter, Brea, CA) per the manufacturer’s instructions. DNA fragment
size was determined using Experion DNA 1 K chips (Bio-Rad, Hercules, CA) and libraries
were quantified using the KAPA Library Quantification kit (KAPA Biosystems, Wilmington,
MA). Samples were sequenced using an Illumina NextSeq 500 sequencer (Illumina, San
Diego, CA) with 100 base pair single end reads. Raw FASTQ data were processed for
quality using CLC Bio Genomic Workbench (Qiagen, Valencia, CA). The EAT
transcriptome was assembled using the annotated Sus scrofa 11.1-build as a reference
genome [25]. Additional analysis was also performed using the Porcine Translational
Research Database [26,27], as described below.

2.5 Statistical analysis

Data was analyzed using R (version 3.3.2) run on RStudio (version 1.0.153, RStudio:
Integrated Development for R. RStudio, Boston, MA) and SAS for Windows (version 9.4;
SAS Institute, Cary, NC). We removed data from one pig from the analysis due to sample
oxidation that prevented the complete resolution of fatty acids. A two-way ANOVA (PROC
GLM) with a Tukey—Kramer post hoc test was used to determine diet, statin, and diet x
statin effects on EAT fatty acid composition. Residual plots were examined to determine
normality and a Kruskal-Wallis test (PROC NPAR1IWAY) was used for fatty acids not
exhibiting a normal distribution. In all cases, the Kruskal-Wallis test and two-way ANOVA
analyses were equivalent. Since results of the two-way ANOVA proved to be robust to
departures from normality they are reported. A £<.05 was considered statistically
significant.

Spearman’s correlation coefficients were calculated between the EAT fatty acids and EAT

gene expression using pigs pooled from all groups (/7=29). Gene expression data from prior
RNA sequencing to determine the effect of the respective dietary patterns and statin therapy
on the EAT transcriptome was used for a targeted analysis of EAT gene expression and fatty
acid composition [23]. In the present study we selected genes of interest on an a priori basis
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for their potential role in fatty acid mediated adipose tissue inflammation [28]. Genes were
related to n-3 PUFA signaling (adiponectin [AD/PO(Q), free fatty acid receptor 4 [FFAR4],
and peroxisome proliferator activated receptor gamma [ PPARG]), production of lipid-
mediators (arachidonate-lipoxygenase [ALOX5 and ALOX15] and prostaglandin-
endoperoxide synthase 2 [PTGSZ]), and inflammation (interleukin 1 beta [/L-17], toll like
receptor 2 [ TLRZ), toll like receptor 4 [ TLR4], interleukin 6 [/L-6], and monocyte
chemotactic protein [MCPI]). We have previously published the independent effects of diet
and statin therapy on EAT gene expression [23]. For the present study gene expression levels
are summarized in Table Al. Gene expression of /L-18was only available from analysis
using the Porcine Translational Database. The following fatty acids were selected based on
their role in diet induced inflammation: SFAs (total SFAs, capric acid [10:00], lauric, acid
[12:0)] palmitic acid [16:0], stearic acid [18:0]), n-6 PUFAs (total n-6 PUFAs, linoleic acid
[18:2n-6], arachidonic acid [20:4n-6], and n-3 PUFAs (total n-3 PUFAs, a-linolenic acid,
EPA, docosapentaenoic acid [DPA, 22:5n-3], and DHA). Bonferroni adjusted p-values were
used to correct for multiple testing (13 fatty acids and 11 genes) and associations with an r =
+/-0.2 and ~<.0003 were considered statistically significant. Additionally, Spearman’s
correlation coefficients were calculated to determine associations between estimated
desaturase enzyme activities (SCD1, SCD2, D5D, and D6D) and expression of the
aforementioned genes in EAT. Bonferroni adjusted p-values were used to correct for
multiple testing (4 estimated desaturase activities and 11 genes) and we considered
associations with an r = +/-0.2 and A<.001 statistically significant. For all correlation
analyses, values beyond 2 standard deviations of the mean were replaced with median
proportion of the fatty acid for pigs in the respective diet +/— atorvastatin group.

In a secondary analysis we examined associations between EAT fatty acids and gene
expression (as described above) using gene expression values based on alignment to the
Porcine Translational Research Database in place of the Sus scrofa 11.1-build reference
genome. The Porcine Translational Research Database is a manually curated database with
annotation on over 10,000 genes with full length RNA transcripts [26]. Analysis with this
manually curated database helps to ensure results are robust to potential limitations in
annotation in the Ensembl genome that relies on machine-based annotation [27].

3. Results

3.1 EAT fatty acid composition

Overall, there was a significant effect of the diet on proportions of EAT SFAs, PUFAs, and
trans fatty acids, but no significant effect of atorvastatin or significant diet x statin
interaction on EAT fatty acid composition (Table 1). Relative to the HHD, pigs fed the WD
had significantly higher proportions of total SFAs and #rans fatty acids; including palmitic
acid, stearic acid, vaccenic acid (18:1n-7 t), and conjugated linoleic acid (18:2 CLA) (all /<.
01). There were no significant differences in proportions of total MUFAs. However, pigs fed
the HHD had higher proportions of oleic acid (18:1n-9), than WD fed pigs (/A<.01). Pigs fed
the HHD had higher proportions of total n-6 PUFAs and n-3 PUFAs; including linoleic acid,
a-linolenic acid, EPA, and DPA (all A<.01) but not DHA. Estimated desaturase enzyme
activity for SCD2 was higher in pigs fed the HHD, whereas estimated SCD1 and D6D
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activities was higher in pigs fed the WD (all /<.01). Estimated D5D activity was similar
between diets.

3.2 Associations between EAT fatty acids and gene expression

A heat map of summarizing correlation coefficients between selected SFAs and PUFAs (mol
%), and gene expression (rpkm) is displayed in Fig. 2A, and the associated correlation
coefficients in Table A2. Proportions of total and long-chain SFAs (palmitic and stearic acid)
were positively associated with expression of PTGS2and TLR2 (all /<.0003, Fig. 3). The
medium-chain SFAs (capric and lauric acid) had inverse associations with expression of
ALOXI5and /L-6 (all P<.0003). Proportions of all n-6 and n-3 PUFAS, except arachidonic
acid, were positively associated with the expression of PPARG and FFAR4 (all A<.0003,
Fig. 4). With the exception of arachidonic acid and DHA, all other PUFAs were positively
associated with expression of AD/POQ (all A/<.0003). Proportions of long-chain n-3 PUFASs
(EPA, DPA, and DHA) were positively associated with AL OX5 expression (all A<.0003).
No statistically significant associations were identified between proportions of SFAs or
PUFAs and expression of 7LR4and MCP1.

3.3 Associations between EAT estimated desaturase activities and gene expression

Associations between EAT estimated desaturase enzyme activities and EAT gene expression
are represented in Fig. 2B, all correlation coefficient values are included in Table A2.
Estimated SCD2 and D5D activities were more commonly associated with gene expression.
Estimated SCD2 activity was positively associated with the expression of genes involved in
n-3 PUFA signaling (PPARG, FFAR4, and ADIPOQ), and ALOX15but were inversely
associated with PTGS2and 7LRZ (all P<.001). In contrast, estimated D5D activity was
inversely associated with the expression of genes involved in n-3 PUFA signaling (PPARG,
FFAR4, and ADIPOQ) and, positively associated with PTGS2, TLRZ2, and MCPI (all F<.
001, Fig. 5). There were no significant associations between estimated desaturase activities
and ALOXS, IL-1B6, and TLR4 expression.

3.4 Secondary analysis

Correlations between proportions of SFAs, PUFAs, and estimated desaturase activities with

gene expression were similar using the Porcine Translational Research Database (Table A3).
In this analysis, we additionally examined associated between SFAs, PUFAs and expression
of /L-1Band found no statistically significant associations (Table S3).

4. Discussion

Adipose tissue fatty acid composition may be related to adipose inflammation. However,
little is known about the influence of dietary patterns, differing in fat type, and statin therapy
on EAT fatty acid composition. We investigated the effect of dietary patterns differing in
fatty acid profile fat on EAT fatty acid composition and the relationship between proportions
of EAT fatty acids and inflammatory gene expression in the Ossabaw pig model. Our results
indicate that dietary patterns, differing in dietary fat quality, are a significant determinant of
EAT fatty acid composition and that proportions of SFAs and PUFAs associated with the
expression of genes related to inflammation.
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While EAT fatty acid composition was reflective of the respective dietary fat sources, we
cannot rule out the possible contribution of endogenous synthesis and preferential storage of
SFAs which accounted for a large proportion (38-48%) of total fatty acids across all groups
of pigs [29]. Similarly, as MUFAs are endogenously synthesized and preferentially stored in
adipose tissue [29], we observed no differences in the proportion of total MUFAS between
diet groups. We did however note a significant diet effect on proportions of oleic acid, which
may in part be due to the significant increase of estimated SCD2 activity, in pigs fed the
HHD.

In general, proportions of EAT PUFAs were positively associated with the expression of
genes involved in n-3 PUFA signaling (FFAR4, PPARG and ADIPOQ). N-3 PUFAs serve as
ligands for both PPARG and FFAR4[30]. Following induction of PPARG downstream
signaling may lead to increased expression of AD/POQ and consequently the production of
adiponectin; which is associated with reductions in adipose tissue inflammation and
improvements insulin sensitivity [28]. Induction of FFAR4 (also known as GPR120) by n-3
PUFAs inhibits inflammatory signaling [30,31]. Together these associations suggest dietary
PUFAs may induce anti-inflammatory signaling in EAT.

PTGSZand ALOX (ALOX5 and ALOX15) genes are involved in the synthesis of lipid
mediators derived from n-6 and n-3 PUFAs [32,33]. The n-6 PUFA arachidonic acid is
considered the major substrate for these enzymes. When available, n-3 PUFAs can displace
arachidonic acid in the cell membrane shifting the balance from arachidonic acid derived
pro-inflammatory lipid mediators to n-3 PUFA derived less-inflammatory or anti-
inflammatory mediators [32,33]. Positive associations between long-chain n-3 PUFAs (EPA,
DPA, and DHA) and AL OX5 expression support their role as both substrates and inducers of
n-3 derived lipid mediators [34]. Notably, we did not observe associations between
proportions of arachidonic acid and expression of any genes involved in lipid mediator
synthesis.

Total and long-chain SFAs (palmitic and stearic) were positively correlated with PTGS2.
This observation is consistent with prior work suggesting that SFAs induce PTGS2
expression [35,36]. Total and long-chain SFAs were also associated with the expression of
TLRZ. SFA induced activation of 7LR signaling evokes inflammatory signaling that
contributes to adipose tissue inflammation [37]. We observed non-statistically significant
trends towards a positive association between total SFAs and palmitic acid with 7LR4.
Unexpectedly, no significant associations were observed between any of the SFAs and
expression of inflammatory cytokines /L-6, /L-13, and MCP1. This lack of significant
associations between specific inflammatory genes and fatty acids may be due to greater than
expected weight gain during the diet intervention period [19], independently resulting in
induction of EAT inflammatory genes. Additionally, we measured gene expression in EAT
homogenates which is reflective of multiple cells types. Hence, gene expression from cells
responsible for production of inflammatory cytokines may have been diluted.

The estimated enzyme activity of D5D was more strongly associated with gene expression
than other estimated enzyme activities. D5D facilitates the conversion of dihomo-y-linolenic
acid (20:3n-6) to arachidonic acid and eicosatetraenoic acid (20:4n-3) to EPA [38]. Hence,
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the positive association between D5D and PTGSZ2 could be reflective of higher substrate
availability. Dietary PUFAs can inhibit desaturase (delta-5 and delta-6 desaturase) gene
expression [39] which may explain inverse associations between estimated desaturase
activity and genes involved in n-3 PUFA signaling (FFAR4, PPARG and ADIPOQ).

The original investigation was designed to compare the effects of two dietary patterns, a
HHD and WD, on the development of atherosclerosis in Ossabaw miniature pigs, rather than
dietary fat type, per se [19]. This approach increases the translational value of our study.
However, we cannot rule out the possibility that other dietary components influenced EAT
fatty acid composition and gene expression. While differences in human and porcine fatty
acid metabolism exist our results are in agreement with prior work suggesting the
preferential storage of oleic and palmitic acid in human EAT [40]. One key mechanism by
which PUFAs may modulate inflammation is via the production of lipid mediators. Though
our results suggest a shift in balance from arachidonic acid to n-3 PUFAs derived lipid
mediators with the HHD, we cannot confirm this without a direct measurement.
Additionally, the only adipose tissue depot assessed was EAT. Future work comparing
additional adipose tissue depots will help determine unique influences of diet on EAT.
Difficulties associated with porcine research make it challenging to achieve a large sample
size. However, these models allow for comprehensive assessment of the interplay between
diet and tissues that are challenging to investigate in humans.

We conclude that HHD and WD, differing in dietary fat quality, have differential influences
EAT fatty acid composition and subsequent gene expression. Associations between EAT
SFAs with genes involved in inflammatory signaling, and EAT PUFAs with genes involved
in anti-inflammatory signaling, provide a link between diet and EAT inflammation. Targeted
changes in dietary quality may be a viable nutritional strategy to reduce EAT inflammation
and in turn effect the development of CAD.
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Fig. 1.
Macronutrient composition (% energy) and food sources of the Western and Heart Healthy

diets. Macronutrient composition was confirmed by chemical analysis (Cumberland Valley
Analytical Services, Hagerstown, MD, USA, and Eurofins Scientific, Des Moines, 1A,
USA). CHO: carbohydrate, SFA: saturated fatty acids, MUFA: monounsaturated fatty acids,
PUFA: polyunsaturated fatty acids.
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(A) Heat map representing Spearman’s correlation coefficients between proportions (mol%)
of SFAs, capric acid, lauric acid, palmitic acid, stearic acid, PUFAs n-6, linoleic acid,
arachidonic acid, n-3 PUFAs, a-linolenic acid, EPA, DPA, and DHA and EAT gene
expression (rpkm). A Bonferroni correction was used to adjust for multiple comparisons
(*£<.0003). (B) Heat map representing Spearman’s correlation coefficients between EAT
estimated desaturase enzyme activities and EAT gene expression (rpkm). A Bonferroni

correction was used to adjust for multiple comparisons (*/~<.001).
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Fig. 3.

Scatter plots displaying the correlations between (A) the proportion of total SFA (mol %)
and PTGSZ gene expression (rpkm) in EAT. (B) the proportion of palmitic acid (mol %) and
PTGS2 gene expression (rpkm) in EAT. (C) the proportion of stearic acid (mol %) and
PTGS2 gene expression (rpkm) in EAT. (D) the proportion of total SFA (mol %) and 7LR2
gene expression (rpkm) in EAT. (E) the proportion of palmitic acid (mol %) and 7LRZgene
expression (rpkm) in EAT. (F) the proportion of stearic acid (mol %) and 7LRZ2gene
expression (rpkm) in EAT. HHD: Heart Healthy diet, WD: Western diet, WD+S: Western
diet+atorvastatin, HHD+S: heart healthy diet+atorvastatin, P7TGS2. prostaglandin-
endoperoxide synthase 2, SFA: saturated fatty acids, 7LR2. toll like receptor 2, EAT:
epicardial adipose tissue. All correlations were statistically significant (#<.0003).
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Fig. 4.

Sc%tter plots displaying the correlations between (A) the proportion of EPA (mol %) and
PPARG gene expression (rpkm) in EAT. (B) the proportion of DPA (mol %) and PPARG
gene expression (rpkm) in EAT. (C) the proportion of DHA (mol %) and PPARG gene
expression (rpkm) in EAT (rpkm) in EAT. between (D) the proportion of EPA (mol %) and
FFAR4 gene expression (rpkm) in EAT. (E) the proportion of DPA (mol %) and FFAR4 gene
expression (rpkm) in EAT. (F) the proportion of DHA (mol %) and FFAR4 gene expression
(rpkm) in EAT (rpkm) in EAT. HHD: Heart Healthy diet, WD: Western diet, WD+S:
Western diet+atorvastatin, HHD+S: heart healthy diet+atorvastatin, EPA: eicosapentaenoic
acid, DPA: docosapentaenoic acid, DHA: docosahexaenoic acid FFAR4: free fatty acid
receptor 4, PPARG. peroxisome proliferator activated receptor, EAT: epicardial adipose
tissue. All correlations were statistically significant (£<.0003).
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Fig. 5.

Sc%tterplots displaying the correlations between (A) estimated D5D activity and PPARG
gene expression (rpkm) in EAT. (B) estimated D5D activity and FFAR4 gene expression
(rpkm) in EAT (C) estimated D5D activity and AD/POQ gene expression (rpkm) in EAT (D)
estimated D5D activity and PTGSZ2 gene expression (rpkm) in EAT. HHD: Heart Healthy
diet, WD: Western diet, WD+S: Western diet+atorvastatin, HHD+S: heart healthy diet
+atorvastatin, D5D: delta-5-desaturase (20:4n-6/20:3n-6), PRPARG: peroxisome proliferator
activated receptor gamma, FFAR4. free fatty acid receptor 4, AD/POQ: adiponectin,
PTGSZ: prostaglandin-endoperoxide synthase 2, EAT: epicardial adipose tissue. All
correlations were statistically significant (A<.001).

J Nutr Biochem. Author manuscript; available in PMC 2020 January 14.



Page 16

Walker et al.

0L LV 8 §S0°0¥82¢°0 90°0¥9¢°0 S0'0+.2°0 €0°0¥.¢0 9-Uy:0¢
89 16° 98’ 20°0¥2T'0 20'0¥€T'0 TO'0FET'0 TO'0¥CT0 9-Ug:0C
144 €6 TO>  ¢60°0¥85°0 e60°0¥95°0 q70'0¥92°0 ¢q90'0+82'0  9-uz:0Z
99" LS c0 20°0¥70°0 TO'0¥70°0 T0'0¥€0°0 TO'0¥€0°0 9-ug:8T
8T’ 8T’ 10> e9LTF69ET  EFVZFSSTT  (ETTF609  ISTFS09  9-UzigT
6T 0C TO> 98°CFC8VT eSSCFEICT  ¢ST'T+88'9 ¢g89'T+98'9  sw4Nd 9-u
6¢ 67 id 00°0¥T0°0 00'0¥T00 Z¢0'0¥T0°0 00'0¥00°0 6-UT:v¢
8 08’ T0>  ¥0'0¥SC0 e€0'0¥92°0 qT0'0+.0°0 q¢0'0¥.00  6-UT:ZC
L8 80° T0>  e¥T°0¥.8°0 e,LT°0¥96'0 ¢60°0+29°0 q?T'0¥LL'0  6-UT:0C
60° 6 T0> ¢8T0Fcve q60°0F9€'C eTT'0F5S°C ¢0C’0+¥0LC  /-uT:8T
06° ve T0> eVETFTBE  68'TFL68E (I8TFLC9E ¢ TOTFEBIE 6-UT:BT
8L 6% T0> ¢8T'0¥6ET qCT'0FSY'T elC'0FGV'C e/T'0¥8Y'C  /-UT:9T
6T T 4% S0'0¥8€0 L0'0¥€E0 S0'0+6€°0 S0'0¥6E0 6-UT:9T
9% 1€ T0> qTO'0F€00 ql0'0+€0°0 €0°0FTT0 e¢0'0F0T'0  G-UT:¥T
16 9T ST TOT+09EY V8 TFLEVY  9L'T+LSCY T TFEEY SvdNiN
00T 08’ Y0 T0'0¥T0°0 T0'0¥T0°0 00'0¥10°0 00°0¥T0°0 0:v¢
6% e or €€°0¥ST0 00'0+€0°0 90°'0¥50°0 00'0¥€0°0 0:¢e
€6 7 143 ¥0'0¥.2°0 70'0¥82°0 90°'0¥5¢'0 20'0¥S2'0 0:0¢
€g 69 TO> o€ TFCGST  90'TFEI'GT eIC'TF68'8T  e60'TF7V'8T  0:8T
L0° T TO> BT TF6V'6T oCS'TFGB'0C e€L'0FSY'VC  eCLl'0FCEVC  0:9T
06° v8 T0>  ¢S0°0¥¢E0 q50°0F¢€0 ¢80°0FS¥'0 el00FOV'0  0:GT
G99 G8’ T0>  qC¥'0%98¢C qOV'0FT6'C VG 0FCT ¥ el7’0F00'Y (18721
(4 1€ T0> qTO0¥ST0 q¢0'0+7T°0 290°0F0€0 eS0°0F.20 0:2T
88’ 89" T0O> qc0'0F0T0 ql0'0¥0T'0 ¢S0'0FLT0 e70'0F9T0  0:0T
€T 89 TO> q€T'CFL88E  (ISCFLCOV eCCTF698Y  oTETFS6'LY S\V4S
ungels xwig  unels  wia S+dHH dHH S+dM am
(9%l0w)
anjend pioe Are4

N%Bm Y1 JO UOISN[OUOD 8 18 UITeISBAIONR —/+ AM 40 AHH ® pal sBid aineiuiw meqesso 4o (AS F ueaw) uonisodwod pioe Aney 1v3

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Nutr Biochem. Author manuscript; available in PMC 2020 January 14.



Page 17

Walker et al.

Author Manuscript

"(9-uz:8T/9-Ug:0) 8seINyesap-9-elap :a9a ‘(9-UE:02/9-Up:0Z) 8seiniessp
-G-e)|9p :asa ‘(0:8T/6-UT:8T) aseinesap-y0D-jA0Jeals :zaos ‘(0:9T//-UT9T) T aselniesap-yy0D-|AoJeals :TADS ‘pIoe dluajoul| parehinfuod 11D ‘spioe Ane) suely :suel] ‘spioe Aney pajednjesunijod

:S4Nd ‘SpIoe Ale} pajeinlesunouow :S\y4NIN ‘SpIoe A} pajelnies :Syy4S ‘UIle1seAlole+1alp Ayleay 1eay :S+QHH ‘UneIsenlole+1alp UIg1Sap\ :S+AM ‘181p Ayyeay Meay :aHH ‘181p UI81SaM :aM

‘anssny asodipe [elpseaids ;13 "(50'S¢) Jayip 1d119s1adns UOWWO € INOYIIM SUBSW YIIUM Ul WAONY AeM-0M] e AQ paulwialap 198)J9 1a1p Juednubis e sjouap sid1iasiadng "gs F ueaw se pajussald w%_m>N

oY 6C T0'> ¢00'0¥10°0 ¢00'0¥T0°0 ¢00'0¥20°0 ¢00'0¥¢00  @9a
or e VL 82'0F¢EC 22'0¥60°¢C €V’ 0¥6T¢C CE0FLTC asda
gL 14 TO> elT0¥8V'C eV 0+05°C 9T’ 0¥€E6'T q0C'0+T0'C 2daons
99 06 TO> ¢TO'0+.00 ¢00'0+.0°0 eT0°0F0T'0 eT0°0F0T°0 TAos
soljey
I7A 18 T0> qT0'0¥60°0 q¢0°'0¥60°0 eV0'0F.2°0 €0'0+¥8¢0  v702.8T
68’ L6 T0> ql0'0F70°0 qT0'0+70°0 eC0'0FST'0 el00FYT0  J28r
8y 0g T0> ql00¥CT0 ql0'0¥¢T0 ¢€0'0¥82°0 eC0'0¥LC0  J2I-01-UI-8T
€8’ g T0> ¢T0'0¥80°0 q¢0'0¥20°0 e70'0F¢C'0 eV0'0F0C'0  J6-UI.8T
89" ST T0O> ¢¢0'0¥.00 q70°0¥90°0 ¢G0'0FEC0 €90'0+¥¢C0  1/-ur8r
89" 44 T0>  ¢00'0¥70°0 ¢00'0+¥0°0 e10'0FST'0 el00FYT0  J6-Ur.9T
96 9 T0> ql0'0¥200 ql0'0¥T0°0 e0'0¥€0°0 e¢0'0¥€00  J/-ur.9r
4 19 T0>  ¢S0°0%St'0 q90°0+2v'0 8T0FEE'T elT0F6C'T  suell
L6 L e ¢0'0¥80°0 80°0¥60°0 90°0¥50°0 80'0+90°0 €-u9:ge
96 68 TO> eC0'0¥STO eC0'0FST'0 qT0'0¥80°0 qT0'0¥80°0 e-ug:ze
9’ 44 T0'>  I0°0¥V0°0 eT0'0+70°0 ¢00'0+20°0 q00'0+T0°0 €-Ug:02
89" €9’ T0> ¢00°0¥20°0 q10°0¥20°0 eT0'0F70°0 eT0°0FE0°0 €-Uuy:8T
v 8T’ TO> eIV'0¥86'T 9E0FLT ¢80'0F7'0 q€T'0¥.E0 €-ug:8T
z8 6’ TO>  eEV'0FLCC ©9.°0FC€'C ¢80'0¥65°0 qLT'0¥95°0 sv4Nd g-u
S0 08 20 q00'0¥T0°0 q00'0¥10°0 ¢00'0¥T0°0 e100¥¢00  9-UgiZe
S6° €9’ 6T T0'0¥60°0 T0'0¥60°0 TO'0¥60°0 T0'0¥60°0 9-uy:ge
unels x 18l  unels 1Lig S+dHH dHH S+dM am
(9%l10w)
anfea d pioe Ajreq

Author Manuscript

Author Manuscript

Author Manuscript

J Nutr Biochem. Author manuscript; available in PMC 2020 January 14.



	Abstract
	Introduction
	Materials and methods
	Study design, animals, and diets
	Sample collection
	Measurement of EAT fatty acids
	EAT gene expression
	Statistical analysis

	Results
	EAT fatty acid composition
	Associations between EAT fatty acids and gene expression
	Associations between EAT estimated desaturase activities and gene expression
	Secondary analysis

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Table 1

