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South Asians (SA) are at higher risk of cardiometabolic disorders than Europeans (EU), yet the
potential determinants of this risk are poorly understood. We tested the hypotheses that 1)

South Asians (SA) have greater muscle inflammation compared to Europeans (EU) at similar fat
mass 2) differential regional adiposity in SA compared to EU is associated with enhanced muscle
inflammation in SA. This cross-sectional study was conducted at a tertiary academic center in
Hamilton, Ontario, Canada. The study included 29 EU and 26 SA. Quantitative real-time PCR and
western blot were used to measure muscle inflammation. Statistical analysis was done using a
General Linear Model. Despite having similar macrophage content to EU, SA muscle had lower levels
of chemokine CCL2 compared to EU at gene expression (3 -1.099, SE 3 0.521, p-value 0.04) and
protein (0.84 1 0.69 versus 1.10 1 0.60, p-value 0.052) levels. SA had more pronounced abdominal
and hepatic adiposity, with smaller Intramyocellular lipid particles compared to EU (0.26 & 0.12 pm?
versus 0.15 1 0.06 pm?, p-value 0.02). In conclusion, CCL2 downregulation in SA may be an attempt
to protect muscle against macrophage infiltration, and defects in fatty acid partitioning to muscle
may lead to the disproportionate adiposity and adverse cardiometabolic profile in SA.

Nearly 2.1 Billion people are overweight or obese worldwide, but obesity affects certain ethnic groups
disproportionately. South Asians (SA), encompassing people originating from India, Pakistan, Sri
Lanka and Bangladesh with a significant global diaspora®=, have higher rates of obesity, type 2 diabetes
and cardiovascular disease at lower body mass index (BMI) compared to Caucasian Europeans (EU)%’.
At similar BMI levels, SA have higher visceral adiposity compared to EU®. In addition, one study sug-
gested that SA have higher Intramyocellular lipids (IMCL) than EU®.

: The expansion of different fat depots leads to distinctive consequences on metabolic profiles. Higher

© visceral adiposity is associated with immune system activation and adipose tissue inflammation'®-%,

. which can be explained by excess fatty acids, cytokines and chemokines in adipose tissue attracting cir-
culating immune cells, including monocytes, neutrophils, and T-Lymphocytes'®'?. Monocyte attraction
into tissues depends on several chemokines, and one of the most important chemokines involved in
this process is Chemokine (C-C motif) Ligand 2. Monocytes will sense local adipose tissue milieu and
differentiate to macrophages that secrete inflammation-propagating cytokines!*?*->2. On the other hand,
the subcutaneous adipose tissue compartment has been proposed to have favorable metabolic character-
isitics, but is SA is characterized by increased adipocyte size and low-grade systemic inflammation with
insulin resistance?>*,
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Total number 26 29
Age (years) 3530+ 11.10 32.20£10.30 0.27
Female (n) 7 16 0.08
Overweight/Obese (n) 15 22
Systolic BP (mmHg) 112.50+10.20 110.80 £ 9.50 0.49
Diastolic BP (mmHg) 73.70£9.00 73.10£6.50 0.65

Body composition & adiposity

BMI (kg/m?) 26.20£3.50 27.30£5.20 0.39
WHR 0.89+0.09 0.84+0.07 0.016
Fat mass (kg) 23.90+8.10 25.70£13.10 0.53
Fat mass % 32.0+£9.20 32.20+£13.20 0.95
Lean mass (kg) 50.50+ 9.50 51.90+ 10.00 0.58

Visceral adipose tissue area (cm?, N = 55) 141.70 4+ 15.10 66.00 4 14.10 0.001
Subcutaneous adipose tissue area (cm? N=38) 219.10+ 82.40 244.60 + 105.00 0.31

Intrahepatocellular fat % 9.90+1.70 2.50 £ 1.90 0.005

Biochemical measurements

Fasting glucose (mmol/I) 5.00£0.55 4.80+0.44 0.06
Fasting insulin (pmol/l) 8.80+4.10 8.00+5.80 0.26
HOMA-IR 2.45+1.70 1.704+1.30 0.07
Cholesterol (mmol/l) 4.60+0.99 4.804+1.05 0.43
Triglycerides (mmol/l) 1.57+1.16 1.1240.60 0.06
HDL (mmol/l) 1.204+0.27 1.3940.37 0.08
LDL (mmol/l) 2.7040.80 2.80+£0.80 0.58
Apo B (mmol/l) 0.9140.30 0.93+£0.29 0.80

Table 1. Clinical & biochemical characteristics for participants. SA = South Asian; EU = European;
BMI = body mass index; WHR = waist-to-hip ratio; BP =blood pressure; HOMA-IR = Homeostatic
model assessment-insulin resistance; HDL = high-density lipoprotein; LDL=low-density lipoprotein; Apo
B = Apolipoprotein B; V02 max = maximal oxygen uptake.

While studies have focused on understanding inflammation in adipose tissue'’'%, and showed an

excess of macrophages in obese adipose tissue in EU, there are no data regarding the effect of systemic
(total fat mass) and regional adiposity, including visceral adipose tissue (VAT), intrahepatocellular fat,
and intramyocellular lipids (IMCL) on inflammation in skeletal muscle in SA compared to EU*?. As
muscle is the supreme metabolic tissue for postprandial glucose uptake?®-*, understanding the mecha-
nisms of muscle inflammation may help manage its adverse effects on muscle insulin signaling and myo-
cellular fat metabolism, and develop better understanding of the potential contribution of inflammation
to insulin resistance and excess cardiometabolic risk in SA compared to EU.

In this study, we tested the association of systemic and regional adiposity with muscle inflammation
in SA and EU. We hypothesized that 1) SA have greater muscle inflammation compared to EU at similar
total fat mass, and 2) Differential regional adiposity in SA is associated with enhanced muscle inflam-
mation compared to EU.

The primary aim of this study is to determine if SA have more muscle inflammation compared to EU.
The secondary aims of this study are to determine if SA have differential adiposity patterns compared to
EU, and if these depots are associated with a specific inflammatory profile in muscle that differs between
SA and EU.

Results
Clinical & biochemical characteristics of participants. Table 1 compares the clinical and bio-
chemical details of SA (n=26, 7 female) and EU (n= 29, 16 female).

Fitness levels were equal in both groups (VO2 (ml/kg) SA 4.1441.08 versus EU 4.29 £ 1.17, p-value
0.56). SA had a higher trend for fasting blood glucose (5.00% 0.55mmol/l versus 4.80 =+ 0.44 mmol/l,
p-value 0.06), HOMA-IR (2.45 =+ 1.70 versus 1.70 & 1.30, p-value 0.07), triglycerides (1.57 &= 1.16 mmol/l

SCIENTIFIC REPORTS | 5:14521 | DOI: 10.1038/srep14521 2



www.nature.com/scientificreports/

a b

EU-Obese= EU-Obese= —
*
SA-Obese = SA-Obese =
EU-Lean= EU-Leann
SA-Lean = SA-Lean =
Ll L L L) L L L L] L] L] 1
04 03 02 01 00 01 02 03 04 »‘p ‘Qp »)‘ ,Q'} o o

Log IMCL total density (%) Log IMCL density in IMF region (%)

C
EU-Obes —

SA-Obese
EU-Lean

SA-Lean

A5 40 05 00
Log mean IMCL particle size in IMF region (jun?)

Figure 1. Obese SA have smaller IMCL particles in IMF compared to EU. (a) Log IMCL total density (%);
(b) Log IMCL density in IMF region (%); (c) Log mean IMCL particle size in IMF region (nm?);
(d) Representative electron microscopy images for IMCL for SA and EU males and females.

versus 1.12 4 0.60, p-value 0.06) and lower HDL (1.20 % 0.27 mmol/l versus 1.39 & 0.37 mmol/l, p-value
0.08) compared to EU.

Ethnic differences in fat depots. In the overall molSHARE study (n=108), SA had greater fat
mass, intrahepatic and VAT with higher rates of insulin resistance, lower HDL and higher triglycerides
compared to EU®. In the subgroup of participants included in the current study, SA and EU have similar
BMI (26.2 + 3.5 versus 27.3 & 5.2, p-value 0.39) and fat mass (23.9 + 8.1kg versus 25.7 & 13.1kg, p-value
0.53) (Table 1), which allows the comparison of the effects of individual fat depots on muscle inflamma-
tion between ethnic groups.

SA participants have larger VAT depot (141.70 & 15.10 cm? versus 66.00 + 14.10 cm?, p-value 0.001),
and increased intrahepatocellular fat (9.90 4+ 1.70% versus 2.50 =+ 1.90, p-value 0.005) compared to EU
(Table 1). In contrast to higher visceral and hepatic adiposity, SA have decreased IMCL density in the
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IMCL density
in SS region
(%)

0.74

0.62

0.18 0.12 —0.03 | 0.27 0.11 0.69 0.29 0.82 0.27 —0.13 —0.33 0.07 0.19

IMCL density
in IMF region
(%)

—0.36

—0.32

0.21 —0.04 -0.22 | 0.15 0.70 —0.39 | 020 | —0.19 | 0.32 —0.19 -0.37 | —0.01 0.04

IMCL total
density (%)

—0.15

—0.16

0.12 0.01 —0.13 | 0.15 0.88 —0.15 | 0.17 | 0.001 | 0.24 —0.15 —0.30 | —0.004 | 0.045

Mean IMCL
particle size
in SS region
(hm?)

—0.63

—0.54

0.10 —0.09 —0.21 | 0.04 0.17 —0.65 | 0.19 | —0.67 | 0.22 0.02 —0.13 0.17 0.79

Mean IMCL
particle size
in IMF region
(pm?)

—0.81

—0.69

0.22 —0.12 —0.30 | 0.06 0.18 —0.87 | 020 | —0.70 | 0.20 —0.17 —0.31 | —0.03 0.02

Mean total
IMCL particle
size (pum?)

—0.72

—0.64

0.18 —0.08 —0.29 | 0.06 0.27 —-0.78 | 0.18 | —0.67 | 0.19 —0.11 —0.24 0.03 0.12

IMCL
number of
particles in
SS region (#/
pm?)

—0.58

—0.65

0.11 —0.08 —0.22 | 0.06 0.23 —0.64 | 0.18 | —0.64 | 0.14 —0.01 —0.12 0.10 0.90

IMCL
number of
particles in
IMF region
(#/pm?)

—1.60

—1.56

0.20 —0.04 —0.21 | 0.14 0.66 —1.52 | 0.16 | —1.50 | 0.20 —0.02 —0.15 0.11 0.70

Mean total
IMCL particle
(#/pm?)

—1.44

—1.41

0.16 —0.03 —0.18 | 0.12 0.65 —1.39 | 0.13 | —1.38 | 0.16 —0.002 —0.10 0.10 0.97

Table 2. Log IMCL density, particle size and number in lean and obese SA and EU.
SS = subsacrcolemmal; IMF = intermyofibrillar; IMCL = intramyocellular lipids.

IMF region compared to EU (0.41£0.24% versus 0.66£0.50%, p-value 0.04; Fig. 1 a & b); this is due to
smaller IMCL particles in the IMF region in the overweight/obese SA compared to overweight/obese
EU in both sexes (0.15+0.06 pm? versus 0.26+0.12 pm? , p-value 0.02, Fig. 1¢ & d), with similar number
of particles noted in the IMF region. Lean SA and EU had similar IMCL particle size in IMF region
(Table 2). IMCL density in subsarcolemmal region correlated positively with HOMA-IR (p-value 0.04).

Ethnic differences in muscle inflammation. To test the effect of ethnic variations on muscle
inflammation, gene and protein expression analyses were undertaken to measure cytokine, chemokine/
chemokine receptor, TLR, and immune cell markers including total macrophage content (CD68), inflam-
matory macrophages (CD11c), resident macrophages (MRC1) and neutrophils (MPO). In the unadjusted
analyses, fat mass percentage (%FM) correlated with several inflammatory and immune markers (TNFc,
CCL2, CCL3, IL-8, CCR2, TLR4, NLRP3, CD68, and MPO; Table 3). Higher VAT content is associated
with reduced resident macrophages (MRC1) in muscle, and higher VAT and intrahepatocellular fat con-
tent is associated with higher muscle neutrophil content (MPO) (Table 3). Interestingly, IMCL did not
correlate with the inflammatory and immune cell markers tested. From this point onwards, we included
only the markers that showed correlation with the %FM in further analyses.

In order to determine the factors influencing the relationship of adiposity (%FM) to muscle inflam-
mation, we included TNFa, CCL2, CCL3, IL-8, CCR2, TLR4, NLRP3, CD68, and MPO in General
Linear Model and adjusted for age, sex, BMI, HOMA-IR, fitness and ethnicity. SA had higher CD68 (3
1.411, SE (3 0.692, p-value 0.047) and lower CCL2 gene expression (3 -1.099, SE (3 0.531, p-value 0.040)
in muscle when compared to EU (Table 4; Fig. 2). There were no significant associations of VAT, hepatic
fat and IMCL with TNFa, CCL2, CCL3, IL-8, CCR2, TLR4, NLRP3, CD68, and MPO (data not shown).

Protein quantification using western blot for CD 68 and CCL2 revealed that CD68 muscle protein
content is similar in SA and EU (0.92 £ 0.52 versus 0.98 4+ 0.35, p-value 0.63), and there was no correla-
tion between ethnicity and CD68 (p-value 0.37). On the other hand, SA have lower CCL2 muscle protein
levels than EU (0.84 4 0.69 versus 1.10+ 0.60, p-value 0.052) (Fig. 3a,b). When the whole group is ana-
lyzed, neither CD68 nor CCL2 protein correlated with the different fat depots or BMI (data not shown).
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Cytokines
TNF« —0.014 | 0.006 0.02 0.073 0.139 0.60 0.001 0.001 0.92 0.000 | 0.009 1.00
IL-6 0.000 | 0.008 0.98 0.117 | 0.185 0.53 0.001 0.001 0.25 0.017 | 0.011 0.14
IL-10 0.003 | 0.012 0.83 0.061 0.256 0.81 0.001 0.001 0.64 0.014 | 0.016 0.39
Chemokine/receptor
CCL2 0.017 | 0.007 0.02 0.209 | 0.166 0.21 0.000 | 0.001 0.69 0.010 | 0.010 0.34
CCL3 —0.019 | 0.010 0.08 0.349 | 0.228 0.13 0.001 0.001 0.50 0.006 | 0.014 0.66
IL-8 0.018 | 0.010 0.09 0311 | 0.225 0.17 0.001 | 0.001 0.67 0.001 | 0.014 0.97
CCR2 0.015 | 0.007 0.04 0.069 | 0.155 0.66 0.000 | 0.001 0.76 0.001 0.010 0.95
TLRs
TLR2 0.004 | 0.008 0.57 0.213 | 0.171 0.22 0.000 | 0.001 0.89 0.001 0.011 0.96
TLR4 —0.017 | 0.009 0.07 0.099 | 0.205 0.63 0.000 | 0.001 0.83 0.004 | 0.013 0.73
Inflammasome
IL-13 —0.007 | 0.010 0.48 0.170 | 0.212 0.43 0.001 0.001 0.25 0.015 0.013 0.24
IL-18 —0.009 | 0.012 0.45 0.076 | 0.264 0.78 0.002 | 0.001 0.13 0.004 | 0.016 0.82
NLRP3 —0.023 | 0.010 0.02 0.279 | 0.225 0.22 0.001 | 0.001 0.34 0.018 | 0.014 0.19
Immune cells
CD68 —0.020 | 0.010 0.05 0217 | 0.224 0.34 0.001 0.001 0.55 0.009 | 0.014 0.50
MRC1 —0.010 | 0.008 0.23 0.223 | 0.185 0.23 0.003 0.001 0.01 0.007 | 0.012 0.55
CDl11c —0.011 | 0.007 0.13 0.258 | 0.159 0.11 0.000 | 0.001 0.65 0.007 | 0.010 0.52
MPO 0.065 | 0.017 0.0003 0.017 | 0.424 0.97 0.004 | 0.002 0.08 0.044 | 0.025 0.09

Table 3. Unadjusted univariate analysis of muscle gene expression of immune and inflammatory
markers correlated with different fat depots.

CD68 1.411 0.692 0.047
CCR2 0.041 0.533 0.939
MPO —0.584 1.031 0.574
TNF« —0.284 0.408 0.491
CCL2 —1.099 0.521 0.040
CCL3 —0.037 0.735 0.960
IL-8 —0.651 0.795 0.417
TLR4 0.585 0.700 0.408
NLRP3 0.105 0.768 0.892

Table 4. South Asians have higher muscle CD68 and lower CCL2 gene expression compared to
Europeans. General linear model addressing the relationship between inflammatory markers and %FM in
South Asians compared to Europeans adjusted for age, sex, BMI, HOMA-IR, fitness and ethnicity.

Discussion
In this study of seemingly healthy, non-diabetic subjects with similar age, BMI, and total fat mass, we
demonstrate that SA have similar total muscle macrophage content (CD68) and lower monocyte/mac-
rophage chemokine CCL2 compared to EU. SA had smaller IMCL particles in their muscle compared
to EUL

In the literature, the evidence describing the relationship of muscle inflammation and adiposity is
limited by small sample size, various laboratory techniques used, differences in populations studied,
and different statistical methods used for data analysis. Some studies show that muscle macrophages
correlate positively with BMI and inversely with insulin sensitivity>>*!-33. In contrast, the association of
muscle macrophages with BMI or adiposity has not been replicated in other studies?®?”*%. Our results
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Figure 2. Gene expression analysis of CD68 and CCL2 for SA and EU.

demonstrate that when samples are pooled in the analysis, muscle CD68 content does not correlate with
total adiposity, BMI or the different fat depots.

We predicted that the greater VAT and intrahepatic fat depots in SA are associated with a more prom-
inent inflammatory response in muscle compared to EU. Despite stark differences in regional adiposity
patterns, no differences are detected in muscle macrophage content, macrophage subtype and other
inflammatory markers between SA and EU when VAT, hepatic fat and IMCL are examined for their
association with muscle inflammation. This argues for additional indirect mechanisms through which
higher regional adiposity associates with muscle inflammation in different ethnic groups, or that inflam-
mation may play a role later once other risk factors e.g. aging, dyslipidemia or dysglycemia are present,
as this group is relatively healthy.

It is intriguing that similar CD68 content in SA muscle is witnessed despite the downregulation of one
of the main monocyte/macrophage chemokines (CCL2). Polymorphisms in CCL2 gene in SA are asso-
ciated with enhanced visceral adiposity®®. There are two possibilities that may explain this paradoxical
result of equal macrophage content with lower CCL2 in SA compared to EU. There may be additional
chemokines that regulate monocyte/macrophage trafficking into SA muscle, so that even when CCL2 is
downregulated these chemokines are upregulated to drive monocyte migration into muscle.

Alternatively, the downregulation of CCL2 in SA is an attempt to protect muscle against further
monocyte infiltration. The overexpression of CCL2 in adipose tissue in mice is associated with enhanced
monocyte recruitment®, and CCL2 knockout mice exhibit reduced adipose inflammation and mac-
rophage infiltration'.

We also demonstrate lower IMCL particle size in IMF region in SA compared to EU. This suggests
reduced rates of substrate delivery to muscle that may be due to endothelial dysfunction®’~*!, and reduced
fatty acids available for oxidation. This is consistent with reports of reduced fatty acid oxidation in SA
muscle with normal oxidative and lipid metabolism gene expression when compared to EU¥. Morbidly
obese, insulin resistant subjects have reduced fatty acid oxidation, and this is related to insulin resist-
ance*. These studies are in contrast to other studies that revealed that SA are capable of increased
oxidative capacity in association with insulin resistance*. Smaller IMCL particles in SA in our study
may explain the differences in ectopic fat deposition between SA and EU. One possibility is that this is
an adaptive response by muscle to prevent excess fatty acid supply; the inability to partition excess fatty
acids into muscle may then result in larger liver and VAT fat depots, which is associated with adverse
cardiometabolic outcomes in SA.

Our results are in contrast to a study that examined IMCL in 20 SA and 20 EU participants by
proton magnetic resonance spectroscopy of the soleus muscle, and demonstrated that SA have higher
IMCL content than EU®. While SA had higher fat mass and lower insulin sensitivity compared to EU,
IMCL did not relate to obesity or insulin sensitivity in SA®. The difference in results between this study
and ours may be explained by the difference in the methods used to quantify IMCL, and the different
muscles used in this quantification. IMCL is highest in type I fibers (slow twitch, oxidative), and soleous
muscle that was used in the above study has more type 1 fibers than the vastus lateralis muscle used
in our study®*-¥. In conclusion, the different muscles studied, different methodologies in quantifying
IMCL, and potential differences in the population sampled may explain the differences in these results.
One of the major strengths of our study is that we evaluated the effect of regional fat depots, measured
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Figure 3. Muscle protein expression of CD68 and CCL2 in SA and EU. (a) Western blot data for CD68,
CCL2, and GAPDH as control. CD68 produces a band at 110 kDa, CCL2 30 kDa, and GAPDH 37 kDa.
(b) Quantification of western blot result.

using state of the art methods, on muscle directly as the total fat mass, BMI and insulin resistance are
similar between SA and EU.

Our study has several additional strengths. The relatively large sample size, well-characterized fat
depots, and detailed muscle gene expression analyses of inflammatory markers, and protein analysis of
CD68 and CCL2 provide a comprehensive evaluation of muscle inflammation. In addition, our statistical
analyses were rigorously performed with a priori selected confounding factors to account for differences
between the two ethnic groups.

Measuring muscle cytokines and lipid intermediates including diacylglycerol and ceramide in muscle
would have been advantageous, because they may be associated with muscle inflammation. However, this
requires significant amounts of muscle tissue that is difficult to access due to the invasive nature of the
procedure, and obtaining a large biopsy from healthy donors are significant challenges.

In addition, another fat depot that we did not study is the intermuscular adipose tissue. Skeletal mus-
cle has its own complement of fibro/adipogenic progenitors (FAPs). They represent a pool of cells that
has been recently defined in the perivascular region in human muscle®®. These cells participate in mus-
cle homeostatic and injury responses in collaboration with myogenic progenitors and macrophages*-*.
These cells contribute to intermuscular adipose tissue, which expands in lean and overweight men with
the metabolic syndrome regardless of ethnicity>. The intermuscular adipose tissue also expands in other
conditions including obesity, excess fatty acids, hypoxia and inflammation®.

In addition, recent evidence suggests that obesity can result in sex-specific muscle fiber organization
changes. In obese male mice, the major Type I muscle fiber (slow twitch, oxidative) in soleus muscle rises

SCIENTIFIC REPORTS | 5:14521 | DOI: 10.1038/srep14521 7



www.nature.com/scientificreports/

in proportion to adiposity. There is also transformation of Type I fibers to a hybrid I/IIb type (IIb fast
twitch, glycolytic) with male obesity that was not seen in female mice®. While vastus lateralis is mainly
composed of Type I fibers, the changes in intermuscular fat and how they impact fiber type organization,
and the ethnic differences in these responses will require further study.

In summary, this study reveals that SA have similar muscle macrophage content to EU despite down-
regulation of CCL2, an important monocyte chemokine. In addition, the noted ethnic differences in fat
deposition into muscle may explain the differential patterns of fat accumulation in metabolic organs,
which increases the risk of cardiometabolic problems known to affect SA at higher rates than EU.

Further investigation into the genetic, epigenetic, environmental and lifestyle factors influencing
fat depot development and immune cell traffic into muscle in different ethnic groups is warranted, to
enhance our understanding of the effects of ethnicity on skeletal muscle inflammation and fatty acid par-
titioning into metabolic organs. This may allow the design of targeted therapies to address inflammation
and fatty acid deposition in muscle as potential mechanisms associated with adverse cardiometabolic
outcomes in SA.

Methods

This was a cross-sectional study conducted using muscle biopsy samples from the Molecular Study of
Health and Risk in Ethnic Groups (Mol-SHARE) cohort, the protocol for which has been previously
described®. The primary objective of Mol-SHARE study is to determine the differences in adiposity, adi-
pose tissue inflammation and morphology, and muscle lipid and fatty acid oxidation and mitochondrial
function between SA and EUS.

The full study included 18-50 year old subjects (n= 108) who were recruited via mailed notices for the
study, and by advertising in temples, Hamilton hospitals, and McMaster University campus. SA and EU sub-
jects who were age, sex and BMI matched, and grouped across different BMI levels (lean = 18.5-25kg/m?,
overweight=25.1-29.9kg/m? and obese=30-45kg/m?. We used a subgroup of the total study pop-
ulation for whom muscle tissue was available (SA n=26, EU n=29). The Hamilton Health Sciences
Research Ethics Board approved the study, and written informed consent was obtained from all partici-
pants. The study was conducted in accordance with appropriate clinical practice guidelines and national
legal requirements.

Fat depot quantifications. The initial body composition measurement and fat mass determina-
tion was done using DEXA scans. To quantify abdominal visceral and subcutaneous adipose tissue,
a T1-weighted MRI image at the level of mid-L4 (TR 400ms, TE 13 ms) was acquired. The volume of
subcutaneous and visceral fat was determined by manual tracing of the areas of fat. Intrahepatocellular
lipids were measured using single voxel MRS (TR 1500ms, TE 30ms, 8 averages, 1024 data points over
1000 Hz spectral width, 1-2 cc voxel volume, and acquisition time 18s, without water suppression).

The IMCL compartment was measured using electron microscopy*>**. Briefly, freshly biopsied muscle
tissue was placed into 2% glutaraldehyde and subjected to transmission electron microscopy for quan-
tification of lipid droplet characteristics. These include the number and density of lipid droplets in sub-
sacrcolemmal (SS) and intermyofibrillar (IMF) regions, mean droplet area, and the percentage of lipids
touching mitochondria were measured using image Pro Plus software (Media Cybernetics, Silver Springs,
MD). Researchers completing the analyses were blinded to the participants’ ethnicity.

Fitness testing. Fitness testing was done using an electronically braked cycle ergometer (Excalibur
Sport, Lode, Groningen, The Netherlands). Subject breathed at rest through a mouthpiece for 5minutes
before commencing the test while seated. Subjects began the cycle test with stage 1 at 15 watts for 5min,
followed by stage 2 at 50 watts for 10 minutes, with total test duration of 15minutes. Computerized
open-circuit gas collection system (Moxus Modulator VO, system with O, analyzer S-3 A/I and CO, ana-
lyzer CD-3A, AEI Technologies, Pittsburgh, PA) was used to collect data (Respiratory Exchange Ratio,
heart rate, VO,, VCO,) at all time points.

Biochemical Analyses. Participants fasted for 12hours prior to blood sampling. Enzymatic methods
were used to measure total serum cholesterol®® and glucose®. Serum LDL cholesterol was measured using
the Friedewald formula®, and a homogenous enzymatic colorimetric assay (ROCHE/Hitachi Modular
Package Insert) was used to measure HDL cholesterol. Triglycerides were quantified by the enzymatic
colorimetric assay on ROCHE/Hitachi Modular instrument and reagent kit. Insulin was quantified using
the Roche Elecsys R 2010 immunoassay analyzer with electrochemiluminescence immunoassay (Roche
Diagnostics GmbH, Indianapolis, Indiana, USA). Serum C-Reactive Protein (CRP) was measured using
the Roche Hitachi 917 using the Tina-quant R CRP high sensitivity assay.

Gene expression analysis. A Vastus lateralis muscle biopsy was performed as described previously®.
Muscle was powdered in liquid nitrogen and added to 1 ml of Trizol. The sample was then homogenized
in Trizol and RNA isolation was completed using Qiagen RNAeasy mini kits (Qiagen, Valencia, CA)
following manufacturer’s instructions. The quality of the RNA was tested using nanospectrophotometer
and all RNA samples had 260/280 ratio of 1.8-2.0. cDNA generation was performed with SuperScript®
III reverse transcriptase kit (Invitrogen, Carlsbad, CA) following DNase treatment.
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Gene expression analysis was performed for cytokines including Interleukin-6 (IL-6), Tumor Necrosis
Factor-alpha (TNFa), Interleukin-10 (IL-10), and chemokines including Chemokine (C-C motif) Ligand
2 (CCL2), Chemokine (C-C motif) Ligand 3 (CCL3), Interluekin-8 (IL-8), and Chemokine (C-C motif)
Ligand 20 (CCL20), along with the chemokine receptor for CCL2 called Chemokine (C-C motif)
Receptor 2 (CCR2). Innate immune system components were also tested including Toll-Like Receptors
2 & 4 (TLR2 & TLR4).

Innate immune cells including total macrophages (CD68), inflammatory macrophages/dendritic cell
(CD11c), resident macrophages (Mannose Receptor, C Type 1, MRC1) and neutrophils (Myeloperoxidase,
MPO) were examined. The NACHT, LRR and PYD domains-containing protein 3 (NLRP3) inflammas-
ome and cytokines produced by its activation, including Interluekin-1(3 (IL-13) and Interleukin-18 (IL-18)
were measured.

Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR) was conducted using TagMan® Gene
Expression Assays (Applied Biosystems; Foster City, CA) using the Rotor-Gene 6000 qRT-PCR machine
(Corbett Research; Mortlake, Australia). 3-actin was chosen as the reference gene after testing additional
reference genes including Ribosomal Protein, Large, PO (RPLP0) and TATA-box Binding Protein and
gene expression was computed using the AACt method®. The chemokine CCL20 was tested but did
not result in a PCR product.

Western blot. The quantification of CD68 and CCL2 protein expression was done using western blot.
Briefly, 20mg of protein were loaded on a 7.5% Tris-Glycine gel using BioRad Mini-PROTEAN Tetra
cell electrophoresis chamber. Protein transfer from the gel to nitrocellulose membrane was performed
using the BioRad Mini-Transblot Cell running at 100V for 1hour at 4°C. Blots were blocked with 5%
Bovine Serum Albumin in TBST buffer with shaking for 1hour at room temperature. Membranes were
incubated with primary CD68 and CCL2 antibodies (Pierce) or GAPDH (Cell Signalling) that were
diluted 1:1000 in 5% BSA in TBST overnight at 4 °C. Blots were then washed thrice with TBST, and were
then incubated with HRP conjugated secondary antibody (1:1000), with shaking for 1 hour at room tem-
perature and then washed thrice with TBST. Blots were treated with Amersham ECL Western Blotting
Detection Reagents for 1 minute and signals detected using Vilber Fusion Imaging machine and software.
All bands were quantified using Image J software™.

Statistical analyses. Statistics were performed using SPSS version 20.0 (IBM Corp, Armonk, NY)
and Stata/SE 12.1 (Stata Corporation, College Station, TX). Data were examined for normality using
the Shapiro-Wilk test, and log transformed if not normally distributed. We imputed missing values of
inflammatory markers based on the mean value of the specific inflammatory marker within the cor-
responding ethnic group. Testing for co-linearity of the cytokine genes and covariates was done using
variance inflation factor.

An independent sample t-test was used to examine the differences among clinical variables and met-
abolic data. A General linear model (GLM) was used to test the association of cytokine gene expression
with fat mass percentage (%FM), visceral adipose tissue (VAT), intrahepatocellular fat, and IMCL. The
analysis was done initially with no adjustment, and inflammatory and immune markers that correlated
with the fat mass with a p-value of 0.1 or less were included in the adjusted analysis, with inclusion of
covariates including age, sex, BMI, homeostatic model assessment-insulin resistance (HOMA-IR), fitness
levels and ethnicity in the model. Because we had a priori hypothesized the role of the different bio-
markers chosen in muscle-immune crosstalk, adjustments for multiple testing are not performed when
assessing the significance of these relationships®. Quantification of western blots was adjusted for age,
sex and ethnicity. Data are reported as mean=+ SD unless otherwise stated, and statistical significance
was set at p-value of <0.05.
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