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Abstract

Insulin resistance is caused by a combination
of environmental and genetic factors and
understanding how epigenetics influences the
expression of genes linked to insulin resistance
is of critical importance. We set out to identify
changes in DNA methylation in response to an
acute exercise in healthy control subjects.
Five healthy volunteers underwent a baseline
euglycemic hyperinsulinemic clamp with an
additional clamp performed after a single bout
of aerobic exercise on a stationary bicycle for
48 minutes. Reduced representation bisulfite
sequencing analysis captured 47,459
differently methylated sites following acute
exercise, with several genes and KEGG
pathways implicated in insulin resistance
undergoing significant changes in methylation.
Our data demonstrates that a single bout of
exercise can alter the DNA methylation pattern
in skeletal muscle. Changes were observed in
genes related to metabolic pathways,
supporting previously published findings of
changes in mRNA and proteins involved in
metabolism following exercise.

Discussion and Conclusions

DNA was isolated from the biopsies, and
next-generation reduced representation
bisulfite sequencing (RRBS) was performed,
with analysis of the data using methylSig,
and KEGG pathway analysis.

Introduction

• The disease process of insulin resistance is
capable of being modified by diet and
exercise.

• The plasticity of DNA methylation in
metabolic syndrome has yet to be explored
in human skeletal muscle.

• We set out to determine the differences in
DNA methylation in skeletal muscle
following a single bout of exercise

Figure 1: Exercise bout with muscle
biopsies timeline

Figure 5. CMYA5 - Highest
Frequency of Sites (n=11) with
Increased Methylation
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Results

Figure 4. Flow chart of the analysis
for differentially methylated cytosines
(DMCs) localized in a promoter

0

5

10

15

20

25

30

35

40

45

M
et
hy
la
tio

n 
D
iff
er
en

ce
 R
at
io
 (%

)

Chromosome Position

Table 1. Significantly Enriched Pathways (P<0.05)
With Decreased Methylation Post Exercise

Table 2. Select Significantly Enriched Pathways
(P<0.05) With Increased Methylation Post Exercise

• NADP(+) -dependent malic enzyme
cytosolic form (ME1) demonstrated the
largest methylation increase of +63.3%.

• Adenomatosis polyposis coli down-
regulated 1-like (APCDD1L)
demonstrated the largest methylation
decrease of -65.3%.

A single bout of exercise in healthy
individuals demonstrated:
• Significant changes in 4,574 promoter

methylation sites
• Increase in methylation of the lipogenic

gene ME1, suggesting an eventual down
regulation of this gene following exercise

• Decrease in methylation of CMYA5, a
gene indirectly linked to the extracellular
matrix which, along with constituent
proteins, are intimately involved in the
pathogenesis of insulin resistance.

• A decrease in methylation of a direct
inhibitor to peroxisome proliferator-
activated receptor-gamma activity,
Krüppel-like factor 2 (KLF2)

• Future work comparing healthy subjects
to obese or diabetic subjects is warranted
with these promising results.

Methods

Five lean (BMI = 23.6 ± 3.3 kg/m2)
volunteers underwent a euglycemic
hyperinsulinemic clamp with a baseline
muscle biopsy and a single bout of aerobic
exercise on a stationary bicycle for 48
minutes, rotating between 70 and 90% of
VO2max, with a muscle biopsy taken 24
hours after completing the exercise.

Figure 3: Bisulfite Conversion
Process

Figure 2: euglycemic hyperinsulinemic
clamp timeline
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Figure 6. FAM176B - Highest
Frequency of Sites (n=7) with
Decreased Methylation


