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Defining the Problem
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www.cdc.gov/diabetes/statistics and www.cdc.gov/mmwr
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Cardiac Metabolic Substrate Utilization

Table 2. Brief Overview of Myocardial Metabolism in
Physiological and Pathophysiological Conditions

Glucose Fatty Acid

MVo, Metabolism Metabolism
Aging ) T l
Female sex ) l T
Obesity ) — T
Diabetes, types 1 and 2 —1 J 7
Hypertension: LV hypertrophy — T l
Dilated cardiomyopathy — 1 J
lschemia I} ) l

Peterson and Gropler 2010 Circ Cardiovasc Imaging 3:211
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Cardiac Metabolic Substrate Utilization

Studies on Myocardial Metabolism’

IV. Mpyocardial Metabolism in Diabetes

I. Uncar, M.D., M. GILBERT, M.D., A. SIEGEL, M.S., J. M. BLAIN, M.D. and R. J. BING, m.D.

* From the Department of Medicine and Physiology, University of Alabama Medical Center, Birmingham, Ala.
Work supported by the U. S. Public Health Service Grant No. H-1129(CS), The Life Insurance Medical Research

Fund and the American Heart Association.
UAB founded in 1969

amino acids by the heart in both species.
"Myocardial glucose consumption 18 reduced
in dog and man relative to the elevation in
blood glucose concentration. The myocardial
usage of ketones is slightly increased in diabetnic
hearts of patients and significantly elevated in
the dog. The main difference concerns the
utilization of fatty acids; this 1s significantly
increased in the human heart but is unchanged
in the dog. Whether this is due to a species
difference or to differences in type and severity

Ungar ... Bing 1955 Am J Med 18(3):385
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Metabolic Substrate
Fatty Acids Utilization
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Defining the Mechanism

Enzyme kinelics

Degradalion &
Inter-conversion  w-y -
Transport % - R
Secretion . o
Accumqlation 4 e
Paslranslational Exogenous intake a2 o\o&

modilicalions
Conformation
Degradation
Secretion
Activation

t
=
=
Allernative splicing K
Micro RNAS 3
RNA editing [=]
RNA stability ©
RNA structure

Epigenctics
Insertion-deletions
Allelic variants

Pseudogenes Q\
& D N
o~ g

'/‘l, &) Systems biology

Barallobre-Barreiro ... Mayr 2013 Rev Esp Cardiol 66:657
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Model Development

DOX absent = OFF

i_rt:A ’ a

MHC-rtTA TRE-GLUT4

DOX present = ON

i_rt:Ag —; 0

MHC-rtTA TRE-GLUT4 .
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GLUT4 Induction Increases Glycolysis and
Rescues Diabetic Cardiac Glycolytic Defects

Isolated 2100
Working "'; 1800
Hearts <
o]
Glycolysis S 1900
< 1200
=
e 900
Vehicl hd
=
c 300
0
n=6-10
§ P <0.01 vs. Con

P

< Metabolomics

Con

§ §

mG4H

“THE UNIVERSITY OF |
ALABAMA AT BIRMINGHAM

Knowledge that will change your world




GLUT4 Induction Increases GLOX but
Accelerates Diabetic Cardiac GLOX Defects

t
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Oxidative Phosphorylation
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GLUT4 Induction Accelerates
Development of Mitochondrial Dysfunction
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Systems Biology of the Diabetic Heart

. Phenome
rscrlptome ngome/ :fzfle:r;?me Obesity, diabetes, heart failure,
: Epigenome  {e2as2a( BHI, etc.
A TN ::::.Gmwlhon substrate
=1r=o it ca; 0N Transcriptome
I ' o Northerns, gPCR, microarray
L[ o 4 RNA-seq, miR, IncRNA, etc.
% :
DOCE m....y‘\7(\ g Proteome
/ VAT 4 g ] Mass spec, western blot, Co-IP,
y . IHC, PTMs, etc.
iy T ey
o Metabolome

Glucometer, ELISA, GC-MS,
HPLC, NMR, fluxomics, etc.

Genome / Epigenome
Southerns, sequencing,
GenBank, ENCODE,
Elution time ChlP-seq, bsDNA-seq, etc.
Proteome Metabolome
Adapted from Lewis and Abdel-Haleem 2013 Front Physiol 4:237
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Metabolism, Bringing the System Together

Glucose
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Hart ... Lagerlof 2011 Annu Rev Biochem 80:825
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Metabolite Modification of the Proteome
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Metabolite Modification of the Transcriptome
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o

Kyoto Encyclopedia of

-y Pathway analysis of Microarray

. z-
Pathway List |{Genes score
M = Metabolic pathways 194 1085 5.42
ICroarray Focal adhesion 35| 190 2.30
Insulin signaling pathway 27 135 2.49
2 'Way Axon guidance 25 127 2.30
PPAR signaling pathway 22 76 4.20
AN OVA Chagas disease 21 102 2.33
Hematopoietic cell lineage 21 83 3.39
Peroxisome 21 78 3.72
Dilated cardiomyopathy 20 86 2.88
Hypetrophic cardiomyopathy 20 83 3.06
Arrhythmogenlc right ventrlcular cardiomyopathy 19 71 3.50
ECM-receptor interaction 19 79 2.97
Glycolysis / Gluconeogenesis 19 68 3.72
Pyrimldine metabolism 19 95 2.08
Valine, leucine and isoleucine degradation 18 47 5.21
Metabolism of xenobiotjcs by cytochrome P450 16 64 2.90
Leishmaniasis 15 64 2.53
Glutathione metabolism 14 53 2.95
p53 signaling pathway 14 66 2.02
Arginine and proline metabolism 13 52 2.61
Graft-versus-host disease 13 49 2.85
Lysine degradation 13 41 3.60
Type Il diabetes mellitus 13 47 3.03
Fatty acid metabolism 12 46 2.68
Type | diabetes mellitus 12 53 212
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From Human to Mouse and Back Again...

Broad Institute Communications
THE UNIVERSITY OF
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Epigenetics - Memory
EDIC: Epidemiology of Diabetes Interventions Trial
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Pirola ... EI-Osta 2010 Nat Rev Endocrinol 6(12):665
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Metabolite Signaling to Epigenetics
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How does GIcNAc fit in?

------
------
. .
- .
.

H2B \\\
R ( * — O-GIcNAc

H3K4me3

| ’ Transcriptional
control
Mariappa ... Aalten 2013 EMBO J 32:612 _
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Metabolite Modification of the Methylome
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Human/Mouse Comparisons

Genetics Of Lipid Lowering Drugs
And
Diet Network
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Figure 2. Epigenome-wide association Manhattan plot for Y/LDL-C indicates very-low-density
lipoprotein cholesterol.
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Human/Mouse Comparisons

Mouse

Gene Expression
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Metabolite Modification of the Metabolome
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Metabolite Modification of the Metabolome
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